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Introduction

Application Note 328

DDR2 SDRAM is the second generation of double-data rate (DDR)
SDRAM technology, with features such as lower power consumption,
higher data bandwidth, enhanced signal quality, and on-die termination
schemes. DDR2 SDRAM brings higher memory performance to a broad
range of applications, such as PCs, embedded processor systems, image
processing, storage, communications, and networking.

Stratix® Il and Stratix Il GX devices support two modes of DDR2 SDRAM
interfacing: with and without dedicated DQS phase-shift circuitry. In
addition, Stratix II and Stratix II GX device families offer two different
data paths or physical interfaces (PHYs) with the dedicated DQS
phase-shift circuitry: the legacy integrated static data path and controller
(referred to as the legacy controller in this document) and ALTMEMPHY.

Table 1 displays the maximum clock frequency for DDR2 SDRAM
interfaces in Stratix II and Stratix II GX devices with and without using
dedicated DQS phase-shift circuitry.

Notes (1), (2), (3)

Table 1. DDR2 SDRAM Interface Maximum Clock Frequency Support in Stratix Il and Stratix Il GX Devices

Frequency (MHz)
Speed With Dedicated DQS Circuitry Without Dedicated DQS Circuitry
Grade ALTMEMPHY
Legacy PHY Legacy PHY
Half-Rate Mode Full-Rate Mode

-3 333 267 267 200

-4 267 233 267 167

-5 233 200 233 167

Notes for Table 1:

(1)  The supported operating frequencies listed here are memory interface maximums for the FPGA device family.
Your design’s actual achievable performance is based on design and system specific factors, as well as static timing
analysis of the completed design.

(2) These specifications apply to both commercial and industrial devices.

(3) These specifications are applicable for both interfacing with DDR2 SDRAM modules and discrete devices.
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The Arria™ GX device family supports only ALTMEMPHY-based
memory interfaces with dedicated DQS phase-shift circuitry. Memory
interfaces with ALTMEMPHY can use either half-rate mode where the
system clock for the controller is half the frequency of the memory
interface frequency or full-rate mode where the system clock and the
memory interface frequencies are the same.

Table 2 displays the maximum clock frequency for DDR2 SDRAM
interfaces in Arria GX devices.

Table 2. DDR2 SDRAM Interface Maximum Clock Frequency Support in Arria GX Devices Notes (1), (2),
(3): (4)

Frequency (MHz)

Speed Grade
Half-Rate Full-Rate

-6 233 200

Notes for Table 2:

(1) The supported operating frequencies listed here are memory interface maximums for the FPGA device family. Your
design’s actual achievable performance is based on design and system specific factors, as well as static timing
analysis of the completed design.

(2) These specifications apply to both commercial and industrial devices.

(3) These specifications are applicable for both interfacing with DDR2 SDRAM modules and discrete devices.

(4) DDR2 SDRAM memory interface support in Arria GX devices is only available with ALTMEMPHY
implementation.

This application note describes Altera’s® recommended design flow for
implementing a DDR2 SDRAM memory interface on a Stratix II,

Stratix II GX, or Arria GXFPGA. Two example design walk-throughs are
provided that detail critical aspects of this flow, including:

Instantiating the PHY to a DDR2 SDRAM device

Setting appropriate constraints on the PHY

Verifying design functionality using simulation

Timing closure using the TimeQuest Timing Analyzer in the
Quartus® II software.

This application note includes two example designs that interface with
five DDR2 SDRAM devices (amounting to a 72-bit interface) available in
the Stratix I GX PCI-Express Development Kit. One example design uses
the ALTMEMPHY megafunction and the other example design uses the
legacy PHY.

2 Altera Corporation



Introduction

Altera Corporation

=" After un-archiving the example design, ensure that you point to
the corresponding IP library in your Quartus II installation
directory. The IP library is located in the
<quartus_install_directory>\<version>\ip\ddr2 high perf
for the ALTMEMPHY-based controller and in the
<quartus_install_directory>\<version>\ip\ddr ddr2 sdram\
1ib for the legacy controller.

DDR2 SDRAM Overview

DDR2 SDRAM is the second generation of the DDR SDRAM memory
standard. It is a 4n pre-fetch architecture with two data transfers per clock
cycle. The memory uses a strobe (DQS) associated with a group of data
pins (DQ) for read and write operations. Both the DQ and DQS ports are
bi-directional. Address ports are shared for write and read operations.

Although DDR2 SDRAM devices can use the optional differential strobes
(DQS and DQS#), Stratix 11, Stratix I GX, and Arria GX devices do not
support this functionality. These devices only use the DQS signal to read
from and write to the DDR2 SDRAM device. This is because DQS and
DQS# pins are not differential I/O pins in these device families.

DDR2 SDRAM write and read operations support burst lengths of four
and eight. This means that each read and write transaction transfers
either four or eight groups of data. The latency between the time the read
command is clocked into the memory and the time data is presented at
the memory pins is called the column address strobe (CAS) latency. DDR2
SDRAM supports CAS latencies of two, three, four, and five. DDR2
SDRAM does not support half-clock latencies, unlike DDR SDRAM.

I Altera® DDR2 SDRAM memory controllers only support burst
length of four. In addition, these controllers do not support
additive latencies offered by the DDR2 SDRAM devices.

DDR2 SDRAM devices use the SSTL-18 standard and can hold between
256 Mbytes to 4 Gbytes of data. Devices with capacities up to 512 Mbytes
are divided into four banks and devices with capacities between one and
four Gbytes are divided into eight banks. Only one row per bank can be
accessed at one time. The ACTIVE command opens a row; the
PRECHARGE command closes a row.
s The Altera DDR2 SDRAM memory controller keeps a row open
in every bank of your memory system. If you have a small DDR2
SDRAM device with 4 banks, the controller keeps track of four
open rows, one per bank. If you have a dual-rank DDR2 SDRAM
DIMM made up of devices with 8 banks each, then the controller
tracks 16 open rows.
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DDR2 SDRAM uses a delay-locked loop (DLL) inside the device to
edge-align the DQ and DQS signals with respect to the CK and CK#
signals. The DLL is turned on for normal operation and is turned off for
debugging purposes. All timing analyses done in this document assume
that the DLL inside the memory is on.

a®® For more information about DDR2 SDRAM devices, refer to the
www.jedec.org website.

DDR2 SDRAM devices have adjustable data-output drive strength, so
Altera recommends that you use the highest drive strength of the
memory for maximum performance. DDR2 SDRAM devices also offer
on-die termination and output driver calibration. The on-die termination
has an effective resistance of either 50 75 Q or 150 Q. IBIS simulation
can show the effects of different drive strengths, termination resistors,
and capacitive loads on your system.

«®  For adetailed discussion of the design trade-offs involved in selecting
the best settings for your design, refer to AN 408: DDR2 Memory Interface
Termination, Drive Strength and Loading Design Guidelines.

Stratix I, Stratix Il GX, and Arria GX Dedicated DQS Phase-Shift
Circuitry

The dedicated phase-shift circuits are available at the top and the bottom
sides of the Stratix II, Stratix II GX, and Arria GX devices. The circuit
mainly consists of a DLL that generates the required phase shift setting
for the incoming DQS read signal and DQS delay chains controlled by
this DLL setting.

Using the dedicated phase shift circuitry allows you to capture data with
the DQS sent by the memory device, which in turn results in higher
performance than when not using the dedicated phase shift circuitry.
When using the DQS signals to capture data in the FPGA, you can use the
skew between the DQS and DQ signals to analyze read capture timing.
When not using the DQS signals to capture data in the FPGA, you have
to use the skew between the CK/CK# and DQ signals to analyze read
capture margin. Skew reduces the read margin, and the skew between the
CK/CK# and DQ signals is higher than the skew between the DQS and
DQ signals. Therefore, the memory interface performance, when not
using the DQS signal to capture data, is lower than the performance when
using the DQS signal to capture data.
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ALTMEMPHY and Legacy PHY Brief Overview

The legacy PHY uses a resynchronization clock with a static phase shift
that is determined before design compilation, while the ALTMEMPHY
implementation features a dynamic resynchronization clock that is
calibrated for process (P) variations during initialization and tracks
voltage and temperature (VT) variations.

The ALTMEMPHY megafunction is available as a stand-alone PHY for
use with third-party memory controllers. The ALTMEMPHY is also
instantiated by Altera’s DDR and DDR2 SDRAM High Performance
Controller MegaCore® function.

The legacy PHY is embedded in the DDR and DDR2 SDRAM Controller
MegaCore function. Unlike ALTMEMPHY, the legacy PHY must be
extracted manually from the DDR and DDR2 SDRAM Controller
MegaCore function when using a third-party controller.

Use the ALTMEMPHY megafunction for all new designs to achieve high
performance and optimal resynchronization phase shift. All new device
families after Stratix II GX support ALTMEMPHY and may not support
legacy PHY. Use legacy PHY when you need a lower latency interface or
when you are not using dedicated phase shift circuitry.

For more information on whether to use the legacy PHY or the
ALTMEMPHY megafunction, refer to TB 091: External Memory Interface
Options for Stratix II Devices. Refer to the ALTMEMPHY Megafunction
User Guide for more information on the ALTMEMPHY megafunction.
For more information on the DDR and DDR2 SDRAM High Performance
Controller MegaCore function, refer to the DDR and DDR2 SDRAM High
Performance Controller MegaCore Function User Guide. For more
information on the legacy PHY and controller, refer to the “Appendix C:
Legacy PHY Architecture Description” on page 118 and DDR and DDR2
SDRAM Controller Compiler User Guide, respectively.

DDR2 SDRAM Interfaces in HardCopy Il Devices

Designs targeting the Stratix II device, up to 267 MHz, can be migrated to
HardCopy® II devices. For the purpose of this application note, any
Altera FPGA discussion referring to a Stratix II device can also apply to a
HardCopy II device. HardCopy II device memory interfaces, however,
have additional restrictions such as the usage of the PLL dedicated clock
output pins for CK/CK# signals.
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Memory
Interface Design
Flow

These restrictions are described in AN 463: Using the ALTMEMPHY
Megafunction with HardCopy II Structured ASICs if you are using
ALTMEMPHY, and in AN 413: Using Legacy Integrated Static Data Path
and Controller Megafunction with HardCopy II Structured ASICs if you are
using the legacy PHY.

This section outlines the Altera recommended flow, shown in Figure 1,
for successful memory interface implementation in Stratix II,

Stratix I GX, and Arria GX devices. These guidelines provide the best
experience with external memory interfaces in these device families.

A detailed discussion of each step is available in AN 449: Design
Guidelines for Implementing External Memory Interfaces in Stratix I and
Stratix II GX Devices.

The next sections include two example designs that discuss the shaded
design flow steps in Figure 1 in detail.

Refer to the Quartus II Software Release Notes for the Quartus II version

that you are using for more information on possible issues with
instantiation, simulation, and timing closure.
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Memory Interface Design Flow

Figure 1. Design Flow for Implementing External Memory Interfaces in Stratix Il, Stratix Il GX, and Arria GX

Devices

Note to Figure 1:
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(1) Though optional, Altera recommends that you perform this step to ensure design functionality.
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Design Checklist

Table 3 contains a design checklist that you can use when implementing

DDR2 SDRAM memory interfaces in Stratix II, Stratix I GX, and Arria GX

devices.

e®  Refer to AN 463: Using the ALTMEMPHY Megafunction with HardCopy II

Structured ASICs if you are using ALTMEMPHY, or AN 413: Using
Legacy Integrated Static Data Path and Controller Megafunction with
HardCopy II Structured ASICs if you are using the legacy PHY, for any

specific HardCopy II requirements.

Table 3. Checklist for Implementing DDR2 SDRAM Memory Interfaces in Stratix Il, Stratix Il GX, and
Arria GX Devices (Part 1 of 4)

Item

Description

Yes or No

Select Device

Have you selected the memory interface frequency of operation and
bus width? And, have you selected the FPGA device density and
package combination that you will be targeting?

Ensure that the target FPGA device supports the desired clock rate
and memory bus width. For detailed device resource information, refer
to the device handbook chapter on external memory interface support.

Have you selected your PHY implementation? Use ALTMEMPHY
whenever possible. Refer to TB 091: External Memory Interface
Options for Stratix Il Devices for more information on selecting
between the two PHYs.

Instantiate PHY and Controller

Have you parameterized and instantiated the PHY and controller for
your target memory interface?

When instantiating multiple controllers, ensure effective sharing of
device resources and appropriate constraints by referring to AN 462
Implementing Multiple Memory Interfaces Using the ALTMEMPHY
Megafunction when using ALTMEMPHY and AN 392: Implementing
Multiple Legacy DDR/DDR2 SDRAM Controller Interfaces when using
legacy PHY.

If you are using your own controller, have you connected the PHY's
local signals to your driver logic and the PHY's memory interface
signals to top level pins?

Ensure that the local interface signals of the PHY are appropriately

connected to your own logic. If the PHY is compiled without these local
interface connections, you may encounter compilation problems when
the number of signals exceeds the pins available on your target device.

Functional Simulation
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Design Checklist

Arria GX Devices

(Part 2 of 4)

Table 3. Checklist for Implementing DDR2 SDRAM Memory Interfaces in Stratix Il, Stratix Il GX, and

Item

Description

Yes or No

5

Have you simulated your design using the RTL functional model?

When using Altera's memory controllers, use the example design,
which instantiates the PHY and controller blocks, along with the
example driver/testbench module, and the memory device model.
When using a custom memory controller, use the PHY functional
simulation model in conjunction with your own driver logic/testbench
and the memory device model.

Timing Closure

Have you added constraints to the PHY and the rest of your design?

The ALTMEMPHY megafunction is constrained when you use the
generated synopsis design constraint (.sdc) file and .tel files.
However, you may need to adjust these settings to best fit your
memory interface configuration.

The legacy PHY is constrained with an .sdc file generated by the DTW

and .tcl file generated by the MegaWizard® Plug-In Manager.

Add pin assignment constraints and pin loading constraints to your
design. Ensure that generic pin names used in the constraint scripts
are modified to match your top-level pin names. Note that the loading
on memory interface pins is dependent on your board topology
(memory components, single DIMM, multiple DIMMs, single rank
DIMM, and so on).

Add pin location constraints to all memory interface signals. Note that
you need to place all the address and command pins on the same side
of the device for optimal performance.

Use board-level simulations to verify the default assignments created
by the MegaWizard Plug-In Manager.

Have you compiled your design and verified timing closure using all
available models?

Run the Report DDR TimeQuest task or source the
<variation_name>_report_timing.tcl file to generate a custom timing
report for each of your ALTMEMPHY megafunction instances. Repeat
this process using all device timing models (slow and fast).

Run the dtw_timing_analysis.tcl script for legacy PHY.
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Table 3. Checklist for Implementing DDR2 SDRAM Memory Interfaces in Stratix Il, Stratix Il GX, and
Arria GX Devices (Part 3 of 4)

Item

Description

Yes or No

8

If there are timing violations, have you adjusted your constraints to
optimize timing?

Adjust PLL clock phase shift settings or appropriate timing and location
assignment to optimize margins for the various timing paths within the
PHY. The ALTMEMPHY timing analysis script creates a panel that
shows the timing margins in the Quartus Il software compilation report.
The dtw_timing_analysis.tcl script creates a clock phase shift
recommendation panel in addition to the timing report panel in the
Quartus Il software compilation report.

Gate Level Simulation

Have you performed a timing simulation on your design?

Board Level Considerations

10

Have you selected the termination scheme and drive strength settings
for all the memory interface signals on the memory side and the FPGA
side?

Ensure that appropriate termination and drive strength settings are
applied on all the memory interface signals, and verified using board
level simulations.

Stratix Il, Stratix [l GX, and Arria GX devices support on-chip
termination. On the memory side, Altera recommends use of the DDR2
SDRAM on-die termination (ODT) feature whenever possible and use
of external parallel termination on memory input signals that do not
support the ODT feature.

On the FPGA side, Altera recommends the Series 25 Q without
Calibration OCT setting for bi-directional signals (such as DQ and
DQS), and the Series 50 Q without Calibration OCT setting for
unidirectional output signals to the memory (such as DM and
address/command). If there are multiple loads on certain FPGA output
pins (for example, when the address bus is driven to multiple memory
devices on a DIMM), you may prefer to use the maximum drive
strength setting over the series OCT setting. Note that when using the
OCT feature on the FPGA, the programmable drive strength feature is
unavailable.

Use board-level simulations to pick the optimal setting for best signal
integrity.

10
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Table 3. Checklist for Implementing DDR2 SDRAM Memory Interfaces in Stratix Il, Stratix Il GX, and
Arria GX Devices (Part 4 of 4)

Item Description Yes or No

11 Have you performed board-level simulations to ensure electrical and
timing margins for your memory interface?

Ensure you have a sufficient eye opening using simulations. Be sure to
use the latest FPGA and memory IBIS models, board trace
characteristics, drive strength, and termination settings in your
simulation.

You must use any timing uncertainties at the board level that you
calculate using such simulations to adjust the input timing constraints
to ensure the accuracy of Quartus Il timing margin reports.

System Verification

12 Have you verified the functionality of your memory interface in system?
You can use the SignalTap® Logic Analyzer to verify the interface
signal behavior.

Examp'e This walkthrough describes the steps necessary to create, constrain, and
verify operation of a 72-bit wide, 333-MHz/667-Mbps DDR2 SDRAM
Walkthrou g h for memory interface targeted for the Stratix Il GX PCI Express Development
333- M Hz D D Rz Board. This e.xamp.le design (.an already completed version is available for
download with this application note) uses the ALTMEMPHY
SDRAM megafunction-based DDR2 SDRAM High Performance Controller
Interface USing MegaCore to interface memory on the Stratix II GX PCI Express

Development Board.
ALTMEMPHY
1= If you are using the legacy PHY, go to the “Example
Walkthrough for 267-MHz DDR2 SDRAM Interface Using the
Legacy PHY” on page 54.

The ALTMEMPHY megafunction is a memory interface PHY that enables
speeds of up to 333 MHz on Stratix IT and Stratix II GX devices, 267 MHz
on HardCopy II devices, and 233 MHz on Arria GX devices. This PHY
uses dedicated DQS phase-shift circuitry for capturing data from
memory and a dynamic clock calibration scheme to resynchronize
memory read data to the system clock domain. This auto-calibrated
solution tracks the changes in voltage and temperature (VT), and
simplifies timing closure and clock phase shift selection. The
ALTMEMPHY megafunction is used to implement the datapath in the
DDR2 SDRAM High Performance Controller MegaCore.
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12

For more information about the PHY and memory controller, refer to the
ALTMEMPHY Megafunction User Guide and the DDR and DDR2 SDRAM
High Performance Controller User Guide, respectively.

The Stratix II GX edition of the Altera’s PCI Express Development Kit
delivers a complete PCI Express-based development platform. This PCI
Express solution, interoperable with industry-standard PCI Express
platforms, facilitates the development of custom PCI Express
applications.

For more information about PCI Express development, refer to the
Stratix II GX PCI Express Development Kit web page.

This example design walks through the memory interface design flow
steps, shown in Figure 1 on page 7

For more information about the memory interface design flow refer to
AN 449: Design Guidelines for Implementing External Memory Interfaces in
Stratix Il and Stratix II GX Devices.

I The example design was created using Quartus II software
version 7.2 and MegaCore IP Library software version 7.2.

Il=~  While this example focuses on the Stratix Il GX device family,
the information is also applicable to the ALTMEMPHY-based
memory interface designs targeting Stratix II, Arria GX, and
HardCopy II devices. However, pay attention to the restrictions
for HardCopy II devices described in AN 463: Using
ALTMEMPHY Megafunction with HardCopy II Structured ASICs.

Step 1: Select Device

This example design uses the EP2SGX90FF1508C3 device that comes with
the Stratix I GX PCI Express Development Board. The board is also
equipped with five 333-MHz-capable DDR2 SDRAM devices: four x16
devices with part number: MT47H32M16CC-3 and one x8 device with
part number MT47H64M8CB-3.

For more information about all the features of the board, refer to the
Stratix 11 GX PCI Express Development Board Reference Manual.

The example design uses the five DDR2 memory devices to create a 72-bit
interface running at 333 MHz using the ALTMEMPHY-based DDR2
SDRAM High Performance Controller MegaCore function. This is
considered a width-expansion interface since multiple memory devices
are used to create one wide interface controlled by a single memory
controller.
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=" The maximum number of interfaces you can implement on any
given device is limited by resource availability (number of DQ
groups of desired width, user I/O pins, PLLs, DLLs, clocks, and
FPGA core resources). For example, the Stratix II GX
EP2SGX90FF1508C3 device supports nine x8 DQ groups each
on the top and bottom sides of the device. The DLL located on
the top (or bottom) can be shared amongst all nine DQ groups
on that side of the device as long as they are implementing
memory interfaces running at the same frequency. The example
72-bit interface uses all nine of the groups available on the
bottom side (I/O banks 7 and 8). The remaining nine DQ groups
located on the top side of the device can be used for other
memory interfaces. The PHY also uses one enhanced PLL to
generate the 6 clock signals required for each memory interface.
The remaining three enhanced PLLs are available for use by
other memory interfaces and user logic.

Refer to the External Memory Interfaces chapter of the appropriate device
handbook (Stratix II, Stratix Il GX, or Arria GX) to determine the number
DQ groups of each width supported by the FPGA.

Expanding your memory interfaces for width or depth with the same
memory controller (shared address and command bus) is supported
natively by the MegaWizard Plug-In Manager. Creating multiple
memory controllers with independent memory transactions
(independent address and command buses) requires you to create a
unique megafunction variation for each interface. Sharing device
resources between multiple memory interfaces may require RTL
modifications.

Refer to AN 462: Implementing Multiple Memory Interfaces Using the

ALTMEMPHY Megafunction for detailed recommendations.

[’ Both the MT47H32M16CC-3 and the MT47H64MS8CB-3 devices
have the same timing specifications and share the same data
sheet. If you are using devices with different timing
specifications, choose the worst specifications.

Step 2: Instantiate PHY and Controller in a Quartus Il Project

Begin your memory interface design by instantiating the PHY and
controller modules. Figure 2 shows a system-level diagram including the
top-level example design that the DDR2 SDRAM High Performance
Controller MegaCore function creates for you.
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The example design is a fully functional design that can be simulated,
synthesized, and used in hardware. It contains the PHY, controller, and an
example driver. The example driver is a self-test module that issues read
and write commands to the controller and checks the read data to
produce the pass/fail and test-complete signals.

Figure 2. System-Level Diagram of DDR2 SDRAM Interface

Example Design

Control Logic
(Encrypted)

A

DDR SDRAM
Interface

Local Interface
Pass or Fal <—————|  Example Driver <

Test Complete €———+——|

DDR SDRAM

ALTMEMPHY
Megafunction

)

DDR SDRAM
High Performance
Controller

Note to Figure 2:
(1) The PLL and DLL modules are included in the ALTMEMPHY megafunction.

To instantiate the PHY and controller, follow these steps:

1. There are two options for step 1:

a. Create a new QuartusII project or open an existing project
where you would like to implement the DDR2 SDRAM
memory interface. When creating a new project, specify the
target FPGA device on page 3 of the New Project Wizard:
Family and Device Settings. Set Stratix II GX as the Family
and choose the EP2SGX90FF1508C3 device from the Available
devices list.

or

b. When using an existing project, set the target FPGA device by
going to the Assignments menu and selecting Device.... In the
window appears, set Stratix II GX as the Family, and choose
the EP2SGX90FF1508C3 device from the Available devices list,
as shown in Figure 3. Device listings displayed are filtered by
the fastest speed grade and 1508-pin FPGA package. The
Quartus II project name for this example design is foo.
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Refer to the Tutorial in the Quartus II Online Help for step-by-step
instructions for creating a Quartus II software project.

Figure 3. Select the Target FPGA Device in Quartus Il Software
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Analysis & Spnthesis Settings
YHDL Input
Verilag HOL Input
Default Parameters
Syrthesis Metlist Dptimizations
Fitter Settings
Physical Synthesis Dptimizations
Timing Analysis Settings
TimeGuest Timing Analyzer
) Classic Timing Analyzer Settings
Assembler
Design Assistant
SignalTap | Logic &nalyzer
Logic Analyzer Interface
Simulatar Settings
PowerPlay Power Analyzer Settings

X
e

Select the family and device you want to target for compilation.

=]

Eamiy: | Strativ || G

Device and Pin Options.

Target device

" Auto device selected by the Fitter

s Specific device selected in ‘Available devices' list
-

Ayailable devices:

Show in ‘Available devices' list

Package: FEGA o
Pin caunt: 1508 -

Speed grade: |Fastest =

Iv Show advanced devices

<

Migration compatibility

Migration Devices...

0 migration devices selected W

Bl

Cancel

In the Quartus II software, on the Tools menu point to MegaWizard
Plug-In Manager. Select Create a new custom megafunction
variation and click Next (see Figure 4). You now are looking at
MegaWizard Plug-In Manager [page 2a] (Figure 5).

Figure 4. Launch the MegaWizard Plug-In Manager

MegaWizard Plug-ln Manager [page 1]

\

‘Wihich action da you want ta perfarm?

* Create a new custom megafunction variation
" Edit an existing custom megafunction variation
" Copy an existing custom megafunction vaniation

Copyright © 1991-2007 &ltera Corporation

The Megawizard Plug-n Manager helps you create or modify
design files that contain custom variations of megafunctions.

&)

Cancel ‘ | Nesxt » |

Altera Corporation
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3.  Under Select a megafunction from the list below, click the “+” icon
to expand Interfaces. Click the “+” icon to expand Memory
Controllers and select the DDR2 SDRAM High Performance
Controller v7.2 megafunction, as shown in Figure 5.

If Memory Controllers is not listed under the Interfaces
directory, ensure that you installed the IP Library and
specified the installation directory location as a User
Library if the default location (c:\altera\ <version>\ip) was
not used.

If the controller megafunction is listed but grayed out,
ensure that the correct device family is selected in the
drop-down menu located in the top right-hand corner of
the window MegaWizard Plug-In Manager [page 2a].

Figure 5. Select the MegaCore Function

3

MesaWizard Plug-In Manager [page 2a]

‘which meagafunction would you like to customize? ‘which device family will you be Stratix || G -
ing?
Select a megafunction from the list below HERER
=48] Installed Plug-Ins ~ ‘which type of output file do vou want to create’?
Altera SOPC Builder  AHOL
+ @@ Adithmetic  VHDL
+- 8 Commurications .
+ & DSP (* “erilog HDL
: g ﬁ;tes ‘what name do you want for the output file? Browse...
- & Interfaces CADesigns\SI_GX_DDRZ_333mHz_PClehddr?_foo
+ @ AS1
+ & Ethernst

+ @& HyperTransport

- Memory Controllers

[;] DDR SDR&M Controllsr +
;] DDR SDR&M High Perfo Mote: To compile a project successfully in the Quartus | software,
1 DDR2 SDRAM Controller your design files must be in the project directary, in the global user

2 f d in the Dptions dialog box (Tools menu), or a user
|DDH2 SBRaMblighliertormance .E?Q.ﬂ'f"féf.ﬁfjin the User Libraries page of the Settings dialog

bow [Assignments menu).

I Return to this page for anather create operation

| QDRI SRAM Contraller
7] ELDRAM Il Controller 7. “r'our current user library directories are:
+ & PCI

+ @& PCl Express

+ &8 Rapid0

+ & 501

+ & Seriallite hd

Cancel | < Back | Mext » | |

4.  Select the type of output files you want the MegaWizard to create.
For this example design, select Verilog HDL.
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Specify the output file name for this megafunction variation. The
MegaWizard Plug-In Manager shows the project path that you
specified when creating the project. Append a variation name for
the MegaCore function output files <project path>\<variation name>.

Enter ddr2_foo as the variation name for this example design.

= The variation name must be different from the project
name, which is foo.

Figure 5 shows the MegaWizard after these settings have been
specified.

Click Next. This launches the Memory Settings panel, located
under the Parameter Settings tab in the MegaWizard (Figure 6). In
the Memory Settings panel, you can parameterize the DDR2
SDRAM High Performance Controller MegaCore function.

In the Parameter Settings tab of the MegaWizard Plug-In Manager,
there are three categories of parameters that you can set: Memory
Settings, PHY Settings, and Controller Settings. Start with the
Memory Settings tab, as shown in Figure 6.
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Figure 6. Controller MegaWizard — Memory Settings

. MegaWizard Plug-ln Manager - DDR2 SDRAM High Performance Controller

(s
~General Seftings
Device family: Stratic IGX [
PLL reference clock freguency: MHz (10000 ps)
Mernary clock freguency: 333.333 MHZ (3000 ps)
Local interface clock frequency:  |Halt [] (166.7 MHz)
Local interface width: Ed bits
Show in 'Memory Presets’ List Memory Preset
Farameter Value Fresets
Memory vendor ) JEDEC DDR2-B657 256Mb x6 A
Memory format ) JEDEC DDR2-B657 256Mb et
Meximum memory frequency 333333 JEDEC DDR2-BET 512Mb 16
JEDEC DDR2-B67 512Mb et
Gimoneda HY ST2TE4000HU-3-B
Micron MTSHTFGE47 28667 -
Showe All Load Preset
Selected memory preset: | JEDEC DDR2-567 255Mb x3 | [ ooty parameters..._ |
Description:  DDR2 SDRAM, 333.333MHz, 32MB, B bits wids, Discrete Device, CAS 5.0, 1 Chip Sslect

() Info: PLL will be generated with Memary clock frequency 333.3 MHz and 24 phase steps per cycle

8.  Verify that the target Device family is set to Stratix IT GX.

9. Select the Speed Grade option for the target device. Since the PCI
Express Development Board includes a -3 speed grade FPGA
device, select 3 from the drop-down list. The -3 speed grade
supports the 333-MHz DDR2 SDRAM memory interface clock rate
you intend to implement (based on the specifications listed in
Table 1 and the Stratix II GX Device Handbook).

10. Specify the PLL reference clock frequency option as 100 MHz. The
PCI Express Development Board includes a 100-MHz oscillator that
feeds the clock input pins on the bottom I/O banks of the
Stratix II GX device.

18 Altera Corporation


http://www.altera.com/literature/lit-s2gx.jsp

Example Walkthrough for 333-MHz DDR2 SDRAM Interface Using ALTMEMPHY

Altera Corporation

11.

12.

13.

14.

Specify the Memory clock frequency option as 333.333 MHz. Be
sure to specify three decimal digits for non-integer frequencies to
ensure that proper timing constraints and PLL settings are
generated. Verify that the period reported in parentheses by the
MegaWizard is accurate.

After you specify the PLL reference and memory clock frequencies,
the MegaWizard determines if valid PLL settings exists to perform
the necessary frequency synthesis. When successful, an Info message
is generated in the bottom pane of the MegaWizard (see Figure 6).

For example, in the example design presented in this application
note, the MegaWizard reports “Info: PLL will be generated with
Memory clock frequency 333.3 MHz and 24 phase steps per cycle.”
The “24 phase steps per cycle” refers to the resolution of the PLL
phase shift stepping feature available for the calibration block to
place the resynchronization clock within the data valid window.

Select the Local interface clock frequency option. You can choose
between Half and Full, which refers to the relationship between the
clock rate at the local side compared to the memory side. In half-rate
mode, the local side operates at half the memory clock frequency.
Since the full-rate mode does not support the example design’s
target memory clock rate of 333.333 MHz, select Half. The resulting
local interface frequency is 166.667 MHz.

To specify the external memory device specifications, select a
Memory Preset from the list of presets that matches your memory.
You can use the filters provided in a list to the left of the panel to sort
through the list of memory presets.

Select 333.333 from the Maximum memory frequency filter. Only
memory presets that meet that clock rate are now displayed. Since a
preset for the MT47H32M16CC-3 or MT47H64M8CB-3 device is not
available, select a preset that is most similar. Use this as a base preset
and modify as necessary.

Select the JEDEC DDR2-667 256-Mb x8 preset. Select Modify
parameters..., this launches the Preset Editor, as shown in Figure 7.

The All Parameters category is selected by default, and the current
list of settings are displayed in the Parameters section of the panel.
The cells with white backgrounds are programmable features
supported by the memory. The cells with gray background are
defining characteristics of the memory device. Changing any of these
settings creates a custom variation of the preset that you can use in
current and future designs.
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Figure 7. Preset Editor - JEDEC DDR2-667 256Mb x8

= Preset Editor E]

hemory preset.  JEDEC DDR2-667 256Mb x5 %

Parameter Categories

Category

Mermory Attributes
bemary Initialization Cptions
Memmary Tirming Parameters

Shaded parameters represent the defining characteristics of this memory device.

Modifying ahy of the shaded parameters will result in the crestion of & custom preset.

Parameters
Parameter Wallie Units:
Dutput clock pairs from FPOGL, 1 pairs A3
Mermary chip selects il bit=
bdemary D weicth =3 hits
Mermary burst lencgth 4 beats
Memmary burst ordering Secuertial
Enshile the DLL in the memory devices b= W
Mermory drive strencgth setting Morrnal
Memory on-die termination (ODT) setting Disabled ohin
Mermory CAS latency setting S0 cycles
Mefmary vendar JEDEC
Mermary format Dizcrete Device
Maimuen memory freguency 333.333 MHz
Column address width 10 hit=
Rowe address wicth 13 bits
Bank address width 2 it LS

15. Modify the parameters listed in the Preset Editor dialog box to
match the specifications from the Micron MT47H32M16CC-3 and
MT47H64M8CB-3 datasheet.

a. Select the Memory Attributes category and make the
modifications shown in Figure 8.

b. Change Memory vendor from JEDEC to Micron.

c. Change Output clock pairs from FPGA from 1 to 3. The PCI
Express Development Board shares one pair of CK/CK# clock
outputs for every two x16 DDR2 devices and drives one pair of
CK/CK# clock outputs to the x8 DDR?2 device, so the 72-bit
interface needs three pairs of CK/CK# outputs.
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d. Change Memory DQ width from 8 to 72 since you are
implementing a 72-bit DDR2 interface.

e. Change Maximum memory frequency for CAS latency 3.0 to
200.000 MHz based on the specifications from the Micron
datasheet.

f.  Similarly, change Maximum memory frequency for CAS
latency 4.0 to 266.667 MHz.

Figure 8. Preset Editor — Micron Memory Attributes

= Preset Editor

X

Memory preset:  Custorn (JEDEC DDR2-BE67 25600 x8)

Parameter Categorie

Category

Al Paratneters

Metmory Attributes

hemory Intislization Options
Metmory Timing Parameters

Shaded parameters represent the defining characteristics of this memory device.
Modifying any of the shaded parameters will result in the crestion of a custom preset.

~Parameter
Parameter Walue Unit=

Memory vendar Micron
hemory format Dizcrete Device
Maxirnum memory fregquency 333333 MHz
Column address width 10 hit=
Ry adddress wicth 13 hits:
Eiank address width 2 hit=
Cutput clock pairs from FRGA 3 s
Chip selects per Dikibd 1 hits
Metmory chip selects 1 bits
Dy bits per DRS bit (=3 bits
Metmory interface DG width 72 bits
Precharge address bit 10 bit
Drrive DM ping from FPGA =3
Maxirmun memory frequency for CAS latency 3.0 200.000 MHz
Maxirnumn memory frequency for CAS latency 4.0 266 BET MHz
haximum memary frequency for CAS latency 5.0 333333 fiHz
Maxirmun memory frequency for CAS latency 6.0 333333 MHz
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g. Select the Memory Initialization Options category shown in
Figure 9. Verify that the Memory on-die termination (ODT)
setting is set to Disabled since the Stratix I GX PCI Express

Board features external termination on all memory interface
signals.

Figure 9. Preset Editor — Micron Memory Initialization Options

= Preset Editor @

Memory preset:  Custorn (JEDEC DDR2-BE67 25600 x8)

Parameter Categories

Category

All Parameters

Memaory Aftributes

Metmory Intislization Options
temory Tiring Parameters

Shaded parameters represent the defining characteristics of this memory device,

Modifying any of the shaded parameters will result in the crestion of a custom preset.

Parameters

Parameter Walue Units
hdemary burst length 4 beats
Memory burst ordering Sequertial
Enable the DLL in the memary devices Yes
tdemoary drive strength setting Marrmal
Metmory an-die termination (00T setting Dizakled hirn
Memory CAS latency setting 5.0 cycles

h. Select the Memory Timing Parameters category and make the

modifications based on the Micron datasheet shown in
Figure 10.
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- Preset Editor

Memory preset.  Custom - PCle SIGX (JEDEC DDR2-B6T 2560 x8)

Patameter Categories

Figure 10. Preset Editor — Micron Memory Timing Parameters

Category

Al Parameters

Memary Sttributes

Memary Inttislization Cptions
Memmary Timing Paratmeters

Shaded parameters represent the defining characteristics of this memaory device.

Macifying any of the shaded parameters will result in the crestion of & custom preset.

Parameters
Parameter Walug Units

Memnary inttialization time at poswer-ugp CHNT) 200 LS
Load tnode registet command period (BMRD) £ =
Active to precharge time (tRAS) 40 ris
Active to readfeerite time tRCD) 15 =
Precharge command period (tRF) 15 ris
Refresh commatd interval (EREFD TE =)
Auto-refresh command interyval ((RFC) 105 ris
Write recovery time (VR 15 =
Wirite to read period (TR 3 k.
DG output sccess tire from CHACKR (TAC) 450 ps
D2 anct DM input 2etup time relative to DES (DSA) 345 =3
DG aicd DM inpt hold time relative to DES 0HA) 285 ps
DS output access time from CHACKE (DRSCH) 400 [k
DGS-0e skewy for DES and associated DG signals (DESE) 240 ps
Firt latching edge of DQIS to associEted clock edoe, + ar - (DESE) 0.23 k.
OGS falling edoe hold time fromm CH DSH) 0.2 oK
DS faling edoe to CK 2etup time (0S5 0.2 k.
Aoddress and command input setup time 154 200 ps
Address ahd command input hold time GHA) 275 s
DG hold skee factor (PAHS) 340 ps

i.  Change tRAS from 45 to 40 ns.

j-  Change tREFI from 7 to 7.8 us.

k. Change tRFC from 75 to 105 ns.

De-rate the data setup and hold requirements based on FPGA
output edge rates and DQS strobe type. The Stratix II GX device
only supports single-ended DQS strobes and has typical edge
rates of approximately 1 V/ns. The de-rated timing
requirements for this edge rate and strobe type are 345 ps setup
time and 285 ps hold time, as specified in the Micron datasheet.
You need to verify these typical edge rates for each system
using board-level simulations.
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m. Change tDSA from 100 ps to 345 ps. Change tDHA from

P.

175 ps to 285 ps.

Similarly, de-rate the address and command setup and hold
requirements based on the FPGA output edge rate.

Click Save As... and save this custom memory preset as
Custom — PCIe SIIGX (JEDEC DDR2-667 256Mb x8).

The presets are stored in the MegaCore \lib directory by default
(for example,
<quartus_installation_directory>\ip\ddr2_high_perf\lib) and are
available for use in future projects. If you save your custom
memory preset in a different directory, you can use the Load
Preset... feature in the Memory Settings panel to target that
memory device (Figure 6 on page 18).

Click OK to return to the Memory Settings panel.

16. You have now specified all the memory settings. Click Next to

specify the PHY settings (Figure 11).
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Figure 11. Controller MegaWizard — PHY Settings

= MegaWizard Plug-In Manaper - DDR2 SDRAM High Performance Controller

“ DDR2 SDRAM High Performance Controller

EEX

g > Cantroller Settings 3
Advanced PHY Settings
[] Use dedicated PLL outputs o drive memary clocks

Dedicated memmory clock phase:

[] Erabls external access to reconfigurs PLL prior ta calibration

] Instantiate DLL externally

AddressiCommand Clock Settings
Clock phase: 90 -

Dedicated clock phase:

Board Titing Parameters
Board skew: ps
Auito-Calibration Simulstion Options
) Calibrats using a single DS pin only to reduce simulation tine (recommendsd)
7 Calibrate using =l D pins to metch the hardware behavior exactly
(will result in much langer simulation time)
Dynatiic Deskew

[ Enable dynamic deskew

(T Info; PLL will be generated with Memory clock frequency 333 3 MHz and 24 phase steps per cycle

17. In the Advanced PHY Settings section of the PHY Settings panel,
you can enable certain advanced features of the PHY.

a. For designs targeting HardCopy II devices, enable the Use
dedicated PLL outputs to drive memory clocks feature and the
Enable external access to reconfigure PLL prior to calibration
feature. These options are not enabled for the Stratix II GX
example design presented in this application note.

b. For designs sharing DLLs across multiple memory interfaces,
enable the Instantiate DLL externally option. This option is not
enabled for the single memory interface example design.
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c. Observe the Clock phase setting used to generate the address
and command signals output to the memory. The choices
available for Stratix II, Stratix II GX, and Arria GX devices are 0,
90, 180, and 270 degrees of offset from the full-rate clock
(mem clk 2x)used to generate the CK/CK# signals. These
clock phases are generated using the rising and falling edges of
themem clk 2xandwrite clk 2x clocks of the
ALTMEMPHY megafunction. You can alter the default clock
phase of 90 degrees selection to optimize timing margins for the
address/command timing path.

18. Specify the Board skew (in picoseconds) across all memory
interface signals in your design, in the Board Timing Parameters
region of the PHY Settings panel. The specified skew is across all
memory interface signal types including data, strobe, clock, address
and command, and is used to generate the PHY timing constraints
for all paths.

19. Choose the Auto-Calibration Simulation Options for your design.
The recommended setting is Calibrate using a single DQ pin only
to reduce simulation time. This setting only affects functional
simulation.

20. You have now specified all the PHY settings. Click Next to specify
the controller settings (Figure 12).
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Figure 12. Controller MegaWizard — Controller Settings

= MegaWizard Plug-In Manager - DDR2 SDRAM High Performance Controller

DDR2 SDRAM High Performance Controller

BE
[ oo

M ngs > PHY Settings » [ Contraller Settings | 3
Local Interface Settings

[] Enabale error detection and correction logic
[ Enable user-cortrolled refresh

Local Interface Protocal

3 Native interface @) Avalon Memory-Mapped infer face

() Info: PLL will be generated with Memory clock frequency 333.3 MHz and 24 phase steps per cycle

21. Specify your preference in the Local Interface Settings in the
Controller Settings panel.

[l'=~  The example design uses the defaults options and therefore no
changes are required on this panel.

a. Select the Enable error detection and correction logic option to
enable ECC.

b. Check the Enable user-controller refresh feature if you wish to
optimize latency by controlling when the controller issues
refreshes to the memory.

c.  Select the Local Interface Protocol for the memory interface.
The default interface is the Avalon Memory-Mapped Interface
that allows you to easily connect to other Avalon®
Memory-Mapped peripherals.
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For more information about the Avalon Memory-Mapped interface, refer
to the Avalon Memory-Mapped Interface Specification.

22. You have now specified the controller settings. Click Next.
23. In the EDA tab of the MegaWizard shown in Figure 13, enable the

Generate Simulation Model option. Choose between the Verilog
HDL or VHDL language options and click Next.

Figure 13. Controller MegaWizard — EDA Page

MegaWizard Plug-In Manager - DDR2 SDRAM High Performance Controller EHE\

“ DDR2 SDRAM High Performance Controller

Megators

Simulation Libraries

To properly simulste the generated design files, the following simulstion model file(s) are needed

File | Description |

altera_mf Attera megatunction simulation library ~|
220mackel Aftera LPM version 2 2.0 simulation library J
sgate 1P functionsl simulation library bz

An P functional simulation model is & cycle-accurate WHDL or Werilog HDL mocel produced by the Guartus | software, The model allows for fast
functional simulation of IP using industry-standard YHDL and Yerilog HOL simulators.

Only use these models for simulation and expressly not for synthesis or any other purposes. Using these models for syrthesis creates a
nonfunctionsl design.

M Generate simulation mocel

Timing and Resource Estimation

If you are synthesizing your design with = third-party ED&, syrthesis tool, you can generate a netlist for the syrthesis tool to estimate timing and
resource usage for this megafunction

[] Generate netiist

() Info: PLL will be generated with Wemory clock frequency 333.3 MHz and 24 phase steps per cycle

24. You have now fully parameterized the PHY and memory controller.
The Summary tab, shown in Figure 14, allows you to select optional
files that the MegaWizard can generate for you. Click Finish to
generate the megafunction variation.
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Figure 14. Controller MegaWizard - Summary Page

= MegaWizard Plug-In Manager - DDR2 SDRAM High Performance Controller

“ DDR2 SDRAM High Performance Controller

Magocors”

EE6

Summary

Turn on the files you wish to generate. & gray check box indicates a file that is autometically generated, all other files are optional. Click Finish
to generate the selected files . The MegayWizard Plug-In Manager creates the selected files in the following directory:
C:\DetaiProjects'? Ziarun_328

Additional files may be generated. Please see the MegaCore function report file for a complete list of generated fies

FILE Description
ddr2_foo.v “ariation file
dor2_foo bsf Guartus | syrmbol file

[ de2_foo crip
& de2_foo_bb v
& ddr2_foo bt

WHDL component declaration file
“erilog HDL black-box file

WegaCore function report file

() Info: PLL will be generated with Wemory clock frequency 333.3 MHz and 24 phase steps per cycle

25. The MegaWizard generates all the files necessary to constrain,
compile, simulate, and timing analyze your memory interface
design. Figure 15 shows the messages printed by the MegaWizard
while generating your megafunction variation. This dialog box also
provides recommendations about applying constraints on your
design. These messages are described in the section “Step 3: Add
Constraints” on page 31.
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Figure

15. MegaWizard Messages and Constraint Recommendations

- Generation - DDR2 SDRAM High Performance Controller 7.2 E_'E'E'

; Generating the Example Design.

: Generating the Pin Planner file.

: Generating the Functional Simulation Model

: Generating the Synopsys Design Constraints file.

; Generating the Timing Report script.

: Generating the ALTPLL Megafunction instance.

; Generating the ALTMEMPHY Megafunction instance.

: Generating the ALTPLL_RECONFIS Megafunction instance.
: Generating the Functional Simulation Model

: Before cornpiling your wariation in Guartuz 1|, you should follow: these steps:

;- Enable TimeGuest under Settings, Timing Analysis Settings.

;- Add the ddr2_foo_phy _ddr_timing zdc file to your Quartus || project.

;- A 00 Standard sssignments by running the ddr2_foo_pin_sssignments tol script.

;- Set the Default 1D standard to match the memary interface 10 standard sefting.

;- Turn on Optimize hold timing and select A paths in the Guartus 1| Fitter Seftings.

;- Pleaze make sure that addressicomimand ping are placed on the same edge as the CHACKA pins.
;- Set the top level entity of the project to ddr2_foo_example_top.

the L far mo

Generation Successtul

Exit

You have now successfully instantiated the PHY and controller in your

design.

Table 4 is a partial list of the files generated by the DDR2 SDRAM High
Performance Controller MegaWizard and content descriptions.

Table 4. Files Generated by the Controller MegaWizard (Part 1 of 2)

File Name

Description

<variation_name>.v(hd)

MegaCore variation file.

<variation_name>_example_top.v(hd)

Example top-level design file that can be simulated,
synthesized, and used in hardware. Instantiates the
PHY, controller, and a driver.

<variation_name>_example_driver.v(hd)

Example driver (self-test module) that issues reads
and writes to the controller to check functionality.

<variation_name>_ddr_timing.sdc

Sets timing constraints for the ALTMEMPHY
megafunction instance.

<variation_name>_pin_assignments.tcl

Adds I/O standard settings for all memory interface
pins, and adds output enable group assignments to
ensure VREF rules are met when the design contains
input/bi-directional pins.

<variation_name>_phy_report_timing.tcl

Generates a detailed timing report for all timing paths
in the ALTMEMPHY instance.

30
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Table 4. Files Generated by the Controller MegaWizard (Part 2 of 2)

File Name

Description

<variation_name>_auk_ddr_hp_controller_wrapper.
vo or .vho

Verilog HDL or VHDL functional simulation model of
the memory controller.

<variation_name>_phy_alt_mem_phy_sequencer_
wrapper.vo or .vho

Verilog HDL or VHDL functional simulation model of
the memory interface PHY.

testbench\<variation_name> _example_top_tb.v or
.vhd

Verilog HDL or VHDL testbench for functional
simulation with memory controller, PHY, and memory
model.

Step 3: Add Constraints

All memory interface designs require timing constraints and I/0O
assignments (including I/O standard, output pin loading, termination,
drive strength, and pin location assignments). Most of these constraints
are generated for you by the MegaWizard Plug-In Manager. The
MegaWizard Generation dialog box (Figure 15 on page 30), provides
instructions on how to apply these constraints to your design.

To apply all necessary constraints to your design, follow these steps:

1. Inthe Quartus Il software, on the Assignments menu, click Settings.

2. On the left side of the Settings dialog box, under the Category list,
click Fitter Settings. The Fitter Settings panel appears.

3. In the Fitter Settings panel, turn on the Optimize hold timing
option. On the drop-down menu next to the option you have just
enabled, select All paths, as shown in Figure 16.

e

For ALTMEMPHY designs targeting memory clock

frequencies of 267 MHz and above, select the Standard Fit
option under the Fitter effort section of the Fitter Settings
panel. This option optimizes placement of the

resynchronization and postamble registers in such designs.

4. Click OK.

Altera Corporation
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Figure 16. Fitter Settings for Memory Interface Designs

Settings - foo

Categony:

)

+

General
Files
Libraries
Device
Operating Settings and Conditions
Yoltage
Temperature
Compilation Process Settings
Early Timing Estimate
Incremental Compilation
EDA Tool Settings
Analysis & Syrthesis Settings
YHOL Input
Yerilog HOL Input
Default Parameters
Synthesis Metlist O ptimizations
Fitter Settings
Physical Synthesis Optimizations
Timing Analysis Settings
Timeluest Timing Analyzer
+- Classic Timing Analyzer S ettings
Agsembler
Design Assistant
SignalTap I Logic Analyzer
Logic Analyzer Interface
Simulator Settings
PowerPlap Power Analyzer S ettings

5]

Specity optians for fiting

Timing-driven compilation

@ Opiics i T G |

[~ Optimize fast-cormer timing

PowerPlay power aptimization: ‘Nmma\ compilation j

Fitter effart
& Standard Fit [highest effort)
€ Fast Fit [up to 507 faster campilation / may reduce frmax]

© Auto Fit [reduce Fitter effort after meeting timing requirements)
[ Limit ko one fitting attempt

Seed: |1
More Settings...

Dscriptin:

llows the Fitter to optimize hold time by adding delay to the appropriate paths. The Optimize ~
Timing option must be turmed on in order for this option to work. If you are using the Classic

Timing Analyzer and specify the 170 Paths and Minimum tpd Paths setting, which is the default
setting, the Fitter optimizes haold timing only for the following assignments: th assignments from — «

Enable the TimeQuest Timing Analyzer. On the Assignments menu,
click Settings. The Settings dialog box appears.

In the Settings dialog box, under the Category list, click Timing
Analysis Settings. In the panel that appears to the right, select Use
TimeQuest Timing Analyzer during compilation, as shown in

Figure 17.
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Figure 17. Enable TimeQuest Timing Analyzer

Settings - foo

Categony:

#

#

General
Files
Libraries
Device
Operating Settings and Conditions
Yoltage
Temperature
Compilation Process Settings
Early Timing Estimate
Incremental Compilation
EDA Toal Settings
Analysis & Syrihesis Seltings
WHOL Input
Werlog HOL Input
Default Parameters
Synthesis Metlist Optimizations
Fitter Settings
Physical Synthesis Optimizations
Timing Analysis Settings
TimeQuest Timing Analyzer
#)- Classic Timing Analyzer Settings
Agzembler
Design Assistant
SignalTap Il Logic Analwzer
Logic Analyzer Interface
Simulator Settings
PawerPlay Power Analyzer 5 ettings

Timing Analysis Settings

Specify whether to use the TimeQuest Timing Analyzer or the Classic Timing Analyzer as the default
timing analysis tool. The TimeGuest analyzer requires a Synopsys Design Constraints File [SOC)
containing timing constraints or exceptions.

Timing analpsis processing
& Use TimeQuest Timing Analyzer during compllall%w
" Use Classic Timing Analyzer during compilation

Description:

Specifies whether you want to use the TimeQuest Timing Analyzer ar the Classic Timing
Analyzer as the default timing analysis tool. The TimeCQuest analyzer requires a Spnopsys
Diesign Constraints File (SDC) containing timing constraints of exceptions,

Cancel

Under the list Category, click the “+” icon next to Timing Analysis
Settings and select Time Quest Timing Analyzer.

Add the Synopsys design constraints .sdc file,
<variation_name>_phy_ddr_timing.sdc, to your project. This file
contains all the timing constraints for the PHY. Browse to the .sdc
file, select it and click Add. The file name appears in the .sdc file list.

Click OK (see Figure 18).

The .sdc timing constraints file is not added to the Quartus II

software project automatically, and must be manually included
in the project during compilation for successful timing closure
and operation.
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Figure 18. Add Timing Constraints (SDC)

Settings - foo

Categary:

General
Files
Libraries
Device
= Operating Settings and Conditions
Woltage
Temperature
= Compilation Process Setiings
Early Timing E stimate
Incremental Compilation
= EDA Tool Settings
Design Entr/Spnthesis
Simulation
Timing Analysis
Fomal Werification
Physzical Synthesis
Board-Level
= Analysis & Spnthesis Setiings
WHOL Input
Werilog HOL Input
Deefault Parameters
Synthesiz Metlist Optimizations
=l Fitter Settings
Physzical Synthesis Optimizations
= Timing Analysis Settings
TimeQuest Timing Analyzer
# Clagsic Timing Analyzer Settings
Agzembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
Simulator Settings
PowerPlay Power Analyzer Settings

#

TimeQuest Timing Analyzer

Specify TimeGQuest Timing Analyzer options.

5DC files to include in the project

5D flename: [=]
_ _ Berore|

File name Tupe

Iv Enable multicomer timing analysis during compilation
[ Report worst-case paths during compilation

Tel Seript Fil for custamizing reports duting compilation

Tel Seript File name:

Description

Associates a Spnopsys Design Constraint File [.sde) with this project.

Cancel

10. Set the top-level entity to the example project:

a.  On the File menu, click Open.

b. Browse to <variation_name>_example_top.v(hd) file and click

Open.

c.  On the Project menu, click Set as Top-Level Entity.

If you are not using the example design, but instead are
implementing the DDR2 SDRAM interface in your own top-level
Quartus II software project, instantiate the <variation_name>.v(hd)
module in your design and continue with the design flow.

11.  On the Processing menu, point to Start and click Start Analysis &
Synthesis. This step ensures your designs files are in order and
creates a list of nodes that can be accessed to create design

constraints.

12. Add the I/O assignments.
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a. TheI/O standard and output enable group assignments are
specified in the <variation_name>_pin_assignments.tcl file.

If your design uses the default top-level pin names for memory
interface signals as in this walkthrough (names that start with
the “mem_” prefix, such as mem dg and mem dgs), select

Tcl Scripts... from the Tools menu.

b. In the Tcl Scripts dialog box, select
<variation_name>pin_assignments.tcl.

c. Click Run, as shown in Figure 19.

Figure 19. Add 1/0 Assignments

Tcl Scripts _

Libraries: s

= & Project

PR dde2_foo_phy_ddr_pins Open File

L8 ddr?_foo_phy_report_timing

! C Add to Tel Toolbar
EE cfaleral uartus/commandtcl/ apps/guid
BIE diw Cancel
bha dbe

L dbw_timing_analysis

Preview

Set_instance assigmwent —neme IO STANDARD "33TL-15 CLASS II" -to mem dg[O] R
Set_instance_ assignmwent -name OUTFUT_ENAELE GROUP 56260231 -to mem deg[0]
Set_instance assignwent -nsme IO STANDARD "33TL-18 CLASS II" -to mem dg[l]
Set_instance_assignment -nsme OUTFUT_ENAELE GROUP 56260231 -to mem dg[i]
set_instance_assignment -name IO STANDARD "33TL-18 CLASS II" -to mem dg[2]
Set_instance assignment -name OUTPUT_ENABLE GROUP 56260231 -to mem deg[2]
Set_instance assignment -name IO STANDARD "S3TL-15 CLASS IIM -to mem do[3]
Set_instance assignment -name OUTPUT _ENABELE GROUP 56260231 -to mem do[3]
Set_instance assignment -name IO STANDARD "S3TL-18 CLASS II™ -to mem dog[4]

If you are not using the default pin names and wish to add a
unique prefix to memory interface pin names (this is
recommended when implementing multiple controllers on the
same device), use the Pin Planner file generated by the
MegaWizard to import pin assignments.

e Inthe Quartus II software, on the Assignments menu, click
Pin Planner. In the Pin Planner, edit your top-level design
to add a prefix to all DDR2 SDAM interface signal names.
For example, change mem_addr to corel_mem_addr.

*  On the Assignments menu, click Pins. Right-click in the
window and click Create/Import Megafunction. Select
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Import an existing custom megafunction and navigate to
<variation_name>.ppf.

e Type the prefix that you added to your top-level DDR2
SDRAM interface signal names into the Instance name
dialog box and click OK.

Add the I/0 pin location assignments.

Use the Pin Planner feature or the Assignment Editor to create
pin location assignments for all memory interface signals. You
can choose which DQS pin groups should be used by assigning
each DQS pin to the required pin. The Quartus II Fitter then
automatically places the respective DQ signals onto suitable DQ
pins within each group. Alternatively, you can manually specify
all DQ and DQS pins to align your project with your PCB
requirements.

Create pin assignments for the PLL reference clock pin,
clock source, and the reset pin, global nreset. Also,
when using this example design, create pin assignments for the
test complete and pnf (pass not fail) signals.

“Appendix A: Stratix I GX PCI-Express Development Board Pin
Assignments” on page 105 contains the list of memory interface
pin names and locations for the Stratix II GX PCI Express
Development Board.

Add the output pin load assignments. The loading for the
various output and bi-directional pins on the Stratix II GX
board are as follows:

e Two of the CK and CK# clock pairs have two loads =
2 x 2 pF = 4 pF. The third CK/CK# clock output pair that
drives the x8 DDR2 devices has one load = 2 pF.

e DQ and DQS pins (one load) = 4 pF

*  Addr/Cmd pins (five loads) =5 x 2 pF = 10 pF

Add Termination or Current Strength assignments. The
default Altera recommendations for termination settings are:

e Series 25 Ohms without Calibration for the bi-directional
DQ and DQS signals.

*  Series 50 Ohms without Calibration for all output pins
including DM, address, command, and clock signals.
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Altera recommends using the memory’s on-die termination
(ODT) feature when it is suitable for your system; however, the
Stratix IT GX PCI board features external termination on the
memory side for all memory interface signals. Therefore, this
example does not use memory ODT Qor the FPGA on-chip
termination features. Instead, the example design uses the
SSTL-18 Class 11/0O standard along with the Maximum
Current strength for all signals (including DQ and DQS).

After executing the <variation_name>_pin_assignments.tcl file,
use the Assignment Editor to make the following changes:

e Replace the SSTL-18 Class II I/O standard setting on all
DQ and DQS pins (named mem_dg and mem_dgs) with the
SSTL-18 Class I setting.

®  Delete the Termination setting of Series 50- or 25-Ohms
without Calibration on all the DQ, DQS, DM, and CK/CK#
pins (named mem dqg, mem dgs, mem dm, mem clk,
and mem clk_n).

e Add a Current Strength assignment set to Maximum
Current for all DQ, DQS, DM, and CK/CK# pins.

You should perform board simulations to validate if these
recommendations are optimal for your system. Refer to “Step 8:
Perform Board-Level Simulations to Verify Design Constraints”
on page 103 for more information.

The drive strength feature is unavailable on the FPGA device
when the OCT feature is enabled. If board simulations indicate
that the OCT setting is not appropriate for your system, use
simulations to determine the optimal drive strength setting and
add that constraint to your Quartus II project.

The pin location and output pin load assignments for the Stratix Il GX PCI
Express Board can be imported:

1.

In the Quartus II software, on the Assignments menu, click Import
Assignments....

When the Import Assignments dialog box appears, click the ...
button to browse for the file (located in the downloadable example
design archive shown in Figure 20)
AN328_ALTMEMPHY_Assignments.CSV and select it.
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This file also includes pin assignments for the clock source, test
complete, and pass/fail signals used by the top-level example design
file, as well as assignments to reserve unused DDR2 memory pins
(A13, A14, and BA?2) as Outputs Driving Ground.

I'=~  The termination and other I/O settings used in the example
design are also listed in “Appendix A: Stratix II GX PCI-Express
Development Board Pin Assignments” on page 105.

Figure 20. Import CSV Assignments

Import Assignments ﬁ‘

Specify the gource and categaries of azsignments to impart. Click LogicLock Impart File Assignments
to zelect LogicLock Import File(z).

Assignment source

% File name: |f’ANEZB_ALTMEMF'HY_Example}ANBZE_ALTMEMPHY_Asslgnments i Q

. . . Advanced...
" Use LogicLock Import File Assignments

v Copy existing assignments into foo.gsf.bak before importing

Cancel

You have now applied all the required design constraints for this memory
interface design.

Step 4: Perform RTL/Functional Simulation (Optional)

You can simulate the memory interface with the MegaWizard Plug-In
Manager-generated IP functional simulation model. You should use this
model in conjunction with your own driver or the testbench generated by
the MegaWizard that issues read and write operations and a memory
model.

Use the functional simulation model with any Altera-supported VHDL or
Verilog HDL simulator. This walkthourgh uses the ModelSim® Altera

edition software to perform the simulation.

To set up RTL simulation in the Quartus II software using NativeLink®,
follow these steps:

Get the Memory Simulation Model
1. Generate the IP functional simulation model.
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You requested Verilog HDL models to be generated during the
instantiate PHY and controller design flow step, described in “Step
2: Instantiate PHY and Controller in a Quartus II Project” on page 56.
Figure 13 displays the results of your request.

The MegaWizard Plug-In Manager also generated a Verilog HDL
testbench for the example design named
ddr2_foo_example_top_tb.v, which is located in the testbench
directory under the project directory.

Obtain and copy the memory model to a suitable location; for
example, the testbench directory.

The Altera DDR2 SDRAM High-Performance Controller MegaCore
automatically creates a generic memory model called
<variation_name>_mem_model.v

You can use Altera’s generic memory model for functional
simulation, or use the memory model provided by your memory
vendor. If you choose to use Altera’s generic model, directly proceed
to step 10 in the “Setup Simulation Options in the Quartus II
Software” on page 42.

For this example design, obtain the ddr2.v and ddr2_parameters.vh
memory model files from the Micron website and save them in the
testbench directory.

Prepare the Simulation Model

Open the ddr2.v memory model file in a text editor, and add the
following define statements to the top of the file:

‘define sg3
‘define x8

The two define statements prepare the DDR2 SDRAM memory
model. The first statement specifies the memory device speed grade
as -3. The second statement specifies the memory device width per
DQS. This simulation uses the memory in the x8 mode (instead of the
x16 mode).

Save the ddr2.v file.

Open the ddr2_parameters.vh file, and search for the ADDR_BITS
parameter definition. You will find instances of this parameter, one
for x4, x8, and x16 bit wide interfaces. Change the ADDR BITS
parameter for the x8 interface from 14 to 13, since the example
memory controller only uses 13 address bits.
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‘else ‘ifdef x8
parameter ADDR BITS = 13; // MAX Address Bits

Instantiate the Memory Model in the Testbench
6. Open the ddr2_foo_example_top_tb.v testbench in a text editor.

The testbench instantiates the example design
(ddr2_foo_example_top) and a generic DDR2 SDRAM memory
(ddr2_foo_mem_model) module, and connects the memory
interface signals appropriately. Before running the simulation, you
need to edit the testbench to use the downloaded Micron memory
model.

7. Locate and delete the following instance of the generic memory
model in the testbench. Note that the START and END MEGAWIZARD
comments must also be deleted to ensure the MegaWizard does not
overwrite the changes when the controller megafunction is
regenerated.

// <<START MEGAWIZARD INSERT MEMORY ARRAY
//This will need updating to match the memory models
//you are using.

//Instantiate a generated DDR memory model to match the
//datawidth and chipselect requirements

ddr2 foo mem model mem (
:ﬁem;aq (ﬁem_dq),
.mem dgs (mem dgs),
.mem addr (a_delayed),
.mem ba (ba delayed),
.mem clk (clk to ram),
.mem clk n (clk to ram n),
.mem cke (cke delayed),
.mem ras n (ras n delayed),
.mem _cas n (cas n delayed),
.mem we n (we n delayed),
.mem dm (dm delayed),
.mem_odt (odt delayed)

);

// <<END MEGAWIZARD INSERT MEMORY ARRAY

8. Instantiate the first instance of the Micron ddr2 memory model as
follows:

ddr2 memory O (
.ck (clk to ram),
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.ck n (clk to ram n),
.cke (cke delayed),

.cs n (cs_n delayed),
.ras n (ras n delayed),
.cas n (cas n delayed),
.we n (we n delayed),

.dm rdgs (dm delayed([0]),
.ba (ba delayed),

.addr (a delayed),

.dg (mem dq[7:0]),

.dgs (mem dgs([0])
.dgs n (),

.rdgs n (),

.odt (odt delayed),

4

Note the ports of the ddr2 module are in lower-case. Since

Verilog HDL is case sensitive, ensure that the port names use lower
case. Also note that the ddr2 module uses port names that are
different from the generic Altera DDR2 model.

9. Similarly, create the other eight instances of the ddr2 module. Note
that the DQ, DQS, and DM bus indices are different for each
instance. For example, the second x8 memory instance should
match the following;:

ddr2 memory 1 (
.ck (clk:to_ram),
.ck n (clk to ram n),
.cke (cke delayed),
.cs n (cs_n delayed),
.ras n (ras n delayed),
.cas n (cas n delayed),
.we n (we n delayed),
.dm rdgs (dm delayed[1l]),
.ba (ba delayed),
.addr (a delayed),
.dg (mem dq[15:8]),
.dgs (mem dgs([1l]),
.dgs n (),
.rdgs n (),
.odt (odt delayed),
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Setup Simulation Options in the Quartus II Software

10. Save the modified testbench file. Check that the absolute path to
your third-party simulator executable is set. On the Tools menu,
click Options.

11. Under the Category list, select EDA Tools Options, as shown in
Figure 21. The default path is

C:\<version>\modelsim_ae\win32aloem .

12. Click OK.

Figure 21. Set Path to ModelSim Altera Edition Software

Categony:

= General Lol EDA Tool Dptions

ED& Tool Options
Intemet Connectivity MativeLink options
License Setup
Processing
Global User Libraries [All Projer EDA Tool Location of Executable
Azsignment Editor LeonardaSpectrum < double-click to change path »
Colors Precision Synthesis < double-click to change path »
Fonts g_unp:!;y . < SDUE:E-C:!C: :n c:ange pa:h >
nplify Pro < double-click to change path >
=) Block/Symbol Edior A‘gllSa-yHDL < double-click to change Ealh >
Eolors MadelSim < double-click to change path >
Fonts MadelSim-dltera C:haltera'7? 2vmodelsim_aehwind2aloem
Chip Planner MCSim < double-click to change path >
Colors
Fonts
LogicLock Regions Window
=1 Memary Editar
Forts
Messages
Suppression
Colors =
Fonts
=1 Netlist Viewsrs
ATL Yiewer [~ Use NativeLink with a Spnplify/Synplity Pro node-locked icense
Colors
Fonts
Fin Planner
Fonts
PFrogrammer
=1 Report Window
Colors
Fonts

Specify the location of the Nativelink executable for each third-party EDA, toak

13. On the Assignments menu, point to EDA Tool Settings and select
Simulation. The EDA Tool Settings panel appears.

14. Under the list Category (left-hand side of the panel) click the “+”
icon next to EDA Tool Settings.

15. Select Simulation.
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16.

In the Simulation panel, from the Tool name drop-down menu,
select the ModelSim-Altera simulator. Under the EDA Netlist
Writer options section, on the drop-down menu beside Format for
output netlist, select Verilog. In the NativeLink settings section of
the Simulation panel, select Compile test bench and click Test
Benches..., as shown in Figure 22.

Figure 22. EDA Simulation Settings

Settings - foo

Category,

X

e

Files

Libraries Specify options for generating output files for use with other EDA tools,

Device

Operating Settings and Conditions Tool name ‘ModelSlm—Altera j
Vallage
Temperature I Run gate-level simulation automatically after compilation

Compilation Process 5 ettings
Early Timing E stimate EDA Netlist “wiiter options

EDAT;ZTST:SLQE?"DII‘E"D” Format for autput netlist: | Verilog - Time gcale: |1 ps -
Design E ntip/Synthesis Output diectory: [simulaion/modelsim [=]

Timing Analysis I~ Mapillegal HOL characters I~ Enable gitch fitering

Farmal Verification Options for Power Estimation

Physical Syrithesis B Bt e s (e s
BoardLewvel

Analysis & Synthesis Settings ‘
WHDL Input
Werilog HOL Input

Default Parameters More Sedtings.

Synthesis Netlist Optimizations

Fitter Settings Mativelink settings
Physical Synthesis Dptimizations " Mone
Tirning Analysis Settings % Compile test hanch Test Benches...
TimeQuest Timing Analyzer
#1- Classic Timing Analyzer Settings I~ Use script to set up simulation |
Agsembler
Design Assistant € Script to compike test bench: |

SignalTap || Logic &nalyzer

Logic Analyzer Inteiface Reset

Simulatar Settings

PowerPlay Power Analyzer Settings Cancel

17.

18.

19.

20.
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In the Test Benches dialog box, click New.

In the New Test Bench Settings dialog box, enter a name in the Test
bench name field, as shown in Figure 23. For this example design,
enter ddr2 foo rtl sim.

Enter a name in the Top level module in testbench field, for
example, ddr2 foo example top tb.

Enter the Design instance name in test bench as dut since that is

the instance name used to instantiate ddr2 foo example topin
the testbench.
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21.

22.

23.

24.

25.

Select the End simulation at option under the Simulation period
section. In the first field enter 500. Select us from the unit
drop-down menu beside the first field.

Add the testbench files. In the File name field, browse to the
location of the memory model and the testbench and select it. In this
design example, use the Micron memory model file named ddr2.v. If
you are simulating with Altera’s generic memory model select the
<variation_name>_mem_model.v file instead of the Micron model.

Click OK.
Click Add.
Figure 23 shows the fully populated New Test Bench Settings

dialog box. Click OK twice to save the EDA simulation settings for
your project.

Figure 23. New Test Bench Settings Window

New Test Bench Settings @

Create new test bench settings.

Test bench name: |ddr2_f00_lt|_sim
Top level module in test bench: |ddr2_f00_example_top_tb

Design instance name in test bench: |C|Ut

Simulation period
" Run simulation until all vector stirmuli are used

% End simulation at: 500 Lz -

Test bench files

File narne: | J

File name Library HOL Werzion
teztbench/ddrZ_foo_example_top_th.w Diefault
testbench/ddr2 v D efault

[LELL

0K I Cancel
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26. On the Processing menu, point to Start and click Start Analysis &
Elaboration.

Performing Simulation in the ModelSim Software

27. On the Tools menu, point to the EDA Simulation Tool and click
Run EDA RTL Simulation. This step creates the
\simulation\modelsim directory under your project directory for
use as the ModelSim working directory, and creates a ModelSim
script file, foo_run_msim_rtl_verilog.do, which compiles all the
required design files and libraries and runs the RTL simulation. This
.do file is regenerated every time you invoke the Run EDA RTL
Simulation command.

s In Stratix I GX designs, you may encounter the following error
message when you initiate simulation:

#**Error: (vsim-3033)

C:/Designs/AN328 ALTMEMPHY Example/ddr2 foo ph
y alt mem phy sii.v (2026): Instantiation of
‘stratixii io’ failed. The design unit was not
found.

Exit the ModelSim software. Open the
foo_run_msim_rtl_verilog.do file in a text editor, and locate the line
executing the vsim command and append -L stratixii to the end as
shown:

vsim -t 1lps -L lpm ver -L altera ver -L
altera mf ver -L sgate ver -L stratixiigx ver -L
stratixiigx hssi ver -L rtl work -L work
ddr2_foo_example top_tb -L stratixii_ ver

)

s For Stratix II GX designs, you must add a call to the Stratix II
ATOM libraries (by appending -L. stratixii ver to the

VSIM command in the .do file).
28. Launch the ModelSim-Altera software. On the File menu, select
Change Directory... When the Change Directory... dialog box

appears, select <project_directory>/simulation/modelsim directory.

29. From the Tools menu, select Execute Macro... and browse to the
foo_run_msim_rtl_verilog.do file that you modified in step 27.

I~  Youcanalso type in the following in the ModelSim console: do
foo run msim rtl verilog.do
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Observe the simulation status in the Transcript window and the
memory interface signals in the Wave window. When the functional
simulation is successful, the testbench gives a "SIMULATION
PASSED" message on the Transcript window.

You have now completed the functional simulation of the example
design.

Step 5: Compile the Design and Generate the Timing Report

You are now ready to compile your design.

1.

On the Processing menu, click Start Compilation to compile the
design.

After compilation is successful, in the Quartus II software, on the
Tools menu, select TimeQuest Timing Analyzer.

Generate the timing margin report for your memory interface
design by executing the Report DDR function from the Tasks pane
of the TimeQuest Timing Analyzer window, as shown in Figure 24.
Executing the Report DDR task automatically runs the
<variation_name>_report_timing.tcl timing margin report script
generated by the MegaWizard Plug-In Manager when we created
the megafunction variation.

For more information about the TimeQuest Timing Analyzer, refer to the
TimeQuest Timing Analyzer chapter in volume 3 of the Quartus II
Handbook.
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Figure 24. TimeQuest Timing Analyzer Window

A Quartus Il TimeQuest Timing Analyzer - C:/Designs/AN328. ALTMEMPHY Example/foo - foo
File Edit “iew Metlist Constraints Reports Script Tools  ‘Window Help

-

L3l Getting Started

Report not available

Welcome to the TimeQuest Timing Analyzer

« (g Open Project..

=y Metlist Setup
- Create Timing Metlist
- Read SDC File
- Update Timing Netlist
=y Reparts
B4 Individual Reparts

[T T frma I

% Report Fmas Summary

% Fieport Setup Summary

BA Report Hold Summary

% Feport Recavery Summary
% Report Removwal Surmmary
B3 Report Clocks

% Report Clock Transters
-8 Report Minimum Pulse Width
B3 FReport TCCS

B8 Report RSKM

% Report Uncanstrained Pathe

. Panart lanarad Canstraints

j’l Info: - Type "help" to wiew a 1ist of Quartus II Tcl packages. ~
j.) Info: - Type "help <package name=" to wiew a list of Tcl commands
j’l Info: available for the specified Quartus II Tcl package.
j.) Info: - Type "help -tcl" to get an owverwview on Quartus II Tcl usages.
i) nfo:
icl: project_open "C:/Designs/aM325_ALTMEMFHY_Ex<ample/foo.qpf" -rewision foo
»

For Help, press F1 Ready UM

Figure 25 shows the output of the Report DDR task. The Report pane
contains a new folder titled DDR with detailed timing information on the
most critical paths, and a timing margin summary similar to the one
reported on the TimeQuest Console.
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Figure 25. Report DDR Timing Margin Report from the TimeQuest Console
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Info: Core Reset/Removal (S1ow) | 0.552 0.72&
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Info: Half rate Address/Command (51ow) | 4.666 0.264
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»
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The report timing script provides timing margin information for the
following paths:

Address and command setup and hold margin

Core setup and hold margin

Core reset and removal setup and hold margin
Strobe-to-clock setup and hold margin (DQS versus CK)
Half-rate address and command setup and hold margin
Mimic path setup margin

Read capture setup and hold margin

Read postamble setup and hold margin

Read resynchronization setup and hold margin

Write setup and hold margin

Note that this timing margin report was generated using the -3 speed
grade slow timing model for the Stratix Il GX device. In addition to this
timing model, you must evaluate timing margins for your design using
the fast timing model. In the TimeQuest Timing Analyzer in the Task
pane, double click on Set Operating Conditions. In the dialog box that
appears, select MIN_fast. Click OK. Regenerate the timing margin report
in the Task pane by double-clicking Report DDR.

= Timing margin reports must be verified to be positive using all
available device timing models to ensure design functionality.
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You have now compiled the design and generated the timing margin
report. For this example design, notice that all timing paths except the
postamble and resynchronization paths have positive margin. The
postamble timing path has a negative setup margin and the
resynchronization timing path has negative setup and hold margins.
These paths need to be optimized to close timing for the design.

Step 6: Adjust Constraints

For all timing paths that have negative setup or hold margins, you must
adjust the constraints on the design to improve margins for the
failing path.

Generally, there are two methods to improve timing margins:

B Adjust the PLL phase shift selection for I/O timing paths (write,
address and command, DQS versus CK)

B Optimize the register placement for internal timing paths (core,
resync, postamble, mimic)

Example 1: Postamble

You can improve the postamble timing path setup margin by placing the
postamble enable register (postamble en pos 2x[n]) closer to the
DOS [n] pin that it is driving.

For example, DQS [5] is driven by the following postamble
enable register:

ddr2 foo:ddr2 foo inst|ddr2 foo controller phy:ddr2 f
oo _controller phy inst|ddr2 foo phy:alt mem phy inst|
ddr2 foo phy alt mem phy sii:ddr2 foo phy alt mem phy
_sii inst|ddr2 foo phy alt mem phy postamble sii:poal
postamble en pos 2x[5]

Since DQS [5] is assigned to pin location AU23, assign the postamble
enable register to the LAB nearest to that I/O pin, LAB x33 v1. This
improves the setup margin for that path.

Manually locating each of the nine DQS pins in our example design and
creating postamble register location constraints to the nearest LAB is a
tedious process. The relative_constraint.tcl utility is a handy tool that
generates LAB location assignments for a bus of registers relative to the
location of related pins. Detailed descriptions of this script’s options and
usage are available in Appendix E: The relative_constraint.tcl script.
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For this example design, the following three commands place the 9
postamble registers (named “*postamble en pos_2x[*]”)near the
corresponding DQS pin, and the 72 high and 72 low resynchronization
registers (named “rdata p ams[*]” and “rdata n ams[*]”) near
the corresponding DQ pin.

- quartus_sh -t relative constraint.tcl -project foo -pin name
“*mem dgs[*]” -reg name “*postamble en pos 2x[*]” -row offset 1 -apply

- quartus_sh -t relative constraint.tcl -project foo -pin name “*mem dq[*]”
-reg name “*rdata p ams[*]” -row offset 1 -apply

- quartus_sh -t relative constraint.tcl -project foo -pin name “*mem dq[*]”
-reg name “*rdata n ams[*]” -row offset 1 -apply

Recompile the design and regenerate the timing margin report with these
new location assignments. Figure 26 shows the new timing margin report
with the postamble and resynchronization timing optimizations.

Figure 26. Timing Report Example 1 - Slow Timing Model
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Now that the slow timing model margins are all positive, verify timing
margins using the fast timing model. Figure 27 shows the example design
timing margins using the minimum timing model.

Figure 27. Timing Report Example 2 - Fast Timing Model
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Example 2: Address and Command

Suppose that the address and command timing path had a negative hold
margin. You can adjust the PLL clock phase shift setting for the clock
generating the address and command signals to improve the hold margin
(by shifting the clock such that data is launched earlier). This clock setting
is adjusted by changing the clock phase setting for the address and
command clock in the PHY Settings page shown in Figure 11 on page 25
of the DDR2 SDRAM High Performance Controller MegaWizard.
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Step 7: Perform Gate-level Simulation (Optional)

This optional step allows you to use timing simulations to ensure that
your system meets the proper timing requirements needed by each
module of the design.

«® For more information about simulating your design, refer to the
Verification section in volume 3 of the Quartus II Handbook.

Step 8: Perform Board-Level Simulations to Verify Design
Constraints

For this example design, the board design constraints are already
determined. However, for your actual board, determine the optimal
termination scheme, termination implementation (OCT versus external
resistors), drive strength settings, and system loading.

Evaluate trade-offs posed by various board design choices using
simulations. Different factors contribute to signal integrity and affect the
overall timing margin for the memory and the FPGA. These include the
termination scheme used, slew rate, and drive strength settings on the
FPGA, and the loading seen by the driver. You should run board-level
simulations to evaluate the trade-offs among the different types of
termination schemes, the effects of output drive strengths, and loading,
so that you can navigate through the various design choices and choose
optimal settings for your design.

Table 5 shows the Altera-recommended board design constraints.
However, ensure that the constraints below satisfy your application’s
needs. The Stratix II GX PCI Express Development, for example, does not
use ODT. Additionally, the board form factor only allows them to use
single parallel termination for the bi-directional signals.

Table 5. Altera-Recommended Board Constraints

Termination Near

Termination Near

Signal Type Terminator Scheme FPGA Memory Device Drive Strength (7)
Bi-directional Class Il External oDT Series 25 Q with
calibration
Uni-directional Class | None External resistor | geries 50 Q with

calibration

Note to Table 7:

(1) Drive strength setting using series OCT is set under the Termination option in the Assignment Editor.
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To determine the correct board constraints, run board-level simulations
to see if the settings provide the optimal signal quality. With many
variables that can affect the signal integrity of the memory interface,
simulating the memory interface provides an initial indication of how
well the memory interface performs. There are various electronic design
automation (EDA) simulation tools available to perform board level
simulations. Perform the simulations on the data, clock, control,
command, and address signals. If the memory interface does not have
good signal integrity, adjust the settings, such as the drive strength
setting, termination scheme, or termination values, to improve the signal
integrity. Realize that changing these settings affects the timing. It may be
necessary to go back to the timing closure step if these settings change.

For a methodology to evaluate the effects of various device settings on
the signal, refer to AN 408: DDR2 Memory Interface Termination, Drive
Strength and Loading Design Guidelines.

When considering implementing multi-DIMM systems, refer to AN 444:
Dual DIMM DDR2 SDRAM Memory Interface Design Guidelines. Ensure
that the constraints below satisfy your application’s needs. The Stratix
I GX PCI Express Development, for example, does not use ODT.
Additionally, the board form factor only allows them to use single
parallel termination for the bi-directional signals.

Step 9: Verify Functionality on Hardware

Perform system-level verification to correlate your system performance
against your design targets. Use Altera's SignalTap II logic analyzer to
help in this effort.

For detailed information about using SignalTap II, refer to the Design
Debugging Using the SignalTap I Embedded Logic Analyzer chapter in
volume 3 of the Quartus II Handbook.

Summary

This walkthrough described how to successfully navigate the memory
interface design flow and implement a DDR2 SDRAM interface on a
Stratix I GX device. A method for parameterizing a DDR2 SDRAM
interface using ALTMEMPHY was also described. Throughout, the
walkthrough applied various design constraints including those for I/O
and timing, created and analyzed the memory interface timing margin
report, and simulated the interface to verify functionality. At this point,
you are now ready to verify functionality on the hardware and
implement memory interfaces like this in your current and future
designs.
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This walkthrough describes the steps necessary to create, constrain, and
verify the operation of a 267-MHz DDR2 SDRAM memory interface on a
Stratix II GX device. This example design uses the DDR2 SDRAM
Controller MegaCore (with the legacy-integrated static data path and
controller) to target the Stratix II GX PCI Express Development Board.
The example design created with this walkthrough is available for
download along with this document. Using the walkthrough, you will
create a 72-bit wide, 267-MHz/533-Mbps DDR2 SDRAM memory
interface targeted for the Stratix I GX PCI Express Development Board.
This walkthrough functions as a step-by-step guide to reproducing the
example design.

If you are using ALTMEMPHY, go to the “Example Walkthrough for
333-MHz DDR2 SDRAM Interface Using ALTMEMPHY” on page 11. All
memory interfaces using Arria GX devices must use ALTMEMPHY.

'~  Thelegacy PHY is a memory interface PHY that enables speeds
of up to 267 MHz on Stratix II and Stratix II GX devices. The
legacy PHY uses dedicated DQS phase-shift circuitry for
capturing data from memory and a PLL phase shift determined
during compilation to resynchronize memory read data to the
system clock domain.

For more information on the legacy PHY architecture and memory
controller refer to “Appendix C: Legacy PHY Architecture Description”
on page 118, and the DDR and DDR2 SDRAM Controller Compiler User
Guide, respectively.

The Stratix II GX edition of Altera’s PCI Express Development Board
delivers a complete PCI Express-based development platform. This PCI
Express solution, interoperable with industry-standard PCI Express
platforms, facilitates the development of custom PCI Express
applications.

For more information about the PCI Express Development Board, refer
to the PCI Express Development Kit, Stratix II GX Edition.

This example design walks through the memory interface design flow
steps shown in Figure 1 on page 7.

For more details about this design flow, see AN 449: Design Guidelines for
Implementing External Memory Interfaces in Stratix II and Stratix II GX

Devices.

I The example design was created using Quartus II software
version 7.2 and MegaCore IP Library software version 7.2.
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=" This example focuses on the Stratix IT GX device family.
However, the information is also applicable to the memory
interface designs using legacy PHY that target Stratix IT and
HardCopy II devices. Pay attention to the restrictions for
HardCopy II devices, described in AN 413: Using Legacy
Integrated Static Data Path and Controller Megafunction with
HardCopy II Structured ASICs.

Step 1: Select Device

This example uses the EP2SGX90FF1508C3 device that comes with the
Stratix Il GX PCI Express Development Board. The board is also equipped
with five 333-MHz capable DDR2 SDRAM devices: four x16 devices with
part number MT47H32M16CC-3 and one x8 device with part number
MT47H64M8CB-3.

Refer to the Stratix II GX PCI Express Development Board Reference Manual
for more information about all the available features of the board.

The example design uses five memory devices to create a 72-bit interface
running at 267 MHz using the 2-PLL DQS mode, described in
“Appendix C: Legacy PHY Architecture Description” on page 118, with
the DDR2 SDRAM Controller Compiler MegaCore function. This is
considered a width-expansion interface since multiple memory devices
are used to create one wide interface using a single memory controller.

I'="  The maximum number of interfaces you can implement on any
given device is limited by resource availability (number of DQ
groups of desired width, user I/O pins, PLLs, DLLs, clocks, and
FPGA core resources). Expanding your memory interfaces for
width or depth with the same memory controller is supported
by the MegaWizard Plug-In Manager. Creating multiple
memory controllers with independent memory transactions
may require register transfer level (RTL) modifications
depending on whether you have to share any device resources.

Refer to the External Memory Interfaces chapter of the Stratix II Device
Handbook, or the Stratix II GX Handbook to determine the number of DQ
groups of each width that are supported by the FPGA.

Expanding your memory interfaces for width or depth with the same
memory controller (shared address/command bus) is supported natively
by the MegaWizard Plug-In Manager. Creating multiple memory
controllers with independent memory transactions (independent
address/command buses) requires you to create a unique megafunction
variation for each interface. Sharing device resources between multiple
memory interfaces may require RTL modifications.
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““.e  Referto AN 392: Implementing Multiple Legacy DDR/DDR2 SDRAM
Controller Interfaces for detailed recommendations about sharing device
resources between multiple memory interfaces.

U= Both the MT47H32M16CC-3 and MT47H64M8CB-3 devices
have the same timing specifications, since they share the same
data sheet. If you are using devices with different data sheets,
choose the worst-case specifications.

Step 2: Instantiate PHY and Controller in a Quartus Il Project

Stratix II and Stratix II GX devices have a few legacy PHY
implementations that you can choose from, listed in Table 6.

Table 6. Available DDR2 SDRAM Legacy PHY Implementations for Stratix Il
and Stratix Il GX Devices

Implementation
Variations When to Use
Non-DQS e When using the side I/O banks

o When interfacing with more than 72-bit data per
Stratix |l device side
e When not using the DLL for read capture

One PLL For interfaces which cannot use ALTMEMPHY (for
example, when you need lower latency interfaces than
offered by ALTMEMPHY) and are running at or below
200 MHz. (1)

Two PLLs For when you cannot use ALTMEMPHY (for example,
when you need lower latency interfaces than offered by
ALTMEMPHY) and cannot achieve the required
performance with the legacy PHY using one PLL. This
implementation is limited to a maximum of up to 267 MHz.

(1)

Note to Table 6:
(1) For legacy PHY, always perform timing analysis using the DDR Timing Wizard
(DTW) with the targeted device to ensure you can run at your desired frequency.

Maximum performance for the legacy PHY implementations depend on:

FPGA density
Memory speed grade
Board trace length skew

| ]
| ]
| ]
B PHY variation (non-DQS, 1-PLL, 2-PLL)
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Figure 28 shows a system-level diagram for the legacy controllers. An
example top-level design is created when you generate a DDR2 SDRAM
Controller MegaCore function. This top-level design includes an example
driver in addition to the memory controller, PLL, and DLL modules. The
memory controller itself consists of a clear-text PHY module and an
encrypted control logic module. When using your own memory
controller, you have to manually extract the PHY from the encrypted
controller, keeping the PLL and DLL connections to the PHY.

Figure 28. DDR2 SDRAM Legacy Controller System Level Diagram

Example Top-Level Design
Control
Logic
(Encrypted)
A
DDR2 SDRAM
Local Interface
Interface <€ =P DDR2 SDRAM
Pass <1 | Example Driver [¢ >
or Fail
T \ 4
Input
— > PLL > PHY
Clock (Clear Text)
DLL or PLL (1) ” DDR2 SDRAM Controller
FPGA
Note to Figure 28:

(1) When using the dedicated DQS phase-shift circuitry, the DLL center-aligns the DQS strobe to the DQ data bus
during read operations. The DLL input reference clock can come from either PLL5 or CLK[15. . 12]p for the DQS
phase-shift circuitry on the top I/O banks and PLL6 or CLK [ 7. . 4] p for the DQS phase-shift circuitry on the bottom
1/0 banks. When not using the dedicated DQS phase-shift circuitry, a PLL implements this phase shift.
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The legacy PHY requires a project, targeted to a specific device, to be open
before you invoke the DDR2 SDRAM MegaWizard Plug-In Manager.
Create a project in the Quartus II design software or open a project, if you
already have one created.

You can either create a new Quartus II project or open an existing project

where you would like to implement the DDR2 SDRAM memory
interface. When creating a new project, specify the target FPGA device on
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page 3 of the New Project Wizard: Family and Device Settings. Set
Stratix IT GX as the Family and choose the EP2SGX90FF1508C3 device
from the Available devices list.

When using an existing project, set the target FPGA device by opening the
Assignments menu and selecting Device... Set Stratix II GX as the
Family, and choose the EP2SGX90FF1508C3 device from the Available
devices list, as shown in Figure 3 on page 15. Device listings displayed
are filtered by the fastest speed grade and 1508-pin FPGA package. The
Quartus II project name for this example design is Legacy_PHY.

Refer to the tutorial in the Quartus II Help menu for step-by-step
instructions for creating a Quartus II software project.

Figure 29 shows a screenshot with the filter options on the top right side
of the window to display the fastest speed grade devices available in a
1508-pin FBGA package. For this example, the project name is
Legacy_PHY.qpf.
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Figure 29. Select the Target FPGA Device in Quartus Il Software
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Since the target frequency is 267 MHz, the example design uses the 2-PLL
implementation of the legacy controller. Create this interface using the
following steps:

1.  On the Tools menu in the Quartus II software and select the
MegaWizard Plug-In Manager. On the MegaWizard Plug-In
Manager [page 1] dialog box, select Create a new custom
megafunction variation (Figure 30) and click Next.

Figure 30. Launching the MegaWizard Plug-In Manager

MegaWWizard Plug-In Manager [page 1] g|

The Megawizard Flugdn Manager helps you create or modify
dezign files that contain custom variations of megafunctions.

\ whhich action do you want ta perform?
* Create a new custom megafunction variation
" Edit an existing custam megafunction variation

" Copy an existing custarn megafunction variation

Copyright € 1391-2007 Altera Corparation

Cancel | | Mt = | |

2. On the MegaWizard Plug-In Manager [page 2a], under the Select a
megafunction from the list below list, click the “+” icon next to
Interfaces.

a. Click the “+” icon next to Memory Controllers and select the

DDR2 SDRAM Controller v7.2 megafunction.

b. Make sure the drop-down menu in the upper right-hand corner
of the dialog box is set to Stratix I GX, as the project is targeted
to the EP2SGX90FF1508C3.

c.  Select Verilog HDL as the output file type and enter an instance
name of your choice (for example, legacy_core).

d. Click Next (Figure 31).
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Figure 31. Creating a Megafunction Variation

MesaWizard Plug-In Manager [page 2a]

3

‘wihich megafunction would you like to customize?

‘which device family wil you be Stratix | G -
ing?
Select a megafunction from the list below e
Installed Plugdns A ‘which type of output file do vou want to create’?
Altera SOPC Builder o
B2 Adithmetic £ WHDL
B Communications .
&3 DsP + Yerlog HDL
g ﬁ;tes ‘what name dao you want for the output file? Erowse...
& Interfaces |C:\an328\Legacy_PHY\Iegacy_core
+-f@d ASI
+- 88 Ethemet
+-& HyperTransport
= emor_l,l Controllers I Return to this page for anather create operation
;] DDR SDR&M Controller +7.2
| DDR SDRAM High Performance Mote: To compile a project successfully in the Quartus | software,
1 DDR2 SDRAM Contraller v7.2 your design files must be in the project directory, in the global user
2 f libraries specified in the Options dialog box (Tools menu), or a user
DDAZ SDRAM High Performanc library specified in the L zer Libranes page of the Settings dialog
fd box [Assignments menu).
GDRIN SRAM Contraller +7.2
1 RLDRAM Il Controller v7.2 “r'our current user library directories are:
Cl Express
apidl0
eriallite v
>

Cancel | < Back | Mext » | |

3. In the next dialog box, (shown in Figure 32), select Parameterize to
create the 267-MHz memory interface. Click Next.
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Figure 32. DDR2 SDRAM Controller Window

© DDR2 SDR&M ... 2[5

ki3

MegaCore”
Aboutthis Core ”l
Docurnentation

- Display Symbol ‘
Step 1:
FParameterize

Constraints

| Set Up Simulation

Q Step a:
7 Generate

tep 3: ”

DDR2 SDRAM Contreller

[l=~  Ifyousee the error message shown in Figure 33, you must create
a project and target a specific device.

Figure 33. Error Invoking the DDR2 SDRAM Controller When a Project Is Not Open

DDR2 SDRAM Controller v7.2

@ Project file not found. Please create a project in Quartus and re-run the wizard {make sure that the project path does not include any space)
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4. The Parameterize dialog box appears, showing seven tabs
representing different groups of settings for the memory interface.
First, choose a memory device under the Presets list and a clock
speed for the interface.

Since MT47H32M16CC-3 is not in the Presets list, choose
MT47H64M16BT-37E. You can use this as a base before modifying
the numbers to match the actual memory device specifications. This
device has the closest timing specifications to the devices on the
board since it is the fastest Micron device listed in the Presets menu.
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Change the Clock Speed from 267 MHz to 266.667 MHz. This is so
that the PLL can get the accurate clock period for the interface. The
PLL may not lock if the clock period is not exact.

Figures 34 through 40 shows screens from the DDR2 SDRAM
MegaWizard Plug-In Manager with all the changes that were made
from the base settings highlighted in red boxes.

The parameters that you need to change vary with the memory
device, and the base settings that you chose in the MegaWizard.
You must check that each parameter matches the memory
device data sheet values.

a. Inthe Memory page, shown in Figure 34, do the following;:

Change the data bus width from 16 to 72 to reflect the actual
interface width.

Change the number of clock pairs from FPGA to memory
from 1 to 3, since there are three pairs of clocks connected to
the five memory devices. Two of the clock-pair signals go to
two x16 memory devices each, while one clock-pair signal
goes to the x8 memory device.

Change the bank address bits number from 3 to 2, as the
MT47H32M16CC-3 and MT47H64M8CB-3 devices only
have 4 banks (instead of 8 banks as in the base
MT47H64M16BT-37E device). The Presets dialog box
automatically changes from MT47H64M16BT-37E to
Custom. This occurs any time you change any Memory
Properties item.
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Figure 34. Memory Settings

& Parameterize - DDR2 SDRAM Controller

CEX

+ | Clock Speed:

| Presets:

260.667

MHz (3750 ps) |

Memory Interface:
Data bus width: 72 w | Localwidth= 144
Murnber of chip selects: 1 “
Mumber of chip selects per DIMM: |1 w

Memory Clock Generation

[[] Use dedicated PLL outputs

Mumber of clock pairs from FPGA ta memory: |3 v
Memory Properties
Memory size: 288 MB
Raow address bits: 13 L3 () Registered DIMM
Column address bits: |10 v (%) Unbuffered memory
Bank address bits: 2 R3
Precharge address bit: |10 v
DG bits per DQS pin: 8 v

'5) Speed Grade c3 used For analysis
'.i) Clock period used for timing setup and analysis is 3750 ps,

A Fed-back clack mode is recommended for frequencies greater than 200MHz,
25 “Warning: Cne or more timing requirements not met, Click ‘Show Timing Estimates' for more details

<

Show Timing Estimates

Custom memory device Device: EP25G<90F FI508 C3

Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings | Manual Timings

js Board Timings: You have selected one or more defaulk board trace delays. Please modify 'FPGA Clock output. .’ and 'Memary DOJDQS.. Fields to reflzct requirements|

(%2 For a'Custom’ memory device, please ensure that your chosen CL is compatible with your clack speed selection

>

[¥] Advanced Mode -

Ils~  The message window on the bottom of the screen gives you a
warning to use the fedback clock mode for interfaces greater
than 200 MHz. You should always heed the warnings and follow

the recommendations shown here.

b. In the Controller page, enable the Use fedback clock option
since the design is running above 200 MHz and check the Insert
extra pipeline registers in the datapath option to allow a
dedicated PLL output to be connected to generate the address
and command signals. Refer to Figure 35 to view the results of

these changes.
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Figure 35. Controller Settings

&€ Parameterize - DDR2 SDRAM Controller Q@E|

v | clock spesd; [ 266,667 MHz (3750 ps)

Presets:
Custom memary device Device: EP25GHI0F F1508 C3
Memory | Controller | Contraller Timings | Memory Timings | Board Timings | Praject Settings | Manual Timings
Lacal Interfare Capture Mode:

@ Nativs () Avalon Enable QS mode

Memary Initialization Options Use Fedback clock

ODT Setting: | Dissbled v | Oh
tting: isable i Memary Contraller Gptions

CAS latency: 4.0 v
Insert pipeline registers on address and command outputs
Burst length: |+ -
Insert extra pipeling registers in the datapath
Burst type: @) Sequential () Interleaved l ]
Driv srengthi @ Nommel O Reducsd Clock address/command oUtput registers on the negative sdge
Memory device DL enable [ user controlled refesh

DLL Reference Clack Options

[] tnsert logic to allow the DLL to update anly during the memory refresh periad

| £ Registersd DIMM mode s disabled because the "insert extra pipeline registers in the datapath” checkbox s selected
% Clock period used For timing setup and analysis is 3750 ps,

|52, Postamble clock must be set to 'dedicated dock' in DQS Fedback Clock mode

|52, Resynchronisation and Postanble settings must be chosen manually in the 'Manual Timings' pane when using DQS Fedback Clock made

Show Timing Estimates Advanced Mode

I~  Checking the Insert extra pipeline registers in the
datapath option propagates the address and command
clock to the top-level design which makes it easier to
connect a different PLL output (other than the default
negative edge of the system clock) if the timing results after
compilation show that you need to shift this clock.
However, there will be an additional clock cycle of latency,
since a second pipeline register is inserted between the
memory controller and the address and command outputs.
This means that you cannot use this option if you use a
registered DIMM, as address and command signals are
registered on-board in registered DIMMs. Only use this
option if the Insert pipeline registers on address and
command outputs option is also checked.
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Note that the previous warning, shown in Figure 34,
disappears after choosing the Use fedback clock option.
However, two new warnings show up at the bottom of the
MegaWizard. Modify the Manual Timings page to heed
these warnings.

Altera recommends that you use the memory’s on-die
termination (ODT) feature when it is suitable for your system.
However, the Stratix II PCI-Express development board uses an
external resistor for termination on the memory side for all
memory interface signals, so this example design does not use
ODT.

¢. Inthe Controller Timings and Memory Timings pages, modify
the numbers based on the MT47H32M16CC-3 or the
MT47H64MB8CB-3 data sheet, as shown in Figures 36 and 37.

Figure 36. Controller Timings

g, DA oo

Presets:

B T

Custom memary device Device:  EP2SGX90F F1508 C3

Memory | Contraller | Controller Tinings | memory Timings | Board Timings | Praject Settings | Manual Timings

Memery Timing Parameters

[] Manually choose dack cycles

Required Cycles Actual
Refresh command interval (tREFT) 7.8 s [fad 7.8 ps
Memory initialization time (tIMIT) 200.0 15 kK 200 ps
Precharge command period (ERF) 15 ns kK 15ns
Active ta readjwrite (tRCD) 15 ns K 15ns
[Futo-revesh commare period ey 105 n | ek 105 ns
Write recovery time (EWR) 15 ns 204 15ns
Active to precharge time (ERAS) 40 ns kK 41.2ns
[ Lad made rester command period tvR0) | 7 s | s 75ns
Write to read command delay (FWTR) z v | kK 7.5ns

Registered DIMM mode is disabled because the 'insert extra pipeline registers in the datapath” checkbax is selected

| £ Clock period used for timing setup and analysis is 3750 ps.

|58, Postamble clock must be st to ‘dedicated dock! in DS Fedback Clack mods

| 5%, Resynchronisation and Postamble settings must be chosen manually in the ‘Manual Timings' pane when using DQS Fedback Clock mode

T [ achenced i
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Figure 37. Memory Timings

& Parameterize - DDR2 SDRAM, Controller

Presets:

| Clock Spesd: | 266.867 MHz (3750 ps)

Cuskom memary device Device: EPZSGKO0F F1508 C3

Memory | Cortroler | Contraller Timings | Memory Timings | Board Timings | Project Settings | Manual Timings

Device Datasheet Settings

DOS tolast DX valid (tDOSQ) 240 ps
Data hold skew factor (bQHS) 340 ps
Access window of DQS From CKICK# (EDQSCK) +/- 400 ps
Access windaow of DO From CEJCK#E (FAC) +/- 500 ps
Mazimum chack, cycle time (bCK_MAX) ’8000—| ps
DQ input setup time (tDS) 345 ps
DQ input hold time (tDH) 285 ps
Minimum write command ta first DQS transition (t(DQS5) | 0,75 cycles
Maximum write command ta First DQS kransition (tDQSS) | 1.25 cycles

2 Registered DIMM mode is dissbled because the "insert extra pipsline reqisters in the datapath” checkbox is selected

5) Clack period used For timing setup and analysis is 3750 ps.

|58, Postamble clock must be set to 'dedicated clock' in DQS Fedback Clock mode

L%, Resynchronisation and Postamble settings must be: chosen manually in the Manual Timings' pane when using DQS Fedback Clock mode

Shaw Timing Estimates Advanced Mode

d. Inthe Board Timing page, (Figure 38 on page 68) do the
following:

¢ Check the Manual pin load control box.
*  Modify the pin loading with the pin capacitance
specification from the memory data sheet, as seen by the

FPGA output pins.

The address and command pins are connected to five
devices, so multiply the capacitance listed by five.
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Multiply the capacitance on the clock pins by two, as the
clock pins going to the x16 devices are double-loaded. You
can change the capacitance for the x8 device in the “Step 3:
Add Constraints” on page 74 section as that clock pin-pair
only goes to one memory device.

*  Modify the board timing information per the Stratix II GX
PCI Express Development Board specification, shown in
Figure 38.

Figure 38. Board Timings

€ Parameterize - DDR2 SDRAM Controller [E\El

v | Clock Speed: 266.667 MHz (3750 ps)

Presets:

Custom memary device Device: EPZSGXOOF F1508 C3
Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings | Manual Timings

Fin Loading

Hanual pin load contral

Finloading on FPGA DGJDOS pins: 4 PR
Pin loading on FPGA address/command pins: | 10 BF
Finloading on FPGA clock pins: 4 PR

Board Trace Delays

FPGEA clock output ko memary chip clockinput, nominal delay: | 752 ps
Memary DQDGS outputs ta FPGA inputs, nominal delay: 306 ps
Fed-back clock trace, nominal delay: 1015 ps
Tolerance of nominal board delays +/- 2 %o
Worst trace skew between DQJDGS(DM in any one data group: | 17 ps

2 Registersd DIMM mods is disabled becauss the "insert extra pipsline registers in the datapath checkbox is selected

£ Clock period used for timing setup and analysis is 3750 ps.

5%, Postamble clock must be set to 'dedicated clock! in DQS Fedback Clock mode

3%, Resynchronisation and Postamble ssttings must bs chosen manually in the Manual Timings' pane when using DQS Fadback Clock mods

Show Timing Estimates Advanced Mode

e. Inthe Project Settings page, uncheck the Automatically verify
datapath-specific timing in the Quartus II project option,
shown in Figure 39 on page 69, as this example uses the DDR
Timing Wizard (DTW) to close timing.
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Figure 39. Project Settings

€ Parameterize - DDRZ SDRAM Controller g@@

Memory | Contraller | Controller Timings | Memory Timings | Board Timings | Project Settings | Manual Tinings

Example Design Settings

I | et |56 e (375050

Custom memaory device Device:  EP25GXO0F F1508 C3

Presets:

Automatically apply datapath-specific constraints to the Quartus II project

Update the example design file that inskantiates the controller variation

|[| Butomatically verify datapath-specific timing in the Quartus IT project

W

Device Pin Prefives and Names

Fin name of clock driving memary (+3: | clk_ta_sdram[0]
Pin name of clock drivingmemary (-): | ck_to_sdram_n[0]
Pin name of Fed-back clock input: fedback_dlk_in
Prefix all pins on the device with! ddrz_

“When instantiating a single conkraller, pin prefixes are optional;
For mutiple cantrollers, pin prefixes identify sach variation's pins.

',-g Reegistered DIMM mode is disabled because the “insert extra pipeline registers in the datapath” checkbox is selected

1.2 Clock period used for timing sebup and analysis is 3750 ps.

L%, Postamble clock must be set to 'dedicated clock'in DQS Fedback Clock mode

L%, Resynchronisation and Postamble settings must be chosen manually in the Manual Timings' pane when using DQS Fedback Clock mods

TR P dvanced e

Update the example design PLLs

‘atiation Path
[] Enable hierarchy control

Hierarchy path to the datapath:
Complete path ko your controller datapath, excluding the top-level entity in the Quartus IT project,
Turn on 50 the wizard skips the hierarchy analysis of your design and reduces the generation time.

f.  Figure 40 shows the Manual Timings page, which displays
resynchronization and postamble controls that you can change
manually. The MegaWizard calculates and implements the
resynchronization and postamble clock phase shifts based on
the information entered in previous pages for the 1-PLL
implementation. However, you have to enable the Manual
resynchronization control and Manual postamble control
checkboxes for the 2-PLL mode implementation. Also, you
need to change the Postamble clock setting option to
dedicated clock, which is another 2-PLL mode requirement.

& Thesechanges are necessary for correct RTL connection between

the resynchronization and postamble paths and their respective
clocks or else the design may not function properly.
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Figure 40. Manual Timings

& Parameterize - DDR2 SDRAM Controller

w | ClockSpeed: | 286,667 IMHz (3750 ps)

Custom memary device Device:  EPZ2SGX90F F1508 C3

Presets:

Memary | Controller | Contraler Timings | Memory Timings | Board Timings | Praject Settings | Manual Timmgs‘

Resynchronization Options

Reclock resynchronized data ko the positive edge:
Manual resynchranization control

Resynchronize captured read data in cycle: Dedicated clock phase: l:l

Resynchronization clock setting: 0 {clk, rising edge) A Fed-back clock phase: D

Insert intermediate resynchronization registers

Postamble Options

Manual postamble control

Enable DOS postamble logic

[[] Insert inkermediate pastamble registers

Dedicated clock phase:

Pastamble cycle: 3 v
Postamble dlock setting: | dedicated dock || mumber of DOS dekay matching buffers: |:|
Tirning Analysis Options

[[] Use the results of the last compile to estimate setup and hald margins

E/ Registered DIMM mode is disabled because the "insert extra pipeline registers in the datapath” checkbox is selected
& Clock period used for timing setup and analysis is 3750 ps.

Show Timing Estimates Advanced Made

g. Click Finish.

6. Click Constraints in the DDR2 SDRAM Controller MegaWizard
window (Figure 32 on page 62) and fix the location of the DQS and
DQ pins per board specifications. Figure 41 shows how the DQS
groups are laid out on the board. The layout of the constraints
window resembles Stratix II or Stratix II GX DQS and DQ grouping
layout on the top and bottom of the device. Click OK once you are

done.
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Figure 41. Memory Interface Location for the Stratix Il GX PCI Express
Development Board

€ Constraints - DDRZ SDRAM Controller, E@E|

Selected Device

Family:  Stratix I GX
Device: EP2SGNI0F
Package: F1508
Speed Grade: C3

16T =V 14T |- 8| 12T |- | 10T |--|&| BT |- %| 6T |-— % | 4T |- % | 27 (- %| 07 -— %

Top

Bottom

168 |8 & | 148 7 & 1286 % 10B|S % 8B4 % 6B |3 % 4B8|2 %| 2|l % 0B 0

Numbers 0 through 8 that you select from the drop-down menu
represent the DQS [8. . 0] pins in the design. You do not need to have
the numbers in order from left to right, or right to left, as long as the
user logic after the controller knows how to parse the data coming in.
The DQS pins selected here are to match the Stratix Il GX PCI Express
Development Board connection with the DDR2 SDRAM devices.

= You cannot select DQS pins from both the top and the bottom
side of the device. Each memory interface must reside in one
side of the device.

The DQ pins associated with a DQS pin are fixed in the DDR2
SDRAM MegaWizard database. If you need to swap the
locations for any of the DQ pins, use the Assignment Editor or
the Pin Planner. In addition, remember to turn the
Automatically apply datapath-specific constraints to the
Quartus II project option off in the Project Settings panel of the
DDR2 SDRAM MegaWizard if you need to regenerate the
controller at a later time.

CAUTION

7. Click Set Up Simulation in the DDR2 SDRAM Controller
MegaWizard window. Turn on the Generate Simulation Model
checkbox and choose either Verilog HDL or VHDL to generate a .vo
(legacy_core.vo) file or a .vho (legacy_core.vho) file used to
simulate the design (Figure 42). Click OK when you are done.

I You can also check the Generate netlist box on this window to

generate a netlist for a third-party synthesis tool for resource
usage and timing report estimation.
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Figure 42. Generate Simulation Model

&€ Set Up Simulation - DDR2 SDRAM Controller
rEDA

Language Yerilog HDL v

An [P Functional Simulation Model is a cycle-accurate WHDL or Verilog
HOL model produced by the Quartus® Il software. These models
allowe fast functional simulations of IP using industry-standard WYHDL
and Yerilog HOL simulators.

You may only use these simulation model output files for simulation
purposes and expressly not for synthesis or any other purposes.
Using these models for synthesis will create a non-functional design.

[] Generate netlist

Ifyou are synthesizing your design with a third-party EDA synthesis
toal, you can generatea netlist for the synthesis toal to estimate timing
and resource usage for this megafunction.

Cancel ] ’ Ok

8. Click Generate in the DDR2 SDRAM Controller MegaWizard

window (Figure 32) to generate all the files needed for this memory
interface. This action generates a summary of the interface when the
generation is successful, shown in Figure 43. Click Exit to close the
DDR2 SDRAM Controller MegaWizard window.
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Figure 43. DDR2 SDRAM MegaWizard Generation Report

® Generation - DDR2 SDRAM Conk'oller E”E”z|
~

@ Generation Report - DDR2 SDRAM Controller v7.2

MegaCore’

Entity Hame legacy _core_auk_ddr_sdram
Variation Hame legacy _core

Variation HDL “erilog HOL

Output Directory Chan328Legacy_PHY

File Summary

The Megawizard interface is creating the following files in the output directory:

File Description

A I‘vhagaa(:onam function varistion file, which defines a
“erilog HOL top-level description of the custom
legacy _core.w MegaCore function. Instantiate the entity defined by
thiz file inzide of your desigh. Include this file when
compiing your design in the Guartus I| software,

“erilog HOL black-box file for the MegaCore function
legacy _care_bhb.y variation. Use this file when using a third-party ED&
tool to synthesize your design.

Quartuz® I zyibial file for the MegaCaore function
legacy _core haf variation. You can uze this file in the Guartus I| block v

MegaCore Function Generation Successful.

The DDR2 SDRAM MegaWizard Plug-In Manager also creates an
example driver design with the same name as your project name
(Legacy_PHY.v in the example design) such that you can compile
and simulate the design to verify functionality before integrating it
with the rest of your design.

9. Change the example driver to suit your application.

10. Change the PLL input frequency if it is not of the same frequency of
the interface. The Stratix II GX PCI-Express Development Board is
equipped with a 100-MHz oscillator for the memory interface, so
you have to change the PLL input frequency by invoking the
MegaWizard Plug-In Manager to edit the ddr_pll_stratixii module,
as shown in Figure 44. Click Finish once you are done.
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Figure 44. Changing the PLL Input Clock Frequency

MegaWizard Plug-In Manager [page 3 of 15]

ALTPLL

Inputs/Lock

Curmently selected device Family: v
ddr_pll_stratixi ] Match projectidefault

JOTKO | o frequency: 100.000 MHz cl Able to implement in Fast or Enhanced PLL
Operation Mode: Nomal [N
o7
ok Raio  [Phesgfoc c) =g sereral
0 o0 [ 5000
] o000 e000
«o? | 266B6E000/100000000) 0D.00 | 60.00
= |2annnﬁssaﬂnnnnnnnn| 000 | 60.00 which device speed grade will you be using? Any -
Stratic 11 G}
‘whit is the Frequency of the indockd input? MHz [
Set up PLL in LYDS mode Data rate: | Mbps
PLL type

Which PLL type will you be using?
Fast PLL
Enhanced PLL

% Select the PLL type automatically

Operation mode:
How wil the PLL outputs be generated?
# Use the feedback path inside the PLL
%) In Normal Mode
In Source-Synchronous Compenisation Mode
In Zero Delay Buffer Mode

With no compensation
Creste an fbirf input for an external fesdback (External Feedback Made)

Wihich output clock will be compensated for? el w0

[ cancel || <gack [ e [ Ensh |

11. Since the fedback PLL inputs are generated by the system PLL, you
need to add some user logic that will toggle the areset pin of the
fedback PLL once the system PLL is locked. This is to ensure that the
fedback PLL gets a clean input clock signal when it is locked. The
example design does not have this extra logic, though.

For more information about instantiating a memory controller using the

legacy PHY, refer to the DDR and DDR2 SDRAM Controller Compiler User
Guide.

Step 3: Add Constraints

The IP Tool bench also creates a .tcl script called
auto_add_ddr_constraints.tcl that constrains resynchronization register
locations, DQS and DQ pin locations, I/O standards, output loads, and
output enable groups. After sourcing the .tcl script, you also need to run
DTW to time-constrain the design. You can choose either Classic Timing
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Analyzer or TimeQuest Timing Analyzer when using DTW. However,
DTW constraints using TimeQuest Timing Analyzer give more accurate
compilation results as the constraints apply for both timing models
instead of just one corner (slow or fast timing model). This section
describes how to add these constraints step by step.

s The MegaWizard creates a
verify_timing_for_<variation_name>.tcl file to report the
memory interface timing. However, Altera recommends you
use DTW since it is more accurate and more flexible to use. The
report_timing.tcl file makes certain assumptions that may not
pertain to your design and does not support TimeQuest Timing
Analyzer.

a® For detailed information about using DTW and its companion timing
analysis script, refer to the DDR Timing Wizard (DTW) Megafunction User
Guide.

You must add the appropriate pin location and pin loading assignments,
termination, and drive strength to the memory interface signals in your
design, in addition to timing and device constraints for the rest of your
design.

«®  Todetermine which drive strength and termination to use, refer to

AN 408: DDR2 Memory Interface Termination, Drive Strength and Loading
Design Guidelines. For more information about memory interface signals,
go to “Appendix D: Interface Timing Analysis” on page 125.

In order to have a reliable design running at the desired performance, you
must constrain the design properly. The following steps guide you
through all the constraints needed for the memory interface:

1. Openthe Legacy_PHY.v file to ensure that the Quartus II software is
pointing to the project directory.

Ils~  If you previously opened a file from a different directory other
than the project directory, the auto_add_ddr_constraints.tcl
script might fail as the Quartus II software is not correctly
pointing to the right directory. Opening the design top level file
ensures that the Quartus II software is pointing to the correct
directory.
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2. Source the auto_add_ddr_constraints.tcl script generated by the
DDR2 SDRAM Controller MegaWizard. To locate the file, on the
Tools menu select Tel Scripts. In the Tcl Scripts dialog box, highlight
the auto_add_ddr_constraints.tcl file (Figure 45). Click Run to add
constraints to the design. The script automatically performs analysis
and elaboration before adding constraints to the design.

Figure 45. Adding the IP Tool Bench Constraint

Tcl Scripts g|
Libraries: Fun |
E & Project ~ .
+fd add_constraints_for_legacy_core Open File

auto_add_ddr_constraints
Jal auto_verify_ddr_timing Add to Tel Toolbar

F ddr_lib_path

3 remove_add_constraints_for_legacy_core Cancel
£

ard

i
i
i
R

werify_timing_for_legacy_core

EHE testbench
EHE modelsim
B legacy_core_ddr_sdram_wsim v
Preview:
package reguire ::guartus::project S

Set project name Legacy PHY
Set current revision [get current revision Sproject_nf

project open -revision Scurrent reviszion §project nam
i

£ *

The auto_add_ddr_constraints.tcl file contains the default 1/O
assignments including I/0O standard, pin location, and output
loading settings. If your design is using non-default settings,
source this .tcl file before applying your custom settings because
this .tcl file overwrites pre-existing assignments in your
Quartus II project. In addition, if you make a change to the
settings set by this .tcl file, turn off the Automatically apply
datapath specific constraints to the Quartus II project option in
the Project Settings page of the DDR2 SDRAM MegaWizard the
next time you regenerate the controller.

CAUTION
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The auto_add_ddr_constraints.tcl script file is the only .tcl file
that you need from the DDR2 SDRAM Controller MegaWizard.
However, the MegaWizard creates the following .tcl files (in
addition to auto_add_ddr_constratints.tcl) per variation:

e add_constraints_for_legacy_core.tcl
The auto_add_ddr_constraints.tcl calls this file which has
the actual constraints for the controller.

* auto_verify_ddr_timing .tcl
This script calls verify_timing_for_<variation_name>.tcl

e ddr_lib_path.tcl
This script contains the controller library path in the
Quartus II installation directory.

* remove_add_constraints_for_<uvariation_name>.tcl
Run this script if you want to start the design with new
assignments.

e verify_timing for_<uvariation_name>.tcl
This is the MegaWizard-generated script for the memory
interface timing report. Use DTW and its companion script
dtw_timing_analysis.tcl instead.

If you get an error message similar to the one shown below, on the
Processing Menu, point to Start and select Start Analysis &
Elaboration to perform analysis and elaboration before sourcing the
.tel script.

Error: Cannot run Tcl Script File
"C:\AN328\Legacy PHY\auto add ddr constraints.tcl"

Error: ERROR: Project does not exist or has illegal
name characters: Legacy PHY. Specify a legal
project name.

The auto_add_ddr_constraints.tcl script includes placement
constraints for the resynchronization registers. It also contains the
I/0 standard, output loading, output enable grouping, and pin
location assignments for the DQS and DQ I/O pins.

Run DTW to timing-constrain the rest of the interface by following

these steps:

a.  On the Tools menu, select Tcl Scripts. In the Tcl Scripts dialog
box, select DTW, as shown in Figure 46.

77



Interfacing DDR2 SDRAM with Stratix Il, Stratix Il GX, and Arria GX Devices

78

Figure 46. Invoking DTW

Libraries: Bl

~kil 1emove_add_constraints_for_legacy_core A

8 verify_timing_for_legacy_core | Open File
=HEr testbench
EHEr modelzim Add ta Tel Toolbar
BN legacy_core_ddr_sdram_vsim
=] E‘ o/ alberal T2/ quartugcommon/tcl/ appsdguid Cancel
SHE dbw

Lhal diw_timing_analysis

1|

Preview:

EEE SRR EEEEEEEEEEES B PR RS SRR EEEEEEEEEEES SRR
#

# File Name: dtw.tel

#

# Summary: This TE script is & simple Graphical 1
#

generate tCiming regquirements for DDE 1

#

# Licencing:

< | 3

Tcl Scripts E

b. Pick a file name with a .dwz extension to store the settings and
click Next. The default name for the file is ddr_settings.dwz, as
shown in Figure 47.
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Figure 47. Creating a New DTW File

DDR Timing Wizand - |E‘El

‘welcome to the DDR Timing “Wizard [wersion 25.0.1.0 08 Jul 2007 08:00:54)

L)

Use this wizard to add timing constraints ko your project to meet performance requirements. Timing constraints will be added where applicable
to check read data capture, read data respnchronization to the system clock, read postamble enable reset control, tDOSS skew
specification, skew between addiess/command outputs, and skew between wiite data outputs.

The recommended usage flow is:

1] create a memory interface with the DDR/DDRZ SDRAM, GDRI/GDRI+ SRAM, or RLDRAM [ Controller Megacare,
2] run the Megacore's add_constraints_for_<core_instances tol sciipt,

3] use this wizard to add timing constraints,

4] compile,

5] [required for DDRADDAZ SDRAM) update timing estimates in the wizard . and

E] (required for DDR/DDRZ SDRAM) re-tun the Quartus 1l Timing Analyzer.

Any changes to the memary interface (including phase shifts] will require re-iunning the wizard to generate updated timing constraints

What action do you want to perfarm?
& Cieate new timing requirements
" Edit existing liming requirements
‘Wwhere should the wizard settings be loaded from™?
“Where should the wizard settings be saved ta?

‘ C:/an328/Legacy PHY/ddi_settings.dwz J

Mest » Skip > | Cancel |

c.  Ensure that the project and project revision names are correct
on the next page (Figure 48). Click Next.

Figure 48. Selecting Project and Project Revision Names

DDR Timing Wizard: ddr_settings. dwz

“where iz the project?

| C:/an328/Legacy_PHY/Legacy_PHY

Faor which revizion of the project do you want to set timing requirements?
|Legac:_l,l_F'HY

< Back | Mext > | Skip > Cancel

d. Select whether you are going to import the MegaCore function
settings using the Classic Timing Analyzer or TimeQuest
Timing Analyzer names (Figure 49). This example design uses
TimeQuest, which is the recommended timing analyzer, as the
DTW-generated SDC constraints apply for both fast and slow
timing models.
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Figure 49. Importing Settings from the IP Tool Bench

DDR Timing Wizard: ddr_settings. dwz

Import Wizard Data

‘Wauld you like to update data from the DDR SORAM, DDR2 SDRAM, QDRI SRAM, or RLDRAM Il Controller Megawizard?
" Import Classic Timing Analyzer names

& Import TimeQuest Timing Analyzer names [this wil disable requirsment generation for the Classic Timing Analyzer]

Impatt.....

< Back | Next > | Skip »» Cancel

Click Import and select legacy_core_ddr_setting.txt, which
contains all the information that was entered in the DDR2

SDRAM Controller MegaWizard. Click Open to import the
settings into DTW (Figure 50).

Figure 50. Importing the DDR Settings to the DTW

Open Megawizard data file (*_settings.ixt)

Lock in: |L§ Legacy_PHY j cf E-
2. Chdb
. [C3)testhench
My Recent [2) constraints_aut bt
Documents [2] legacy_core_ddr_settings.txt
?“[7
Desktop

i

by Documents

My Camputer

Fdy Metwork File name:

A Ieuau::n,n core_ddr s ; j Open |
Files of type: |Te:-ct Filez [*txt) j Cancel

After the import process is complete, click Next through each
subsequent page, while confirming that all the information in

the DTW is correct. The last page of the DTW is shown in
Figure 51. Click Finish.
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Figure 51. Last Page of the DTW

DDR Timing Wizard: ddr_settings.dw=z

All donel The recommended assignments and timing requirements for project Legacy PHY, revizion Legacy PHY are:

zet_time_format -unit ng -decimal_places 3 o
derive_pll_clocks
create_clock -period 4 -waveform { 0 2 } "'clock_source”
set_falze path -fall_from [get_clocks g_stratispll_ddr_pll_instialtpl_componentplliclk[]] -to [get_parts [list {ddr2_dgs[0]} {ddr2_dgs[1]} {dc
set_false_path -from [all_registers] -to [get_ports [list {clk_to_sdram[0T} {elk_to_sdram{1]} {clk_to_sdram[2]} {clk_to_sdram[3]} {clk_to_sdr
foreach {to_node} [list felk_to_sdram[0]} 4elk_to_sdram[1]} {clk_to_sdram[2] {elk_to_sdram(3]} ] 4

create_generated_clock -multiply_by 1 -source g_stratispll_ddi_pl_instlaltpl_componentipliclk[0] $to_node -name $to_nods

foreach {to_node] [list felk_to_sdram_n[0]} {elk_to_sdram_n[1]} {elk_to_sdram_n[2]} {ofk_to_sdram_n{2]} ] {
create_generated_clock -multiply_by 1 -invert -source g_stratispll_ddr_pl_instaltpll_componentlpliclk[0] $to_node -name $to_node

foreach {from_node to_node} [list {clk_to_sdram[0]} {ddr2_dqs{0]} {clk_to_scham[O} {ddr2_dgs[1]} 4elk_to_sdram{0]} {ddr2_das[2]} {clk_
create_generated_clock -add -source $from_node $to_node -name $from_nodedto_node

foreach {from_node to_node} [list {clk_to_sdram_n[0]} {ddr2_dgs[0]} 4clk_to_sdram_n[0]} {ddr2_das[1T {clk_ta_sdram_n[0] {ddr2_das[:
create_generated_clock -add -invert -source $from_node $to_node -name $om_node$to_node

set_clock_latency -source -early -2.075 $to_node

Azgignment Description (select from list above]

Specifies the early latency of the input DOS strobe: J
Early Clock Latency = [0 + 0)/2 + nominal_tpd{memory_ta_FPGA] + nominal_tpd[FPGA_to_memory] + [CL - 3.0 - postamble_cycle -
floor{postamble_phase/360.0 - 0.5)) * (K

=[0+0)/2+1.1+0.825+(4.0-3.0- 3 - floof90.0/360.0 - 0.5]) = 4.0

=-2078

[=|

Notes
# |deal read capture window [not including fast/slow timing model variation. micro setup or micro hold delays) is: i‘
H# [da_input_rin_delay - dq_input_hald_relationship) - (da_input_max_delay - dq_input_setup_relationshkip)
# =[05--1.83)-[0.4- ﬂ
WoAen ..

SDC-style assignments will be wiitten out to the file:

‘ddr_sallings dwe.sde Change
< Back | Finish | ‘ Cancel |

For page-by-page information about the DTW, refer to the DDR Timing
Wizard (DTW) User Guide.

4. Add other assignments to the design as shown on page 15 of the
DDR Timing Wizard (DTW) User Guide, in the Assignment Editor.

You must disable the MegaWizard from creating the constraints
file if you regenerate the memory controller after making the
changes below. Otherwise, the changes below will get
overwritten in the next compile.

CAUTION
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Modify the I/O standard settings for the DQS and DQ pins
from SSTL-18 Class II (this was set by the
auto_add_ddr_constraints.tcl script) to SSTL-18 Class I, as the
board uses Class I termination.

Change the Output Pin Load for the fedback clk out pin
from 4 to 6. This is necessary because this signal goes to the
CLK6p pin of the FPGA which has 6 pF loading, instead of
going to the memory clock pin which has 2 pF loading. The
constraints show 4 pF as set in the MegaWizard.

Similarly, change the Output Pin Load for the
clk to sdram[2] and clk to sdram n[2] pins from

4 to 2. These pins are only connected to the single x8 memory
device instead of two like the c1k_to sdram[1:0] and
clk to sdram n[1:0] pins, which go to two x16 memory
devices each, as indicated during the PHY and controller
instantiation step.

Change the I/O standard for the clock_source pin to LVDS
to match the settings on the board.

Set pin location assignments for the clock source, CK/CK#,
fedback clock input, feedback clock output, address, and
command pins. Refer to “Appendix A: Stratix II GX
PCI-Express Development Board Pin Assignments” on

page 105 for the pin assignments for the Stratix I GX PCI
Express Development Board.

You can set unused pins as inputs tri-stated with a weak pull-up
resistor to ensure that those pins will not be floating on the
board. You can set this assignment from the Assignment menu
under Settings in the Device window on the Device and Pin
Options page.

Change the DQ pin assignments to match the board.

The DQ pin assignments generated by the MegaWizard does
not match the pin assignment on the board, so you need to fix
this manually. Refer to “Appendix A: Stratix II GX PCI-Express
Development Board Pin Assignments” on page 105 for the
actual pin assignments for the Stratix II GX PCI Express
Development Board.
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="  Changing the DQ pin locations mean that the resynchronization
registers’ location assignments may not be valid anymore. You
can fix this by running the relative_constraint.tcl script that is
available with the example design, but in order to use it, you
have to compile the design first. Refer to “Step 6: Adjust
Constraints” on page 49 for more information.

g. Add reserve pin assignments for the ddr2 a[13],
ddr2 a[l4],and ddr2 ba[2] pins to the As output driving
ground option. These pins are bonded on the board but are not
used in the design.

h. Also add I/O standard assignments for the pnf, reset _n,
test complete, ddr2 a[l13],ddr2 af[l4], and
ddr2 bal2] pins to SSTL-18 Class I. You can also set the
default voltage for the project to 1.8 V in the Settings window
(Device and Pin Options in the Device folder) under the
Assignment menu.

i.  Setthe termination and drive strength for the memory interface
pins. The auto_add_ddr_constraints.tcl assigns all uni-
directional pins to use the Series 50 Ohms without Calibration
and the bi-directional pins to use the Series 50 Ohms without
Calibration termination options. However, you can only use
the Series 50 Ohms without Calibration for the memory
interface pins (including the DQS and DQ pins) with this board.
For the example design, you need to disable the Series 25
Ohms without Calibration termination settings for the DQS
and DQ pins since these pins are using Class I termination on
the board. Furthermore, you cannot set these pins to have
Series 50 Ohms without Calibration termination setting as the
resultant drive strength from this setting is not enough for 267-
MHz operation.

j-  Set the Delay from Output Register to Output Pin option for
the clk to sdram* outputs and fedback clock outputs to 0 in
the Assignment Editor. This is to disallow the Quartus I
software from adding output delay chains to the pins.

k. Save the assignment editor file.
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5. On the Assignments menu, click Settings. In the Settings window
complete the following:

a. In Fitter settings:

®  Choose All Paths under the Optimize hold timing option
since you are using TimeQuest Timing Analyzer (which is
the recommended timing analysis tool). Uncheck the
Optimize hold timing option if you are using the Classic
Timing Analyzer, since having this option checked
sometimes yields incorrect phase shift results when using
dtw_timing_analysis.tcl.

e Ensure that the Optimize fast corner timing option is
unchecked, whether you are using TimeQuest or Classic
Timing Analyzer. The example design uses SDC constraints
that are already optimized for both ends of the timing
model.

b. Under the Timing Analysis Settings section, choose Use
TimeQuest Timing Analyzer during compilation.

c. Add the DTW-generated .sdc file ddr_settings.dwz.sdc in the
TimeQuest Timing Analyzer sub-option under Timing
Analysis Settings.

d. Click OK.

Once your design is properly constrained, you are ready to compile the
design.

Step 4: Perform RTL/Functional Simulation (Optional)

For performing a functional simulation of your memory interface, use the
functional models generated by the MegaWizard Plug-In Manager. You
should use this model in conjunction with your own driver or the
MegaWizard testbench that issues read and write operations, and a
memory model.

The Verilog HDL or VHDL simulation model of the PHY is found in your
project directory. For the example design, the file is named
Legacy_PHY.vo. During controller generation, the DDR2 SDRAM
controller also creates a subdirectory called testbench, which contains the
testbench file (Legacy_PHY_tb.v) and a folder called ModelSim. The
ModelSim folder contains a .tcl file (legacy_core_ddr_sdram_vsim.tcl)
and a wave.do file to run simulations in the ModelSim Altera software.
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The example design here is unique in that it uses two different types of
DQS modes. The testbench assumes that nine x8 memory devices are
used as if you are interfacing with a 72-bit DIMM for all designs. Some
modifications described below are needed to simulate the example
design properly.

Get the Memory Simulation Model

1. Download the simulation model of the memory type that you
selected from the memory vendor’s website for the project into the
<project_directory>\testbench directory. The model name for the
MT47H32M16CC-3 and the MT47H64M8CB-3 DDR2 SDRAM
devices is called ddr2.v.

2. Copy the parameter file ddr2_paremeters.vh into the
<project_directory>\testbench\modelsim directory.

Prepare the Simulation Model

3.  Open the ddr2.v file in a text editor and set the following define
statements at the top of the file:

‘define sg3
“define x8

The first line defines the memory speed grade and the second line
defines the memory device width. Even though four of the five
devices used in the design are x16 DDR2 SDRAM devices, the steps
below allude that nine x8 DDR2 SDRAM devices are used.

1= The example design downloadable with this application note
offers both workarounds for the testbench file. The
Legacy_PHY_tb.v testbench file in the example design uses
nine x§ DDR2 SDRAM models. You cannot perform the
simulation with both x16 and x8 DDR2 SDRAM models. In
addition, since 72 is not divisible by 16, you cannot use the x16
DDR2 SDRAM models since the width interface does not match.
If two x8 DDR2 SDRAM devices are used, you may use the x16
DDR2 SDRAM models.

4.  Save the ddr2.v file.
Instantiate Memory Model in Testbench

5.  Open Legacy_PHY_tb.v from the \testbench directory in a text
editor.
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6.

Locate the line generic_ddr sdram rtl memory 0 0, which
is the first instantiation of the memory device, as shown below:

generic ddr2 sdram rtl memory 0 0 (
.DQ (mem dg[ 8* (0+1) - 1 : 8 * 01),

.DQS mem dgs[0]),

.ADDR a delayed[13-1: 0]),
.BA ba delayed),

.CLK clk to ram),

.CLK N clk to ram n),

.CKE cke delayed[O]),

.CS N cs n delayed[0])

(
(
(
(
(
(
(
.RAS N (ras n delayed),
(
(
(
(
(0)
(0)

.CAS N cas n delayed),
.WE N we n delayed),
.DM RDQS dm . delayed([0]),
.ODT odt delayed),
.RDQS_N

.DQS N

) ;

The testbench assumes that the memory model used is named
generic_ddr_sdram_rtl.v. For this design, replace
generic_ddr_sdram_rtl with the ddr2 for the nine memory device
instantiations to match the memory model prepared in step 3.

Ensure that the port names in the memory model match the
memory device port names in the testbench.

Note that in Verilog HDL, the names are case-sensitive, which is not
the case in VHDL. The ddr2.v file uses lower-case signal names
(shown below in step 11), so change the signal names in the module
instantiations in the testbench file which have upper-case names, as
shown in step 6.

Note also that the ddr2 module in the example design uses ck
and ck_n ports instead of c1k and c1k_n ports. Change the
signal names to match the port names in the ddr2 module.

If you are using a x16 DDR2 SDRAM model for your actual
design, you need to change the DQ, DQS, and DM indices in the

module instantiation.

ddr2 memory 0 0 (

.dg (mem dg[mem dqg[8* (0+1)- 1: 8*0]]),
.dgs (mem dgs[01),
.addr (a_delayed[13-1: 0]),
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.ba (ba delayed),

.ck (clk to ram),
.ck_n (clk _to ram n),
.cke cke delayed[0]),
.cs_n cs_n _delayed[0]),
.ras_n ras n delayed),
.cas_n cas _n delayed),

(
(
(
(
.we_n (we n delayed),
(
(
(
(

.dm_rdgs (dm delayed[0]),
.odt odt delayed),
.rdgs_n ),

.dgs_n )

);

9. Look for the following line and change the period of the clock from
3750 (as shown below) to 10000:

parameter REF CLOCK TICK IN PS = 3750;
//edit if you change your PLL reference clock
frequency

10. Save the testbench.

Modify the System PLL File

11. Open the ddr_pll_stratixii.v file located in the project directory.

12. Comment out output port ¢3 in the port list and the port declaration
portion of the file. The changes are shown below:

module ddr pll stratixii (
inclkO,
cO0,
cl,
c2,
//c3
)i

input 1inclkO;
output cO0;
output cl;
output c2;
//output c3;
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This port is created by the DDR2 SDRAM controller MegaWizard for
1-PLL mode operation but is not used in this example design so it
does not affect design compilation. You need to comment out the
code or the ModelSim software will give you a missing port error.

I'="  Youmay use this PLL output for the address and command
clock later in “Step 6: Adjust Constraints” on page 93.

13. Save the file.

Update the wave.do File

14. Open the wave.do file in the
<project_directory>\testbench\modelsim directory.

15. Change the following code:

add wave -noupdate -format Logic -radix hexadecimal
/${testbench name}/dut/resynch clk

to

add wave -noupdate -format Logic -radix hexadecimal
/${testbench name}/dut/fedback resynch clk

The default wave.do file wrongly names the resynchronization clock.
This is a generic file that is also used for 1-PLL mode simulation.

= When using 1-PLL mode, the default resynch clk signalis
called from the device under the test (DUT) module, when it is
supposed to be called one level below that. In this
implementation, change the line to:

add wave -noupdate -format Logic -radix
hexadecimal /${testbench name}/dut/legacy core ddr sdram/
resynch clk

16. Save the wave.do file.

Perform the Simulation in the ModelSim Software

«®  Touse the NativeLink feature, follow the instructions in the Using the
NativeLink Feature with ModelSim section of the Quartus II Handbook,
volume 3.

17. Ensure that ModelSim is installed in your system and invoke the
ModelSim simulator.
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= You can use either the ModelSim-Altera edition or the full
version of the ModelSim simulator.

18. Change the directory in the ModelSim Transcript window to
<project directory>/testbench/modelsim, asshownin
Figure 52.

Figure 52. Changing the Directory in ModelSim

Transcripp —78

# Reading C:/altera/71sp1/modelsim_ae/tclAvsim/pref tol
ModelSim: pwd

# C:/altera/712p /modelsim_ae/examples

Model3im: cd W

ModelSim: cd c:/an328/Legacy_PHY Mtestbench/modelzim
ModelSim: pwd

# C:/an328/Legacy PHY /testbench/modelzim

M odelSim: |

[

19. Set the memory model used for this simulation by entering;:
set memory model ddr2

20. On the Tools menu, click Execute Macro and select
legacy_core_ddr_sdram_vsim.tcl.

'~ You can also type in:
do legacy_core_ddr _sdram_vsim.tcl

The simulator runs until the time elapsed is ~204 ps with the

ModelSim Transcript window showing that simulation passed
(Figure 53). The first 200 ps of the simulation initializes the memory.
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Figure 53. End of Simulation in ModelSim Transcript Window

Tianscript

# Legacy_PHY
# Legacy |

b.memaony_0_B.data_task: at time 2040195921.0 pz INFO: READ & DOS= bank = 3 row = 0003 col = 0000000 data = w8k j
ata_task: at time 204019921.0 ps INFO: READ @ DOS= bank = 3 row = 0003 cal = 0000000f data = wxlf
lata_task: at time 2040139210 ps INFO: READ @ DOS= bank = 3 row = 0003 col = 0000000f data = xxac
ata_task: at time 20401959270 ps INFO: READ @ DOS= bank = 3 row = 0003 col = 0000000F data = s=fd
main: at time: 204023281.0 ps INFO: Syne: On Die Termination = 0
main: at time: 204023281.0 ps INFO: Syne: On Die Termination = 0
th. main: at time 204029281.0 ps IMFO: Sune On Die Termination = 0
# Legacy_PHY_tb.memony_0_3.main; at time 204023281.0 ps INFO: Sync On Die Termination =0
# Legacy_PHY_tb.memony_0_4.main; at time 204023281.0 ps INFO: Sync On Die Termination =0
# Legacy_PHY_tbmemaony_0_5.main: at time 204029281.0 ps INFO: Syne On Die Termination = 0
# Legacy_PHY_tbmemaony_0_B.main: at time 204029281.0 ps INFO: Syne On Die Termination = 0
# Legacy PHY _thurmemaony_0_7.main: at time 204029281.0 ps INFO: Sunc On Die Termination = 0
# Legacy_PHY_tb.memony_0_B.main; at time 204023281.0 ps INFO: Sync On Die Termination =0
# Break at .. /Legacy_PHY_tb.v line 465
# Simulation Breakpoint: Break at .. /Legacy_PHY_th.v line 465
# MACRD Chan328%Legacy PHYMestbench\madelsimilegacy_core_ddr_sdram_vsim.tel PAUSED at line 357
204040513 - SIMULATION PASSED —
W5 [paused)> j

Figure 54 shows the last read and write transactions that occurred near
the end of the simulation.

Figure 54. Read and Write Transactions in ModelSim

199704360 ps

20

Step 5: Compile the Design and Generate the Timing Report

Compile the fully-constrained design. After successfully compiling your
design in the Quartus II software, run the dtw_timing_analysis.tcl script
from the command prompt to analyze interface timing (Figure 55). This
script is available in the

<quartus_installation_directory>\quartus\common\tcl\apps\gui\dtw
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folder. You can either copy the script into your project directory or access
the script from its default location. You must, however, run the script
from your project directory in the command prompt.

The command to call the dtw_timing_analysis.tcl script from the default
Quartus II 7.2 installation directory is as follows (provided that you are
using ddr_settings.dwz file for your design):

quartus sh -t

c:\altera\72\quartus\common\tcl\apps\gui\dtw\

dtw_timing analysis.tcl -dwz file ddr settings.dwz

1= The script must know which .dwz settings to analyze, so you
must specify it manually using the command line. There are
other optional arguments for the script, which are documented
in the DDR Timing Wizard (DTW) User Guide.

Figure 55. Sourcing the dtw_timing_analysis.tcl Script

AWINDOWSsystem32icmd. exe

IC:~an328\Legacy_ PHY>quartus_sh -t ¢ :\alt:e1-&1\'?2\1:11&11-1:&13\t:mnmon\t:t:l\apl:ns\gui\(ll:\-J\l:lu
itw_timing_analysis.tcl —dwz_file ddr_settings.dwz .

You cannot run the dtw_timing_analysis.tcl script from the
CAUTION

Tcl Scripts option under the Tools menu.
Once the dtw_timing_analysis.tcl script has finished running, close the
compilation report and reopen it to display the script results.

The dtw_timing_analysis.tcl script results are added at the bottom of the
compilation report in the Memory Interface Timing folder (Figure 56).
This folder has a subfolder: legacy_core (ddr_settings.dwz) where
legacy_core is the name of the MegaCore controller and
ddr_settings.dwz is the name of the .dwz file used for the analysis. There
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are three panels under the subfolder named Timing Summary,
Recommended Settings, and What To Do Next, shown in Figures 57
through 59.

Figure 56. The diw_timing_analysis.tcl Script Results

&R'2H Compilation Report
& B Legal Motice
&SR Flow Surmmary
=B Flow Settings
&SR Flow Mon-Default Global Settings
5B Flow Elapsed Time
&HE Flow Log
%D Analysis & Synthesis
&h( ] Fitter
&h( 1 Assembler
[:I TimeQuesk Timing Analkvzer
= %ﬁ Memory Interface Timing
-1-EH A legacy_core (ddr_settings.dwz)
SHER Timing Surmmary
SHER Recommended Settings
SHER What To Do Next

e[ [ [

Figure 57. Example Design Timing Summary

Timing Summary

— Cuntent Margin | Ideal Magin | Slaw Setup | Slow Hold | Fast Setup [FastHald [ PLL
[ns] (rs) [ns] [ns) (ns) [ns] Mame
1| Flead capture 0,204 0274 0344 020 o0t 0241
2| Fedback clock. 3303 0,060 3303 42182073 3423 g_stativpll_deb_fecback_pll_instiakpl_camponentipliclk[D]
3| Resynchionization clock 0,039 0925 0,039 2829 1085 1890 g_strativpll_ded_plinstiatpll_companertiplicki0]
4| Postamble clock. 0.397 1.204 0.944 201 0397 2678 q_shatixpll_ddr_fedback_pl_instiakpll_componentplicli[1]
5| Recovery/Removal | 0.450 0834 0.813 043 1085 0.450
6| D0ss 0.397 0702 1.008 037 1240 0413 | q_shatispll_ddr_pl_instialtpl_somponertiplick[0]
7| wite Capturs 0.150 0.255 0.150 03651 0351 0360 | g_strativpl_de_plLinstistpll_companertiplick{1]
8| Adthess/Command | 0.708 0.967 0.705 1343 0gel 1227 | g_stativpll_deb_pllinstistpll_companertiplick{0]

Figure 58. Example Design Recommended Settings

Clock Current Clock | Mew Clock | Current | Mew  [PLL
Cycle Cycle Phase |Phase [Mame
1} Fed-back clock 2 2 1} 323 q_shratizpll_ddr_fedback_pll_instlaltpll_componentiplicli[0]
2| Respnchronization clock | 3 4 1] 55 a_stratizpll_ddr_pll_inzsHakpll_componentipliicli[0]
3| Swstem postamble clock | 3 3 -180 a a_strati=pll_ddr_pll_instalkpl_campanentipllizlk[0]
z Postamble clack 2 2 90 108 a_stratizpll_ddr_fedback _pll_instlaltpll_componentiplicli[1]
5| CE/CK# MNia NAA, 1] -29 a_shatizpll_ddr_pll_ingtalpll_componentlpllicli[0]
B[ wiie Capture M N/h Bli} -80 a_shratizpll_ddr_pll_instalkpll_componentipliicli[1]
E Addiess/Command M M d 1] -25 a_stratizpll_ddr_pll_inztakpl_componentipliicli[0]
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Figure 59. What To Do Next

What Ta
Do Next

Adjust the clock cycles as recammended.

7
2| & Choose one of the following options:

3] &) Rerun this script and add the -auto_adjust_cpcles option.

E b] Open DTW, update the clock cycles manually, then rerun this script with the same options.
E These options do not change clock cycle settingz in the 1P Toolbench

E = If necessary, update clock cycle settings for these clocks in the 1P Toolbench:

v

Resynchronization clock and postamble clock

As shown in the timing summary in Figure 57, the slow setup margin for
the fedback clock timing shows a violation of over one clock period. This
indicates that the clock cycle selection for the resynchronization path is
incorrect, as shown in the recommended settings in Figure 58.

Remember also that the DQS/DQ pin assignments were changed,
resulting in the resynchronization register locations not being optimally
placed. These location assignments are fixed in the “Step 6: Adjust
Constraints” on page 93.

The What To Do Next panel in Figure 59 gives high-level suggestions on
what you must do to balance your timing margins.

For detailed information about how to change the phase shifts of the
postamble, CK/CK#, and address and command clocks, refer to the
DDR Timing Wizard (DTW) User Guide.

= You should not adjust the phase shift of the system clock or the
write clock, which defaults to p11clk[0] and pllclk[1]
signals. Instead, if another path uses either of these clocks, and
requires phase-shift adjustment, change the connection and use
dedicated PLL outputs.

Since the design does not meet timing, you must adjust the design
constraints.

Step 6: Adjust Constraints

Before using the dtw_timing_analysis.tcl recommendations, fix the
resynchronization registers’ location assignments first to ensure that
these registers are optimally placed. To do so, run the resynch.bat file in
the command editor pointing to your project directory (see Figure 60).
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Figure 60. Running a Batch File to Fix the Resynchronization Registers’
Location Assignments

WINDOWS\system32\cmd. exe

[C=Nan328\Legacy PHY >resynch.

The resynch.bat batch file runs relative_constraint.tcl in the background.
The batch file groups the two groups of resynchronization registers with
each DQ pin and places the registers one row above the pins. Below is an
example of the code in the batch file for DQS/DQ group 0:

quartus_sh -t relative constraint.tcl -project
Legacy PHY -pin name *ddr2 dq[* -reg name
"*0:*|resynched data[*]" -show regs -reg range 7:0 -
pin range 7:0 -row offset 1 -apply

quartus_sh -t relative constraint.tcl -project
Legacy PHY -pin name *ddr2 dgq[* -reg name
"*0:*|resynched data[*]" -show regs -reg range 15:8 -
pin range 7:0 -row offset 1 -apply

For more information on the relative_constraint.tcl, refer to
“Appendix E: The relative_ constraint.tcl Script” on page 151.

After running the batch file, compile the design and rerun the
dtw_timing_analysis.tcl script. Then, follow the recommended phase
shift for the resynchronization, postamble, and write clocks from the
dtw_timing_analysis.tcl script and recompile the design to close timing.

Figure 61 and Figure 62 show the new timing analysis result and

recommendation after the resynchronization registers' location
assignments are fixed.
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Figure 61. Timing Summary with Optimized Resynchronization Registers’
Locations

Timing Summary

— Cuntent Margin | Ideal Magin | Slaw Setup | Slow Hold | Fast Setup [FastHoid | PLL
[ns] (rs) [ns] [ns) (ns) [ns] Mame
1| Flead capture 0,204 0274 0344 020 00 0,241
2| Fedback clock. 2,890 0.263 2890 4205 1912 3416 g_stretivpll_de_fedback_pll_instakpl_camponentipliclk[0]
3| Resynchionization clock| 0,192 0849 0192 2829 1006 1883 o_strativpll_dd_pl_instiatpll_companentiolicki]
4| Postamble clock. 037 1164 0.840 201 0317 2676 q_shativpll_ddr_fedback_pl_instiakpil_componentplicli[1]
5| Recover/Removal | 0.450 0834 0.813 043 1085 0.450
6| D035 0.397 0702 1.008 0357 1240 0413 | shativpll_ddr_pl_instialtpll_somponentplick[0]
7| wite Capturs 0.150 0.255 0.150 03651 0351 0360 | g stativpll_ddr_plinstialtpll_somponentplick[1]
8| Adthess/Command | 0.706 0967 0.705 1343 0Ee 1227 | g_stistivpll_ce_plLinstiltpll_companentiplicki0]

Figure 62. Recommended Settings with Optimized Resynchronization
Registers’ Locations

Recommended Settings

Clock Current Clock | Mew Clock | Current | Mew  [PLL
Cycle Cpcle Phase |Phase [Mame
1} Fed-back clock. 2 2 a 303 a_stratizpll_ddr_fedback_pll_instlaltpll_companentipllclk[0]
_2| Respnchronization clock| 3 4 1] 43 a_stratizpll_ddr_pll_inztakpll_componentipliicli]0]
i System postamble clock |3 3 180 1] a_shatizpll_ddr_pll_ingtalpll_componentlpllicli[0]
4| Postamble clack 2 2 0 108 _shiatizpll_ddr_fedback _pll_instlaltpll_componentipliiclk[1]
E CE/CEH M M d 1] -29 a_stratizpll_ddr_pll_inztakpl_componentipliicli[0]
E “rite Capture Mg NAA a0 -0 a_stratizpll_ddr_pll_insHaltpl_component|plliclk]1]
7| Address/Cammand M VB o peis} a_stratizpll_ddr_pll_instakpl_componentipliicli[0]

For more information about how to close timing with DTW, refer to the
Timing Closure Process section of the DDR Timing Wizard (DTW) User
Guide.

On the Manual Timing page, as shown in Figure 63, change both the
clock cycle and phase shift of the fedback resynchronization clock.
Perform the changes in the DDR2 SDRAM Controller MegaWizard
Plug In Manager.

'~  Changing the phase shift for the CK/CK# signals affects the

read data path timing, rendering the timing analysis results
shown in Figure 61 invalid.
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Figure 63. Changing Clock Phase Shift Settings in the DDR2 SDRAM
MegaWizard

& Parameterize - DDR2 SDRAM Controller Q@IE‘
Presets: | Custom + | Clack Speed: 286,667 MHz (3750 ps)
Custom memory device Device: EP2SGXI0F FIS08 C3

Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings | Manual Timings
Resynchronization Options

Reclock resynchronized data to the positive edge: | Automatic '

Manual resynchranization cantrol

Resynchronize captured read data in cycle: |4 v Dedicated dock phase: | 43

Resynchronization clock setting: dedicated clock v Fed-back clock phase: | 303

Insert intermediate resynchronization registers

Postamble Options

Manual postamble contral

Enable DQS postamble logic

| Insert intermediate postamble registers

Postamble cycle: 3 b Dedicated clock phase: 108

Postamble clock setting: | dedicated clock v Number of DES delay matching buffers:

Tirming Analysis Options
[ Use the results of the last complle to estimate setup and hald margins

3, Registered DIMM mode s disabled because the "nsert extra pipeline registers In the datapath’ checkbox is selected
L2 Clock period used for timing setup and analysis is 3750 ps.

Shiow Timing Estimates

[l Advanced e

On the Controller page, uncheck the Clock address and command
output registers on the negative edge option as the address and
command clock also needs a dedicated PLL output, based on the
dtw_timing_analysis.tcl script phase shift recommendation, shown in
Figure 58 on page 92. You can add 180° phase shift manually in the altpll

MegaWizard for easier tracking with this option unchecked. This change
is shown in Figure 64.
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Figure 64. Changing the Address and Command Clock Edge

& Parameterize - DDR2 SDRAM Controllen Q@]E\
Presets: | Custom + | Clack Speed: 286,667 MHz (3750 ps)
Custom memory device Device: EP2SGXI0F FIS08 C3

Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings || Manual Timings

Local Interface Capture Modz

@ HaHvE O Avalon-Mi Enstie O3 made
Memory Initialization Options Use fedback clack.

ODT Setting:  [Disabled % | Oh
etting: isable m Memory Controller Options

cAslatency: (4.0 v
Insert pipeline registers on address and command outputs
Burst length: |+ v
Insert extra pipeline registers in the datapath
Burst type: @ Sequertial O Interlzaved c
DG (R O Redieed | ] Clack addressjcommand output registers on the negative edge

Memory device DLL enable ] user contralled refresh

DLL Reference Clock Options

[ Insert logic to allow the DLL b update anly during the memory refresh period

£7 Registered DIMM mode is disabled because the 'insert extra pipeiine registers in the datapath’ checkbox is selected
2 Clock period used For timing setup and analysis is 3750 ps.

Shaw Timing Estimates

[ Advanced mods

In the Project Settings page, uncheck the Automatically apply
datapath-specific constraints to the Quartus II project option, as shown
in Figure 65. This is to avoid the DDR2 SDRAM MegaWizard from

assigning the pin location and I/O standard assignments that have been
changed before the previous compilation.
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Figure 65. Disabling the auto_add_ddr_constraints.tcl Script

& Parameterize - DDR2 SDRAM Controllen Q@E\
Presets: | Custom + | Clack Speed: 286,667 MHz (3750 ps)
Custom memory device Device: EP2SGXI0F FIS08 C3

Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings | Manual Timings

Example Design Settings

| [ lkEatically siply datapath-spedfic constraints to the QUarELE 1T projsct

Update the example design file that instantiates the controller variation
[ Automatically verify datapath-speciic timing in the Quartus II praject

Update the example design PLLs

Variation Path
[] Enable hierarchy cantrol

Hierarchy path to the datapath:
Complete path to your controller datapath, excluding the top-level entity in the Guartus 11 project
Turn on so the wizard skips the hierarchy analysis of your design and reduces the generation time.

Dievice Pin Frefixes and Names

Pin name of clock driving memary (+): | clk_to_sdram{0]

Pin name of clack driving memory (-): | ck_to_sdram_n{0]

Pin natme of Fed-back clock inpLt: Fedback_ck_n

Prefix all pins an the device with: ddr2_

‘When instantiating 2 single contraller, pin prefixes are optional;
Far multiple controllers, pin prefixes identify each variation's pins.

| £ Registered DIMM mode is dissbled because the "insert extra pipeline registers in the datapath’ checkbox is selected
2 Clock period used For timing setup and analysis is 3750 ps.

o i e [ Advanced mods

Disable the simulation netlist generation, or any changes you
made for functional simulation will be overwritten.

Click Finish and regenerate the controller to apply these changes. Click

OK when the MegaWizard warns you about overwriting existing files. To
use a dedicated PLL output for the address and command clock, enable

the ¢3 output of the system PLL and connect this output to addrcmd_clk
in the legacy_core instantiation. The system PLL instantiation code in the
Legacy_PHY.v file looks similar to the example below:

ddr pll stratixii g stratixpll ddr pll inst
(
.c0 (clk),
.cl (write clk),
.c2 (dedicated resynch or capture clk),
.c3 (dedicated addrcmd clk),
.inclk0 (clock source)
)7
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The MegaWizard uses an input PLL clock that is the same frequency as
the memory interface. You need to change the input clock frequency in
the ALTPLL MegaWizard for the ddr pll stratixii module.
Remember to change the input clock frequency in this module to

100 MHz for the example design. The MegaWizard overwrites any
changes that you made the last time. To avoid this, you can disable the
Update the example design PLLs option in the Project Settings page
(Figure 65 on page 98). However, this means that you need to manually
update any changes in the PLL phase shifts.

In the legacy core instantiation in the Legacy_PHY.v file, change:
.addrcmd clk (clk),

to:

.addrcmd _clk (dedicated addrcmd clk),

s The addrcmd clksignalis only available when the Insert extra
pipeline registers in the datapath option is checked in the
Controller page of the DDR2 SDRAM Controller
Parameterization window.

Since the example design is modified, make sure you uncheck
the Update the example design file that instantiates the
controller variation option in the Project Setting page,
(Figure 65 on page 98) the next time you invoke the DDR2
SDRAM Controller MegaWizard.

CAUTION

You must configure the phase shift for the output using the altpll
MegaWizard Plug-In Manager, as shown in Figure 66. The
dtw_timing_analysis.tcl script recommends a phase shift of -25° for the
address and command clock. However, in the previous compilation, the
negative edge of the system clock was used for the address and command
clock, which translates to 180° phase shift. Therefore, the address and
command clock must have a 155° (180° — 25°) phase shift after the Clock
address and command output registers on the negative edge option is
turned off.
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Figure 66. Address and Command Clock Phase Shift Setting

MegaWizard Plug-In Manager [page 8 of 12]

,a ALTPLL

Version 7.1

3-C Output Clack
ddr_plI_stratixii Able o implement in Fast or Enhanced PLL

UnSkO 1 0 frequency: 267,000 Mz T Gl Gl

|—co
Operation bsde: Normal (LN Clock Tap Settings
5
(==Y

Requested settings Actual settings

il [t Ph cagd[ O ()
o | 101 | oo | &0 o0
et | 101 | o000 s0.00
<2 | 10 | s6.00 | s0.00 Enter output dock parameters:
3 | 1n | s 00| 5000

& Enter output dock frequency: 267.0000000 | MHz | 267.000000

1

1

deg | 150.00

Clock multiplication Factor

Suratin 11 6% Clack division Factor

CERE

Clack phase shift 155,00

21|

Clock duty cycle (%) 50.00 E0.00

tore Details ==

1|

Per Clock Feasibiity Indicators
o cl 2 c3 4 o5

‘ Cancel || < Back || Mest > || Finish |

After changing the postamble and address/command clocks (leaving the
CK/CK# clocks alone) as recommended by the dtw_timing_analysis.tcl
script, perform Analysis and Elaboration to update the PLL settings and
connections in the design netlist before running DTW again.

Run DTW and re-import the settings, then ensure that the updates you
made to the design are reflected in the DTW pages.

s You can also run the dtw_timing_analysis.tcl script with the
-after iptb import and compile switch to resynthesize
the design, update DTW, recompile the design, and re-analyze
the timing without having to perform each flow manually.

Compile the design and re-run the dtw_timing_analysis.tcl script in the
command prompt after compilation is done. Figure 67 shows the timing
results after with all memory interface timings met. You can further
fine-tune the phase shifts per the script result recommendation.
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Figure 67. Timing Results After Second Compilation

Clock Cunent Margin | Ideal Margin | Slow Setup | Slow Hold | Fast Setup |FastHold (PLL
{rs) rs) Ins) ns) ns) rs) Hame

1| Read capture 0.203 0273 0343 0203 0.400 0.240

2| Fedback clock 0029 0077 0.029 0334 1.228 0126 o_shratixpl_ddi_tedback_pl_instiaktpll_componentipllclk[0]
3| Resynchronization clack 0,575 0.768 0.575 1.882 1.862 0.961 g_shratixpl_ddi_pll_irstlaltpl_componentipllclk[2]

4| Postamble clock 037t 1003 0691 1635 037 2304 | shatispl_do_fedback_pl|instlskpl_comporentiplick(1]
6| Recoven/Removal 0.356 0571 0.356 0366 0746 0.786

6| tDOSS 0.395 0.700 1.005 0395 1.239 0.411 g_shratixpl_ddi_pll_irstlaltpl_componentipllclk[0]

7| ‘write Capture 0.143 0.254 0148 0359 0.360 0.358 g_shatixpl_ddi_pll_irstlalpl_compaonentipllclk[1]

8| Address/Command 0.303 112 1338 0307 1.350 0.303 o_shratixpl_ddi_pll_instalpll_componentipllclk[3]

U= Note that some core timing paths are not met. You must close the

core timing by moving registers closer together or by creating
one or more LogicLock™ regions.

«®  For complete information on closing timing on this example design, refer
to the DDR Timing Wizard (DTW) User Guide.

Step 7: Perform Gate-Level Simulation (Optional)

To perform gate-level simulation, follow these steps:

1. On the Assignment menu, click EDA Tool Settings. The EDA Tool
Settings window appears.

2. Under EDA Tool Settings, double-click on Simulation.
3. Set Tool name to ModelSim-Altera.

4. Choose Verilog for the output netlist. Figure 68 shows the changes
to the Simulation window.

You do not need to change the output directory as the
MegaWizard-generated simulation script looks for the .vo and .sdo
files from the default <project_directory>\simulation\modelsim
directory.
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Figure 68. Simulation Window

Settings - Legacy PHY E]

102

=

Categary:
Files
Libraries Specify optiorss for generating output files for use with other EDA tools.
Device

Operating Settings and Conditions
Yoltage
Temperature

Comnpilation Process Settings
Early Timing Estimate

H EDAHTC;ZT;;]:;:IQESUNDHEHDH Format for output netlist: |Verilog A Time scale: |1 ps hd
Design Enty/Synthesis Dutput directory: ‘s\mulatiﬂn#mndelsim

Simulation
Timing Analysis
Formal Verification
Physical Synthesis
Board-Level
Analysis & Synthesis Settings
VHDL Input
Verilog HOL Input
Default Parameters
Suynthesis Metlist Optimizations
Fitter Settings
Physical Synthesis Optimizations
Timing Analysiz Settings
TimeQuest Timing Analyzer
#- Classic Timing &nalyzer Settings
Agsembler
Design Assistant
SignalTap 1| Logic Analyzer
Logic Analyzer Interface
Simulator Settings
PowerPlay Power Analyzer Settings

Tool hame: ‘Mode\ﬁim-ﬂ-\\lera ﬂ

™ Run gate-level simulation automatically after compilation

EDA Netlist \Writer options

[ Mapilegal HDL characters ™ Enable glitch filtering

Options for Power E stimation

™ Gernerate Value Change Dump (VCD) file seript

Muore Settings...

MativeLink seftings
% Nane

" Compile test bench
~ \ [..]

" Script to compile test bench: |

Reset
Cancel

5. Click OK.

6. Generate the simulation netlist by choosing the Start EDA Netlist
Writer option in the Start list under the Processing menu.

7. Follow the steps described in “Step 4: Perform RTL/Functional

Simulation (Optional)” on page 84. Before you execute the .tcl file,

set the simulation mode to gate level by typing:

set use gate model 1

1= If you performed a functional simulation, you only need to set
the gate model usage and execute the .tcl file.

To use the NativeLink feature, follow the instructions in the Using the

NativeLink Feature with ModelSim section of the Quartus II Handbook,
volume 3.
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Step 8: Perform Board-Level Simulations to Verify Design
Constraints

For this example design, the board design constraints are already
determined. However, for your actual board, determine the optimal
termination scheme, termination implementation (OCT versus external
resistors), drive strength settings, and system loading.

Table 7 shows the Altera-recommended board design constraints.
However, ensure that the constraints in Table 7 satisfy your application’s
needs. The Stratix I GX PCI Express Development, for example, does not
use ODT. Additionally, the board form factor only allows them to use
single parallel termination for the bi-directional signals.

Table 7. Altera-Recommended Board Constraints

Termination Near | Termination Near

Signal Type Terminator Scheme FPGA Memory Device Drive Strength (7)
Bi-directional Class Il External OoDT Series 25 Qwith
calibration
Uni-directional Class | None External resistor | Series 50 Qwith

calibration

Note to Table 7:

(1) Drive strength setting using series OCT is set under the Termination option in the Assignment Editor.

Altera Corporation

Evaluate trade-offs posed by various board design choices using
simulations. Different factors contribute to signal integrity and affect the
overall timing margin for the memory and the FPGA. These include the
termination scheme used, slew rate and drive strength settings on the
FPGA, and the loading seen by the driver. You should evaluate the trade-
offs between the different types of termination schemes, the effects of
output drive strengths, and loading, so that you can navigate through the
various design choices and choose optimal settings for your design.

To determine the correct board constraints, run board-level simulations to
see if the settings provide the optimal signal quality. With many variables
that can affect the signal integrity of the memory interface, simulating the
memory interface provides an initial indication of how well the memory
interface performs. There are various electronic design automation (EDA)
simulation tools available to perform board-level simulations. You
should perform the simulations on the data, clock, control, command,
and address signals. If the memory interface does not have good signal
integrity, adjust the settings, such as the drive strength setting,
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termination scheme, or termination values, to improve the signal
integrity. (Realize that changing these settings affects the timing). It may
be necessary to go back to the timing closure step if these change.

For a methodology on evaluating the effects of various device settings on
the signal, refer to AN 408: DDR2 Memory Interface Termination, Drive
Strength and Loading Design Guidelines.

When considering implementing multi-DIMM systems, refer to: AN 444:
Dual DIMM DDR2 SDRAM Memory Interface Design Guidelines. Ensure
that the constraints below satisfy your application’s needs. The Stratix II
GX PCI Express Development, for example, does not use ODT.
Additionally, the board form factor only allows them to use single
parallel termination for the bi-directional signals.

Step 9: Verify FPGA Functionality

To verify the functionality of the example design, download the design to
the Stratix II GX PCI-Express Development Board. The example design
contains a pnf (pass not fail) signal that indicates whether the memory
interface is functioning correctly. You can also use SignalTap Logic
Analyzer for board testing to verify the interface signals.

=" When considering implementing multi-DIMM systems, refer to
AN 380: Test DDR or DDR2 SDRAM Interfaces on Hardware Using
the Example Driver

Summary

The walkthrough you just completed describes the memory interface
design flow to implement a DDR2 SDRAM interface in the Stratix II GX
PCI Express Development Board. The walkthrough includes step-by-step
flow to instantiate, simulate, and close timing on a memory controller
design using the legacy PHY. You can now download the design into the
board to verify functionality or expand the design for your application.

The advanced clocking features available in Stratix II, Stratix II GX, and
Arria GX devices allow for a high performance, versatile interface to
DDR2 SDRAM. For applications requiring the greater memory
bandwidth offered by DDR2 SDRAM, Altera offers device families with
complete, proven memory solutions for these devices.

Arria GX devices only support ALTMEMPHY implementations, but

when targeting Stratix II or Stratix II GX devices, you have the choice of
either using ALTMEMPHY for high performance memory interfaces up
to 333 MHz, or using the legacy PHY if you want to interface with more
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than 72-bit wide memory per Stratix II or Stratix II GX device side. Altera
recommends using the ALTMEMPHY implementation to get the optimal
margin. Use the legacy PHY only if you need a non-DQS implementation
or lower latency application.

Table 8 shows pin assignments used in Stratix II GX PCI Express
Development Board. The pin names shown here are based on the default
pin names when using the ALTMEMPHY-based controllers. The legacy
PHY uses the prefix ddr2 instead of mem , but you can change the prefix
in the Project Settings page of the legacy controller MegaWizard.

Table 8. PCI Express Development Board, Stratix Il GX Edition I/0 and Pin Assignments (Part 1 of 5)

: pin | Outout o
Pin Name 1/0 Standard Location Pin Termination Current Strength
Load (pF)

mem addr[0] SSTL-18 Class || AP16 10 N/A Maximum Current
mem addr[1] SSTL-18 Class | AH28 10 N/A Maximum Current
mem_addr [10] SSTL-18 Class | | AT30 10 N/A Maximum Current
mem addr[11] SSTL-18 Class | AN21 10 N/A Maximum Current
mem_addr[12] SSTL-18 Class | | AP28 10 N/A Maximum Current
mem_addr[13] (3) | SSTL-18 Class | AL28 10 N/A Maximum Current
mem_addr([14] (3) | SSTL-18 Class|| AP19 10 N/A Maximum Current
mem_addr [2] SSTL-18 Class | | AP26 10 N/A Maximum Current
mem addr [3] SSTL-18 Class | AP29 10 N/A Maximum Current
mem_addr [4] SSTL-18 Class | | AL15 10 N/A Maximum Current
mem addr[5] SSTL-18 Class | AK27 10 N/A Maximum Current
mem_addr [6] SSTL-18 Class | | AK25 10 N/A Maximum Current
mem addr[7] SSTL-18 Class | | AU29 10 N/A Maximum Current
mem addr [8] SSTL-18 Class | AH15 10 N/A Maximum Current
mem_addr [9] SSTL-18 Class | | AH25 10 N/A Maximum Current
mem ba[0] SSTL-18 Class | AN28 10 N/A Maximum Current
mem ba[l] SSTL-18 Class | | AG24 10 N/A Maximum Current
mem bal2] (3) SSTL-18 Class | AH27 10 N/A Maximum Current
SSTL-18 Class | | AG23 10 N/A Maximum Current

mem_cas_n
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Table 8. PCI Express Development Board, Stratix Il GX Edition /0 and Pin Assignments (Part 2 of 5)

: pin | Outut o
Pin Name 1/0 Standard Location Pin Termination Current Strength
Load (pF)

mem cke[0] SSTL-18 Class | AF18 10 N/A Maximum Current
mem_clk[0] SSTL-18 Class | | AW19 4 N/A Maximum Current
mem clk[1] SSTL-18 Class | | AU20 4 N/A Maximum Current
mem clk[2] SSTL-18 Class | AP20 2 N/A Maximum Current
mem _clk n[0] SSTL-18 Class | | AV19 4 N/A Maximum Current
mem clk n[1] SSTL-18 Class | AT20 4 N/A Maximum Current
mem clk n[2] SSTL-18 Class | | AN20 2 N/A Maximum Current
mem cs n[0] SSTL-18 Class | AJ25 10 N/A Maximum Current
mem_dm[0] SSTL-18 Class | | AT11 4 N/A Maximum Current
mem dm[1] S8STL-18 Class | | AP12 4 N/A Maximum Current
mem dm[2] SSTL-18 Class | AU15 4 N/A Maximum Current
mem_dm[3] SSTL-18 Class | | AT17 4 N/A Maximum Current
mem dm[4] SSTL-18 Class | AP18 4 N/A Maximum Current
mem_dm[5] SSTL-18 Class | | AU24 4 N/A Maximum Current
mem dm[6] SSTL-18 Class | | AV27 4 N/A Maximum Current
mem dm[7] SSTL-18 Class | AV30 4 N/A Maximum Current
mem_dm[8] SSTL-18 Class | | AW36 4 N/A Maximum Current
mem dq[0] SSTL-18 Class | AU9 4 N/A Maximum Current
mem dqg[1] SSTL-18 Class | | AN10 4 N/A Maximum Current
mem dqg[10] SSTL-18 Class || AR12 4 N/A Maximum Current
mem_dqg[11] SSTL-18 Class | AW12 4 N/A Maximum Current
mem dq[12] SSTL-18 Class || AN13 4 N/A Maximum Current
mem dq[13] SSTL-18 Class | AT13 4 N/A Maximum Current
mem dq[14] SSTL-18 Class || AN12 4 N/A Maximum Current
mem dq[15] SSTL-18 Class | AU13 4 N/A Maximum Current
mem dq[16] SSTL-18 Class | | AW13 4 N/A Maximum Current
mem dqg[17] SSTL-18 Class || AN14 4 N/A Maximum Current
mem dq[18] SSTL-18 Class | AV13 4 N/A Maximum Current
mem dqg[19] S8STL-18 Class || AP14 4 N/A Maximum Current
mem dq[2] SSTL-18 Class | AP10 4 N/A Maximum Current
mem_dq[20] SSTL-18 Class | | AT15 4 N/A Maximum Current
mem dq[21] SSTL-18 Class | AR15 4 N/A Maximum Current
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Table 8. PCI Express Development Board, Stratix Il GX Edition /0 and Pin Assignments (Part 3 of 5)

: pin | Outut o
Pin Name 1/0 Standard Location Pin Termination Current Strength
Load (pF)

mem dq[22] SSTL-18 Class | AW14 4 N/A Maximum Current
mem_dqg[23] SSTL-18 Class | | AW15 4 N/A Maximum Current
mem dq[24] SSTL-18 Class || AN16 4 N/A Maximum Current
mem dq[25] SSTL-18 Class | AN15 4 N/A Maximum Current
mem dq[26] SSTL-18 Class || AU16 4 N/A Maximum Current
mem dq[27] SSTL-18 Class | AT16 4 N/A Maximum Current
mem dq[28] SSTL-18 Class | | AN17 4 N/A Maximum Current
mem dqg[29] SSTL-18 Class | | AW16 4 N/A Maximum Current
mem_dqg[3] SSTL-18 Class | | AW9 4 N/A Maximum Current
mem dqg[30] SSTL-18 Class | | AV16 4 N/A Maximum Current
mem dq[31] SSTL-18 Class | AP17 4 N/A Maximum Current
mem dq[32] SSTL-18 Class | | AW18 4 N/A Maximum Current
mem dq[33] SSTL-18 Class | AT18 4 N/A Maximum Current
mem_dq[34] SSTL-18 Class | AW17 4 N/A Maximum Current
mem dqg[35] SSTL-18 Class || AR18 4 N/A Maximum Current
mem dq[36] SSTL-18 Class | AN18 4 N/A Maximum Current
mem_dq[37] SSTL-18 Class | | AT19 4 N/A Maximum Current
mem dq[38] SSTL-18 Class | AU19 4 N/A Maximum Current
mem_dq[39] SSTL-18 Class | | AN19 4 N/A Maximum Current
mem dqg[4] SSTL-18 Class || AV10 4 N/A Maximum Current
mem_dq[40] SSTL-18 Class | | AP23 4 N/A Maximum Current
mem dqg[41] SSTL-18 Class | | AW23 4 N/A Maximum Current
mem dq[42] SSTL-18 Class | AW24 4 N/A Maximum Current
mem_dq[43] SSTL-18 Class | | AV24 4 N/A Maximum Current
mem dq[44] SSTL-18 Class | AT24 4 N/A Maximum Current
mem dq[45] SSTL-18 Class | | AP24 4 N/A Maximum Current
mem dq[46] SSTL-18 Class | | AW25 4 N/A Maximum Current
mem dq[47] SSTL-18 Class | AV25 4 N/A Maximum Current
mem dq[48] SSTL-18 Class | | AP25 4 N/A Maximum Current
mem dq[49] SSTL-18 Class | AR25 4 N/A Maximum Current
mem_dq[5] SSTL-18 Class | | AU10 4 N/A Maximum Current
mem dq[50] SSTL-18 Class | AU26 4 N/A Maximum Current
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Table 8. PCI Express Development Board, Stratix Il GX Edition /0 and Pin Assignments (Part 4 of 5)

: pin | Outut o
Pin Name 1/0 Standard Location Pin Termination Current Strength
Load (pF)

mem dq[51] SSTL-18 Class | AW26 4 N/A Maximum Current
mem_dq[52] SSTL-18 Class | AU27 4 N/A Maximum Current
mem dqg[53] SSTL-18 Class | | AW27 4 N/A Maximum Current
mem dq[54] SSTL-18 Class | AW28 4 N/A Maximum Current
mem_dqg[55] SSTL-18 Class | | AT27 4 N/A Maximum Current
mem dq[56] SSTL-18 Class | AT28 4 N/A Maximum Current
mem dq[57] SSTL-18 Class | | AW29 4 N/A Maximum Current
mem dqg[58] SSTL-18 Class || AR28 4 N/A Maximum Current
mem_dg[59] SSTL-18 Class | | AT29 4 N/A Maximum Current
mem dq[6] SSTL-18 Class | | AN11 4 N/A Maximum Current
mem dq[60] SSTL-18 Class | AU30 4 N/A Maximum Current
mem dq[61] SSTL-18 Class | | AW30 4 N/A Maximum Current
mem dq[62] SSTL-18 Class | AW31 4 N/A Maximum Current
mem_dg[63] SSTL-18 Class | | AU3t 4 N/A Maximum Current
mem dqg[64] SSTL-18 Class | | AW32 4 N/A Maximum Current
mem dq[65] SSTL-18 Class | AU32 4 N/A Maximum Current
mem dq[66] SSTL-18 Class | | AU33 4 N/A Maximum Current
mem dq[67] SSTL-18 Class | AW34 4 N/A Maximum Current
mem dq[68] SSTL-18 Class | | AW35 4 N/A Maximum Current
mem dqg[69] SSTL-18 Class | | AV34 4 N/A Maximum Current
mem_dqg[7] SSTL-18 Class | | AW10 4 N/A Maximum Current
mem dqg[70] SSTL-18 Class | | AV37 4 N/A Maximum Current
mem dq[71] SSTL-18 Class | AW37 4 N/A Maximum Current
mem_dq[8] SSTL-18 Class | | AT12 4 N/A Maximum Current
mem dq[9] SSTL-18 Class | AW11 4 N/A Maximum Current
mem _dgs[0] SSTL-18 Class | AT9 4 N/A Maximum Current
mem dgs[1] SSTL-18 Class | | AU12 4 N/A Maximum Current
mem dgs[2] SSTL-18 Class | AT14 4 N/A Maximum Current
mem_dgs [3] S8STL-18 Class || AP15 4 N/A Maximum Current
mem dgs[4] SSTL-18 Class | AV18 4 N/A Maximum Current
mem_dgs[5] SSTL-18 Class | | AU23 4 N/A Maximum Current
mem dgs[6] SSTL-18 Class | AT25 4 N/A Maximum Current
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Table 8. PCI Express Development Board, Stratix Il GX Edition /0 and Pin Assignments (Part 5 of 5)

: pin | Outut o
Pin Name 1/0 Standard Location Pin Termination Current Strength
Load (pF)

mem dgs[7] SSTL-18 Class | AU28 4 N/A Maximum Current
mem_dgs [8] SSTL-18 Class | | AW33 4 N/A Maximum Current
mem odt [0] SSTL-18 Class | | AN25 10 N/A Maximum Current
mem ras_n SSTL-18 Class | AJ27 10 N/A Maximum Current
mem we n SSTL-18 Class | AL13 10 N/A Maximum Current
clock source LVDS AW22 — — —
global reset n 1.8V AM22 — — —
pnf 1.8V AN31 — — —
test complete 1.8V AT31 — — —

Notes to Table 8:

(1) The pin names correspond to the pin names used in the ALTMEMPHY example design. The legacy PHY example
design uses a ddr2  prefix instead of a mem_ prefix.
(2) Address and command pins have more loads since they are connected to more than one device; therefore, they
need the available maximum current from the FPGA.
(3) These pins are connected in the board, but not used in the design. Reserve these pins as Output driving ground in
the Assignment Editor.

Appendix B:

Interface Signal

Description

Altera Corporation

The following section provides a detailed description of the interface

signals between the FPGA and the DDR2 SDRAM devices, how you need
to configure the FPGA pins to meet the DDR2 SDRAM electrical and

timing requirements, and lists the number of DQS and DQ pins available
in the FPGA.
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Interface Signals

Table 9 shows a summary of the DDR2 SDRAM interface pins and how to
connect them to a Stratix II, Stratix II GX, and Arria GX device.

Table 9. DDR2 SDRAM Interface Pins

Stratix Il, Stratix Il

Pins Description GX, or Arria GX
Pin Utilization
DQ Bi-directional read and write data bus DQ
DQS Bi-directional read and write data strobe DQS
DQS# (1) Optional b-directional differential write data strobe N/A
CK System clock User 1/O pin
CK# System clock User 1/O pin

fedback clk out (2)

Copy of CK output clock signal fedback to read the PLL for
resynchronization in DLL-based implementation with two
PLLs or for read capture in PLL-based implementation.

User I/O output pin
feeding PLL clock
input pin

fedback clk in (2)

Loopback signal from fedback clk out signal

PLL clock input pin

DM

Optional write data mask, edge-aligned to DQ during write

User 1/O pin

All other

Address, command, and so on

User I/O pin

Notes to Table 9:

(1) The DQS# signal in DDR2 SDRAM devices is optional. Stratix II, Stratix II GX, and Arria GX devices do not use
DQS# pins when interfacing with DDR2 SDRAM, as they do not support differential DQS signaling.

(2) This signal is not applicable for the PLL-based implementation with one PLL or for the ALTMEMPHY
implementation.

This section describes the clock, strobe, data, address, and command
signals on a DDR2 SDRAM device.

Clock Signals

The DDR2 SDRAM device uses CK and CK# signals to clock the address
and command signals into the memory. Furthermore, the memory uses
these clock signals to generate the DQS signal during a read through of
the DLL inside the memory. The skew between the CK or CK# signals and
the DDR2 SDRAM-generated DQS signal is specified as tpgsck in the
DDR2 SDRAM data sheet.

The DDR2 SDRAM has a write requirement (tpggs) that states the positive
edge of the DQS signal on writes must be within + 25% (+ 90°) of the
positive edge of the DDR2 SDRAM clock input. Therefore, you should
generate the CK and CK# signals using the DDR registers in the IOE to
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match with the DQS signal and reduce any variations across process,
voltage, and temperature. The positive edge of the DDR2 SDRAM clock,
CK, is aligned with the DQS write to satisfy tpqgs.

e«  HardCopy II structure ASICs require the use of the dedicated PLL clock
outputs for CK and CK# signals. For more information about interfacing
with external memory devices using HardCopy II Structure ASICs, refer
to AN 463: Using ALTMEMPHY Megafunction with HardCopy II Structured
ASICs or AN 413: Using Legacy Integrated Static Data Path and Controller
Megafunction with HardCopy II Structured ASICs.

To improve resynchronization timing for DDR2 SDRAM interfaces
running at or above 200 MHz, you can route a copy of the CK signal
(called fedback_clk out)from the memory pinback to the Stratix Il or
Stratix I GX devices (called fedback clk in).Arria GX devices donot
support this implementation. For more details about resynchronization,
refer to “Round-Trip Delay Calculation” on page 144.

Strobes, Data, DM, and Optional ECC Signals

The DQS is bi-directional. The DQS# pins in DDR2 SDRAM devices and
the DQS# pins in Stratix II devices are not used in DDR2 SDRAM
interfaces. Connect the memory’s DQS pins to the Stratix II, Stratix I GX,
or Arria GXDQS pins. The DQ pins are also bi-directional. A group of DQ
pins is associated with one DQS pin.

Il="  Inx8 and x16 DDR2 SDRAM devices, one DQS pin is always
associated with eight DQ pins (x8/x9 mode in the Stratix II
device).

Refer to Tables 10 through 14 for the number of DQS and DQ groups

supported in Stratix II, Stratix Il GX, and Arria GX. Stratix Il and
Stratix II GX devices support both DLL- and PLL- based
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implementations, while Arria GX devices only support DLL based
implementations with ALTMEMPHY. Each DQS pin can drive up to 4, 9,

18, or 36 DQ pins.

Table 10. DQS and DQ Bus Mode Support in Stratix Il Devices for DLL-Based Implementations

Device Package Number of | Number of Number of N::;“zl/’:;gf
x4 Groups | x8/x9 Groups | x16/x18 Groups
Groups
EP2S15 484-pin FineLine BGA 8 4 0 0
672-pin FineLine BGA 18 8 4 0
EP2S30 484-pin FineLine BGA 8 4 0 0
672-pin FineLine BGA 18 8 4 0
EP2S60 484-pin FineLine BGA 8 4 0 0
672-pin FineLine BGA 18 8 4 0
1,020-pin FineLine BGA 36 18 8 4
EP2S90 484-pin Hybrid FineLine BGA 8 4 0 0
780-pin FineLine BGA 18 8 4 0
1,020-pin FineLine BGA 36 18 8 4
1,508-pin FineLine BGA 36 18 8 4
EP2S130 | 780-pin FineLine BGA 18 8 4 0
1,020-pin FineLine BGA 36 18 8 4
1,508-pin FineLine BGA 36 18 8 4
EP2S180 | 1,020-pin FineLine BGA 36 18 8 4
1,508-pin FineLine BGA 36 18 8 4
Table 11. Stratix Il DQS and DQ Bus Mode Support for PLL-Based Implementaitons (Part 1
of2)  Note (1)
- Number of Number of Number of Number of
Device Package x4 Groups | x8/x9 Groups | x16/x18 Groups | x32/x36 Groups
EP2S15 | 484-pin FineLine BGA 13 7 3 1
672-pin FineLine BGA 24 9 4 2
EP2S30 |484-pin FineLine BGA 13 7 3 1
672-pin FineLine BGA 36 15 7 3
EP2S60 |484-pin FineLine BGA 13 7 3 1
672-pin FineLine BGA 36 15 7 3
1,020-pin FineLine BGA 51 26 13
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Table 11. Stratix Il DQS and DQ Bus Mode Support for PLL-Based Implementaitons (Part 2

of2)  Note (1)
Device Package Number of Number of Number of Number of
x4 Groups | x8/x9 Groups | x16/x18 Groups | x32/x36 Groups
EP2S90 |780-pin FineLine BGA 40 24 12 6
1,020-pin FineLine BGA 51 25 12 6
1,508-pin FineLine BGA 51 25 12 6
EP2S130 | 780-pin FineLine BGA 40 24 12 6
1,020-pin FineLine BGA 51 25 12 6
1,508-pin FineLine BGA 51 25 12 6
EP2S180 | 1,020-pin FineLine BGA 51 25 12 6
1,508-pin FineLine BGA 51 25 12 6
Note to Table 11:
(1) Check the pin table for each DQS and DQ group in the different modes.
Table 12. Stratix Il GX DQS and DQ Bus Mode Support for DLL-Based Implementations  Note (1)
Device Package Number of Number of Number of Number of
x4 Groups | x8/x9 Groups |x16/x18 Groups | x32/x36 Groups
EP2SGX30C | 780-pin FineLine BGA 18 8 4 0
EP2SGX30D
EP2SGX60C | 780-pin FineLine BGA 18 8 4 0
EP2SGX60D
EP2SGX60E | 1,152-pin FineLine BGA 36 18 8 4
EP2SGX90E | 1,152-pin FineLine BGA 36 18 8 4
EP2SGX90F | 1,508-pin FineLine BGA 36 18 8 4
EP2SGX130G | 1,508-pin FineLine BGA 36 18 8 4

Note to Table 12:
(1) Check the pin table for each DQS and DQ group in the different modes.

Table 13. Stratix Il GX DQS and DQ Bus Mode Support for PLL-Based Implementations (Part 1 of 2)
Note (1)

. Number of Number of Number of Number of
Device Package x4 Groups | x8/x9 Groups | x16/x18 Groups | x32/x36 Groups
EP2SGX30 780-pin FineLine BGA 18 8 4 2
EP2SGX60 780-pin FineLine BGA 18 8 4 2
1,152-pin FineLine BGA 25 13 6 3
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Table 13. Stratix Il GX DQS and DQ Bus Mode Support for PLL-Based Implementations (Part 2 of 2)

Note (1)
Device Package Number of Number of Number of Number of
x4 Groups | x8/x9 Groups |x16/x18 Groups | x32/x36 Groups
EP2SGX90 1,152-pin FineLine BGA 25 13 6 3
1,508-pin FineLine BGA 25 12 6 3
EP2SGX130 | 1,508-pin FineLine BGA 25 12 6 3

Note to Table 13:

(1) Check the pin table for each DQS and DQ group in the different modes.

Table 14. Arria GX DQS and DQ Bus Mode Support for DLL-Based Implementations Note (1), (2)

Package Number of Number of | Number of x16/ | Number of x32/
x4 Groups | x8/x9 Groups x18 Groups %36 Groups
484-pin FineLine BGA 2 0 0 0
780-pin FineLine BGA 18 8 4 0
1,152-pin FineLine BGA 36 18 8 4

Note to Table 14:

(1) Check the pin table for each DQS and DQ group in the different modes.

(2)  Arria GX only supports DLL-based implementation using ALTMEMPHY.
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The DQ signals are edge-aligned with the DQS signal during a read from
the memory and are center-aligned with the DQS signal during a write to
the memory. The memory controller shifts the DQ signals by —-90° during
a write operation to center align the DQ and DQS signals; the memory
controller delays the DQS signal during a read, so that the DQ and DQS
signals are center aligned at the capture register. Stratix II devices use a
phase-locked loop (PLL) to center-align the DQS signal with respect to the
DQ signals during writes and use dedicated DQS phase-shift circuitry or
another PLL to shift the incoming DQS signal during reads. Figure 69
shows an example where the DQS signal is shifted by 90° for a read from
the DDR2 SDRAM. Figure 70 shows an example of the relationship
between the data and data strobe during a burst-of-four write.
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Figure 69. DQ and DQS Relationship During a DDR2 SDRAM Read in Burst-of-Four Mode Note (1)
DQS pin to
register delay (2)

—> e

DQS at
FPGAPIn N\ Preamble ¢ _ Postamble
DQ at w
FPGA Pin

DQS at DQ
IOE registers

DQ at DQ >< ><
IOE registers

90 degree shift DQ pin to
register delay (2)

Notes to Figure 69:

(1) This is an example of a 90° shift. Base your timing analysis on the shift value read for your system. The shift may
not be 90°.

(2) The delay from the DQS pin to the capture register and DQ pin to the capture register to minimize additional skew
between these signals at the IOE registers.

Figure 70. DQ and DQS Relationship During a DDR2 SDRAM Write in Burst-of-Four Mode

DQS at
FPGA Pin

XXX
FPGA Pin : : :

The memory device’s setup (tps) and hold times (tpy) for the write DQ and
DM pins are relative to the edges of DQS write signals and not the CK or
CK# clock. These specifications are not necessarily symmetrical in DDR2
SDRAM, unlike in DDR SDRAM devices.

The DQS signal is generated on the positive edge of the system clock to
meet the tpggs requirement. DQ and data mask (DM) signals use a clock
shifted —90° from the system clock so that the DQS edges are centered on
the DQ or DM signals when they arrive at the DDR2 SDRAM. The DQS,
DQ, and DM board trace lengths need to be tightly matched.
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The DDR2 SDRAM uses the DM pins during a write operation. Driving
the DM pins low shows that the write is valid. The memory masks the DQ
signals if the DM pins are driven high. You can use any of the I/O pins in
the same bank as the associated DQS and DQ pins to generate the

DM signal.

The DM signal’s timing requirements at the DDR2 SDRAM input are
identical to those for DQ data. The Stratix Il DDR registers, clocked by
the —90° shifted clock, create the DM signals.

Some DDR2 SDRAM devices support error correction coding (ECC) to
detect and automatically correct error in data transmission. The 72-bit
DDR2 SDRAM modules contain eight ECC pins in addition to 64 data
pins. Connect the DDR2 SDRAM device ECC pins to a Stratix II device
DQS/DQ group. You should create a 72-bit DDR2 SDRAM memory
controller and add logic to decode and encode the ECC bits on the local
interface of the controller.

Address and Command Signals

Address and command signals in DDR2 SDRAM devices are clocked into
the memory using the CK or CK# signal. These pins operate at single data
rate (SDR) using only one clock edge. The number of address pins
depends on the DDR2 SDRAM device capacity. The address pins are
multiplexed, so two clock cycles are required to send the row, column,
and bank address. The CS, RAS, CAS, WE, CKE, and ODT pins are
DDR2 SDRAM command pins.

The DDR2 SDRAM address and command inputs do not have a

symmetrical setup and hold time requirement with respect to the DDR2
SDRAM clocks, CK, and CK# (Figure 71).
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Figure 71. Address and Command Timing Notes (1), (2)
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Notes to Figure 71:

(1) The address and command timing shown in Figure 71 is applicable for both reads and writes.

(2)  If the board trace lengths for the DQS, CK, address, and command pins are the same, the signal relationships at the
Stratix II, Stratix II GX, or Arria GX device pins are maintained at the DDR2 SDRAM pins.

You must perform a separate timing analysis for addresses and
commands to decide how to generate these signals (using the positive or
negative edge of the system clock or a phase-shifted version of the system
clock). This clock edge selection is made based on timing analysis with
accurate pin loading information. The timing analysis methodology for
address and command signals is very similar to the write timing paths
described in “Write Data Timing Analysis” on page 139. You can use any
of the I/O pins for the commands and addresses.

The address and command pins at the Stratix II device nominally change

at the same time as the DQS wrrite signal since they are both generated
from the system clock.
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There are two data paths or physical interface (PHY) available in Stratix II
and Stratix II GX devices; the legacy PHY and the ALTMEMPHY
megafunction. For highest performance, use the ALTMEMPHY
megafunction, which is the only data path supported in Arria GX devices.

For more information about this implementation, refer to the
ALTMEMPHY Megafunction User Guide. This section only describes the
legacy PHY architecture.

If you are not sure which PHY to use, refer to Technical Brief 091: External
Memory Interface Options for Stratix II Devices.

In addition, the legacy PHY offers two read-side implementations:

B DLL-based read implementation:
This method uses the DLL to phase shift the DQS strobe and
center-align the read data DQ with respect to the DQS at the IOE
registers. This implementation is limited to the top and bottom banks
of the Stratix II and Stratix II GX devices with a maximum clock rate
of 267 MHz. This implementation is also offered with two modes:

e One-PLL implementation with performance up to 200 MHz.
This implementation uses one DLL and one PLL, whereby the
PLL generates all the necessary clocks needed for the interface.

e Fedback-clock mode with performance up to 267 MHz.

This implementation uses one DLL and two PLLs. One PLL is
used to generate the system and the write clocks, while the other
PLL is used to generate resynchronization and postamble
clocks.

B PLL-based read implementation:
This method uses a PLL to generate the phase-shifted clock to
capture the read data DQ (instead of using the DQS strobe from the
memory devices). You can use this implementation in any I/O banks
of the Stratix I and Stratix II GX devices, but the performance is
limited to 200 MHz.

The DLL-based mode implementation always gives a higher
performance than the PLL-based implementation. This is because the
PLL-based implementation ignores the DQS strobes during reads. Timing
analysis, when not using the DQS strobes during reads, uses the tac
specifications (which is +/- 600 ps for a 200-MHz DDR2 SDRAM device)
for skew between data signals. Timing analysis using DQS strobes uses
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the tpggq and toys specifications, which is 350 ps and 450 ps, respectively,
for a 200-MHZ DDR2 SDRAM device. By using the DQS strobes during
read, you save 400 ps of timing uncertainties at 200 MHz.

When using PLL-based implementation, the top and bottom I/O banks
may also give better performance. This is because the side I/O pins
support LVDS, which results in the buffer having higher capacitance and
lower I/O performance.

Write-side implementation includes a PLL that outputs two clocks that
generate the write data and center-aligned write clock using the DDR
registers in the IOE. This implementation results in matched propagation
delays for clock and data signals from the FPGA to the DDR2 SDRAM,
minimizing skew.

Legacy Data Path Architecture Using Dedicated DQS Phase-Shift
Circuitry

The DDR2 SDRAM interface legacy PHY implementation using
dedicated DQS phase-shift circuitry uses the following;:

B A write-side PLL to generate CK and CK# system clocks and
clock-out address, command, strobe, and data signals.

B Aread-side DLL-based phase circuitry to capture read data from the
memory using strobe signals, DQS.

B An optional PLL for the fedback clock mode to generate
resynchronization and postamble clocks.

This implementation is also called the DQS mode or DLL-based
implementation available with the DDR and DDR2 SDRAM Controller
MegaCore function. The DDR2 SDRAM Controller initializes the
memory devices, manages SDRAM banks, and keeps devices refreshed at
appropriate intervals. The MegaCore function translates read and write
requests from the local interface into all the necessary SDRAM command
signals. The controller also contains encrypted control logic as well as a
clear-text data path that you can use in your design without a license.
Download this MegaCore function whether you plan to use the Altera
DDR2 SDRAM controller or not, to get the clear-text data path, clear-text
DQS postamble logic, and placement constraints. The MegaCore function
is accessible through the DDR2 SDRAM Controller MegaWizard. When
you parameterize your custom DDR2 SDRAM interface, the DDR2
SDRAM Controller MegaWizard automatically decides the best
phase-shift and FPGA settings to give you the best margin for your DDR2
SDRAM interface. It then generates an example instance that instantiates
a PLL, an example driver, and your DDR2 SDRAM Controller custom
variation, as shown in Figure 35 on page 65.
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Refer to Altera’s Memory Controllers page and download the DDR2
SDRAM Controller MegaCore MegaFunction.

The 1-PLL mode supports up to 200-MHz memory interface, while the
fedback-clock mode supports up to 267-MHz memory interface.
However, due to complex timing analysis with two PLLs, Altera
recommends ALTMEMPHY for interfaces above 200 MHz.

This implementation is only supported on Stratix II and Stratix II GX top
and bottom I/O banks because the DLLs and dedicated DQS phase-shift
circuitry are available on the top and bottom side only. Multiple
controllers sharing the DLL must have the same frequency, but can have
different implementations (that is, 1-PLL or 2-PLL implementation). You
can implement multiple controllers with up to two different frequencies
per device as each DLL can run at different frequencies.

Figure 72 shows a summary of how Stratix II and Stratix II GX devices
generate the DQ, DQS, CK, and CK# signals. The write PLL generates
system clock and the -90° shifted clock (write clock). If the write PLL
input clock and the DDR2 SDRAM frequencies are different, you must
provide the input reference clock to the DQS phase-shift circuitry either
from another input clock pin or from PLL 5 or 6.

For more information about the input clock refer to the External Memory
Interfaces chapter in volume 2 of the Stratix II Device Handbook.

The system clock and write clock are the same frequency as the DQS
frequency. The write clock is shifted -90° from the system clock.

L&~  The areset signal of the read PLL must be toggled after power
up and the system PLL is locked.

The example in Figure 72 uses a feedback clock and a second (read) PLL
to ease resynchronization. The board trace length for the feedback clock
should match closely with the board trace lengths for the CK DQ and
DQS signals to compensate for off-chip voltage and temperature
variation.

In Figure 72, the fedback clk out pin mirrors the DDR2 SDRAM CK
pin with a board trace length of 1; and is routed back to the Stratix II
device with board trace length of I,. The controller generates the FB_CLK
output using the same circuit as the CK output and constrains this pin to
an adjacent location on the same I/O bank.
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Figure 72. Stratix Il Device and DDR2 SDRAM Interface Data Path for DLL-Based Read

Stratix Il Device \OE
DM
>
DDR length =1,
DQ Write (1)
DDR length =1,
input_clk —| Write | | CK and CK# R
edte Write PLL  Clock DDR >
length = 14
System
Clock
DDR2
SDRAM
DQs Write (1)
DDR length =1,
DDR
FB.CLK(2)
length = I4+l5
<
L DQS Logic
— Block
F‘ea(cii‘)F'LL N |_DQS Read (1)
length =1,
nput DQS Phase:
Reference —{ -
Clock (3) Shift Circuitry DQ Read (1)
|_ length =1
DFF DFF DDR
15) “)

Notes to Figure 72:
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DQ and DQS signals are bi-directional. One DQS signal is associated with a group of DQ signals.

The feedback clock, FB_CLK, is to help ease resynchronization for interface speeds >200 MHz.

The input reference clock can either be from the input c1k, another clock pin, or a PLL 5 or 6 output.

The clock to the resychronization register is either from the system clock, write clock, and extra clock output from
the write PLL, or from the read PLL.

The clock to this register is either from the system clock or another clock output of the write PLL. If another clock

output of the write PLL is needed, another register is needed to transfer the data back to the system clock domain.
The read and write PLLs are configured in normal mode.

The average values of 1; and 1, should be used for FB_CLK trace length.
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The Stratix II device also has another legacy DLL-based implementation
where only one PLL is used. This PLL generates the resynchronization
and post amble clocks, in addition to the system and write clocks. This
implementation differs from Figure 72 in that the fedback clk trace
and the read PLL module does not exist. In general, this implementation
is limited to 200 MHz; however, this depends on the FPGA density and
memory device speed grade used. Always perform timing analysis in the
Quartus II software for your design to ensure that performance can

be met.

Legacy Data Path Architecture Without Using Dedicated DQS
Phase-Shift Circuitry

When using the PLL-based read implementation, Stratix II devices can
support up to 200-MHz DDR2 SDRAM where each interface uses two
PLLs for best performance (Figure 72 on page 121).

This implementation is useful when interfacing with more than 72-bit
wide memory interfaces per Stratix II devices side or when interfacing
with more than 144-bit data bus.

The DDR2 SDRAM interface implementation without using dedicated
DQS phase-shift circuitry uses the following:

B A write-side PLL to generate CK and CK# system clocks and clock
out address, command, strobe, and data signals.

B Aread-side PLL-based phase-shift to register read data from the
memory using a feedback clock, FB_ CLK.

This implementation is also called PLL-based read implementation (or
non-DQS mode).

«®  Refer to the Stratix I device pin-out table for the recommended DQS and
DQ pins in this mode. The board trace lengths for the DQ, DQS, and DM
pins need to be tightly matched.

In this implementation, the write PLL generates the system clock, the -90°
shifted clock, and the feedback clock (FB_CLK). The feedback clock is
routed outside the FPGA and back into the FPGA. This board trace length
should equal the clock trace length from the FPGA to the memory plus
the DQ trace length from the memory to the FPGA. In Figure 73,
assuming that the clock trace length equals 1; and the DQ trace length
equals I, the FB_CLK must have a trace length of I3 = (I; + 1;). Use an
average value of 1; and 1, when calculating 15.

122 Altera Corporation



Appendix C: Legacy PHY Architecture Description

Altera Corporation

The read PLL uses the feedback clock as the input clock and generates the
clock needed to capture the DQ during reads. The Stratix II device ignores
the DQS signal in this scheme. The read PLL is in source-synchronous
mode, such that the clock propagation delay to the IOE register is
matched to the data propagation. Because the trace length of the feedback
clock is the same as the CK or CK# and DQS trace, FB_CLK coming into
the FPGA resembles the DQS signal with a small amount of skew. The
read PLL can then be shifted to compensate for the skew and to
implement the 90° PLL phase shift required to capture the DQ signals
during reads.

The Quartus II software associates a particular PLL with a particular I/O
bank for source-synchronous operation, so you must ensure that the read
PLL is on the same side of the device as the data pins. The clock delay to
the worst case I/O registers in this I/O bank are fully compensated and
result in closely matched data delays and clock delays from the pin to the
I/0 registers across PVT. When using I/O registers in the
non-compensated I/O banks, clock delays and data delays are less closely
matched. For best clock and data delay matching, use a fast PLL for
implementing the interface on side I/O banks, and use an enhanced PLL
for implementing the interface on the top or bottom I/O banks. You must
also set the input pin delay-to-register option to 0 in the

Quartus II software.

The DQS signal is ignored during reads, so the DQS-DQ relationship
from the DDR SDRAM device no longer applies. The skew and timing
variations on the interface determine the maximum data rate you can
achieve with this method.

Figure 73 shows a summary of how Stratix II devices generate the DQ,

DQS, CK, and CK# signals. The write PLL generates the system and write
clocks. The read clock (FB_CLK) from the DDR2 SDRAM device goes to a
PLL input pin that generates the proper phase shift to capture read data.
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Figure 73. Stratix Il and DDR2 SDRAM Interface Data Path for PLL-Based Read
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Notes to Figure 73:

(1) DQ and DQS signals are bi-directional. One DQS signal is associated with a group of DQ signals.

(2) The feedback clock, FB_CLK, is to help ease resynchronization.

(3)  The clock to the resynchronization register is either from the system clock, write clock, or an extra clock output from
the write PLL.

(4) The clock to this register is either from the system clock or another clock output of the write PLL. If another clock
output of the write PLL is needed, another register is needed to transfer the data back to the system clock domain.

(5) Theread PLL is configured in the source synchronous mode, while the write PLL is configured in the normal mode.
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When designing an external memory interface for your FPGA, you must
analyze timing margins for several paths. All memory interfaces require
analysis of the write and read capture timing paths. Additionally, some
interfaces might require analysis of the resynchronization timing paths
and other memory-specific paths (such as postamble timing).

This application note describes Altera’s recommended timing
methodology using write and read capture timing paths as examples. You
should use this methodology for analyzing timing for all applicable
timing paths (including address and command, resynchronization,
postamble, and so forth). To ensure successful operation, the Altera DDR2
SDRAM Controller MegaCore performs timing analysis on the read
capture, resynchronization, and postamble paths. While these analyses
account for all FPGA related timing effects, you should design in
adequate margin to account for board level effects, such as crosstalk,
inter-symbol interference, and other noise effects. These effects and their
impact on timing margins are best analyzed by performing board level
simulations. You can use simulation results to adjust the board timing
requirement parameter, tgyy, for use in margin calculations. Your overall
system performance is determined by the slowest of all the timing paths.

This section analyzes the write and read capture timing margins for a
DDR2 SDRAM interface with a Stratix II device. The timing analysis
methodology is illustrated using the EP2S60F1020C3 FPGA interfacing
with a Micron MT9HTEF3272AY-53E DIMM. However, you should use the
same methodology to analyze timing for your preferred FPGA and
memory device.

Methodology Overview

Timing paths are analyzed by considering the data and clock arrival times
at the destination register. In Figures 74 and Figure 75, the setup margin
is defined as the time between “earliest clock arrival time” and “latest
valid data arrival time” at the register ports. Similarly, hold margin is
defined as the time between “earliest invalid data arrival time” and the
“latest clock arrival time” at the register ports. These arrival times are
calculated based on propagation delay information with respect to a
common reference point (such as a DQS edge or system clock edge).

Figure 74. Simplified Block Diagram for Timing Analysis
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Figure 75. Data Valid Window Timing Waveform
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Because you expect your design to work under all conditions, timing
margins should be evaluated at all process, voltage, and temperature
(PVT) conditions. To facilitate this, Altera provides two device timing
models in the Quartus II software: the slow corner model and the fast
corner model.

B Slow Corner Model - provides timing delays between two nodes
within the FPGA with slow silicon, high temperature, and low
voltage. In other words, the model provides the slowest possible
delay for that timing path on any device for that particular
speed grade.

B Fast Corner Model - provides timing delays between two nodes
within the FPGA with fast silicon, low temperature, and high
voltage. In other words, the model provides the fastest possible delay
for that timing path on any device.

Note that while almost all FPGA timing delays and uncertainties are
modeled in the Quartus II software, a limited number of uncertainties
that cannot be modeled are published in the FPGA handbook for use in
margin calculations. These data sheet specifications are based on device
characterization and account for device-level effects such as on-chip
variation, rise and fall mismatch, and noise. Some examples include clock
jitter on PLL and DLL outputs. These timing uncertainties or adder terms,
when used in conjunction with the Quartus II software reported timing
data, provide the most accurate device timing information. The following
read and write timing analyses sections detail the use of these timing
adder terms.
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Read Timing Margins for DLL-Based Implementation

During read operations, the DDR2 SDRAM provides a clock strobe (DQS)
that is edge-aligned with the data bus (DQ). The memory controller (in
the FPGA) is required to shift the clock edge to the center of the data valid
window and capture the DQ input data. Figure 69 illustrates the timing
relationship between the DQS and DQ signals during a read operation.

Figure 76 shows a detailed picture of the Stratix II device read data path
for x8 mode. The DQS signal goes to the DQS logic block and is shifted
by 90°. The DQS local bus then inverts the shifted DQS signal before it
clocks the DQ at the input registers. The DQ input register outputs then
go to the resynchronization register in the logic array. The
resynch_clock signal clocks the resynchronization register. The
resynch clock signal can come from the system clock, the write clock,
the write PLL clock, or the second (read) PLL (if you use the feedback
clock scheme).
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Figure 76. DDR2 SDRAM Read Data Path in Stratix Il Devices
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Notes to Figure 76:

(1)  The output enable registers are not shown here, but dgs_oe and dg_oe are active low in silicon. However, the
Quartus II software implements it as active high and adds the inverter automatically during compilation.
(2) Figure 76 does not show the DQS postamble circuitry.
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For more information about the DQ and DQS paths, refer to the External
Memory Interfaces chapter in volume 2 of the Stratix II Device Handbook.

Memory Timing Parameters

You would start the read timing analysis by obtaining the timing
relationship between the DQ and DQS outputs from the DDR2 SDRAM
memory device. Because this example analyzes timing for 267 MHz clock
speeds or 533 Mbps data rates, the half clock period is 1688 ps after
accounting for duty cycle distortion on the DQS strobe. This is specified
as typ in the memory data sheet and is 45% of the 3750 ps clock period.
Aside from typ, the memory also specifies tposg and tops. The former
specifies the maximum time from a DQS edge to the last DQ bit valid and
the latter specifies the data hold skew factor.
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With these memory timing parameters, the data valid window at the
memory can be calculated as typ — tons — tpasg = 988 ps. Assuming the
board trace length variations between all DQ and DQS traces are not more
than + 20 ps, the data valid window present at the FPGA input pins

is 948 ps.

FPGA Timing Parameters

FPGA timing parameters are obtained from two sources: the Quartus II
software timing analyzer and the Stratix II data sheet. The Quartus II
software provides all clock and data propagation delays, and the data
sheet specifies all clock uncertainties and skew adder terms.

Stratix II devices feature dedicated DQS phase-shift circuitry in the top
and bottom IO banks of the device, which center-aligns the DQS edge
with respect to the DQ input signals. This phase shift circuitry has a
coarse and fine delay resolution. The coarse delay feature is
self-compensating over PVT and has a resolution of 22.5°, 30°, or 36° of
the reference clock frequency (based on the DLL mode of operation).

For detailed information about DLL operation, refer to the External
Memory Interfaces chapter in volume 2 of the Stratix II Device Handbook.

The target memory speed is 267 MHz, so you can select between DLL
modes 2 (high) and 3 (very high). DLL mode 2 provides a coarse phase
resolution of 30°; mode 3 provides a 36° resolution. You can fine-tune this
phase shift further with a DLL offset implemented using uncompensated
delay chains.

This analysis assumes a 90° phase shift on the DQS strobe (DLL mode 2),
knowing that the phase shift (and DLL mode) can always be adjusted at
the end of this timing analysis for balanced setup and hold margins on the
read capture register.

The DQS phase-shift circuitry uses a DLL to provide the
self-compensating coarse delay shift. You therefore must account for any
jitter and phase-shift error on the DQS signal. The data sheet specifies the
tpos pHASE jiTTER (+ 45 ps) and tpog pserr (= 38 ps) timing parameters for
DLL mode 2.

After encountering the phase-shift circuitry, the DQS signal travels on a
dedicated local clock bus to the DQ capture registers. The fanout of this
local clock bus could range from x4 to x36. While the Quartus II software
provides clock propagation delays to each of these DQ register clock,
un-modeled uncertainties are accounted for with the tpos skew apDER
skew adder term listed in the data sheet. For the x8 mode used in this
example, the skew adder is + 35 ps.
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To obtain the Quartus II software timing data for the target device, you
should instantiate and compile the DDR2 SDRAM Controller MegaCore.
If you are using your own controller logic, you should instantiate the
clear-text DDR2 SDRAM data path instead to obtain timing delays. For
the read interface, the MegaCore function extracts and reports timing
delays associated with each DQ and DQS pin in the
<core_instance_name>_extraction_data.txt file located in your project
directory. Using this data file and the extract.tcl utility, minimum and
maximum propagation delays on the clock and data path are extracted
and presented in Table 15. This timing extraction is performed twice, once
with each device model (fast corner and slow corner). Observe that the
difference between minimum and maximum delays is minimal because
of the matched routing paths within the die and package.

Table 15. FPGA Timing Delays Note (1)

Slow Corner (ns
Fast Corner (ns) (-3 Speed Gr; de))
Data delay (minimum) 1.113 1.698
Data delay (maximum) 1.173 1.758
Clock delay (minimum) 2.031 2.612
Clock delay (maximum) 2.051 2.632
Micro setup (2) 0.068 0.122
Micro hold (2) 0.037 0.072

Notes to Table 15:

(1) These delays are reported in the <core_instance_name>_extraction_data.txt file
located in your project directory. Data delay is the propagation delay from the
each DQ pin to the input DDR register and is reported as dg 2 ddio. Clock
delay is the propagation delay to the DDR input registers from the corresponding
DQS pin, and is calculated as dgspin 2 dgsclk +
dgsclk 2 ddio resync.

(2) The micro setup and micro hold times are specified in the DC Switching
Characteristics chapter in volume 1 of the Stratix II Device Handbook.

Setup and Hold Margins Calculations

After obtaining all relevant timing information from the memory, FPGA,
and board, you can calculate the setup and hold margins at the DQ
capture register during read operations.
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With extracted timing information from the FPGA slow corner model:

Earliest clock arrival time = minimum clock delay within
(teaRLY_cLOCK) FPGA - DQS uncertainties
= clock delay (minimum)-
tpQs PHASE JITTER —
tpas_pserR — tpsQINT
=2612-45-375-35
= 2495 ps

Latest data valid time =memory DQS-to-DQ valid + maximum
(tLATE_DATA_VALID) data delay in FPGA
= tpgsq + data delay (maximum)
=300 + 1758
= 2058 ps

Setup margin = earliest clock arrival — latest data
valid — micro setup —board
uncertainty

= tgARLY_CLOCK ~ tLATE_DATA_VALID —
Utsy = texr

=2495-2058 - 122 -20

=295 ps

Therefore, the setup margin with the slow corner timing model is 230 ps.
Repeating these calculations with the fast corner timing model, the setup
margin is calculated to be 353 ps.

Latest clock arrival time = maximum clock delay within
(tLaTE_CcLOCK) FPGA + DQS uncertainties
= clock delay (maximum)+
tpQs_PHASE_JITTERT
tpas_psErRRHMDQSQINT

=2632 +45 + 37.5 + 35
=2750 ps
Earliest data invalid time = memory DQS-to-DQ invalid +
(tE ARLY_D. ATA_INVALID) minimum data delay in FPGA

= (tgp — tougs) + data delay (minimum)
= (1688 — 400) + 1698
= 2986 ps
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Hold margin

= latest clock arrival time — earliest
data invalid time — micro hold —
board uncertainty

= tEARLY_DATA_INVALID — tLATE_cLOCK
— Mty —tex

=2986 —2750 - 72 - 20

=144 ps

Therefore, the hold margin with the slow corner timing model is 144 ps.
Repeating these calculations with the fast corner model, the hold margin
is calculated to be 175 ps. The setup and hold margins can be balanced by
using a 72° phase shift in DLL mode 3, or a 60° phase shift in DLL mode 2
along with a positive delay offset. Table 16 illustrates timing analysis for
DLL-based read operations from a DDR2 SDRAM memory.

Table 16. Read Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 Using
the Dedicated DQS Phase-Shift Circuitry (Part 1 of 3)

Fast Slow
Parameter Specifications Corner | Corner Description
Model | Model
Memory thp 1.688 1.688 | Half period as specified by the memory data
specifications (1) sheet (including memory clock duty cycle
distortion)
tbasa 0.300 0.300 | Skew between DQS and DQ from the memory
tans 0.400 0.400 | Data hold skew factor as specified by the

memory data sheet
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Table 16. Read Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 Using

the Dedicated DQS Phase-Shift Circuitry (Part 2 of 3)
Fast Slow
Parameter Specifications Corner | Corner Description
Model | Model
FPGA tDQSfPHASEi\“TTER 0.045 0.045 |Phase jlttel’ on DQS output delayed by DLL
?g)et;i;;cations ), (three delay stages = + 3 x 15)
’ tbas_PSERR 0.038 0.038 | Phase-shift error on DQS output delayed by
DLL (three delay stages)
tDQS_SKEW_ADDER 0.035 0.035 | Clock Delay Skew Adder for x8
Minimum clock delay 2.031 2.612 | Minimum DQS pin to IOE register delay from
(input) the Quartus Il software (with 90° DLL-based
phase shift)
Maximum clock delay | 2.051 2.632 | Maximum DQS pin to IOE register delay from
(input) the Quartus Il software (with 90° DLL-based
phase shift)
Minimum data delay 1.113 1.698 | Minimum DQ pin to IOE register delay from the
(input) Quartus Il software
Maximum data delay 1.173 1.758 | Maximum DQ pin to IOE register delay from the
(input) Quartus Il software
Utsy 0.068 0.122 | Intrinsic setup time of the IOE register
Mty 0.037 0.072 | Intrinsic hold time of the IOE register
Board texT 0.020 0.020 | Board trace variations on the DQ and DQS
specifications lines
Timing teaRLY_cLoCK 1.914 2.495 | Earliest possible clock edge after DQS
calculations phase-shift circuitry and uncertainties
(minimum clock delay —tpqs JiTTER —
toas_pserR —tbas_skEw_ADDER)
tLATE cLock 2.169 2.750 | Latest possible clock edge after DQS
phase-shift circuitry and uncertainties
(maximum clock delay + tpqs_yiTTER +
toas_pserR *+ tbas_skew_ADDER)
tEARLY_DATA_INVALID 2.401 2.986 | Time for earliest data to become invalid for
sampling at FPGA flop (typ — tqus + minimum
data delay)
tLATE DATA_VALID 1.473 2.058 | Time for latest data to become valid for
sampling at FPGA flop (tpqsq + maximum
data delay)
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Table 16. Read Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 Using
the Dedicated DQS Phase-Shift Circuitry (Part 3 of 3)
Fast Slow
Parameter Specifications Corner | Corner Description
Model | Model
Results Read setup tlmlng 0.353 0.295 tEARLY?CLOCK _tLATEiDATAivALID — Mtgy —
margin (3) texTt
Read hold timing 0.175 | 0.144 |tearLy_pATA_INVALID ~tLATE cLock — Hiy —
margin (3) texT
Total margin 0.528 0.439 | Setup margin + hold margin

Notes for Table 16:

(1)  The memory specifications are based on the Micron MTIHTF3272AY-53E DIMM data sheet.

(2) This analysis is performed with FPGA timing parameters for an EP2560F1020C3 device. You should use this
template to analyze timing for your preferred Stratix Il density-package combination. For FPGA specifications, see
the External Memory Interfaces section in the DC Switching Characteristics chapter in volume 1 of the Stratix II Device
Handbook.

(3) These numbers are from the Quartus II software, version 5.1 using the DDR2 SDRAM Controller MegaCore 3.3.0.

(4) Package trace skews are modeled by the Quartus II software.

Read Timing Margins for PLL-Based Implementation

Timing margin analysis for a PLL-based implementation is very similar
to the previously described DLL-based implementation. The only
differences are the capture clock used and related clock uncertainties. In
this mode, a copy of the CK clock signal is fed back to a PLL inside the
FPGA.

In this example, you analyze margins for a DDR2-400 memory device for
a 200 MHz read operation using a PLL.

Figure 77 shows the PLL-based read data path in a Stratix II device. The
FB_CLK signal goes to the PLL and the PLL generates a phase-shifted
read clock to capture the read data. The outputs of the DQ registers then
go to the LE resynchronization registers. You may need multiple
resynchronization registers before data is synchronized with the system
clock.
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Figure 77. PLL-Based Read Data Path in a Stratix Il Device

resynch_clk
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Note to Figure 77:

LE IOE
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B
Lo ole L
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L L latch
D
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ena—e o—
PLL FB_CLK
Global Clock
Network

(1) The dg_oe signals are active-low in silicon. However, the Quartus II software adds the inverter automatically

during compilation.
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Memory Timing Parameters

The timing relationship of data (DQ) with respect to the CK clock is
governed by the tac parameter. For the DDR2-400 memory device under
consideration, this timing parameter is + 600 ps. This memory parameter
replaces the tpggg and tgpg parameters used in the DLL-based
implementation.

FPGA Timing Parameters

When the CK clock is fed back into the PLL for read capture, uncertainties
introduced on this clock include jitter, phase-shift error, and
compensation error. While jitter and phase-shift error parameters have
been defined before, the compensation error is a measure of the PLL’s
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ability to regenerate a clock output that tracks the input reference. For the
source-synchronous mode of the PLL, this parameter is typically

tpLr,_comp_ERrOR = * 100 ps.

a®® For more information about PLL specifications, refer to the PLLs in
Stratix II Devices chapter in volume 2 of the Stratix II Handbook.

PLL-based read implementation uses a single global clock network to
distribute the phase shifted clock signal to DQ capture registers in the
IOE. Differences in clock arrival times to these registers (clock skew) is
modeled in the Quartus II software, and is reflected in the minimum or
maximum propagation delays for the clock. Additionally, the Quartus II
software models the package trace delays for every pin in the device.
Therefore, this analysis does not account for such skews separately in the
timing margin analysis. The extracted minimum or maximum clock and
data delays account for these uncertainties.

To obtain the Quartus II software timing data for the target device,
instantiate and compile the DDR2 SDRAM Controller MegaCore
function. If you are using your own controller logic, instantiate the clear
text DDR2 data path instead to obtain timing delays. For the read
interface, the Quartus Il software reports individual setup and hold times
for each DQ pin. In the timing report, select the List Paths option to get
the data and clock propagation delays for that DQ pin. Select the
worst-case setup and hold DQ registers to extract the minimum and
maximum propagation delays.

For example, the list paths example shown in “List Paths Example”
indicates the setup time for DQ [9]. This path shows propagation delays
of 0.964 ns on the DQ pin to register path, and 2.148 ns (-0.750 + 2.898) on
the FB_CLX clock pin to the register path. Note that the clock path
includes the PLL phase-shift delay of 75° or 1.042 ns. Using this approach,
minimum and maximum propagation delays on the clock and data path
are extracted (refer to Table 17). This timing extraction is performed
twice, once with each device model (fast model and slow model).
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Example 1-1. List Paths Example

Info: tsu for register
"ddr2 nondgs:ddr2 nondgs_ddr sdram|...|\g dg io:1l:dg io~ddio out reg" (data pin =

"ddr2 dqg[9]",

clock pin

Info: + Longest

= "fedback clk in") is -1.062 ns
pin to register delay is 0.964 ns

Info: + Micro setup delay of destination is 0.122 ns
Info: - Offset between input clock "fedback clk in" and output clock

"ddr pll fb stratixii:g stratixpll ddr fedback pll instlaltpll:altpll component| clkO"

is -0.750 ns

Info: - Shortest clock path from clock
"ddr pll fb stratixii:g stratixpll ddr fedback pll inst|altpll:altpll component|_ clkO"
to destination register is 2.898 ns

Table 17 shows the read capture margins for a PLL-based implementation
of 200 MHz. The IP Toolbench utility performs a similar timing margin
analysis for the read timing path of your DDR2 SDRAM Controller
MegaCore instance.

Table 17. Read Timing Analysis Example for 200-MHz DDR2 SDRAM Interface in EP2S60F1020C3
(PLL Based Read) (Part 1 of 3)
200-MHz | 200-MHz
Parameter Specification Fast Slow Description
Model | Model
Memory thp 2.250 2.250 | Half period as specified by the memory data
specifications sheet
(1 tac 0.600 0.600 | Data (DQ) output access time from memory
clock (CK) for DDR2 400 Mbps device

Altera Corporation
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Table 17. Read Timing Analysis Example for 200-MHz DDR2 SDRAM Interface in EP2S60F1020C3

(PLL Based Read) (Part2 of 3)
200-MHz | 200-MHz
Parameter Specification Fast Slow Description
Model | Model
FPGA PLL phase shift (3) 1.042 1.042 | PLL phase shift to capture data (this is using
specifications 75°)
tPLL?JITTER (2) 0.125 0.125 Stratix Il PLL ]Ittel’
teLL_comP_ERROR 0.100 0.100 | PLL compensation error (high bandwidth)
teLL_pserr (2) 0.015 0.015 | PLL phase-shift error
tco_skew (CKand 0.025 0.025 | Variations of the CK and feedback clock signals
FB CLK) clock-to-out times from the Quartus Il software
(%)
Minimum clock delay 0.840 1.063 | Minimum feedback clock pin to IOE register
(4), (6) delay from the Quartus Il software
Maximum clock delay 0.861 1.106 | Maximum feedback clock pin to IOE register
(4), (6) delay from the Quartus Il software
Minimum data delay (4), | 0.611 0.964 | Minimum DQ pin to |OE register delay from the
(6) Quartus Il software
Maximum data delay 0.705 1.060 | Maximum DQ pin to IOE register delay from the
(4), (6) Quartus Il software
Mtsy 0.068 0.122 | Intrinsic setup time of the IOE register
Mty 0.037 0.072 | Intrinsic hold time of the IOE register
Board texT_skew 0.020 0.020 | Board trace variations on the DQ and DQS
specifications lines
Timing teaRLY cLoCK 1.642 1.865 | Earliest possible clock edge after DQS
calculations phase-shift circuitry and uncertainties
(minimum clock delay + PLL phase shift —
trLL_pserr —tPLL_JiITTER —
tPLL_coMP_ERROR)
tLATE cLock 2.143 2.388 | Latest possible clock edge after DQS
phase-shift circuitry and uncertainties
(maximum clock delay + PLL phase shift +
tpLL_PserR +tPLL sITTER +
trLL_comP_ERROR)
tEARLY _DATA_INVALID 2.236 2.589 | Time for earliest data to become invalid for
sampling at FPGA flop (tqp — tac + minimum
data delay - tCO?SKEW)
tLATE DATA VALID 1.330 1.685 | Time for latest data to become valid for
sampling at FPGA flop (tac + maximum data
delay +tco_skew)
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Table 17. Read Timing Analysis Example for 200-MHz DDR2 SDRAM Interface in EP2S60F1020C3
(PLL Based Read) (Part 3 of 3)
200-MHz | 200-MHz
Parameter Specification Fast Slow Description
Model | Model
Results Read setup tlmlng 0.224 0.038 tEARLY?CLOCK - tLATE?DATA?VALID —utgy —
margin text
Read hold timing 0.036 0.109 | tgarLy_paTA_INvALID ~tLATE cLock —MtH —
margin texT
Total margin 0.260 0.147 | Setup + hold-time margin

Notes to Table 17:

(1)  The specifications are based on the 200 MHz Micron MTIHTF3272AG-40E data sheet.

(2) For FPGA PLL specifications, see the PLL Timing Specifications section of the DC Switching Characteristics chapter
in volume 1 of the Stratix II Device Handbook.

(3) PLL phase shift is adjustable if you must balance the setup and hold time margin.

(4) Package trace length skew is modeled in the Quartus II software version 5.0 and higher. There is no additional
adder required.

(5) This number represents the difference between the Quartus II software reported tco for your CK and feedback
clocks. The value used in your analysis can be minimized by choosing pins with closely matched tco, such as
adjacent pins.

(6) These numbers are from the Quartus II software, version 5.1 using the DDR2 SDRAM Controller MegaCore 3.3.0.

Altera Corporation

Write Data Timing Analysis

Whether you are using the DQS phase-shift circuitry or the PLL to capture
the data during a read operation from the DDR2 SDRAM device, there is
only one implementation for the write operation. Timing margin analysis
for write data and address and command signals are very similar. This
section analyzes timing for the write data signals. You should use the
same approach to repeat this for the address and command signals.

For write operations, the DDR2 SDRAM memory requires the DQS to be
center-aligned with the DQ. This is implemented in Stratix II using the
PLL phase shift feature. Two output clocks are created from the PLL, with
arelative 90° phase offset. The leading (-90°) clock edge clocks out the DQ
write data output pins to the memory, while the lagging (0°) clock edge
generates the DQS clock strobe and CK and CK# memory output clocks.
Figure 69 on page 115 illustrates the timing relationship between the DQS
and DQ inputs required by the memory during a read operation.
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Figure 70 on page 115 shows the DQ, DQS timing relationship. The write
side uses a PLL to generate the clocks listed in Table 18.

Table 18. PLL Clock Outputs

Clock

Description

System clock

This is used for the memory controller and to generate the DQS
write, CK, and CK# signals.

Write clock (—90° shifted from system clock)

This is used in the data path to generate the DQ write signals.

Feedback clock

This optional clock is used if you are not using the DQS
phase-shift circuitry when reading from the DDR2 SDRAM
device or if you are using the feedback clock scheme for
resynchronization.

Resynchronization clock

This optional clock is only used if you are using the DQS
phase-shift circuitry and need a different clock phase shift than
available for resynchronization.

Memory Timing Parameters

When writing to a specific memory, the FPGA must ensure that setup and
hold times are met. These specifications (tps and tpyy) are obtained from
the data sheet (for the 267 MHz DDR2 SDRAM example, 350 ps and

350 ps, respectively). Additionally, the FPGA must provide a memory
clock (CK and CK#) that meets the clock high and low time specifications.
And finally, the skew between the DQS output strobe and CK output
clock cannot exceed limits set by the memory. While the last parameter
does not directly affect timing margins, it must be met for successful
memory operation.
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Figure 78 shows the DDR2 SDRAM write data path in Stratix II devices.

Figure 78. DDR2 SDRAM Write Data Path for Stratix Il Devices Notes (1),(2)

doing_wr D Qq da_oe .
8
wdata D
16 8
Q
wdata_valid
8
—— Q
L
EN
write_clk
doing_wr ) _ dgs_oe . . — )
dgs_burst d IS S
D Q D Qf—
> 5 DQS
> <>
D Qf—
—>
2
be D Q
EN I DM
doing_wr -
——o a
en [ DQloEs
DQS I0Es
write_clk Il DM altddio Megafunction
system_clk

Notes to Figure 78:

(1)  This figure shows the logic for one DQ output only. A complete byte group consists of four or eight instances of the
DQ logic with the DQS and DM logic.

(2) Allclocks are system_clk, unless marked otherwise.
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FPGA Timing Parameters

The timing paths within the FPGA for the DQ and DQS outputs to
memory are matched by data path design. Dedicated clock networks
drive double-data rate I/O structures to generate DQ and DQS. This
results in minimal skew between these outputs. These skew parameters
include: phase-shift error, clock skew, and package skew.

The two clock networks used are driven by the same PLL, but with a 90°
relative phase shift. The 0° clock generates DQS, while a — 90° clock
generates DQ. Typical PLL uncertainties, such as jitter and compensation
error, affect both clock networks equally. Therefore, these timing
parameters do not affect write timing margins. As the clock generating
DQ is phase shifted, the PLL phase-shift uncertainty (tpr 1, _psgrr = * 15 ps,
listed in the DC Switching Characteristics chapter in volume 1 of the
Stratix II Device Handbook) affects DQ arrival times at the memory pins.

The Quartus II software models intra-clock skew; that is, skew between
nodes driven by the same dedicated clock network. However, skew
between two such clock networks is not modeled and specified in the
data sheet as an adder term. You should add this skew component to the
propagation delays extracted from the Quartus II software.

For a 72-bit DDR2 SDRAM interface that spans two I/O banks in the top
or bottom of the device, the clock skew adder between two clock
networks is specified as + 50 ps (tc ock_skew apper)- This uncertainty is
used while calculating DQS arrival times at the memory pins.

The final skew component is package skew. As noted earlier, the
Quartus II software models package trace delay for each pin on the
device. Extracted propagation delays reflect any skew between output

signals to the memory.

Table 19 shows the timing analysis for write operations to a DDR2

SDRAM memory device.

Table 19. Write Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 (Part

1 0f 3) Note (1)
Fast Slow
Parameter Specification Corner | Corner Description
Model | Model
Memory tbs 0.395 0.395 | Memory data setup requirement
specifications (2) toH 0.335 0.335 | Memory data hold requirement
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Table 19. Write Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 (Part

2 of 3) Note (1)
Fast Slow
Parameter Specification Corner | Corner Description
Model | Model
FPGA thp 1.875 1.875 | Ideal half period time
specifications (1) 1~ 0.188 | 0.188 | FPGA output clock duty cycle distortion (= 5%)
teLL JITTER 0.000 0.000 | Does not affect margin as the same PLL
generates both write clocks (0° and —90°)
teLL_PSERR 0.015 0.015 | PLL phase-shift error (on —90° clock output)
tcLock _SKEW_ADDER 0.050 0.050 | Clock skew between two dedicated clock
networks feeding IO banks on the same side of
the FPGA
Minimum clock delay 0.925 1.864 | Minimum DQS tco from the Quartus Il
(output) (3), (4) software (0° PLL output clock)
Maximum clock delay 0.960 1.909 | Maximum DQS tco from the Quartus Il
(output) (3), (4) software (0° PLL output clock)
Minimum data delay -0.021 0.918 | Minimum DQ tco from the Quartus Il software
(output) (3), (4) (-90° PLL output clock)
Maximum data delay 0.117 1.226 | Maximum DQ t¢ o from the Quartus |l software
(output) (3), (4) (-90° PLL output clock)
Board texT 0.020 0.020 |Board trace variations on the DQ and DQS
specifications lines
Timing teARLY cLoCK 0.875 1.814 | Earliest possible clock edge seen by memory
calculations device (minimum clock delay —tp | jiTTER —
tcLock_SKkEW_ADDER)
tLATE cLocK 1.010 1.959 | Latest possible clock edge seen by memory
device (maximum clock delay + tp | yiTTER +
tcLock_SKEW_ADDER)
tEARLY DATA INVALID 1.652 2.591 | Time for earliest data to become invalid for
sampling at the memory input pins (t4p —tpcp
+ minimum data delay —tp | pserR)
tLATE _DATA_VALID 0.132 1.241 | Time for latest data to become valid for

sampling at the memory input pins (maximum
data delay +tp_L_pserR)

Altera Corporation
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Table 19. Write Timing Analysis Example for 267-MHz DDR2 SDRAM Interface in EP2S60F1020C3 (Part
3 of 3) Note (1)

Fast Slow
Parameter Specification Corner | Corner Description
Model | Model
Results Write setup tlmlng 0.328 0.158 tEARLY?CLOCK - tLATE?DATA?VALID —tps —

margin (3) texT
Write hold timing 0.287 0.277 |tearLy_paTa_invaLID ~tLaTE_cLock —tom —
margin (3) text
Total margin 0.615 0.435 | Setup margin + hold margin

Notes for Table 19:

(1)  This analysis is performed with FPGA timing parameters for an EP2S60F1020C3 device. You should use this
template to analyze timing for your preferred Stratix II density-package combination. See the PLL Timing
Specifications and Clock Network Skew Adders sections of the DC Switching Characteristics chapter volume 1 of the
Stratix II Device Handbook, for FPGA specifications.

(2) The memory numbers used here come from the Micron MT47H64M8-37E component data sheet using DQ and
DQS edge rates of 1 V/ns. To determine the edge rate for your design, you should perform a board level
simulation as described in Application Note 408: Stratix Il FPGA DDR2 Memory Interface Termination, Drive Strength
and Loading Design Guidelines.

(3) These numbers are from the Quartus II software, version 5.1 using the DDR2 SDRAM Controller MegaCore 3.3.0.

(4) Package trace skews are modeled by the Quartus II software.

Round-Trip Delay Calculation

Resynchronization involves transferring memory read data from the DQS
clock domain to the FPGA system clock domain. Analyzing timing for the
resynchronization path requires round-trip delay (RTD) calculation for
clock and data signals across PVT. When calculating RTD using the fast
and slow timing models, a safe resynchronization window might not
exist at higher speeds when using the single-stage resynchronization
implementation. Timing analysis for typical Stratix II DDR2 interfaces
has shown that single-stage resynchronization performance (without a
fedback clock) is limited to approximately 200 MHz. A feedback clock
implementation increases this performance limit using delay matching
and multistage resynchronization.

A typical RTD path includes delay components such as tco of the FPGA
CK output pin, board trace delay for CK clock, memory propagation
delay from CK to DQS, DQS phase-shift delay inside the FPGA, and DQ
propagation delay from capture register to resynchronization register.
Each of these delay components can vary significantly across PVT and
result in a data valid window that is severely diminished or non-existent.
A feedback clock architecture uses two register stages between the
memory clock domain and the system clock to split uncertainties.
Furthermore, the clock and data delay paths to the first stage register

144 Altera Corporation


http://www.altera.com/literature/hb/stx2/stx2_sii51005.pdf
http://www.altera.com/literature/lit-stx2.jsp
http://www.altera.com/literature/an/an408.pdf
http://www.altera.com/literature/an/an408.pdf

Appendix D: Interface Timing Analysis

have matched delays through the FPGA clock output pin, board trace,
and FPGA input pin to register. The uncertainties from the first
resynchronization register stage are moved to the second stage register. In
this mode, the feedback clock output uses the same I/O standard as the
FPGA CK clock output. And a PLL-compensated clock network
eliminates delay variation across PVT. Therefore, this 2-PLL fedback
clock implementation is recommended for higher speeds. The DDR2
SDRAM MegaCore IP Toolbench provides timing margin analysis for
resynchronization paths for both implementations. Review the timing
analysis output from the Quartus II software or perform a similar paper
analysis to select the best resynchronization implementation for

your design.

Round-Trip Delay with the Optional Feedback Clock

The feedback clock and the read PLL shown in Figure 70 on page 115
improves resynchronization. This feedback clock follows the FB_CLK
signal to memory and routed back to the Stratix I FPGA to feed a second
PLL, called the read PLL. This read PLL must be in normal mode so that
the output is in phase with the input to the PLL (if there is no
phase-shifting). The input to the PLL is then skewed by *tpggg from the
DDR2 SDRAM plus any board trace skew between DQS, CK, and the
FB_CLK traces. The PLL can then compensate for the delay between the
clock input pin to the LE register and synchronize the data from the DQS
clock domain to the feedback clock domain.

The feedback clock lags the system clock by the board trace lengths for the
CK and DQS signals (l; + 1,) delay. You can calculate whether outputs of
the registers clocked by the feedback clock need another

resynchronization stage before getting to the system clock domain. In this
calculation, you need to have the maximum and minimum values for the

following delays:

B Clock-to-out delays for the CK signal from the Stratix II device
B CKboard trace lengths

B DQS board trace lengths

B Register-to-register delays between the registers in the feedback

clock domain and the registers in the system clock domain

Altera Corporation 145



Interfacing DDR2 SDRAM with Stratix Il, Stratix Il GX, and Arria GX Devices

Figure 79 shows an example of a timing waveform when using the
optional feedback clock for resynchronization.

Figure 79. Round-Trip Delay Example

System clock ‘

— ~— foo

CK at FPGA pin

CK Board
Trace Length —
CKatSDRAMpin | %iéﬁgﬁ;;z — — e stk et
FB_CLK at FPGA pin (1) _ \—J
DQS at FPGA pin \ L
DQ at FPGA pin (max)

Shifted and inverted DQS (min)

DQ at IOE registers (min) 4< ><

DQtoI0E
Register Delay (min)

Shifted and inverted DQS (max) *\;

m*ﬁb

DQ at IOE registers (max) 4< ><
DQto [0F —> " i+
Register Delay (max)
DQ at Resynchronization
registers (min) DQ I0E tgp (i) +
I0E to LE delay:(min) "~
DQ at Resynchronization
registers (max)
DQI0E tgg (max) + ¢ © o SRW () —
10E to LE delay (max)

FB_CLK edge is near
to the middle of the SRW

Notes to Figure 79:

(1) The FB_CLK input signal goes to a PLL in which the output can be shifted in such a way that it is centered in the
safe resynchronization window (SRW).

(2) SRW.
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DQS Postamble

The DQS postamble feature only applies to the DLL-based read
implementation. The DQS strobe is not used in the PLL-based
implementation, so you do not have to consider DQS postamble.

The DDR2 SDRAM DQ and DQS pins use the SSTL-18 I/O standard.
When neither the Stratix II nor DDR2 SDRAM device drive the DQ and
DQS pins, the signals go to a high-impedance state. A pull-up resistor
terminates both DQ and DQS to V1t (0.9 V), so the effective voltage on the
high-impedance line is 0.9 V. According to the JEDEC JESD 8-15A
specification for the SSTL-18 I/O standard, this is an indeterminate logic
level and the input buffer can interpret this as either a logic high or logic
low. If there is any noise on the DQS line, the input buffer may interpret
that noise as actual strobe edges. Therefore, when the DQS signal goes to
tri-state after a read postamble, you should disable the clock to the input
registers so erroneous data does not get latched in and all the data from
the memory is resynchronized properly.

Figure 80 shows a read operation example in which the DQS postamble
could be a problem. This figure shows definitions of waveforms A, B, C,
D, and E. Waveform A shows the output of the active high IOE input
register. Waveform B shows the active low register output of the Stratix II
IOE input register. The active low register output goes into the latch,
whose output is illustrated in waveform C. Waveforms D and E illustrate
the output signals after the resynchronization registers.
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Figure 80. Read Example with a DQS Postamble Issue
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The first falling edge of the DQS at the IOE register occurs at 10 ns. At this
point, data DOH is clocked in by the active low register (waveform B). At
12.5 ns, data DOL is sampled in by the active high register (waveform A)
and data DOH passes through the latch (waveform C). In this example, the
positive edge of the resynch_clock occurs at 16.5 ns, where both DOH
and DOL are sampled by the logic element’s (LE’s) resynchronization
registers. Similarly, data D1H is clocked in by the active low register at 15
ns, while data D1L is clocked in by the active high register and data D1H
passes through the latch at 17.5 ns.

At 20 ns, assume that noise on the DQS line causes a valid clock edge at
the IOE registers, such that it changes the value of waveforms A, B, and
C. The next rising edge of the resynch_clock signal does not occur
until 21.5 ns, but data D1L and D1H are not valid anymore at the output
of the latch and the active-high input register, so the resynchronization
registers do not sample D1L and D1H and may sample the wrong data
instead.
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Stratix II devices have circuitry to prevent a false edge trigger at the end
of the DQS postamble. Each Stratix II DQS logic block is connected to a
postamble circuitry that consists of AND, NAND, and NOT gates
(Figure 81). When you enable the gated dgs control (in the Quartus II
software), you can AND the DQS signal with the output of the input
register located inside the DQS IOE. The shifted DQS clock should clock
the input register. Connect the register’s SCLR input to V. The
controller must include extra logic to tell the reset signal to release the
preset signal on the falling DQS edge at the start of the postamble. This
disables any glitches that happen following the postamble.

Figure 81. Stratix Il DQS Postamble Circuitry Connection

dg_enable_reset

Postamble Circuitry

DFF

PRN
Enable Q D

DQS Q@

GND

DQS bus

Figure 82 shows the timing waveform for Figure 81. Figure 83 shows the
read timing waveform when the Stratix II DQS postamble circuitry
is used.

Figure 82. Stratix Il DQS Postamble Circuitry Control Timing Waveform
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Preset
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Figure 83. Stratix Il DQS Postamble Circuitry Read Timing Waveform

Ons 5ns 10 ns 15 ns 20 ns 25ns

DQS
atthepin [\ |
DQ
at the pin DoH >< DoL >< DiH >< DiL
DQs
atteloe |
ba DOH><DOL >< DH><D1L
at the IOE
A >< DOL >< DIL
B >< DOH >< DiH
C >< DOH >< D1H
resynch_clock 4/—\ 4/—\4/1

E DoL >< DiL

Preset

Enable

150 Altera Corporation
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Appendix E: The
relative_
constraint.tcl
Script

The relative_constraint.tcl script is for making location constraints to
registers in a DDR interface.

In some situations, Quartus II does not automatically place registers in
the LAB adjacent to the I/O pin. This script creates LAB location

constraints using offsets that you specify relative to pin locations.

Table 20 describes the arguments that are available with the script.

Table 20. The relative_constraint.tcl Arguments
Arguments Value Default value | Required
-project value Name of project <> Yes
-revision value Name of revision <> No
-pin_name value Name of items that are fixed < Yes
-reg name value Name of floating items to position <> Yes
-row_offset value |Row offset relative to anchor location as 0 Yes
an integer
-column offset Column offset relative to anchor location 0 Yes
value as an integer
-apply (1) Apply the actual constraints N/A Yes
-show_regs Print out the matching register names N/A No
-show pins Print out the matching pin names N/A No
-pin_range value |Pinbus slice to process, for example 71:0 <> No
-reg_range value |Registerbus slice to process, for example <> No
71:0

-bidir (2) Check bi-directional pins N/A No
-input (2) Check input pins N/A No
-output (2) Check output pins N/A No
-help Print this message N/A No
-2 Print this message N/A No

Notes to Table 1-1:

(1) This is a required argument when you actually make the location assignment.
(2) If you do not specify -bidir, -input, or -output, the default is —bidir.

Altera Corporation

Usage

The relative_constraint.tcl only works for pins and registers that are
parts of a bus. It also requires that the number of pins match the numbers
of registers. If not, you can bound it with the —pin_range or —reg_range
argument.
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The script will issue the following warnings if the numbers of
pins and registers do not match:

Warning: Unequal number of pins and registers. Ensure
your patterns are correct.

Warning: Use the -show_regs and/or -show_pins options
to show matching registers and pins.

To use the script:

1.

2.

Copy the script to your project directory

Run the script with the following options to locate specific pin and
registers in your design:

quartus_sh -t relative constraint.tcl -project
<project name> -pin name <wildcard to match IO
pins> -reg name <wildcard to match register names>
<-bidir/-output/-input>

This will find all the registers and pins matching those names.
Figure 84 shows an example result of finding the address pins and
registers in a DDR2 SDRAM interface. The current pin locations, the
would-be LAB locations for the registers as well as the pin and
register match-up are displayed in the result. Notice that the Y-
coordinates of the LAB locations are Y0. This is because the default
-row_offset and —column_offset values are 0 and since the address
registers are located at the bottom of the device, the Y-coordinate is 0.
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Figure 84. Finding Address Pins and Registers in a DDR2 SDRAM Interface

\WINDOWSisystem 32vemd. exe

IC:~an328~Legacy_PHY >gquartus_sh -t relative_constraint.tcl —project Legacy PHY —pin_name "s*dde2_al=*1"

—_name

Info:= Runn
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:

Yja2[#]1" —output

ing Quartus II Shell
Uersion 7.2 Build 151

8?,26-2887 SJ Full Uersion

Copyright <C> 1991-2887 Altera Corporation. All rights reserved.

Your use of Altera Corporation’s design tools.

logic functions

and other software and tools,., and its AMPP partner logic
functions. and any output files from any of the foregoing
{including device programming or simulation files)>. and any
associated documentation or information are expressly subject
to the terms and conditions of the Altera Program License
Subscription Agreement,. Altera MegaCore Function License

Agreement,. or other applicable license agreement.

including.

without limitation,. that your use is for the sole purpose of

Info:
Info:

programming logic devices manufactured by Altera and sold by
Altera or its authorized distributors. Please refer to the

Info: applicable agreement for further details.

Info: Processing started: Mon Oct B8 17:41:42 20087
Info: Command: guartus_sh -t relative_constraint.tcl —project Legacy PHY —pin_name *ddr2_al=*]1 —-reg_n
lame *]a2[=] —output
Info: Quartus{args): —project Legacy PHY —pin_name {sddr2_al=1> —reg_name {*]a2l=*]1> —output
Info: Searching for registers matching =*ia2[=]
Info: Searching for output pins that match *ddr2_al=]
Info: ddr2_al@] pin AP16 LAB_X66_YA legacy_c :legacy_core_ddr_sdramilegacy_core_auk_dd
r_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controlle dr_controliaZlB]
Info: ddr2_ali181] pin AT3A8 LAB_X28_Y& legacy_core:legacy_core_ddr_sdramilegacy_core_auk_d
idr_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2li@]
Info: ddr2_ali111 pin AMZ1 LAB_X48_Y8 legacy_core:legacy_core_ddr_sdramilegacy_core_auk_d|
idr_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2liil
Info: dde2_ali12] pin AP28 LAB_X25_Y& legacy_core:legacy_core_ddr_sdramilegacy_core_auk_d
idr_sdram: legacy_core_auk_ddr_sdram_inst lauk_ddr_controller:ddr_controlia2li2]
Info: dde2_alll pin AHZE LAB_X6_Y¥A legacy_core:legacy_core_ddr_sdramilegacy_core_auk_ddy
| sdram:legacy_core_auk_ddr_sdram_inst lauk_ddr_controller:ddr_controlia2li]
Info: dde2_al2] pin AP26 LAB_X34_Y@ legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ2l2]
Info: ddr2_al3] pin AP2Y? LAB_X17_YA legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ2l3]
Info: ddr2_al4] pin AL1S LAB_X87_Y@ legacy_c :legacy_core_ddr_sdramilegacy_core_auk_dd|
_sdram:legacy_core_auk_ddr_sdram_inst lauk_ddr_controlle dr_controlia2l4]
Info: ddr2_al51 pin AK27? LAB_X¥13_Y@ legacy_c :legacy_core_ddr_sdramilegacy_core_auk_dd|
_sdram:legacy_core_auk_ddr_sdram_inst lauk_ddr_controlle dr_controlia2l5]
Info: ddr2_al6] pin AK25 LAB_X25_Y@ legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd
r_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controlle dr_controliaZlb]
Info: ddrZ_al?1 pin AUZ% LAB_X16_YA legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd|
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ2l?]
Info: dde2_al81 pin AH1S LAB_X88_YA legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd
_sdram:legacy_core_auk_ddr_sdram_instlauk_ddr_controller:ddr_controliaZ2l8]
Info: dde2_al?1 pin AH25 LAB_X¥17?_Y@ legacy_core:legacy_core_ddr_sdramilegacy_core_auk_dd
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ[?]
Info: Found 13 registers that match ={a2l[*]
Info: Found 13 bidir pins that match *dder2_al*]
Info: Rerun the script with the —apply option to make the new assignments
Info: Evaluation of Tcl script relative_constraint.tcl was successful
Info: Quartus II Shell was successful. @ errors, B warnings

Info: Allocated 58 megabytes of memory during processing

Info: Processing ended: Mon Oct B8 17:41:42 28087

Info: Elapsed time: B8:88:88

IC:~an328~Legacy_ FPHY>_

Figure 85 shows the result of the script when the —-show_regs and the
—-show_pins arguments are used.
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Figure 85. Output of the -show_regs and -show_pins Options on relative_constraint.tcl
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Evaluation of Tcl script relative_constraint.tcl was
successful. B errors,
Info: Allocated 58 megabytes of memory during processing
Info: Processing ended: Mon Oct BB 17:51:13 2887
Info: Elapsed time: B8:88:81

Quartus II Shell was
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legacy_core:legacy_cor

_ddyr_sdranilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst}
2[11
_ddy_sdranmilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst|
2[21

_ddl-_sdram ilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_insti
Ec[lgl]-_s dramilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst!
Eclifh:!_s dram!ilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst!
2531{ _sdranilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst i
;{lgl}_sdram ilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_insti

_ddy_sdranilegacy_core_auk_ddr_sdram:legacy_core_auk_ddr_sdram_inst}
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Searching for output pins that match =dde2_al=]

row B col 66
row B col 28
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row col 6

row col

row col
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row col
row col
row col
rou col
row col

successful
@ warnings
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You can bypass step 2 if you already know where you want to put
the registers.

quartus sh -t relative constraint.tcl -project
<project name> -pin name <wildcard to match IO
pins> -reg name <wildcard to match register names>
<-bidir/-output/-input> -row offset <+/- number of
rows relative to the pin to make the LAB assignment>
-column offset <number of columns relative to the
pin to make the LAB assignment>

The script prints out information about the assignments it makes so
you can verify the assignments.
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4. To apply the assignment, repeat the command in step 3 with the
—apply argument appended. In the address pins and registers
example, the command will be:

quartus_sh -t relative constraint.tcl -project
Legacy PHY -pin name "*ddr2 a[*]” -reg name
"*la2[*]" -output -row offset 1 -apply

The above commands make locations assignments to specified

registers one LAB above the pin locations at the same column
location. The result is shown in Figure 86.
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Figure 86. Applying Location Assignment to the Address Registers

\WINDOWSisystem 32vemd. exe -0 ﬂ

IC:van328“Legacy_PHY >quartus_sh —t relative_constraint.tcl —project Legacy_PHY —pin_name "wddr2_al *n
I—;:eg_name "#ja2[#]1" —output —row_offset 1 —apply
nfo:

Info: Running Quartus II Shell

Info: Version 7.2 Build 151 69262887 SJ Full Uersion

Info: Copyright <G> 1991-2887 Altera Corporation. All rights reserved.

Info: Your use of Altera Corporation’s design tools, logic functions

Info: and other software and tools, and its AMPP partner logic

Info: functions,. and any output files from any of the foregoing

Info: <{including device programming or simulation files)>. and any

Info: associated documentation or information are expressly subject

Info: to the terms and conditions of the Altera Program License

Info: Subscription Agreement. Altera MegaCore Function License

Info: Agreement,. or other applicable license agreement, including.

Info: without limitation. that your wuse is for the sole purpose of

Info: programming logic devices manufactured by Altera and sold by

Info: Altera or its authorized distributors. Please refer to the

Info: applicable agreement for further details.

Info: Processing started: Mon Oct B8 17:54:33 2887
Info: Command: guartus_sh —t relative_constraint.tcl -project Legacy_PHY -pin_name #ddrZ_al=*] -reqg
lame *1aZ2l*] —output —row_offset 1 —apply
Info: Quartus{args>: —project Legacy_ PHY —pin_name {*ddr2_al=*1>} —reg_name {*ia2[=*]1> —output —row_o
lzet 1 —apply
Info: Searching for registers matching =*ia2[=]
Info: Searching for output pins that match =ddr2_al=]
Info: ddr2_al@] pin AP16 LAB_¥66_Y¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
r_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controlle dr_controliaZlB]
Info: ddr2_al18] pin AT38 LAB_X28_¥Y1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk]
idr_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2li@]
Info: ddr2_al111] pin ANZ1 LAB_X48_Y¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
idr_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2liil
Info: dde2_ali12] pin AP28 LAB_X25_%¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk]
idr_sdram: legacy_core_auk_ddr_sdram_inst iauk_ddr_controller:ddr_controliazliz]
Info: dde2_alll pin AHZE LAB_¥6_Y%¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk_d|
| sdram:legacy_core_auk_ddr_sdram_inst lauk_ddr_controller:ddr_controlia2li]
Info: ddr2_al21 pin AP26 LAB_X34_¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2l2]
Info: ddr2_al3] pin AP29? LAB_X¥19_¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controlia2l3]
Info: ddr2_al4] pin AL1S LAB_X87_Y¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZl[4]
Info: ddr2_al51 pin AK27? LAB_¥13_¥1 legacy_c :legacy_core_ddr_sdramilegacy_core_auk
r_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controlle dr_controliaZl5]
Info: ddr2_al6] pin AK2LS LAB_X¥25_¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
r_sdram:legacy_core_auk_ddr_sdram_inst iauk_ddr_controlle dr_controliaZlb]
Info: ddr2_al?1 pin AUZ9 LAB_X¥16_Y¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ2l?]
Info: dde2_al81 pin AH1S LAB_X88_Y1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk

_sdram: legacy_core_auk_ddr_sdram_inst iauk_ddr_controller:ddr_controliaZl81

Info: dde2_al?1 pin AH25 LAB_¥19_¥1 legacy_core:legacy_core_ddr_sdramilegacy_core_auk
_sdram:legacy_core_auk_ddr_sdram_instiauk_ddr_controller:ddr_controliaZ2l?]
Info: Found 13 registers that match =laZ[=]
Info: Found 13 bidir pins that match *dder2_al*]
Info: Evaluation of Tcl script relative_constraint.tcl was successful
Info: Quartus II Shell was successful. @ errors, B warnings
Info: Allocated 58 megabytes of memory during processing
Info: Processing ended: Mon Oct B8 17:54:34 2807
Info: Elapsed time: B@:88:81

ni28-\Legacy PHY> %

The script does not add the location of the assignments to your project
until you use the -apply option so you do not have to worry about getting
everything right the first time.

If you have a bus on the top side of the chip, specify a row offset of -1 to
add LAB location constraints for the specified registers one row below the
pins. Similarly, if you have a bus on the right side of the chip, specify a
column offset of -1 to add LAB location constraints for the specified
registers one column below the pins.
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Table 21. Document Revision History

Date and Document
Version
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Summary of Changes

November 2007 ver. 4.0 | ®

Updated and added information for Stratix Il GX, and Arria
GX Devices (througout the document).

Added Appendices: “Appendix A: Stratix Il GX
PCI-Express Development Board Pin Assignments”,
“Appendix B: Interface Signal Description”, “Appendix C:
Legacy PHY Architecture Description”, “Appendix D:
Interface Timing Analysis”, and “Appendix E: The relative_
constraint.tcl Script”. Material regarding interface signals,
architecture descriptions, and timing analysis was moved
from the body of the document into appendices B and C.
Interface timing material was moved into appendix D.
Added the sections “Example Walkthrough for 333-MHz
DDR2 SDRAM Interface Using ALTMEMPHY”, “Example
Walkthrough for 267-MHz DDR2 SDRAM Interface Using
the Legacy PHY”, and “Design Checklist”.

Updated Figure 1, Figure 2, Figure 8, Figure 9, Figure 10,
Figure 15, Figure 18, Figure 42, Figure 63.

Added Figure 26, Figure 27, Figure 64, Figure 70,

Figure 74, Figure 75, and Figure 76.

Updated Table 1, Table 2, Table 4-Table 18.

Added Table 3.

Updated and added information for Quartus Il software,
version 7.2 (throughout the document).

Major update to
sections, addition of
new sections, and
material for Arria GX.

May 2006 ver. 3.1 °

Updated sections “DDR2 SDRAM Overview”, Interface
Description, “Interface Signals”, “Clock Signals”, “Strobes,
Data, DM, and Optional ECC Signals”, Command &
Address Signals, Data Path Architecture Without Using
Dedicated DQS Circuitry, Interface Timing Analysis,
“FPGA Timing Information”, “Memory Timing Parameters”,
“FPGA Timing Parameters”, “Setup and Hold Margins
Calculations”, “Read Timing Margins for PLL-Based
Implementation”, “FPGA Timing Parameters”, “Write Data
Timing Analysis”, and “Round-Trip Delay Calculation”.
Updated Tables 1-9.

Updated Figure 5.

Added Figure 4, Figure 10, Figure 14, Figure 15, and
Figure 16.

Major update to
multiple sections,
tables, and figures.
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