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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).

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.

X-Ref Target - Figure 2-8

Figure 2-8: MIG Output Options
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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).

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.

X-Ref Target - Figure 2-9

Figure 2-9: Pin-Compatible 7 Series FPGAs
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Creating the 7 Series FPGA QDRII+ SRAM Memory Design

Memory Selection

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

1. Select the QDRII+ SRAM controller type.

2. Click Next to display the Controller Options page

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

X-Ref Target - Figure 2-10

Figure 2-10: Memory Selection Page
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Controller Options

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

• 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 
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 

X-Ref Target - Figure 2-11

Figure 2-11: Controller Options Page
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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.

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.

2. 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. 

X-Ref Target - Figure 2-12

Figure 2-12: Selected Memory Configuration Details
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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

2. Select the suitable base part from the Select Base Part list

3. Edit the value column as needed

4. Select a suitable value for the Row Address.

5. 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.

X-Ref Target - Figure 2-13

Figure 2-13: Create Custom Part Page
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FPGA Options

Figure 2-14 shows the 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.

X-Ref Target - Figure 2-14

Figure 2-14: FPGA Options Page
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Extended FPGA Options

Figure 2-15 shows the Extended FPGA Options page.

• Digitally Controlled Impedance (DCI): When selected, this option internally 
terminates the signals from the QDRII+ SRAM 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 60Ω 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

X-Ref Target - Figure 2-15

Figure 2-15: Extended FPGA Options Page
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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.

X-Ref Target - Figure 2-16

Figure 2-16: Pin/Bank Selection Mode
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X-Ref Target - Figure 2-17

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.

• 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_clk 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/O standard compatible with the interface, such as DIFF_SSTL15 or 
SSTL15. If sys_clk is 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 clk_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_clk above.

X-Ref Target - Figure 2-18

Figure 2-18: System Pins Selection Page
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• 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.

• 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.

Click Next to move to PCB Information page.

X-Ref Target - Figure 2-19

Figure 2-19: Summary 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:

• docs 

• example_design 

• user_design 
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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 2-2 lists the files in the example_design/rtl/tb directory.

X-Ref Target - Figure 2-20

Figure 2-20: MIG Directory Structure

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

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

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 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: 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: 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
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Table 2-5 lists the files in the example_design/synth directory.
 

<component name>/user_design/

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

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

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

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

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

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:

• If a pin is 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.

• Verified common rules:

• The interface can span across a maximum of three consecutive banks.

• 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).

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: Files in the user_design/ucf Directory

Name Description

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

Table 2-8: Files in the user_design/rtl/phy (Cont’d)

Name Description
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• VREF I/Os 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/O standard of each signal is verified as per the configuration chosen.

• The VCCAUX I/O of each signal is verified and provides a warning message if 
the provided VCCAUX I/O 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/O 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.

• Verified address pin rules:

• Address signals cannot mix with data bytes except for the qdriip_dll_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 I/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 VREF I/O is 
unallocated or internal VREF is used.
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- 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.

Core Architecture

Overview
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.
X-Ref Target - Figure 2-21

Figure 2-21: 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

• Physical interface

a. Write path

b. Read datapath

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, 

X-Ref Target - Figure 2-22

Figure 2-22: Components of the QDRII+ SRAM Memory Interface Solution
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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_addr0[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_cmd0 Input Read Command. This signal is used to issue a read 
request and indicates that the address on port 0 is 
valid.

user_rd_data0[DATA_WIDTH × 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_cmd1 is asserted.

user_rd_cmd1 Input Read Command. This signal is used to issue a read 
request and indicates that the address on port 1 is 
valid.

user_rd_data1[DATA_WIDTH × 2 – 1:0] Output Read Data. This bus carries the data read back 
from the read command issued on user_rd_cmd1.

user_rd_valid1 Output Read Valid. This signal indicates that data read 
back from memory is now available on 
user_rd_data1 and should be sampled.

user_wr_addr0[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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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.

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 

user_wr_bw_n0[BW_WIDTH × 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_data0[DATA_WIDTH × 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_addr1[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 × 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_cmd1 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_data1[DATA_WIDTH × 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.

Table 2-10: Client Interface Request Signals (Cont’d)

Signal Direction Description

X-Ref Target - Figure 2-23

Figure 2-23: Components of the QDRII+ SRAM Memory Interface Solution
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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_vld signal is asserted, indicating that user_rd_data is now valid. This should 
be sampled on the same cycle that user_rd_vld 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

• 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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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 2-11: Infrastructure Clocking and Reset Signals

Signal Direction Description

mmcm_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.

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

qdr_dll_off_n Output QDR 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 QDRII+ SRAM device.

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

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

qdr_q Input QDR Data Q. This is the data returned from reads to 
memory.
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Interfacing with the Memory Device

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

In four-word burst mode:

• The address is in SDR format

• All signals as input to the memory are center aligned with respect to qdr_k_p

• The data for a write request follows on the next rising edge of qdr_k_p after an 
assertion of qdr_w_n

• Byte writes are sampled along with data

• The qdr_qvld signal is asserted half a cycle before the return of data edge aligned to 
the qdr_cq_n clock

• The qdr_q signal is edge aligned to qdr_cq_p and qdr_cq_n

qdr_qvld Input QDR 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.

Table 2-12: Physical Interface Signals (Cont’d)

Signal Direction Description

X-Ref Target - Figure 2-24

Figure 2-24: Four-Word Burst Length Memory Device Protocol
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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 I/Os. 

• 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.

http://www.xilinx.com


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

Chapter 2: QDRII+ Memory Interface Solution

Write Path
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 qdr_d 
and qdr_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 

X-Ref Target - Figure 2-25

Figure 2-25: High-Level PHY Block Diagram for a 36-Bit QDRII+ Interface
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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.
X-Ref Target - Figure 2-26

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.

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:

X-Ref Target - Figure 2-27

Figure 2-27: Address Path
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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.

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:

• Control word [31:30] is set to 01.

• 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].

• Command and data offset are set to 0.

• Phy_ctl_wr is set to 1 as long as the PHY Control Word FIFO (phy_ctl_fifo) is not 
FULL.

Bits 35:32 31 30 29:25 24:23 22:17 16:15 14:12 11:8 7:3 2 1 0

Field AO1
Major

OP
Minor

OP
Event
Delay

Seq
Data

Offset
IndexHi
(Rank)

IndexLo
(Bank)

AO0
Command

Offset
Non-
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 Data[5]
IndexHi[15] = 
Register Addr[3]

Register Address 
Bits [2:0]

4'b0000 - 4'b0011: Reserved
4'b0100: CTLCORR
4'b0101: RRDCNTR
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 
pc_phy_counters to the 
sequencing state machines.

5'b010xx - REF Rank DC

5'b100xx - PREBANK Rank Bank

5'b110xx - PREALL Rank DC

All others - NOP DC DC

1-ACTRDWR ACT 29:28: ACT Slot
27: AP
26:25: RDWR Slot

Rank Bank

Figure 2-27: Control Word Decode
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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) 

5. After reads begin, the FULL flag is deasserted.

6. 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 
set to 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.

http://www.xilinx.com


7 Series FPGAs Memory Interface Solutions www.xilinx.com 175
UG586 June 22, 2011

Core Architecture

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.

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 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 

X-Ref Target - Figure 2-28

Figure 2-28: Read Datapath
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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 I/Os. Each I/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_ADV 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 QDRII+ 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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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
2.5

This specifies the number of memory clock 
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
300.0

This is the reference clock frequency for 
IODELAYCTRLs.

RST_ACT_LOW 0,1 This is the active Low or active High reset.

IBUF_LPWR_MODE ON
OFF

This enables or disables low power mode 
for the input buffers.

IODELAY_HP_MODE ON
OFF

This 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.

INPUT_CLK_TYPE DIFFERENTIAL 
SINGLE_ENDED

This parameter 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.

DIFF_TERM TRUE
FALSE

This parameter indicates whether 
differential or non-differential termination 
is required for the system clock inputs.

Table 2-13: 7 Series FPGAs QDRII+ SRAM Memory Interface Solution Configurable 
Parameters (Cont’d)

Parameter Value Description
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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.

• 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).

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
FAST
NONE

This simulation only parameter is used to 
speed up simulations. 

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.

Table 2-13: 7 Series FPGAs QDRII+ SRAM Memory Interface Solution Configurable 
Parameters (Cont’d)

Parameter Value Description
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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 
I/O 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 I/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:

• 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.

• The dll_off_n signal can be placed on any free I/O available in the banks used for the 
interface.

• 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 SelectIO™ 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: I/O Standards

Signal(1) Direction I/O Standard

qdr_bw_n Output HSTL_I

qdr_cq_p, qdr_cq_n Input HSTL_I_DCI
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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.

Table 2-14: I/O Standards (Cont’d)

Signal(1) Direction I/O Standard
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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™ IP 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 II designs currently do not support memory-mapped AXI4 interfaces.

For detailed information and updates about the 7 series FPGAs RLDRAM II 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 II 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 mig in the search IP 
catalog box (Figure 3-1).

2. Choose File → New Project to open the New Project dialog box. Create a new project 
named 7Series_MIG_Example_Design (Figure 3-2).

X-Ref Target - Figure 3-1

Figure 3-1: Xilinx CORE Generator Software
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3. Enter a project name and location. Click Save (Figure 3-3).

X-Ref Target - Figure 3-2

Figure 3-2: New CORE Generator Software Project

X-Ref Target - Figure 3-3

Figure 3-3: New Project Menu
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4. Select these project options for the part (Figure 3-4):

• Select the target Kintex™-7 or Virtex®-7 device.

X-Ref Target - Figure 3-4

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).

X-Ref Target - Figure 3-5

Figure 3-5: CORE Generator Software Design Flow Setting Page
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6. Select MIG 7 Series 1.2 (Figure 3-6).
X-Ref Target - Figure 3-6

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).

8. Click Next to display the Output Options page.

X-Ref Target - Figure 3-7

Figure 3-7: 7 Series FPGA Memory Interface Generator Front 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).

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.

X-Ref Target - Figure 3-8

Figure 3-8: MIG Output Options
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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).

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.

X-Ref Target - Figure 3-9

Figure 3-9: Pin-Compatible 7 Series FPGAs
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Creating the 7 Series FPGAs RLDRAM II 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.

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

X-Ref Target - Figure 3-10

Figure 3-10: Memory Selection Page
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Controller Options

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

• 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 
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). 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.

• 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.

X-Ref Target - Figure 3-11

Figure 3-11: Controller Options Page
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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 Options

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

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.

X-Ref Target - Figure 3-12

Figure 3-12: Selected Memory Configuration Details

X-Ref Target - Figure 3-13

Figure 3-13: Memory Options Page
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3. 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.

4. 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.

Click Next to display the FPGA Options page.

FPGA Options

Figure 3-14 shows the 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.

X-Ref Target - Figure 3-14

Figure 3-14: FPGA Options Page
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Extended FPGA Options

Figure 3-15 shows the 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 60Ω or disabled. This termination is for the RLDRAM II 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 

X-Ref Target - Figure 3-15

Figure 3-15: Extended FPGA Options Page
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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.
X-Ref Target - Figure 3-16

Figure 3-16: Bank Selection Page
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System Pins Selection

Figure 3-17 shows the 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_clk 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/O standard compatible with the interface, such as DIFF_SSTL15 or 
SSTL15. If sys_clk is 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 clk_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_clk above.

• 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.

X-Ref Target - Figure 3-17

Figure 3-17: System Pins Selection Page

http://www.xilinx.com


7 Series FPGAs Memory Interface Solutions www.xilinx.com 199
UG586 June 22, 2011

Getting Started with the CORE Generator Software

• 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.

• 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.

Click Next to move to PCB Information page.

X-Ref Target - Figure 3-18

Figure 3-18: Summary 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.

http://www.xilinx.com


7 Series FPGAs Memory Interface Solutions www.xilinx.com 201
UG586 June 22, 2011

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:

• docs

• example_design

• user_design

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.
 

X-Ref Target - Figure 3-19

Figure 3-19: MIG Directory Structure

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 3-3 lists the files in the example_design/sim 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_path modules.

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 to mcb_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 to mcb_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: 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.

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.
 

<component name>/user_design/

Table 3-6 lists the files in the user_design/rtl/controller 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, 
icon_cg.xco, 
vio_cg.xco

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

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.

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

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

Name Description

rld_ui_top.v This is 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: 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/O bank.
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Table 3-9 lists the files in the user_design/ucf directory.

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 rld_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.

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: user_design/ucf Directory

Name Description

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

Table 3-8: Files in user_design/rtl/phy Directory (Cont’d)

Name Description
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X-Ref Target - Figure 3-20

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.

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.

X-Ref Target - Figure 3-21

Figure 3-21: User Interface Read and Write Cycle
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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 II.

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 
address bits.

This must be set to 10.

DATA_WIDTH This is the user interface data bus 
width.

For nCK_PER_CLK = 2, 
DATA_WIDTH = NUM_DQ_PINS * 4.

ADDR_WIDTH This is the memory address bus width. 

MASK_SIZE This parameter specifies the mask 
width in the user interface data bus.

This must be set to DATA_WIDTH/8.

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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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.

Table 3-10: Traffic Generator Parameters Set in the example_top Module (Cont’d)

Parameter Parameter Description Parameter Value
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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:

• 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.

• WALKING0: 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: SIMPLE8 - Simple 8 data pattern that 
repeats every 8 words.
0x5: WALKING1s - Walking 1s are on the 
DQ pins. 
0x6: WALKING0s - Walking 0s 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.
0xF: 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.

Table 3-10: Traffic Generator Parameters Set in the example_top Module (Cont’d)

Parameter Parameter Description Parameter Value
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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. Set vio_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 
0s are on the DQ pins during the falling edge of DQS.

4: DGEN_NEIGHBOR. All 1s are on the DQ pins during the rising edge of DQS except 
one pin. The address determines the exception pin location.

5: DGEN_WALKING1. Walking 1s are on the DQ pins. The starting position of 1 
depends on the address value.

6: DGEN_WALKING0. 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.

EYE_TEST Force the traffic generator to only 
generate writes to a single location, 
and no read transactions are 
generated.

Valid settings for this parameter are “TRUE” 
and “FALSE”.

When set to “TRUE”, any settings in 
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.

Table 3-10: Traffic Generator Parameters Set in the example_top Module (Cont’d)

Parameter Parameter Description Parameter Value
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Core Architecture

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.
X-Ref Target - Figure 3-22

Figure 3-22: High-Level Block Diagram of RLDRAM II Interface Solution
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The core is composed of these elements, as shown in Figure 3-23:

• Client Interface

• Memory Controller

• Physical Interface

• Read Path

• Write Path

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.

X-Ref Target - Figure 3-23

Figure 3-23: Components of the RLDRAM II Memory Interface Solution
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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_cmd0 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_addr0[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_ba0[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_data0[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_data1[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_dm0[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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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 buffer 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_valid1 Output Read Valid 1. This signal indicates that 
data read back from memory is available 
on user_rd_data1 and should be 
sampled.

user_rd_data0[DATA_WIDTH – 1:0] Output Read Data 0. This is the data read back 
from the read command.

user_rd_data1[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_ba1[BANK_WIDTH – 1:0] Input Reserved for future use. Tie Low.

Table 3-11: Client Interface Request Signals (Cont’d)

Signal Direction Description
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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.

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_cmd0 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_data1, user_wr_dm0, and user_wr_dm1. 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.

X-Ref Target - Figure 3-24

Figure 3-24: Client Interface Protocol (Four-Word Burst Architecture)
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When a read command is issued some time later (based on the configuration and latency of 
the system), the user_rd_vld0 signal is asserted, indicating that user_rd_data0 is now 
valid, while user_rd_vld1 is asserted indicating that user_rd_data1 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.

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

• IDELAY reference clock (200 MHz)

X-Ref Target - Figure 3-25

Figure 3-25: Client Interface Protocol (Eight-Word Burst Architecture)
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Figure 3-26: Client Interface Protocol Read Data

user_rd_valid0

user_rd_data0

user_rd_data1

CLK

UG586_c3_47_042611

user_rd_valid1

{rise 0, fall0} {rise2, fall2} {rise4, fall4} {rise6, fall6}

{rise1, fall1} {rise3, fall3} {rise5, fall5} {rise7, fall7}

http://www.xilinx.com


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

Chapter 3: RLDRAM II Memory Interface Solution

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 II 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.

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.

Table 3-13: Infrastructure Clocking and Reset Signals

Signal Direction Description

mmcm_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.
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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 

Table 3-14: Physical Interface Signals

Signal Direction Description

rldii_ck_p Output
System Clock CK. This is the address/command clock 
to the memory device.

rldii_ck_n Output
System Clock CK#. This is the inverted system clock to 
the memory device.

rldii_dk_p Output
Write Clock DK. This is the write clock to the memory 
device.

rldii_dk_n Output
Write Clock DK#. This is the inverted write clock to the 
memory device.

rldii_a Output
Address. This is the address supplied for memory 
operations.

rldii_ba Output
Bank Address. This is the bank address supplied for 
memory operations.

rldii_cs_n Output
Chip Select CS#. This is the active-Low chip select 
control signal for the memory.

rldii_we_n Output
Write Enable WE#. This is the active-Low write enable 
control signal for the memory.

rldii_ref_n Output
Refresh REF#. This is the active-Low refresh control 
signal for the memory.

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

rldii_dq Input/Output
Data DQ. This is a bidirectional data port, driven by 
the FPGA for writes and by the memory for reads.

rldii_qvld Input
Read Data Valid QVLD. This signal indicates that the 
data on the rld_dq bus is valid.

rldii_qk_p Input

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_dq.

rldii_qk_n Input

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

cs0[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.

we1 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.

ref1 Input Memory Refresh 1. This active-High signal 
is the second refresh sent out after ref0.

addr0[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, we1, and 
ref1.

ba0[BANK_WIDTH – 1:0] Input Memory Bank Address 0. This is the first 
bank address and is associated with cs0, 
we0, and ref0.

ba1[BANK_WIDTH – 1:0] Input Memory Bank Address 1. This is the second 
bank address and is associated with cs1, 
we1, and ref1.

wr_en0 Input Write Enable 0. This signal is necessary to 
control the 3-state OSERDES inputs for 
bidirectional interfaces.

wr_en1 Input Write Enable 1. This signal is necessary to 
control the 3-state OSERDES inputs for 
bidirectional interfaces.

wr_data0[DATA_WIDTH ×  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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wr_data1[DATA_WIDTH ×  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_dm0[NUM_DEVICES ×  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 ×  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.

Table 3-15: PHY-Only Interface Signals (Cont’d)

Signal Direction Description
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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, we1, ref1) are held Low. 
Two clock cycles later, the wr_en0/1 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 cs0 (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.

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.

X-Ref Target - Figure 3-27

Figure 3-27: PHY-Only Interface for Burst Length 4, Configuration 3, and Address Multiplexing OFF 
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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 I/Os.

Table 3-16: Command to Write Enable Timing

Address Multiplexing Configuration
Command to Write 

Enable (Clock Cycles)

ON 1 3

2 4

3 5

OFF 1 2

2 3

3 4 (1)

Notes: 
1. Shown in Figure 3-26.
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• 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.

• 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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Write Path
The write path to the RLDRAM II 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.

X-Ref Target - Figure 3-28

Figure 3-28: High-Level PHY Block Diagram of the RLDRAM II Interface Solution
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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.

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 

X-Ref Target - Figure 3-29

Figure 3-29: Write Path Output Alignment
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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. 

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. 

X-Ref Target - Figure 3-30

Figure 3-30: Write Path Block Diagram of the RLDRAM II Interface Solution
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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

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.

X-Ref Target - Figure 3-31

Figure 3-31: Read Path Block Diagram of the RLDRAM II 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 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 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 12 I/Os. Each I/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_ADV 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 II 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

1 per x18 device

Memory write clock bus width.

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, 
EXTERNAL

This parameter sets the impedance 
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 3-18 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 

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 3-17: RLDRAM II Memory Interface Solution Configurable Parameters 

Parameter Value Description
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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 II Memory Interface Solution Pinout Parameters

Parameter Description Example

BYTE_LANES_B0, 
BYTE_LANES_B1, 
BYTE_LANES_B2

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

4'b1101: Three byte lanes in 
use for a given bank, with 
one not in use.

DATA_CTL_B0, 
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_B0 parameter 
as in the example shown 
above, one address/control.

CPT_CLK_SEL_B0, 
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:

• [3:0] - 1, 2 to indicate which of two 
capture clock sources

• [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'b1011_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.

• [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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DK_MAP Bank and byte lane position 
information for the DK/DK#. 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.

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

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

8'h20: DK/DK# placed in 
bank 2, byte lane 0.

QK_MAP Bank and byte lane position 
information for the QK/QK#. 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.

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

8'h11: QK/QK# placed in 
bank 1, byte lane 1.

8'h22: QK/QK# placed in 
bank 2, byte lane 2.

CS_MAP Bank and byte lane position 
information for the chip select. 12-bit 
parameter provided per pin.

• [3:0] - Bit position within a byte 
lane. Values of [0, 1, 2, . . ., A, B] 
are supported.

• [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

12'h11A: Chip select placed 
in bank 1, byte lane 1, at 
location “A”.

12'h235: Chip select placed in 
bank 2, byte lane 3, at 
location 5.

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

See CS_MAP Example

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

See CS_MAP Example

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

See CS_MAP Example

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

See CS_MAP Example

DQTS_MAP Bank and byte lane position 
information for the 3-state control. 
See CS_MAP description.

See CS_MAP Example

Table 3-18: RLDRAM II Memory Interface Solution Pinout Parameters (Cont’d)

Parameter Description Example
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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 

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

See CS_MAP Example

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

See CS_MAP Example

DATA0_MAP, 
DATA1_MAP, 
DATA2_MAP, 
DATA3_MAP, 
DATA4_MAP, 
DATA5_MAP, 
DATA6_MAP, 
DATA7_MAP 

Bank and byte lane position 
information for the data bus. See 
CS_MAP description.

See CS_MAP Example

Table 3-18: RLDRAM II Memory Interface Solution Pinout Parameters (Cont’d)

Parameter Description Example
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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 II 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 
UCF 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.

The byte lane parameters for Table 3-19 are shown in Table 3-20.

Table 3-19: Example Byte Lane #1

Bank
Byte 
Lane

Bit DDR
Byte 

Group
I/O Type

I/O 
Number

Special 
Designation

BITLANES

0 0

9 VREF A_11 P 12 VREF 0

8 DQ8 A_10 N 11 1

7 DQ7 A_09 P 10 1

6 DQ6 A_08 N 9 1

B DK0_P A_07 P 8 DQSCC-P 0 0001

A DK0_N A_06 N 7 DQSCC-N 0 1

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 DQ0 A_00 N 1 1 F 1FF

VRN N/A SE 0

Table 3-20: Parameters for Example Data Byte Lane #1

Parameter Value

DK_MAP 8'h00

DQTS_MAP 12'h00A

PHY_0_BITLANES 12'h1FF

DATA0_MAP 108'h008_007_006_005_004_003_002_001_000

http://www.xilinx.com


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

Chapter 3: RLDRAM II Memory Interface Solution

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.

The byte lane parameters for Table 3-21 are shown in Table 3-22. 

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.

Table 3-21: Example Byte Lane #2

Bank
Byte 
Lane

Bit DDR
Byte 

Group
I/O Type

I/O 
Number

Special 
Designation

BITLANES

0 1

9 QK0_P B_11 P 24 CCIO-P 0

8 QK0_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

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
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The byte lane parameters for Table 3-23 are shown in Table 3-24. 

Table 3-23: Example Byte Lane #3, Shared 3-State with DM in Byte Lane #1

Bank
Byte 
Lane

Bit MAP DDR
Byte 

Group
I/O Type

I/O 
Number

Special 
Designation

BITLANES

UCF

0 1

9 QK0_P B_11 P 24 CCIO-P 0

8 DQ17 QK0_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

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

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

The byte lane parameters for Table 3-25 are shown in Table 3-26. 

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

Bank
Byte 
Lane

Bit MAP DDR
Byte 

Group
I/O Type

I/O 
Number

Special 
Designation

BITLANES

UCF

0 2

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_07 P 8 DQSCC-P 1 1011

A QVLD QVLD C_06 N 7 DQSCC-N 0 B

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

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.

The byte lane parameters for Table 3-27 are shown in Table 3-28. 

I/O Standards
The MIG tool generates the appropriate UCF for the core with SelectIO™ 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 3-27: Example Byte Lane #5, Shared 3-State with DM in Byte Lane #2

Bank
Byte 
Lane

Bit MAP DDR
Byte 

Group
I/O Type

I/O 
Number

Special 
Designation

BITLANES

UCF

0 2

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_07 P 8 DQSCC-P 1 1111

A DM DM C_06 N 7 DQSCC-N 1 F

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 QK1_N C_00 N 1 CCIO-N 0 E FDE

Table 3-28: Parameters for Example Data Byte Lane #5

Parameter Value

DM_MAP 12'h02A

DQTS_MAP 12'h025

PHY_0_BITLANES 12'hFDE

DATA1_MAP  108'h029_028_027_026_02B_024_023_022_021

QK_MAP 8'h02

Table 3-29: I/O 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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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_qk_p, rldii_qk_n Input DIFF_HSTL_II_T_DCI, DIFF_HSTL_II

Table 3-29: I/O Standards (Cont’d)

Signal Direction I/O Standard
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