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Fast Serial Interface (FSI) Skew Compensation

Nima Eskandari

ABSTRACT

This application report provides information on how to set up the Fast Serial Interface (FSI) on a C2000™
MCU. The integrated skew compensation block on the receiver is used to handle skew that may occur
between the clock and data signals due to a variety of factors, including trace-length mismatch and skews
induced by an isolation chip. Operating the FSI at maximum speed (50 MHz) at dual data rate (100 Mbps)
may require the integrated skew compensation block to be configured according to the specific operating
conditions on a case by case basis. This application report provides example software on how to configure
and set up the integrated skew compensation block on the Fast Serial Interface.

Project collateral discussed in this document can be downloaded from the following URL:
http://www.ti.com/lit/zip/spracj9.
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Introduction

The FSI module is a serial communication peripheral capable of reliable and robust high-speed
communications. The FSI is designed to ensure data robustness across many system conditions such as
chip-to-chip as well as board-to-board across an isolation barrier. Payload integrity checks such as CRC,
start- and end-of-frame patterns, and user-defined tags, are encoded before transmit and then verified
after receipt using without additional CPU interaction. Line breaks can be detected using periodic
transmissions, all managed and monitored by hardware. The FSI is also tightly integrated with other
control peripherals on the device. To ensure that the latest sensor data or control parameters are
available, frames can be transmitted on every control loop period. With embedded data robustness
checks, data-link integrity checks, skew compensation, and integration with control peripherals, the FSI
can enable high-speed, robust communication in any system. One of the most important features of the
FSI module, skew compensation, allows the FSI receivers to overcome the skew introduced to the data
and clock signals in the high-speed communication. The software examples provided in this application
report showcases how to setup the skew compensation block of the FSI receiver.

Software Example

The example software can be downloaded from http://www.ti.com/lit/zip/spracj9. The description for the
content of the top-level folder is shown in Table 1.

Table 1. Top-Level Folder Description

Folder Name Description

fsi_ex12_delay_tap_measurement

This example uses the HRCAP module to measure the FSI RX delay elements. The
measure delays can be graphed using the FSI Skew Compensation Utility.

fsi_ex14_dual_line_delay_select_rx

Companion: fsi_ex14_dual_line_delay_select_tx

In this example, the FSI module is configured to listen for a ping at dual data rate
(using both RXDO and RXD1). The software tests whether the ping sent from the TX
device is correctly received against all combinations of delay elements activated.
RXDO0: 0-31 delay elements activated

RXD1: 0-31 delay elements activated

RXCLK: 0-31 delay elements activated

The software stores the status of the ping received (fail/pass) for each of the
32x32x32 combinations of the delay line elements. This result can be graphed using
the FSI Skew Compensation Utility.

Companion: fsi_ex14_dual_line_delay_select_rx

fsi_ex14_dual_line_delay_select_tx This example configures the FSI module to transmit pings at dual data rate (using

both RXDO and RXD1).

Companion: fsi_ex13_single_line_delay_select_tx

In this example, the FSI module is configured to listen for a ping at single data rate
(using RXDO0). The software tests whether the ping sent from the TX device is
correctly received against all combinations of delay elements activated.

fsi_ex13_single_line_delay_select_rx RXDO: 0-31 delay elements activated

RXCLK: 0-31 delay elements activated

The software stores the status of the ping received (fail/pass) for each of the 32x32
combinations of the delay line elements. This result can be graphed using the FSI
Skew Compensation Utility.

Companion: fsi_ex13_single_line_delay_select_rx

fsi_ex13_single_line_delay_select_tx This example configures the FSI module to transmit pings at single data rate (using

RXDO).

fsi_ex15_find_optimal_delay_device2

Companion: fsi_ex15_find_optimal_delay_devicel

This example showcases how to find the optimal point for the number of delay
elements activated on RXD0O, RXD1 and RXCLK for optimal performance. The
optimal number of elements selected for the FSI RX module can be calculated using
both single and dual data rate. Then it will proceed to transmits pings using either
single or dual data rate until the other device signals it to stop.

fsi_ex15_find_optimal_delay_devicel

Companion: fsi_ex15_find_optimal_delay_device2

This example transmits pings using either single or dual data rate until the other
device signals it to stop. Then it will switch to receive pings until it has calibrated it's
skew compensation block.

FSI Skew Compensation Utility

This java-based utility can be used to visualize the results captured by the device.
Graphs and csv files are generated.
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3.1

FSI Delay Element Measurement

The FSI receiver module has a programmable delay line on each of the external signal inputs: RXCLK,
RXDO0, and RXD1. The delay elements introduce delays on the respective lines. This is to facilitate
adjustment for signal delays introduced by system level components such as signal buffers, ferrite beads,
isolators, and so on, or board delays such as uneven trace lengths, long cable length, and so on. The
length of the delay is controlled by setting the RX_DLY_LINE_CTRL register values for each line. There
are 32 delay elements available for each of the external signal input. These delay elements must be
activated accordingly, in order to ensure that the FSI RX module will meet the requirements for the setup
time and hold time. The amount of delay introduced by each delay element can be measure using the
high-resolution capture (HRCAP) module. An example project is available with the name of
fsi_ex12_delay tap_measurement which measure the delay elements on RXD1 in nano-seconds.

Delay Element Measurement Example Software

The fsi_ex12_delay_tap_measurement example project measures the delay elements available on RXD1
using the HRCAP module. The measures are acquired by following the steps below:
1. Initialize the FSI module in loopback mode.

2. Initialize and configure the HRCAP6 module to operate in one-shot mode to capture falling and rising
edges of the input signal.

Set the HRCAP6 module to calibrate periodically.

Set the number of delay elements activated.

Set the HRCAP6 module input to FSI RXD1.

Send FSI TX Flush Sequence.

Measure the delay introduced by the delay elements 10 times.
8. Repeat steps 4-7 for all 32 delay elements.

No o kow

Follow the step by step instructions below to run the fsi_ex12_delay tap measurement example and view
the results using the FSI Skew Compensation Utility. You must download and extract the example
software zipped folder found http://www.ti.com/lit/zip/spracj9.

1. Launch Code Composer Studio™ (CCS) and import the fsi_ex12_delay_tap_measurement project into
Code Composer Studio (CCS). This can be done by selecting Project — Import CCS Projects Browse
to the example software folder and importing all the projects.

<% workspace_fsiAppNote - CCS Edit - Code Composer Studio

File Edit View Navigate Project Run Scripts Window Help
i d = P ig v . = -
25 Project Explorer & =% ¥ = 0 | &% mport CCS Edlipse Projects (5] >

~
Select CCS Projects to Import =

Select a directory to search for existing CCS Eclipse projects. d

@ Select search-directory:  C\Users\a0225962\Documents\C2000\FShApp Mot | Browse

Select archive file:

Discovered projects:

V] fsi_delay_tap_measurement [C:\Users\a0225962\Documents\C2000 »
7] & fsi_dual_line_delay_select_x I
|3 fsi_dual_line_delay_select_tx
7|3 1si_find_optimal_delay_rx
V|3 fsi_find_optimal_delay_tx
V] fsi_single_line_delay_sele
7] fsi_single_line_delay select tx
m

Select All
Deselect All
Refresh

Automatically import referenced projects found in same search-directory
[2 Problems 2 v=4d Copy projects into workspace

0 items
Open Resource Explorer to browse a wide selection of example projects.

Description

®

Figure 1. Import All Example Projects
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2. After importing the projects, select the fsi_ex12_ delay_tap_measurement project in the Project
Explorer section, build and launch a debug session.

«"« workspace_fsiAppNote

File Edit View Navigate Project Run Scripts Window Help

‘D fa;aq-'--‘ fianaTacier

(&5 Project Explorer 2

|G > fsi_delay_tap_measureme

4 Binaries Launch debug session
> ) Includes . .

. Gy > CPUL_RAM Build project

» G device

(x targetConfigs
Ls1 28004x_generic_ram_Ink.cmd
» [%) fsi_delay_tap_measurement.c
» |1y fsi_delay_tap_measurementh
(& 28004x_generic_flash_Ink.cmd
= driverlib.lib
. @ > fsi_dual_line_delay_select_rx [fsi-f28004x-exar
» EF > fsi_dual_line_delay_select_tx [fsi-f28004x-exar
. G fsi_find_optimal_delay_rx [fsi-f28004x-exam

ple
v EF fsi_find_optimal_delay_tx [fsi-f28004x-example
» EF > fsi_single_line_delay_select_rx [fsi-f28004
v & > fsi_single_line_delay_select_tx [fsi-f28004

< 11 | »
[£2 Problems 2 ¥ =0
0 items

Desaiption & Console 2 B EEOR BNy = 0
CDT Build Console [fsi_delay_tap_measurement]
-mt --cla_support=clal --float_support=fpu32 --tmu_support=tmu@ --vcu_support=vcu® =
-0off --diag_suppress=10063 --diag_warning=225 --diag_wrap=off
--display_error_number -z -m"fsi_delay_ tap_measurement.map" --heap_size=0x200
--stack_size=0x400 --warn_sections
-1"C:/tifccsv71/cesvi/tools/compiler/ti-cgt-c2000_16.9.1.LTS/1ib"
-1i"C:/tifccsv71/cesv7ftools/compiler/ti-cgt-c2000_16.9.1.LTS/include"
--reread_libs --define=RAM --diag_wrap=off --display_error_number
--xml_link_info="fsi_delay_tap_measurement_linkInfo.xml" --entry_point=code_start
--rom_model -o "fsi_delay_tap_measurement.out" "./fsi_delay_tap_measurement.obj"
" /device/device.obj" "./device/f28004x_codestartbranch.obj"
"../28004x_generic_ram_lnk.cmd" "../driverlib.lib" -1libc.a
<Linking>

"Finished building target: fsi_delay_tap_measurement.out’

*¥%% Build Finished *¥**

1

Figure 2. Build and Launch Debug Session
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3. After the debug session has been launched, add the variable named “delays” to the Expressions
window to view the measured delay introduced by all 32 delay elements (10 samples for each).

'+ workspace_fsiAppNot

File Edit View Regiect Tools Run Scripts Window Help

i ‘ 822 B vRO@vS@#riaaQ-idipifvisdy

1% Debug & ¢ ¥ T B |m=Variables ¢ Expressions 2 i Registers
4 ¥ fsi_delay_tapfmeasurement [Code Composer Studio - Device Debugging] Ex| " ki "

4 ® Texas Instfiments XDS2xx USB Debug Probe_0/C28xx_CPU1 (Suspended - SW Breakpoint) #\5 delays float[32][10] [[0,0.0,0.0,0,0,0.0.0...],[0.0.U.0.0M
= main() Bt fsi_delay_tap_measurement.c:105 0x0081F7 > (@ [0) float[10] [0.0,0.0,0.0,0.0,0.0..]
= _args_nlain() at args_main.c:81 0x00895A > @1 float[10] [0.0,0.0,0.0,0.0,0.0...]
= c_int00f at boot28.asm:261 0x00860A (_c_int00 does not contain frame information) > (@ [2] float[10] [0.0,0.0,0.0,0.0,0.0..]

2 Texas Instfiments XDS2xx USB Debug Probe_0/CLA1_0 (Disconnected : Unknown) “ 3] float[10] [0.0,0.0,0.0,0.0,0.0..]
@M float[10] [0.0,0.0,0.0,0.0,0.0..]

> (@ [5] float[10] [0.0,0.0,0.0,00,0.0..]

> 2 [6] float[10] [0.0,0.0,0.0,0.0,0.0..]

> @ [7) float[10] (0.0,0.0,0.0,0.0,0.0..]

> (2 [8] float[10] [0.0,0.0,0.0,0.0,0.0...]

Run the example @ [9] float[10] [0.0,00,000000.]

k;,s [10] float[10] [0.0,0.0,0.0,0.0,0.0..] )
& 1 flaati 1M rmonnnnnnnn 1
lg fsi_delay_tap_measurement.c &2 A
100 uintl6_t tapvalue);
101//
102 // Main
~103//
104 void main(void)
2105
106 /7
107 // Initialize device clock and peripherals
108 /!
109 Device_init();
110
111 //
112 // Disable pin locks and enable internal pullups.
TER /A Add “delays” to Expressions window
114 Device_initGPIO();
115
116 /!
]
& Console &
fsi_delay_tap_measurement
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...
C28xx_CPU1: GEL OQutput: ... DCSM Initialization Start ...
(C28xx_CPU1l: GEL Output: ... DCSM Initialization Done ...
Figure 3. fsi_ex12_delay_tap_measurement in Debug Mode
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4. Run the project and after all measurements are done, the device will halt and you can view all the
measured delays in nano-seconds inside the watch window.

5 workspace.sAppNOTEEER B3 TBLaeey. 135 reasurementis.deloy. o5 EBBHEREEL Cote compose AT L

File Edit View Project Tools Run Scripts Window Help

) B 22 BEE - RO -S 22 Qi
4§ Debug 2 % ¥ = B |w=Variables ¢ Expressions 2 i Registers
4 ¥¢ fsi_delay_tap_measurement [Code Composer Studio - Device Debugging] E; SI0N ype alue Address
4 o Texas Instruments XDS2xx USB Debug Probe_0/C28xx_CPU1 (Suspended - SW Breakpoint) (= delays float[32][10] [[-0.084777832,0.0847625732,0.3390... 0x00010080@Data
= main() at fsi_delay_tap_measurement.c:238 0x0082F6 & 10 float[10] [-0.084777832,0.0847625732,0.33907... 0x00010080@Data
= _args_main() at args_main.c:81 0x00895A @[ float[10] [1.18673706,0.932434082,1.01720428... 0x00010094@Data
= ¢_int00() at boot28.asm:261 0x00860A (_c_int00 does not contain frame information) @ [2) float[10] [1.44104004,1.27150726,1.44104767,.. 0x000100A8@Data
«& Texas Instruments XDS2xx USB Debug Probe_0/CLA1_0 (Disconnected : Unknown) (3] float[10] [1.69534302,1.86489105,1.61058044,.. 0x000100BC@Data
> (B 4] float[10] [1.94965363,1.78012085,1.94965363,.. 0x000100D0@Data
> (2 [5] float[10] [2.2039566,2.37348938,2.11919403,2... 0x000100E4@Data
v (2 [6) float[10] [2.62779236,2.45825195,2.54302979,.. 0x000100F8@Data
v (27 float[10] [2.96687317,2.96687317,2.96686554,.. 0x0001010C@Data
v (28] float[10] [3.22116852,2.96686554,3.13640594,.. 0x00010120@Data
v @ [9) float[10] [3.56023407,3.56023407,3.22116852,.. 0x00010134@Data
> (2 [10] float[10] [3.81452942,3.56023407,3.81454468,... 0x00010148@Data
\ . n flAastMN 2 2Q002N778 2 QOO2NTIT 2 QTAR2TNT NeNNNT N En"ﬁ\y
lg fsi_delay tap_measurement.c &2
234 delays[tap][sample] = (cap2caplDifferenceNanoSecond[AND_SIGNAL][sample] - f§ap2caplDifferenceNanoSecond[OR_SIGNAL][sample])/2;
235 }
236
237
91238 ESTOPO;
239 while(1);
f240}
241
242void initFSI()
243 {
244 FSI_performTxInitialization(FSITXA_BASE, 40U);
245 FSI_performRxInitialization(FSIRXA_BASE); .
S ; The measured delays are available
247 17
248 // Set internalloopback mode
249 /!

4

B Console 2
fsi_delay_tap_measurement

(C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...
C28xx_CPU1: GEL Output: ... DCSM Initialization Start ...
C28xx_CPULl: GEL Output: ... DCSM Initialization Done ...

Figure 4. Measured Delay Elements in Expressions Window
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5. To graphically view the delays introduced by each delay element, you must save the “delays” variable
above using CCS, in a file that will be used as an input to the FSI Skew Compensation Utility. In order
to save the “delays” variable, go to Tools — Save Memory.

' workspace_fs o Debug - 3 3
File Edit View Project Run Scripts Window Help
M H=ES i Memory Map T @i RROIPiIHriF
GEL Files
4% Debug = On-Chip Flash 7 = B &= Variables 7 Expressions & |iili Registers
4 W9 fsi_delay_tap_measul Debugger Options + B Debugging] Expression Type Value Address
4 o Texas Instruments Pin Conmect 1 (Suspended - SW Breakpoint) | 4 (# delays float[32][10]  [[-0.084777832,0.0847625732,0.3390.. 0x00010080@Data
= main() at fsi_de > (@ [0] float[10] [-0.084777832,0.0847625732,0.33907... 0x00010080@Data
= _args_main( - (®[1] float[10] [1.18673706,0.932434082,1.01720428... 0x00010094@Data
= c_int000 at b Save Memory t contain frame information) - (®[2] float[10] [1.44104004,1.27150726,1.44104767,... 0x000100A8@Data
2 Texas Instrumen it connected : Unknown) > (@3] float[10] [1.69534302,1.86489105,1.61058044,... 0x000100BC@Data
Fill Memory » (B [4] float[10] [1.94965363,1.78012085,1.94965363,.. 0x000100D0@Data
£ RTOS Object View (ROV) > (B [5] float[10] [2.2039566,2.37348938,2.11919403,2... 0x000100E4@Data
B Runtime Object View - @ (6] float[10] [2.62779236,2.45825195,2.54302979,.. Ox000100F8@Data
&  Hardware Trace Analyzer X-Jv| float[10] [2.96687317,2.96687317,2.96686554,.. 0x0001010C@Data
& System Analyzer . (2 (8] float[10] [3.22116852,2.96686554,3.13640594,.. 0x00010120@Data
[ RTOS Analyzer @ float[10] [3.56023407,3.56023407,3.22116852,.. 0x00010134@Data
& Graph R 2 10 float[10] [3.81452942,3.56023407,3.81454468,.. 0x00010148@Data
P i flaa+f1N1 2 2002N778 2 Q002NTIT 2 RI1AR2ITAR MNeANNNTN S Nata
i Image Analyzer
lg fsi_delay_tap_measuren]
933 Profile 4
234 del @ EnergyTrace™ ifferenceNanoSecond[MD SIGNAL][sample] - cap2caplDifferenceNanoSecond[OR_SIGNAL][sample])/2;
235 } XDAIS Tools 4
236
237
$238 ESTOPO;
239 while(1);
| oo To save a selected memory
241 . . .
242 void initFSI() range Of the deviceinto a flle
243{

244 FSI_performTxInitialization(FSITXA_BASE, 40U);
245 FSI_performRxInitialization(FSIRXA_BASE);

246

247 //

248 // Set internalloopback mode

249 1/

4

B Console &
fsi_delay_tap_measurement
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...
C28xx_CPU1l: GEL Output: ... DCSM Initialization Start ...
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...

Figure 5. Code Composer Studio Save Memory Option

8 Fast Serial Interface (FSI) Skew Compensation SPRACJ9—-April 2019

Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRACJ9

13 TEXAS
INSTRUMENTS

www.ti.com

FSI Delay Element Measurement

6. Enter the file location where the memory will be saved. Select “TI Data” in the File Type option and
click “Next”. Populate the fields in the dialog as shown in Figure 6.

e workspace_fsiAppn' Bebug . s'! delay_tap__.ésuremeﬂfsi_delay_taMCM& Composer Studio

D~

& -

Tt}

= Variables 7 Expressions 2 !l Registers

Expression Type Value m

4 (# delays float[32][10] [(-0.084777832,0.0847625732,0.3 0x00010080@Data
&[0 float[10] [-0.084777832,0.0; 10.339078

= float[10] .932434082,1.01720428... 0x00010094@Data
> (2 [2] floa 1.44104004,1.27150726,1.44104767,.. 0x000100A8@Data
> (23] 0at[10] [1.69534302,1.86489105,1.61058044,.. 0x000100BC@Data
float[10] [1.94965363,1.78012085,1.94965363,.. 0x000100D0@Data
- (@ [5] float[10] [2.2039566,2.37348938,2.11919403,2... 0x000100E4@Data
- (2 [6] float[10] [2.62779236,2.45825195,2.54302979,.. 0x000100F8@Data
- (2 [7] float[10] [2.96687317,2.96687317,2.96686554,.. 0x0001010C@Data
- (2 (8] float[10] [3.22116852,2.96686554,3.13640594,.. 0x00010120@Data
> (#[9] float[10] [3.56023407,3.56023407,3.22116852,.. 0x00010134@Data
- (2 [10] float[10] [3.81452942,3.56023407 3.81454468,.. 0x00010148@Data
1N flastl 1M 2 2002N775 2 20Q2NTI8 2 Q1AK2TNS MANNNTINI SN a4s

IGNAL][sample] - cap2caplDifferenceNanoSecond[OR_SIGNAL][sample])/2;

File Edit View Project Tools Run Scripts Window Help
u s BivnesaBEyE PSS @iz, i) viz
4 O &% Save Memory = X
o = “
a¥
4| Save Memory
Enter the information for the memory block to be saved
Forma: | 32-Bit Floating Point >
Target =
Start Address: | 0x10080
Memory Page: | Data hd
Length: -
§ = of memory words to read:
320
[g f () 5pear e data block dimension in number of memory words:
23
23
23
23
2423
3
24 @ Next I Finish ] [ Cancel
24
24
243{

244 FSI_performTxInitialization(FSITXA BASE, 40U);
245 FSI_performRxInitialization(FSIRXA_BASE);

247 I/
248 // Set internalloopback mode
249 I/
4
B Console &

fsi_delay_tap_measurement

C28xx_CPULl: GEL Output: ...
C28xx_CPU1: GEL Output: ...
C28xx_CPU1: GEL Output: ...

DCSM Initialization Done ...
DCSM Initialization Start ...
DCSM Initialization Done ...

Figure 6. fsi_ex12_delay_tap_measurement Save Memory Options
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7. ltis possible that the “delays” variable is in another memory location than 0x10080. The location of the
“delays” variable can be found in the “Expressions” window as shown in Figure 6. The saved file can
be used by the FSI Skew Compensation Utility, to show the delays introduced by the delay elements in
a scatter plot graph. Launch the FSI Skew Compensation Utility. In the main menu, select the “Delay

Tap Measurement” option.

- — S
&3 FSI Skew Compensation Utility = =

5% ]

Main Menu

Delay Tap Measurement
Single Line RX0 vs CLK
Dual Line CLK/RX0 Set vs RX1

View Example Data

Figure 7. FSI Skew Compensation Utility - Main Menu

8. The utility will prompt the use for the memory file that was saved in the previous steps. Navigate and
select the saved memory file. The utility should now graph the delays introduced by each delay

element.
£ Delay — 5] .S J
100 - FSIDelay T... Delay [ns] i
a g "~ o 0.18633956... z
20 - 1 1194268801
E // 2 1.380607605
g /i 3 166367797
7 4 1.990847016
o / 5 2363608551
; ) / 6 2482210543
- /f 7 287194671
£ /,/ ) 8 3.09221267..
B " 9 344803466
w0 / 10 3785649107
- /f u 3.99017257...
30 A 12 428668213
25 / 13 4575136566
20 . /,/ 14 4846011352
v o 15 5108643341
Lo / 16 5405172728
o 17 5.71242904..
:'O 5 10 15 20 5 w0 oz 18 5:99837341..
Delay Tap 19 6.26948776...
S 2 6.616284944

Figure 8. FSI Skew Compensation Utility - Delay Measurement

The delay introduced by each element is averaged over the 10 samples taken by the HRCAP. As seen in
Figure 8, the delay elements can add up to approximately 10 ns of delay for each external signal (RXDO,
RXD1, RXCLK). The delays are measured using RXD1. The delay elements on RXD0 and RXCLK are not

measurable through software and are assumed to be the same.
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4

4.1

Visualizing the FSI Single Data Line Skew Compensation

The FSI module can be operated using only one data line (RXDO). In this mode the RXCLK and RXDO
acts as clock and data while RXD1 is unused. To compensate for the skew introduced by board, isolators
or any other factor, the skew compensation block must be utilized correctly.

For two FSI modules to communicate with one another, they must go through the initialization sequence
described in the device-specific TRM. After the initialization sequence is completed, the two devices must
establish the communication link. This is done through a sequence of ping frames being transmitted and
received. An example of establishing the communication link is described in the device-specific TRM.

In order for the FSI skew compensation block to be calibrated correctly, the two devices will attempt to
establish the communication link a number of times. Figure 9 shows the connection of the devices in this
example. While there is no true concept of a master or a slave node in the FSI protocol, the example uses
this nomenclature as a simple way to describe the data flow.

T

Device 2
(Slave)

Device 1
(Master)

Isolator

FSITX

(& — J k J

Figure 9. FSI Point to Point Connection

In order for Device 2 (slave) to calibrate its FSI RX module using the skew compensation block, it
attempts to establish a communication link with Device 1 (master) a number of times. Each time, the FSI
RX module will be programmed to operate at a different delay value set in RX_DLY_LINE_CTRL. The
failure or success of the two devices in establishing the communication link will be logged inside the slave
device.

An example is provided to show when the two devices succeed or fail at establishing the communication
link. For single data line calibration, the example projects fsi_ex13_single_line_delay_select_rx and
fsi_ex13_single_line_delay select tx are used. The fsi_ex13_single line_delay_select rx device attempts
to establish a communication link at all 32 x 32 different possibilities for the RXD0 and RXCLK delay line
settings. The results are logged and can be graphed using the FSI Skew Compensation Utility.

FSI Single Line Skew Compensation Example Software

The fsi_ex13_single_line_delay_select_rx and fsi_ex13_single_line_delay_select_tx projects can be used
to visualize how the FSI delay line control can be used to compensate for different amounts of skews in
the system. The example uses two GPIOs for FSI RX (RXDO0 and RXCLK) and two GPIOs for FSI TX
(TXDO and TXCLK). The communication between the two devices are verified at all 32 x 32 (RXDO,
RXCLK) different delay line configurations. The communication between the two devices is described in
Figure 10 for each delay line configuration. When a device is waiting to receive data, a timeout is
implemented to ensure that the never hangs.
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TX Device RX Device

(Transmits at 50 MHz) (Transmits at 50/8 MHz)

Set Delay Values

Send PING TAGO —_—> Recv PING TAGO

Recv PING TAG1 D e Send PING TAG1

Send PING TAG1 s Recv PING TAG1
Send 16 Data Packets ~=——————2> Recv 16 Data Packets

Log Pass/Fail

Figure 10. Delay Line Configuration Verification Flow

1. The two projects must be imported into CCS. It is recommended to have two different instances of

CCS open and import each project into a different workspace. This way you can debug both projects at
the same time.

a. The fsi_single_line_delay_tx project must be started first.
b. Aafter importing the project, build and run the example.

The fsi_single_line_delay_rx project must be started. It takes some time for this example to finish. The
CPU will halt when the example is finished and the result is saved in a variable named
“pingAndDataStatus”, which is a 32 element array. The index of the array 0-31 represents RXCLK
delay from 0 to 31.The value of each pingAndDataStatus[x], where x is the RXCLK delay, represents
the bit-packed status of ping and data transmission for RXDO delay from 0-31. Therefore,
pingAndDataStatus[12] = 0x00001FF0 means that data and ping transmission was successful for
RXCLK delay = 12 and RXDO delay = 4-12.

Figure 11 shows two instances of CCS: one with fsi_single_line_delay_tx and the other with
fsi_single_line_delay_rx, in debug perspective.

< workspacef:AppNote - CCS Delog s gl Jinedely_select s singe ine.delay.select e - Code Componer | = [=1_3_I[=

| et Vv

3333333383 .3
H

..., Runthe rx code e i o e e, RUN the tx code
siRxInt2Received 's“écond! ‘ Device_init6P10(); first!

CCPuUL: GEL Cascx_ o ocsm
C28xx_CPUL: GEL Output: .. M casaocpur: GeL output: .

Figure 11. fsi_single_line_delay_tx And fsi_single_line_delay_rx Example Software in Debug Perspective

12

Fast Serial Interface (FSI) Skew Compensation SPRACJ9-April 2019

Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRACJ9

13 TEXAS
INSTRUMENTS

www.ti.com

Visualizing the FSI Single Data Line Skew Compensation

3. After both example projects are running, the fsi_single_line_delay_rx project will halt. It may take some

time for the software to finish gathering the results. The fsi_single_line_delay_tx will not halt. It

continues to send pings, which can be ignored for this example’s purpose. The
fsi_single_line_delay_rx project halts and the gathered result can be viewed in “pingAndDataStatus” as

shown in the “Expressions” window.

S tcpce g S 0oy gty s i, s s e s L e s
Weie e view oo v
PRR-S O vin R iaiPievidy S XEs KR~ipilitvis~
4 Debug ¥ = O erVariables 4 Expressions &2 |1lf Registers. = 0 || # pebug ¥ = O e Variables 5 |47 Expressions sc|rit|® v =0
4 5% fs_singl.line_delay_select  [Code Composer Studio - Dev 55 % % %@ 52| € = |l + 5 tssingle.line delay select b [Code Composer Studio - || Name Type Value Location
4 o Texas Instruments XDS110 USB Debug Probe_0/C28x« CP! i i - M USB Debug Probe_0/C28xx
ain at fs_single.ine_delay.select s ] unsigned long... [ @ Texas Instruments XDS2xx USB Debug Probe_0/CLAL_
rgs_main) at args_ mainc:1 0x008D22 @ [0 unsigned long  0+000003FF (Hex) |
@ Texas Instruments XDS110 USB Debug Probe_0/CLA1 0 (C o [2] unsigned long  0x00001FFF (Hex)
o [5] unsigned long  Ox0000FFFF (Hex)
o [6] unsigned long  Ox0001FFFF (Hex)
o (7] unsigned long  Ox0003FFFF (Hex)
- (8] unsigned long  Ox00O7FFFF (Hex)
[2 fsi_single_line_delay_select ¢ B {1| @ tsi_single_line._delay_select txc 32 =0
2 pingAndDatastatus(delayTapCLK] |= (FSI_PASS << delayTapiko); - 19( A
) fll 550 77 tnitialize device clock and peripherals
} 2
bevice init 3
ESTOPO; | 2
while(1);
| le pin locks and enable i al pullups.
y I Device_initGPI0();
1/ H H | itialize PIE and clear PIE registers. Disables interrupts
Ui s PING And Data Status (Pass or Fail) nitislize PIE ond clear PIE registers. Disobles PU interrupt
. ) Interrupt_inithodule();
FSI disableRxInternalloopback(FSIRXA BASE);: = B
@ Console & * Bi #8@-dv=o | ‘D(anw\e.t o o8-~ = (22 Problems &2 =a
C28xx_CPUL: GEL Output: ... DCSM Initialization Done ... ~ ||| c28xx_cPu1: GEL Output: ... DCSM Initialization D Description - Resource
C28xx_CPUL: GEL Outpu . DCSM Initialization Start ... €28xx_CPU1: GEL Output: DCSM Initialization S

Figure 12. fsi_single_line_delay_rx Halted When Finished

¥4 workspace_fsiAppNote - CCS Debug - fsi_single_line_delay_select_nx/fsi_single._line_delay_select_x.c - Code Composer Studio

4. The results captured in this example can be used by the FSI Skew Compensation Utility to generate
graphs to visualize the data. In order to save the “pingAndDataStatus”, go to Tools — Save Memory.

File Edit View Project Tools Run Scripts Window Help

Value Address
long... [0x000003FF,0x00000FFF,0x00001FFF,.. 0x0000AC40@Data
long  0xO00003FF (Hex) 0x0000AC40@Data
long  0xO0000FFF (Hex) 0x0000AC42@Data
long  0xO0001FFF (Hex) 0x0000AC44@Data
long  0xO0003FFF (Hex) 0x0000AC46@Data
long  0xO0007FFF (Hex) 0x0000AC48@Data
long  0xO000FFFF (Hex) 0x0000AC4A@Data
long  0xQ001FFFF (Hex) 0x0000AC4C@®Data
long  0xQ003FFFF (Hex) 0x0000AC4E@Data
long  OxOO007FFFF (Hex) 0x0000ACS0@Data
long  OxO00FFFFC (Hex) 0x0000AC52@Data
long  OxOO1FFFFE (Hex) 0x0000AC54@Data
Iann  INAN2EFEER rHav MWNNNNACSE@Nata

HuRd BipnezeeBErE-PO@-Eevizaigy Pitsvig
4# Debug 2 ¥ T B = Variables | 6f Expressions i | i Registers
4% fsi_single_line_delay_select_rx [Code Composer Studio - Device Debugging] | Expression Type
4 o Texas Instruments XDS110 USB Debug Probe_0/C28xx CPUL (Suspended - S| 4 (# pingAndDataStatus  unsigned
main() at fsi_single_line_delay_select_n.c:425 0x00844E o [0] unsigned
args_main() at args_main.c81 0x008D22 ©: [1] unsigned
- int00(r at boot28.asm:261 0x008908 (the entry point was reached) - [2] unsigned
< Texas Insty
& Save Memory B | =53
Save Memory
Select a file to save the memory data
File: CA\Users\a0225962\workspace_fsiAppNote\SingleDataLine.dat
< File Type: | TI Data -
fsi_single_line_d | Note that Hex and ELF files are not supported by this tool.
420
421
422 }
423 }
424
2425 ESTOP
426 while
427}
428
4297/
430 // initFs
4317/
a32//
433void initl
4344 _
s rsr | @ < Back Net> | [ Finsh ][ cancel
436
b
© Console &

fsi_single._line_delay_select <
CioxA_cruss CUCSF AN AL IZaion Start

. DCSM Initialization Done ...
. DCSM Initialization Start .
. DCSM Initialization Done ...

C28xx_CPUL: GEL Output:
€28xx_CPUL: GEL Outpu
€28xx_CPUL: GEL Output:

Figure 13. Save Single Data Line Communication Results — File Name
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5. Click “Next” to enter the address, size, and format of the data to save.

' workspace_fsiAppNote - CCS Debug - fsi_single_line_delay_select_rx/fsi_single_line_delay_select_rx.c - Code Composer Studio - - ;

File Edit View Project Tools Run Scripts Window Help
N BiriereeBE%E - BO@vsevrnafy Pitsvis v
1z Debug B o= Variables ¢ Expressions 12 1l Registers
4 ¥ fsi_single_line_delay_select_rx [Code Composer Studio - Device Debugging] Expression Type Value
4 o Texas Instruments XDS110 USB Debug Probe_0/C28x« CPU1 (Suspended - S| 4 ¢ pingAndDataStatus  unsigned long... [0XO00003FF,0x00000FFF 0x0000LFFF,
= main() at fsi_single_line_delay_select_rx.<:425 0x00844E = [0] unsigned long  0x000003FF (Hex)
= _args_main() at args_main.c81 0x008D22 o [1] unsigned long  0x00000FFF (Hex) 0x0000AC42@Data
= ¢.int00) at boot28.asm:261 0x008908 (the entry point was reached) o [2) unsigned long  Ox00001FFF (Hex) 0x0000AC44@Data
@ Texas Instruments XDS110 USB Debug Probe_0/CLA1_0 (Disconnected : Unkr - [3] unsigned long  0x00003FFF (Hex) 0x0000AC46@Data
. o~ 0x0000AC48@Data
¥ save Memory B ) 0x0000AC4A@Data
Save Memory ) 0x0000AC4C@Data
0003FFFF (Hex) 0x0000AC4E@Data
Enter the information for the memory block to be saved 0x0007FFFF (Hex) 0x0000ACS0@Data
0x000FFFFC (Hex) 0x0000AC52@Data
0x001FFFFE (Hex) 0x0000AC54@Data

€ fsi_single_line_delay | Target

420 Start Address: | 0x0AC40
421 :
422 } Memory Page] Data
42 } Length:
424
94251 ESTOPG; ker of memory words to read:
42 while(1)
427}
428 Deciy the data block dimension in number of memory words:

42

/ initFSI

433void initFsI|

5 FSI_disal
- ® <Back Next Cancel
@ Console

fsi_single_line_delay_select_rx
CZBXk_CPULT GEL UULPULE

< UCSF LNLUIdILZation Stert ...
C28xx_CPULl: GEL Output: . DCSM Initialization Done ...
(28xx_CPU1l: GEL Output: . DCSM Initialization Start ...
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...

Figure 14. Save Single Data Line Communication Results — Address, Size And Format

6. The saved file can now be used as an input for the FSI Skew Compensation Utility. Launch the utility
and select “Single Line RX0 vs. CLK”".

Select the single line data file x|

@Qv‘. » Eskandari, Nima » workspace_fsiAppNote »

Organize ~

°. Documents

B Desktop

) Libraries

‘. Documents

4. Music
= Pictures
!, Videos

2 Eskandari, Nima
| workspace_fsiAppNo
& Computer

& O0SDisk (C)

New folder

Search workspace_fsiAp.. 2 .
Main Menu
1 @
m =
Name Date modifiec
Jxbrowser-data 2/16/2018 1.2
.metadata 3/6/2018 1:39
3 | RemoteSystemsTempfFiles 1/31/2018 11:
H| DelayMeasure.dat 2/14/2018 9:5. Delay Tap Measurement
B , No preview
H| DualDataline.dat 2/15/2018 64 . "
. . = ENENFEf Single Line RX0 vs CLK
H| SingleDataline.dat 2/15/2018 6:2
Dual Line CLK/RX0 Set vs RX1
View Example Data
v dq| 111 | »
File name: SingleDataline.dat - [ File (**) ']
l Open ‘VI [ Cancel I

Figure 15. FSI Skew Compensation Utility - Single Line RX0 vs CLK
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7. After the input file is selected, the utility graphs the result. This graph is shown in Figure 16. The green
symbols show the RXDO and RXCLK delay values at which the communication was successful. The
red symbols show the delay values at which the communication fails. The blue symbols show the best
delay values which will allow the most margins for data to pass.

EC:\Users\aO225962\w0rl@pace_fsiAppNote\S\ngIeDataLine.dat(RXO Delay = 1, CLK Delay = 0) = = P
CLK vs RX0
22
frE sl mrmmmmaaaa e 00000000
] 4 L T L T T T S 29000000 OCOOS®
R T IR IR R L S e 00000000000
.................... 0200000000000
e T N 2000000000000
]0 Goo il e be ga e g g g 000000000000000
e B S S S S S S S 9000000000 00000
--------------- 929000000000 000000
23 1 e 2000000000 0000000
]v LRI B SRR B B 000000000000000000
2 o 9000000000000000000
11 goo g {ra o 0000000000000 000000
19 G ———— 000000000 000000000 - -
]-'7 ------ 00000000000000000 - -
BT T R R 0000000000000000 - - -
E i + 0000000000 00000O: - i |
v 15 (R BRSERCR, ] 00000000000000 - - - - - -
] ]1'7".. 0000000000000 - : - : - -
13 14900 000000000000 - ¢ - - -
-{-:.C.. 0000000000O®: - - - - i
11 + - 90000 20000000060 - - - - - . - . - -
]....... 0000000009 - : - i - i - i b
] 000000 00000000 - - - - -+ e
00000000 0000000 - - - - ;- - -t
7 E....’.. 290000 - - - : - i -+ s o+ s ia s
0000000 (1 1 1 1 IR B SR S I BRI
5 :.:.... [ T T 1 R R e B I
90000000 @O®: - - -4 - i 4 d s
3 2009000 [ Y I e R T L S ST SR
.:.... [ R R I P P S S R
1 POVOOOOOOO - - « ¢+ + + « 4+ v ¢ s 4 1 4t e e
...’.'.. .......................
1
1 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 3132
RX0 Delay
@ Success @ Failure @ Execution Point
Execution Paint: (1, 0) Other Points: (1, 0) (2, 1) (3, 2) (4, 3) (5, 4) (6, 5) (7, 6) (8 7) (9, 8) (10, 9) (11, 10} (12, 11) (13, 12) (14, 13) (15, 14) (16, 15)
(17, 16) (18, 17) (19, 18) (20, 19) (21, 20) (22, 21) (23, 22) (24, 23) (25, 24) (26, 25) (27, 26) (28, 27) (29, 28) (30, 29) (31, 30)

Figure 16. FSI Skew Compensation Utility - Single Line Data Result

8. The area where data passes can be shifted to the left or right in different operating conditions. All
different scenarios can be view in Section 6.

5 Visualizing the FSI Two Data Line Skew Compensation

The FSI module can be operated using two data lines: RXD0O and RXD1. In this mode, the RXCLK, RXDO
and RXD1 act as clock and data lines. To compensate for the skew introduced by board, isolators or any
other factor, the skew compensation block must be calibrated correctly. The skew compensation is more
complicated for two data line communication.

The idea behind the skew compensation for two data line communication is the same as single data line
communication, with the only difference being more iteration introduced by RXD1. There are 32 x 32 x 32
different combinations of delay line configurations. The example projects provided in this application report
allow you to capture the delay line configurations at which ping and data transmission are successful. The
FSI Skew Compensation utility can use the result of the example projects to visualize the captured data.

5.1 FSI Dual Line Skew Compensation Example Software

The fsi_ex14 dual_line_delay select rx and fsi_ex14 dual _line_delay_select_tx projects can be used to
visualize how the FSI delay line control can be used to compensate for different amounts of skews in the
system. The example uses three GPIOs for FSI RX (RXDO0, RXD1 and RXCLK) and three GPIOs for FSI
TX (TXDO, TXD1 and TXCLK). The communication between the two devices is the same as the single
data line but instead of one lane, two lanes are used. The communication between the two devices is
verified at all 32 x 32 x 32 (RXDO0, RXD1, RXCLK) different delay line configurations.
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1. The two projects must be imported into CCS. It is recommended to have two different instances of
CCS open and import each project into a different workspace. This way the user can debug both
projects at the same time. The fsi_dual_line_delay_tx project must be started first. So after importing

the project, build and run the example.

2. The fsi_dual_line_delay_rx project must be started. It takes some time for this example to finish. The
CPU halts when the example is finished and the result is saved in variable named
“pingAndDataStatus”, which is a 32 x 32 element array. The first index of the array 0-31 represents the
RXCLK delay from 0 to 31. The second index of the array 0-31 represents the RXDO delay from 0 to
31. The value of each pingAndDataStatus[x][y], where x is the RXCLK delay and y is the RXDO delay,
represents the bit-packed status of ping and data transmission for the RXD1 delay from 0-31.
Therefore, pingAndDataStatus[12][10] = 0x0O0001FF0 means that data and ping transmission was
successful for RXCLK delay = 12, RXDO0 = 10, and RXD1 delay = 4-12. Figure 17 shows two instances
of CCS, one with fsi_dual_line_delay_tx and the other with fsi_dual_line_delay_rx, in debug

perspective.

¥ workspace_fsiAppNote - CCS Debug - fsi_dual_line_delay. select_rx/fsi_dual_line_delay_select rxc - Code Composer Stu... . = (=) 3

L~ ]~ Ri4r~ -
Quick Access =[E
# Debug = D | Variables | ¢ Expressions i !l Registers e e x%k@Iricz|é ~=0
4 ¥ fsi_dual_line_delay_s@Wct rx [Code | Expression Type Value Address *
# o Texas Instruments XOMIO USB [ 4 (8 pingAndDataStatus  unsigned long... [[0x00000000,0x00000000,0x000000.. Ox0000AE

= main) at fsi_dual linélyelay_ @ [0] unsigned long... (0x00000000,0x00000000,0x0000000... Ox0000AE =
= _args_main() at args_maNg8 @ [i unsigned long... (0x00000000,0x00000000,0x0000000... 0xD000AE
= c_int000 at boot28.asm:26 @2 unsigned long... (0x00000000,0x00000000,0x0000000... 0xD000AE
»® Texas Instruments XDS110 USB [ 3] unsigned long... (0x00000000,0x00000000,0x0000000.. 0xD00OAE
unsigned long... (0x00000000,0x00000000,0x0000000.. 0x0000AS

unsigned long... (0x00000000,0x00000000,0x0000000.. 0xD000AS

) unsigned long... (0x00000000,0x00000000,0x0000000... 0xD000AS

"] unsigned long... (0x00000000,0x00000000,0x0000000... 0xD000AS

@8] unsigned long... (0x00000000,0x00000000,0x0000000.. 0xD000AS

@ 191 [0x00000000,0x00000000,0x0000000... 0x0000AL ~

unsigned long...
« I I I »

£ fsi_dual_line_delay_select_nc

L

B

81 // Initialize device clock and peripherals

Device_init();

Run the rx code
second!

PIE registers. Disables CPU interrupts.

// Disable pin locks and enable internal pullups

Device_initGPIO();

1 // Initialize PIE and clear

1
1

1

1

1

1

1
186
187
1

1

1

1

1 1
1 Interrupt_initModule();
1

@ Console % bl MBvygy =
fsi_dual_line_delay_select_nc

€28xx_CPUL: GEL Output: ... DCSM Initialization Done ...

€28xx_CPUL: GEL Output: ... DCSM Initialization Start ...

C28xx_CPUL: GEL Output: ... DCSM Initialization Done ...

»

4 [

+ workspace_fsiAppNote | - I line. sdBlE |

File Edit View aRzgiect Tools Run Scripts Window Help

830 BELE - POBvE e vina

|R~i@ Hrifd

Quick Access || B | B[
# Debug ) - Variables & %{ Expressions 0| e& =
4 ¥ fsi_dual_line_delay_selg tx [Code Composer Studio - D Name Type Value Location

4 4 Texas Instruments XDSWg USB Debug Probe_0/C28:xx
= main( at fsi_dual_line Wglay_select_tx.c:152 0x0082
= _args_main() at args_mainWg1 0x008BOF
= ¢_int00() at boot28.asm:261 ADEGAD (the entry ¢

#® Texas Instruments XDS2xx USB Detillg Probe_0/CLAL

«
8 fsi_dual_line_delay select_txc
#1524

154 // Initialize device clock and peripherals
. .

Device_init();
157 =

Run the tx code
first!

ze PIE and clear PIE registers. Disables CPU interrupts

// Disable pin locks and enable internal pullups.
16€ /

161 Device_initGPIO();
16 1
164 // Initiali

166 Interrupt_initModule();
e

#BvNr=0

B Console = % &l
fsi_dual_line_delay_select_tx

[£2 Problems 2
0 items

C28xx_CPUL: GEL Output: ... DCSM Initialization D~ Description Resource
C28xx_CPUL: GEL Output: ... DCSM Initialization S
€28xx_CPUL: GEL Output: ... DCSM Initialization D=
‘ of | |< v

Figure 17. fsi_dual_line_delay_tx And fsi_dual_line_delay_rx Example Software in Debug Perspective
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Visualizing the FSI Two Data Line Skew Compensation

3. After both example projects are running, the fsi_dual_line_delay_rx project will halt. It will take some
time for the software to finish gathering the results. Remember it is verifying all 32x32x32 delay line
configurations. The fsi_dual_line_delay_tx will not halt. It will continue to send pings, which can be
ignored for this example’s purpose. The figure below shows the fsi_dual_line_delay_rx project halted
and the gathered result in “pingAndDataStatus” is shown in the “Expressions” window.

Now the results captured in this example can be used by FSI Skew Compensation Utility to generate
graphs to visualize the data. In order to save the “pingAndDataStatus”, go to Tools > Save Memory.

wr workspace_fsiAppNote - CCS Debug - fsi_dual line_delay select m/fsi_dual_line_delay select nc.c - Code Composer Studio

_ — LW
File Edit View Project Tools Run Scripts Window Help
im - BirnEzeRBEYE-PER S QR iaifitisy
4 Debug = ¥ = B |w=Variables &7 Expressions &2 WY Registers
4 W% fsi_dual_line_delay_select_rx [Code Composer Studio - Device Debugging] Expression Type Value Address
4 i Texas Instruments XDS110 USB Debug Probe_0/C28xx_CPUL (Suspended - S| 4 (2 pingAndDataStatus  unsigned long... [[0x000003FF,0x000003FF 0x000003F... 0x0000A840@Data
= main( at fsi_dual_line_delay_select_r«.c:449 0x00847E > (@ [0] unsigned long... [0x000003FF 0x000003FF,0x000003FF... Ox0000A840@Data
= _args_main() at args_main.c:81 0x008D6D - (= [1] unsigned long... [0x00000FFF,0x00000FFF,0x00000FFF,.. Ox000DA880@Data
= cint00() at boot28.asm:261 0x008976 (the entry point was reached) > (= [2] unsigned long... [0x00001FFF,0x00001FFF,0x00001FFF... Ox0000ASCO@Data
»2 Texas Instruments XDS110 USB Debug Probe_0/CLA1_0 (Disconnected : Unks > (= [3] unsigned long... [0x00003FFF,0x00003FFF,0x00003FFF,.. 0x0000A900@Data
- (= [4] unsigned long... [0x00007FFF,0x00007FFF,0x00007FFF... 0x0000A940@Data
» (= [5] unsigned long... [0xO001FFFF,0x0000FFFF,0x0000FFFF,.. Ox0000A980@Data
» (2 [6] unsigned long... [0xO001FFFF,0x0001FFFF,0x0001FFFF,.. Ox0000A9C0@Data
- = | 52 |)long.. [0x0D03FFFF,0x0003FFFF,0x0003FFFF,.. 0x0000AA00@Data
w+ Save Memory
long... [0x00000000,0x0007FFFC,0x0007FFFC... Ox0000AAA0@Data
Save Memory long... [0x00000000,0x000FFFFC,0x000FFFFC... Dx0000AABO@Data
~ i ) long... [0x00000000,0x00000000,0x001 FFFFE... Ox0000AACO@ Data
4 Select a file to save the memory data lanm MM NNININNNN MeNNDNININNN MeNINNNNNN MANANNNARNNMANata
[8 fsi_dual_line_dg
File: C\Users\a0225962\workspace_fsiAppMote\DualDataline.dat
H | File Type: TI Data V]
} Note that Hex and ELF files are not supported by this tool.
ESTOP|
while|
As51}
452
453 /7
454 // initFg
455 /7
as6 /[
457 void init
458 {
459 FST_d
468
,
B Console =2 .
LLBXX LFULD O
(28xx_CPU1: GL =
C28xx_CPU1: GEL Output: ... DCSM Initialization Start ...
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ...
Figure 18. Save Dual Data Line Communication Results — File Name
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4. Click “Next” to enter the address, size, and format of the data to save.

= workspace_fsiAppNote - CCS Debug - fsi_dual_line_delay_select_nx/fsi_dual_line_delay_select_rx.c - Code Composer Smdio

File Edit View Project Tools Run Scripts Window Help

oS~ Birie22BEE - RO qQrai@ifeisdy
1% Debug &2 ¥ = O ®=Variables € Expressions 2 |iili Registers
4 &% fsi_dual_line_delay_select_rx [Code Composer Studio - Device Debugging] Expression Type Value
4 o Texas Instruments XDS110 USB Debug Probe_0/C28xx_CPUL (Suspended - SV 4 ¢ pingAndDataStatus  unsigned long... [[0x000003FF,0x000003FF,0x000003F |
= main() at fsi_dual_line_delay_select rx.c:449 0x00847E > (2 [0] unsigned long... [0x000003FF,0x000003FF,0x00000,
= _args_main() at args_main.c:81 0x008D6D > @ [1] unsigned long... [0x00000FFF,0x00000FFF,0x000,
= ¢_int00() at boot28.asm:261 0x008976 (the entry point was reached) . (= [2] unsigned long... [0x00001FFF,0x00001FFF,0; 01FFF,
«® Texas Instruments XDS110 USB Debug Probe_0/CLA1_0 (Disconnected : Unkr . (2 [3] unsigned long... [0x00003FFF,0x00003] 3
(84 unsigned long... [0x00007FFF,0x FFF,0x00007FFF,
> (2 [5] unsigned long... I000FFFF,0x0000FFFF,.
> (2 [6] unsigned long... [0x00! F,0x0001FFFF,0x0001FFFF,.
- long... F, A
 Save Memory = 32 [Jleng 03FFFF,060003FFFF,0x0003FFFF
— L1 | lOTV 0x00000000,0x0007FFFC,0%0007FFFC...
Save Memory ’ . [0x00000000,0x000FFFFC,0x000FFFFC...
. . long... [0x00000000,0x00000000,0x001FFFFE...
< || Enter the information for the memory block to be saved lana  INVANAANNANN NWARNANANA NVANNANNA
[ fsi_dual_line_dé
444 Format] | 32-Bit Hex - TI Style v
1445
446 Y| Target ~
447} Start Address: | 0x0A840
448
#1149 ESTOP|)| Memory Page: |[Data W
450 while| Length:
0451}
452 ©) gnumber of memory words to read:
453 //
454 // initF§
455 // block dimension in number of memory words:
456 ’l’/ Number J0WS:
457void initl
458 {
459 FSI_d
460
4
B Console 2
si_dual line delayl | @ Next > finish | [ Cancel
LZOXX:\.P’U_J.Z g
C28xx_CPU1: G

(C28xx_CPULl: GEL Output: . DCSM Initialization Start ...

. DCSM Initialization Done ...

0x0000A840@Dat,

I

.. 0x0000A880@Data
.. 0x0000A8CO@Data
.. 0x0000A900@Data
.. Ox0000A940@Data
. 0x0000A980@Data
. 0x0000A9C0@Data

0x0000AA00@Data
0x0000AA40@Data
0x0000AA80@Data
0x0000AACO@Data

MNNNNARNNA N ats

C28xx_CPU1: GEL Output:
Figure 19. Save Dual Data Line Communication Results — Address, Size And Format
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5. The saved file can now be used as an input for the FSI Skew Compensation Utility. Launch the utility
and select “Dual Line RX0/CLK Set vs. RX1". The utility will prompt you for both the single data line
results and the dual data line results. If the user inputs both single data line and dual data line results,
the utility will graph RXD1 vs RX0/CLK set at the optimal execution points found in single data line
results. If only the dual data line result is inputted, the utility will graph RXD1 vs RXCLK at all RXDO
delays. Figure 20 shows FSI Skew Compesation Utility while selecting the dual data line results.

l RXO/CLK Set vs RX1 i
|| | Set RXO and CLK vs RX1 % I
2 CLK RX0 RX1
0 1 1 -
1 2 2
2 3 3
3 4 4
4 5 5
5 6 6
6 7 7
7 8 8
8 9 9
9 10 10
. 10 1 1
Lo u 12 12
:: 12 13 13
o 13 14 14
: : 14 15 15
: - 15 16 16
o0 16 17 17
[ X ]
:. 17 18 18
° : 18 19 19
19 20 20
4 1 3 s 7 9 1 12 15 17 1®8 2 2B 25 27 20 312 20 al al
CLK Delay 1 20 20 ~
Selected Execution Point: (CLK = 0, RX0 = 1, RX1 =
@ Success @ Failure @ Execution Point wl

Figure 20. FSI Skew Compensation Utility - Dual Line CLK vs RX1 at Single Line Execution Points

Figure 21 shows an example that visualizes the results of the dual data line communication at all delay
configurations.

Tt —————

RX1 vs CLK at different RX0 X

RX0 Delay 0

Scroll to see all

CLK Delay

RXO0 Delays

4 1 3 s 7 9 m 1B 15 ¥ 1 A 28 23 27 2 3=
RXL Delay

@ Success @ Failure

Figure 21. FSI Skew Compensation Utility - Single Line CLK vs RX1 at all RX0 Delay Values
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6

CLK Delay

Finding the Optimal FSI Execution Point

This section analyzes how the best delay line configuration for single and dual data line communication
can be selected. In order to find the ideal FSI execution point, it is assumed that the delay elements on all
three external signal inputs are identical. This means FSI RXD0, RXD1 and RXCLK are delayed by the
same amount when the same value is written to RX_DLY_LINE_CTRL for each of the signals. There are
eight total scenarios when comparing RXDO/RXD1 vs. RXCLK, assuming identical delay elements across
all three external signals.

These eight scenarios are shown in Figure 22 through Figure 29. The green symbols represent a pass
while the red symbols represent a failure in data transmission. The blue symbols represent the best
execution points. The blue symbols always generate a line with a slope of one due to the assumption that
the delay elements on all three external signals are identical.

CLK Delay

5 7 9 n 13 15 17 19 21 23 25 27 2 31 32
RX0 Delay

RXO0 Delay 1 1 3

@ Success @ Failure @ Execution Point
@ Success @ Failure @ Execution Point

Execution Point: (0, 0) Other Peints: (0, 0) (1, 1) (2, 2) (3, 3) (4, 4) (5, 5) (6, 6) (7, 7) (&, 8) (9, 9) (10, 10) (11, 11) (12,12) (13, 13) (14,

14) (15, 15) (16, 16) (17, 17) (18, 18) (19, 19) (20, 20) (21, 21) (22, 22) (23, 23) (24, 24) (25, 25) (26, 26) (27, 27) (28, 28) (29, 29) (30, Execution Point: (16, 0) Other Points: (16, 0) (17, 1) (18, 2) (19, 3) (20, 4) (21, 5) (22, 6) (23, 7) (24, 8) (25, 9) (26, 10) (27, 11) (28, 12)
30) (31, 31) (29,13) (30, 14) (31, 15)

Figure 22. Scenario 1 FSI Execution Points Figure 23. Scenario 2 FSI Execution Points
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Fast Serial Interface (FSI) Skew Compensation

Figure 27. Scenario 6 FSI Execution Points
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CLK Delay

1 1 3 5 7 9 1 13 15 17 19 2 23 25 27 20 3132

3 7 7 2 27 2
1 5 9 un 1 15 1 19 1 23 25 9 31 32 RXO Delay

RX0 Delay

@ Success @ Failure @ Execution Point @ Sucees: SRl @ Exeation Polat

ion Point: (0, 0) Other Points: (0, 0) (1, 1) (2. 2) (3, 3) 4, 4) (5, 5) (6, 6) (7. 7) (8, 8) (9, 9) (10, 10) (11, 11) (12, 12) (13, 13) (14,

Execution Point: (0, 8) Other Points: (0, 8) (1, 9) (2, 10) 3, 11) (4, 12) (5, 13) (6, 14) (7, 15) (8, 16) (8, 17) (10, 18) (11, 19) (12, 20) (13,
21) (14, 22) (15, 23) (16, 24) (17, 25) (15, 26) (19, 27) (20, 28) (21, 29) (22, 30) (23, 31) ;:&gu&mm.mus.mae.ls)mzmmzntzzmmznmwas.mmzé)m.znmzmmmm

Figure 28. Scenario 7 FSI Execution Points Figure 29. Scenario 8 FSI Execution Points

For each of the scenarios, the best execution point is selected to have equal delays margins for RXDO,
RXDL1 (if used), and RXCLK. After examining Figure 22 through Figure 29, it is clear that not all 32 x 32
configurations must be examined to find the optimal execution point. The only configurations that must be
checked are the ones that lie on the x or y axis. Here is how each scenario can be detected:

1. Find the number of times the data switched between different statuses (failure to success or success
to failure) on the x-axis

2. Find the number of times the data switched between different statuses (failure to success or success
to failure) on the x-axis

3. Data passing at (0,0) will always count as an intercept on both x and y axis
4. The scenarios are then identified as described below:

a. Scenario 1: two x-intercepts, two y-intercepts, and data passes at (0,0)
Scenario 2: two x-intercepts, zero y-intercepts
Scenario 3: one x-intercept, zero y-intercepts
Scenario 4: zero x-intercepts, two y-intercepts
Scenario 5: zero x-intercepts, one y-intercept
Scenario 6: one x-intercept, two y-intercepts, and data passes at (0,0)
g. Scenario 7: two x-intercepts, one y-intercept, and data passes at (0,0)
h. Scenario 8: one x-intercept, one y-intercept, and data passes at (0,0)

o

The algorithm to find the optimal execution point is described below. The first step is to find the optimal
execution point for single data line communication. In order to find this optimal point, the two devices
attempt to establish a communication link. The device under calibration attempts to receive pings while
iterating through the following two delay line configurations.

* Y-axis of RXDO vs. RXCLK

— RXDO delay set to zero; RXCLK delay iterates from 0 to 32
» X-axis of RXDO vs. RXCLK

— RXCLK delay set to zero; RXDO delay iterates from 0 to 32
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6.1

The results of the 64 different configurations above are stored in two 32-bit variables. These two variables
are used as x-axis and y-axis to identify which scenario best represents the results. After identifying the
scenario, the optimal execution point for single data line transmission can be selected. If the skew
compensation is to be done for only single data line transmission, the calibration process is terminated if
dual data line calibration is required. The two devices will switch to dual data line mode and attempt to
establish a communication link, knowing that the single data line execution point comes into effect when
choosing which RXD1 delay and RXCLK delay configurations to test.

e X-axis of RXCLK vs. RXD1

— RXD1 delay set to zero; RXCLK delay and RXDO delay iterate from single line execution point to
32, incrementing both RXCLK delay and RXDO delay by one every time

* Y-axis of RXCLK vs. RXD1

— RXDO0 and RXCLK delay set to single line execution point; RXD1 iterates from 0 to 32
After identifying the scenario, the optimal execution point for dual data line transmission can be selected.
Example software is available to showcase how finding the FSI execution point is implemented. The
software checks whether single data line or dual data line skew compensation is required. Then, the

software follows the steps described in this section to validate whether a certain delay configuration will
pass or fail. The steps shown in Figure 30 are executed on the two devices.

Set Delay Values

Send PING TAGO

v

Recv PING TAGO

Recv PING TAG1 < Send PING TAG1
Send PING TAG1 > Recv PING TAG1
Recv PING TAG2 Send PING TAG2
(Switch to Dual Line)
Or Or
Recv PING TAG3 ¢ Send PING TAG3
Or (Continue) | OI‘
Recv PING TAG4 Send PING TAG4

(Done, Exit)

Figure 30. FSI Establishing Communication Link for Optimal Execution Point

The last ping sent from the calibrating device can have three different types of tags. If TAG2 is sent, the
TX device (device that is not calibrating) switches to transmitting and receiving pings using dual data line
communication. If TAG3 is sent, no change is needed. If TAG4 is sent, then the calibration process is
done and both devices will stop transmitting and receiving pings.

Finding the Optimal FSI Execution Point Software Example

Example software is available to show how the FSI execution point can be selected by following the steps
stated in this section. The fsi_ex15_find_optimal_delay device2 and fsi_ex15 find_optimal_delay_devicel
projects show how the FSI execution point is calculated. The example uses three GPIOs for FSI RX
(RXD0, RXD1 and RXCLK) and three GPIOs for FSI TX (TXD0, TXD1 and TXCLK). The communication
between the two devices are verified using 96 to 128 (RXD0, RXD1, RXCLK) different delay line
configurations.

1. The two projects must be imported into CCS. It is recommended to have two different instances of
CCS open and import each project into a different workspace. This way the user can debug both
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projects at the same time. The fsi_ex15 find_optimal_delay_devicel project must be started first. So
after importing the project, build and run the example. Finally, the
fsi_ex15_find_optimal_delay_device2 project must be started. The CPU will halt when the example is
finished and the RX_DLY_LINE_CTRL is set.

iR i@

frvid v

Quick Access

Quick Access || &

1)

4 Debug ¥ = O Variables & Expressions 31 illi Registers = 0 | 4 Debug =2 ¥ = B e Variables i 4 Expressions tE[rictle v =0
40| RRF| It ~ M « ¥ fsi_find_optimal_delay¥gCode Composer Studio - Devi Name Type Value Location
Expression Type Value Addr | 4 4 Texas Instruments XDSMg USB Debug Probe_0/C28xx
o delays unknown identifier not found: delays = main() at fsi_find_optir

4 Add new expression

« [ r 'Kl [
[ fsi_find_optimal_delay_m 52 = 9 || @ tsi_fing_optimal_deiay_tec ==
. . m 114// -
d main(void) 115 veid main(veid)
*116
volatile FSIExecutionPoint exePoint; u,’{ 1
o . 118 /f Initialize device clock and peripherals
// Initialize device clock and peripherals 19 g/
" 120 Device_init() h d
Device.init(); Runthe rx code o ‘ Run the tx code
122 1
" 123 // Disable pin locks and enable internal pullups. f
// Disable pin locks and enable internal pullups. Secor\d! - 124 11 irst! 3
" = 125 Device_initGPI0();
Device_initGPIO(); 126
127 1
// 128 // Initialize PIE and clear PIE registers. Disables CPU interrupts.
// Initialize PIE and clear PIE registers. Disables CPU interrupts. z v 2
m B ‘ »
eI BB -0v =8 e console %Bi | M B -0~ =0 [ poblems "= 8
1si_find_optimal_delay_nx fsi_find_optimal_delay_tx 0items
C28xx_CPUL: GEL Output: ... DCSM Initialization Dome ... * ||| c28xx_cPu1: GEL Output: ... DCSM Initialization D= Description - Resource.
C28xx_CPUL: GEL Qutput: ... DCSM Initialization Start ... EL Output: ... DCSM Initialization S
C28xx_CPUL: GEL Output: ... DCSM Initialization Done ... E EL Output: ... DCSM Initialization D=
‘ « il oi [< i »
# | writable Smart Insert 120 i . Writable SmartInsert 116:1

Figure 31. fsi_ex15_find_optimal_delay_device2 And fsi_ex15_find_optimal_delay_devicel Projects in
Debug Perspective

2. The optimal execution point is a structure which contains a Boolean component named “Valid”. If
“Valid” is false, then the software could not find an optimal execution point.

le Edit View Project Tools R
- [ d -

»

Bitpwrisdw

vide

Quick Access | @ Quick Access =6
1
4 Debug 2 % T = O |eVariables 47 Expressions &2 Il Registers = B |} 4 Debug 2 % T T O onVariables 2 4 Expressions tE|rict|d v=B
& <terminateds fsi_find_optimal_delay_rx [Code Composer Stu GBS XRKRF| S|~ H 4 & fsi_find_optimal_delay_tx [Code Composer Studio - Devi  Name Type Value Location
find_optimal_delay_rx [Code Composer Studio - Device T Expreccion L ol o 4 o Texas XDS2xx USB Debug Probe_0/C28xx.

o Texas Instruments XDS110 USB Debug Probe_0/C28x0c CP! fa (8 exePoint struct FSIExecu... {RX0Delay=1,RX1Delay=
main() at fsi_find_optimal_delay_rc.c:167 0x008A0F  RXODelay unsignedint 1 _args_main() at args_main.c81 0x008D26

args_main() at args_main.c81 Ox0087FF - RX1Delay unsigned int 3 ‘ <int00( at boot28.asm:261 0x008976 (the entry p
-_int000) at boot28.asm:261 0x008976 (the entry point - CLKDelay unsigned int 0 @ Texas Instruments XDS2xx USB Debug Probe_0/CLAL_
A Texas Instruments XDS110 USB Debug Probe_0/CLA1_0 (€ o Valid unsigned char 1701

main( at fsi_find_optimal_delay_bx.c:165 0x008A08

womom

T |

W
»
« I olC i v [ = D
& fsi_find_optimal_delay nic 2 [8 fsi_optimal delay.c (3 fsi_optimal_delayh = O || @ tsi_find_optimal_delay_tee ©0 & fsi_optimal_delay.c =0
156 = 154 -
157 // 155 //
158 // Set GP11, 12,13 to be asynchronous(pass through without delay) 156 // Set 6P11, 12,13 to be asynchronous(pass through without delay)
159 ;/ Default setting is to have 2 SYS_CLK cycles delay L (B157 // Default setting is to have 2 SYS_CLK cycles delay
158 //

GPIO_setQualificationMode(11, GPIO_QUAL_ASYNC);
GPIO_setQualificationMode(12, GPIO QUAL_ASYNC);
GPIO_setQualificationMode (13, GPIO_QUAL_ASYNC);

159 GPIO_setQualificationMode(11, GPIO_QUAL_ASYNC);
160 GPIO_setQualificationMode(12, GPTO_QUAL_ASYAC);
161 GPIO_setQualificationMode(13, GPIO QUAL ASYNC);

exePoint = FSI_calibrateExecutionPoint (FSIRXA BASE, FSITXA BASE, FvAm,wmm,z,LANE, 160 163 FSI_transmitToCalibrate(FSTRXA_BASE, FSTTXA_BASE, 2U);

ESTOPO; #1650 ESTOPB;

wita(h; Calculated Execution Point 150 whileh;

&
&
[

5 ‘ '

%ai | B -0~ <0 || @console 1t %M B~ E~ =0 @ poblems it > =0
1si_find_optimal_delay_rx fsi_find_optimal_delay_tx Oitems
C28xx_CPUL: GEL Output: ... DCSM Initialization Deme ... + ||| C28x_CPUL: GEL Output: ... DCSM Initialization D= Description ’ Resource.
C28xx_CPUL: GEL Output: ... DCSM Initialization Start ... C28xx_CPUL: GEL Output: ... DCSM Initialization S
C28xx_CPU1: GEL Output: ... DCSM Initialization Done ... = /||| c28xx_CPUL: GEL Output: ... DCSM Initialization D=
« ) « o [< i »

[e] H . Writable Smart Insert 165:1

Figure 32. FSI Execution Point Found by fsi_ex15 find_optimal_delay_device2 Project
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7 Summary

The Fast Serial Interface (FSI) module is a serial communication peripheral capable of reliable and robust
high-speed communications. When using FSI, it may be required to use the integrated skew
compensation block to overcome any introduced delays or skews, specific to your application. The
algorithm and source code provided in this application report allows you to utilize the skew compensation
block and choose the ideal setting for their application.

8 References

For more information on the FSI module on a specific C2000 devices, see the device-specific data sheet
and technical reference manual (TRM).

This application report was written using the TMS320F28004x family of devices. The data sheet and TRM
used for this application report are available below,

» Texas Instruments: TMS320F28004x Piccolo™ Microcontrollers data sheet

» Texas Instruments: TMS320F28004x Piccolo Microcontrollers Technical Reference Manual
» Additional support is provided by:

e TIE2E™ Community

SPRACJ9-April 2019 Fast Serial Interface (FSI) Skew Compensation 25

Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRACJ9
http://www.ti.com/lit/pdf/SPRS945
http://www.ti.com/lit/pdf/sprui33
http://e2e.ti.com

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com

	Fast Serial Interface (FSI) Skew Compensation
	1 Introduction
	2 Software Example
	3 FSI Delay Element Measurement
	3.1 Delay Element Measurement Example Software

	4 Visualizing the FSI Single Data Line Skew Compensation
	4.1 FSI Single Line Skew Compensation Example Software

	5 Visualizing the FSI Two Data Line Skew Compensation
	5.1 FSI Dual Line Skew Compensation Example Software

	6 Finding the Optimal FSI Execution Point
	6.1 Finding the Optimal FSI Execution Point Software Example

	7 Summary
	8 References

	Important Notice

