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MIG Output Options

1. Select the Create Design radio button to create a new memory controller design. Enter
a component name in the Component Name field (Figure 2-8).

UG586_c1_09_050911
Figure 2-8: MIG Output Options

MIG outputs are generated with the folder name <component name>.

Note: Only alphanumeric characters can be used for <component name>. Special characters
cannot be used. This name should always start with an alphabetical character and can end with
an alphanumeric character.

When invoked from XPS, the component name is corrected to be the IP instance name
from XPS.

2. Click Next to display the Pin Compatible FPGAs page.
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Pin Compatible FPGAs

The Pin Compatible FPGAs page lists FPGAs in the selected family having the same
package. If the generated pinout from the MIG tool needs to be compatible with any of
these other FPGAs, this option should be used to select the FPGAs with which the pinout
has to be compatible (Figure 2-9).

% Xilinx Memory Interface Generator

REFERENCE
DESIGN [H

Memory Selection
Controller Dptions

AXI Parameter
Memory Options

FPGA Options
Extended FPGA Dptions
Bank Selection

System Signals Selection
Summary

Memory Model

PCB Information

Design Notes

£ XILINX.

Pin Compatible FPEAs

Pin Compatible FPGAs include all devices with the same package and speed grade as the target device, Different FPGA devices with the same package do not
have the same bonded pins, By selecting Pin Compatible FPGAs, MIG will only select pins that are common between the target device and all selected devices,
Use the defaulk UCF in the par Folder for the target part. If vou change the target part, use the appropriate UCF in the compatible_ucf folder. IF you do not
choose a Pin Compatible FPGA now and need to use a different FPGA later, the generated UCF may not work for the new device and a
board spin may be required. A device is considered compatible only if the package and speed grade matches to the target part, MIG only ensures that
1M1 generated pin out is compatible among the selected compatible FPGA devices, Unselected devices will not be considered For compatibility during the pin
allocation process,

Blank list indicates that there are no compatible parts exist for the selected target part and this page can be skipped.

Target FPGA |xc7k325t-fboe7s -2

Pin Compatible FPGAs
| [=)- kintex7
=7k
[ sckrot-fbgs7e
[ scrkisot-fhgs7e
%c7k410t-FhgE76

’ User Guide ] ’ ‘ersion Info ] ’ < Back ] I Mext= l ’ Cancel
UG586_c1_10_110610
Figure 2-9: Pin-Compatible 7 Series FPGAs
1. Select any of the compatible FPGAs in the list. Only the common pins between the
target and selected FPGAs are used by the MIG tool. The name in the text box signifies
the target FPGA selected.
2. Click Next to display the Memory Selection page.
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Memory Selection

Creating the 7 Series FPGA QDRI+ SRAM Memory Design

This page displays all memory types that are supported by the selected FPGA family.

Select the QDRII+ SRAM controller type.

® Xilinx Memory Interface Generator
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2. Click Next to display the Controller Options page

Memory Selection

Seleck the type of memory interface, Please refer to the User Guide For a detailed list of supported controllers For each FPGA Family, The list below shows
currently available interface(s) for the specific FPGA and speed grade chosen,

Select the Contraller Type:

) DDR3 SDRAM Enable AXI Interface
(%) QDRII+SRAM
) RLDRAM IT

I < Back. H [lext> II Cancel

Figure 2-10: Memory Selection Page

QDRII+ SRAM designs do not support memory-mapped AXI4 interfaces.
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Controller Options

# Xilinx Memory Interface Generator.

This page shows the various controller options that can be selected.
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v
v

v
Memory Details: 36Mb, x36, Address: 18, Burst Length:4
A ®

Options for Controller D - QDRII+ SRAM

Clock Period: Choose the clock period for the desired frequency. The allowed period range is a Function of the
selected FPGA part and FPGA speed grade, Refer ko the User Guide For more information.

The alfowed period range is PRELIMINARY. The final range will be lfisted after characterization.

Input Clock Period: Select the period For the PLL input clock (CLKIN), MIG determines the allowable input clock
periods based on the Memary Clock Period entered above and the clocking guidelines listed in the User Guide, The
generated design will use the selected Input Clock and Memary Clock Periods to generate the required PLL
parameters, If the required input clock period is not available, the Memory Clock Period must be modified.

2500 % | ps 400,00 MHz

¥Yccaux_io: Yocaux_jo must be set ko 2,0% in the High Performance banks For the highest data rates, Vocaux_io
is not available in the High Range banks, Mote that Vocaux_io is common to groups of banks, Consult the 7 Series | 1.8Y
Datasheets and FPGA SelectIO Resources Lser Guide For more information.

Memory Part: Select the memory part, Parts marked with a warning symbol are not compatible with the K7S3236T4C-FC45 A
frequency selection above. Find an equivalent part or create a part using the "Create Custom Part" button if - - =
the part needed is not listed here, The "Create Custom Part" Feature is not supported For RLDRAM II, Create Custom Part

Data Width: Select the Data Width, Parts marked with a warning symbol are not compatible with the Frequency

and memory part selected above, {2

Latency Mode: The Fixed Latency Mode setting controls the latency of reads as measured from the time the read command enters the memary
controller o the time the data is returned ko the user, When the Fixed Latency Mode option is checked, the latency for reads will be Forced to the
walue of Phy Latency, When Fixed Latency Mode is unchecked, the minimumn possible latency as determined by the system will be used. In this case,
Phy Latency is not used, Mote that when Fixed Latency Mode is unchecked, the latency can vary depending on board delays, clock relationships, and
reset ordering but will be constant during operation, Latency is referred in Fabric clock {112 of the memory clock) cycles,

Fixed Latency Mode [ | Phy Latency

< Back H Mext= H Cancel

Figure 2-11: Controller Options Page

Frequency: This feature indicates the operating frequency for all the controllers. The
frequency block is limited by factors such as the selected FPGA and device speed
grade.

Vecaux_io: Vccaux_io is set based on the period /frequency setting. 2.0V is required at
the highest frequency settings in the High Performance column. The MIG tool
automatically selects 2.0V when required. Either 1.8 or 2.0V can be used at lower
frequencies. Groups of banks share the Vccaux_io supply. See the 7 Series FPGAs
SelectIO Resources User Guide [Ref 1] for more information.

Memory Part: This option selects the memory part for the design. Selections can be
made from the list, or if the part is not listed, a new part can be created (Create
Custom Part). QDRII+ SRAM devices of read latency 2.0 and 2.5 clock cycles are
supported by the design. If a desired part is not available in the list, the user can
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generate or create an equivalent device and then modify the output to support the
desired memory device.

Data Width: The data width value can be selected here based on the memory part
selected. The MIG tool supports values in multiples of the individual device data
widths.

Latency Mode: If fixed latency through the core is needed, the Fixed Latency Mode
option allows the user to select the desired latency. This option can be used if the user
design needs a read response returned in a predictable number of clock cycles. To use
this mode, select the Fixed Latency Mode box. After enabling fixed latency, the
pull-down box allows the user to select the number of cycles until the read response is
returned to the user. This value ranges from 21 to 30 cycles. Based on actual hardware
conditions, if the latency seen through the system is higher, this value needs to be
modified accordingly by the user in the top level RTL file. If Fixed Latency Mode is
not used, the core uses the minimum number of cycles through the system.

Memory Details: The bottom of the Controller Options page. Figure 2-12 displays
the details for the selected memory configuration.

Memory Details: 72MMb, x18, Address: 20, Burst Length:4

Figure 2-12: Selected Memory Configuration Details

Create Custom Part

1.

On the Controller Options page select the appropriate frequency. Either use the spin
box or enter a valid value using the keyboard. Values entered are restricted based on
the minimum and maximum frequencies supported.

Select the appropriate Memory Part from the list. If the required part or its equivalent
is unavailable, a new memory part can be created. To create a custom part, click the
Create Custom Part button below the Memory Part pull-down menu. A new page
appears, as shown in Figure 2-13.
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# Create Custom Part

Cusktam Memory Part

This option creates a nes memory part, Mote that the new part will be a modification of the "Base Part” vou select

belmw, The timing parameters and the density can be changed.

Select Base Part ..CY?C15632K'\I'18-SDDBZC w

Enter Mew Mermory Part Name gl.ﬂewpart_name )

Change the required Timing Parameters, "valug" is the anly Field that can be edited.

Pararneter Value Range Uniks Descriptions

|tac 200 200-400 ps 20 and CO4t high o outpuk valid

'tdh 180 Z80-1000 ps K rising edage to data-in hold

;tds a0 280-1000 ps Draka-in valid to K rising edge

kiR 230 300-1000 ps K rising edge o address hold

tis 230 300-1000 ps Address wvalid to K rising edge

| it 150 200-200 ps Clock Jitter

Fow Address 2D V
[ Help ] I Save ] [ Delete ] [ Cancel

Figure 2-13: Create Custom Part Page

The Create Custom Part page includes all the specifications of the memory component
selected in the Select Base Part pull-down menu.

1. Enter the appropriate Memory Part Name in the text box
Select the suitable base part from the Select Base Part list
Edit the value column as needed

Select a suitable value for the Row Address.

Al S

After editing the required fields, click the Save button. The new part is saved with the
selected name. This new part is added in the Memory Parts list on the Controller
Options page. It is also saved into the database for reuse and to produce the design.

6. Click Next to display the FPGA Options page.
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FPGA Options
Figure 2-14 shows the FPGA Options page.

® Xilinx Memory Interface Generator

REFERENCE Sysozm CJock,
DESIGN EH

Chooss the desired input clods configuration. Both Desan clack 2nd 1delay Corkrol dock wil be affectad. Either boch the clacks can be Diferential or both
can ba Sindle-Endead,

system Clock |Differericial |

Tnterna Wref

tnternal ¥ref can be used to alow the se of the Wef pns 2 normal 10 pires. This option can onky Be used at 800 Mbps and bwer daka races. This can free
2 pins per bank where incuts sre used, This setting has no effect on baris with onfy outpuis,

Pin Compatible FPGAS Internal vref O

Memory Selection
Controller Options
AXT Parameter

Memory Options.

XN XXX

Extended FPGA Options
Bank Selection

System Signals Selection
Summary

Simulation Dptions

PCB Information

Dewign Notes

& XILINX.

(o ] [ | e e
Figure 2-14: FPGA Options Page

e System Clock. This option selects the input clock type: single-ended or differential.
Click Next to display the Extended FPGA Options page.
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Extended FPGA Options
Figure 2-15 shows the Extended FPGA Options page.

* Xilinx semory Interface Generator ['L”E]g]
bl | Internal Termnation for Hah Rengs Benks
DESIGN EH i
Select the inkeemal barminazan (I4_TEAM) impedancs f the High Range (HR) barks, This setting acples enly tothe HR banks used n tha interface,
Internal Termination Impedance =0 rvns ~|
CORT+ SRAM
Cighally Contraled Trpedsnce (OCT)
The 0T (Digialy Controled Tnpedance) Tf0 ctandards are applisd sppropriately in High Performance barks. 0, Coitow and GLD sionaks uclize DT
stardards (HSTL_I_DCT). DCTis rot csed For Address/Control ard Data Write outpot sionak. Consdt the User Guide for more information and use
Pin Compatible FPGAS W [RIS simulation bo d=b=rmine the best brmination <cratsgy,
DCI for Data and Read Clocks ]
Memory Selection L ©
Controlicr Options ¥
AXI Parameter
mMemory Options. W
FPGA DpEions 4
Bank Seleckion
System Signals Selection
Summary
Simulation Options
PCB Information
Design Notes
Fin/Bank selection Mode
N L D (53 New Design: Pick the optimum banks for a new design
(" XI L I N X ) Fixced Pin DUL: Pre-psisting pin out i known and fsed
A 0]
User Guide | | Version Irfo | [ <Back | | Nk ] [ Rl ]

Figure 2-15: Extended FPGA Options Page

¢ Digitally Controlled Impedance (DCI): When selected, this option internally
terminates the signals from the QDRII+ SRAM read path. DCl is available in the High
Performance Banks.

¢ Internal Termination for High Range Banks. The internal termination option can be
set to 40, 50, or 60Q or disabled. This termination is for the read datapath from the
QDRII+ SRAM. This selection is only for High Range banks.

¢ Pin/Bank Selection Mode: This allows the user to specify an existing pinout and
generate the RTL for this pinout or pick banks for a new design. Figure 2-16 shows the
options for using an existing pinout. The user must assign the appropriate pins for
each signal. A choice of each bank is available to narrow down the list of pins. It is not
mandatory to select the banks prior to selection of the pins. Click Validate to check
against the MIG pinout rules. One cannot proceed until the MIG DRC has been
validated by clicking the Validate button
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& Xilinx Memory Interface Generator

TErE e Pin Selection For Controller 0 - QDRIIPLUS SRAM
DESIGN EH 2
Signal Namme Bark Mumber Byt Mumber Fin Number 10 Standard |
1 qdriip_q[0] | 33 j | Ti j | AET j HSTL_I_DCI
|z qdriip_q[1] | 33 j | Ti j | AFT j HSTL_I_DCI
i |
3 qgdriip_q[2] | 33 j | T j | ABG j HSTL_I_DCI
|
4 qdriip_q[3] | 33 j | Ti j | AT j HSTL_I_DCI |
Pin Compatible FPGAs v | [
5 qdriip_q[4] | 33 j | Ti j | ACB j HSTL_I_DCI
Memory Selection v |
|8 qdriip_q[5] | 33 j | Ti j | ADB j HSTL_I_DCI
Controller Options v |
7 qdriip_q[&] | 33 j | Ti j | ABT j HSTL_I_DCI
AXI Parameter
& qdriip_q[7] | 33 j | Ti j | ACT j HSTL_I_DCI
Memory Options |
a9 qdriip_q[&] | 33 j | Ti j | ADS j HSTL_I_DCI
FPGA Options v |
|10 qdriip_q[9] |33 j | T2 j | AALD j HSTL_I_DCI
Extended FPGA Options v |
11 adriip_q[10] | 33 j | T2 j | ABLO j HSTL_I_DCI
12 adriip_q[11] | 33 j | T2 j | AB1Z j HSTL_I_DCI
System Signals Selection |
13 adrip_q[12] | 33 j | T2 j | ac12 j HSTL_I_DCI
Summary |
14 adriip_q[13] | 33 j | T2 j | AnL3 j HSTL_I_DCI
Simulation Options I
15 adriip_q[14] | 33 j | T2 j | anL2 j HSTL_I_DCI
PCB Information
16 adriip_q[15] | 33 j | T2 j | AC13 j HSTL_I_DCI
Design Notes |
17 adrip_q[16] | 33 j | T2 j | ADL3 j HSTL_I_DCI
18 adrip_q[17] | 33 j | T2 j | ¥13 j HSTL_I_DCI
19 qdriip_q[18] | 34 j | Ti j | w3 j HSTL_I_DCI
20 qgdriip_q19] | 34 j | Ti j | w2 j HSTL_I_DCI
! a4 (e qdriip_g[20] | 34 v” TL v” w2 vJ HETL_I_DCI | 8)
i (@ INFO 2002: Press "validate™ to proceed. [ Validate ] [ ReadUCF ] [ Save PinOut ]

Figure 2-16: Pin/Bank Selection Mode

Bank Selection

This feature allows the selection of bytes for the memory interface. Bytes can be selected for
different classes of memory signals, such as:

* Address and control signals
* Data Read signals
* Data Write signals

For customized settings, click Deselect Banks and select the appropriate bank and
memory signals. Click Next to move to the next page if the default setting is used. To
unselect the banks that are selected, click the Deselect Banks button. To restore the
defaults, click the Restore Defaults button. Vccaux_io groups are shown for HP banks in
devices with these groups using dashed lines. Vccaux_io is common to all banks in these
groups. The memory interface must have the same Vccaux_io for all banks used in the
interface. MIG automatically sets the VCCAUX_IO constraint appropriately for the data
rate requested.

Super Logic Regions are indicated by a number in the header in each bank in devices with
these regions, for example, “SLR 1”. Interfaces cannot span across Super Logic Regions.
Not all devices have Super Logic Regions.
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® Milinx Memory Interface Generator
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Buanks, Tha inberface canvol span horsontaly, Interfaces that soan & Yoomun_ia Bank group boundany {indicated bry the dashed Ines) must use the same
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Comporants, bo aas the byte feb sl e S8 4. Wehen ou want b g for the Matusl Bybe selsctions, you wil b visbls the Sionals
sets &% g,
Byte Sebecton Rules
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Figure 2-17: Bank Selection Page
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System Pins Selection

Select the pins for the system signals on this page. The MIG tool allows the selection of
either external pins or internal connections, as desired.

® Xilink Memory Interface Generator

R— Srstee Saonals Selectan
pasaGH 1] Sedect the system pins Belos appropriately fior the interface. IF any of Hhe pirs are left as Mo conredt’, the ESE tooks will select the pird as needed in ithe
Fnphareend tich phads. 10 Standand sre isbattad baded o the calamn Lpe (Hgh Randgs o Paerfamands), single-erded vanius differential ofd compatibaly
it thes Wooo of ke banke. Customization of thess ping and 10 sianderds may sl be made inthe OF sfter the design is genersbed. For mone information see
i Bk, o] P s,
System Clock Pin Selection
The sys ol b used a8 Bhe system clock For Hhe memany inberface, This signal & bypically conneched b & kv jEber aaternal dock sourde via &
i er el (PN par For best peif ormaarecs bt can be geresrsted inbermally,
Pin Compatitde FPGAS v
v ] s ck_pfn k) W | VEIWSIDC PN -
AXI Parameter
Eefererce Clock Fin Selaction
Memory Options
¥ Thee clle_rell gt 5 upsd a6 the reler en diock Por the FODELAT. 56 the ™7 Serwes FPGA Selectld Resources User Gusde™ Por mong infarmation. This
FRGA Options gt can b ganersbed internally or can be conractad bo an asternal cock source on 4. dick capabis AFFsrenkid (P o,
Estondesl FPL, Qptia L signal Mame Dk Mumber P Maunmser
Bank Selection » 1 chi_ref_pin 1 e [ CTICINCe_ W) -
Surmitary St S
Theese 3 shanals iy b convasctd inberrully b ather kg oF brought sut 80 & .
=gys_rsti Ths input sgnal i used Bo reset the interface.
PLB Information it _calily_comnphite: Th sl radeston that B intol s Bk compiat nd calbr lion il ey il sbion ared i isady e Command.
=error: Ths cutput sonal indcates that the braffc genersbor in the Example Desgn has detected a data mismatch. This signall does nok st
Design Motes it Litr Do
Sigrial Manwe Bark Mumber Pirs Murnbser
1 wys_pit 18 w |82 -
2 £l _dhores (5] we | ADT o
3 COMSE ST 1] LR ] i
& XILINX.
.
[user e | [ esion o | e J [t ][ gorce
Figure 2-18: System Pins Selection Page

sys_clk: This is the system clock input for the memory interface and is typically
connected to a low-jitter external clock source. Either a single input or a differential
pair can be selected based on the System Clock selection in the FPGA Options page
(Figure 2-14). The sys_c1k input must be in the same column as the memory
interface. If this pin is connected in the same banks as the memory interface, the MIG
tool selects an 1/0O standard compatible with the interface, such as DIFF_SSTL15 or
SSTL15. If sys_c1lkis not connected in a memory interface bank, the MIG tool selects
an appropriate standard such as LVCMOS18 or LVDS. The UCF can be modified as
desired after generation.

clk_ref: This is the reference frequency input for the IDELAY control. This is a 200
MHz input. The c1k_ref input can be generated internally or connected to an
external source. A single input or a differential pair can be selected based on the
System Clock selection in the FPGA Options page (Figure 2-14). The I/O standard is
selected in a similar way as sys_c1lk above.
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e sys_rst: This is the system reset input that can be generated internally or driven from
a pin. The MIG tool selects an appropriate I/O standard for the input such as SSTL15
if the input is within the interface banks, and LVCMOS18 if it is not.

® cal_done: This output indicates that the memory initialization and calibration is
complete and that the interface is ready to use. The cal_done signal is normally only

used internally, but can be brought out to a pin if desired.

e error: This output indicates that the traffic generator in the example design has
detected a data compare error. This signal is only generated in the example design
and is not part of the user design. This signal is not typically brought out to a pin but

can be, if desired.

Click Next to display the Summary page.

Summary

This page provides the complete details about the 7 series FPGA memory core selection,
interface parameters, CORE Generator software options, and FPGA options of the active

project.
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Figure 2-19: Summary Page
Click Next to move to PCB Information page.
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PCB Information

This page displays the PCB-related information to be considered while designing the
board that uses the MIG tool generated designs. Click Next to move to the Design Notes
page.

Design Notes

Click the Generate button to generate the design files. The MIG tool generates two output
directories: example_design and user_design. After generating the design, the MIG

GUI closes.
Finish
After the design is generated, a README page is displayed with additional useful

information.

Click Close to complete the MIG tool flow.

MIG Directory Structure and File Descriptions

This section explains the MIG tool directory structure and provides detailed output file
descriptions.

Output Directory Structure

The MIG tool places all output files and directories in a folder called <component name>,

where <component name> was specified on the MIG Output Options, page 144 of the
MIG design creation flow.

Figure 2-20 shows the output directory structure for the memory controller design. There
are three folders created within the <component name> directory:

e docs
e example_design

e vyuser_design
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= ) mig_7series_wl 2
) docs
=l | ) example_design
+ ) par
= | rtl
+ | ) traffic_gen
+ 1) sim
+ () synth
=l | =) user_design
= |3 rtl
I clocking
I controller
) ip_top
) phy
+ ) ui
+ | uck

Figure 2-20: MIG Directory Structure
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Directory and File Contents

The 7 series FPGAs core directories and their associated files are listed in this section.

<component name>/docs

The docs folder contains the PDF documentation.

<component name>/example_design/

The example_design directory structure contains all necessary RTL, constraints, and script
files for simulation and implementation of the complete MIG example design with a test
bench. The optional ChipScope™ tool module is also included in this directory structure.

Table 2-1 lists the files in the example_design/rtl directory.

Table 2-1: Files in example_design/rfl Directory

Name Description

example_top.v This top-level module serves as an example for connecting the user
design to the 7 series FPGA memory interface core.

Table 2-2 lists the files in the example_design/rtl/tb directory.
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Table 2-2: Files in example_design/rfl/tb Directory

Name

Description

tb_addr_gen.v

Generates the write and read test memory addresses.

tb_cmp_data.v

Generates the compare data and compares the write data against
the captured read data.

tb_cmp_data_bits.v

Incorporates a one bit comparison scheme.

tb_data_gen.v

Generates test write data for the memory interface

tb_top.v

Serves as the top level synthesizable user backend module

tb_wr_rd_sm.v

generates writes and read commands emulating the user backend

Table 2-3 lists the files in the example_design/sim directory.

Table 2-3: Files in example_design/sim Directory

Name Description
sim.do This is the ModelSim simulator script file.
sim_tb_top.v This file is the simulation top-level file.

Table 2-4 lists the files in the example_design/par directory.

Table 2-4: Files in the example_design/par Directory

Name

Description

example_top.ucf

This file is the UCF for the core of the example design.

create_ise.bat

The user double-clicks this file to create an ISE tool project. The
generated ISE tool project contains the recommended build options for
the design. To run the project in GUI mode, the user double-clicks the
ISE tool project file to open up the ISE tool in GUI mode with all project
settings.

ise_flow.bat

This script file runs the design through synthesis, build, map, and par.
It sets all the required options. Users should refer to this file for the
recommended build options for the design.

rem_files.bat

Removes all the implementation files generated during implementation

set_ise_prop.tcl

List of properties to ISE tool

xst_options.txt

List of properties to synthesis tool

ila_cg.xco,
icon_cg.xco,
vio_cg.xco

XCO files for ChipScope modules to be generated when debug is
enabled

Caution! The ise_flow.bat file in the par folder of the <component name> directory
contains the recommended build options for the design. Failure to follow the recommended build
options could produce unexpected results.
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Table 2-5 lists the files in the example_design/synth directory.

Table 2-5: Files in the example_design/synth Directory

Name Description

example_top.prj Lists all the RTL files to be compiled by XST tool

<component name>/user_design/

This directory contains the memory controller RTL files that are instantiated in the
example design and a UCE.

Table 2-6 lists the files in the user_design/rt1l directory

Table 2-6: Files in the user_design/rtl Directory

Name Description

<component_name>.v | This top level module servers as an example for connecting the user
design to the 7 series FPGA QDRII+ SRAM memory interface core.

Table 2-7 lists the files in the user_design/rtl/clocking directory.

Table 2-7: Files in the user_design/rtl/clocking Directory

Name Description
infrastructure.v This module helps in clock generation and distribution.
clk_ibuf.v This module instantiates the system clock input buffers.
iodelay_ctrl.v This module instantiates the IDELAYCTRL primitive needed for
IODELAY use.

Table 2-8 lists the files in the user_design/rtl/phy directory:
Table 2-8: Files in the user_design/rtl/phy

Name Description

qdr_phy_top.v This is the top-level module for the physical layer.

phy_write_top.v This is the top-level wrapper for the write path.

phy_read_top.v This is the top-level of the read path.

mc_phy.v This module is a parameterizable wrapper instantiating up to
three I/O banks each with 4-lane PHY primitives.

phy_write_init_sm.v This module contains the logic for the initialization state
machine.

phy_write_control_io.v This module contains the logic for the control signals going to

the memory.

phy_write_data_io.v This module contains the logic for the data and byte writes
going to the memory.

prbs_gen.v This PRBS module uses a many-to-one feedback mechanism
for 2n sequence generation.

phy_ck_addr_cmd_delay.v | This module contains the logic to provide the required delay
on the address and control signals

phy_rdlvl.v This module contains the logic for stage 1calibration.
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Table 2-8: Files in the user_design/rtl/phy (Cont’d)

Name Description
phy_read_stage2_cal.v This module contains the logic for stage 2 calibration.
phy_read_data_align.v This module realigns the incoming data.
phy_read_vld_gen.v This module contains the logic to generate the valid signal for

the read data returned on the user interface.

qdr_phy_byte_lane_map.v | This wrapper file handles the vector remapping between the
mc_phy module ports and the user's memory ports.

phy_4lanes.v This module is the parameterizable 4-lane PHY in an I/O
bank.
byte_lane.v This module contains the primitive instantiations required

within an output or input byte lane.

byte_group_io.v This module contains the parameterizable I/O Logic
instantiations and the I/O terminations for a single byte lane.

Table 2-9 lists the files in the user_design/ucf directory.

Table 2-9: Files in the user_design/ucf Directory

Name Description

<component name>.ucf This file is the UCF for the core of the user design.

Verify Pin Changes and Update Design

This feature verifies the input UCF for bank selections, byte selections, and pin allocation.
It also generates errors and warnings in a separate dialog when the user clicks on the
Validate button on the page. This feature is useful to verify the UCF for any pinout changes
made after the design is generated from the MIG tool. The user must load the MIG
generated .prj file, the original . prj file without any modifications. In the CORE
Generator tool, the recustomization option should be selected to reload the project. The
design is allowed to generate only when the MIG DRC is met. Ignore warnings about
validating the pinout, which is the intent. Just validating the UCF is not sufficient; it is
mandatory to proceed with design generation to get the UCF with updated clock and
phaser-related constraints and RTL top-level module for various updated Map
parameters.

Here are the rules verified from the input UCF:

e If a pinis allocated to more than one signal, the tool reports an error. Further
verification is not done if the UCF does not adhere to the uniqueness property.

e Verified common rules:
¢ The interface can span across a maximum of three consecutive banks.
e Interface banks should reside in the same column of the FPGA.

* Interface banks should be either High Performance (HP) or High Range (HR). HP
banks are used for the high frequencies.

* The chosen interface banks should have the same SLR region if the chosen device
is of Stacked Silicon Interconnect Technology (SSIT).
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VREF I/0Os should be used as GPIOs when an internal VREF is used or if there are
no inout and input ports in a bank.

The I/0O standard of each signal is verified as per the configuration chosen.

The VCCAUX /0O of each signal is verified and provides a warning message if
the provided VCCAUX1/0O is not valid.

* Verified data read pin rules:

Pins related to one component should be allocated in one bank only.
The strobe pair (CQ) should be allocated to either the MRCC P or the MRCC N

pin.

Read data pins cannot span more than the required byte lanes. For example, an
18-bit component should occupy only 2 byte lanes.

A byte lane should contain pins of only one read byte, for example, Q[0-8] or
Q[9-17].

A byte lane should not contain pins of more than one component.

An FPGA byte lane should not contain pins related to two different strobe sets.

VREF I/0 can be used only when the internal VREF is chosen.

* Verified data write pin rules:

Pins related to one component should be allocated in only one bank.
Write clocks (K/K#) pairs should be allocated to the DQS CC I/Os.

Write data pins cannot span more than the required byte lanes. For example, an
18-bit component should occupy only 2 byte lanes.

A byte lane should not contain pins of more than one component.

A byte lane should contain pins of only one write byte, for example, D[0-8] or
D[9-17].

Irrespective of internal Vref usage, VREF pins can be used as GPIOs unless the
bank contains other input signals.

e Verified address pin rules:

Address signals cannot mix with data bytes except for the qdriip_dIl_off n signal.

It can use any number of isolated byte lanes

* Verified system pin rules:

System clock:
- These pins should be allocated to either SR/MR CC I/O pair.
- These pins must be allocated in the Memory banks column.

- If the selected system clock type is single-ended, need to check whether the
reference voltage pins are unallocated in the bank or internal VREF is used

Reference clock:
- These pins should be allocated to either SR/MR CC 1/O pair.

- If the selected system clock type is single-ended, need to check whether the
reference voltage pins are unallocated in the bank or internal VREF is used.

Status signals:

- The sys_rst signal should be allocated in the bank where the VREFI/0O is
unallocated or internal VREF is used.
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Overview

These signals should be allocated in the non-memory banks because the I/O

standard is not compatible. The I/O standard type should be LVCMOS with
the I/O voltage at 1.8V.

These signals can be allocated in any of the columns (there is no hard

requirement because these signals should reside in a memory column);
however, it is better to allocate closer to the chosen memory banks.

Figure 2-21 shows a high-level block diagram of the 7 series FPGA QDRII+ SRAM memory
interface solution. This figure shows both the internal FPGA connections to the client
interface for initiating read and write commands, and the external interface to the memory

device.

Client

Interface

— |
— |
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mmcm_locked
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Figure 2-21:
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High-Level Block Diagram of QDRII+ Interface Solution
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The PHY is composed of these elements, as shown in Figure 2-22:

¢ User interface

e Physical interface
a. Write path
b. Read datapath

Client Interface Physical Interface
| -7
| |
| |
:—» clk_wr :
F——=| ck_mem |
| |
| |
——| clk |
| |
| sys_rst ol
| St dk Reset Clock qdr_k_p |
I N Module | |Generation qdr_k_n ——=
: qdr_dll_off_n —»:
| |
F———> mmcm_locked |
:—> iodelay_ctrl_rdy :
User | | QDR Il+ SRAM
Device —=| user_wr_cmd gdrw_n —— Device
:—» user_rd_cmd qdr_r_n —>:
I Write Path qdr_sa [—=
:—» user_wr_addr qdr_d —»:
———| user_rd_addr qdr_bw_n f———|
| |
| |
| user_wr_data |
|
:—> user_wr_bw_n |
| qdr_cq_p [+—
| |
j=—— user_rd_valid Read Path qdr_cq_n fe—
:<— user_rd_data qdr_q <—:
| |
| phy_top I
[~ user_cal_done |
| user_top |
| |
e —_— ——
UG586_c2_35_012411
Figure 2-22: Components of the QDRI+ SRAM Memory Interface Solution
The client interface (also known as the user interface) uses a simple protocol based entirely
on single data rate (SDR) signals to make read and write requests. See User Interface for
more details about this protocol. The physical interface generating the proper timing
relationships and DDR signaling to communicate with the external memory device, while
conforming to QDRII+ protocol and timing requirements. See Physical Interface for more
details.
Within the PHY, logic is broken up into read and write paths. The write path generates the
QDRII+ signaling for generating read and write requests. This includes control signals,
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address, data, and byte writes. The read path is responsible for calibration and providing
read responses back to the user with a corresponding valid signal. See Calibration for more
details about this process.

User Interface
The client interface connects the 7 series FPGA user design to the QDRII+ SRAM memory
solutions core to simplify interactions between the user and the external memory device.
Command Request Signals

The client interface provides a set of signals used to issue a read or write command to the
memory device. These signals are summarized in Table 2-9. To accommodate for burst
length 4 devices, the client interface contains ports for two read and two write transactions.
When using burst length 4, only the ports ending in 0 should be used.

Table 2-10: Client Interface Request Signals

Signal Direction Description

user_cal_done Output | Calibration Done. This signal indicates to the user
design that read calibration is complete and the
user can now initiate read and write requests from
the client interface.

user_rd_addrO[ADDR_WIDTH - 1:0] Input Read Address. This bus provides the address to
use for a read request. It is valid when
user_rd_cmd0 is asserted.

user_rd_cmdO Input Read Command. This signal is used to issue a read
request and indicates that the address on port 0 is
valid.

user_rd_dataO[DATA_WIDTH x BURST_LEN - 1:0] Output Read Data. This bus carries the data read back
from the read command issued on user_rd_cmd0.

user_rd_valid0 Output Read Valid. This signal indicates that data read
back from memory is now available on
user_rd_data0 and should be sampled.

user_rd_addr1[ADDR_WIDTH - 1:0] Input Read Address. This bus provides the address to
use for a read request. It is valid when
user_rd_cmdl is asserted.

user_rd_cmd1l Input Read Command. This signal is used to issue a read
request and indicates that the address on port 1 is
valid.

user_rd_datal[DATA_WIDTH x 2 - 1:0] Output | Read Data. This bus carries the data read back

from the read command issued on user_rd_cmd1.

user_rd_valid1l Output | Read Valid. This signal indicates that data read
back from memory is now available on
user_rd_datal and should be sampled.

user_wr_addrO[ADDR_WIDTH - 1:0] Input Write Address. This bus provides the address for a
write request. It is valid when user_wr_cmd0 is
asserted.
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Table 2-10: Client Interface Request Signals (Contd)

Signal Direction Description

user_wr_bw_n0[BW_WIDTH x BURST_LEN - 1:0] Input Write Byte Writes. This bus provides the byte
writes to use for a write request. It is valid when
user_wr_cmd0 is asserted. These enables are active
Low.

user_wr_cmd0 Input Write Command. This signal is used to issue a
write request and indicates that the corresponding
sideband signals on write port 0 are valid.

user_wr_dataO[DATA_WIDTH x BURST_LEN - 1:0] Input Write Data. This bus provides the data to use for a
write request. It is valid when user_wr_cmd0 is

asserted.

user_wr_addrl[ADDR_WIDTH - 1:0] Input Write Address. This bus provides the address for a
write request. It is valid when user_wr_cmd1 is
asserted.

user_wr_bw_n1[BW_WIDTH x 2 - 1:0] Input Write Byte Writes. This bus provides the byte

writes to use for a write request. It is valid when
user_wr_cmd] is asserted. These enables are active
Low.

user_wr_cmd1 Input Write Command. This signal is used to issue a
write request and indicates that the corresponding
sideband signals on write port 1 are valid.

user_wr_datal[DATA_WIDTH x 2 - 1:0] Input Write Data. This bus provides the data to use for a
write request. It is valid when user_wr_cmd1 is
asserted.

Interfacing with the Core through the Client Interface

The client interface protocol is the same for using the port 0 or port 1 interface signals and
is shown in Figure 2-23.

dk T N\ \ NN

user_wr_cmd

user_rd_data RD_DATA X

||
[
user_wr_addr X WR_ADDR X > WR_ADDR X ||
| |
user_wr_data X WR_DATA X X WR_DATA X |
| |
user_wr_bw_n X WR_BW_N X X WR_BW_N X |1
||
user_rd_cmd I
user_rd_addr X RD_ADDR X X RD_ADDR X | |
user_rd_vld | |
1
|
|
1

1%

user_cal_done /

UG586_c2_36_012511

Figure 2-23: Components of the QDRII+ SRAM Memory Interface Solution

Before any requests can be made, the user_cal_done signal must be asserted High, as
shown in Figure 2-23, no read or write requests can take place, and the assertion of
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user_wr_cmd or user_rd_cmd on the client interface is ignored. A write request is
issued by asserting user_wr_cmd as a single cycle pulse. At this time, the
user_wr_addr, user_wr_data, and user_wr_bw_n signals must be valid. On the
following cycle, a read request is issued by asserting user_rd_cmd for a single cycle
pulse. At this time, user_rd_addr must be valid. After one cycle of idle time, a read and
write request are both asserted on the same clock cycle. In this case, the read to the memory
occurs first, followed by the write.

Figure 2-23 also shows data returning from the memory device to the user design. The
user_rd_vldsignalisasserted, indicating thatuser_rd_datais now valid. This should
be sampled on the same cycle that user_rd_v1d is asserted because the core does not
buffer returning data. This functionality can be added in by the user, if desired. The data
returned is not necessarily from the read commands shown in Figure 2-23 and is solely to
demonstrate protocol.

Clocking Architecture

The PHY design requires that a PLL module be used to generate various clocks. Both
global and local clock networks are used to distribute the clock throughout the design.

The clock generation and distribution circuitry and networks drive blocks within the PHY
that can be divided roughly into four separate general functions:

¢ Internal FPGA logic

*  Write path (output) logic

® Read path (input) and delay logic
e IDELAY reference clock (200 MHz)

One PLL is required for the PHY. The PLL is used to generate the clocks for most of the
internal logic, the input clocks to the phasers, and a synchronization pulse required to keep
the PHASER blocks synchronized in a multi-I/O bank implementation.

The PHASER blocks require 3 clocks, a memory reference clock, a frequency reference
clock and a phase reference clock from the PLL. The memory reference clock is required to
be at the same frequency as that of the QDRII+ memory interface clock. The frequency
reference clock must be either 2x or 4x the memory clock frequency such that it meets the
frequency range requirement of 400 MHz to 1066 MHz. The phase reference clock is used
in the read banks, and is generated using the memory read clock (CQ/CQ#) routed
internally and provided to the Phaser logic to assist with data capture.

The internal fabric clock generated by the PLL is clocked by a global clocking resource at
half the frequency of the QDII+ memory frequency.

A 200 MHz IDELAY reference clock must be supplied to the IDELAYCTRL module. The
IDELAYCTRL module continuously calibrates the IDELAY elements in the I/O region to
account for varying environmental conditions. The IP core assumes an external clock
signal is driving the IDELAYCTRL module. If a PLL clock drives the IDELAYCTRL input
clock, the PLL lock signal needs to be incorporated in the rst_tmp_idelay signal inside
the IODELAY_CTRL module. This ensures that the clock is stable before being used.

Table 2-11 lists the signals used in the infrastructure module that provides the necessary
clocks and reset signals required in the design.
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Table 2-11: Infrastructure Clocking and Reset Signals

Signal Direction Description
mmem_clk Input System clock input
sys_rst Input Core reset from user application
iodelay_ctrl_rdy | Input IDELAYCTRL lock status
clk Output Half frequency fabric clock
mem_refclk Output PLL output clock at same frequency as the memory clock
freq_refclk Output PLL output clock to provide the FREQREFCLK input to the

Phaser. The freq_refclk is generated such that its frequency in
the range of 400 MHz - 1066 MHz

sync_pulse Output PLL output generated at 1/16 of mem_Refclk and is a
synchronization signal sent to the PHY Hard blocks that are
used in a multi-bank implementation

pll_locked Output Locked output from PLLE2_ADV
rstdiv0 Output Reset output synchronized to internal fabric half frequency
clock.

Physical Interface

The physical interface is the connection from the FPGA memory interface solution to an
external QDRII+ SRAM device. The I/O signals for this interface are shown in Table 2-12.
These signals can be directly connected to the corresponding signals on the QDRII+ SRAM
device.

Table 2-12: Physical Interface Signals

Signal Direction Description

qdr_cq_n Input QDR CQ#. This is the echo clock returned from the
memory derived from qdr_k_n.

qdr_cq_p Input QDR CQ. This is the echo clock returned from the
memory derived from qdr_k_p.

qdr_d Output ODR Data. This is the write data from the PHY to the
QDR II+ memory device.

qdr_dll_off n Output ODR DLL Off. This signal turns off the DLL in the
memory device.

qdr_bw_n Output QDR Byte Write. This is the byte write signal from the
PHY to the QDRI+ SRAM device.

qdr_k_n Output QDR Clock K#. This is the inverted input clock to the
memory device.

qdr_k_p Output ODR Clock K. This is the input clock to the memory
device.

qdr_q Input ODR Data Q. This is the data returned from reads to
memory.
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Table 2-12: Physical Interface Signals (Cont'd)

Signal Direction Description

qdr_qvld Input ODR Q Valid. This signal indicates that the data on
qdr_q is valid. It is only present in QDRII+ SRAM
devices.

qdr_sa Output QDR Address. This is the address supplied for
memory operations.

qdr_w_n Output QDR Write. This is the write command to memory.

qdr_r_n Output QDR Read. This is the read command to memory.

Interfacing with the Memory Device

Figure 2-24 shows the physical interface protocol for a four-word memory device.

qdr_k_p u W N e N e N V !

darkn /7 N/ N/ L/ L/ W/ N '
a | | | | | | | |
qdr_w_n | | AN | N | | | | | | | |
| | | | | | | | | | | | |
qdr_r_n AN | e [ [ [ [ [ [ [ [ [ |
| | | | | | | | | | | | |
qdr_sa X _RD_ADDR X WR_ADDR X | | | | | | | |
| | | | | | | | |
qdr_d | | | | 1 XDW1XDW2XXDW3 XDW4 XX | | | |
qdr_bw_n : : : : : BW1 XX BW2 XX BW3 X BW4 > : : : :

qdr_cq_p N\ J

qdr_cq.n SN TN N T
| | | | | | | | | | | |
qdr_qvld | | | | yd | | | | \ | |
| | | | | | | | | | | |
qdr_q I | | | | Dw1 X D2 X DW3 X DW4D [ [

UG586_c2_37_012511
Figure 2-24: Four-Word Burst Length Memory Device Protocol

In four-word burst mode:

* The address is in SDR format
¢ Allsignals as input to the memory are center aligned with respect to gdr_k_p

* The data for a write request follows on the next rising edge of gdr_k_p after an
assertion of gdr_w_n

* Byte writes are sampled along with data

® The gdr_gvldsignalis asserted half a cycle before the return of data edge aligned to
the gdr_cqg_n clock

* The gdr_gsignal is edge aligned to gdr_cqg_p and gdr_cqg_n
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PHY Architecture

The 7 series FPGA PHY is composed of dedicated blocks and soft calibration logic. The
dedicated blocks are structured adjacent to one another with back-to-back interconnects to
minimize the clock and datapath routing necessary to build high-performance physical
layers.

Some of the dedicated blocks that are used in the QDRII+ SRAM PHY and their features
are described below:

I/Os available within each 7 series bank are grouped into four byte groups, where
each byte group consists of up to 12 1/0Os.

PHASER_IN/PHASER_OUT blocks are available in each byte group and are
multi-stage programmable delay line loops that can provide precision phase
adjustment of the clocks. Dedicated clock structures within an I/O bank referred to as
byte group clocks generated by the PHASERs help minimize the number of loads
driven by the byte group clock drivers.

OUT_FIFO and IN_FIFO are shallow 8-deep FIFOs available in each byte group and
serve to transfer data from the fabric domain to the I/O clock domain. OUT_FIFOs are
used to store output data and address/controls that need to sent to the memory while
IN_FIFOs are used to store captured read data before transfer to the fabric.

The Pinout Requirements section explains the rules that need to be followed while placing
the memory interface signals inside the byte groups.
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Figure 2-25:

Write Path

UG586_c2_24 042811

High-Level PHY Block Diagram for a 36-Bit QDRII+ Interface

The write path to the QDRII+ SRAM includes the address, data, and control signals
necessary to execute a write operation. The address signals in four-word burst length
mode and control signals to the memory use SDR formatting. The write data values gdr_d
and gdr_bw_n also utilize DDR formatting to achieve the required four-word burst within
the given clock periods. Figure 2-26 shows a high-level block diagram of the write path
and its submodules.

Output Architecture

The output path of the QDRII+ interface solution uses OUT_FIFOs, PHASER_OUT_PHY,
and OSERDES primitives available in the 7 series FPGAs. These blocks are used for
clocking all outputs of the PHY to the memory device.

The PHASER_OUT provides the clocks required to clock out the outputs to the memory. It
provides synchronized clocks for each byte group, to the OUT_FIFOs and to the
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OSERDES/ODDR. The PHASER_OUT generates the byte clock (OCLK), the divided byte
clock (OCLKDIV), and a delayed byte clock (OCLK_DELAYED) for its associated byte
group. The byte clock (OCLK) is the same frequency as the memory interface clock and the
divided byte clock (OCLKDIV) is half the frequency of the memory interface clock. The
byte clock (OCLK) is used to clock the Write data (D) and Byte write (BW) signals to the
memory from the OSERDES. The PHASER_OUT output, OCLK_DELAYED, is a 90 degree
phase shifted output with respect to the byte clock (OCLK) and is used to generate the
write clock (K/K#) to the memory.

The OUT_FIFOs serve as a temporary buffer to convert the write data from the fabric
domain to the PHASER clock domain, which clocks out the output data from the I/O logic.
The fabric logic writes into the OUT_FIFOs in the fabric half-frequency clock based on the
FULL flag output from the OUT_FIFO. The clocks required for operating the OUT_FIFOs
and OSERDES are provided by the PHASER_OUT.

The clocking details of the write paths using PHASER_OUT are shown in Figure 2-26.
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Figure 2-26: Write Path
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The clocking details of the address/control using PHASER_OUT are shown in Figure 2-27.
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Figure 2-27: Address Path

Output Path

Because the address/command and write data are provided by the user backend, the QDR
PHY transfers the signals from the fabric domain to their internal PHASER clock domain
and provides them from the OSERDES to the memory. The OUT_FIFOs are used mainly as
domain transfer elements in the design, and therefore the write and read enables of the
OUT_FIFO need to be constantly enabled. The PHY Control block helps with this
requirement.

PHY Control Block

The QDR PHY uses the PHY Control block to interface to the OUT_FIFOs and
PHASER_OUT_PHY. The PHY Control block helps to prevent the condition where one or
more of the OUT_FIFOs are operating close to the EMPTY condition of the OUT_FIFO,
which could potentially make the OUT_FIFO go EMPTY (based on how the WRCLK and
RDCLK are aligned at the OUT_FIFO over voltage-temperature variations) thereby
causing the OUT_FIFO to stall. The PHY Control block helps the OUT_FIFO to operate
closer to the FULL condition of the OUT_FIFO.

The steps required for the initialization are as follows:
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1. After Phy_control_Ready is asserted, PHY_CONTROL is programmed with a large
delay into the pc_phy_counters. The Control word format is shown in Figure 2-27 and
Figure 2-28.
Bits 35:32 31 30 |29:25|24:23 | 22:17 | 16:15 | 14:12 11:8 7:3 2 1 0
. Major | Minor | Event Data | IndexHi | IndexLo Command | Non-
Field AO1 or OP | Delay | 9 | Offset | (Rank) | (Bank) | “O° Offset Data | Read | Data
Figure 2-27: Control Word Format
MajorOP MinorOP EventDelay IndexHi IndexLo Registers
0-REGPRE 0- REG Register Data[4:0] IndexHi[16] = Register Address | 4'b0000 - 4'b0011: Reserved
Register Data[5] Bits [2:0] 4'b0100: CTLCORR
IndexHi[15] = 4'b0101: RRDCNTR
Register Addr[3] 4'b0110: REF2ACT
4'b0111: TFAW
4'b1000: A2ARD
4'b1001: A2AWR
4'b1010: PRE2ACT
4'b1011: ACT2PRE
4'b1100: RDA2ACT
4'b1101: RD2PRE
4'b1110: WRA2ACT
4'b1111: WR2PRE
1-PRE 5'b000xx - STALL DC DC The STALL operation delays the
: issue of the Ready signal from
5'b010xx - REF Rank DC pc_phy_counters to the
5b100xx - PREBANK | Rank Bank sequencing state machines.
5'b110xx - PREALL Rank DC
All others - NOP DC DC
1-ACTRDWR | ACT 29:28: ACT Slot Rank Bank
27: AP
26:25: RDWR Slot
Figure 2-27: Control Word Decode
The delay counter is used to delay the PHY Control block from fetching the next command
from the PHY Control Word FIFO, and allows time for it to be filled to capacity. This FIFO
needs to be prevented from going empty, because that stalls the PHY_CONTROL, and in
turn leads to gaps in the read enable assertion for the OUT_FIFOs, which should be
avoided.
The OUT_FIFO is used in ASYNC_MODE and in the 4x4 mode.
The PHY control word has these assignments:
e Control word [31:30] is set to 01.
e Control word [29:25] is set to 5 'b11111, which is the large delay programmed into
the pc_phy_Counters.
* A non-data command is issued by asserting control word[2].
e Command and data offset are set to 0.
e Phy_ctl_wris setto 1 as long as the PHY Control Word FIFO (phy_ctl_fifo) is not
FULL.
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2. Entries are written into the OUT_FIFO (for command /address, and for write data);
these entries are NOPs until the FULL condition is reached.

3. After the FULL flag goes High with the ninth write, all writes to the FIFO are stopped
until the FULL flag is deasserted (see step 4).

4. Eventually, the PHY_CONTROL asserts RDENABLE for the OUT_FIFO (after the large
delay has expired)

After reads begin, the FULL flag is deasserted.

Two clock cycles after FULL deassertion, begin writing again to the OUT_FIFO.
Continue to provide Data commands to the PHY Control block: Control word[2:0] is
setto 001.

7. At this point, both WRENABLE and RDENABLE are constantly asserted.

Pre-FIFO

When the OUT_FIFO is close to the ALMOST_FULL condition, with VT variations, it is
likely that the OUT_FIFO(s) could momentarily be FULL, based on the wr/rd clock phase
alignment. A low-latency pre-FIFO is used to store the command requests/write data from
the user and to help store the signals when the OUT_FIFO indeed goes FULL.

The OSERDES blocks available in every I/O helps to simplify the task of generating the
proper clock, address, data, and control signaling for communication with the memory
device. The flow through the OSERDES uses two different input clocks to achieve the
required functionality. Data input ports D1/D2 or D3/D4 are clocked in using the clock
provided on the CLKDIV input port (clk in this case), and then passed through a
parallel-to-serial conversion block. The OSERDES is used to clock all outputs from the
PHY to the memory device. Upon exiting the OSERDES, all the output signals must be
presented center aligned with respect to the generated clocks K/K#. For this reason, the
PHASER_OUT block is also used in conjunction with the OSERDES to achieve center
alignment. The output clocks that drive the address, and controls are shifted such that the
output signals are center aligned to the K/K# clocks at the memory.

Read Path

The read path includes data capture using the memory provided read clocks and also
ensuring that the read clock is centered within the data window to ensure that good
margin is available during data capture. Before any read can take place, calibration must
occur. Calibration is the main function of the read path and needs to be performed before
the user interface can start transactions to the memory.

Data Capture

Figure 2-28 shows a high-level block diagram of the path the read clock and the read data
take from entering the FPGA until given to the user. The read clock bypasses the ILOGIC
and is routed through PHASERs within each byte group through multi-region BUFMRs.
The BUFMR output can drive the PHASEREFCLK inputs of PHASERs in the immediate
bank and also the PHASERs available in the bank above and below the current bank. The
PHASER generated byte group clocks (ICLK, OCLK, and ICLKDIV) are then used to
capture the read data (Q) available within the byte group using the ISERDES block. The
calibration logic makes use of the fine delay increments available through the PHASER to
ensure the byte group clocks are centered inside the read data window, ensuring
maximum data capture margin.
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IN_FIFOs available in each byte group shown in Figure 2-28 receive 4-bit data from each Q
bit captured in the ISERDES in a given byte group and writes them into the storage array.
The half-frequency PHASER-IN generated byte group clock, ICLKDIV, that captures the
data in the ISERDES is also used to write the captured read data to the IN_FIFO. The write
enables to the IN_FIFO are always asserted to enable data to be written in continuously. A
shallow, synchronous post_fifo is used at the receiving side of the IN_FIFO to enable
captured data to be read out continuously from the FPGA logic, should a flag assertion
occur in the IN_FIFO, which could potentially stall the flow of data from the IN_FIFO.
Calibration also ensures that the read data is aligned to the rising edge of the fabric
half-frequency clock and that read data from all the byte groups have the same delay. More
details about the actual calibration and alignment logic is explained in Calibration.
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Figure 2-28: Read Datapath

The calibration logic includes providing the required amount of delay on the read clock

and read data to align the clock in the center of the data valid window. The centering of the
clock is done using PHASERs which provide very fine resolution delay taps on the clock.
Each PHASER_IN fine delay tap increments the clock by 1/64th of the data period.

Calibration begins after the echo clocks are stable from the memory device. The amount of
time required to wait for the echo clocks to become stable is based upon the memory
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vendor and should be specified using the CLK_STABLE parameter to the core. Prior to this
point, all read path logic is held in reset. Calibration is performed in two stages:

1. Calibration of read clock with respect to Q

2. Data alignment and valid generation

Calibration of Read Clock and Data

The PHASER_IN/PHASER_OUT clocks within each byte group are used to clock all
ISERDES used to capture read data (Q) associated with the corresponding byte group. The
ICLKDIV is also the write clock for the read data IN_FIFOs. One PHASER_IN block is
associated with a group of 12 1/Os. Each 1/O bank in the 7 series FPGA has four
PHASER_IN blocks, and hence four read data bytes can be placed in a bank.

Implementation Details

This stage of read leveling is performed one byte at a time where the read clock is center
aligned to the corresponding read data in that byte group. At the start of this stage, a write
command is issued to a specified QDRII+ SRAM address location with a specific data
pattern. This write command is followed by back-to-back read commands to continuously
read data back from the same address location that was written to.

The calibration logic reads data out of the IN_FIFO and records it for comparison. The
calibration logic checks for the sequence of the data pattern read to determine the
alignment of the clock with respect to the data. No assumption is made about the initial
relationship between the capture clock and the data window at tap 0 of the fine delay line.
The algorithm tries to align the rise and fall clocks to the left edge of their corresponding
data window, by delaying the read data through the IDELAY element.

Next, the clocks are then delayed using the PHASER taps and centered within the
corresponding data window. The PHASER_TAP resolution is based on the
FREQ_REF_CLK period and the per-tap resolution is equal to
(FREQ_REFCLK_PERIOD/2)/64 ps. For memory interface frequencies greater than or
equal to 400 MHz, using the maximum of 64 PHASER taps can provide a delay of 1 data
period or 1/2 the clock period. This enables the calibration logic to accurately center the
clock within the data window.

For frequencies less than 400 MHz, because the FREQ_REF_CLK has twice the frequency
of the MEM_REF_CLK, the maximum delay that can be derived from the PHASER is 1/2
the data period or 1/4 the clock period. Hence for frequencies less than 400 MHz, just
using the PHASER delay taps might not be sufficient to accurately center the clock in the
data window. So for these frequency ranges, a combination of both data delay using
IDELAY taps and PHASER taps is used. The calibration logic determines the best possible
delays, based on the initial clock-data alignment.

An averaging algorithm is used for data window detection where data is read back over
multiple cycles at the same tap value. The number of sampling cycles is set to 214. In
addition to averaging, there is also a counter to track whether the read capture clock is
positioned in the unstable jitter region. A counter value of 3 means that the sampled data
value was constant for three consecutive tap increments and the read capture clock is
considered to be in a stable region. The counter value is reset to 0 whenever a value
different from the previous value is detected. The next step is to increment the fine phase
shift delay line of the PHASER_IN and PHASER_OUT blocks one tap at a time until a data
mismatch is detected. The data read out of IN_FIFO after the required settling time is then
compared with the recorded data at the previous tap value. This is repeated until a data
mismatch is found, indicating the detection of a valid data window edge. A valid window
is the number of PHASER fine phase shift taps for which the stable counter value is a
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constant 3. This algorithm mitigates the risk of detecting a false valid edge in the unstable
jitter regions.

Data Alignment and Valid Generation

This phase of calibration:

* Ensures read data from all the read byte groups are aligned to the rising edge of the
ISERDES CLKDIV capture clock

® Sets the latency for fixed-latency mode.

* Matches the latency for each memory when wider memories are derived from small
memories.

* Sends the determined latency to the read valid generation logic.

After the read data capture clock centering is achieved, the calibration logic writes out a
known data pattern to the QDRII+ memory and issues continuous reads back from the
memory. This is done to determine whether the read data comes back aligned to the
positive edge or negative edge of the ICLKDIV output of the PHASER_IN. If the captured
data from a byte group is found aligned to the negative edge, this is then made to align to
the positive edge by using the EDGE_ADYV input to the PHASER_IN, which shifts the
ICLKDIV output by one fast clock cycle.

The next stage is to generate the valid signal associated with the data on the client
interface. During this stage of calibration, a single write of a known data pattern is written
to memory and read back. Doing this allows the read logic to count how many cycles
elapse before the expected data returns. The basic flow through this phase is:

1. Count cycles until the read data arrives for each memory device.

2. Determine what value to use as the fixed latency. This value can either be the set value
indicated by the user from the PHY_LATENCY parameter or the maximum latency
across all memory devices.

3. Calibrate the generation of the read valid signal. Using the value determined in the
previous step, delay the read valid signal to align with the read data for user.

4. Assert cal_done.

Customizing the Core

The 7 series FPGAs QDRII+ SRAM memory interface solution is customizable to support
several configurations. The specific configuration is defined by Verilog parameters in the
top level of the core. These parameters are summarized in Table 2-13.

Table 2-13: 7 Series FPGAs QDRI+ SRAM Memory Interface Solution Configurable

Parameters
Parameter Value Description

MEM_TYPE QDR2PLUS This is the memory address bus width

CLK_PERIOD This is the memory clock period (ps).

BURST_LEN 4 This is the memory data burst length.

DATA_WIDTH This is the memory data bus width and can
be set through the MIG tool. A maximum
DATA_WIDTH of 36 is supported.
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Table 2-13: 7 Series FPGAs QDRI+ SRAM Memory Interface Solution Configurable

Parameters (Cont’d)

Parameter

Value

Description

BW_WIDTH

This must be set to DATA_WIDTH/9

NUM_DEVICES

This is the number of memory devices used.

MEM_RD_LATENCY 2.0 This specifies the number of memory clock
2.5 cycles of read latency of the memory device
used. This is derived from the memory
vendor data sheet.
FIXED_LATENCY_MODE | 0,1 This indicates whether or not to use a

predefined latency for a read response from
the memory to the client interface. Only a
value of 0 is supported, which provides the
minimum possible latency is used.

PHY_LATENCY

This indicates the desired latency through
the PHY for a read from the time the read
command is issued until the read data is
returned on the client interface.

CLK_STABLE

(see memory
vendor data
sheet)

This is the number of cycles to wait until the
echo clocks are stable.

IODELAY_GRP

This is a unique name for the
IODELAY_CTRL that is provided when
multiple IP cores are used in the design.

REFCLK_FREQ 200.0 This is the reference clock frequency for
300.0 IODELAYCTRLs.
RST_ACT_LOW 01 This is the active Low or active High reset.
IBUF_LPWR_MODE ON This enables or disables low power mode
OFF for the input buffers.
IODELAY_HP_MODE ON This enables or disables high-performance
OFF mode within the IODELAY primitive.
When set to OFF, the IODELAY operates in
low power mode at the expense of
performance.
INPUT_CLK_TYPE DIFFERENTIAL | This parameter indicates whether the

SINGLE_ENDED

system uses single-ended or differential
system clocks/reference clocks. Based on
the selected CLK_TYPE, the clocks must be
placed on the correct input ports. For
differential clocks, sys_clk_p/sys_clk_n
must be used. For single-ended clocks,
sys_clk must be used.

DIFF_TERM

TRUE
FALSE

This parameter indicates whether
differential or non-differential termination
is required for the system clock inputs.
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Table 2-13: 7 Series FPGAs QDRI+ SRAM Memory Interface Solution Configurable
Parameters (Cont’d)

Parameter Value Description

CLKFBOUT_MULT_F This is the MMCM voltage-controlled
oscillator (VCO) multiplier. It is set by the
MIG tool based on the frequency of
operation.

CLKOUT_DIVIDE This is the VCO output divisor for fast
memory clocks. This value is set by the MIG
tool based on the frequency of operation.

DIVCLK_DIVIDE This is the MMCM VCO divisor. This value
is set by the MIG tool based on the
frequency of operation.

SIM_BYPASS_INIT_CAL | SKIP This simulation only parameter is used to
FAST speed up simulations.
NONE

DEBUG_PORT ON, OFF Turning on the debug port allows for use

with the Virtual I/O (VIO) of the ChipScope
analyzer. This allows the user to change the
tap settings within the PHY based on those
selected though the VIO. This parameter is
always set to OFF in the sim_tb_top module
of the sim folder, because debug mode is

not required for functional simulation.

Design Guidelines

Design Rules

Memory types, memory parts, and data widths are restricted based on the selected FPGA,
FPGA speed grade, and the design frequency. The final frequency ranges are subject to
characterization results.

Trace Length Requirements

Trace lengths described here are for high-speed operation and can be relaxed depending
on the application’s target bandwidth requirements. The package delay should be
included when determining the effective trace length. These internal delays can be found
using the Pinout and Area Constraints Editor (PACE) tool. These rules indicate the
maximum electrical delays between QDRII+ SRAM signals:

® The maximum electrical delay between any bit in the data bus, D, and its associated
K/K# clocks should be +15 ps.

¢ The maximum electrical delay between any Q and its associated CQ/CQ# should be
+15 ps.

¢ The maximum electrical delay between any address and control signals and the
corresponding K/K# should be +50 ps.

e There is no relation between CQ and the K clocks. K should be matched with D, and
CQ should be matched with Q (read data).
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Pinout Requirements

Xilinx 7 series FPGAs are designed for very high-performance memory interfaces, and
certain rules must be followed to use the QDRII+ physical layer. Xilinx 7 series FPGAs
have dedicated logic for each byte group. Four byte groups are available in each 50- pin
bank. Each 50-pin bank consists of four byte groups that contain one DQS Clock capable
1/0 pair and ten associated I/Os. Two pairs of Multi-region Clock capable I/O (MRCC)
pins are available in a bank, and are used for placing the read clocks (CQ and CQ#).

In a typical QDRII+ write bank configuration, 9 of these 10 1/Os are used for the Write data
(D) and one is used for the byte write (BW). The write clocks (K/K#) use one of the
DQSCCIO pairs inside the write bank. Within a read bank, the read data are placed on 9 of
the 10 I/Os, QVLD placed in any of the read data byte groups and the CQ/CQ# clocks
placed in the MRCC_P pins available inside the read bank.

7 series FPGAs have dedicated clock routing for high-speed synchronization that is routed
vertically within the I/O banks. Thus, QDRII+ memory interfaces must be arranged in the
banks vertically and not horizontally. In addition, the maximum height is three banks.

After generating a core through the MIG tool, the most optimal pin out has been selected
for the design. Manual changes through the UCF are not recommended. However, if the
UCF needs to be altered, the following rules must be taken into consideration:

e The K/K# clocks should be placed in the same bank as the write data banks. The
K/K# clocks also need to be placed on a DQSCCIO pin pair

* Write data (D) is placed such that all signals corresponding to one byte (9 bits) are
placed inside a byte group along with their corresponding byte write (BW) signal.

¢ Read data (Q) should also be arranged in bytes(9-bit wide) within byte groups. It is
recommended to keep all the read data generated from a single memory component
within a bank.

® Read clocks (CQ and CQ#) need to be placed on the two MRCC_P pins, that are
available in each bank, respectively.

* Address/control signals can be placed in byte groups that are not used for write or
read data.

e The dll_off n signal can be placed on any free I/O available in the banks used for the
interface.

e The system clock input must be in the same column as the memory interface. The
system clock input is strongly recommended to be in the address/control bank. If this
is not possible, the system clock input must be in the bank above or below the
address/control bank.

I/O Standards

The MIG tool generates the appropriate UCF for the core with SelectlO™ interface
standards based on the type of input or output to the 7 series FPGAs. These standards
should not be changed. Table 2-14 contains a list of the ports together with the I/O
standard used.

Table 2-14: /0O Standards

Signal(1) Direction I/0 Standard
qdr_bw_n Output HSTL_I
qdr_cq_p, qdr_cq_n Input HSTL_I_DCI
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Table 2-14: /O Standards (Cont’d)

Signal(1) Direction I/0 Standard
qdr_d Output HSTL_I
qdr_k_p, qdr_k_n Output HSTL_I
qdr_q Input HSTL_I_DCI
qdr_r_n Output HSTL_I
qdr_sa Output HSTL_I
qdr_w_n Output HSTL_I

Notes:
1. All signals operate at 1.5V.
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Chapter 3

RLDRAM II Memory Interface Solution

Introduction

The RLDRAM II memory interface solution is a memory controller and physical layer for
interfacing 7 series FPGAs user designs to RLDRAM II devices. RLDRAM II device can
transfer up to two, four, or eight words of data per request and are commonly used in
applications such as look-up tables (LUTs), L3 cache, and graphics.

The RLDRAM II memory solutions core is composed of a user interface (UI), memory
controller (MC), and physical layer (PHY). It takes simple user commands and converts
them to the RLDRAM II protocol before sending them to the memory. Unique capabilities
of Xilinx® 7 series FPGAs allow the PHY to maximize performance and simplify read data
capture within the FPGA. The full solution is complete with a synthesizable reference
design.

This chapter describes the core architecture and information about using, customizing, and
simulating a LogiCORE™ [P RLDRAM II memory interface core for Xilinx 7 series FPGAs.

Although this soft memory controller core is a fully verified solution with guaranteed
performance, termination and trace routing rules for PCB design need to be followed to
have the best design. For detailed board design guidelines, see Design Guidelines,
page 235.

Note: RLDRAM Il designs currently do not support memory-mapped AXI4 interfaces.

For detailed information and updates about the 7 series FPGAs RLDRAM Il interface core,
see the appropriate 7 series FPGAs data sheet [Ref 15].

Getting Started with the CORE Generator Software

This section is a step-by-step guide for using the CORE Generator™ software to generate
an RLDRAM Il interface in a 7 series FPGA, run the design through implementation with
the Xilinx tools, and simulate the example design using the synthesizable test bench
provided.

System Requirements

¢ ISE® Design Suite, v13.2
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Customizing and Generating the Core

Generation through Graphical User Interface

The Memory Interface Generator (MIG) is a self-explanatory wizard

tool that can be

invoked under the CORE Generator software. This section is intended to help in

understanding the various steps involved in using the MIG tool.
These steps should be followed to generate an RLDRAM II design:

1. To launch the MIG tool from the CORE Generator software, type
catalog box (Figure 3-1).

mig in the search IP

% ilinx CORE Generotor - Ho Project

Fle  diew Manaoe TP Help
O0PH B O B
E TF Catslog 8=
B veoi Rncin [giks bijtane  giC R Xilinx CORE Generator
,;it Marre Version | Al 9’ *
R B
¥, f s
- There is no project open.
- 5] :n:: 3 o Youmay brovse the IP Cotalog but you will ot be able to aenerake any cores unkil you open or
it EH M 361 o create a project.
£ [ s v 1 a3
= FH M1G 7 Series 1.2 A
2] % NI it e e 37 pe | CoppnhE(c) L995-2011 Hirs, Inc. Al nghts reserved.
= B M1 wirtess =nd Spartare 3.8 L
Console =3
iZoreGen has not been confiousd with any ussr repositoniss. e
CoreGen has been configured wih the Follosing Riing repositories:
- JIn0.ss.Oheoregen, [=i_indesx =ml]

P r » The IP Catalog hes been relbaded . s
S ) e ) Coe I |
[2] 8l 1P wersins | Orly IP compatible with chasen pert | Information | B Warnings D erors

Part: Unss: | Design Entry: Unssz | )

Figure 3-1: Xilinx CORE Generator Software

2. Choose File — New Project to open the New Project dialog box. Create a new project

named 7Series_MIG_Example_Design (Figure 3-2).
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Project  Miew  Manage.

D MNew Project Ckrl4+M
Ii“ Dpen Projeck kel
iZlose Project k|4
Recent Projects F
H Save Zkrl4+5
Jave Bs..,
=] Preferences...
Exit Chrl+0

Figure 3-2: New CORE Generator Software Project

3. Enter a project name and location. Click Save (Figure 3-3).

Mew Project

Save jn | () ALDRAM -]

%)

L IE caregen.cop

My Recent
Documents

F‘-‘t
&
Decktop

~

My Documents

o

Fw Computer
“

by Metwark File niame: |::|:|[|3|:|E:r|,|::|:| ) Save
Places =

Save as type: Ib{ilimc CORE Generatar Project File [*.cqp)

Cancel

dd

Figure 3-3: New Project Menu
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4. Select these project options for the part (Figure 3-4):
e Select the target Kintex™-7 or Virtex®-7 device.

% Project Options

L Part Part
g;c:rnigodn Select the part For your project;
Family |Kintex? ™ |
Device xc7ke10t |
Package Ftu
Speed Grade I-3 V|
[ oK ] ’ Cancel ] ’ Apply ] ’ Help

Figure 3-4: CORE Generator Software Device Selection Page
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5. Select Verilog as the Design Entry Option and ISE for the Vendor Flow Setting. Click
OK to finish the Project Options setup (Figure 3-5).

% Project Options
Part Flow
Generation : -
Advanced (&) Design Entry erilog
() Custom Output Producks
Please refer to the online help For information about compiling behavioral
models using compxlib and using WED {¥erilog) templates,
Flow Settings
‘endor |Other v|
Metlist Bus Format |B<n:m> vi
Simulation Files
Preferred Simulation Model Preferred Language
(%) Behavioral WHOL
) Skructural Yierilog
O Mone
Other Qukput Products
a5Y Symbol File
I OF ] ’ Cancel ] ’ Apply ] ’ Help l
Figure 3-5: CORE Generator Software Design Flow Setting Page
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6. Select MIG 7 Series 1.2 (Figure 3-6).

ilinx CORE Generator, - DRAMAcoregen.cgp

File  Project  Wiew ManageIP Help
BEFERTN- LI
Ert | IP Catalog 8 x| »~
i e B T | REFERENCE - %
& Wigws by Funckion | Vigw by Mame | DESIGH MIG 7 Ser'es 5 C? s
e : 0w Projec
e || MEmE Wersion | AXI4 | AXI
- =7 Memories_8_Storage_Elements i 3 4 it N
?j |_._ 3 Memory_Inkerface_Generators This core is supported at stabus Pre-Production by your chosen park,
@ EH Mz 3t }
EH mG 35 Information
S EH mis 3.6 AL Core bype: MINs 7 Series
,. EH Mz 361 AxT4 .. | 1.2
[EH MIG 7 Series 5 AR+ v o )
— 5 m Identifier: iline, com:ipimig_7series:1,2
l‘—:_j - EH MG Vi b and Spartang 3.7 e Core Summary:  This Memory Interface Generator is a simple menu driven tool ko generate advanced
e FH M1 Yirtexs and Spartane 3.5 A4 memary interf aces, This boal generates HDL and pin placement constraint s that wil
help vou design your application.
Kinkex-7 supports DDR3 SDRAM and QDR 1T+ SRAM, Virtex-7 supports DDR3 SDRAM
and QDR II+ SRAM, B
Interfaces: Mative, AxI4
ﬁSuggorted Farnilies
'l:'ﬂ Current Project Options
Actions
The following actions are available For this core: »
Consale g X
“relcome to diinx CORE @enerator,
Help system initislized.
CoreGen has not been configured with any user repositories,
CoreGen has been configured with the Following Xilin: repositories:
- '100.56. Oicaragen’ [l _indew. wml]
The IF Catalog has been reloaded.
“rote CGP file for project ‘coregen’,
& | e
Syl e e |MIG H i Search Console | | [ Find Save ] [ Clear ]
& 1 . |
Al IP versions ] only IP compatible with chosen part Information i M Warnings @ Em:\rs_
Part: xc7k4100-3fbge7a  Design Entry: Verilog )
Figure 3-6: 7Series_MIG_Example_Design Project Page
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7. The options screen in the CORE Generator software displays the details of the selected
CORE Generator software options that are selected before invoking the MIG tool
(Figure 3-7).

* Xilinx Memory Interface Gensrator

REFERENCE Mernory Interface Generator

DESIGN EH Tha Memory Interface Generator (MIG) creates mamary cantrolers For Kinx FPGAs, MIG craates complehs oistomized Yariog or MHOL ATL sowce coda, pin-
ok and dasign canstrainks for tha FPGA salecked, 2nd soipt fles for Implamentation znd simulzbon,
CORE Generator Opbions
This GLI includes all confiqueshle ophons alang with explanzsbons to aid N genershon of the reqursd contralen, Plaase note that some aof the options selected
n tha CORE Gemerator Projack Options wil be ussd in genaration of the concroles, [t s very Importani that the corrack CORE Gerarator Project Options ave
eelected, Thees aptiors arelicted below,
Selected CORE Gererator Praject Oplions:

Memol'y FPGA Family Kik=sT
FPGA Part =cTkG10k-fhgers
Speed Grade -3
Interface Synthesis Tool 15E
Design Entry YERLOG
IF any of these options are incorrect, please click on "Cancel”, change the CORE Generator Project Options, and restark MG,
Generator

& XILINX.

(e i ] [t | (e ]

Figure 3-7: 7 Series FPGA Memory Interface Generator Front Page

8. Click Next to display the Output Options page.
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MIG Output Options

1. Select the Create Design radio button to create a new memory controller design. Enter
a component name in the Component Name field (Figure 3-8).

* Xilinx semory Intarface Generator E”Eﬁl

REFERENCE

MIG Cucput Options
DESIGN FH :

(%) Create Design

Select this option ko genersbs a new mamory contrallar Generating @ memory controler will creskes RTL, desion canstrainks [UCF), implementzbon and
smulation fles,

) Verify UCF and Uptdate Design and UCF

Selectng this Feature verfies the modified UCF For a dzsan aksady generated throuch MIG, It updates the incut UCE File bo be compatible with the
curenk version of MG, Whils updating the UCF I pregerves e pin ouzs of te inpat UCF This opoion wil slso generate e new desion wich the
Component Mame yau selected in this page.

Companeck Hams

Feass spacify the componant mama For the mamary inerface, The design drectaries wil be genarated uncer a dractory with this name, Three dreckoes
wil be created “example_desion®,"user_design® and “doce”, The user_deagn wil contain the generated memory Incetfacs. The example_design adds =
simple example applicsbion conmected to the genersbed memoey nberface,

Component Name mu_?scru_rl_z

Memory
Interface

Generator

& XILINX.

Uoer Guice | [ Version Irfa | [ < Back | [T [ il ]

Figure 3-8: MIG Output Options

MIG outputs are generated with the folder name <component name>.

Note: Only alphanumeric characters can be used for <component name>. Special characters
cannot be used. This name should always start with an alphabetical character and can end with
an alphanumeric character.

When invoked from XPS, the component name is corrected to be the IP instance name
from XPS.

2. Click Next to display the Pin Compatible FPGAs page.
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Pin Compatible FPGAs

The Pin Compatible FPGAs page lists FPGAs in the selected family having the same
package. If the generated pinout from the MIG tool needs to be compatible with any of
these other FPGAs, this option should be used to select the FPGAs with which the pinout
has to be compatible (Figure 3-9).

* Xilinx Memory Interface Gensrator

REFERENCE Pn Compathle FPGAS

DESIGN EH Pin Companble FAGAS nelods al devicas wkh the s2me package and soeed grade 2 the targst device. Diffsrant FPGA devices whh the s2me packaga do nok
hiewve the same bonded pins, By selecting An Compatibla FPGAs, MIG wil anly select pirs thak are common betwasn the targes device and all sekactad devices.
Lz the defaulkt LCF In the par folder For the target part IF e barget park € changed, uss the sppropeiate UCF nthe compatible_ucf folder IF 2 P
Compatible FPGA is not chosen now and later a different FPGA is needed to be used, the generated UCF may not work For the new
device and a hoard spinmay be required. A device & considered compatitle only if the parkags 2nd speed orade mabches b the target part. MIE only
=rswres Brat MIG gererated pin cut is it he sekctad icle FRGA devices, Liseleck=d devices wil not be corsider=d For compebibiity:
during the pin sllacation process,

& blark kst indicates tat there are ma comeatible parts exist for the selected tarpet part and this page can be skpped,

Moba that diffiarant parts in the same packaga wil hava dfferent incermal padiage shew waloas, Da-rabe tha mnimum period sppropeiabaly n tha Concroler
Opticns page when diferent parts 0 tha ssme pachage we ussd, Consut the User Guide For more Informatian,

Memary Selection Target FPGA [ 7EH0l-Eges -3
Controllcr Options Fin Competible FRGAs

= kinkex?
AXT Parameter [ 1

[ merrit-fognns
[ xerdet-thasre
[ #coezzst-fhgsrs

Memory Options
FPGA Dptions

Extended FPGA Options
Aank Selection

System Signals Selection
Summary

Simulation Dphions

PCB Information

Dewign Notes

& XILINX.

Uoer Guice | [ Version Irfa | [ < Back _I ek [ el ]

Figure 3-9: Pin-Compatible 7 Series FPGAs

1. Select any of the compatible FPGAs in the list. Only the common pins between the
target and selected FPGAs are used by the MIG tool. The name in the text box signifies
the target FPGA selected.

2. Click Next to display the Memory Selection page.
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Creating the 7 Series FPGAs RLDRAM |l Memory Design

Memory Selection

This page displays all memory types that are supported by the selected FPGA family.
1. Select the RLDRAM II controller type.
2. Click Next to display the Controller Options page.

* Xilinx semory Intarface Generator E”E]El

REFERENCE Mamary Salechon

DESIGN EH Selact the bype of memory nbarface, Flazsa refir o theUlser GLids For a detaied kst of susported conzralers For sach FRGA Family, The st below shows
- cwrerty avalacle meetfacels) For the specfic FPGA and spesd grade choean,

Select the Corbroller Troe:
f_} DDR3 SDRAM Enable AXT Interface

) NODRIT+ SRAM

Fin Compatible FPGAS L R LD IEACLE

Controllcr Options

AXT Parameter

Memory Options

FPGA Dptions

Extended FPGA Options
Aank Selection

System Signals Selection
Summary

Simulation Dphions

PCB Information

Dewign Notes

& XILINX.

Uoer Guice | [ Version Irfa | [ < Back | ek [ el ]

Figure 3-10: Memory Selection Page

RLDRAM II designs currently do not support memory-mapped AXI4 interfaces.
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Controller Options

This page shows the various controller options that can be selected.

* Yilinx Memory Interface Genarator

REFERENCE Options For Controller O - RLDRAM 11
DESIGN EH i

Olock Period: Chease the doc period for the cesired fregoency. The alowed period rangzis 2 function of te
selectod FRGA part and FPGA spsad grads, Refer tothe Ussr Guids for move information,

The alfowcd period range i PRELIMINARY. The finaf range will be lisfed affer characterization.
Input Clock Period: Select the period for te PLL inpt clock (CLEIND. MIS debermines the alowable inpot chack.
pevinds based on Hie Memoey Clack Period entered thove and the docking guideines fsted in the User Guice, The
generated design wil use the selzchzd Input Chack and Memcry Clods Periods to generabe the recuired FLL
parzmeters, IF the reguired iput dod period is nox availzble, the Mamary Clock Period must be medifisd,

fzso0 ; ps 40000 MH2

Fin Compatible FPGAS W Yocaus_io: Yooou o misst be set ko 2,0V in the Hah Performance banks For the highzst deba rates. Yoo o
5 nak availabie in Bie High Flange banks, Nobs thak Yooous_io is comman o oroups of banks, Consult e 7 Series | 1.0Y
Memary Selection L4 Dakashesks and FPGA SelectlD Fesourcas User Guds For movs nfarmabon,

Memaory Park: Seiect the memory part, Parks marked with & werring symbol are nob compatible with the :
frequency selection acave, Find an equivalent part o cresks o part using the "Create Custom Part’ button if | MT49HLEMZERK-15 |
RXI Parameter the part nesded is not lstad here. The *Crasts Custom Part” featurs is not supparted For RLDRAM IL

Data Width: Selsct the Dok 'idth, Parts marked nich a warming svmizal are not compaticle with the frequency

Riemoty. ontions ard memory part selecked above,

|28 -
FPGA Dptions
Data Mask: Endbls or disshle the g=neration of Data Mask (08} pins wsing this check bz, This opbion can be
Extended FPGA Dptions sedeckabie onty iF the memory part sslected bas DM dins, Uncheck Hris box bo not use deka masks and save PG [£]
1is thai: are used for DM signzls, ECC desiors wil nat use Deba Mask,
Aank Selection

System Signals Selection

Summary

User Interface FIFD: Incerfodng with the FIFOs felps impeove Febric timing whie inberfadng disctly with the 120
Simulation Options corbroler aives lower Inzncy, G
PCB Information
Dewign Notes

tA X I L I N X@ Memory Details: 5760b, 236, address:20, wih data nase

Uoer Guice | [ Version Irfa | [ < Back | [T [ il ]

Figure 3-11: Controller Options Page

* Frequency: This feature indicates the operating frequency for all the controllers. The
frequency block is limited by factors such as the selected FPGA and device speed
grade.

® Vccaux_io: Vccaux_io is set based on the period/frequency setting. 2.0V is required at
the highest frequency settings in the High Performance column. The MIG tool
automatically selects 2.0V when required. Either 1.8 or 2.0V can be used at lower
frequencies. Groups of banks share the Vccaux_io supply. See the 7 Series FPGAs
Select1O Resources User Guide [Ref 1] for more information.

* Memory Part: This option selects the memory part for the design. Selections can be
made from the list, or if the part is not listed, a new part can be created (Create
Custom Part). RLDRAM II devices of read latency 2.0 and 2.5 clock cycles are
supported by the design. If a desired part is not available in the list, the user can
generate or create an equivalent device and then modify the output to support the
desired memory device.

e Data Width: The data width value can be selected here based on the memory part
selected. The MIG tool supports values in multiples of the individual device data
widths.
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Memory Details: The bottom of the Controller Options page. Figure 3-12 displays
the details for the selected memory configuration.

Memory Details: S7eMb, 36, address:20, with data mask

Memory Options

Figure 3-12: Selected Memory Configuration Details

This feature allows the selection of various memory mode register values, as supported by
the controller's specification (Figure 3-13).

* Xilinx Memory Interface Gensrator

REFERENCE
DESIGN EH
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Memory Selection
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FPGA Dptions
Extended FPGA Options
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System Signals Selection
Summary

Simulation Dphions

PCB Information
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& XILINX.
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Burst Length
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Impedence Matching

"Interna" wil alow to add aninternal impedance (50 cbms) at te cutput buffer. "Externsl” wil dlow o 2dd a externa |rkarmal |
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On-Die Termination

Tis feature sloss to acply nkemal termination resstence of the memoare modue for sonas 00 ard OM, Ths improves the (2 2|

signalintegriy of the memary channzl,

Ceee ] [ (e ]

Figure 3-13: Memory Options Page

The mode register value is loaded into the load mode register during initialization.

Configuration: This option sets the configuration value associated with write and
read latency values. Available values of 1, 2, and 3 are controlled based on the selected
design frequency.

Burst Length: This option sets the length of a burst for a single memory transaction.
This option is a trade-off between granularity and bandwidth and should be
determined based on the application. Values of 4 and 8 are available.

Address Multiplexing: This option minimizes the number of address pins required
for a design, because the address is provided using less pins but over two consecutive
clock cycles. This option is not supported with a burst length of 2.
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* Xilinx Memory Interface Gensrator

Impedance Matching: This option determines how the memory device tunes its
outputs, either via an internal setting or using an external reference resistor connected
to the ZQ input of the memory device.

On-Die Termination: This option is used to apply termination to the DQ and DM
signals at the memory device during write operations. When set, the memory device
dynamically switches off ODT when driving the bus during a read command.

FPGA Options
Figure 3-14 shows the FPGA Options page.

REFERENCE
DESIGN EH

PIn Compatible FPGAS
Memory Selection
Controllcr Options
AXT Parameter

Memory Options

Extended FPGA Options
Aank Selection

System Signals Selection
Summary

Simulation Dphions

PCB Information

Dewign Notes

& XILINX.

Uoer Guice | [ Version Irfa |

s, I OB S ¢

| Swstem Qock,

Click Next to display the FPGA Options page.

A]=1E5)

Chooss the desired input clod corfiguracion. Both Desan chack 2nd ldelay Corkrod dock wil ba affiecked. Either both the clacks can be Diferential or both
can ba Sindle-Endead,

System Clock [orfferencal v
Interna ref

tnternal ¥ref can be uced to alow the ke of the e pns 25 normal 10 pies. This option can onky be used at @00 Mbps and bwer daka races. This can free
2 pins per bank where inputs srs Lsed, This sstting has no effect on baris with onky outputs,

Internal vref O

Figure 3-14: FPGA Options Page

System Clock. This option selects the input clock type: single-ended or differential.

Click Next to display the Extended FPGA Options page.
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Extended FPGA Options

Figure 3-15 shows the Extended FPGA Options page.
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The DCT (Digialy Controled Tmpedance) 10 stardads are applisd sppropriatelyin High Performance barks. Do and QK/okE sgnas oblze DT
stardards (HSTL_IT_DCT). DCT & ot gesd for the Address{control outpor signake. Consult the Lier Guide for more information and use 1605 simulstion
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Controller Oplions ¥
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Summary

Simulation Dphions
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& XILINX.
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Figure 3-15: Extended FPGA Options Page

¢ Digitally Controlled Impedance (DCI): When selected, this option internally
terminates the signals from the RLDRAM II read path. DCI is available in the High
Performance Banks.

¢ Internal Termination for High Range Banks. The internal termination option can be
set to 40, 50, or 60Q or disabled. This termination is for the RLDRAM Il read path. This
selection is only for High Range banks.

Bank Selection

This feature allows the selection of bytes for the memory interface. Bytes can be selected for
different classes of memory signals, such as:

* Address and control signals
* Data Read signals
* Data Write signals

For customized settings, click Deselect Banks and select the appropriate bank and
memory signals. Click Next to move to the next page if the default setting is used. To
unselect the banks that are selected, click the Deselect Banks button. To restore the
defaults, click the Restore Defaults button. Vccaux_io groups are shown for HP banks in
devices with these groups using dashed lines. Vccaux_io is common to all banks in these
groups. The memory interface must have the same Vccaux_io for all banks used in the
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* Xilinx Memory Interface Gensrator

interface. MIG automatically sets the VCCAUX_IO constraint appropriately for the data
rate requested.

Super Logic Regions are indicated by a number in the header in each bank in devices with
these regions, for example, “SLR 1”. Interfaces cannot span across Super Logic Regions.
Not all devices have Super Logic Regions.

REFERENCE Bank Selection For Controller O - RLDRAM 11
DESIGN EH
Select Boe bybe groups For the data and address)contrdl in e archizedoral view below, Daka and Address|Conkral must be selected withn 3 verbical
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Borh sclection is restricted to High Performance Barks for higher data rates. Bank selection i made szquerkial on rescurces requirement basis,
Address(Cantrol: 28/28 &) Dot 46746 D)
Bybe Group TO Unassigned - =
Bybe Group T1 Unassigred ~
Pin Compatible FPGAS v Fiybe Group T2 Unassigred ~
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Figure 3-16: Bank Selection Page
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System Pins Selection

Figure 3-17 shows the System Pins Selection page.

* Xilinx Memory Interface Gensrator
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Figure 3-17: System Pins Selection Page

Select the pins for the system signals on this page. The MIG tool allows the selection of
either external pins or internal connections, as desired.

* sys_clk: This is the system clock input for the memory interface and is typically
connected to a low-jitter external clock source. Either a single input or a differential
pair can be selected based on the System Clock selection in the FPGA Options page
(Figure 3-14). The sys_c1k input must be in the same column as the memory
interface. If this pin is connected in the same banks as the memory interface, the MIG
tool selects an I/0O standard compatible with the interface, such as DIFF_SSTL15 or
SSTL15. If sys_c1lkis not connected in a memory interface bank, the MIG tool selects
an appropriate standard such as LVCMOS18 or LVDS. The UCF can be modified as
desired after generation.

e clk_ref: This is the reference frequency input for the IDELAY control. This is a 200
MHz input. The c1k_ref input can be generated internally or connected to an
external source. A single input or a differential pair can be selected based on the
System Clock selection in the FPGA Options page (Figure 3-14). The I/O standard is
selected in a similar way as sys_c1lk above.

e sys_rst: This is the system reset input that can be generated internally or driven from
a pin. The MIG tool selects an appropriate I/O standard for the input such as SSTL15
if the input is within the interface banks, and LVCMOS18 if it is not.
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¢ cal_done: This output indicates that the memory initialization and calibration is
complete and that the interface is ready to use. The cal_done signal is normally only
used internally, but can be brought out to a pin if desired.

e error: This output indicates that the traffic generator in the example design has
detected a data compare error. This signal is only generated in the example design
and is not part of the user design. This signal is not typically brought out to a pin but
can be, if desired.

Click Next to display the Summary page.

Summary

This page (Figure 3-18) provides the complete details about the memory core selection,
interface parameters, CORE Generator software options, and FPGA options of the active

project.

% ilinx Memory Interface Generator
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Figure 3-18: Summary Page

Click Next to move to PCB Information page.
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PCB Information

This page displays the PCB-related information to be considered while designing the
board that uses the MIG tool generated designs. Click Next to move to the Design Notes

page.
Design Notes

Click the Generate button to generate the design files. The MIG tool generates two output
directories: example_design and user_design. After generating the design, the MIG
GUI closes.

Finish

After the design is generated, a README page is displayed with additional useful
information.

Click Close to complete the MIG tool flow.

MIG Directory Structure and File Descriptions

This section explains the MIG tool directory structure and provides detailed output file
descriptions.

Output Directory Structure

The MIG tool places all output files and directories in a folder called <component name>,
where <component name> was specified on the MIG Output Options, page 190 of the
MIG design creation flow.

200 www.xilinx.com 7 Series FPGAs Memory Interface Solutions
UG586 June 22, 2011


http://www.xilinx.com

& XILINX.

Getting Started with the CORE Generator Software

Figure 3-19 shows the output directory structure for the memory controller design. There
are three folders created within the <component name> directory:

e docs

e example_design

¢ user_design

= ) mig_7series_wl 2
) docs
=l | ) example_design
+ ) par
= I rtl
+ | ) traffic_gen
+ 1) sim
1 1) svnth
=l | =) user_design
= 1) rtl
I clocking
+ | ) controller
+ | ) ip_top
+ 1) phy
+ ) i
+ | uck

-+

Figure 3-19: MIG Directory Structure

Directory and File Contents

The core directories and their associated files are listed in this section.

<component name>/docs

The docs folder contains the PDF documentation.

<component name>/example design/

The example_design directory structure contains all necessary RTL, constraints, and script
files for simulation and implementation of the complete MIG example design with a test
bench. The optional ChipScope™ tool module is also included in this directory structure.

Table 3-1 lists the files in the example_design/rtl directory.

Table 3-1: Files in example_design/rfl Directory

Name

Description

example_top.v

This top-level module serves as an example for connecting the user
design to the 7 series FPGAs memory interface core.
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Table 3-2 lists the files in the example_design/rtl/traffic_gen directory.

Table 3-2: Modules in example_design/rtl/traffic_gen Directory

Name Description
memc_traffic_gen.v/vhd This is the top level of the traffic generator.
cmd_gen.v/vhd This is the command generator. This module provides

independent control of generating the types of
commands, addresses, and burst lengths.

cmd_prbs_gen.v/vhd This is a pseudo-random binary sequence (PRBS)
generator for generating PRBS commands, addresses,
and burst lengths.

memc_flow_vcontrol.v/vhd This module generates flow control logic between the

memory controller core and the cmd_gen,
read_data_path,and write_data_pathmodules.

read_data_path.v/vhd This is the top level for the read datapath.

read_posted_fifo.v/vhd This module stores the read command sent to the
memory controller; its FIFO output is used to generate
expected data for read data comparisons.

rd_data_gen.v/vhd This module generates timing control for reads and
ready signals tomcb_flow_control.v/vhd.

write_data_path.v/vhd This is the top level for the write datapath.

wr_data_g.v/vhd This module generates timing control for writes and
ready signals tomcb_flow_control.v/vhd.

s7ven_data_gen.v/vhd This module generates different data patterns.
a_fifo.v/vhd This is a synchronous FIFO using LUT RAMs.
data_prbs_gen.v/vhd This is a 32-bit linear feedback shift register (LFSR) for

generating PRBS data patterns.

init_mem pattern_ctr.v/vhd | This module generates flow control logic for the traffic
generator.

traffic_gen_top.v/vhd This module is the top level of the traffic generator and
comprises the memc_traffic_gen and
init_mem_pattern_ctr modules.

Table 3-3 lists the files in the example_design/sim directory.

Table 3-3: Files in example_design/sim Directory

Name Description
sim.do This is the ModelSim simulator script file.
sim_tb_top.v This file is the simulation top-level file.
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Table 3-4 lists the files in the example_design/par directory.

Table 3-4: Files in the example_design/par Directory

Name Description

example_top.ucf | This file is the UCF for the core of the example design.

create_ise.bat Double-click this file to create an ISE tool project. The generated ISE
tool project contains the recommended build options for the design.
To run the project in GUI mode, double-click the ISE tool project file
to open up the ISE tool in GUI mode with all project settings.

ise_flow.bat This script file runs the design through synthesis, build, map, and
par. It sets all required options. Refer to this file for the
recommended build options for the design.

rem_files.bat This batch file moves all the implementation files generated during
implementation.

set_ise_prop.tcl | List of properties to the ISE tool.

xst_options.txt | List of properties to the synthesis tool.

ila_cg.xco, XCO files for ChipScope modules to be generated when debug is
icon_cg.xco, enabled.
vio_cg.xco

Caution! The ise_flow.bat file in the par folder of the <component name> directory
contains the recommended build options for the design. Failure to follow the recommended build
options could produce unexpected results.

Table 3-5 lists the files in the example_design/synth directory.

Table 3-5: Files in the example_design/synth Directory

Name Description

example_top.prj | This file lists all the RTL files to be compiled by the XST tool.

example_top.lso | Custom library search order file for XST synthesis.

<component name>/user_design/
Table 3-6 lists the files in the user_design/rtl/controller directory.

Table 3-6: Files in user_design/rtl/controller Directory

Name Description
rld_mc.v This module implements the memory controller.
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Table 3-7 lists the files in the user_design/rtl/ui directory.

Table 3-7: Files in user_design/rtl/ui Directory

Name

Description

rld_ui_top.v | Thisis the top-level wrapper for the user interface.

rld_ui_wr.v This module generates the FIFOs used to buffer write data for the user

interface.

rld_ui_addr.v | This module generates the FIFOs used to buffer address and commands
for the user interface.

Table 3-8 lists the files in the user_design/rtl/phy directory.

Table 3-8: Files in user_design/rtl/phy Directory

Name

Description

rld_phy top.v

This is the top-level module for the physical layer file.

rld_phy_write_top.v

This is the top-level wrapper for the write path.

phy_read_top.v

This is the top-level of the read path.

mc_phy.v

This module is a parameterizable wrapper
instantiating up to three I/ O banks each with four-lane
PHY primitives.

rld_phy_write_init_sm.v

This module contains the logic for the initialization
state machine.

rld_phy_write_control_io.v

This module contains the logic for the control signals
going to the memory.

rld_phy_write_data_io.v

This module contains the logic for the data and byte
writes going to the memory.

prbs_gen.v

This PRBS module uses a many-to-one feedback
mechanism for 2n sequence generation.

phy_ck_addr_cmd_delay.v

This module contains the logic to provide the required
delay on the address and control signals.

phy_rdlvl.v

This module contains the logic for stage 1 calibration.

phy_read_stage2_cal.v

This module contains the logic for stage 2 calibration.

phy_read_data_align.v

This module realigns the incoming data.

phy_read_vld_gen.v

This module contains the logic to generate the valid
signal for the read data returned on the user interface.

rld_phy byte_lane_map.v

This module handles the vector remapping between
the mc_phy module ports and the user’s memory
ports.

phy_4lanes.v

This module is the parameterizable four-lane PHY in
an I/0 bank.
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Table 3-8: Files in user_design/rtl/phy Directory (Contd)

Name Description

byte_lane.v This module contains the primitive instantiations
required within an output or input byte lane.

byte_group_io.v This module contains the parameterizable I/O logic
instantiations and the I/O terminations for a single
byte lane.

Table 3-9 lists the files in the user_design/ucf directory.

Table 3-9: user_design/ucf Directory

Name Description

<component name>.ucf | This file is the UCF for the core of the user design.

Quick Start Example Design

Overview

After the core is successfully generated, the example design HDL can be processed
through the Xilinx implementation toolset.

Implementing the Example Design

The ise_flow.bat script file runs the design through synthesis, translate, map, and par,
and sets all the required options. See this file for the recommended build options for the
design.

Simulating the Example Design (for Designs with the Standard User
Interface)

The MIG tool provides a synthesizable test bench to generate various traffic data patterns
to the memory controller (MC). This test bench consists of a r1d_memc_ui_top wrapper,
a traffic_generator that generates traffic patterns through the user interface to a
rld_ui_top core, and an infrastructure core that provides clock resources to the
rld_memc_ui_top core. A block diagram of the example design test bench is shown in
Figure 3-20.
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sim_tb_top

Example Design

user_design_top
lodelay_cntrl Infrastructure

rld_memc_ui_top

rld_ui_top rld_mc rld_phy_top

user_cmd_en0/1 cmd_en
user_rd_cmd0/1 cmd_valid0/1
user_addr0/1 rd_cmd0/1
Traffic_gen_to user_ba0/1 addr_in0/1
ParamE?er:_ P - user_wr_en ba_in0/1 <] RLDRAM I
BEGIN ADDR user_wr_data0/1
END ADDR user_wr_dmo0/1 <>

nCK_PER_CLK user_afifo_empty
user_afifo_aempty cmd_empty

\/

Y
y
Y
'

user_afifo_full data_empty

user_afifo_afull
user_wdfifo_empty
user_wdfifo_aempty
user_wdfifo_full
user_wdfifo_afull

error

user_rd_valid0/1
user_rd_data0/1

A A

X12142

Figure 3-20: Synthesizable Example Design Block Diagram
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Figure 3-21 shows the simulation result of a simple read and write transaction between the
tb_top and memc_intfc modules.

Read command /

Address is written as is accepted here
a data value to the FIFO

when user_cmd_en is

asserted and user_afifo_full

is not asserted. A write

command is accepted here.

Memory user interface
asserts user_rd_valid to
indicate valid data is
returning from memory.

Figure 3-21: User Interface Read and Write Cycle

Traffic Generator Operation

The traffic generator module contained within the synthesizable test bench can be
parameterized to create various stimulus patterns for the memory design. It can produce
repetitive test patterns for verifying design integrity as well as pseudo-random data
streams that model real-world traffic.

The user can define the address range through the BEGIN_ADDRESS and
END_ADDRESS parameters. The Init Memory Pattern Control block directs the traffic
generator to step sequentially through all the addresses in the address space, writing the
appropriate data value to each location in the memory device as determined by the
selected data pattern. By default, the test bench uses the address as the data pattern, but the
data pattern in this example design can be modified using vio_data_mode signals that can
be modified within the ChipScope analyzer.

When the memory has been initialized, the traffic generator begins stimulating the user
interface port to create traffic to and from the memory device. By default, the traffic
generator sends pseudo-random commands to the port, meaning that the instruction
sequences (R/W, R, W, etc.) and addresses are determined by PRBS generator logic in the
traffic generator module.

The read data returning from the memory device is accessed by the traffic generator
through the user interface read data port and compared against internally generated
“expect” data. If an error is detected (that is, there is a mismatch between the read data and
expected data), an error signal is asserted and the readback address, readback data, and
expect data are latched into the error_status outputs.
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Modifying the Example Design

The provided example_top design comprises traffic generator modules and can be
modified to tailor different command and data patterns. A few high-level parameters can
be modified in the example_top.v/vhd module. Table 3-10 describes these parameters.

Table 3-10: Traffic Generator Parameters Set in the example_top Module

Parameter

Parameter Description

Parameter Value

FAMILY

Indicates the family type.

The value of this parameter is “VIRTEX7”.

MEMORY_TYPE

Indicate the memory controller type.

Current support is DDR3 SDRAM, QDRII+
SRAM, and RLDRAM IL

nCK_PER_CLK

This is the memory controller clock to
DRAM clock ratio.

This must be set to 2.

NUM_DQ_PINS

The is the total memory DQ bus width.

This parameter supports DQ widths from 8 to
a maximum of 72 in increments of 9. The
available maximum DQ width is frequency
dependent on the selected memory device.

MEM_BURST_LEN

This is the memory data burst length.

This must be set to 8.

MEM_COL_WIDTH

This is the number of memory column

This must be set to 10.

address bits.
DATA_WIDTH This is the user interface data bus For nCK_PER_CLK =2,
width. DATA_WIDTH = NUM_DQ_PINS * 4.
ADDR_WIDTH This is the memory address bus width.
MASK_SIZE This parameter specifies the mask This must be set to DATA_WIDTH/S8.
width in the user interface data bus.
PORT_MODE Sets the port mode. Valid setting for this parameter is:

BI_MODE: Generate a WRITE data pattern
and monitor the READ data for comparison.

BEGIN_ADDRESS

Sets the memory start address
boundary.

This parameter defines the start boundary for
the port address space. The least-significant
bits [3:0] of this value are ignored.

END_ADDRESS

Sets the memory end address
boundary.

This parameter defines the end boundary for
the port address space. The least-significant
bits [3:0] of this value are ignored.

PRBS_EADDR_MASK_POS

Sets the 32-bit AND MASK position.

This parameter is used with the PRBS address
generator to shift random addresses down into
the port address space. The END_ADDRESS
value is ANDed with the PRBS address for bit
positions that have a “1” in this mask.
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Table 3-10: Traffic Generator Parameters Set in the example_top Module (Contd)

Parameter

Parameter Description

Parameter Value

CMD_PATTERN

This parameter sets the command
pattern circuits to be generated. For a
larger device, the CMD_PATTERN
can be set to “CGEN_ALL". This
parameter enables all supported
command pattern circuits to be
generated. However, it is sometimes
necessary to limit a specific command
pattern because of limited resources in
a smaller device.

Valid settings for this signal are:
¢ CGEN_FIXED: The address, burst length,

and instruction are taken directly from the
fixed_addr_i, fixed_bl_i, and fixed_instr_i
inputs.

CGEN_SEQUENTIAL: The address is
incremented sequentially, and the
increment is determined by the data port
size.

CGEN_PRBS: A 32-stage linear feedback
shift register (LFSR) generates pseudo-
random addresses, burst lengths, and
instruction sequences. The seed can be set
from the 32-bit cmd_seed input.
CGEN_ALL (default): This option turns on
all of the options above and allows
addr_mode_i, instr_mode_i,and bl_mode_i
to select the type of generation during run
time.
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Table 3-10: Traffic Generator Parameters Set in the example_top Module (Contd)

Parameter

Parameter Description

Parameter Value

DATA_PATTERN

This parameter sets the data pattern
circuits to be generated through rtl
logic. For larger devices, the
DATA_PATTERN can be set to
“DGEN_ALL”, enabling all supported
data pattern circuits to be generated.
In hardware, the data pattern is
selected and/or changed using
vio_data_value_mode. The pattern
can only be changed when
DATA_PATTERN is set to
DGEN_ALL.

Valid settings for this parameter are:

e ADDR (default): The address is used as a
data pattern.

¢ HAMMER: All 1s are on the DQ pins
during the rising edge of DQS, and all 0s are
on the DQ pins during the falling edge of
DQS.

¢ WALKING1: Walking 1s are on the DQ pins
and the starting position of 1 depends on
the address value.

¢ WALKINGO: Walking 0s are on the DQ pins
and the starting position of 0 depends on
the address value.

¢ NEIGHBOR: The Hammer pattern is on all
DQ pins except one. The address
determines the exception pin location.

¢ PRBS: A 32-stage LFSR generates random
data and is seeded by the starting address.

¢ DGEN_ALL: This option turns on all
available options:

0x1: FIXED - 32 bits of fixed_data.

0x2: ADDRESS - 32 bits address as data.
0x3: HAMMER

0x4: SIMPLES - Simple 8 data pattern that
repeats every 8 words.

0x5: WALKINGIs - Walking 1s are on the
DQ pins.

0x6: WALKINGOs - Walking Os are on the
DQ pins.

0x7: PRBS - A 32-stage LFSR generates
random data. This mode only works with
either a PRBS address or a SEQUENTIAL
address pattern.

0x9: SLOW HAMMER - This is the slow
MHz hammer data pattern.

OxF: PHY_CALIB pattern - 0xFF, 00, AA, 55,
55, AA, 99, 66. This mode only generates
READ commands at address zero.

CMDS_GAP_DELAY

This parameter allows pause delay
between each user burst command.

Valid values: 0 to 32.

SEL_VICTIM_LINE

Select a victim DQ line whose state is
always at logic High.

This parameter only applies to the Hammer
pattern. Valid settings for this parameter are 0
to NUM_DQ_PINS.

When value = NUM_DQ_PINS, all DQ pins
have the same Hammer pattern.
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Table 3-10: Traffic Generator Parameters Set in the example_top Module (Contd)

Parameter Parameter Description Parameter Value
EYE_TEST Force the traffic generator to only Valid settings for this parameter are “TRUE”
generate writes to a single location, and “FALSE”.
and no read transactions are When set to “TRUE”, any settings in
generated. vio_instr_mode_value are overridden.

Note: The traffic generator might support more options than are available in the FPGA memory controller. The settings must match
supported values in the memory controller.

The command patterns instr_mode_i, addr_mode_i, bl_mode_i, and data_mode_i of the
traffic_gen module can each be set independently. The provided init_mem_pattern_ctr
module has interface signals that allow the user to modify the command pattern in real
time using the ChipScope analyzer virtual I/O (VIO).

This is the varying command pattern:

1. Set vio_modify_enable to 1.

2. Set vio_addr_mode_value to:
1: Fixed_address.
2: PRBS address.
3: Sequential address.

3. Set vio_bl_mode_value to:
1: Fixed bl.
2: PRBS bl. If bl_mode value is set to 2, the addr_mode value is forced to 2 to generate
the PRBS address.

4. Setvio_data_mode_value to:
0: Reserved.
1: FIXED data mode. Data comes from the fixed_data_i input bus.
2: DGEN_ADDR (default). The address is used as the data pattern.
3: DGEN_HAMMER. All 1s are on the DQ pins during the rising edge of DQS, and all
Os are on the DQ pins during the falling edge of DQS.
4: DGEN_NEIGHBOR. All 15 are on the DQ pins during the rising edge of DQS except
one pin. The address determines the exception pin location.
5: DGEN_WALKINGI1. Walking 1s are on the DQ pins. The starting position of 1
depends on the address value.
6: DGEN_WALKINGO. Walking 0s are on the DQ pins. The starting position of 0
depends on the address value.
7: DGEN_PRBS. A 32-stage LFSR generates random data and is seeded by the starting
address. The PRBS data pattern only works together with a PRBS address or a
sequential address.
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Overview

Figure 3-22 shows a high-level block diagram of the RLDRAM II memory interface
solution. This figure shows both the internal FPGA connections to the client interface for
initiating read and write commands, and the external interface to the memory device.
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Figure 3-22: High-Level Block Diagram of RLDRAM Il Interface Solution
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User Design

The core is composed of these elements, as shown in Figure 3-23:

e (lient Interface

e Memory Controller

¢ Physical Interface

e Read Path
e Write Path

|~ Client Interface

|—» clk

|—» sys_rst —]

|—» user_cmd_eno/1
|—» user_rd_cmd0/1
| — user_addr0/1

[— user_ba0/1 -

Physical Interface — —

Infrastructure

| —» user_wr_en

| —» user_wr_data0/1
| user_wr_dmo0/1
|<— user_afifo_empty
-+—— user_afifo_aempty
|l «— user_afifo_full
:4— user_afifo_afull
|<— user_wdfifo_empty
|<— user_wdfifo_aempty
|<— user_wdfifo_full
|<— user_wdfifo_afull
| «—— user_rd_valido/1
| — user_rd_data0/1

User

Interface -

Memory Controller

ridii_ck_p —!
ridii_ck_n —
ridii_dk_p —!
ridii_dk_n —!
ridii_cs_n —wl

ridii_we_n — |
ridii_ref_n —»|
ridii_a —»!

3

A

ridii_ba —!

rldii_dm

Write

Path

byte_lane_

A

! mapping

| -+—— user_cal_done

Read

Path

mc_phy

rldii_dq <—>|
rldii_gk_p —»l

rldii_gk_n —»
<} ridii_gvid <—|

rid_phy_top

RLDRAM Il Device
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Figure 3-23: Components of the RLDRAM Il Memory Interface Solution

The client interface (also known as the user interface) uses a simple protocol based entirely
on SDR signals to make read and write requests. Refer to Client Interface for more details
describing this protocol.

The memory controller takes commands from the user interface and adheres to the
protocol requirements of the RLDRAM II device. Refer to Memory Controller, page 223 for

more details.

The physical interface generates the proper timing relationships and DDR signaling to
communicate with the external memory device, while conforming to the RLDRAM II
protocol and timing requirements. Refer to Physical Interface, page 218 for more details.

Within the PHY, logic is broken up into read and write paths. The write path generates the
RLDRAM II signaling for generating read and write requests. This includes clocking,
control signals, address, data, and data mask signals. The read path is responsible for
calibration and providing read responses back to the user with a corresponding valid
signal. Refer to Calibration, page 229 for more details describing this process.

7 Series FPGAs Memory Interface Solutions
UG586 June 22, 2011

www.Xxilinx.com

213


http://www.xilinx.com

Chapter 3: RLDRAM Il Memory Interface Solution & XILINX.

Client Interface

The client interface connects the Virtex-6 FPGA user design to the RLDRAM II memory
solutions core to simplify interactions between the user and the external memory device.

Command Request Signals

The client interface provides a set of signals used to issue a read or write command to the
memory device. These signals are summarized in Table 3-11 and are listed assuming
four-word or eight-word burst architectures.

Table 3-11: Client Interface Request Signals

Signal Direction Description

user_cmd_en0 Input Command Enable. This signal issues a
read or write request and indicates that
the corresponding command signals are
valid.

user_rd_cmdO Input Read Command. This signal issues a read
request. When user_cmd_en0 is asserted,
this signal is active High for a read
command and active Low for a write
command.

user_addrO[ADDR_WIDTH - 1:0] Input Command Address. This is the address to
use for a command request. It is valid
when user_cmd_en is asserted.

user_baO[BANK_WIDTH - 1:0] Input Command Bank Address. This is the
address to use for a write request. It is
valid when user_cmd_en is asserted.

user_wr_en Input Write Data Enable. This signal issues the
write data and data mask. It indicates that
the corresponding user_wr_* signals are
valid.

user_wr_dataO[DATA_WIDTH - 1:0] Input Write Data 0. This is the data to use for a
write request and is composed of the rise
and fall data concatenated together. It is
valid when user_wr_en is asserted.

user_wr_datal[DATA_WIDTH - 1:0] Input Write Data 1. This is the data to use for a
write request and is composed of the rise
and fall data concatenated together. It is
valid when user_wr_en is asserted.

user_wr_dmO[NUM_DEVICES - 1:0] Input Write Data Mask 0. When active High, the
write data for a given selected device is
masked and not written to the memory. It
is valid when user_wr_en is asserted.

user_wr_dm1[NUM_DEVICES - 1:0] Input Write Data Mask 0. When active High, the
write data for a given selected device is
masked and not written to the memory. It
is valid when user_wr_en is asserted.

user_afifo_empty Output | Address FIFO empty. If asserted, the
command buffer is empty.
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Table 3-11: Client Interface Request Signals (Contd)

Signal Direction Description
user_wdfifo_empty Output | Write Data FIFO empty. If asserted, the
write data buffer is empty.
user_afifo_full Output | Address FIFO full. If asserted, the

command buffer is full, and any writes to
the FIFO are ignored until deasserted.

user_wdfifo_full Output | Write Data FIFO full. If asserted, the write
data buffer is full, and any writes to the
FIFO are ignored until deasserted.

user_afifo_aempty Output | Address FIFO almost empty. If asserted,
the command bulffer is almost empty.

user_afifo_afull Output | Address FIFO almost full. If asserted, the
command buffer is almost full.

user_wdfifo_aempty Output | Write Data FIFO almost empty. If
asserted, the write data buffer is almost
empty.

user_wdfifo_afull Output | Write Data FIFO almost full. If asserted,

the Write Data buffer is almost full.

user_rd_valid0 Output | Read Valid 0. This signal indicates that
data read back from memory is available
on user_rd_data0 and should be
sampled.

user_rd_validl Output | Read Valid 1. This signal indicates that
data read back from memory is available
on user_rd_datal and should be
sampled.

user_rd_dataO[DATA_WIDTH - 1:0] Output | Read Data 0. This is the data read back
from the read command.

user_rd_datal[DATA_WIDTH - 1:0] Output | Read Data 1. This is the data read back
from the read command.

user_cal_done Output | Calibration Done. This signal indicates
back to the user design that read
calibration is complete and requests can
now take place.

Table 3-12: Additional Client Interface Request Signals (Reserved for Future Use)

Signal Direction Description
user_cmd_en1 Input Reserved for future use. Tie Low.
user_rd_cmd1 Input Reserved for future use. Tie Low.

user_addr1[ADDR_WIDTH - 1:0] Input Reserved for future use. Tie Low.

user_bal[BANK_WIDTH - 1:0] Input Reserved for future use. Tie Low.
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Interfacing with the Core through the Client Interface

The client interface protocol is shown in Figure 3-24 for the four-word burst architecture.

ClK___ ] 1 ¢_|_¢ [ L

|
1
UG586_c3_45_042611

user_cmd_en0 | : | | [
user_rd_cmd0 Write : Write : IT:I Write :
user_addr0 X A0 : X A1 : X A2 : X A3 : X
user_ba0 X BAO : X BA1 : X BA2 : X BA3 : X
user_wr_en [ ; ; |—:_,—:_|—
user_wr_data0 X {rise0, fallo} ' X {rise2, fall2} ' X ' X {rise4, fall4} ' X
user_wr_data1 X {rise1,fal|1}: Y Trises, faIIS}: X : Y Trises, fall5} : )4
user_wr_dmoO X rise0, fallo} : X Hrise2, fall2} : X : X rise4, fall4} : X
user_wr_dm1 X Ariset, fall1} : X A{rise3, fall3} : X : X Hrise5, falls} T X

Figure 3-24: Client Interface Protocol (Four-Word Burst Architecture)

Before any requests can be accepted, the rst_clk signal must be deasserted Low. After the
rst_clk signal is deasserted, the user interface FIFOs can accept commands and data for
storage. The user_cal_done signal is asserted after the memory initialization procedure
and PHY calibration are complete, and the core can begin to service client requests.

A command request is issued by asserting user_cmd_en0 as a single cycle pulse. At this
time, the user_rd_cmd0, user_addr0, and user_ba0 signals must be valid. To issue a read
request, user_rd_cmd0 is asserted active High, while for a write request, user_rd_cmdO0 is
kept Low. For a write request, the data is to be issued in the same cycle as the command by
asserting the user_wr_en signal High and presenting valid data on user_wr_data0,
user_wr_datal, user_wr_dm0, and user_wr_dm]. For an eight-word burst architecture, an
extra cycle of data is required for a given write command, as shown in Figure 3-25. Any
gaps in the command flow required can be filled with read commands, if desired.
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CLK _f_|_' | ? | ? | f | ? | ? |

user_cmd_en0 | | | I | | | | |
user_rd_cmd0 : 1stWrite: |Td:| 2ndWr|te| ,<—:>\ 3rdWrne: /<—X
user_addr0 X : X AO : X Al : X A2 | X : X A3 : X X
user_ba0 X : X BAO : X BAT : X BA2 : X : X BA3 : X X
user_wren ____ | ; ; ; ; ; ; |
user_wr_data0 X {rise0, faIIO}I X rise2, fall2}l X {rise4, fall4l X _lrises, fall6}l X {rises, fall8l X {rise10, fall10:} X X
user_wr_datal X {rise1,fa||1} X {rise3, fans) X {rises, fall5 X Hrise7, faII7) X {rise9, fallo} X(rise11,fa|l11;} X X
user_wr_dmoO X {rise0, fano} X Hrise2, faII2) X {rise4, faII4 X {rises, faIIG) X {rise8, fall8) X {rise10, fa||1o}X X
user_wr_dm1 X (rise1,fa||1} X Hrises, fans) X {rises, fall5) X {rise7, faII7) X {rise9, fall9) X driset, fa||11)X X

|
Data for Data for Data for

1st Write 2nd Write

3rd Write

UG586_c3_46_042611

Figure 3-25: Client Interface Protocol (Eight-Word Burst Architecture)

When a read command is issued some time later (based on the configuration and latency of
the system), the user_rd_vldO signal is asserted, indicating that user_rd_data0 is now
valid, while user_rd_vld1 is asserted indicating that user_rd_datal is valid, as shown in

Figure 3-26. The read data should be sampled on the same cycle that user_rd_vld0 and

user_rd_vld1 are asserted because the core does not buffer returning data. This
functionality can be added in by the user, if desired.

| S

[ } [
|

user_rd_valid0 [ | |
|
user_rd_valid1 | |

c
LK_? | ? | f | ?
[ [ [
| |
| [
|

—|— — — |1

1

|
user_rd_data0 | X {rise 0, fauo} X rise2, fall2} X 1 X

|

|
{rise4, fall4} Y Trises, fana} X L X

|

| |
user_rd_data1 1 X Hrised, fall1} X frises, fall} X 1 X

{rise5, faIIS} X | X {rise7, fall7} X
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Figure 3-26: Client Interface Protocol Read Data

Clocking Architecture

The PHY design requires that a PLL module be used to generate various clocks. Both

global and local clock networks are used to distribute the clock throughout the design.

The clock generation and distribution circuitry and networks drive blocks within the PHY
that can be divided roughly into four separate general functions:

¢ Internal FPGA logic

e Write path (output) logic

® Read path (input) and delay logic
e IDELAY reference clock (200 MHz)
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One PLL is required for the PHY. The PLL generates the clocks for most of the internal
logic, the input clocks to the phasers, and a synchronization pulse required to keep the
PHASER blocks synchronized in a multi-I/O bank implementation.

The PHASER blocks require three clocks, a memory reference clock, a frequency reference
clock and a phase reference clock from the PLL. The memory reference clock is required to
be at the same frequency as that of the RLDRAM Il interface clock. The frequency reference
clock must be either 2x or 4x the memory clock frequency such that it meets the frequency
range requirement of 400 MHz to 1066 MHz. The phase reference clock is used in the read
banks, and is generated using the memory read clock (CQ/CQ#) routed internally and
provided to the Phaser logic to assist with data capture.

The internal fabric clock generated by the PLL is clocked by a global clocking resource at
half the frequency of the RDRAM II memory frequency.

A 200 MHz IDELAY reference clock must be supplied to the IDELAYCTRL module. The
IDELAYCTRL module continuously calibrates the IDELAY elements in the I/O region to
account for varying environmental conditions. The IP core assumes an external clock
signal is driving the IDELAYCTRL module. If a PLL clock drives the IDELAYCTRL input
clock, the PLL lock signal needs to be incorporated in the rst_tmp_idelay signal inside
the IODELAY_CTRL module. This ensures that the clock is stable before being used.

Table 3-13 lists the signals used in the infrastructure module that provides the necessary
clocks and reset signals required in the design.

Table 3-13: Infrastructure Clocking and Reset Signals

Signal Direction Description
mmem_clk Input System clock input
sys_rst Input Core reset from user application
iodelay_ctrl rdy | Input IDELAYCTRL lock status
clk Output Half frequency fabric clock
mem_refclk Output PLL output clock at same frequency as the memory clock
freq_refclk Output PLL output clock to provide the FREQREFCLK input to the

Phaser. The freq_refclk is generated such that its frequency in
the range of 400 MHz - 1066 MHz

sync_pulse Output PLL output generated at 1/16 of mem_Refclk and is a
synchronization signal sent to the PHY hard blocks that are
used in a multi-bank implementation

pll_locked Output Locked output from PLLE2_ADV
rstdiv0 Output Reset output synchronized to internal fabric half-frequency
clock.

Physical Interface

The physical interface is the connection from the FPGA memory interface solution to an
external RLDRAM II device. The I/O signals for this interface are defined in Table 3-14.
These signals can be directly connected to the corresponding signals on the RLDRAM II
device.
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Table 3-14: Physical Interface Signals

Signal Direction Description

System Clock CK. This is the address/command clock

rldii_ck_p Output to the memory device.

System Clock CK#. This is the inverted system clock to

ridii_ck_n Output the memory device.
rldii_dk_p Output Wr1’Fe Clock DK. This is the write clock to the memory
device.
rldii_dk n Output Write Clock ]?K#. This is the inverted write clock to the
memory device.
rdii_a Output Addrgss. This is the address supplied for memory
operations.
r1dii_ba Output Bank Address. Thls is the bank address supplied for
memory operations.
rldii_cs_n Output Chip Seh'ect CS#. This is the active-Low chip select
control signal for the memory.
.. Write Enable WE#. This is the active-Low write enable
rldii_we_n Output .
control signal for the memory.
.. Refresh REF#. This is the active-Low refresh control
rldii_ref n Output

signal for the memory.

Data Mask DM. This is the active-High mask signal,
rldii_dm Output driven by the FPGA to mask data that a user does not
want written to the memory during a write command.

Data DQ. This is a bidirectional data port, driven by

rldii_dq Input/Output the FPGA for writes and by the memory for reads.

Read Data Valid QVLD. This signal indicates that the

rldii_qvld Input data on the rld_dq bus is valid.

Read Clock QK. This is the read clock returned from
the memory edge aligned with read data on rld_dq.
This clock (in conjunction with QK#) is used by the
PHY to sample the read data on rld_dgq.

rldii_gk_p Input

Read Clock QK#. This is the inverted read clock
returned from the memory. This clock (in conjunction

rldii_gk_n Input with QK) is used by the PHY to sample the read data

onrld_dgq.

PHY-Only Interface

The PHY-only interface described here facilitates designing a controller to interface with
the PHY. The infrastructure clocking and reset signals described in Table 3-13 and the
physical interface signals described in Table 3-14 are still required for the PHY-only
interface.

When using a custom controller, care must be taken to follow the memory specifications.
Because the PHY is clocked at half the memory clock frequency, two commands must be
issued per clock cycle. In a half-frequency design, internal FPGA logic timing is easier to
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meet, but more signals are required for a given internal clock cycle. For each internal clock
cycle, there are two fast clock cycles for the memory interface. The PHY sends the two
commands to the memory in the order received, where the signal names ending in 0 go out
first before the signal names ending in 1. The 0 signals comprise the command and data for
the first fast clock cycle, while the 1 signals comprise the command and data for the second
fast clock cycle. Before cal_done is asserted, the PHY controls the command, address, and
data bus of the memory. The input signals listed in Table 3-15 must be valid after cal_done
is asserted from the PHY, because control over the memory interface is transferred to the
controller, and the input signals listed in Table 3-15 are used to send out commands and
data over the memory interface.

Table 3-15: PHY-Only Interface Signals

Signal Direction Description

¢sO[NUM_DEVICES - 1:0] Input | Memory Chip Select 0. This signal is active
High, and one exists per device. This is the
first chip select sent out.

cs1[NUM_DEVICES - 1:0] Input | Memory Chip Select 1. This signal is active
High, and one exists per device. This is the
second chip select sent out after cs0.

we0 Input | Memory Write Enable 0. This active-High
signal is the first write enable sent out.

wel Input | Memory Write Enable 1. This active-High
signal is the second write enable sent out
after we0.

ref0 Input | Memory Refresh 0. This active-High signal
is the first refresh sent out.

refl Input | Memory Refresh 1. This active-High signal
is the second refresh sent out after ref0.

addrO[ADDR_WIDTH - 1:0] Input | Memory Address 0. This is the first address
and is associated with cs0, we0, and ref0.

addr1[ADDR_WIDTH - 1:0] Input | Memory Address 1. This is the second
address and is associated with cs1, wel, and
refl.

baO[BANK_WIDTH - 1:0] Input | Memory Bank Address 0. This is the first

bank address and is associated with cs0,
we0, and ref0.

bal[BANK_WIDTH - 1:0] Input | Memory Bank Address 1. This is the second
bank address and is associated with cs1,
wel, and refl.

wr_enQ Input | Write Enable 0. This signal is necessary to
control the 3-state OSERDES inputs for
bidirectional interfaces.

wr_enl Input | Write Enable 1. This signal is necessary to
control the 3-state OSERDES inputs for
bidirectional interfaces.

wr_dataO[DATA_WIDTH x 2-1:0] Input Write Data 0. This is the data to use for a
write request. It is composed of the rise and

fall data concatenated together.
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Table 3-15: PHY-Only Interface Signals (Cont’d)

Signal

Direction

Description

wr_datal[DATA_WIDTH x 2 -1:0]

Input

Write Data 1. This is the data to use for a
write request. It is composed of the rise and
fall data concatenated together.

wr_dmO[NUM_DEVICES x 2-1:0]

Input

Write Data Mask 0. When active High, the
write data for a given selected device is
masked and not written to the memory.

wr_dm1[NUM_DEVICES x 2-1:0]

Input

Write Data Mask 1. When active High, the
write data for a given selected device is
masked and not written to the memory.

cal_done

Output

Calibration Done. This signal indicates
back to the controller that read calibration is
complete and hands over control to the
controller.
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CLK
csO
csi

we0

we1

refO

ref1
addr0
addri
ba0

ba1
wr_en0
wr_ent
wr_data0
wr_datal
wr_dmO
wr_dm1

cal_done

Figure 3-27 shows the timing diagram for a typical configuration 3, burst length of four
with commands being sent to the PHY from a controller. After cal_done is asserted, the
controller begins issuing commands. A single write command is issued by asserting the cs0
and we0 signals (with ref0 being held Low) and ensuring that addr0 and ba0 are valid.
Because this is a burst length of four configuration, the second command that must be
issued is a No Operation (NOP), that is, all the control signals (cs1, wel, refl) are held Low.
Two clock cycles later, the wr_en(/1 signals are asserted, and the wr_data0/1 and
wr_dm0/1 signals are valid for the given write command. In this same clock cycle, a single
read command is issued by asserting csO (with we0 and ref0 being held Low) and placing
the associated addresses on addr0 and ba0. Two refresh commands are issued by asserting
cs0/1, ref0/1, and ba0/1. The refresh commands can be issued in the same clock cycle as
long as the memory banking rules are met.
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Figure 3-27: PHY-Only Interface for Burst Length 4, Configuration 3, and Address Multiplexing OFF

The controller sends the wr_en0/1 signals and data at the necessary time based on the
configuration setting. This time changes depending on the configuration. Table 3-16 details
when the wr_en0/1 signals should be asserted with the data valid for a given
configuration. If address multiplexing is used, the PHY handles rearranging the address
signals and outputting the address over two clock cycles rather than one.
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Table 3-16: Command to Write Enable Timing

Command to Write

Address Multiplexing Configuration Enable (Clock Cycles)

ON 3

OFF

W[N] =R QW N =
WL N O]

Notes:
1. Shown in Figure 3-26.

The wr_en0/1 signals are required to be asserted an extra clock cycle before the first
wr_en0/1 signal is asserted, and held for an extra clock cycle after deassertion. This
ensures that the shared bus has time to change from read to write and from write to read.
The physical layer has a requirement of two clock cycles of no operation (NOP) when
transitioning from a write to a read, and from a read to a write. This two clock cycle
requirement depends on the PCB and might need to be increased for different board
layouts.

Memory Controller

The memory controller enforces the RLDRAM II access requirements and interfaces with
the PHY. The controller processes commands in order, so the order of commands presented
to the controller is the order in which they are presented to the memory device.

The memory controller first receives commands from the user interface and determines if
the command can be processed immediately or needs to wait. When all requirements are
met, the command is placed on the PHY interface. For a write command, the controller
generates a signal for the user interface to provide the write data to the PHY. This signal is
generated based on the memory configuration to ensure the proper command-to-data
relationship. Auto-refresh commands are inserted into the command flow by the controller
to meet the memory device refresh requirements.

For CIO devices, the data bus is shared for read and write data. Switching from read
commands to write commands and vice versa introduces gaps in the command stream due
to switching the bus. For better throughput, changes in the command bus should be
minimized when possible.

PHY Architecture

The PHY consists of dedicated blocks and soft calibration logic. The dedicated blocks are
structured adjacent to one another with back-to-back interconnects to minimize the clock
and datapath routing necessary to build high-performance physical layers.

Some of the dedicated blocks that are used in the RLDRAM II PHY and their features are
described below:

® I/Os available within each FPGA bank are grouped into four byte groups, where each
byte group consists of up to 12 1/0Os.
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e PHASER_IN/PHASER_OUT blocks are available in each byte group and are
multistage programmable delay line loops that can provide precision phase
adjustment of the clocks. Dedicated clock structures within an I/O bank, referred to as
byte group clocks, generated by the PHASERs help minimize the number of loads
driven by the byte group clock drivers.

e OUT_FIFO and IN_FIFO are shallow eight-deep FIFOs available in each byte group
and serve to transfer data from the fabric domain to the I/O clock domain.
OUT_FIFOs are used to store output data and address/controls that need to be sent to
the memory while IN_FIFOs are used to store captured read data before transfer to
the fabric.

Pinout Requirements, page 235 explains the rules that need to be followed when placing
the memory interface signals inside the byte groups.
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Figure 3-28: High-Level PHY Block Diagram of the RLDRAM Il Interface Solution

Write Path

The write path to the RLDRAM Il includes the address, data, and control signals necessary
to execute any memory operation. The control strobes rldii_cs_n, rldii_we_n, and
rldii_ref n, and addresses rldii_a and rldii_ba to the memory all use SDR formatting. The
write data values rldii_dq and rldii_dm also utilize DDR formatting to achieve the
required four-word or eight-word burst within the given clock periods.
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Output Architecture

The output path of the RLDRAM II interface solution uses OUT_FIFOs,
PHASER_OUT_PHY, PHY_CNTRL, and OSERDES primitives available in 7 series FPGAs.
These blocks are used for clocking all outputs of the PHY to the memory device.

The PHASER_OUT_PHY block provides the clocks required to clock out the outputs to the
memory. It provides synchronized clocks for each byte group, to the OUT_FIFOs and to the
OSERDES/ODDR. PHASER_OUT_PHY generates the byte clock (OCLK), the divided
byte clock (OCLKDIV), and a delayed byte clock (OCLK_DELAYED) for its associated byte
group. The byte clock (OCLK) is the same frequency as the memory interface clock and the
divided byte clock (OCLKDIV) is half the frequency of the memory interface clock. The
byte clock (OCLK) is used to clock the Write data (DQ), Data Mask (DM), Address,
controls, and system clock (CK/CK#) signals to the memory from the OSERDES/ODDR.
The PHASER_OUT_PHY output, OCLK_DELAYED, is a 90-degree phase-shifted output
with respect to the byte clock (OCLK) and is used to generate the write clock (DK/DK#) to
the memory. Figure 3-29 shows the alignment of the various clocks and how they are used
to generate the necessary signal alignment.

cowcommes [\ [\
OSERDES output
clocked with OCLK

shifted OCLK _/—\_/_\_/—\_/—\_
Address/ ' : :

Control CK/CK#
Byte Lane

Address/
Control

OCLK_DELAYED

Data Byte
Lane

DK/DK#

wawoswon [ OO0

UG586_c3_05_042711

Figure 3-29: Write Path Output Alignment

OCLK_DELAYED generates a center-aligned clock for DDR write data but it does not
produce an ideal alignment for SDR address/control signals. For this reason, OCLK is
used to generate CK/CK#, and the address/control byte lanes are shifted so that the OCLK
of these byte lanes are aligned with the OCLK_DELAYED of write data banks.

The OUT_FIFO serves as a temporary buffer to convert the write data from the fabric

domain to the PHASER clock domain, which clocks out the output data from the I/O logic.
The OUT_FIFO runs in asynchronous mode, with the read and write clocks running at the
same frequency yet an undetermined phase. A shallow, synchronous PRE_FIFO drives the
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OUT_FIFO with continuous data from the fabric in an event of a flag assertion from the
OUT_FIFO, which might potentially stall the flow of data through the OUT_FIFO. The
clocks required for operating the OUT_FIFOs and OSERDES are provided by
PHASER_OUT_PHY.

The clocking details of the write paths using PHASER_OUT_PHY are shown in
Figure 3-30. The PHY Control block is used to ensure proper startup of all
PHASER_OUT_PHY blocks used in the interface.
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Figure 3-30: Write Path Block Diagram of the RLDRAM Il Interface Solution

The OSERDES blocks available in every I/O simplifies generation of the proper clock,
address, data, and control signaling for communication with the memory device. The flow
through the OSERDES uses two different input clocks to achieve the required functionality.
Data input ports D1/D2 or D3 /D4 are clocked in using the clock provided on the CLKDIV
input port, and then passed through a parallel-to-serial conversion block. The OSERDES is
used to clock all outputs from the PHY to the memory device. Upon exiting the OSERDES,
all output signals must be presented center-aligned with respect to the generated clocks
(CK/CK# for address/control signals, DK/DK# for data and data mask). For this reason,
the PHASER_OUT_PHY block is also used in conjunction with the OSERDES to achieve
center alignment.
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Read Path

The read path includes data capture using the memory-provided read clocks and also
ensures that the read clock is centered within the data window for good margin during
data capture. Before any read can take place, calibration must occur. Calibration is the main
function of the read path and needs to be performed before the user interface can start
transactions to the memory.

Data Capture

Read data to

Figure 3-31 shows a high-level block diagram of the path the read clock and the read data
take from entering the FPGA until given to the user. The read clock bypasses the ILOGIC
and is routed through PHASERs within each byte group through multiregion BUFMRs.
The BUFMR output can drive the PHASEREFCLK inputs of the PHASERs in the
immediate bank and also the PHASERs available in the bank above and below the current
bank. The PHASER generated byte group clocks (ICLK and ICLKDIV) are then used to
capture the read data (DQ) available within the byte group using the ISERDES block. The
calibration logic makes use of the fine delay increments available through the PHASER to
ensure the byte group clock, ICLK, is centered inside the read data window, ensuring
maximum data capture margin.

IN_FIFOs available in each byte group (shown in Figure 3-31) receive 4-bit data from each
DQ bit captured in the ISERDES in a given byte group and write them into the storage
array. The half-frequency PHASER-IN generated byte group clock, ICLKDIV, that captures
the data in the ISERDES is also used to write the captured read data to the IN_FIFO. The
write enables to the IN_FIFO are always asserted to enable input data to be continuously
written. A shallow, synchronous post_fifo is used at the receiving side of the IN_FIFO to
enable captured data to be read out continuously from the fabric, in an event of a flag
assertion in the IN_FIFO which might potentially stall the flow of data from the IN_FIFO.
Calibration also ensures that the read data is aligned to the rising edge of the fabric
half-frequency clock and that read data from all the byte groups have the same delay. More
details about the actual calibration and alignment logic is explained in Calibration.
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Figure 3-31: Read Path Block Diagram of the RLDRAM Il Interface Solution
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Calibration

The calibration logic includes providing the required amount of delay on the read clock
and read data to align the clock in the center of the data valid window. The centering of the
clock is done using PHASERSs, which provide very fine resolution delay taps on the clock.
Each PHASER_IN fine delay tap increments the clock by 1/64th of the reference clock
period with a maximum of 32 taps possible.

Calibration begins after memory initialization. Prior to this point, all read path logic is held
in reset. Calibration is performed in two stages:

1. Calibration of read clock with respect to DQ.

2. Data alignment and valid generation.

Calibration of Read Clock and Data

PHASER_IN clocks all ISERDES used to capture read data (DQ) associated with the
corresponding byte group. The ICLKDIV is also the write clock for the read data IN_FIFOs.
One PHASER_IN block is associated with a group of 121/0s. Each 1/O bank in the FPGA
has four PHASER_IN blocks, and hence four read data bytes can be placed in a bank.

Implementation Details

This stage of read leveling is performed one byte at a time, where the read clock is
center-aligned to the corresponding read data in that byte group. At the start of this stage,
a write command is issued to a specified RLDRAM II address location with a specific data
pattern. This write command is followed by back-to-back read commands to continuously
read data back from the same address location that was written to.

The calibration logic reads data out of the IN_FIFO and records it for comparison. The
calibration logic checks for the sequence of the data pattern read, to determine the
alignment of the clock with respect to the data. No assumption is made about the initial
relationship between the capture clock and the data window at tap 0 of the fine delay line.
The algorithm tries to align the clock to the left edge of the data window, by delaying the
read data through the IDELAY element.

Next, the clock is delayed using the PHASER taps and centered within the corresponding
data window. The PHASER_TAP resolution is based on the FREQ_REF_CLK period, and
the per-tap resolution is equal to (FREQ_REFCLK_PERIOD/2)/64 ps. For memory
interface frequencies greater than or equal to 400 MHz, using the maximum of 64 PHASER
taps can provide a delay of one data period or one-half the clock period. This enables the
calibration logic to accurately center the clock within the data window.

For frequencies less than 400 MHz, because FREQ_REF_CLK has twice the frequency of
MEM_REF_CLK, the maximum delay that can be derived from the PHASER is one-half
the data period or one-fourth the clock period. Hence for frequencies less than 400 MHz,
just using the PHASER delay taps might not be sufficient to accurately center the clock in
the data window. For these frequency ranges, a combination of both data delay using
IDELAY taps and PHASER taps is used. The calibration logic determines the best possible
delays, based on the initial clock-data alignment. The algorithm first delays the read
capture clock using the PHASER_IN fine delay line until a data window edge is detected.

An averaging algorithm is used for data window detection, where data is read back over
multiple cycles at the same tap value. The number of sampling cycles is set to 214. In
addition to averaging, there is a counter that tracks whether the read capture clock is
positioned in the unstable jitter region. A counter value of 3 means that the sampled data
value is constant for three consecutive tap increments and the read capture clock is
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considered to be in a stable region. The counter value is reset to 0 whenever a value
different from the previous value is detected.

The next step is to increment the fine phase shift delay line of the PHASER_IN block one
tap at a time until a data mismatch is detected. The data read out of IN_FIFO after the
required settling time is then compared with the recorded data at the previous tap value.
This is repeated until a data mismatch is found, indicating detection of a valid data
window edge. A valid window is the number of PHASER_IN fine phase shift taps for
which the stable counter value is a constant 3. This algorithm mitigates the risk of detecting
a false valid edge in the unstable jitter regions.

Data Alignment and Valid Generation

This phase of calibration:

* Ensures read data from all the read byte groups is aligned to the rising edge of the
ISERDES CLKDIV capture clock

® Sets the latency for fixed-latency mode (supported for the PHY-only interface).

* Matches the latency for each memory when wider memories are derived from small
memories.

¢ Sends the determined latency to the read valid generation logic.

After read data capture clock centering is achieved, the calibration logic writes out a
known data pattern to the RLDRAM II device and issues continuous reads back from the
memory. This is done to determine whether the read data comes back aligned to the
positive edge or negative edge of the ICLKDIV output of the PHASER_IN. Captured data
from a byte group that is aligned to the negative edge, is made to align to the positive edge
using the EDGE_ADYV input to the PHASER_IN, which shifts the ICLKDIV output by one
fast clock cycle.

The next stage is to generate the valid signal associated with the data on the client
interface. During this stage of calibration, a burst-of-eight data pattern is written to
memory and read back. This phase allows the read logic to count how many cycles elapse
before the expected data returns. The basic flow through this phase is:

1. Count cycles until the read data arrives for each memory device.

2. Determine what value to use as the fixed latency. This value can be either the set value
indicated by the user from the PHY_LATENCY parameter or the maximum latency
across all memory devices.

3. Calibrate the generation of the read valid signal. Using the value determined in step 2,
delay the read valid signal to align with the read data for the user.

4. Assert cal_done.

Customizing the Core

The RLDRAM II memory interface solution is customizable to support several
configurations. The specific configuration is defined by Verilog parameters in the top level
of the core. These parameters are summarized in Table 3-17.
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Table 3-17: RLDRAM Il Memory Interface Solution Configurable Parameters

Parameter Value Description
CLK_PERIOD Memory clock period (ps).
ADDR_WIDTH 19-22 Memory address bus width.
BANK_WIDTH 3 Memory bank address bus width.
DATA_WIDTH Memory data bus width and can be set

through the MIG tool. A maximum
DATA_WIDTH of 72 is supported.
QK_WIDTH 2 per x18/x36 device | Memory read clock bus width.
DK_WIDTH 2 per x36 device Memory write clock bus width.
1 per x18 device

BURST_LEN 4,8 Memory data burst length.

DM_PORT ON, OFF This parameter enables and disables
the generation of the data mask ports.

NUM_DEVICES Number of memory devices used.

MRS_CONFIG 1,2,3 This parameter sets the configuration
setting in the RLDRAM II memory
register.

MRS_ADDR_MUX ON, OFF This parameter sets the address
multiplexing setting in the RLDRAM II
memory register.

MRS_DLL_RESET DLL_ON This parameter sets the DLL setting in
the RLDRAM II memory register.

MRS_IMP_MATCH INTERNAL, This parameter sets the impedance

EXTERNAL setting in the memory register.

MRS_ODT ON, OFF This parameter sets the ODT setting in
the memory register.

IODELAY_GRP This is a unique name for the
IODELAY_CTRL provided when
multiple IP cores are used in the
design.

REFCLK_FREQ 200.0 Reference clock frequency for
IODELAYCTRLs.

BUFMR_DELAY Simulation-only parameter used to
model buffer delays.

RST_ACT_LOW 0,1 Active Low or active High reset.

IBUF_LPWR_MODE ON, OFF Enables or disables low power mode
for the input buffers.

IODELAY_HP_MODE ON, OFF Enables or disables high-performance
mode within the IODELAY primitive.
When set to OFF, the IODELAY
operates in low power mode at the
expense of performance.
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Table 3-17: RLDRAM Il Memory Interface Solution Configurable Parameters

Parameter

Value

Description

INPUT_CLK_TYPE

DIFFERENTIAL,
SINGLE_ENDED

Indicates whether the system uses
single-ended or differential system
clocks/reference clocks. Based on the
selected CLK_TYPE, the clocks must
be placed on the correct input ports.
For differential clocks,
sys_clk_p/sys_clk_n must be used. For
single-ended clocks, sys_clk must be
used.

CLKFBOUT_MULT_F

MMCM voltage-controlled oscillator
(VCO) multiplier. This value is set by
the MIG tool based on the frequency of
operation.

CLKOUT_DIVIDE

VCO output divisor for fast memory
clocks. This value is set by the MIG tool
based on the frequency of operation.

DIVCLK_DIVIDE

MMCM VCO divisor. This value is set
by the MIG tool based on the frequency
of operation.

SIM_BYPASS_INIT_CAL

SKIP, FAST, NONE

This simulation-only parameter is used
to speed up simulations, by skipping
the initialization wait time and
speeding up calibration.

DEBUG_PORT

ON, OFF

Turning on the debug port allows for
use with the Virtual I/O (VIO) of the
ChipScope analyzer. This allows the
user to change the tap settings within
the PHY based on those selected
though the VIO. This parameter is
always set to OFF in the sim_tb_top
module of the sim folder, because
debug mode is not required for
functional simulation.

N_DATA_LANES

DATA_WIDTH/9

Calculated number of data byte lanes,
used to set up signal widths for using
the debug port.

DIFF_TERM_SYSCLK “TRUE”, “FALSE” | Differential Termination for System
clock input pins

DIFF_TERM_REFCLK “TRUE”, “FALSE” | Differential Termination for IDELAY
reference clock input pins

nCK_PER_CLK 2 Number of memory clocks per fabric
clocks.

TCQ 100 Register delay for simulation.

Table 3-18 contains parameters set up by the MIG tool based on the pinout selected. When
making pinout changes, it is recommended to rerun the MIG tool so the parameters are set
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up properly; otherwise see Pinout Requirements, page 235. Mistakes to the pinout
parameters can result in non-functional simulation, an unroutable design, and/or trouble
meeting timing. These parameters are used to set up the PHY and route all the necessary

signals to and from it.

Table 3-18: RLDRAM Il Memory Interface Solution Pinout Parameters

Parameter

Description

Example

BYTE_LANES_BO,
BYTE_LANES_BI,
BYTE_LANES_B2

Three fields, one per possible I/O
bank. Defines the byte lanes being
used in a givenI/O bank. A “1”ina
bit position indicates a byte lane is
used, and a “0” indicates unused.

4'b1101: Threebytelanesin
use for a given bank, with
one not in use.

DATA_CTL_BO,
DATA_CTL_B1,
DATA_CTL_B2

Three fields, one per possible I/O
bank. Defines the byte lanes for a
given I/O bank. A “1” in a bit
position indicates a byte lane is used
for data, and a “0” indicates it is
used for address/control.

4'b1100: Two data byte
lanes, and, if used with a
BYTE_LANES_BO parameter
as in the example shown
above, one address/control.

CPT_CLK_SEL_BO,
CPT_CLK_SEL_B1,
CPT_CLK_SEL_B2

Three fields, one per possible I/O
bank. Defines which read capture
clocks are used for each byte lane in
given bank. MRCC read capture
clocks are placed in byte lanes 1
and/or 2, where parameter is
defined for each data byte lane to
indicate which read clock to use for
the capture clock. 8 bits per byte
lane, defined such that:

e [3:0]-1,2toindicate which of two
capture clock sources

e [7:4] -0 (bank below), 1 (current
bank), 2 (bank above) to indicate

in which bank the clock is placed.

32'h12_12_11_11:Four
data byte lanes, all using the
clocks in the same bank.

32'h21_22_11_11: Four
data byte lanes, two lanes
using the capture clock from
the bank above
(16'h21_22), two using the
capture clock from the
current bank (16'h11_11).

PHY_0_BITLANES,
PHY_1_BITLANES,
PHY_2 BITLANES

Three fields, one per possible I/O
bank. 12-bit parameter per byte lane
used to determine which I/O
locations are used to generate the
necessary PHY structures.

12 '"hBFC
(12'1011_1111_1100):
bit lanes 0, 1, and 10 are not
used, all others are used.

CK_MAP

Bank and byte lane position
information for the CK/CK#. 8-bit
parameter provided per pair of
signals.

* [3:0] - Byte lane position within a
bank. Values of 0, 1, 2, or 3 are
supported.

e [7:4] - Bank position. Values of 0,
1, or 2 are supported

8 'h13: CK/CK# placed in
bank 1, byte lane 3.

8 'h20: CK/CK# placed in
bank 2, byte lane 0.
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Table 3-18: RLDRAM Il Memory Interface Solution Pinout Parameters (Contd)

Parameter Description Example
DK_MAP Bank and byte lane position 8'h13: DK/DK# placed in
information for the DK/DK#. 8-bit | bank 1, byte lane 3.
parameter provided per pair of 8'h20: DK/DK# placed in
signals. bank 2, byte lane 0.

* [3:0] - Byte lane position within a
bank. Values of 0, 1, 2, or 3 are
supported.

¢ [7:4] - Bank position. Values of 0,
1, or 2 are supported

QK_MAP Bank and byte lane position 8'h11: QK/QK# placed in
information for the QK/QK#. 8-bit | bank 1, byte lane 1.
parameter provided per pair of 8'h22: QK/QK# placed in
signals. bank 2, byte lane 2.

* [3:0] - Byte lane position within a
bank. Values of 0, 1, 2, or 3 are
supported.

e [7:4] - Bank position. Values of 0,
1, or 2 are supported

CS_MAP Bank and byte lane position 12'h11A: Chip select placed
information for the chip select. 12-bit | in bank 1, byte lane 1, at
parameter provided per pin. location “A”.

* [3:0] - Bit position within a byte | 12'h235: Chip select placed in
lane. Values of [0, 1,2, ..., A, B] bank 2, byte lane 3, at
are supported. location 5.

* [7:4] - Byte lane position within a
bank. Values of 0, 1, 2, or 3 are
supported.

¢ [11:8] - Bank position. Values of 0,
1, or 2 are supported

WE_MAP Bank and byte lane position See CS_MAP Example
information for the write enable. See
CS_MAP description.

REF_MAP Bank and byte lane position See CS_MAP Example
information for the refresh signal.
See CS_MAP description.

ADDR_MAP Bank and byte lane position See CS_MAP Example
information for the address. See
CS_MAP description.

BANK_MAP Bank and byte lane position See CS_MAP Example
information for the bank address.
See CS_MAP description.

DQTS_MAP Bank and byte lane position See CS_MAP Example
information for the 3-state control.
See CS_MAP description.
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Table 3-18: RLDRAM Il Memory Interface Solution Pinout Parameters (Contd)

Parameter Description Example

DM_MAP Bank and byte lane position See CS_MAP Example
information for the data mask. See
CS_MAP description.

QVLD_MAP Bank and byte lane position See CS_MAP Example
information for the QVLD. See
CS_MAP description.

DATAO0_MAP, Bank and byte lane position See CS_MAP Example
DATA1_MAP, information for the data bus. See
DATA2_MAP, CS_MAP description.

DATA3_MAP,
DATA4_MAP,
DATA5_MAP,
DATA6_MAP,
DATA7_MAP

Design Guidelines

Design Rules

Memory types, memory parts, and data widths are restricted based on the selected FPGA,
FPGA speed grade, and the design frequency. The final frequency ranges are subject to
characterization results.

Trace Length Requirements

Trace lengths described here are for high-speed operation and can be relaxed depending
on the application’s target bandwidth requirements. The package delay should be
included when determining the effective trace length. These internal delays can be found
using the Pinout and Area Constraints Editor (PACE) tool. These rules indicate the
maximum electrical delays between RLDRAM II signals:

¢ The maximum skew between any DQ/DM and DK/DK# should be +15 ps.
* The maximum skew between any DQ and its associated QK/QK# should be +15 ps.

¢ The maximum skew between any address and control signals and the corresponding
CK/CK# should be +50 ps.

¢ The maximum skew between any DK/DK# and CK/CK# should be +25 ps.

Pinout Requirements

Xilinx 7 series FPGAs are designed for very high-performance memory interfaces, and
certain rules must be followed to use the RLDRAM II physical layer. Xilinx 7 series FPGAs
have dedicated logic for each byte group. Four byte groups are available in each 50-pin
bank. Each 50-pin bank consists of four byte groups that contain 1 DQS clock-capable I/O
pair and 10 associated I/Os. Two pairs of multiregion clock capable I/O (MRCC) pins are
available in a bank, and are used for placing the read clocks (QK/QK#).

In a typical RLDRAM II data bank configuration, 9 of these 10 I/Os are used for the data
(DQ) and one can be used for the data mask (DM). The write clocks (DK/DK#) use one of
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the DQSCCIO pairs inside the data bank. QK/QK# clocks must be placed on MRCC pins
in a given data bank or in the bank above or below the data. QVLD is not used in the design
but should be placed on a free pin in a data or address/control bank for future use. Xilinx
7 series FPGAs have dedicated clock routing for high-speed synchronization that is routed
vertically within the I/O banks. Thus, RLDRAM Il interfaces must be arranged in the
banks vertically and not horizontally. In addition, the maximum height is three banks.

After a core is generated through the MIG tool, the most optimal pinout has been selected
for the design. Manual changes through the UCF are not recommended. However, if the
UCEF needs to be altered, these rules must be taken into consideration:

The CK/CK# clocks must be placed in an address/control byte lane. The CK/CK#
clocks also need to be placed on a DQSCCIO pin pair. CK must be placed on the
P location, and CK# must be placed on the N location.

The DK/DK# clocks must be placed in a data byte lane. The DK/DK# clocks also need
to be placed on a DQSCCIO pin pair. DK must be placed on the P location, and DK#
must be placed on the N location.

Data (DQ) is placed such that all signals corresponding to one byte (9 bits) are placed
inside a byte group. DQ must not be placed on the DQSCCIO N location in a byte
lane, because this location is used for the 3-state control.

It is recommended to keep all the data generated from a single memory component
within a bank.

Read clocks (QK and QK#) need to be placed on the MRCC pins that are available in
each bank, respectively. Data must be in the same bank as the associated QK/QK#, or
in the bank above or below.

Address/control signals can be placed in byte groups that are not used for data and
all should be placed in the same bank.

For a given byte lane, the DQSCC_N location is used to generate the 3-state control
signal. The 3-state can share the location with QVLD, DK#, or DM only data.

The system clock input must be in the same column as the memory interface. The
system clock input is strongly recommended to be in the address/control bank. If this
is not possible, the system clock input must be in the bank above or below the
address/control bank.
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Manual Pinout Changes

For manually manipulating the parameters described in Table 3-18, the following
examples show how to allocate parameters for a given byte lane. Table 3-19 shows a typical
data byte lane, indicating the bank, byte lane, and bit position for each signal.

Table 3-19: Example Byte Lane #1

Bank Egrtlz Bit DDR GBr\(;tlfp VO Type Nulr/t?ber Dei'i);::t‘ilon BITLANES
9 A1l P 12 0
8 DQ8 A_10 N 11 1
7 DQ7 A_09 P 10 1
6 DQ6 A_08 N 9 1
B DKO_P | A_07 P 8 DQSCC-P 0 | 0001
A DKO_N | A_06 N 7 DQSCC-N 0 1
0 ! 5 DQ5 A_05 P 6 1 | 1111
4 DQ4 A_04 N 5 1 F
3 DQ3 A_03 P 4 1
2 DQ2 A_02 N 3 1
1 DQ1 A_01 P 2 1 1111
0 DQO A_00 N 1 1 F 1FF
VRN N/A SE 0
The byte lane parameters for Table 3-19 are shown in Table 3-20.
Table 3-20: Parameters for Example Data Byte Lane #1
Parameter Value
DK_MAP 8'h00
DQTS_MAP 12'h00A
PHY_O_BITLANES 12'hlFF
DATAO_MAP 108'h008_007_006_005_004_003_002_001_000
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Table 3-21 shows another data byte lane, with QVLD placed in the 3-state location, which
is valid, as the 3-state location only uses the OSERDES location of the I/O.

Table 3-21: Example Byte Lane #2

Bank Egrtlz Bit DDR GBr!c,)tuep VO Type Nulrlr?ber Dessli)ge:;?ilon BITLANES
9 QKo P | B 11 P 24 CCIO-P 0
8 QKO0_N | B_10 N 23 CCIO-N 0
7 DQ17 B_09 P 22 CCIO-P 1
6 DQ16 B_08 N 21 CCIO-N 1
B DQ15 B_07 P 20 DQSCC-P 1 1000
A QVLD B_06 N 19 DQSCC-N 0 8
! ! 5 DQ14 B_05 P 18 1 1111
4 DQ13 B_04 N 17 1 F
3 DQ12 B_03 P 16 1
2 DQ11 B_02 N 15 1
1 DQ10 B_01 P 14 1 1111
0 DQ9 B_00 N 13 1 F 8FF
The byte lane parameters for Table 3-21 are shown in Table 3-22.
Table 3-22: Parameters for Example Data Byte Lane #2
Parameter Value
QVLD_MAP 12'h01A
DQTS_MAP 12'h01A
PHY_0_BITLANES |12 'h8FF
DATA1 MAP  |108'h017_016_01B_015_014_013_012_011_010
QK_MAP 8'h01
Table 3-23 shows the same byte lane as Table 3-21, but instead of QVLD, the Data Mask
(DM) is placed in this byte lane. While the DM can share the OSERDES location with the
3-state control, they cannot share the same location in the OUT_FIFO in the PHY. Thus
some signals from the OUT_FIFO have to shift as shown in Table 3-23. In this case, the
direction of the shift is determined on the byte lane location, with byte lanes 0, 1 shifted up,
and 2, 3 shifted down. In this case, the PHY merges the 3-state control with the DM to share
the same OSERDES location.
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Table 3-23: Example Byte Lane #3, Shared 3-State with DM in Byte Lane #1

Bank E;’rtl: Bit | MAP | DDR G'?::p /O Type Nu'fber Dei';’;:;?i'on BITLANES
UCF
9 QKo_P B_11 P 24 CCIO-P 0
8 DQ17 JOKO_N | B_10 N 23 CCIO-N 1
7 DQ16 | DQ17 B_09 P 22 CCIO-P 1
6 DQ15 | DQ16 B_08 N 21 CCIO-N 1
B 3-state | DQ15 B_07 P 20 DQSCC-P 0 0101
A DM DM B_06 N 19 DQSCC-N 1 5
0 ! 5 DQ14 | DQ14 B_05 P 18 1 1111
4 DQ13 | DQ13 B_04 N 17 1 F
3 DQ12 | DQ12 B_03 p 16 1
2 DQ11 | DQ11 B_02 N 15 1
1 DQ10 | DQ10 B_01 P 14 1 | 1111
0 DQ9 DQ9 B_00 N 13 1 F 5FF
The byte lane parameters for Table 3-23 are shown in Table 3-24.
Table 3-24: Parameters for Example Data Byte Lane #3
Parameter Value
DM_MAP 12'h01A
DQTS_MAP 12'h01B
PHY_0_BITLANES 12 'h5FF
DATA1_MAP 108'h018_017_016_015_014_013_012_011_010
QK_MAP 8'h01
7 Series FPGAs Memory Interface Solutions www.xilinx.com 239

UG586 June 22, 2011


http://www.xilinx.com

Chapter 3: RLDRAM Il Memory Interface Solution & XILINX.

Table 3-25 shows another byte lane with the QVLD sharing the location of the 3-state
control (or leaving the location unused).

Table 3-25: Example Byte Lane #4, Shared 3-State with QVLD

Bank E;’rtl: Bit | MAP | DDR GBr‘c’,tfp /O Type Nu'r/'?ber Dei?::;?ilon BITLANES
UCF
9 | DQ26 | DQ26 | C_11 P 12 1
8 DQ25 | DQ25 C_10 N 11 1
7 DQ24 | DQ24 C_09 P 10 1
6 DQ23 | DQ23 C_08 N 9 1
B | DQ22 | DQ22 | C_o7 P 8 DQSCC-P 1 | 1011
A QVLD| QVLD @ C.06 N 7 DQSCC-N 0 B
0 2 5 DQ21 DQ21 C_05 P 6 1 1111
4 DQ20 | DQ20 C_04 N 5 1 F
3 DQ19 | DQ19 C_03 P 4 CCIO-P 1
2 DQ18 | DQ18 C_02 N 3 CCIO-N 1
1 QK1 P | C_01 P 2 CCIO-P 0 | 1100
0 QK1_N | C_00 N 1 CCIO-N 0 C BFC
The byte lane parameters for Table 3-25 are shown in Table 3-26.
Table 3-26: Parameters for Example Data Byte Lane #4
Parameter Value
DQTS_MAP 12'h02A
PHY_0_BITLANES 12 'hBFC
DATA1_MAP 108'h029_028_027_026_02B_025_024_023_022
QK_MAP 8'h02
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Table 3-27 shows the same byte lane as Table 3-25, but instead of QVLD the DM is placed in
this byte lane. In this situation the signals are shifted down in the OUT_FIFO.

Table 3-27: Example Byte Lane #5, Shared 3-State with DM in Byte Lane #2

Bank E;’rtl: Bit | MAP | DDR G'i‘;tuep /O Type Nu'fber Deif;:;?i'on BITLANES
UCF
9 | DQ26 | DQ26 | c.11 P 12 1
8 DQ25 | DQ25 C_10 N 11 1
7 DQ24 | DQ24 C_09 P 10 1
6 DQ23 | DQ23 C_08 N 9 1
B  DQ22 | pQ22 | Co7 P 8 DQSCC-P 1 | 111
A DM DM C_06 N 7 DQSCC-N 1 F
0 ? 5 | 3-state | DQ21 C_05 P 6 0 | 1101
4 DQ21 | DQ20 C_04 N 5 1 D
3 DQ20 | DQ19 C_03 P 4 CCIO-P 1
2 DQ19 | DQ18 C_02 N 3 CCIO-N 1
1 DQ18 | QK1_P | C_01 P 2 CCIO-P 1 | 1110
0 OK1_N | C_00 N 1 CCIO-N 0 E FDE
The byte lane parameters for Table 3-27 are shown in Table 3-28.
Table 3-28: Parameters for Example Data Byte Lane #5
Parameter Value
DM_MAP 12'h02A
DQTS_MAP 12'h025
PHY_O_BITLANES 12 'hFDE
DATA1_MAP 108'h029_028_027_026_02B_024_023_022_021
QK_MAP 8'h02
I/O Standards
The MIG tool generates the appropriate UCF for the core with SelectlO™ standards based
on the type of input or output to the 7 series FPGAs. These standards should not be
changed. Table 3-29 contains a list of the ports with the I/O standard used.
Table 3-29: 1/0 Standards
Signal Direction I/O Standard
rldii_ck_p, rldii_ck_n Output DIFF_HSTL_I
rldii_dk_p, rldii_dk_n Output DIFF_HSTL_I
rldii_cs_n Output HSTL_I
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Table 3-29: /0 Standards (Cont’d)

Signal Direction 1/0 Standard

rldii_we_n Output HSTL_I

rldii_ref n Output HSTL_I

rldii_a Output HSTL_I

rldii_ba Output HSTL_I

rldii_dm Output HSTL_I

rldii_dq Input/Output HSTL_II_T_DCI, HSTL_II
rldii_gk_p, rldii_gk_n Input DIFF_HSTL_II_T_DCI, DIFF_HSTL_II
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