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Spartan-6 Memory Controller Block

= Dedicated Memory Controller Blocks (MCB) for Simplified DRAM
interfaces

— Up to 4 MCB cores in a single Spartan-6 device
— Embedded controller and physical (PHY) interface
— Supports 4-bit, 8-bit, or 16-bit single component memory
— Memory densities up to 4 Gbit
= Performance up to 800 Mb/s (400 MHz double data rate)

= Configurable dedicated Multi-port user interface to FPGA logic
— 1 to 6 ports per MCB depending on configuration
— Internal 32-, 64-, or 128-bit data bus options

& XILINX.



MCB Block Diagram

= Simple User Interface abstracts away complexity of memory transactions

= MIG / EDK wrapper delivers complete interface solution
— Internal block assembly and signal connectivity is made transparent to the user
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Memory Controller Block Startup

Optimize Phase 1 Calibration™® Hardened Calibration Circuitry
signal - - Precise DQ/DQS alignment
integrity Input Termination - Maximum timing margin

: Phase 3 Calibration(") Maximize
Normal Operation v
Begins Continuous periormance
DQS Tuning & reliability

1. Phase 1 & 3 of calibration are controlled by a soft module — enabled by MIG or EDK

Automatic memory configuration and controller calibration
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Xilinx SP605 Board
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ISE Software Requirement

= Xilinx ISE 11.4 software

Powered by ISE™ Fmax Technology

Project Navigator

Release Version: 11.4
Application Version: L.68

Copyright © 1995-2009 Xilinx, Inc.
All rights reserved.

2 XILINX
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ChipScope Pro Software Requirement

= Xilinx ChipScope Pro 11.4 software

ChipScope Pro Analyzer

Release Version: 11.4
Application Wersion: L.63 [Build 11400.9.314.1224]

Copyright [c] 1995-2009 =ilins, Inc.
All rights reserved.

CivpScope Pro & XILINX.
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Generate MIG Example Design

= Open the CORE Generator
Start —» All Programs — Xilinx ISE Design Suite 11 —»
ISE —» Accessories -» CORE Generator

= Create a new project; select File - New Project

® Zilinx CORE Generator - Mo Project -10| x|

File Wiew Help

B X

:'-3' Open Project Chr4C pme I
iElose Project ZEr A £ |'-.-'ersi|:|n |LiEEI'ISE IL

Recent Projecks L
E Saye ZErl+5
Save s, ., king
| Preferences...
ay

Exit Chrl+6
T EMORES o oo age erernents

7 standard Bus Interfaces |
¢ |7 Storage, MAS and SAN

-l Widen & Imans Processing x

—

Search IP Catalog; I lear

[ all 1P versions [ only IP compatible with chosen part

Mew Project

mg“:;ifgg-- Xilinx CORE Generator

: There is no project open.

‘| You may browse the IP Catalog but you will not be able to generate any cores until you open or
‘| create a project.

Copwright () 1995-2009 Xiline, Inc, All Fights reserved.,

” Part: Lnsek |Design Entry: Unset |_j i
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Generate MIG Example Design

z i
% Project Opt €| Create a project

(= 5 —Part
i Generation S H .
fo Advanced SE R T B 2R d ire CtO I'y .

- b sp605_mig_design

Device [ncssheast
Package Ifggqﬂ4
Speed Grade |—3

Ll Lol L] L

= Name the project:
sp605_mig_design.
cap

= Set the Part (as
shipped on
the SP605):

— Family: Spartan6

— Device: xc6slx45t
— Package: fgg484
— Speed Grade: -3

2

Cancel Apply Help J‘

& XILINX.



Generate MIG Example Design

% Project Options ﬂﬂ
- Part —Flaw

= Generation i -
b Advanced (%' Design Entry |verilog [~

= Select Generation

= Set the Design
™ Custom Output Products .
Please refer to the online help for information about compiling behavioral E ntry to Ve ri I og

models using compxlib and using . VEQ (Verilog) templates.
—Flow Settings . CIICk OK
Vendar IDﬁ'uer ;I

[~

Metlist Bus Format IB::n:m:b

— Simulation Files

—Preferred Simulation Model —Preferred Language
{+ Behavioral £ yHOoL

" Structural % Verilog

() MNone

—Other Output Products
¥ asy symbol File

& XILINX.



Generate MIG Example Design

= Right click on MIG Version 3.3
— Select Customize

¥ Xilinx CORE Generator - C:\sp605_mig_design\sp605_mig_design.cgp

File Project View Help

=10l x|

IP Catalog 8 X a]
View by Function View by Mame I REFERENCE HIG @
OESIGH ;
Mame £ | Viersion I License I;I Show Project
-- | FPGA Features and Design
- I__j,. Math Functions This core is supported by your chosen part.
B {7 Memories & Storage Elements
B [ cAMs Information
- Lj’ FIFOs Core type: MIG
- Lj’ Memary Interface Gen EIF Sgts B2 Version: 3.3 o
o EERE ) View User Guide Core Summary:  Thiz Memaory Interface Generator iz a simple menu
H- |7 RAMs BROMs driven tool to generate advanced memary
[ | Standard Bus Interfaces  [=] View Version Information interfaces. This teol generates HOL and pin
- Lj, Storage, MAS and SAN 5 placement constraints that will help you design your
B [ Video o Ima g Processing 5 View Answer Records | application. Spartan-3 family supports DDR & DDR2
. - SDRAM. Spartan-6 supports LPDDR, DDR, DDR.2 &
DDR.3 SDRAM. Virtex-4 supports DDR. & DDR.2
Search IP Catalog: Clear | SDRAM and QDRII & DDRII SRAM and RLORAM I1.

[~ all IP versions

[~ only IP compatible with chosen part

Virtex-5 supports DDR. & DDR.2 SDRAM, QDRII SRAM
And NNRTT SRAM. Virtew-6 sunnorts DR 2 & NNDR 3 ;I

|| Part: xcéislx45t-3fag484 | Design Entry: Verilog | y

& XILINX.



Generate MIG Example Design

Xilinx Memory Interface Generator =10 x|

— Memory Interface Generator

= Leave this page as is

DESIGN [1] The Memory Interface Generator (MIG) creates memory controllers for Xilinx FPGAs, MIG CI iCk N ext
creates complete customized Verilog or VHDL RTL source code, pin-out and design
constraints for the FPGA selected, and script files for implementation and simulation.

— CORE Generator Options

This GUI includes all configurable options along with explanations to aid in generation of
the required controller, Flease note that some of the options selected in the CORE
Generator Project Options will be used in generation of the controller. Itis very important
that the correct CORE Generator Project Options are selected. These options are listed
below.

Selected CORE Generator Project Options:

FPGA Family Spartan-a
Memory FPGA Part xcEslx45t-fag4a4

Speed Grade -3

Synthesis Tool ST
Interface Design Entry VERILOG

If any of these options are incorrect, please click on "Cancel”, change the
CORE Generator Project Options, and restart MIG.

Generator

& XILINX.

User Guide | MCE LUser Guidel '\ﬂersionlnﬁ:l Mext= I Cancel

& XILINX.




Generate MIG Example Design

linx Memory Interface Generator =10 x|

= Leave this page as is
EEE IEGR}ENCE —MIG Output Options .
- . — Click Next

Select this option to generate a new memory controller, Generating a memary
controller will create RTL, design constraints (UCF), implementation and simulation
files.

" Xilinx Reference Boards
Select this option for information on spedific designs for Xilink reference boards.

— Component Mame

Flease specify the component name for the memory interface. The design directories
will be generated under a directory with this name. Three directories will be created
"example_design”, "user_design™ and "docs”, The user_design will contain the
generated memaory interface. The example_design adds a simple example application

connected to the generated memory interface.
Memory
Component Name I mig_33

Interface

Generator

& XILINX.

User Guide | MCE LUser Guidel Version Info | < Back | Mext= I Cancel
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Generate MIG Example Design

B i x]

|
emory Selecs Select
Select the memory interface type from the Memory Type selection box provided for each bank. Hardware verified devices are —_— Ba n k 3 M id d | e M C B
listed in the User Guide.

The MCEB in Bank 3 {marked with an asterisk below) has fewer multi-purpose 10 pins and is therefore the preferred location for

designs with a single controller. The other MCE locations have mare multi-purpose pins. Chedk your design to make sure there . Se Iect M e m o ry Ty pe
are no conflicts with MCB interface pins.

— DDR3 SDRAM
it — Click Next

Memory Type ——— (c3) P 6sIx45t-f - | (1) Memory Type ———
Mid XC X = 484 |= [Md
’7|DDR3 SDREAM VI <:> MCE E = E MCE <:>’7II'|DI'|E "'I
*

Bank 2

ek sl e e £ XILINX.




Generate MIG Example Design

Xilinx Memory Interface Generator =10 x|

= Set the Memory part to
PO MT41J64M16XX-187E

Frequency: The allowed frequency range is
a function of the selected FPGA part, FPGA
speed grade and Memory Controller type. <
Choose the dock period for the desired IZSDD j ps |4UU'00 Mriz
frequency. Refer to User Guide for

supported frequency range.

REFERENCE Options for C3 - DDR3 SDRAM

Memory Part: Select the memory part.
Multi- port Configuration Parts marked with a warning symbaol are not
compatible with the frequency selection

3
above, If the exact part that you wil be
Arbitration using is not available here, you may be able
c3 to find an equivalent part., Alternately, you MT41169M18XX-187E j
) can create a part using the "Create Custom
FPGA Options Part” selection at the bottom of this drop
c3 box. Refer to User Guide for complete list of
devi ted.
Summary memory devices suppor
Memory Model
PCB Information
Design Notes

Memory Details: 1Gb, x16, row: 13, col: 10, bank: 3, data bits per strobe:&, with data
mask
. &

User Guide | MCE LUser Guidel '\ﬂersionlnﬁ:l < Back | Mext= I Cancel
& XILINX.




Generate MIG Example Design

Xilinx Memory Interface Generator

REFERENCE
DESIGN [T

Controller Options 1

PCB Information

& XILINX.

Memory Options for C3 - DDR3 SDRAM

=101

those supparted by the controller.

Output Driver Impedance Control
To calibrate the output driver impedance, an external

Choose the Memary Options settings for the memory device, Settings are restricted to

precision resistor (RZQ) is connected between the Z0Q ball
and V350). The value of the resistor must be 240ohm +/-1
percent.

|Rzq/8

RTT (mnominal) - ODT
The QDT feature is designed to improve signal intearity of

the memory channel by enabling the DDR.3 SDRAM |RZQ,’4
controller to independently turn onfoff OOT.

Auto Self Refresh
When ASR is disabled, the self refresh mode's refresh rate
is assumed to be at the normal 85 C limit{referred to as 1X

refresh rate). Enabling ASR. assumed the DRAM self IEnabIEd
refresh rate is changed automatically from 1X to 2X when
the case temperature exceeds 85 C.

High Temparature Self Refresh Rate
In the Mormal mode, SRT requires the user to ensure the
DRAM never exceeds a Tc of 85 C while in self refresh

mode unless the user enables ASR., In Extended mode, melNormaI
DRAM self refresh is changed internally from 1X to 2X,
regardless of the case temperature,

RTT_WR
With dynamic ODT(RTT_WR) enabled, the DRAM switches
from normal COT{RTT_MOM) to dynamic ODT{RTT_WR)

when beginning a WRITE burst and subsequently switches |Dynamic QDT off
bak to ODT({RTT_MCM) at the completion of the WRITE
burst.

[

User Guide | MCE LUser Guidel Version Info | < Back | Mext= I

Cancel

= Leave this page as is

— Click Next

& XILINX.



Generate MIG Example Design

I 1ol x|
= Select
Port Configuration for C3 - DDR3 SDRAM e ec
Select one of five configurations from the configuration menu and the ports from the table. As you select the port configuration, the — - I I - I I
below figure and table will get updated. You can select the number of ports in a configuration, and data port settings from the table. O n e 1 28 b It bl d I re Ctlon al
— Configuration Selection
User Interface Configuration: PO rt
PORTOD
IOne 128-bit bi-directional port LI pl_arb en —3 ——>p0_cmd_empty
p0_cmd_dk  —— ——2p0_cmd_full
p0_cmd_en ——3 CMD
Port Selection Direction p0_cmd_instr[2:0] —3X PCORT
p0_cmd_bi[5:0] =3
¥ Forto Bi-directional j p0_cmd_addr[29-0] —X

po_rd_dk ——3 ——>p0_rd_data[127-0]
p0_rd en —— DATA |—p0_rd_ful
p0_wr cdk =3 PORT |——3p0 rd empty
—Memory Address Mapping Selection pl_wr_en —3 —*p0_rd_count[6:0]
p0_wr_mask[15-0] =3 ——>p0 rd_overflow
User Address p0_wr_data[127-0] ——3 ——>p0 rd_error
——>p0_wr_full
——*p0_wr_empty
——>p0_wr_count[5:0]
o | ROWY |BANK | COLUMN | ——>p0_wr_underrun
——>p0_wr_error

ks B
=

r |eank | ROW | comn |

n Info < Back | Mext= I Cancel

& XILINX.



Generate MIG Example Design

linx Memory Interface Generator - |EI|5| - -
= Leave this page as is
REFERENCE Arbitration for C3 - DDR3 SDRAM
DESIGN [1] Select either round robin or custom for port arbitration. You can alter the part priorities in CI H k N t
custom arbitration. For each time slot, the leftmost port number has the highest priority. - IC eX
The arder of port priority decreases from left to right. Each port should be given highest
priority in at least one time slot. Below ports will be set to a warning symbal if the port is
not given highest priority in at least one time slot,
rOp v Select Arbitration Algorithm IRnund Rabir vl
3
Timeslot 0 IIZI
Memory Options v
Portd ()
L] Timeslot 1 ||:|
Multi-port Configuration 12
3 Timeslot 2 IEI
Timeslot 3 IIZI
FPGA Options
— Timeslot 4 IIZI
Summary Timeslot5 [0
Memory Model
PCB Information Timeslot 6 I 0
Design Notes
Timeslot 7 IIZI
Timeslot 8 IIZI
Timeslot 9 IIZI
Timeslot 10 IEI
Timeslot 11 IIZI
User Guide | MCE User Guide | Version Info | < Back | Mext= I Cancel iv XI LI NX
A ®




Generate MIG Example Design

I B[

FPGA Options for C3 - DDR3 SDRAM = Set DQ/DQS
~Memory Interface Pin Termination — 50 Ohms
~ E;.E:diﬁ:mm;ﬁﬁ:ﬁ{mmMﬂmtmmmmm unca.“br.ated 50 Ohm
~  External Input Termination: Provides discrete termination resistors for the controller on the PCB. termmat'C)n on

po/bes [ =] DQ/DQS inputs
T = Set Debug Signals

For applications that require suspend mode operation, static calibration address space needs to be reserved. This is to allow
calibration training pattern to be written to user-spedfied location and avoid overwriting user application data.

Bank Address(0-7) [0 Row Address(0000-1fff) [0000 Column Address(000-3ff) [000 — Enable

Bypass Calibration: Turn on this bit if user wants to skip the calibration stage in functional simulation. v

Debug Signals for Memory Controller: This allows the debug signals to be monitored on the ChipScope tool.
Selecting this option will port map the debug signals to the ChipScope modules in the design top module. Debug is |Enab1= vl
supported only for one controlier,

System Clocke Choose the desired input dodck configuration. |:hr'Ferer-nal - |

 Info <gack | ﬁut}l Canecel

& XILINX.




Generate MIG Example Design

Xilinx Memory Interface Generator =10 x|

* Leave this page as is

REFERENCE =
DESIGH [L] .
CORE Generator Cptions: - CIICk NeXt
Target Device : Xceslx4St-foog4s84
Speed Grade HEE ]
- HDL : wverilog
Controller Options v Synthesis Tool : X5T
3
Memory Options v If any of the above options are incorrect, please click
c3 on "Cancel", change the CORE Generator Project Cptions,
Multi-port Configuration ("4 and restart MIG.
(3 -
bi - v MIG Output Cptions: ) —
Component Name P omig 33
= No of Controllers 1
FPGA Options W
c3
'.w ‘,’wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww‘f
) i* Controller 3 *f
Pmllmm ll,"‘lr‘kk****t******ic"lr‘k*"lc"lr‘k*******k**‘k*t*******‘k*******t***‘k*"
Design Notes Controller Options
Memory : DDR3 SDRAM
Design Clock Fregquency @ 2500 ps (400.00 MH=z)
Memory Type : Components
Memory Part : MT41J64M16XX-187TE
Equiwvalent Part (s) : MT41J64M16LA-187TE
Row Address : 13
Columnn &Address : 10
Bank Address -
Data Mask : enabled

& XILINX. -

User Guide | MCB User Guidel Version Info | < Back | Mext:= I Cancel |
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Generate MIG Example Design

inx Memory Interface Generator

REFEREMCE
DESIGN [

Q
T ¥ © © © ¥

iA XI L I N X@ memary model appropriately.

=101

| v

Micron Technology, Inc. Simulation Model License Agreement

PLEASE READ THIS SIMULATION MODEL LICENSE AGREEMENT
("AGREEMENT") FROM MICROM TECHNOLOGY, INC. {("MTI")
CAREFULLY BEFORE INSTALLING OR USING THIS SIMULATION MODEL
(THE "MODEL"). BY INSTALLING OR USING THE MODEL, YOU ARE
ACCEPTING AND AGREEING TO THE TERMS AND COMNDITIONS OF
THIS AGREEMENT. IF ¥OU DO NOT AGREE WITH THE TERMS AND
COMNDITIONS OF THIS AGREEMENT, THEN DO NOT INSTALL OR USE
THE MODEL.

SOFTWARE LICENSE: You acknowledge and agree that it is your
sole responsibility to obtain the appropriate license or permission
from the owner(s) of the software platform(s) that are necessary
for you to operate the Model. MTI is under no obligation whatsoever
to offer, provide or secure such license or permission for you.

MODEL LICENSE: MTI hereby grants to you the right to install, use
and modify the Model solely for testing the Model and designing
your product(s) in connection with the Model. You shall not use the
Model or any modifications for any other purpose, and shall not
copy, rent, or lease the Model or the modifications to any third
party. MTI may make changes to the Model at any time without
notice to you. MTI is under no obligation whatsoever to update,
maintain, or provide new versions or other support for the Model.

OWNERSHIP OF MATERIALS: You acknowledae and aaree that the Ll

Print

Chedk Accept or Dedine to proceed. By dicking Accept,
memory model will be outputted in output simulation directary.
By dicking Dedine, you will need to acquire and configure a

User Guide | MCB User Guide | Version Info | < Back Mext:=

= Accept Simulation
license, if desired

— Otherwise, Decline
license

— Click Next

& XILINX.



Generate MIG Example Design

“# Xilinx Memory Interface Generator =10 x|

* Leave this page as is

REFERENCE Creating Printed Circuit Boards for MIG Designs
DESIGN [H

An Appendix in the MIG User Guide (UG 388) has detailed information —_ CIle NeXt
about printed circuit board (PCB) design guidelines. It is very
important to follow these rules to make sure that the designs
generated by MIG work correctly in hardware. The User Guide can be
accessed by clicking the User Guide button, which is in the lower left
of the screen.

€ © © © © ¥

& XILINX.

User Guide | MCB User Guidel Version Info | < Back | Mext:= I Cancel |
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Generate MIG Example Design

inx Memory Interface Generator =10 x|

= Click Generate

REFEREMCE =
DESIGN [L]
DDR3/DDR2/DDR/LPDDR SDRAM
Design for Spartan-6 FPGAs
Controller Options 14
3
Memory Options ¥  |Design Notes
G 1. The design is tested with ISE 11.4 and Synplify Pro C-2009.06-
Multi- port Configuration 14 SP1.
e 2. Simulation support for Modelsim and ISIM.
v 3. For create custom memory part, tREFI value can be customized
= with a value which is longer than the maximum average periodic
FPGA Options ¥  |interval. In this case, the refresh interval must be managed using
c3 the REFRESH commands in order to maintain compliance with the
Summary W maximum refresh period. This gives flexibility to the application
Memory Model Vv allo.wing uninterrupted data transfer for up to the maximum refresh
) period.
PCB Information W
4, ModelSim simulation error "# ** Error: (vsim-8604) NaM results
from division operation." appears for DDR3 SDRAM designs and this
ERROR can be ignored. | |
Key Enhancements from MIG 3.2 to MIG 3.3
1. Support for Low Power Spartan-6 LX parts.
2. Support for Single-Ended/Differential Input clock.
3. CDC support for debug enabled designs.
A

iv XI I NX Cunnart foar Yiliny RPafaranca Baardce linke in 21HIT LI
I Print
. & =

User Guide | MCB User Guidel Version Info | < Back | Generate I Cancel |

& XILINX.




Generate MIG Example Design

7
= After the MIG core |ASEIES 21|

Fe

f|n|SheS generatlng, The design files are located at —

C:/spa05_mig_design:
click Close on the - mig_33.veos

. ven template file containing code that can be used as a model

Datas h eet Wl n dow for instantiating a CORE Generator module in @ HOL design.

- mig_33.xc0!

CORE Generator input file containing the parameters used to

regenerate a core,

-mig_33_flist. twt:

Text file listing all of the output files produced when a customized

core was generated in the CORE Generator,

-mig_33_readme. txt:

Text file indicating the files generated and how they are used,

- mig_33_wmdf, tcl;

ISE Project Mavigator interface file. ISE uses this file to determine

how the files output by CORE Generator for the core can be integrated oo

into your ISE project.

-mig_33 directory.

In the mig_33 directory, three folders are created:

- docs:

This folder contains user guide, lI

Cloze Help |
Vi

& XILINX.



Generate MIG Example Design

= MIG design appears in Project IP

® Xilinx CORE Generator - C:\sp605_mig_design\sp605_mig_design.cop

File Project View Help

=10l x|

Project IP B X ]
ComponentMame % | Core Name | Version Last Modified Status jC_*:il_xR{.- spﬁus mig design
EH mig_33 MIG 3.3 2009-12-07 at 16:18 iﬂﬂ' e
Select IP you wish to wark with,
| Information
‘| Project filename:  C:\sp&05_mig_design'spa05_mig_design.cgp
| Family: spartans
‘| Device: NCAslx45t
.| Package: foo4a4
Speed Grade: -3
Actions
Search Project IP: I Clear |

Project P | 1P Catalog |

The following actions are available for this project:
'l?"ﬂ Project Options ;I
|| Part: xcéislx45t-3fag484 | Design Entry: Verilog | y

& XILINX.



Modifications to Example Design

= RDF0029 includes

— ChipScope Project File, UCF, Verilog Files, and pre-built Example Design
files

» Modifications to RTL Files for SP605 Example Design

— Added GPIO outputs for visual status indicators with heartbeat clock
« GPIO LED 3 = Calibration done
« GPIO LED 2 = PLL locked
« GPIO LED 1 = Error
* GPIO LED 0 = Heartbeat (blinking)

— Change CLKFBOUT_MULT to "4" to generate proper clocks:
« MCB block runs at 800 MHz
« Traffic Generator runs at 50 MHz
 Soft calibration clock runs at 100 MHz

& XILINX.



Modifications to Example Design

= Updates to UCF file specifically required for SP605 board:
— Changed LOC of 200MHz differential sys_clk inputs
— Changed LOC of sys_rst_n input to SP605 CPU_RESET switch
— Added LOC for GPIO LED signals (2.5V bank voltage)
— Double sys_clk _ibufg period constraint from 2.5ns to 5ns

& XILINX.



Modifications to Example Design

= Unzip the rdf0029.zip file to your C:\sp605_mig_design directory
— This adds modifications to the example design

— A fully pre-built SP605 example design is included in the zip file (1)
» Use the included bitstream to run MG with ChipScope

* Run ise_flow.bat in <design directory>\sp605_pre-built_example_ design\
mig_33\example design\par to recompile the pre-built example design

&) winZip - rdf0029.zip O] x|
File Actions Options Help
DX WwmRE ¥
Mame | Path | Modified |A
=sPE05 DDR3I MIG3.3.cpj | mig_33'example_design'par’, 12/8/2005 9:46 AM
=l example_top.ucf mig_33\example_designipary, 12/8/2009 5:30 AM b
Q —) ;_Elexample_top.u mig_33example_designirtdl, 12/8/2009 5:32 AM
_%memcﬂ_inﬁash’u@re.u mig_33'example_designirt}, 12/8/2009 7:14 AM
readme, tut 10/1/2008 5:27 PM
D make_ace.bat ready_for_download?, 10/8/2009 10:39 AM
mig_ace.crnd ready_for_download', 12/8/2009 10:16 AM
sp&05 mig.ace ready_for_download', 12/3/2009 10:16 AM
| mig_33.gise spa05_prebuilt_example_design', 12/7/2005 4:18 PM
\1 —> mig_ﬂ&.ise sp&05_prebuilt_example_design’, 12/7/2005 418 PM
&l mig_33.veo sp&05_prebuilt_example_design’, 12/7/2005 418 PM LI
Selected 0 files, 0 bytes Total 77 files, 11,442KB 00

& XILINX.

Note: Overwrites Core Generator output files with SP605 specific files (2)



Compile Example Design

= Start a windows command shell and enter these commands:
cd sp605_mig_design\mig_33\example_design\par
ise_flow.bat

¢ Command Prompt

Microzoft Windows XP [Version 5.1.268081
C(C>» Copyright 1785-2881 Microsoft Corp.

Ciwrod spbBS_mig_designsmig_3d3sexample_designspar

CiwapblS_mig_designmig_33~example_designparrize_flow.hat

& XILINX.



Setup for the SP605 MIG Designs

Connect a USB Type-A to
Mini-B cable to the USB
JTAG connector on the
SP605 board

— Connect this cable
to your PC



Running the SP605 MIG Design

= Open ChipScope Pro and click on the Open Cable Button (1)
= Click OK (2)

@l ChipScope Pro Analyzer [new project] - |EI|£|

Eile View JTAG Chain LCevice Window Help

E New Project :

JTAG Chain
=5
\N\F»
x|
JTAG Chain Device Qrder
Index Mame Device Mame IR Length | Device IDCODE | USERCOLDE
0|MyDevicel System_ACE_CF |8 0a001093
1(MyDevice HCASLK4ET ] 14028083
Advanced ==
Q —) Cancel Read USERCODES [ o

& XILINX.



Running the SP605 MIG Design

= Select Device —» DEV:1 MyDevice1 (XC6SLX45T) —» Configure...
= Select <Design Path >\mig_33\example_ design\par\example_ top.bit

@_jjthipf-cope Pro Analyzer [new project] ChipScope Pro Analyzer [new project] E[
Eile View JTAG Chain | Device Window Help JTAG Configuration
® DEV-0 MyDeviceD (System_ACE_CF)... » File: example_top.bit
z DEV:1 MyDevice1 (KCESLX45 ¥ Eename..
IHew Project = = & - - Directory. C\spB05_mig_design\mig_33\example_design\par
JTAG Chain Configure...
DEV:0 MyDevicel (System_ACE_CF) g Select Mew File
DEV-1 MyDevice1 (XCESLX45T) : Show IDCODE
: Show USERCODE
‘ Show Configuration Status Import Design-level COC File
Show JTAG Instruction Register MOTE: This operation cannot be undone.

Design-level COC File
Auto-create Buses

File: example_top.cdc

Directory: CAspG05_mig_designimig_33\example_designipar

Select Mew File

Ch?pSc

T T TR R T TS T T T U T U U TS T T LTS TIUUTY K Cancel

& XILINX.




ChipScope Pro Setup

= Select File - Open Project...

= Select <Design Path>\mig_33\example_ design\par\

SP605_DDR3_MIG3.3.cpj

@l ChipScope Pro Analyzer [new project]

Eile  View JTAG Chain Device Window Help

=10l x|

Mew Project
OpenProject.
Save Project F
Save Project As.. |(System_ACE_CF)
Page Setup... ﬁﬁi?L}MET}
Print b hup
Import... ’@\
Export... L
Eut 1(VI0) \\_/
mooorsule c I I r

& XILINX.



Run MIG Example Design

= Click on Trigger Setup to view trigger settings
= The error bit value should be set to 1

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3] - | O | ﬂ

Eile View JTAG Chain Device Trigger Setup Waveform Window Help

®» =TI |

Project: SP605_DDR3_MIG3.3 0 ] Trigger Setup - DEV:1 MyDevice1 (XC6SLX45T) UNIT:0 MylLAO {ILA) :
JTAG Chain : = =
DEV-0 MyDeviced (System_ACE_CF) : Match Unit Function Value : Qnunter
- i : 7 MODTRIGOD = dizabled
¢ DEV:1 MyDevice1 (XCE3LX45T) :
¢ UNIT:0 MyILAD (ILA) g Ic3_calib_d
Trigger Setup § Ic3_errar
Waveform :
Listing
Bus Plot
¢ UNIT: MyWIa1 (WD)
VIO Console =
= Trigger Condition Mame Trigger Condition Equation
= TriggerCondition0 MO
- Window Windows: 1| Depth: Position: 512
=
E
@ | Storage Qualification: All Data
Reading project file: CAspB05_mig_designimig_33example_designipansPa05_DDR3_MIG3.3.cpj I

& XILINX.



Run MIG Example Design

= Click on Waveform; click the Arm Trigger button (1)
= Detection of an error will cause ChipScope Pro to trigger

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3]

B[] B
Eile View JTAG Chain Device Trigger Setup Waveform Window Help
@|rle=1 592 T2 LR
Project: SP605_DDR3_MIG3.3
JTAG Chain :

DEV:0 MyDevicel (System_ACE_CF) :
¢ DEV:1 MyDevice1 (XCE3LX45T) :
¢ UNIT:0 MyILAD (ILA)
Trigger Setup

Listing

Bus Plaot :
7 UNIT: MyWIOT (W10) : Waiting for upload...

VIO Console :

e AR AR AR AR S RENRAREARAREREARARAARREREARARARRER 3
N

|
& XILINX.

(‘) Device 1 Unit 0: Waiting for trigger, Sample Buffer has 512 samples (50%)




Run MIG Example Design

* The Example Design should run error free (no trigger on error)
= To force a trigger, click the T! button (1)

@l ChipScope Pro Analyzer [SP605_DDR3_MIG3.3]

=10l x|

Eile View JTAG Chain Device Trigger Setup Waveform Window Help
® > u|TiE—— ] | 2 22

N &1 waveform - DEV:1 MyDevice1 (XC6SLX45T) UNIT:0 MyILAD (ILA) &5

. 1] g0 160 240 320 400 480 H60 640 720 g00 880
Bus/Signal

‘B| o /c3 p0 wr data
Jc3_pl wr_en
N & /c3 po_rd data

/fc3_ pl rd en

o= /c3_cop data

fc3_cmp data wvalid

/c3_cmp_error

A(X-0):z 0

& XILINX.




Adjust Data Pattern using VIO Console

= Select VIO Console
» Set TrafficGen_VIO_Enable to 1

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3] - |EI|£|
Eile View JTAG Chain Device VIO Window Help

|i| JTAG Scan Rate: | Ul |k
Project: SP605_DDR3_MIG3.3 -

| &l VIO Console - DEV:1 MyDevice1 (XCESLX45T) UNIT:1 MyVIO1 (VIO) =
JTAG Chain '

DEV:0 MyDevicel (System_ACE_CF) : Busi/Signal
¢ DEV:1 MyDevice1 (XCE3LX45T) :

? UMIT:0 M}"”_."!‘.D [:lL."!‘.} IraffiCGEﬂ_Tv'Iﬂ_EﬂﬁblE
Trigger Setup ]
Waveform
Listing
Bus Plot

¢ UNIT: MyWI31 (WD)
VIO Console

O Traf t'i::.Gen_DataHo-de

e AR AR AR AR S RENRAREARAREREARARAARREREARARARRER 3
N

& XILINX.

Upload




Adjust Data Pattern using VIO Console

= Set TrafficGen_DataMode to "011" for HAMMER_DATA_MODE

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3] - |EI|£|
Eile View JTAG Chain Device VIO Window Help

|i| JTAG Scan Rate: | Ul |k
Project: SP605_DDR3_MIG3.3 -

| &l VIO Console - DEV:1 MyDevice1 (XCESLX45T) UNIT:1 MyVIO1 (VIO) =
JTAG Chain '

DEV:0 MyDevicel (System_ACE_CF) : Busi/Signal
¢ DEV:1 MyDevice1 (XCE3LX45T) :

? UMIT:0 M}"”_."!‘.D [:lL."!‘.} IraffiCGEﬂ_Tv'Iﬂ_EﬂﬁblE
Trigger Setup ]
Waveform
Listing
Bus Plot

¢ UNIT: MyWI31 (WD)
VIO Console

O Traffi c:Gen_D ataMode

e AR AR AR AR S RENRAREARAREREARARAARREREARARARRER 3
N

& XILINX.
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Adjust Data Pattern using VIO Console

m— = Press and release the
@z o CPU RESET switch,
.ysejdioedwor 8 SWG, after
B cach VIO

N EMGT_Avct gp
GD

=

_ .DDR3

A HW - 56T --SP 605, <
FYNL LA S/N 0939 — 106 [
b H whizzsystems.com ;‘ff‘» n'/ iC LPC

------------ — A N AR o S NN
[ 4 MMM
2 s Y
s q____n ; 5'0
= S ! 20° ° R TS
== = 236 Ee KBCD[’G“J"L“NPRTVE . Bl v B3
P 2
......................... =
| wmsisrimnnnn © - =7 |
f., U2 . C84raraCy7
e L£257 \‘
o 9/ y
|
5".\"'_‘9‘1} =
= N
HE | - -~ )
................. S L — — - r
!ummmuuu v’JHT!ﬁ-E;M » ~SCH n [ 'Y FIp0tAD10
R1 - ;'f_‘ — ',’ > el 91E1014
s¥[T _J . ' | ( P
- —t N a2 — G ‘] !
. jrw _-\l: :gr ‘x:zﬂlitqg : E ] ...‘.‘:,..
i J3 L ~
A0 O~ AN ‘ P 7058 $200 T35,
— » ¢ r}g

e el o 5 L e :
-ASH U25® aoeingigsicivis ©-D53 D54 D GPIO MOMENTARY —_— a7
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Run MIG Example Design

= Click on Waveform; click the Arm Trigger button (1)
» Force a trigger by clicking the T! button (2)

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3] - | O | ﬂ

Eile View JTAG Chain Device Trigger Setup Waveform Window Help

JTAG Chai | :
DEV: i ystem_ACE_CF) |
¢ DEV: Bvi CBSLX45T) :
¢ UNIT:0 MyILAQ (ILA)
Trigger Setup

Listing
Bus Plot

- UNIT:T MyWI01 (V10) Waiting for upload...
VIO Console ]

e AR AR AR AR S RENRAREARAREREARARAARREREARARARRER 3
N

‘_:J Device 1 Unit 0: Waiting for trigger, Sample Buffer has 512 samples (50%) I

& XILINX.




Adjust Data Pattern using VIO Console

= Hammer Data Mode
— 16 bit DQ data bus changes all bits on each cycle, “hammering” the bus
— Read data compared with ‘expected’ data and error generated on mismatch

@l ChipScope Pro Analyzer [SP605_DDR3_MIG3.3] - | | | ﬂ

Eile View JTAG Chain Device Trigger Setup Waveform Window Help
®| > m TGP L LR

Bus/Signal ? 1:] 2|I]

& jc3 p0 wr data O000FFFF

Jc3_pl wr_en |_|

o= /c3 p0 rd data O000FFFF

/fc3_ pl rd en H_|

%= /c3_cmp_data O00OFFFF

fc3_cmp data wvalid

/c3_cmp_error

NEIDEINE

A(X-0):z 0

Upload
& XILINX.




Adjust Data Pattern using VIO Console

= Set TrafficGen_DataMode to "101" for WALKING1_DATA_MODE
= Push CPU Reset, click Arm Trigger button, click T! button

@l ChipScope Pro Analyzer [SP605_DDR3 _MIG3.3] - |EI|£|
Eile View JTAG Chain Device VIO Window Help

|i| JTAG Scan Rate: | Ul |k
Project: SP605_DDR3_MIG3.3 -

8 & VIO Console - DEV:1 MyDevice1 (XC6SLX45T) UNIT:1 MyVIO1 (VIO) 3
JTAG Chain :

DEV:0 MyDevicel (System_ACE_CF) :
¢ DEV:1 MyDevice1 (XCE3LX45T) :

? UMIT:0 M}"”_."!‘.D [:lL."!‘.} IraffiCGEﬂ_Tv'Iﬂ_EﬂﬁblE
Trigger Setup ]
Waveform
Listing
Bus Plot

¢ UNIT: MyWI31 (WD)
VIO Console

Bus/Signal

fl| > TrafficGen DataMode

e AR AR AR AR S RENRAREARAREREARARAARREREARARARRER 3
N

& XILINX.
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Adjust Data Pattern using VIO Console

= Walking 1s Data Mode

Eile View JTAG Chain Device Trigger Setup Waveform Window Help
®| > m TGP L LR

% Waveform - DEV:1 MyDevice1 (XC6SLX45T) UNIT:0 MyILAO (ILA)

Bus/Signal 0 136 157

| |

o /c3 p0 wr data 02001 00020001 % 02000100 § 00020001 § 02000100 J 00020001 § 02000100 % 00020001 % 02000100 3 o~
fc3_pl wr_en il |

o /c3 p0_rd data 0002102000100 # 00020001 i 02000100 80004000
/c3_p0_rd en 0 |

@l ChipScope Pro Analyzer [SP605_DDR3_MIG3.3] - | | | ﬂ

o /c3_cmp data 0002100020001 4 02000100 % 00020001 4 02000100 j 0002004
fc3_cmp data wvalid

/c3_cmp_error

A{X-0): 0

Upload
& XILINX.




Adjust Data Pattern using VIO Console

= See UG388 for more details on the available data patterns

— ADDR_DATA MODE = 3'b010;
— HAMMER DATA MODE = 3'b011;
— NEIGHBOR DATA MODE = 3'b100;
— WALKING1 DATA MODE = 3'b101;
— WALKINGO DATA MODE = 3'b110;
— PRBS_DATA MODE = 3'blll;

& XILINX.


http://www.xilinx.com/support/documentation/user_guides/ug388.pdf

Generate MIG ACE File (Optional)

* Type these commands in a windows command shell:

cd C:\sp605_mig_design\ready_for_download
make_ace.bat

e+ Command Prompt

Microzoft Windows HP [Wersion 5.1.268081
CC» Copyright 1785-2801 Microsoft Corp.

Cisrod CinspbBS_mig_designsready_for_download

C:wspbdS_mig_designsready_for_download>make_ace.bat

& XILINX.



References

& XILINX.



References

= Spartan-6
— Spartan-6 FPGA Memory Controller — UG388
http://www.xilinx.com/support/documentation/user guides/ug388.pdf

= ChipScope Pro
— ChipScope Pro Software and Cores User Guide

http://www.xilinx.com/support/documentation/sw manuals/xilinx11/
chipscope pro sw cores ug029.pdf

& XILINX.


http://www.xilinx.com/support/documentation/user_guides/ug388.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx11/chipscope_pro_sw_cores_ug029.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx11/chipscope_pro_sw_cores_ug029.pdf

Documentation

& XILINX.



Documentation

= Spartan-6
— Spartan-6 FPGA Family
http://www .xilinx.com/products/spartan6/index.htm

= SP605 Documentation
— Spartan-6 FPGA SP605 Evaluation Kit
http://www.xilinx.com/products/devkits/EK-S6-SP605-G.htm
— SP605 Hardware User Guide
http://www.xilinx.com/support/documentation/boards and Kkits/ug526.pdf
— SP605 Reference Design User Guide
http://www.xilinx.com/support/documentation/boards and Kkits/ugs27.pdf

& XILINX.
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http://www.xilinx.com/products/devkits/EK-S6-SP605-G.htm
http://www.xilinx.com/support/documentation/boards_and_kits/ug526.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug527.pdf
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