Konfiguration des MIG fiir DDR2-SDRAM Ansteuerung

Verwendete Ressourcen:

Board: Spartan-3A/3AN FPGA Starter Kit Board
FPGA: XC3S700AN
Speicher: Micron Technology DDR2-SDRAM (MT47H32M16)
Software: - ISE11.5
- Memory Interface Generator (MIG) 3.3
Vorgehensweise:
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Ubersicht welche Hardware verwendet wird. Diese Einstellung wird direkt aus ISE ibernommen. Diese
Einstellungen kdnnen im Men( ,,Project > Design Properties” vorgenommen werden.
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Q Xilinx Memory Interface Generator U@D @E‘g
REFERENCE Memory Interface Generator
DESIGN [ The Memory Interface Generator (MIG) creates memory controllers for Xiinx FPGAs. MIG 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. Please note that some of the options
selected in the CORE Generator Project Options will be used in generation of the controller. It is very important that the correct CORE Generator Project
Options are selected. These options are listed below.
Selected CORE Generator Project Options:
FPGA Family Spartan-3a
4 FPGA Part xc3s700an-fgg484
Memory Speed Grade -4
Synthesis Tool XST
Design Entry VHDL
Interface
If any of these options are incorrect, please click on "Cancel”, change the CORE Generator Project Options, and restart MIG.
Generator
& XILINX.
[ User Guide ] [ Version Info } [ Next> ] [ Cancel ]
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- ,Create Design“ auswahlen

- ,Next” anklicken
‘:{ Xilinx Memory Interface Generator — (= Lﬂlﬂ

REFERENCE MIG Output Options
DESIGN [L] P

@ Create Design

Select this option to generate a new memory controller, Generating a memory controller will create RTL, design constraints (UCF), implementation and
simulation files.
(") Create Design for Xilinx Reference Boards

Select this option to generate RTL and constraints spedific to certain Xilinx reference boards. You will be prompted to select the reference board in
the next step. Note that not all boards are supported by MIG.

() Verify UCF and Update Design and UCF

Selecting this feature verifies the modified UCF for a design already generated through MIG. It updates the input UCF file to be compatible with the
current version of MIG. While updating the UCF it preserves the pin outs of the input UCF. This option will also generate the new design with the
Component Name you selected in this page.

() Spartan-3A DDR2 SDRAM 200MHz Design
Selecting this option provides the links to App notes and Reference design in the next page.

5 Memory

Component Name

Please specify the component name for the memory interface. The design directories will be generated under a directory with this name. Three

I nterface directories will be created "example_design”, “user_design™ and "docs”. The user_design will contain the generated memory interface. The
example_design adds a simple example application connected to the generated memory interface. Note that the Component Name will be prepended

to all of the RTL files.

Component Name Test

Generator

& XILINX.
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- Keinen Haken in die Kastchen machen, da der gewiinschte ,Target FPGA” oben bereits ausgewahlt ist
- ,Next” anklicken

. . W—— . -
% Xilinx Memory Interface Generator u@u @M
REFERENCE Pin Compatible FPGAs
DESIGN [H] Pin Compatible FPGAs indude all devices with the same package and speed grade as the target device, Different FPGA devices with the same package do
not have the same bonded pins. By selecting Pin Compatible FPGAs, MIG will only select pins that are common between the target device and all selected
devices. Use the default UCF in the par folder for the target part. If you change the target part, use the appropriate UCF in the compatible_ucf folder. If
you do not choose a Pin Compatible FPGA now and need to use a different FPGA later, the generated UCF may not work for the new
device and a board spin may be required. A device is considered compatible only if the package and speed grade matches to the target part. MIG
only ensures that MIG generated pin out is compatible among the selected compatible FPGA devices. Unselected devices will not be considered for
compatibility during the pin allocation process.
Blank list indicates that there are no compatible parts exist for the selected target part and this page can be skipped.
v . Target FPGA | xc3s700an 4

Controller Options Pin Compatible FPGAs

Memory Options 4 slaar;:n%

FPGA Options [] xc3s700a-fg484

[T] xc351400a-fg484
Reserve Pins
6 Bank Selection

Summary

Memory Model

PCB Information

Design Notes

[
®
[ User Guide ][Versionlnfo] [ < Back ][ Next> ][ Cancel
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“"
- Elgentllch logisch, aber voIIstandlgkeltshaIber DDR2 SDRAM ausgewahlt lassen und mit ,Next” bestatigen
S W= =
Q Xilinx Memory Interface Generator e HESHEEE X
REFERENCE Memory Selection
DESIGN (1] Select the type of memory interface. Please refer to the User Guide for a detailed list of supported controllers for each FPGA family. The list below shows
currently available interface(s) for the specific FPGA and speed grade chosen.
Select the Controller Type:
@ DDR2 SDRAM
Pin Compatible FPGAs v )
' DDR SDRAM
Controller Options
Memory Options
FPGA Options W
Reserve Pins
7 Bank Selection
Summary
Memory Model
PCB Information
Design Notes
A ®
[ User Guide I [ Version Info ] [ < Back l [ Next> ] [ Cancel l
«
- H|er muss nur die Einstellung des ,,Memory Part” verandert werden: MT47H32M16XX-3 auswahlen
“
- ,Data Width” wird automatisch aktualisiert (Wenn nicht, dann auf 16 einstellen)
“ .
- ,Next” anklicken
r " B
Q Xilinx Memory Interface Generator - —— - r . - - u@b l‘: | & g
REFERENCE Options for Controller 0 - DDR2 SDRAM
DESIGN [H] |
Frequency: The allowed frequency range is a function of the selected FPGA part, FPGA speed grade, . |
memory controller type, and docking type. Choose the dock period for the desired frequency. Refer to 7519 i ps 133.00 MHz
User Guide for supported frequency range. I
Write Pipe Stages: MIG supports 0 to 4 pipelines for write data. The default is 4 pipelines. When the
user selects 0 to 3 pipelines, the remaining pipe stages are incuded in the user interface. For example if [4 ~
Pin Compatible FPGAs v’ the user selects 0 pipelines, write data should be passed through a 4 stage pipeline in the user interface.
Memory Selection Vv
Memory Type: Select the memory type. Parts marked with a warning symbol are not compatible with I
the frequency selection above. If DDR2 or DDR SDRAM is chosen, select either Component or DIMM. All  Components v
other designs support Component only.
i Memory Options Memory Part: Select the memory part. Parts marked with a warning symbol are not compatible with the
frequency selection above. If the exact part that you will be using is not available here, you may be able [MT ATHIM 16X ]
|| | FPGA Options to find an equivalent part. Alternately, you can create a part using the "Create Custom Part” selection at ¥ =
the bottom of this drop box. Refer to User Guide for complete list of memory devices supported.
8 Reserve Pins Data Width: MIG supports multiples of 8 for components up to 40 bits. Note that the selection is [16 ]
1l dependent upon the previously selected parameters. The selected frequency will limit the range. X
! Bank Selection
Summary Data Mask: You will be able to enable/disable the generation of Data Mask (DM) pins using this check o
|| box. This option can be selectable only if the memory part you have selected has DM pins. Uncheck this ~ [¥]

box if you would like to not use data masks and save FPGA 1/Os that are used for DM signals.

v v
iA XI L I N X® Memory Details: 512Mb, x16, row: 13, col: 10, bank:2, data bits per strobe:8, with data mask, single rank

l User Guide ] [Version Info ] < Back J [ Next> ] [ Cancel ]
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- Burst Length: Hier kann die Einstellung vorgenommen werden, ob 4 oder 8 Datenvektoren (16Bit) mit
einem Speicher-/Lesezugriff verarbeitet werden sollen. Die Verarbeitung von 8 Bitvektoren setzt jedoch
voraus, dass zusatzliche Regeln beachtet werden. Somit empfehle ich zum Einstieg die Verwendung der
Einstellung mit 4 Bitvektoren.

- Die Restlichen Einstellungen kdnnen so ilbernommen werden. Bei ,,RTT” sollte jedoch meiner Meinung
nach ,50o0hms(11)“ eingestellt werden, da die Verbindung zwischen FPGA und Speicher laut Schematic mit
49,9 Ohm verbunden ist. Durch die Einstellung auf ,,500hms(11)“ sind die HF-Leitungen mit dem gleichen
Leitungswiderstand abgeschlossen. Kann mich auch irren (bin flr konstruktive Hinweise offen)

- ,,rNext” anklicken

— == = S | R
ﬂ Xilinx Memory Interface Generator - u@g ﬂ]ﬁ
REFERENCE Memory Options for Controller 0 - DDR2 SDRAM
DESIGN [H
Choose the Memory Options settings for the memory device, Settings are restricted to those supported by the controller. Consult the memory vendor
data sheet for more information.
Burst Length
Determines the maximum number of column locations that can be accessed for a given READ or WRITE command. [4(0 10) - ]
Pin Compatible FPGAs
= v Burst Type
S The ordering of accesses with in a burst is determined based on the burst length, the burst type and the starting 2
Memory Selection Vv’ heieaitd il [sequenhal(o) - ]
Controller Options v Output Drive Strength 3
Selecting reduced strength will reduce all outputs to approximately 60 percent of the drive strength. [Fullstrength(o) v ]
FPGA Options RTT (nominal) - ODT
This feature allows to apply internal termination resistance of the memory module for signals DQ, DQS/DQS#%, [50 ohms(11) ]
Reserve Pins LDQS/ADQS#, UDQS/UDQS# and LDM/UDM. This improves the signal integrity of the memory channel. 24
Bank Selection DQS# Enable
Crosstalk and simultaneous switching output impact on the strobe output driver can be reduced with this option ON. [Enable(O) ]
| | Summary When Enabled DQS is differential and when disabled DQS is single-ended. x
Memory Model
PCB Information
Design Notes
A ® 2

[ User Guide J [Versconlnfo ] < Back I [ Next> ] ’ Cancel
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- Einstellungen kdnnen so belassen werden.

- ,Next” anklicken

Q Xilinx Memory Interface Generator - . E@D LE]EIQ
REFERENCE DCM Opti 2
DESIGN [ Gk

Multiple dock signals are required for the memory interface. With this option set, the required dock signals will be generated from a single user
supplied dock signal to a DCM internal to the memory interface. Otherwise you must generate the required dock signals and connect them to the
memory interface (see User Guide for more information). The latter method may allow you to overlap the dock generation with a DCM already
available in your design and thus save docking resources.
Use DCM @
Pin Compatible FPGAs Vv
SSTL Class Option
Memory Selection v Class II is recommended for all SSTL signals in memory interfaces. However, better signal integrity may sometimes be achieved with Class I for
. Address & Control. If IBIS simulations indicate that Class I is superior for your application, select Class I below. This can be changed after
Controller Options v generation by modifying the UCF. This option changes the drive strength for Data, Address & Control.
Memory Options Vv Class for Address and Control [Class I v ]
v Class for Data [Class I - ]
Reserve Pins 14 Debug Signals Control E
10 Bank Selection
This allows the debug signals (calibration status signals) to be monitored on the ChipScope tool. Selecting this option will port map the debug
i signals to the ChipScope modules in the design top module.
Summary
Memory Model Debug Signals for Memory Controller [Disable vJ
PCB Information System Clock
Design Notes
Choose the desired input dock configuration.
System Clock [Differenb’al - ]
[ User Guide ] [ Version Info ‘ [ < Back ] [ Next> ] [ Cancel ]
- Aufgrund dieser Einstellungen wird die UCF-Datei zur Speicheransteuerung erstellt. Der Speicher ist
komplett an die Bank 3 des FPGA angeschlossen. Um den MIG jedoch abschlieBen zu kénnen miissen fir
die Takt-Pins temporar noch die Ports A11 und A12 der Bank O bereitgestellt werden. Eigentlich wird der
Takt ebenfalls von der Bank 3 ausgegeben, wodurch diese Einstellung nach Abschluss des MIG manuell
. . . . “
gedndert werden muss. (Siehe anschlieBender Punkt ,Routen der Pins“)
(,] Xilinx Memory Interface Generator Q@D’ E=MRCA
REFERENCE Reserve Pins
DESIGN [ Use this table to reserve pins that you do not want MIG to use. By default MIG will use any available pin for the memory interface in the selected banks
(next screen). The selections below allow you to reserve spedific pins for other uses.
There is no need to reserve pins in banks you will not be selecting. The "Read UCF File™ option reads in an existing UCF file to reserve pins already locked
for other portions of the design. This option can be used instead of or in addition to manually reserving pins.
Available Pins: 71 Reserved Pins: 192
Pin Compatible FPGAs v 4 Bank0 Bank 0
. All Bank1
Memory Selection | 4 Al2 Bank 2
e pars v Bank 3
Memory Options v
1 = v
v’
Bank Selection
Summary
Memory Model
PCB Information |
—
i: XI Ll NX [Resducr ie]
®
U
Version Info < Back ] [ Next> ] [ Cancel ]
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- Alle Haken entfernen
- Haken setzen wie im Bild zu sehen
- ,Next” anklicken
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Y Xilinx Memory Interface Generator @@D l il E &]
REFERENCE Bank Selection For Controller 0 - DDR2 SDRAM
DESIGN [
Choose the banks for the memory interface from the architectural view below. Generally banks in a single column give the optimum internal timing. You
can alter the pin selection manually in the generated UCF but you must update the design with the "Update Design” option in this tool after making
changes. See the User Guide for more information.
 You can set the Weighted Average Simultaneous Switching Outputs (WASSO - see the selected FPGA's User Guide) to limit the number of pins
used per bank.
* Priority for pins in a selected bank is 1) Data, 2) Address/Control, 3) System Control.
Pin Compatible FPGAs v lAddress/Control: 21/21 @ Data: 26/26 @ System Control: 4/4 @ System Clock: 2/2 @
Memory Selection \
Bank:0
Controller Options \'d Available I0's: |2
Me: Opti v WASSO Limit: 2
,7 Address/Control
FPGA Options Vv 7] System Control
|Z] System Clock
12 R v C
Bank:3 Bank:1
Available I0's: |69 Available I0's: |0
Summary
WASSO Limit: 69 WASSO Limit: 0
Memory Model ‘N Address/Control "] Address/Control
Inf z [¥] Data ] Data
Hal e “Z System Control [] System Control
Design Notes
Bank:2
Available I0's: |0
WASSO Limit: 0
[T Address/Control |
|Z] System Control
| System Clock
A ® [Deselect Banks‘ [Resmre Defaults [
[ User Guide ] i Version Info ‘ [ < Back ‘ [ Next> ] [ Cancel ’
. “ .
13 Den MIG durch mehrfaches klicken auf ,Next” abschlielRen.

Routen der Pins:

Da die UCF-Datei vom MIG seltsamerweise nicht korrekt erstellt wird muss diese noch angepasst werden. Die
erstellte UCF-Datei befindet sich im Ordner

***\ipcore_dir\Test\user_design\par\Test.ucf
Diese kann mit einem Texteditor gedffnet werden. AnschlieRend sucht man nach den Stellen an dem die Pins

geroutet werden und korrigiert die UCF-Datei nach Folgender Tabelle:

Netzname

NET "cntrlO_ddr2_ck[0]"
NET "cntrl0O_ddr2_ck_n[0]"
NET "cntrl0_ddr2_dm[0]"
NET "cntrlO_ddr2_dm([1]"
NET "cntrl0O_ddr2_a[12]"
NET "cntrlO_ddr2_a[11]"
NET "cntrlO_ddr2_a[10]"
NET "cntrlO_ddr2_a[9]"
NET "cntrlO_ddr2_a[8]"
NET "cntrlO_ddr2_a[7]"
NET "cntrlO_ddr2_a[6]"
NET "cntrlO_ddr2_a[5]"
NET "cntrlO_ddr2_a[4]"
NET "cntrlO_ddr2_a[3]"
NET "cntrlO_ddr2_a[2]"
NET "cntrlO_ddr2_a[1]"

Vom MIG geroutet
LOC ="M5";
LOC="N4";
LOC="Vv3";
LOC="P3";
LOC="P1";
LOC="P2";
LOC="M3";
LOC="M4";
LOC="M1";
LOC="M2";
LOC ="K1";
LOC="L1";
LOC ="L5";
LOC="L3";
LOC ="K3";
LOC ="K2";

Korrekter Pin laut Schematic
LOC="M1";
LOC="M2";
LOC=")3";
LOC ="E3";
LOC="Y2";
LOC="v1";
LOC="T3";
LOC="W2";
LOC="W1";
LOC="Y1";
LOC="uU1";
LOC="U4";
LOC="U2";
LOC="U3";
LOC="R1";
LOC="T4";




NET "cntrlO_ddr2_a[0]" LOC ="K5"; LOC="R2";
NET "cntrlO_ddr2_ba[1]" LOC ="K4"; LOC="R3";
NET "cntrl0_ddr2_ba[0]" LOC ="H2"; LOC="P3";
NET "cntrlO_ddr2_cke" LOC ="H1"; LOC ="N3";
NET "cntrl0_ddr2_cs_n" LOC="H4",; LOC ="M5";
NET "cntrlO_ddr2_ras_n" LOC="H3"; LOC="M3";
NET "cntrl0_ddr2_cas_n" LOC="G3",; LOC="M4";
NET "cntrl0_ddr2_we_n" LOC="G1"; LOC="N4";
NET "cntrl0_ddr2_odt" LOC = "F2"; LOC = "P1";
NET "reset_in_n" LOC = "K6" ; LOC=""; nicht bekannt
NET "cntrl0_ddr2_dq[1]" LOC = "AA2"; LOC = "K5";
NET "cntrl0_ddr2_dq[0]" LOC = "AA1"; LOC = "H1";
NET "cntrl0_ddr2_dq[3]" LOC="Y2"; LOC="L3";
NET "cntrl0_ddr2_dq[2]" LOC = "Y1"; LOC = "K1";
NET "cntrl0_ddr2_dgs_n[0]" | LOC="W3"; LOC = "K2";
NET "cntrl0_ddr2_dgs[0]" LOC ="v4"; LOC = "K3";
NET "cntrl0_ddr2_dq[5]" LOC = "W2"; LOC = "L1";
NET "cntrl0_ddr2_dq[4]" LOC ="W1"; LOC ="L5";
NET "cntrl0_ddr2_dq[7]" LOC = "U4"; LOC = "H2";
NET "cntrl0_ddr2_dq[6]" LOC ="uU3"; LOC = "K4";
NET "cntrl0_ddr2_dq[8]" LOC ="V1"; LOC="F2";
NET "cntrl0_ddr2_dq[9]" LOC ="U2"; LOC ="G4";
NET "cntrl0_ddr2_dq[10]" LOC = "U1"; LOC = "G1";
NET "cntrl0_ddr2_dq[11]" LOC = "T3"; LOC = "H6";
NET "cntrl0_ddr2_dgs_n[1]" | LOC ="T4"; LOC = "J5";
NET "cntrl0_ddr2_dgs[1]" LOC = "R5"; LOC = "K6";
NET "cntrl0_ddr2_dq[13]" LOC = "R4"; LOC = "F1";
NET "cntrl0_ddr2_dq[12]" LOC = "R3"; LOC = "H5";
NET "cntrl0_ddr2_dq[15]" LOC = "R2"; LOC = "F3";
NET "cntrl0_ddr2_dq[14]" LOC = "R1"; LOC = "G3";
NET "cntrlO_rst_dqgs_div_in" LOC ="U5"; LOC = "H3"; evtl. Falsch
NET "cntrlO_rst_dqgs_div_out" | LOC ="T5"; LOC = "H4"; evtl. Falsch

Der gesamte Inhalt der UCF-Datei muss anschlieRend in die zum Design gehoérige UCF-Datei kopiert werden.

In der vom MIG erstellten UCF-Datei findet man nun noch viele Zeilen, in dem die Pfade der einzelnen Prozesse
angegeben sind. Diese stimmen natdirlich nicht mit dem eigenen Design lGberein, weshalb dies ebenfalls angepasst
werden muss.

Als Beispiel wird angenommen, dass sich das erstellte Memory-Interface ,Test” in der Top-Entity ,Main“ befindet.
Somit muss zum Beispiel die Zeile:

INST "infrastructure_top0/cal_top0/tap_dly0/I8" RLOC=X0Y4;

Wie folgt verandert werden:

INST "Test/infrastructure_top0/cal_top0/tap_dly0/I8" RLOC=X0Y4;

Also immer von der Top-Entity aus den Pfad weiterverfolgen. Der Name der Top-Entity wird dabei jedoch nicht
angegeben.

Ich hoffe dieses HowTo bringt bisschen Licht ins Dunkel der RAM-Ansteuerung. Konstruktive Hinweise arbeite ich
gerne in dieses HowTo ein.

Viele GriRe

Karnikel

Dieses Dokument wurde nach besten Wissen und Gewissen erstellt. Der Autor libernimmt keine
Haftung fiir eventuelle Fehlinformationen und jegliche daraus resultierenden Probleme.



