zoos-¢1 |

- A9y

REV DESCRIPTION DATE BY
- Initial Release 3/27/08 | EAW

T3-3002
Safety Board CPLD Programming
Guide
Revision: -

Rev -

| T3-3002

| University of Hawaii
e~ 2 INstitute for Astronomy

FILENAME: T3-3002 Safety Board CPLD Programming Guide.doc
LAST SAVE: 6/26/2008 3:55 PM

Page 1 of 11




zoos-¢1 |

- A9y

TABLE OF CONTENTS

1 PROGRAMMING GUIDE OVERVIEW......coiiiiiiiiiiis ittt ie s 3
2 EQUIPMENT AND TOOLS REQUIRED ...ooveieiiiiiiiie it 3
3 EXPLANATION OF XILINXPROJECT FILES ... 3
A TEST SET U, ittt ettt e et e et e e i s e et e e st e e e i e e st e e aireeesnreeearseesreeeas 3
5 PROGRAMMING ..ottt e st s e s e ee s it e e st e st s sne e e seeeeireeeseeeeas 4
5.1 START XILINX ISE & OPEN PROJIECT ..eeeie ittt eeeeeee e e e e e e e e eeaeaneaeeeerennes 4
5.2 IMPLEMENT DESIGN ...etti et ettt oo e e e e e e e e ettt e e e e e e e e e et eeeeeeeeeeee e aereeereeeannansaeeaerennes 5
5.3 PROGRAMMING THE CPLD ..ottt e e e e aeeannn 6
6 COMPLETION .. ittt ittt se et et e st e it e s e e st e st s e s e e se e s st e e seeesees 11
TABLE OF FIGURES & REPORT TABLES
FIGURE1 HARDWARE PROGRAMMING SETUP. ..iiiiiiiitttiiiiieesieiittteteeessesstbeessesssesssbbasesesssssasssssssesesssssssssneess 4
FIGURE 2  XILINX ISE MAIN WINDOW. ....coietttiiitieeiieititiieteesssasieseessesssessssbesssesssasssbasssesssssasssssssssessssssssseseses 4
FIGURE 3  XILINX ISE WITH PROJECT OPEN. ..utuiiiieiiiitttiieiieesieistiiessesssessssbesssesssessssbssssesssssssssssssssssssssssssssess 5
FIGURE4 EXPANDED “PROCESSES” WINDOW. .....cciiiitttiiiiieeiiiiitiiiseesssesibtbasssesssesssbssssessssssssssssssssssssssssssess 5
FIGURES  “IMPLEMENT TOP MODULE” COMMAND. ©..utttiiiieeiiiiitieeteeesseiisreeseesssasssbssesessssssssssssssssssssssssssesss 6
FIGURE7 IMPLEMENTATION COMPLETION SCREEN. ..uuttiiiieiiiiiitiieiieeiiiiitreeseessssistssseessssssssssssssssesssssssssseess 6
FIGURE8 PROGRAMMING IMPACT WINDOW........iiiitttietieeiiiiiiiieseeesseiibbeessesssessbbasesesssssstbssssssessssssssssessas 7
FIGURED  ASSIGN CONFIGURATION FILE. ...civteeeiitteieieteseeiteeessstteeesesaesssssbesessssesssssssssssssesssssessesssesesssseneans 7
FIGURE10  MAIN PROGRAMMING WINDOW. .....ccouviieiireresireeeeiittesesesseeesssbeesssssesesssssssssssessssssessessssssssssseneans 8
FIGURE 11  PROCESS SELECTION WINDOW. ...uvttetieeiiiitutreeeeeesiainsrerseesssaisssesssesssaiisssssssessssinsssssessessinsssssseeses 9
FIGURE 12  ERASE OPTIONS WINDOW. ......ctttiiitieeiiiittttirstesssassssetssesssassstesssesssesisssssssessssisssssssessssssssssseeses 9
FIGURE 13  ERASE PROGRESS WINDOW. ....uuttiiiieeiiiittteiiieesseiisssettsessssissssssssessssisssssssssssssssssssssesesssssssseseses 10
FIGURE14 PROGRAMMING PROPERTIES WINDOW. ©.uvvviiieeiiiiitrieiiieeeesiisrietesesssssssssssesssssssssssssssesessssssssseness 10
FIGURE15 PROGRAMMING PROGESS WINDOW. .....cccuvtiiiieeiiiiitrreiieeeeisiisrieseeessssisssssssssssssssssssssssssssssssssssness 11
FIGURE 16 TRANSCRIPT WINDOW. ..eiiiiiiiiitttitiieeiieittreettesssesisssssssessssiissssssssssssisssssssssssssissssssssssessissssssnsses 11
TABLE1 REQUIRED EQUIPMENT tuitiiiiiiiittttietteeiiaitttetssesssaiissresssessssiasssssssssessissssssssssessiasssssesssesssasssrssssessnnins 3
TABLE 2  REQUIRED XILINX FILES. 1iiiiitttutttttteeiiiiiutteeteessssiissrssssessssiessssssssessimsssssssssessimisssssseesssaisssssssessnnins 3

Rev -

| T3-3002

Page 2 of 11




zoos-¢1 |

- A9y

1 Programming Guide Overview

2 Equipment and Tools Required

This programming guide will give all the steps to program the Safety Board CPLD. If any
modifications are required to the CPLD logic, the main schematic used for this project may be
modified and saved. Then, follow all steps outlined below.

Note: a simpler, programming only solution could have been employed, but since this is low,
non-production type of programming, going through all the steps from the start using the
schematic seems to be a more flexible approach that allows CPLD logic modification.

Also, the screen shots shown below may not match exactly depending on the version of the

ISE software used, however, at the time of this document versions 9 and 10 were very similar
in look an operation.

The table below lists the equipment and tools required to complete programming.

Item # | Qty | Model / Part Number Description
1 1 Xilinx ISE Software 10.1 Xilinx Software for Design & Programming
2 1 Xilinx DLC9 Platform Cable USB | TCS3 Lab System
3 1 +5V TCS3 Power Supply +5V Power for Safety Board
4 1 Safety Board Safety Board to be programmed
5 REF | Xilinx Safety Board ISE Project, http://irtfweb.ifa.hawaii.edu/~tcs3/tcs3/Design
Rev C /Safety Board CPLD/Safety Board Rev C/

3 Explanation of Xilinx Project Files

Table 1 Required equipment

Before continuing to the setup section, the required Xilinx ISE project files should be
explained. There are many files that are created automatically when using Xilinx ISE and this
can be confusing when first using the tool. Below are the required files for the project. Any
other files present in the directory may be deleted if desired or can be ignored. All files are
contained in the main directory, “Safety Board Rev_C”, for example. All other
subdirectories may be deleted or ignored. Rev C is used in the examples. If a higher revision
exists, substitute that revision for Rev C.

File Description

Safety Board_Rev_C.ise Main Xilinx ISE project file.

Safety brd_CPLD_schematic.sch ISE Safety Board CPLD Logic Schematic file

logic_locked.ucf CPLD pinout assignment & timing constraints

Rev_Block_Main.sym Symbol for main rev block used in schematic.

Rev_Block.sym Symbol for rev block used in schematic.

IFA_Title_Block.sym Symbol for title block used in schematic.

cpld_all_scm.pdf NOT REQUIRED Useful PDF of all design
elements in Xilinx library for CPLD.

4 Test Setup

Table 2 Required Xilinx files.

Follow these steps to setup for programming:

1. Install Xilinx ISE Software if not already installed.
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2. Connect the Xilinx Platform Cable USB DLC9 to the PC via USB and to the Safety
Board JTAG header via the ribbon cable (red dotted wire on ribbon represents pin #1).

3. Connect the +5V power supply to the Safety Board. Apply power.

Figure 1 Hardware programming setup.

5 Programming

5.1 Start Xilinx ISE & Open Project
1. Start the Xilinx ISE software.
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Figure 2 Xilinx ISE main window.
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2. Open the Safety Board project, “Safety_Board_Rev_C.ise” using File->Open Project.

OED . AbGX v | JOXXF S
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Figure 3 Xilinx ISE with project open.

5.2 Implement Design
1. Expand the “Implement Design” heading in the “Processes” window. Then expand the

sub-heading “Generate Programming File”.
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Figure 4 Expanded “Processes™ window.
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From the Processes menu, select (right click) Implement Design->Rerun All.

Processes for: Safety_brd CPLD_schematic
[ AddExisting Source

M Create New Source
% Design Utiities
¥
=K Il e

Qe o o
C}OT' Rerun

Uszer Constraints

R rorn

C]OG % Stop

=P O Open Wikhout Updating

Design Goals & Strategies...

$ U ":ﬁ: Properties...

Figure 5 “Rerun All”” command.
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The blue arrows in the “Processes” window under “Implement Design” will begin to rotate.
When the ISE tool is finished with the final step of generating the program file, the window
will look like:

y and Sattf

Desktop\Satety_Board_iiyy_CiSatety_brd_CPLD_schemal

- [Bx]

Soarcns
Sources forInglmerssion
5o Bomd_Aev_C
s O

PLM

e

O AddEsiting Souce
[ Cioate New Sousce
B Desgnlsite:
B W U Constants
)1 brelenert Detign
# .1 Syrthesce - X5T
@ 3G Tiendsie
o LD

B3 Conbigue Taget

| B Processes

noeneral

Release 10,1 -

®| OGencrating detai

e L Ve Project Source Process Window Help

ET-T I ErEY

o CPLD. pehestati (Salehy_bad CPLO_schamatic sch| |
[0 106 - o
[llogi_lockad ucl foge_ockeducl)

o8 Sonacms | () Flen | gy Srepholy

ik

[ Pracorten o Satey_bed CPLO. sehematic

P ) Gienes e Poogramming File

Devce

B Manage Configuration Project [MPALT|
# Y Dional Inglemertation Took

/bocumencs has been created.

Gx ma B

[y L

Folich g ABEDD SN MK

Y9 W@

HZANAX QOLAS

Lo 1655 (¥

I EOXUNX CPLO Reports

x Deesign Name

Date

Fitting Status

Device Used

Macrocells Used

| Equation 5972 (82%)
|VHOL =
Signal Type

Legrut

Craput

Bidrectional

GCK

GTS

GER.

Software Version

Prerms Used
99360 (18%)

Regquired

!

10

25
[}
1

XC9500

Summary

Safiery_bed_CPLD_schematic
Succesdil

1l

XC9472.7-PC84
6-26.2008, 33TPM

RESOURCES SUMMARY

Registers Used
4571 (63%)

PIN RESOURCES
Mapped Pim Type

il o
10 GCKI0
] GTS10
F] GSRID
0
!

GLODAL RISOURCES

EAD oturmeris et Sslingymwrrbunt Dk g Saledy,_Boswd_Fiev_ DS alely_bed (FLD_schessale, Hirfifappiebsd hire

led paths eepost ..,

te Timisg™ completed successfully

Starced ! "Generate Programming File”,

Programmicg File Generator ¥.31 inc)

Copyright (c) 1995-2000 Xilims, Inc, ALl rights ceserved.

Proceaa "Geaerate Progeasming File™ completed aucceaafully

i | gy Wenings | (@) TelSihel | g Fecdim i

Pins Used Function Block Inputs Used
G253 (100%) TEI44 (53%)
Used Total
63 &4
] i

Figure 6 Implementation completion screen.

5.3 Programming the CPLD
1. Select (double click) on “Configure Device (IMPACT)” in the “Processes” window.
Select “Configure devices using Boundary-Scan (JTAG)”. Click Finish.
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ES iMPACT - Welcome to iMPACT

Please select an action from the list below
(%) Configure devices using Boundary-Scan [JTAG)
Automatically connect to a cable and identify Boundary-Scan chain
() Prepare 2 PROM File
() Prepare a Spstem ACE File
() Prepare a Boundary-Scan File
SWF
() Configure devices

uzing 5lawve Serial mode

< Back | Finish | [ Cancel

Figure 7 Programming iMPACT window.

2. A window will automatically pop up. Select “Safety brd CPLD_schematic.jed”. This
file was automatically created by ISE. Click Open.

=] Assign New Configuration File
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5.

I _ngo
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| S afety_brd CPLD_schematic_ktml

[ st

File name: |Safety_brd_CPLD_schematic. jed
File type: | &0l Design Files [*jed %isc * bsd) v

Cancel Al ] [ Bypass l

(%) Mone
() Enable Programming of 5P| Flash Device Attached ta this FRGA

{:} Enable Programming of EFI Flazh Device Attached to thiz FPGA

Figure 8 Assign configuration file.
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The window will now look like:
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Figure 9 Main programming window.
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3. Select “Program” via a right mouse click on the green graphic of the CPLD or under the
“Processes” window.

- ISE - Z:\TCS\Safety Board Schematics ,PL ,CCA\CPLD\Safety Board Rev_C\Safety Board_Rev_C.ise - [
File Edit Wiews Project Source Process Operations Oubput Debug  Window  Help

DPEHE L XDEX D RIPLHHA B N BEAND LR

‘FoBoundary Scan
‘FoSlaveSerial
ToSelectMAP
‘SalDeskiop Configuration
‘GalDirect 5P Configuration
[=] SystemaE

[E]PROM File Formatter

B2 Sources 5 Snapshats | [ Libraries Configuration Modes

Ayallable Operations are:
= Frogram

i erify

= Eraze

= Function Test

= Blank Check

= Readback

= Get Device (D

mp Gt Device Checkaum
mp Get Device Signature/Uzercode
mp Check [doode

Figure 10 Process selection window.

TOI
Program...

Verify
4 Eraze...
safety Functional Tesk
o ———— Blank Check
Readback. ..

Get Device ID
Get Device Checksum
Get Device Signaturelsercode

Assign Mew Configuration File, .,

4. Erase CPLD (optional). If the CPLD is new, it may not have write protection on.
However, if this is a part that was previously programmed for the Safety Board, it will
likely have write protect on. This requires a separate erase cycle. Select “Erase” via a
right mouse click on the green graphic of the CPLD or under the “Processes” window.

Dwerride ‘write Pratect

| o | [ Cancel ]

Figure 11 Erase Options window.
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E Progress Dialog [100%]

Executing command...

[ 0

I

Cancel

Figure 12 Erase progress window.

5. Select “Program” via a right mouse click on the green graphic of the CPLD or under the
“Processes” window. From the window that pops up, select “Verify”, “Erase Before
Programming”, and “Write Protect”.

Note: “Write Protect” is used because as Xilinx states, “The write security bits provide
added protection against accidental device erasure or reprogramming when the JTAG
pins are subject to noise, such as during system power-up.”

==} Programming Properties E]

Categary

(=) Programming Propeties
- Advanced PROM Pragramming Properties
Revision Properties

General CPLD And PROM Properties
Erase Before Programming [ Read Protect

PROM/CoalFunnerl Usercode (8 Hex Digits] |

CPLD Specific Properties
Wit Pratect [[] Functional Test 0On-The-Fly Progiam

AFLA UES Erter up to 13 characters | |

PROM Specific Properties
Load FRGA Farallel Mode Use D4 for CF

Spartan3aM Programming Froperties

Diata Protect Data Lockdown

FPGA Device Specific Pragramming Properties
FPulze PROG Frogram Feyp

[T] Assert Cable INIT during programming

oK ] [ Cancel I [ Apply ] [ Help

Figure 13 Programming Properties window.
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A progress window will pop up.

=

E xecuting command. ..

2 %]

[IIIIIIIIIIIIﬁiIIIIIIIIIII ]

Cancel

Figure 14 Programming progess window.

Upon completion, the “Transcript” window should have an indication that says

“Programming completed successfully”.

E‘_t Processes Configuration Operations

done.

'1': Prograsmning device. ..

[§] Corwole | @Emars | 1\ Wamings

ZATCSASafety Board Schematics F

'1': Putting device in ISP mode...done
'1': Verifying device...done.

'1': Verification completed successfully.
'1': Putting device in ISP mode...done
'1': Zetting write protect bits.

'1': Programning completed successfully.
PROGRESS_END — End Operation.

Elapsed time = 17 sec.

@ Tl Shell |2 Find in Files

Figure 15 Transcript window.

6 Completion

The CPLD is now programmed. Power down the +5V supply and disconnect the
programmer. The Safety Board must now be tested using the Safety Board Test Procedure

before it is to be used in the IRTF TCS.
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