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

rate requested.

For devices implemented with SSI technology, the SLRs are indicated by a number in the
header in each bank, for example, SLR 1. Interfaces cannot span across Super Logic
Regions. Not all devices have Super Logic Regions.
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Figure 3-16: Bank Selection Page
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System Pins Selection

Figure 3-17 shows the System Pins Selection page.
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Figure 3-17: System Pins Selection Page

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

¢ sys_clk — This is the system clock input for the memory interface and is typically
connected to a low-jitter external clock source. Either a single input or a differential
pair can be selected based on the System Clock selection in the FPGA Options page
(Figure 3-14). The sys_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_HSTL _I or
HSTL_I 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.

e 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
LVCMOS18 and LVCMOS25 for HP and HR banks, respectively.
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* init_calib_complete — This output indicates that the memory initialization and
calibration is complete and that the interface is ready to use. The init_calib_complete
signal is normally only used internally, but can be brought out to a pin if desired.

e tg compare_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 tool options, and FPGA options of the active
project.
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Figure 3-18: Summary Page

Click Next to move to PCB Information page.
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PCB Information

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

page.
Design Notes

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

Finish

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

Click Close to complete the MIG tool flow.

MIG Directory Structure and File Descriptions

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

Output Directory Structure

The MIG tool places all output files and directories in a folder called <conponent nane>,
where <conponent nane> was specified on the MIG Output Options, page 248 of the
MIG design creation flow.
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Table 3-1:

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

* docs
e example_design

¢ user_design

=l ) mig_7series_wl 2
) docs
= ) example_design
1) par
= 1) rH
I2) kraffic_gen
1) =i
1) synth
= ) user_design
= 1) rH
I clacking
I contraller
I ip_top
() phy
1) ui
1) wuck

Figure 3-19: MIG Directory Structure

Directory and File Contents

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

<conponent nane>/docs

The docs folder contains the PDF documentation.

<conponent nane>/ exanpl e_desi gn/

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 exanpl e_desi gn/rt| directory.

Files in example_design/rfl Directory

Name

Description

exanpl e_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 exanpl e_desi gn/rtl/traffi c_gen directory.

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

Name

Description

mg_7series_vl 7 _menc_traffic_gen.v/vhd This is the top level of the traffic generator.

m g _7series_vl 7 _cnd_gen.v/vhd

This is the command generator. This module provides
independent control of generating the types of
commands, addresses, and burst lengths.

m g _7series_vl 7 _cmd_prbs_gen. v/ vhd

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

m g_7series_vl_ 7 _menc_flow vcontrol.v/vhd This module generates flow control logic between the

memory controller core and the cnd_gen,
read_data_path,and wite_dat a_pat h modules.

m g 7series_vl 7 read_data_path.v/vhd

This is the top level for the read datapath.

m g_7series_vl 7 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.

m g _7series_vl 7 rd_data_gen.v/vhd

This module generates timing control for reads and ready
signals to nth_f | ow_control . v/ vhd.

mg 7series_vl 7 wite_data_path.v/vhd

This is the top level for the write datapath.

mg _7series_vl 7 w _data_g.v/vhd

This module generates timing control for writes and
ready signals tomch_f1 ow_control . v/ vhd.

m g _7series_vl 7 _s7ven_data_gen.v/vhd

This module generates different data patterns.

mg 7series_vl 7 a fifo.v/vhd

This is a synchronous FIFO using LUT RAMs.

m g _7series_vl 7 data_prbs_gen.v/vhd

This is a 32-bit linear feedback shift register (LFSR) for
generating PRBS data patterns.

mg_7series_vl_7_init_mempattern_ctr.v/vhd | This module generates flow control logic for the traffic

generator.

mg 7series_vl 7 traffic_gen_top.v/vhd

This module is the top level of the traffic generator and
comprises the memc_traffic_gen and
init_mem_pattern_ctr modules.

Table 3-3 lists the files in the exanpl e_desi gn/ si mdirectory.

Table 3-3: Files in example_design/sim Directory

Name

Description

simdo

This is the ModelSim simulator script file.

simtb _top.v

This file is the simulation top-level file.
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Table 3-4 lists the files in the exanpl e_desi gn/ par directory.

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

Name

Description

exanpl e_t op. 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.

i se_fl ow. 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.

remfiles. 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,
i con_cg. xco,
Vi 0_cg. Xco

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

Caution! Thei se_f | ow. bat file in the par folder of the <conponent nane> 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 exanpl e_desi gn/ synt h directory.

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

Name Description

exanpl e_t op. prj This file lists all the RTL files to be compiled by the XST tool.

exanmpl e_top.|so | Custom library search order file for XST synthesis.

<conponent name>/user _desi gn/
Table 3-6 lists the files in the user _desi gn/rtl|/control | er directory.

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

Name Description

mg_7series_vl 7 rld_nc.v This module implements the memory controller.

Table 3-7 lists the files in the user _desi gn/rt |/ ui directory.

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

Name

Description

mg_7series_vl 7 rld_ui_top.v This is the top-level wrapper for the user interface.

mg_7series_ vl 7 rld_ui_w.v This module generates the FIFOs used to buffer write data for the user

interface.

m g_7series_vl1_7_rld_ui_addr.v | This module generates the FIFOs used to buffer address and commands for

the user interface.

Table 3-8 lists the files in the user _desi gn/ rt |/ phy directory.
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Table 3-8: Files in user_design/rtl/phy Directory
Name Description
mg_7series_vl 7 _rld_phy_top.v This is the top-level module for the physical layer
file.

mg_7series_vl 7 rld_phy wite_top.v This is the top-level wrapper for the write path.

m g_7series_vl 7 _qdr_rld_phy read_top.v This is the top-level of the read path.

mg_7series_vl_7_qdr_rld_nt_phy.v This module is a parameterizable wrapper
instantiating up to three I/O banks each with
four-lane PHY primitives.

mg_7series_ vl 7 rld_phy wite_init_smv This module contains the logic for the
initialization state machine.

mg_7series_vl 7 rld_phy wite_control_io.v This module contains the logic for the control
signals going to the memory.

mg 7series_vl 7 rld_phy wite data_io.v This module contains the logic for the data and
byte writes going to the memory.

m g_7series_vl 7 _qdr_rld_prbs_gen.v This PRBS module uses a many-to-one feedback
mechanism for 2n sequence generation.

m g_7series_vl1_7_qdr_rld_phy_ck_addr_cnd_del ay. v | This module contains the logic to provide the
required delay on the address and control signals.

mg_7series_vl 7 _qdr_rld_phy_rdlvl.v This module contains the logic for stage 1
calibration.

m g_7series_vl_7_qdr_rld_phy_read_stage2_cal.v This module contains the logic for stage 2
calibration.

m g_7series_vl_7_qdr_rld_phy read_data_align.v This module realigns the incoming data.

m g_7series_vl 7 _qdr_rld_phy_read_vld_gen.v This module contains the logic to generate the
valid signal for the read data returned on the user
interface.

mg_7series_vl_7_rld_phy_byte | ane_nap.v This module handles the vector remapping
between the mc_phy module ports and the user’s
memory ports.

m g_7series_vl 7 _qdr_rld_phy_4l anes. v This module is the parameterizable four-lane PHY
in an I/O bank.

mg 7series_vl 7 _qdr_rld_byte | ane.v This module contains the primitive instantiations
required within an output or input byte lane.

mg 7series_vl 7 _qdr_rld_byte group_io.v This module contains the parameterizable I/O
logic instantiations and the I/O terminations for a
single byte lane.

mg 7series_vl 7 rld_phy wite_cal.v This module contains the logic for performing

write calibration.
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Table 3-9 lists the files in the user _desi gn/ ucf directory.

Table 3-9: user_design/ucf Directory

Name Description

<conponent nane>. ucf | This file is the UCF for the core of the user design.

Quick Start Example Design

Overview

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

Implementing the Example Design

Thei se_f | ow. 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 ar | d_nment_ui _t op wrapper,
atraffic_generator that generates traffic patterns through the user interface to a
r1d_ui _t op core, and an infrastructure core that provides clock resources to the

rl d_ment_ui _t op core. A block diagram of the example design test bench is shown in
Figure 3-20.
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sim_tb_top

Example Design

user_design_top

lodelay_cntrl Infrastructure
rld_memc_ui_top
rld_ui_top rld_mc rld_phy_top

user_cmd_en cmd_en

user_cmd cmd_valid

user_addr cmd_in
Traffic_gen_top user_ba addr_in
Parameter: user_wr_en ba_in > RLDRAM I/
BEGIN ADDR user_wr_data RLDRAM llI
END A_DDR user_wr_dm —p R
nCK_PER_CLK user_afifo_empty

user_afifo_aempty cmd_empty

user_afifo_full data_empty

user_afifo_afull

user_wdfifo_empty

user_wdfifo_aempty

error )

user_wdfifo_full

user_wdfifo_afull

user_rd_valid <

user_rd_data -

X12142
Figure 3-20: Synthesizable Example Design Block Diagram
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Figure 3-21 shows the simulation result of a simple read and write transaction between the
tb_t op and ment_i nt f ¢ modules.

Read command /

Address is written as is accepted here i
a data value to the FIFO Memory user interface

asserts user_rd_valid to
indicate valid data is
returning from memory.

when user_cmd_en is
asserted and user_afifo_full
is not asserted. A write
command is accepted here.

Figure 3-21: User Interface Read and Write Cycle

Traffic Generator Operation

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

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

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

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

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
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be modified in the exanpl e_t op. v/vhd module. Table 3-10 describes these parameters.

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

Parameter

Description

Value

FAMILY

Indicates the family type.

The value of this parameter is “VIRTEX7”.

MEMORY_TYPE

Indicate the memory controller type.

Current support is DDR2 SDRAM, DDR3
SDRAM, QDRII+ SRAM, and RLDRAM II.

nCK_PER_CLK

This is the memory controller clock to
DRAM clock ratio.

RLDRAMII: 2
RLDRAMIIII: 4

NUM_DQ_PINS

The is the total memory DQ bus width.

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

MEM_BURST_LEN

This is the memory data burst length.

This must be set to 8.

MEM_COL_WIDTH

This is the number of memory column

This must be set to 10.

address bits.

DATA_WIDTH This is the user interface data bus 2 x nCK_PER_CLK x NUM_DQ_PINS
width.

ADDR_WIDTH This is the memory address bus width.

MASK_SIZE This parameter specifies the mask This must be set to DATA_WIDTH/8.
width in the user interface data bus.

PORT_MODE Sets the port mode. Valid setting for this parameter is:

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

BEGIN_ADDRESS

Sets the memory start address
boundary.

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

END_ADDRESS

Sets the memory end address
boundary.

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

PRBS_EADDR_MASK_POS

Sets the 32-bit AND MASK position.

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

Parameter

Description

Value

CMD_PATTERN

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

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

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

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

CGEN_PRBS — A 32-stage linear feedback
shift register (LFSR) generates
pseudo-random addresses, burst lengths,
and instruction sequences. The seed can be
set from the 32-bit cmd_seed input.
CGEN_ALL (default) — This option turns on
all of the options above and allows
addr_mode_i, instr_mode_i,and bl_mode_i
to select the type of generation during run
time.
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Getting Started with the CORE Generator Tool

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

Parameter

Description

Value

DATA_PATTERN

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

Valid settings for this parameter are:

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

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

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

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

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

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

¢ DGEN_ALL - This option turns on all
available options:

0x1: FIXED - 32 bits of fixed_data.

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

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

0x5: WALKING1s - Walking 1s are on the
DQ pins.

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

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

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

OxF: PHY_CALIB pattern - OxFF, 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

This parameter only applies to the Hammer

always at logic High. pattern. Valid settings for this parameter are 0
to NUM_DQ_PINS.
When value = NUM_DQ_PINS, all DQ pins
have the same Hammer pattern.
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Table 3-10: Traffic Generator Parameters Set in the example_top Module (Cont’d)

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

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

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

This is the varying command pattern:

1.
2.

Set vio_modify_enable to 1.
Set vio_addr_mode_value to:
1: Fixed_address.

2: PRBS address.

3: Sequential address.

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.

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
Os are on the DQ pins during the falling edge of DQS.

4: DGEN_NEIGHBOR. All 15 are on the DQ pins during the rising edge of DQS except
one pin. The address determines the exception pin location.

5: DGEN_WALKINGI1. Walking 1s are on the DQ pins. The starting position of 1
depends on the address value.

6: DGEN_WALKINGO0. Walking Os are on the DQ pins. The starting position of O
depends on the address value.

7: DGEN_PRBS. A 32-stage LFSR generates random data and is seeded by the starting
address. The PRBS data pattern only works together with a PRBS address or a
sequential address.
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Core Architecture

Overview

Figure 3-22 shows a high-level block diagram of the RLDRAM II/RLDRAM III memory
interface solution. This figure shows both the internal FPGA connections to the client
interface for initiating read and write commands, and the external interface to the memory

device.

Client
Interface
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pll_lock
sync_pulse
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Figure 3-22: High-Level Block Diagram of RLDRAM II/RLDRAM lll Interface Solution
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User Design

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

e (lient Interface

¢ Memory Controller

* Physical Interface
e Read Path
e Write Path

|~ Client Interface

|— clk

|—» sys_rst —]

|—» user_cmd_en
|—» user_rd_cmd
| — user_addr

|— user_ba -

Physical Interface — —

Infrastructure

> User Interface

| —» user_wr_en

| —» user_wr_data
|__p user_wr_dm
|<— user_afifo_empty
-+—— user_afifo_aempty
le— user_afifo_full
I<— user_afifo_afull
|<— user_wdfifo_empty
|

:<— user_wdfifo_full
|<— user_wdfifo_afull

|<_ user_rd_valid
| «— user_rd_data
|<— init_calib_complete

<+— user_wdfifo_aempty

<«—»| Memory Controller

rld_ck_p —
rld_ck_n —
rid_dk_p —
rid_dk_n —p|
fd_cs_n —

rid_we_n — |
rid_ref_n —
rid_a —»l

Y A

Write Path

A

Read Path

rid_ba —»

byte_lane_
mapping

rid_dm
|

rld_dg <«—»

rld_gk_p —»,

rld_gk_n —»

rld_qvld «——

rld_reset_n —»I

RLDRAM II/
RLDRAMIII Device

|
|
|
| |
| rld_phy_top |
| |
| |
N |

Figure 3-23: Components of the RLDRAM II/RLDRAM Il Memory Interface Solution
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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/RLDRAM III device. Refer to Memory
Controller, page 283 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/RLDRAM III protocol and timing requirements. Refer to Physical Interface, page 280 for
more details.

Within the PHY, logic is broken up into read and write paths. The write path generates the
RLDRAM II/RLDRAM III 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 289 for more details describing this process.
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Client Interface

The client interface connects the 7 series FPGA user design to the
RLDRAM II/RLDRAM III 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.

Table 3-11: Client Interface Request Signals

Signal Direction Description

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

user_cmd[2 x CMD_PER_CLK - 1:0] Input Command. This signal issues a read, write, or
NOP request. When user_cmd_en is asserted:

2'b00 = Write Command
2'b01 = Read Command
2’b10 = NOP
2’b11 = NOP

The NOP command is useful when more than
one command per clock cycle must be provided
to the memory controller yet not all command
slots are required in a given clock cycle. The
memory controller will act on the other
commands provided and ignore the NOP
command. NOP is not supported when
CMD_PER_CLK ==1. CMD_PER_CLK is a top
level parameter used to determine how many
memory commands are provided to the
controller per fabric clock cycle, it depends on
nCK_PER_CLK and the burst length (see
Figure 3-24)

user_addr[CMD_PER_CLK x 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_ba[CMD_PER_CLK x 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_data[2 x nCK_PER_CLK x DATA_WIDTH - 1:0] Input Write Data. 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.
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Table 3-11: Client Interface Request Signals (Cont'd)
Signal Direction Description

user_wr_dm[2 x nCK_PER_CLK x DM_WIDTH - 1:0] Input | Write Data Mask. 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.

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

user_afifo_full Output | Address FIFO full. If asserted, the command
buffer is full, and any writes to the FIFO are
ignored until deasserted.

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

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

user_afifo_afull Output | Address FIFO almost full. If asserted, the
command bulffer 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_valid[nCK_PER_CLK - 1:0] Output | Read Valid. This signal indicates that data read
back from memory is available on user_rd_data
and should be sampled.

user_rd_data[2 x nCK_PER_CLK x DATA_WIDTH - 1:0] | Output |Read Data. This is the data read back from the
read command.

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

mem_ck_lock_complete Output | Memory CK Lock Done. The system should be

kept in a quiet state until assertion of
mem_ck_lock_complete to ensure minimal
noise on the CK being driven to the memory.
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Interfacing with the Core through the Client Interface

The width of certain client interface signals is dependent on the system clock frequency
and the burst length. This allows the client to send multiple commands per fabric clock
cycle as may be required for certain configurations.

Figure 3-24 shows the user _cnd signal and how it is made up of multiple commands
depending on the configuration.

1st ]
Fabric clock 4th 3rd  2nd
RN N /

RLDRAM Il BL2  user_cmd {3,2,1,0} {7,6,5,4}
RLDRAM Il BL4  user_cmd {1, 0} {8, 2}
RLDRAM I1I BL8/
RLDRAM Il BL4, user_cmd 0 1

BLS

X13059

Figure 3-24:  Multiple Commands for user_cmd Signal

The client interface protocol is shown in Figure 3-25 for the RLDRAM II four-word burst
architecture.

UG586_c3_45_042611

Figure 3-25: RLDRAM Il Client Interface Protocol (Four-Word Burst Architecture)

Clk___ 1 1 f I f I R S
user_cmd_en | | | I [
user_cmd X Write : X Write : X Read : X Write : X
user_addr X A0 i X Al i X A2 i X A3 i X
user_ba X BAO i X BA1 i X BA2 i X BA3 i X
user_wr_en [ i i lﬁi_,—ii—
user_wr_data Kalt, risef, fallo, riseO:) Xtalls, rises, fall2, rise?i) X i Xialls, rises, fall4, risezi) X
i i i i
user_wr_dm Kait, riset, fallo, rise()% Xiali3, rises, fallz, riseil) X : Xitalls, rises, fall4, rised) X
|
|
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The client interface protocol for the RLDRAM III four-word burst architecture is shown in

Figure 3-26.

I
CLK/T

user_cmd_en

q {write, {read, {NOP, {read, {write, {NOP,
user_cm write} read} read} NOP} NOP} /\ write}
{NOP, {A5, (A6, {NOP,

user_addr ><{A1, AO}><{A3, A2}>< Ad) NOP} NOP} A7)

. (BAT,
user_ba BAO}

A

{BA3,
BA2}

{NOP,
BA4}

X

(BAS5,
NOP}

X

{BAG,
NOP}

X

{NOP,
A7}

> >

user_wr_en

{fall3, {fall5, {NOP, {NOP,
rise3, rise5, NOP, NOP,
fall2, fall4, NOP, NOP,
rise2, rise4, NOP, NOP,
user-wr_data fallt, NOP, fallz,  fall7,
risel, NOP, rise7, rise7,
fallo, NOP, fall6, fall6,
rise0} NOP} rise6}  rise6}
flses, rises, NOP,  NOP,
fall2, fall4, ’ '
user_wr_dm rise2, rise4, ’;‘OP' NOP,
- T fall1 NOP. _aII7, f_aII7,
rised NOP rise7,  rise7,
faIIO,y NOP: f_all6, f_aII6,
rise0} NOP} rise6}  rise6}
_»

—————— e P

user_afifo_full

™

~

user_wdfifo_full

X13060

Figure 3-26: RLDRAM Il Client Interface Protocol (Four-Word Burst Architecture)

Before any requests can be accepted, the ui _cl k_sync_r st signal must be deasserted
Low. After the ui _cl k_sync_r st signal is deasserted, the user interface FIFOs can
accept commands and data for storage. The i ni t _cal i b_conpl et e 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 _cnd_en as a single cycle pulse. At this
time, the user _cnd, user _addr, and user _ba signals must be valid. To issue a read
request, user _cnd is set to 2'b01, while for a write request, user _cnd is set to 2'b00. 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 _dat a and

user _w _dm For RLDRAM II and eight-word burst architecture, an extra cycle of data is
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required for a given write command, as shown in Figure 3-27. Any gaps in the command
flow required can be filled with read commands, if desired.

Clk _ 4 | f [ f [ f [ ? | f | ? |
user_cmd_en [ | | | [ | T ]
| | | | | |
user_cmd X X 1stWrite] X Read | X 2nd Writg X X 3rdWrite] X X
| | | | | |
user_addr )4 . X A | X A | X a2 | X 1 X A3 | X X
| | | | | |
user_ba X . X BAO | X BA1 | X BA2 | X T X BA3 | X X
l l l l l l
user_wr_en I | | | | | | |
| | | | | |
user_wr_data ><fa|l1, riset, fallo, riserallS, rise3, fall2, risez)qfalls, rise5, fall4, rise4>(fall7, rise7, fallg, riseGMallQ, rise9, fallg, risesXhlm, risel1, fall10, nsewx X
| | | | | |
user_wr_dm ){faln rise1, fallo, nseo)(falls rise3, fall2, nsez)(falls rise5, fall4, nse4)(fall7 rise7, fall6, nsesMaIIQ rise9, fallg, rlSeBNlaHﬂ fise11, fall10, Hse10) X
Data for Data for Data for
1st Write 2nd Write 3rd Write
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Figure 3-27: RLDRAM Il Client Interface Protocol (Eight-Word Burst Architecture)

The client interface protocol for the RLDRAM III eight-word burst architecture is shown in
Figure 3-28.

7 Series FPGAs Memory Interface Solutions www.xilinx.com 277
UG586 October 16, 2012


http://www.xilinx.com

Chapter 3: RLDRAM Il and RLDRAM lll Memory Interface Solutions & XILINX.

A A A A A A
CLKJ
user_cmd_en J
user_cmd >< write >< write >< read >< write >< read read ><
user_addr >< A0 >< A1 >< A2 >< A3 >< A4 A4 ><
user_ba >< BAO >< BA1 >< BA2 >< BA3 >< BA4 BA4 ><
user_wr_en J /4
{fall3, {fall7, {fall11,
rise3, rise7, risel1,
fall2, falle, fall10,
rise2, rises, rise10,
user_wr_data fall1, falls, fall9,
risel, rise5, rise9,
fallo, fall4, fall8,
rise0} rise4} rise8}
\
{fall3, {fall7, {fall11,
rise3, rise7, rise11,
user wr dm fall2, falle, fall10,
T rise2, rise6, rise10,
falld, fall5, fall9,
risel, riseb, rise9,
fallo, fall4, fallg,
rise0} rise4} rise8}
user_afifo_full
1ser_wdfifo_full

X13061

Figure 3-28: RLDRAM llI Client Interface Protocol (Eight-Word Burst Architecture)

When a read command is issued some time later (based on the configuration and latency of
the system), theuser _rd_val i d[ O] signalis asserted, indicating that user _r d_dat ais
now valid, whileuser _rd_val i d[ 1] is asserted indicating thatuser _r d_dat a is valid,
as shown in Figure 3-29. The read data should be sampled on the same cycle that
user_rd_valid[0] anduser _rd_valid[1] are asserted because the core does not
buffer returning data. This functionality can be added in by the user, if desired.

The memory controller will only put commands on certain slots to the PHY such that the
user _rd_val i d signals will all be asserted together and return the full width of data, but
the extra user _rd_val i d signals are provided in case of controller modifications.
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CLK | 1 | } [ } [ } [ } | } |
_1 | | | | |
user_rd_valid[0] [ | [ [ | | |
| | | | |
user_rd_valid[1] | | | | | | | | | | | | |
| | | | | |
user_rd_data | Xtall1, riset, fallo, riseo{fall3, rise3, fal2, rise2) | Xalls, rises, fall4, rise4 DXIDNG, DNG, fall, rises} X{fall7, rise7, DNC, DNC) )
|
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Figure 3-29: Client Interface Protocol Read Data

Clocking Architecture

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

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

* Internal FPGA logic

*  Write path (output) logic

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

One MMCM and one PLL is required for the PHY. The MMCM and PLL 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 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/RLDRAM III 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 (QK/QK#)
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 and a quarter of the frequency of
the RLDRAM III 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 3-12 lists the signals used in the infrastructure module that provides the necessary
clocks and reset signals required in the design.
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Table 3-12: Infrastructure Clocking and Reset Signals
Signal Direction Description

mmem_clk Input System clock input

sys_rst Input Core reset from user application

iodelay_ctrl_rdy | Input IDELAYCTRL lock status

clk Output Half frequency fabric clock

mem_refclk Output PLL output clock at same frequency as the memory clock

freq_refclk Output PLL output clock to provide the FREQREFCLK input to the Phaser. The freq_refclk is
generated such that its frequency in the range of 400 MHz-1066 MHz

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

pll_locked Output Locked output from PLLE2_ADV

rstdiv0 Output Reset output synchronized to internal fabric half-frequency clock.

rst_phaser_ref | Output Reset for the Phaser in the Physical Layer.

Physical Interface

The physical interface is the connection from the FPGA memory interface solution to an
external RLDRAM II/RLDRAM III device. The I/O signals for this interface are defined in
Table 3-13. These signals can be directly connected to the corresponding signals on the
RLDRAM II/RLDRAM III device.

Table 3-13: Physical Interface Signals
Signal Direction Description

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

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

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

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

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

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

rld_cs_n Output Chip Select CS#. This is the active-Low chip select control signal for the memory.
Write Enable WE#. This is the active-Low write enable control signal for the

rld_we_n Output
memory.

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

1d d Output Data Mask DM. This is the active-High mask signal, driven by the FPGA to mask

re-am P data that a user does not want written to the memory during a write command.

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

rld_qvld Tnput Regd Data Valid QVLD. This signal indicates that the data on the rld_dq bus is
valid.
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Table 3-13: Physical Interface Signhals (Cont'd)

Signal Direction Description

rld_gk_p

Read Clock QK. This is the read clock returned from the memory edge aligned
Input 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.

rld_gk_n

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

rld_reset_n

RLDRAM Il reset pin. This is the active-Low reset to the RLDRAM III device (not

Output used for RLDRAM II).

Figure 3-30 shows the timing diagram for a typical RLDRAM II configuration 3, burst
length of four with commands being sent to the PHY from a controller. After cal_done is
asserted, the controller begins issuing commands. A single write command is issued by
asserting the cs0 and we0 signals (with ref0 being held Low) and ensuring that addr0 and
ba0 are valid. Because this is a burst length of four configuration, the second command that
must be issued is a No Operation (NOP), that is, all the control signals (cs1, wel, refl) are
held Low. Two clock cycles later, the wr_en0/1 signals are asserted, and the wr_data0/1
and wr_dmO0/1 signals are valid for the given write command. In this same clock cycle, a
single read command is issued by asserting csO (with we0 and ref0 being held Low) and
placing the associated addresses on addr0 and ba0. Two refresh commands are issued by
asserting c¢s0/1, ref0/1, and ba0/1. The refresh commands can be issued in the same clock
cycle as long as the memory banking rules are met.
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Figure 3-30: PHY-Only Interface for RLDRAM Il Burst Length 4, Configuration 3, and Address Multiplexing
OFF

The controller sends the wr _en signals and data at the necessary time based on the
configuration setting. This time changes depending on the configuration. Table 3-14 details
when the wr _en 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.

Table 3-14: RLDRAM Il Command to Write Enable Timing

. . . . Command to Write
Address Multiplexing Configuration Enable (Clock Cycles)
ON 1 3
2 4
3 5
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Table 3-14: RLDRAM Il Command to Write Enable Timing (Cont’d)

Command to Write

Configuration Enable (Clock Cycles)

Address Multiplexing

OFF 1 2
2 3
3 4 @)

Notes:
1. Shown in Figure 3-29.

The wr _en signals are required to be asserted an extra clock cycle before the first w _en
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/RLDRAM III 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.
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Figure 3-31 shows the state machine logic for the controller.
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!
cmd_empty Ical_done

(rd_grant[1] Il wr_grant[1])&&

refr_done && (cmd_empty |l refr_req)

lcmd_empty

(rd_grant[0] Il wr_grant[0])&&
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Figure 3-31: Controller State Machine Logic (CMD_PER_CLK ==1 or 2)

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/RLDRAM III PHY and their
features are described below:

* [/Os available within each FPGA bank are grouped into four byte groups, where each
byte group consists of up to 12 1/0Os.

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

e OUT_FIFO and IN_FIFO are shallow eight or four-deep FIFOs available in each byte
group and serve to transfer data from the fabric domain to the I/O clock domain.
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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 298 explains the rules that need to be followed when placing
the memory interface signals inside the byte groups.
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Figure 3-32: High-Level PHY Block Diagram of the RLDRAM II/RLDRAM III Interface Solution

Write Path

The write path to the RLDRAM II/RLDRAM III includes the address, data, and control
signals necessary to execute any memory operation. The control strobesr | d_cs_n,
rld_we_n,rld_ref_n,andrl d_reset_n (RLDRAM III only), including addresses
rid_aandrl d_ba to the memory all use SDR formatting. The write data valuesr | d_dq
and r | d_dmalso utilize DDR formatting to achieve the required two/four/eight-word
burst within the given clock periods.
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Output Architecture

The output path of the RLDRAM II/RLDRAM III 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 an adjustable phase-shifted output
with respect to the byte clock (OCLK) and is used to generate the write clock (DK /DK#) to
the memory. Figure 3-33 shows the alignment of the various clocks and how they are used
to generate the necessary signal alignment.

cowcommes [\ [\
OSERDES output
clocked with OCLK

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

Control CK/CK#
Byte Lane

Address/
Control

OCLK_DELAYED

Data Byte
Lane

DK/DK#

wawoswon [ OO0

UG586_c3_05_042711

Figure 3-33:  Write Path Output Alignment

OCLK_DELAYED generates a center-aligned clock for DDR write data but it does not
produce an ideal alignment for SDR address/control signals. For this reason, OCLK is
used to generate CK/CK#, and depending on if calibration must be done on the write data
path either the address/control byte lanes are shifted or data byte lanes are shifted, to
properly align the memory clock CK and the write clock DK. For certain frequencies a
one-time calibration is performed for OCLK_DELAYED to ensure reliable write
operations. See Calibration for details.
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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
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 3-34. The PHY Control block is used to ensure proper startup of all
PHASER_OUT_PHY blocks used in the interface as well as to control the tri-state timing
for RLDRAM III operation.
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Figure 3-34: Write Path Block Diagram of the RLDRAM Il Interface Solution

The OSERDES blocks available in every I/O simplifies generation of the proper clock,

address, data, and control signaling for communication with the memory device. The flow
through the OSERDES uses two different input clocks to achieve the required functionality.
Data input ports D1/D2 or D3 /D4 are clocked in using the clock provided on the CLKDIV
input port, and then passed through a parallel-to-serial conversion block. The OSERDES is
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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.

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 3-35 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 PHASERSs within each byte group. For RLDRAM II, the multiregion
BUFMR is used to get the read capture clock to the necessary PHASERS used in read data
capture. 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 BUFMR is needed for RLDRAM II since there can potentially be a single capture
clock for two bytes of data, and only the BUFMR can allocate the clock to the multiple
PHASERSs as required.

Since RLDRAM Il includes a capture clock per byte of data, the multiregion BUFMR is not
required. 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 3-35) 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.

For RLDRAM III, the IN_FIFO also transfers the data from the ICLKDIV domain (which
runs at half the memory clock frequency) to the fabric clock domain (which runs at a
quarter the memory clock frequency). A shallow, synchronous post_fifo is used at the
receiving side of the IN_FIFO to enable captured data to be read out continuously from the
fabric, in an event of a flag assertion in the IN_FIFO which might potentially stall the flow
of data from the IN_FIFO. Calibration also ensures that the read data is aligned to the
rising edge of the fabric half-frequency clock and that read data from all the byte groups
have the same delay. More details about the actual calibration and alignment logic is
explained in Calibration.
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Figure 3-35: Read Path Block Diagram of the RLDRAM II/RLDRAM Il Interface Solution

Calibration

The calibration logic includes providing the required amount of delay on the read clock
and read data to align the clock in the center of the data valid window. The centering of the
clock is done using PHASERSs, which provide very fine resolution delay taps on the clock.
Each PHASER_IN fine delay tap increments the clock by 1/64th of the reference clock
period with a maximum of 32 taps possible. For designs running at or above 400 MHz, the
calibration logic also performs a one-time write calibration to ensure the write clock is
center aligned properly with the write data.

Calibration begins after memory initialization. Prior to this point, all read path logic is held
in reset. If write calibration is not enabled, only read 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. ICLKDIV is also the write clock for the read data IN_FIFOs.
One PHASER_IN block is associated with a group of 121/0Os. Each 1/O bank in the FPGA
has four PHASER_IN blocks, and hence four read data bytes can be placed in a bank.

Implementation Details

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

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

* 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 memory 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.

For RLDRAMII, captured data from a byte group that is aligned to the negative edge is
made to align to the positive edge using the EDGE_ADYV input to the PHASER_IN, which
shifts the ICLKDIV output by one fast clock cycle.
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For RLDRAM III, since the fabric is running at a quarter the rate of the memory clock
frequency, the data is bitslipped in the fabric to ensure proper alignment of all captured
data in the expected order.

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 data equal to a single fabric clock cycle
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 init_calib_complete.

Write Calibration

When write calibration is enabled, the results of read calibration data alignment are used to
determine if a given setting is valid for correct write operation. RLDRAM III contains an
MRS read training register that can be used for reading out a set pattern from the memory
without having to write a pattern to the memory first. After memory initialization, the read
capture is first calibrated using this set pattern before moving on to calibrate the writes.

Since RLDRAM II lacks this read training register, the reads and writes cannot be
independently verified. At each step of write calibration, the alignment of the read clock
with DQ is performed to ensure the correct capture of data. If the data alignment portion of
read calibration is performed for a given byte lane and the expected result is not found, the
write is assumed to have caused the failure. For RLDRAM II, at each step of write
calibration, the read calibration and associated logic are reset and restarted.

Figure 3-36 shows the flow for write calibration with RLDRAM III.
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Figure 3-36: RLDRAM IIl Write Calibration Flow
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Indicates which

stage of calibration

Selects a byte lane for
adjustment

Check if data
valid for a given
setting

S S S S R S

PHASER_OUT provides all of the clocking resources for the output path and is adjusted on
a byte lane basis by the calibration algorithm. Each byte lane is independently checked
against the write clock being sent to the DRAM to ensure proper write timing. Depending
on the pinout, either OCLK_DELAYED is used to adjust the DK clock in relation to the data
DQ, or OCLK for a given byte lane is adjusted in relation to the DK clock in another byte
lane. Due to the length of time required to independently calibrate each byte lane, write
calibration is usually skipped for simulation.

When write calibration completes, the read calibration is restarted one last time to run with
the proper write settings and allowed to complete through read valid generation.

The simulation waveforms for write calibration of a 36-bit RLDRAM II design is shown in
Figure 3-37. The state machine steps through the calibration 1-byte at a time, selecting the
PHASERSs for a given byte lane, making adjustments, and recording the results to optimize
the write timing. Adjustments are only made within the limits of the PHASER_OUT fine

tap delay. To debug any problems, it is important to check the margin found during both

read and write calibration, and to check the cmd-to-data write latency seen by the DRAM
matches what is programmed in the MRS register. See Debugging the core for more details.

clk
rst
edge_adv_cal_st..

phase_valid
restart_cal
restart_cal_ack
wrcal_en
wreal_po_dec

: dbg_wrcal_done

0 1
wnite_cal_cs ! LT T AT e e A it (LT e
AUTRTRO T 1 WL RORTRT O TR R T T A T R T ) T

wait_cnt_done
wall_cnt_done_r
po_fine_start
po_fine_prey_taps

po_fine_second_...
po_fine_window_...
po_fine_final
window_valid
record_po

data_walid_cnt
data_valid_r
stg2_eod
stg3_eod
first_edge_found
first_ed L
second_ge _fo..
second_edge_fo...

Figure 3-37: RLDRAM Il Write Calibration Waveforms

EIEEEEEEEEEE

Customizing the Core

The RLDRAM II/RLDRAM III 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 3-15.
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Table 3-15: RLDRAM Il Memory Interface Solution Configurable Parameters
Parameter Value Description

CLK_PERIOD - Memory clock period (ps).
ADDR_WIDTH 18-22 Memory address bus width.
RLD_ADDR_WIDTH 11, 18-22 Physical Memory address bus width when using Address

Multiplexing mode.
BANK_WIDTH RLDRAMII: 3 Memory bank address bus width.

RLDRAM III: 4

DATA_WIDTH - Memory data bus width and can be set through the MIG tool.

A maximum DATA_WIDTH of 72 is supported.
QK_WIDTH RLDRAM II: 2 per Memory read clock bus width.

x18/x36 device
RLDRAM III:
DATA_WIDTH/9
DK_WIDTH RLDRAMII: 2 per x36 | Memory write clock bus width.
device, 1 per x18 device
RLDRAM III: 2 per
device
BURST_LEN RLDRAMII: 4, 8 Memory data burst length.
RLDRAMIII: 2, 4, 8

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

mask ports.
NUM_DEVICES 14 Number of memory devices used.

MRS_CONFIG

RLDRAMII: 1, 2,3
RLDRAMIIL: 3,4,5,6,7,

This parameter sets the configuration setting in the
RLDRAM II/RLDRAM III memory register.

89,10, 11

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

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

MRS_IMP_MATCH INTERNAL, This parameter sets the impedance setting in the memory

EXTERNAL register.

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

MRS_RD_LATENCY 6-16 This parameter sets the Read latency and write latency setting
in the RLDRAM III memory register, and is dependent on
memory device and frequency of operation.

MRS_RTT_WR 40, 60, 120 This parameter sets the output drive impedance setting in the
MRS register for RLDRAM III.

MRS_RTT_RD 40, 60 This parameter sets the ODT setting in the MRS register for
RLDRAMIIL If ODT is not used this parameter becomes a "Do
not care."

MEM_TRC 4-11 This parameter sets the RLDRAM III TRC setting, and is

dependent on the memory device and read latency selected.
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Table 3-15: RLDRAM Il Memory Interface Solution Configurable Parameters (Cont'd)
Parameter Value Description
MEM_TYPE RLD2_CIO, RLD3 This parameter specifies the memory type.

IODELAY_GRP

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

USE_SYSTEM_CLOCK

REFCLK_FREQ 200.0 Reference clock frequency for IDELAYCTRLs.
BUFMR_DELAY - Simulation-only parameter used to model buffer delays
(RLDRAM II only).
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, IODELAY operates in
low power mode at the expense of performance.
SYSCLK_TYPE DIFFERENTIAL, This parameter indicates whether the system uses
SINGLE_ENDED, single-ended system clocks, differential system clocks, or is
NO_BUFFER driven from an internal clock (No Buffer). 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_i must be used. For
the No Buffer option, sys_clk_i, which appears in the port list,
needs to be driven from an internal clock.
REFCLK_TYPE DIFFERENTIAL, This parameter indicates whether the system uses
SINGLE_ENDED, single-ended reference clocks, differential reference clocks, is
NO_BUFFER, driven from an internal clock (No Buffer), or can connect to the

system clock input only (Use System Clock). Based on the
selected CLK_TYPE, the clocks must be placed on the correct
input ports. For differential clocks, clk_ref_p/clk_ref_n must
be used. For single-ended clocks, clk_ref_i must be used. For
the No Buffer option, clk_ref_i, which appears in the port list,
needs to be driven from an internal clock. For the Use System
Clock option, clk_ref_i is connected to the system clock in the
user design top module.

CLKIN_PERIOD

Input clock period.

CLKFBOUT_MULT

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

CLKOUTO_DIVIDE,
CLKOUT1_DIVIDE,
CLKOUT2_DIVIDE,
CLKOUT3_DIVIDE

VCO output divisor for PLL outputs. This value is set by the
MIG tool based on the frequency of operation.

CLKOUTO0_PHASE

Phase of PLL output CLKOUTO. This value is set by the MIG
based on the banks selected for memory interface pins and the
frequency of operation.

DIVCLK_DIVIDE

PLL VCO divisor. This value is set by the MIG tool based on
the frequency of operation.
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Table 3-15: RLDRAM Il Memory Interface Solution Configurable Parameters (Cont'd)
Parameter Value Description
SIM_BYPASS INIT_CAL SKIP, FAST, NONE, This simulation-only parameter is used to speed up

SKIP_AND_WRCAL,
FAST_AND_WRCAL

simulations, by skipping the initialization wait time and
speeding up calibration. SKIP_AND_WRCAL and
FAST_AND_WRCAL are options to SKIP or perform FAST
read calibration, but to simulate write calibration.

SIMULATION “TRUE”, “FALSE” Set to “TRUE” for simulation; set to “FALSE” for
implementation.
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 RLDRAM II: 2 Number of memory clocks per fabric clocks.
RLDRAM III: 4
TCQ 100 Register delay for simulation.

Table 3-16 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
up properly; otherwise see Pinout Requirements, page 298. 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. The parameters are calculated based on Data and Address/Control
byte groups selected. These parameters do not consider the System Signals selection (that
is, system clock, reference clock, and status signals).

Table 3-16: RLDRAM Il Memory Interface Solution Pinout Parameters

Parameter

Description

Example

MASTER_PHY_CTL

0,1,2

The bank where the master PHY_CONTROL resides
(usually corresponds to MMCM/PLL bank location).

BYTE_LANES_BO,
BYTE_LANES_BI,
BYTE_LANES_B2

Three fields, one per possible I/O bank.
Defines the byte lanes being used in a

given I/O bank. A “1” in a bit position
indicates a byte lane is used, and a “0”
indicates unused.

Ordering of bits from MSB to LSB is T0, T1, T2, and
T3 byte groups.

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

DATA_CTL_BO,
DATA_CTL_B1,
DATA_CTL_B2

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

4'b1100 = Two data byte lanes, and, if used with a
BYTE_LANES_BO parameter as in the example
shown above, one address/control.
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Table 3-16:

RLDRAM Il Memory Interface Solution Pinout Parameters (Cont’d)

Parameter

Description

Example

CPT_CLK_SEL_BO,
CPT_CLK_SEL_B]1,
CPT_CLK_SEL_B2

RLDRAM II Only. 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
e [7:4] - 0 (bank below), 1 (current
bank), 2 (bank above) to indicate in
which bank the clock is placed.

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

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

PHY_0_BITLANES,
PHY_1_BITLANES,
PHY_2 BITLANES

Three fields, one per possible I/O bank.
12-bit parameter per byte lane used to
determine which /O locations are used
to generate the necessary PHY
structures. This parameter is provided
per bank. Except for the CK_P/CK_N,
DK_P/DK_N, QK_P/QK_N, and
QVLD pins, all Data and
Address/Control pins are considered
for this parameter generation.

This parameter is denoted for all byte groups of a
selected bank. All 12 bits are denoted for a byte lane
and are ordered from MSB:LSB as BA98_7654_3210.
For example, this parameter is 48'hFFE_FFF_000_
DF6 for one bank.

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 chip select. 12-bit
parameter provided per pin.

* [3:0]-Bit position within a byte lane.
Valuesof [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

Upper-most Data or Address/Control byte group
selected bank is referred to as Bank 0 in parameters
notation. Numbering of banks is 0, 1, and 2 from top
to bottom.

Byte groups T0, T1, T2, and T3 are numbered in
parameters as 3, 2, 1, and 0 respectively.

Bottom-most pin in a byte group is referred to as “0”
in MAP parameters. Numbering is counted from 0 to
9 from the bottom-most pin to the top pin within a
byte group by excluding DQSCC I/Os. DQSCC_N
and DQSCC_P pins of byte group are numbered as A
and B, respectively.
144'h000_000_000_000_000_000_000_000_000_000_2
35_11B = This parameter is denoted for clock width
of 12 with 12 bits for each pin. In this case, the clock
width is 2 bits. Ordering of parameters is from MSB
to LSB (that is, CK[0] corresponds to the 12 LSBs of
the parameter).

12'h11B = CKJ0] placed in bank 1, byte lane 1, at
location A.

12'h235 = CK][1] select placed in bank 2, byte lane 3,
at location 5.

Only the CK_P location is denoted, with the CK_N
located on the corresponding N-side location of an
I/0 pin pair.
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Table 3-16: RLDRAM Il Memory Interface Solution Pinout Parameters (Cont’d)
Parameter Description Example
DK_MAP Bank and byte lane position Upper-most Data or Address/Control byte group
information for the DK/DK#. 8-bit selected bank is referred to as Bank 0 in parameters
parameter provided per pair of signals. | notation. Numbering of banks is 0, 1, and 2 from top
* [3:0] - Byte lane position within a to bottom.
bank. Values of 0, 1, 2, or 3 are Byte groups T0, T1, T2, and T3 are numbered in
supported. parameters as 3, 2, 1, and 0, respectively.
* [7:4] - Bank position. Values of 0,1, | 96'h00_00_00_00_00_00_00_00_00_00_10_13 = This
or 2 are supported parameter is denoted for 12 clock pairs with 8 bits for
each clock pin. In this case, two clock pairs are used.
Ordering of parameters is from MSB to LSB (that is,
DKJ0]/ DK#[0] corresponds to the 8 LSBs of the
parameter).
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 See the DK_MAP example for parameter values
information for the QK/QK#. 8-bit notation.
parameter provided per pair of signals. | gh11 = QK /QKi# placed in bank 1, byte lane 1.
* [3:0] - Byte lane position within a 8122 = QK/QK# placed in bank 2, byte lane 2.
bank. Values of 0, 1, 2, or 3 are
supported.
* [7:4] - Bank position. Values of 0, 1,
or 2 are supported
CS_MAP Bank and byte lane position See CK_MAP example.
information for the chip select. 12-bit
parameter provided per pin.
* [3:0]-Bit position within a byte lane.
Valuesof [0,1,2,..., A, B] are
supported.
e [7:4] — Byte lane position within a
bank. Values of 0, 1, 2, or 3 are
supported.
e [11:8] — Bank position. Values of 0, 1,
or 2 are supported
WE_MAP Bank and byte lane position See CK_MAP example.
information for the write enable. See
CS_MAP description.
REF_MAP Bank and byte lane position See CK_MAP example.
information for the refresh signal. See
CS_MAP description.
ADDR_MAP Bank and byte lane position See CK_MAP example.
information for the address. See
CS_MAP description.
BANK_MAP Bank and byte lane position See CK_MAP example.

information for the bank address. See
CS_MAP description.
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Table 3-16: RLDRAM Il Memory Interface Solution Pinout Parameters (Cont’d)

Parameter Description Example

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

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

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

DATAO0_MAP, Bank and byte lane position See CK_MAP example.

DATA1_MAP, information for the data bus. See

DATA2_MAP, CS_MAP description.

DATA3_MAP,

DATA4_MAP,

DATA5_MAP,

DATA6_MAP,

DATA7_MAP

Design Guidelines

Design Rules

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

characterization results.

Trace Length Requirements

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

e RLDRAMIL +15 ps
e RLDRAM III: 10 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/RLDRAM III physical layer. Xilinx
7 series FPGAs have dedicated logic for each byte group. Four byte groups are available in
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each 50-pin bank. Each 50-pin bank consists of two pairs of multiregion clock capable I/O
(MRCC) pins and four byte groups that contain 1 DQS clock-capable I/O pair and 10
associated I/Os.

RLDRAM I

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
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
UCEF needs to be altered, these rules must be taken into consideration:

e 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.

e 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.

e Itis 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.

e 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.

RLDRAM Il

In a typical RLDRAM III 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
the DQSCCIO pairs inside the Address/Control bank, or the DQSCCIO pairs in a free byte
lane in a data bank. QK/QK# clocks must be placed on DQSCCIO pins in a given data
bank lane associated with this same clock. 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 III interfaces must be arranged in the banks
vertically and not horizontally. In addition, the maximum height is three banks.
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After a core is generated through the MIG tool, the most optimal pinout has been selected
for the design. Manual changes through the UCF are not recommended. However, if the
UCEF needs to be altered, these rules must be taken into consideration:

* The CK/CK# clocks must be placed in an address/control byte lane. CK must be
placed on the P location, and CK# must be placed on the N location, of an I/O pin pair
in that byte lane.

e The DK/DK# clocks must be placed on a DQSCCIO pin pair. DK must be placed on
the P location, and DK# must be placed on the N location.

e Data (DQ) is placed such that all signals corresponding to 1-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.

e [tis 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 DQSCCIO pins that are available
in a data byte lane, respectively. Data must be in the same byte lane as the associated

QK/QK#.

* 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 DK# only

¢ 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.

System Clock, PLL Location, and Constraints

The PLL is required to be in the bank that supplies the clock to the memory to meet the
specified interface performance. The system clock input is also strongly recommended to
be in this bank. The MIG tool follows these two rules whenever possible. However,
exceptions are possible where pins might not be available for the clock input in the bank as
that of the PLL. In this case, the clock input needs to come from an adjacent bank through
the frequency backbone to the PLL. The system clock input to the PLL must come from
clock-capable I/Os.

The system clock input can only be used for an interface in the same column. The system
clock input cannot be driven from another column. The additional PLL or MMCM and
clock routing required for this induces too much additional jitter.

Unused outputs from the PLL can be used as clock outputs. Only the settings for these
outputs can be changed. Settings related to the overall PLL behavior and the used outputs
must not be disturbed. A PLL cannot be shared among interfaces.

See Clocking Architecture, page 279 for information on allowed PLL parameters.

Configuration

The UCF contains timing, pin, and I/O standard information. The sys_clk constraint sets
the operating frequency of the interface. It is set through the MIG GUI. The MIG GUI must
be rerun if this constraint needs to be altered, because other internal parameters are
affected. For example:

NET "sys_cl k_p" TNM_NET = TNM sys_cl k;
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TI MESPEC " TS sys_cl k" = PERIOD "TNM sys_cl k" 1.875 ns;

The clk_ref constraint sets the frequency for the IDELAY reference clock, which is typically
200 MHz. For example:

NET "cl k_ref_p" TNM_NET = TNM cl k_ref;
TIMESPEC "TS cl k_ref" = PERIOD "TNM cl k_ref" 5 ns;

The I/0O standards are set appropriately for the RLDRAM II interface with LVCMOSI15,
HSTL15_1, HSTL15_I_DCI, DIFF_HSTL15_I, or DIFF_HSTL15_I_DCI, as appropriate.
LVDS_25 is used for the system clock (sys_cl k) and I/O delay reference clock

(cl k_r ef ). These standards can be changed, as required, for the system configuration.
These signals are brought out to the top level for system connection:

e sys_rst —This signal is the main system reset.

e init_calib_conplete-Thissignal indicates when the internal calibration is done
and that the interface is ready for use.

e tg_compare_error —This signal is generated by the example design’s traffic
generator if read data does not match the write data.

These signals are all set to LVCMOS25 and can be altered as needed for the system design.
They can be generated and used internally instead of being brought out to pins.

Some interfaces might need to have the system clock in a bank above or below the bank
with the address/control and data. In this case, the MIG tool puts an additional constraint
in the UCF. For example:

NET "sys_cl k_p" CLOCK_DEDI CATED ROUTE = BACKBONE;
PIN "*/u_infrastructure/plle2_i.CLKI N1" CLOCK DEDI CATED ROUTE =
BACKBONE;

This case should only be used in MIG generated memory interface designs. It results in the
following warning during PAR. This warning can be ignored.

WARNI NG Pl ace: 1402 - A clock IOB/ PLL clock component pair have been
found that are not placed at an optinmal clock I1OB/ PLL site pair. The
cl ock 1 0B conmponent <sys_clk_p> is placed at site <l OB_X1Y76>. The
correspondi ng PLL conponent <u_backb16/u_infrastructure/plle2_i>is

pl aced at site <PLLE2_ADV_X1Y2>. The clock 10 can use the fast path
between the 10B and the PLL if the OB is placed on a Cl ock Capable | OB
site that has dedicated fast path to PLL sites within the sane cl ock
region. You may want to anal yze why this problemexists and correct it.
This is normal |y an ERROR but the CLOCK DEDI CATED RCOUTE constrai nt was
applied on COW. PIN <sys_cl k_p. PAD> al | owi ng your design to conti nue.
Thi s constraint disables all clock placer rules related to the specified
COWP. PIN. The use of this override is highly discouraged as it may | ead
to very poor tinmngresults. It is recommended that this error condition
be corrected in the design.

Do not drive user clocks via the I/O clocking backbone from the region(s) containing the
MIG generated memory interface to CMT blocks in adjacent regions due to resource
limitations. Consult the 7 Series FPGAs Clocking Resources User Guide [Ref 18] for more
information.

The MIG tool sets the VCCAUX_IO constraint based on the data rate and voltage input
selected. The generated UCF has additional constraints as needed. For example:

NET "sys _clk_p" LOC="Y5" | |OSTANDARD = DIFF HSTL | |
VCCAUX_| O = DONTCARE;

NET "sys_clk_n" LOC = "W" | | CSTANDARD = DI FF_HSTL_|I |
VCCAUX_| O = DONTCARE;
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Consult the Xilinx Timing Constraints Guide [Ref 13] for more information.

For more details on usage and required circuitry for LVDS and LVDS_25 IO Standards, see
the 7 Series FPGAs SelectlO Resources User Guide [Ref 1].

Manual Pinout Changes

For manually manipulating the parameters described in Table 3-16, the following
examples show how to allocate parameters for a given byte lane. Table 3-17 shows a typical
RLDRAM II data byte lane, indicating the bank, byte lane, and bit position for each signal.

Table 3-17: Example RLDRAM Il Byte Lane #1

Bank E;’rt]z Bit | DDR G%zhep 110 Type Nu'r; Ober Dei?ge:;‘ilon BITLANES
9 A1l P 12 0
8 DQ8 A_10 N 11 1
7 DQ7 A_09 P 10 1
6 DQ6 A_08 N 9 1
B DKO_P | A_07 P 8 DQSCC-P 0 0001
A DKO_N | A_06 N 7 DQSCC-N 0 1
0 0 5 DQ5 A_05 P 6 1 1111
4 DQ4 A_04 N 5 1 F
3 DQ3 A_03 P 4 1
2 DQ2 A_02 N 3 1
1 DQ1 A_01 P 2 1 1111
0 DQO A_00 N 1 1 F 1FF
VRN N/A SE 0
The byte lane parameters for Table 3-17 are shown in Table 3-18.
Table 3-18: Parameters for Example RLDRAM Il Data Byte Lane #1
Parameter Value
DK_MAP 8' h00
DQTS_MAP 12' hOOA
PHY_O_BITLANES 12' h1FF
DATAO_MAP 108' h008_007_006_005_004_003_002_001_000
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Table 3-19 shows another RLDRAM II data byte lane, with QVLD placed in the 3-state
location, which is valid, as the 3-state location only uses the OSERDES location of the I/O.

Table 3-19: Example RLDRAM Il Byte Lane #2

Bank Egrt]ee Bit | DDR GB%tuep /0 Type Nu'r/n Ober Dei';’gerf;‘ilon BITLANES
9 QKo _P | B_11 P 24 CCIO-P 0
8 QKO0_N | B_10 N 23 CCIO-N 0
7 DQ17 B_09 P 22 CCIO-P 1
6 DQ16 B_08 N 21 CCIO-N 1
B DQ15 B_07 P 20 DQSCC-P 1 1000
A QVLD B_06 N 19 DQSCC-N 0 8
0 ! 5 DQ14 B_05 P 18 1 1111
4 DQ13 B_04 N 17 1 F
3 DQ12 B_03 P 16 1
2 DQ11 B_02 N 15 1
1 DQ10 B_01 P 14 1 1111
0 DQ9 B_00 N 13 1 F 8FF
The byte lane parameters for Table 3-19 are shown in Table 3-20.
Table 3-20: Parameters for Example RLDRAM Il Data Byte Lane #2
Parameter Value
QVLD_MAP 12' hO1A
DQTS_MAP 12' hO1A
PHY_0_BITLANES |12' h8FF
DATA1 MAP 108' h017_016_01B_015_014_013_012_011_010
QK_MAP 8' h0o1
Table 3-21 shows the same byte lane as Table 3-19, 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 3-21. In this case, the
direction of the shift is determined on the byte lane location, with byte lanes 0, 1 shifted up,
and 2, 3 shifted down. In this case, the PHY merges the 3-state control with the DM to share
the same OSERDES location.
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Table 3-21: Example RLDRAM Il Byte Lane #3, Shared 3-State with DM in Byte Lane #1
Bank E;’rtz Bit | MAP | DDR G%’(’)Lep /0 Type Nu'r/n Ober Deif’ge:;‘i'on BITLANES
UCF
9 QKo_P B_11 P 24 CCIO-P 0
8 DQ17 JOKO_N | B_10 N 23 CCIO-N 1
7 DQ16 | DQ17 B_09 P 22 CCIO-P 1
6 DQ15 | DQ16 B_08 N 21 CCIO-N 1
B 3-state | DQ15 B_07 P 20 DQSCC-pP 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
The byte lane parameters for Table 3-21 are shown in Table 3-22.
Table 3-22: Parameters for Example RLDRAM Il Data Byte Lane #3
Parameter Value
DM_MAP 12' hO1A
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 3-23 shows another RLDRAM II byte lane with the QVLD sharing the location of the
3-state control (or leaving the location unused).

Table 3-23: Example RLDRAM Il Byte Lane #4, Shared 3-State with QVLD
Bank E;’rtz Bit | MAP | DDR GBrztuep /0 Type Nu'r/n Ober Dei?ge:;‘;'on BITLANES
UCF
9 | DQ26 | DQ26 | C.11 P 12 1
8 DQ25 | DQ25 C_10 N 11 1
7 DQ24 | DQ24 C_09 P 10 1
6 DQ23 | DQ23 C_08 N 9 1
B | DQ22 | DQ22 | C_07 P 8 DQSCC-P 1 | 1011
A | QVLD| QVLD | C_06 N 7 DQSCC-N 0 B
° 2 5 DQ21 DQ21 C_05 P 6 1 1111
4 DQ20 | DQ20 C_04 N 5 1 F
3 DQ19 | DQ19 C_03 P 4 CCIO-P 1
2 DQ18 | DQ18 Cc_02 N 3 CCIO-N 1
1 QK1 P | C.01 P 2 CCIO-P 0 | 1100
0 QK1_N | C_00 N 1 CCIO-N 0 C BFC
The byte lane parameters for Table 3-23 are shown in Table 3-24.
Table 3-24: Parameters for Example RLDRAM Il 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 3-25 shows the same RLDRAM II byte lane as Table 3-23, but instead of QVLD the
DM is placed in this byte lane. In this situation the signals are shifted down in the
QUT_FI FO.

Table 3-25: Example RLDRAM Il Byte Lane #5, Shared 3-State with DM in Byte Lane #2

Bank E;’rtz Bit | MAP | DDR GBri’)tuep /0 Type Nu'r/n Ober Dei?ge:;?i'on BITLANES
UCF
9 | DQ26 | DQ26 | c.11 P 12 1
8 DQ25 | DQ25 C_10 N 1 1
7 DQ24 | DQ24 C_09 P 10 1
6 DQ23 | DQ23 C_08 N 9 1
B  DQ22 | DQ22 | C07 P 8 DQSCC-P 1 | 111
A DM DM C_06 N 7 DQSCC-N 1 F
0 2 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 QOK1_N | C_00 N 1 CCIO-N 0 E FDE
The byte lane parameters for Table 3-25 are shown in Table 3-26.
Table 3-26: Parameters for Example RLDRAM Il 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
I/O Standards
The MIG tool generates the appropriate UCF for the core with SelectlO™ standards based
on the type of input or output to the 7 series FPGAs. These standards should not be
changed. Table 3-27 and Table 3-28 contain a list of the ports with the I/O standard used.
Table 3-27: RLDRAM Il I/O Standards
Signal Direction I/O Standard
rld_ck_p, rld_ck_n Output DIFF_HSTL_I
rld_dk_p, rld_dk_n Output DIFF_HSTL_I
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Table 3-27: RLDRAM Il /O Standards (Cont’d)

Signal Direction I/O Standard

rld_cs_n Output HSTL_I

rld_we_n Output HSTL_1

rld_ref n Output HSTL_I

rld_a Output HSTL_I

rld_ba Output HSTL_I

rld_dm Output HSTL_I

rld_dq Input/Output HSTL_II_T_DCI, HSTL_II
rld_qgk_p, rld_gk_n Input DIFF_HSTL_II_DCI, DIFF_HSTL_II

Table 3-28: RLDRAM lll I/O Standards

Signal Direction I/0 Standard
rld_ck_p, rld_ck_n Output DIFF_SSTL12
rld_dk_p, rld_dk_n Output DIFF_SSTL12
rld_cs_n Output SSTL12
rld_we_n Output SSTL12
rld_ref n Output SSTL12
rld_a Output SSTL12
rld_ba Output SSTL12
rld_dm Output SSTL12
rld_dq Input/Output SSTL12_T_DCI, SSTL12
rld_gk_p, rld_gk_n Input DIFF_SSTL12_DCI, DIFF_SSTL12

DCI (HP banks) or IN_TERM (HR banks) is required at the FPGA to meet the specified
performance. Designs generated by the MIG tool use the DCI standards for Data (DQ) and
Read Clock (QK_P and QK_N) in the High-Performance banks. In the High-Range banks

for RLDRAM 1I, the MIG tool uses the HSTL_II and DIFF_HSTL_II standards with the

internal termination (IN_TERM) attribute chosen in the GUI.

Debugging RLDRAM Il and RLDRAM IlI Designs

This section defines a step-by-step debugging procedure to assist in the identification and
resolution of any issues that might arise during each phase of the memory interface design

process.

Introduction

The RLDRAM II/RLDRAM IIl memory interfaces simplify the challenges associated with
memory interface design. However, every application environment is unique and proper

due diligence is required to ensure a robust design. Careful attention must be given to

functional testing through simulation, proper synthesis and implementation, adherence to
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PCB layout guidelines, and board verification through IBIS simulation and signal integrity
analysis.

This section defines a step-by-step debugging procedure to assist in the identification and
resolution of any issues that might arise during each phase of the design process. Details
are provided on:

¢ Functional verification using the UNISIM simulation models

¢ Design implementation verification

* Board layout verification

¢ Using the RLDRAM II/RLDRAM III physical layer to debug board-level issues
* General board-level debug techniques

The two primary issues encountered during verification of a memory interface are:
e (Calibration not completing properly

¢ Data corruption during normal operation

Problems might be seen in simulation, hardware, or both due to various root causes.

Figure 3-38 shows the overall flow for debugging problems associated with these two
general types of issues.

r
| Symptoms in Simulation/Hardware

|

|

I - Calibration Failure |
- Data Bit/Byte Corruption/Errors |

|

| Simulation Debug |

!

| Synthesis/Implementation Debug |

!

| Hardware Debug |

Figure 3-38: RLDRAM II/RLDRAM Il MIG Tool Debug Flowchart

Debug Tools

Many tools are available to debug memory interface design issues. This section indicates
which resources are useful for debugging a given situation.

Example Design

RLDRAM II/RLDRAM III design generation using the MIG tool produces an example
design and a user design. The example design includes a synthesizable test bench that has
been fully verified in simulation and hardware. This design can be used to observe the
behavior of the MIG tool design and can also aid in identifying board-related problems.

Debug Signals

The MIG tool includes a Debug Signals Control option on the FPGA Options screen.
Enabling this feature allows calibration, tap delay, and read data signals to be monitored
using the ChipScope analyzer. Selecting this option port maps the debug signals to VIO
modules of the ChipScope analyzer in the design top module.
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ChipScope Pro Tool

The ChipScope Pro tool inserts logic analyzer, bus analyzer, and VIO software cores
directly into the design. The ChipScope Pro tool allows the user to set trigger conditions to
capture the application and the MIG tool signals in hardware. Captured signals can then be
analyzed through the ChipScope Pro Logic Analyzer tool [Ref 8].

Simulation Debug

Figure 3-39 shows the debug flow for simulation.

Verify Successful Simulation Using
Example Design. Identify any Issues with
Simulation Environment

!

| Debug Issues with User Design Simulation |

!

| Open WebCase |

Figure 3-39: Simulation Debug Flowchart

Verifying the Simulation Using the Example Design

The example design generated by the MIG tool includes a simulation test bench and
parameter file based on memory selection in the MIG tool, and a ModelSim . do script file.
Successful completion of this example design simulation verifies a proper simulation
environment.

This shows that the simulation tool and Xilinx libraries are set up correctly. For detailed
information on setting up Xilinx libraries, refer to COMPXLIB in the Command Line Tools
User Guide [Ref 9] and the Synthesis and Simulation Design Guide [Ref 10]. For simulator tool
support, refer to the 7 Series FPGAs Memory Interface Solutions Data Sheet [Ref 11].

A working example design simulation completes memory initialization and runs traffic in
response to the test bench stimulus. Successful completion of memory initialization and
calibration results in the assertion of the i ni t _cal i b_conpl et e signal. When this signal
is asserted, the Traffic Generator takes control and begins executing writes and reads
according to its parameterization.

Table 3-29 shows the signals and parameters of interest, respectively, during simulation.

Table 3-29: Signals of Interest During Simulation

Signal Name Usage Signal Name Usage

tg_compare_error This signal indicates a mismatch between the data
written from the Ul and data received during a read on
the UL This signal is a part of the example design. A
single error asserts this signal; it is held until the design
is reset.

dbg_cmp_err This signal indicates a mismatch between the data
written from the Ul and the data received during a
read on the UI This signal is part of the example
design. This signal is asserted each time a data
mismatch occurs.
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Table 3-29: Signals of Interest During Simulation (Cont’d)

Signal Name Usage

Signal Name Usage

user_cmd_en

This signal indicates if a command is valid.

user_cmd

This signal indicates if the user requests a write or a
read command.

2’b00 = Write Command

2’b01 = Read Command

2’b10 = NOP

2’b11 = NOP

user_addr

This is the address location for the current command.

user_ba

This is the bank address location for the current
command.

user_wr_en

This signal is asserted when the user_wr_data is valid.
This signal is necessary for write commands.

user_wr_data

This signal is the write data provided for write
commands.

user_wr_dm

This signal is the data mask for masking off and not
writing all of the data in a given write transaction.

user_afifo_empty

This signal indicates that the command and address
FIFO is empty.

user_afifo_full

This signal indicates that the command and address
FIFO is full. When this signal is asserted additional
commands and data is not accepted.

user_wdfifo_empty

This signal indicates that the write data FIFO is empty.

user_wdfifo_full

This signal indicates that the write data FIFO is full.
When this signal is asserted, additional Write data is
not accepted.

user_rd_valid

Asserted when user_rd_data is valid.

user_rd_data

Read data returned from the memory as a result of a
read command.

Memory Initialization

For simulation, the MIG tool sets up the design parameters such that long wait times
usually required for memory initialization are skipped. These parameters can result in
memory model warnings. For the design to properly initialize and calibrate the full
memory array in hardware, the top-level MIG tool design file (exanpl e_t op. v) cannot
use any abbreviated value for these parameters. The MIG tool output properly sets the
abbreviated values in the test bench and the full range values in the top-level design

module.

Calibration

Calibration completes read leveling and read enable calibration. This is completed over
three stages. This sequence successfully completes when the i ni t _cal i b_conpl et e
signal is asserted. For more details, refer to Physical Interface, page 280.
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The first stage performs per-bit read leveling calibration. The data pattern used during this

F_F_0. The data pattern is first written to the memory, as shown in

_F O

_F O

stageis O

Figure 3-40.

Load mode register

programming
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pattern required for
stage 1 read-leveling

Refreshiall
the banks

Figure 3-40: Writes for First Stage Read Calibration

This pattern is then continuously read back while the calibration is completed, as shown in

Figure 3-41.
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Read commands

and pattern for
stage 1 read-

Figure 3-41: Reads for First Stage Read Calibration

The second stage performs an alignment to ensure data is returned in the correct order. The
length of the data pattern depends on the ratio of the memory clock to the fabric clock. For
RLDRAMII, the data pattern of A_5_0_F is first written to the memory and continuously
read back and adjusted internally if required.

and continuously read back and adjusted internally if required.

The third stage performs a read enable calibration. The data pattern used during this stage
is the same pattern used during the second stage of calibration. The data pattern is first
written to the memory, and then read back for the read enable calibration, as shown in
Figure 3-42.
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Figure 3-43: Write and Read for Third Stage Read Calibration (Pattern Shown for RLDRAM II)

An additional write/read is performed so the read bus is driven to a different value. This
is mostly required in hardware to make sure that the read calibration can distinguish the
correct data pattern.

After third stage calibration completes, init_calib_complete is asserted, signifying
successful completion of the calibration process.
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Test Bench

After init_calib_complete is asserted, the test bench takes control, writing to and reading
from the memory. The data written is compared to the data read back. Any mismatches
trigger an assertion of the error signal. Figure 3-44 shows a successful implementation of
the test bench with no assertions on error.

Calibration Writes
complete

Figure 3-44: Test Bench Operation After Completion of Calibration

Proper Write and Read Commands

When sending write and read commands, the user must properly assert and deassert the
corresponding Ul inputs. Refer to Client Interface, page 273 and Interfacing with the Core
through the Client Interface, page 275 for full details. The test bench design provided
within the example design can be used as a further source of proper behavior on the UL

To debug data errors on the RLDRAM II/RLDRAM III interface, it is necessary to pull the
Ul signals into the simulation waveform.

In the ModelSim Instance window, highlight u_ip_top to display the necessary Ul signals
in the Objects window, as shown in Figure 3-45. Highlight the user interface signals noted
in Table 3-29, page 309, right-click, and select Add > To Wave > Selected Signals.
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Figure 3-45:

Figure 3-46 and Figure 3-47 show example waveforms of a write and read on both the user

interface.
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~ user_afifo_aempty St
< user_afifo_afull ah
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[+~ user_cmd o
9 user_cmd_en ah
[+~ user_rd_data ooro0111101110100
[+ user_rd_valid ]
9 user_wdiifo_aempty St
< user_wdiifo_aiull St
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Figure 3-46: User Interface Write

Figure 3-47: User

Interface Read
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Synthesis and Implementation Debug

Figure 3-48 shows the debug flow for synthesis and implementation.

Verify Successful Synthesis and
Implementation Using Example Design

Verify Any Modification to the MIG Output

Verify Successful Synthesis and
Implementation Using User Design

!

Verify Design Timing in TRACE

!

Open WebCase

Figure 3-48: Synthesis and Implementation Debug Flowchart

Verify Successful Synthesis and Implementation

The example design and user design generated by the MIG tool include
synthesis/implementation script files and user constraint files (. ucf ). These files should
be used to properly synthesize and implement the targeted design and generate a working
bitstream.

The synthesis/implementation script file, called i se_f | ow. bat/i se_f | ow. sh, is
located in both exanpl e_desi gn/ par and user _desi gn/ par directories. Execution of
this script runs either the example design or the user design through synthesis, translate,
MAP, PAR, TRACE, and BITGEN. The options set for each of these processes are the only
options that have been tested with the RLDRAM II MIG tool designs. A successfully
implemented design completes all processes with no errors (including zero timing errors).

Verify Modifications to the MIG Tool Output

The MIG tool allows the user to select the FPGA banks for the memory interface signals.
Based on the banks selected, the MIG tool outputs a UCF with all required location
constraints. This file is located in both the exanpl e_desi gn/ par and

user _desi gn/ par directories and should not be modified.

The MIG tool outputs open source RTL code parameterized by top-level HDL parameters.
These parameters are set by the MIG tool and should not be modified manually. If changes
are required, such as decreasing or increasing the frequency, the MIG tool should be rerun
to create an updated design. Manual modifications are not supported and should be
verified independently in behavioral simulation, synthesis, and implementation.

Identifying and Analyzing Timing Failures

The MIG tool RLDRAM II/RLDRAM III designs have been verified to meet timing using
the example design across a wide range of configurations. However, timing violations
might occur, such as when integrating the MIG tool design with the user’s specific
application logic.
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Any timing violations that are encountered must be isolated. The timing report output by
TRACE (. t wx/ . t wr ) should be analyzed to determine if the failing paths exist in the MIG
tool RLDRAM II design or the UI (backend application) to the MIG tool design. If failures
are encountered, the user must ensure the build options (that is, XST, MAP, PAR) specified
inthei se_f | ow. bat file are used.

If failures still exist, Xilinx has many resources available to aid in closing timing. The
PlanAhead™ tool [Ref 12] improves performance and quality of the entire design. The
Xilinx Timing Constraints User Guide [Ref 13] provides valuable information on all available
Xilinx constraints.

Hardware Debug

Figure 3-49 shows the debug flow for hardware.

Verify Memory Implementation Guidelines
are Properly Followed

!

Run S| Simulation Using IBIS |

!

Run Example Design

!

| Isolate Bit Errors |

!

Board Measurements

- Measure Signal Integrity
- Measure Supply and V ;. Voltages
- Measure Bus Timing

!

Check Clocking/Run Interface at
Slower Frequency

!

Open WebCase

Figure 3-49: Hardware Debug Flowchart

Clocking

The external clock source should be measured to ensure frequency, stability (jitter), and
usage of the expected FPGA pin. The designer must ensure that the design follows all
clocking guidelines. If clocking guidelines have been followed, the interface should be run
at a slower speed. Not all designs or boards can accommodate slower speeds. Lowering
the frequency increases the marginal setup or hold time, or both, due to PCB trace
mismatch, poor signal integrity, or excessive loading. When lowering the frequency, the
MIG tool should be rerun to regenerate the design with the lower clock frequency. Portions
of the calibration logic are sensitive to the CLK_PERIOD parameter; thus, manual
modification of the parameter is discouraged.

Verify Board Pinout

The user should ensure that the pinout provided by the MIG tool is used without
modification. Then, the board schematic should be compared to the
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<desi gn_nane>. pad report generated by PAR. This step ensures that the board pinout
matches the pins assigned in the implemented design.

Run Signal Integrity Simulation with IBIS Models

To verify that board layout guidelines have been followed, signal integrity simulations
must be run using the I/O buffer information specification (IBIS). These simulations
should always be run for both pre-board and post-board layouts. The purpose of running
these simulations is to confirm the signal integrity on the board.

The ML561 Hardware-Simulation Correlation chapter of the Virtex-5 FPGA ML561 Memory
Interfaces Development Board User Guide [Ref 14] can be used as a guideline. This chapter
provides a detailed look at signal integrity correlation results for the ML561 board. It can
be used as an example for signal integrity analysis. It also provides steps to create a
design-specific IBIS model to aid in setting up the simulations. While this guide is specific
to Virtex-5 devices and the ML561 development board, the principles therein can be
applied to MIG designs with 7 series FPGAs.

Run the Example Design

The example design provided with the MIG tool is a fully verified design that can be used
to test the memory interface on the board. It rules out any issues with the backend logic
interfacing with the MIG tool core. In addition, the test bench provided by the MIG tool can
be modified to send out different data patterns that test different board-level concerns.

Debugging Common Hardware Issues

When calibration failures and data errors are encountered in hardware, the ChipScope
analyzer should be used to analyze the behavior of MIG tool core signals. For detailed
information about using the ChipScope analyzer, refer to the ChipScope Pro 11.1 Software
and Cores User Guide [Ref 8].

A good starting point in hardware debug is to load the provided example_design onto the
board in question. This is a known working solution with a test bench design that checks
for data errors. This design should complete successfully with the assertion of
init_calib_complete and no assertions of tg_compare_error. Assertion of
init_calib_complete signifies successful completion of calibration while no assertion of
tg_compare_error signifies that the data is written to and read from the memory compare
with no data errors.

The dbg_cmp_err signal can be used to indicate if a single error was encountered or if
multiple errors are encountered. With each error encountered, dbg_cmp_err is asserted so
that the data can be manually inspected to help track down any issues.

Isolating Bit Errors

An important hardware debug step is to try to isolate when and where the bit errors occur.
Looking at the bit errors, these should be identified:

* Are errors seen on data bits belonging to certain QK clock groups?

* Are errors seen on accesses to certain addresses of memory?

* Do the errors only occur for certain data patterns or sequences?

This can indicate a shorted or open connection on the PCB. This can also indicate an SSO or

crosstalk issue. It might be necessary to isolate whether the data corruption is due to writes
or reads. This case can be difficult to determine because if writes are the cause, read back of
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the data is bad as well. In addition, issues with control or address timing affect both writes
and reads.

Some experiments that can be tried to isolate the issue are:

e If the errors are intermittent, have the design issue a small initial number of writes,
followed by continuous reads from those locations. If the reads intermittently yield
bad data, there is a potential read problem.

e Check/vary only write timing:
¢ Check that the external termination resistors are populated on the PCB.

e Use ODELAY, if available, to vary the phase of DQ relative to the DK clocks.
Another option is to adjust the PHASER_OUT timing using the fine_adjust
feature of the PHASER to adjust output timing.

e Verify the timing relationship between CK and DK clocks.

¢ Vary only read timing:
e Check the IDELAY/PHASER_IN values after calibration. Look for variations

between IDELAY /PHASER_IN values. IDELAY values should be very similar for
DQs in the same byte group.

e Vary the IDELAY/PHASER_IN taps after calibration for the bits that are
returning bad data.

This affects only the read capture timing.

Debugging the Core

The Debug port is a set of input and output signals that either provide status (outputs) or
allow the user to make adjustments as the design is operating (inputs). When generating
the RLDRAM II/RLDRAM III design through the MIG tool, an option is provided to turn
the Debug Port on or off. When the Debug port is turned off, the outputs of the debug port
are still generated but the inputs are ignored. When the Debug port is turned on, the inputs
are valid and must be driven to a logical value. Driving the signals incorrectly on the
debug port might cause the design to fail or have less read data capture margin.

When running the core in hardware, a few key signals should be inspected to determine
the status of the design. The dbg_phy_status bus described in Table 3-30 consists of status
bits for various stages of calibration. Checking the dbg_phy_st at us bus gives initial
information that can aid in debugging an issue that might arise, determining which
portion of the design to look at, or looking for some common issues.

Table 3-30: Physical Layer Simple Status Bus Description Defined in the rld_phy_top Module

Debug Port Signal Name Description If Problems Arise
dbg_phy_status[0] rst_wr_clk Fabric reset based on PLL lock | If this signal stays asserted, check
and system input reset your clock source and system

reset input

dbg_phy_status[1]

po_delay_done I/O FIFO initialization to ensure | Check if the PHY control ready
the I/O FIFOs are in an almost | signal is asserted

full condition and the phaser out
delay to provide the 90° phase
shift to address/control signals
are done
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Table 3-30: Physical Layer Simple Status Bus Description Defined in the rld_phy_top Module (Cont’d)

Debug Port Signal Name Description If Problems Arise
dbg_phy_status[2] init_done RLDRAM II/RLDRAM III N/A®M
initialization sequence is
complete
dbg_phy_status|[3] rdlvl_stgl_start Stage 1 read calibration start N/A
signal
dbg_phy_status[4] rdlvl_stgl_done Stage 1 calibration is complete | N/A

dbg_phy_status[5]

edge_adv_cal_done

Edge Advance calibration is
complete

Make sure the expected data is
being returned from the memory.

Check results of Stage 1 read
calibration. Check the results of
write calibration (if enabled).

N/A
N/A

dbg_phy_status[6] init_cal_done Latency calibration completed

dbg_phy_status[7] init_calib_complete | Calibration complete

Notes:

1. N/A indicates that as long as previous stages have completed, this stage is also completed.

The read calibration results are provided as part of the Debug port as various output
signals. These signals can be used to capture and evaluate the read calibration results.

Read calibration uses the IODELAY to align the capture clock in the data valid window for
captured data. The algorithm shifts the | DELAY/PHASER | Nvalues and looks for edges of
the data valid window on a per-byte basis as part of the calibration procedure.

DEBUG_PORT Signals

The top-level wrapper, user _t op, provides several output signals that can be used to

debug the core if the debug option is checked when generating the design through the MIG
tool. Each debug signal output begins with dbg_. The DEBUG_PORT parameter is always set
to OFF in the si m_t b_t op module of the si mfolder, which disables the debug option for
functional simulations. These signals and their associated data are described in Table 3-31.

Table 3-31: DEBUG_PORT Signal Descriptions
Signal Direction Description
dbg_phy_cmd_n[nCK_PER_CLK x 3 - 1:0] Output | This active-Low signal is the internal
command that is sent to the memory used
for debug with the ChipScope analyzer
dbg_phy_addr[nCK_PER_CLK x RLD_ADDR_WIDTH x 2- | Output | Address being accessed for the commands

1:0] given with dbg_phy_cmd_n.

dbg_phy_ba[nCK_PER_CLK x BANK_WIDTH x 2 - 1:0] Output | Control bank address bus used for debug
with the ChipScope analyzer
dbg_phy_wr_data[nCK_PER_CLK x 2 x DATA_WIDTH - 1:0] | Output | Data being written that is used for debug
with the ChipScope analyzer.
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Table 3-31:

DEBUG_PORT Signal Descriptions (Cont’d)

Signal

Direction

Description

dbg_phy_init_ wr_only

Input

When this input is High, the state machine
in the rld_phy_write_init_sm module keeps
issuing write commands for Stage 1 data to
the RLDRAM II. This can be used to verify
write timing, for measuring the DK to DQ
timing relationship at the memory using an
oscilloscope. This signal must be Low for
normal operation.

dbg_phy_init_rd_only

Input

When this input is High, the state machine
in the rld_phy_write_init_sm module keeps
issuing read commands for Stage 1 read
calibration. This is useful to probe the
signals on the PCB and look for any Slissues
or verify the previous write command
occurred properly. This signal must be Low
for normal operation.

dbg_byte_sel[CQ_BITS - 1:0]

Input

This input selects the corresponding byte
lane whose phaser/IDELAY tap controls
need to be controlled by the user

dbg_bit_sel[Q_BITS - 1:0]

Input

This input selects the corresponding bit lane
whose IDELAY tap controls need to be
controlled by the user. It also controls which
read data signals are presented to the user
for debug (dbg_rd_data_rd and
dbg_rd_data_fd).

dbg_idel_up_all

Input

This input increments all IDELAY tap
values for the entire bus.

dbg_idel_down_all

Input

This input decrements all IDELAY tap
values for the entire bus.

dbg_idel_up

Input

This input increments all IDELAY tap
values for a single bit, selected by
dbg_bit_sel.

dbg_idel_down

Input

This input decrements all IDELAY tap
values for a single bit, selected by
dbg_bit_sel.

dbg_pi_f_inc

Input

This signal increments the phaser_in
generated ISERDES clk that is used to
capture rising data.

dbg_pi_f_dec

Input

This signal decrements the phaser_in
generated ISERDES clk that is used to
capture rising data.

dbg_po_f_inc

Input

This signal increments the phaser_out
generated OSERDES clk that is used to
capture falling data.
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Table 3-31: DEBUG_PORT Signal Descriptions (Cont’d)

Signal

Direction

Description

dbg_phy_init_ wr_only

Input

When this input is High, the state machine
in the rld_phy_write_init_sm module keeps
issuing write commands for Stage 1 data to
the RLDRAM II. This can be used to verify
write timing, for measuring the DK to DQ
timing relationship at the memory using an
oscilloscope. This signal must be Low for
normal operation.

dbg_phy_init_rd_only

Input

When this input is High, the state machine
in the rld_phy_write_init_sm module keeps
issuing read commands for Stage 1 read
calibration. This is useful to probe the
signals on the PCB and look for any Slissues
or verify the previous write command
occurred properly. This signal must be Low
for normal operation.

dbg_byte_sel[CQ_BITS - 1:0]

Input

This input selects the corresponding byte
lane whose phaser/IDELAY tap controls
need to be controlled by the user

dbg_bit_sel[Q_BITS - 1:0]

Input

This input selects the corresponding bit lane
whose IDELAY tap controls need to be
controlled by the user. It also controls which
read data signals are presented to the user
for debug (dbg_rd_data_rd and
dbg_rd_data_fd).

dbg_idel_up_all

Input

This input increments all IDELAY tap
values for the entire bus.

dbg_idel_down_all

Input

This input decrements all IDELAY tap
values for the entire bus.

dbg_idel_up

Input

This input increments all IDELAY tap
values for a single bit, selected by
dbg_bit_sel.

dbg_idel_down

Input

This input decrements all IDELAY tap
values for a single bit, selected by
dbg_bit_sel.

dbg_pi_f_inc

Input

This signal increments the phaser_in
generated ISERDES clk that is used to
capture rising data.

dbg_pi_f_dec

Input

This signal decrements the phaser_in
generated ISERDES clk that is used to
capture rising data.

dbg_po_f_inc

Input

This signal increments the phaser_out
generated OSERDES clk that is used to
capture falling data.
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Table 3-31: DEBUG_PORT Signal Descriptions (Cont’d)

Signal

Direction Description

dbg po_f dec

Input | This signal increments the phaser_out
generated OSERDES clk that is used to

capture falling data.

dbg_pi_tap_cnt[5:0]

Output | This output indicates the current phaser_in

tap count position.

dbg_po_tap_cnt[5:0]

Output | This output indicates the current

phaser_out tap count position.

dbg_cq_num[CQ_BITS - 1:0]

Output | This signal indicates the current byte lane
selected (either during calibration or

through the debug port).

dbg_valid_lat[4:0]

Output | Latency in cycles of the delayed read

command.

dbg_idel_tap_cnt_sel[TAP_BITS - 1:0]

Output | Current IDELAY tap setting for bits selected

using dbg_bit_sel.

dbg_inc_latency

Output | This output indicates that the latency of the
corresponding byte lane was increased to
ensure proper alignment of the read data to

the user interface.

dbg_error_max_latency

Output | This signal indicates that the latency could
not be measured before the counter

overflowed. Each device has one error bit.

dbg_error_adj_latency

Output | This signal indicates that the target

PHY_LATENCY could not be achieved.

dbg_rd_data_rd[nCK_PER_CLK x 9 - 1:0]

Output | This bus shows the captured output of the
rising data for a single byte lane, selected

using dbg_byte_sel.

dbg_rd_data_fd[nCK_PER_CLK x 9 - 1:0]

Output | This bus shows the captured output of the
falling data for a single byte lane, selected

using dbg_byte_sel.

dbg_rd_valid

Output | Read data valid signal that aligns with the

dbg_rd_data_rd and dbg_rd_data_fd.

dbg_wrcal_sel_stg[1:0]

Input | Selects which stage of write calibration to
output: dbg_wrcal_po_first_edge,
dbg_wrcal_po_second_edge, or

dbg_wrcal_po_final.

dbg_wrcal[63:0]

Output | General Debug port for write calibration

dbg_wrcal_done[2:0]

Output | Indicates stage of write calibration

completed.
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Table 3-31:

DEBUG_PORT Signal Descriptions (Cont’d)

Signal

Direction Description

dbg_wrcal_po_first_edge[5:0]

Output | First edge of write calibration window
found for the selected byte lane (using
dbg_byte_sel). To select a given stage of
calibration, use dbg_wrcal_sel_stg, 2'b01 is
for byte lanes with a DK clock, and 2'b10 is

for byte lanes without a DK clock.

dbg_wrcal_po_second_edge[5:0]

Output | Second edge of write calibration window
found for the selected byte lane (using
dbg_byte_sel). To select a given stage of
calibration, use dbg_wrcal_sel_stg, 2'b01 is
for byte lanes with a DK clock, and 2'b10 is

for byte lanes without a DK clock.

dbg_wrcal_po_final[5:0]

Output | Final tap setting for write calibration for the
selected byte lane (using dbg_byte_sel). To
select a given stage of calibration, use
dbg_wrcal_sel_stg, 2'b01 is for byte lanes
with a DK clock, and 2'b10 is for byte lanes

without a DK clock.

Write Init Debug Signals

Table 3-32 indicates the mapping between the write init debug signals on the
dbg_wr _i ni t bus and debug signals in the PHY. All signals are found within the
rid phy write_ init_smmodule and are all valid in the clk domain.

Table 3-32: Write Init Debug Signal Map

Bits PHY Signal Name Description
dbg_phy_init_sm[3:0] phy_init_cs Current state of the initialization state machine
dbg_phy_init_sm[6:4] start_cal Flags to determine stages of calibration

dbg_phy_init_sm[7]

init_complete

Memory initialization is complete

dbg_phy_init_sm[8]

refr_req

Refresh request

dbg_phy_init_sm[9]

refr_done

Refresh complete

dbg_phy_init_sm[10]

stage2_done

Stage 2 calibration is complete

dbg_phy_init_sm[22:11] refr_cnt Refresh counter
dbg_phy_init_sm[26:23] phy_init_ps Previous state of the initialization state machine
dbg_phy_init_sm[31:27] Reserved N/A

Read Stage 1 Calibration Debug Signals

Table 3-33 indicates the mapping between bits within the dbg_r d_st agel_cal busand
debug signals in the PHY. All signals are found within the qdr _r | d_phy_rdl vl module
and are all valid in the clk domain.
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Table 3-33: Read Stage 1 Debug Signal Map

Bits

PHY Signal Name

Description

dbg_phy_rdlvl[0]

rdlvl_stgl_start

Input from initialization state machine indicating start of
stage 1 calibration

dbg_phy_rdlvi[1

rdlvl_start

Indicates when calibration logic begins

found_edge_r

Indicates a transition of data window was detected

dbg_phy_rdlvl[3]

patO_data_match_r

Expected data pattern seen at ISERDES outputs

[
dbg_phy_rdlvl[2

[

[

dbg_phy_rdlvl[4]

patl_data_match_r

Expected data pattern is seen at ISERDES outputs; however,
this is shifted due to the first read data aligning to the
negative edge of the ICLKDIV

dbg_phy_rdlvl[5] data_valid Valid calibration data is seen

dbg_phy_rdlvl[6] call_wait_r Wait state for observing the data after the IDELAY /phaser
taps have been varied

dbg_phy_rdlvl[7] Reserved

dbg_phy._rdlvl[8]

detect_edge_done_r

Edge detection completed

dbg_phy_rdlvl[13:9]

call_state_r

Calibration state machine states

dbg_phy_rdlvl[20:14]

cnt_idel_dec_cpt_r

Number of phaser taps to be decremented for centering the
clock in the data window

dbg_phy_rdlvl[21]

found_first_edge_r

First edge transition detected

dbg_phy_rdlvl[22]

found_second_edge_r

Second edge transition detected

dbg_phy_rdlvl[23]

Reserved

dbg_phy_rdlvi[24]

store_sr_r

Signal to store current read data prior to incrementing tap
delays

dbg_phy_rdlvl[32:25]

sr_falll_r, sr_risel_r

sr_fallO_r, sr_rise0Q_r

Read data stored in shift registers for comparison

dbg_phy_rdlvl[40:33]

old_sr_falll_r,
old_sr_risel_r

old_sr_fallO_r,
old_sr_riseQ_r

Read data stored in registers prior to tap increments

dbg_phy_rdlvi[41]

sr_valid_r

Determines when it is safe to load the ISERDES data for
comparison

dbg_phy_rdlvi[42]

found_stable_eye_r

Indicates a stable eye is seen

dbg_phy_rdlvl[48:43]

tap_cnt_cpt_r

Phaser tap counter

dbg_phy_rdlvl[54:49]

first_edge_taps_r

Number of taps to detect first edge

dbg_phy_rdlvl[60:55]

second_edge_taps_r

Number of taps to detect second edge

dbg_phy_rdlvl[64:61]

call_cnt_cpt_r

Indicates the white byte lane is being calibrated

dbg_phy_rdlvl[65]

call_dlyce_cpt_r

Phaser control to enable phaser delays

dbg_phy_rdlvl[66]

call_dlyinc_cpt_r

Phaser control to increment phaser tap delay

dbg_phy_rdlvi[67]

found_edge_r

Indicates a transition of the data window is detected
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Table 3-33:

Read Stage 1 Debug Signal Map (Cont'd)

Bits

PHY Signal Name

Description

dbg_phy_rdlv1[68]

found_stable_eye_last_r

Indicates a stable eye is seen

dbg_phy_rdlvl[74:69]

idelay_taps

Number of IDELAY taps that detect a valid data window
while delaying incoming read data

dbg_phy_rdlvI[80:75]

start_win_taps

Number of IDELAY taps to be delayed to detect start of valid
window

dbg_phy_rdlvI[81]

idel_tap_limit_cpt_r

Indicates the end of the IDELAY tap chain is reached

dbg_phy_rdlvl[82]

qdly_inc_done_r

Indicates valid window detection by delaying IDELAY taps
is done

dbg_phy_rdlvl[83]

start_win_detect

Indicates start of window detection using IDELAY taps

dbg_phy_rdlvl[84]

detect_edge_done_r

Edge detection is completed

idel_tap_cnt_cpt_r

Counter that keeps track of the number of IDELAY taps used

[

[
dbg_phy_rdlvl[90:85]
dbg_phy_rdlvl[96:91]

idelay_inc_taps_r

Number of IDELAY taps to be incremented, if needed by the
calibration logic

dbg_phy._rd1v1[102:97]

idel_dec_cntr

Number of IDELAY taps to be decremented, if needed by the
calibration logic

dbg_phy_rdlvi[103]

tap_limit_cpt_r

Indicates the end of the phaser tap delay chain is reached

dbg_phy_rdIvI[115:104]

idelay_tap_delay

Total amount of valid window seen using idelay taps

dbg_phy_rdlvi[127:128]

phaser_tap_delay

Total amount of valid window seen using phaser taps

dbg_phy_rdlvl[255:128]

Reserved

Read Stage 2 Calibration Debug

Table 3-34 indicates the mapping between bits within the dbg_r d_st age2_cal bus and
debug signals in the PHY. All signals are found within the
gdr _rl d_phy_read_stage2_ cal module and are all valid in the clk domain.

Table 3-34: Read Stage 2 Debug Signal Map

Bits

PHY Signal Name

Description

dbg_stage2_cal[0]

en_mem_latency

Signal to enable latency measurement

dbg_stage2_cal[5:1]

latency_cntr[0]

Indicates the latency for the first byte lane in the interface

dbg_stage2_cal[6]

rd_cmd

Internal rd_cmd for latency calibration

dbg_stage2_cal[7]

latency_measured[0]

Indicates latency has been measured for byte lane 0

dbg_stage2_cal[8]

bl4_rd_cmd_int

Indicates calibrating for burst length of 4 data words

dbg_stage2_cal[9]

bl4_rd_cmd_int_r

Internal register stage for burst 4 read command

dbg_stage2_cal[10]

edge_adv_cal_start

Indicates start of edge_adv calibration, to see if the
pi_edge_adv signal needs to be asserted

dbg_stage2_cal[11]

rd0_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt)
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Table 3-34: Read Stage 2 Debug Signal Map (Cont’'d)

Bits

PHY Signal Name

Description

dbg_stage2_cal[12]

fd0_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt)

dbg_stage2_cal[13] rd1_vld Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt)

dbg_stage2_cal[14] fd1_vld Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt)

dbg_stage2_cal[15] phase_vld Valid data is seen for the particular byte for the byte being

calibrated (indicated by byte_cnt)

dbg_stage2_cal[16]

rd0_bslip_vld

Indicates valid ISERDES read data requiring bitslip for the
byte being calibrated (indicated by byte_cnt)

dbg_stage2_cal[17]

fd0_bslip_vld

Indicates valid ISERDES read data requiring bitslip for the
byte being calibrated (indicated by byte_cnt)

dbg_stage2_cal[18]

rd1_bslip_vld

Indicates valid ISERDES read data requiring bitslip for the
byte being calibrated (indicated by byte_cnt)

dbg_stage2_cal[19]

fd1_bslip_vld

Indicates valid ISERDES read data requiring bitslip for the
byte being calibrated (indicated by byte_cnt)

dbg_stage2_cal[20]

phase_bslip_vld

Valid data is seen when bitslip applied to read data for the
byte being calibrated (indicated by byte_cnt)

dbg_stage2_cal[21]

clkdiv_phase_cal_done_4r

Indicates data validity complete, proceed to assert the
pi_edge_adv signal if needed

dbg_stage2_cal[22]

pi_edge_adv

Phaser control signal to advance the Phaser clock, ICLKDIV
by one fast clk cycle.

dbg_stage2_cal[25:23]

byte_cnt[2:0]

Indicates the byte that is being checked for data validity

dbg_stage2_cal[26]

inc_byte_cnt

Internal signal to increment to the next byte

dbg_stage2_cal[29:27]

pi_edge_adv_wait_cnt

Counter to wait between asserting the phaser control signal,
pi_edge_adv signal in the various byte lanes.

dbg_stage2_cal[30]

bitslip

Fabric bitslip control signal, indicates when the logic shifts the
data alignment.

dbg_stage2_cal[31]

rd2_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt). Only valid for
nCK_PER_CLK ==4.

dbg_stage2_cal[32]

fd2_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt). Only valid for
nCK_PER_CLK == 4.

dbg_stage2_cal[33]

rd3_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt). Only valid for
nCK_PER_CLK ==4.

dbg_stage2_cal[34]

fd3_vld

Indicates valid ISERDES read data for the byte being
calibrated (indicated by byte_cnt). Only valid for
nCK_PER_CLK ==4.

dbg_stage2_cal[127:35]

Reserved

Reserved
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Margin Check

Debug signals are provided to move either clocks or data to verify functionality and to
confirm sufficient margin is available for reliable operation. These signals can also be used
to check for signal integrity issues affecting a subset of signals or to deal with trace length
mismatches on the board. To verify read window margin, enable the debug port when
generating a design in the MIG tool and use the provided example design. The steps to
follow are:

1. Open ChipScope Analyzer and program the FPGA under test.
2. Set up the ChipScope Analyzer project with signals of interest (if not already done).
3. Verify that calibration completes (i ni t _cal i b_conpl et e should be asserted) and

no errors currently exist in the example design (both t g_conpare_error and
dbg_cnp_err should be Low).

Select a given byte lane using dbg_byt e_sel .
Select a given bit lane using dbg_bit_sel.
Observe the tap values on PHASER | N for the selected byte lane using

dbg_pi _t ap_cnt . Observe the | DELAY tap values on the given DQ bit selected using
dbg_i del _tap_cnt_sel.

7. Increment the tap values on PHASER | Nuntil an error occurs (t g_conpar e_err or
should be asserted) using dbg_pi _f _i nc. Record how many phaser taps it took to
get an error from the starting location. This value is the tap counts to reach one side of
the window for the entire byte lane.

8. Decrement the tap values on PHASER | Nusing dbg_pi _f _dec back to the starting
value.

9. Clear the error recorded previously by asserting dbg_clear_error.

10. Depending on the tap count of PHASER | N, you can either decrement the taps of
PHASER | Nusing dbg_pi _f _dec to find the other edge of the window or, if there are
not enough taps to find the other edge, increment the IDELAY taps for the given bit
dbg_i del _down until another error occurs.

11. Record those results, return the taps (either PHASER | Nor | DELAY) to the starting
location, and clear the error again (dbg_cl ear _error).

This simple technique uses the error signal that is common for the entire interface, so any
marginality in another bit or byte not being tested might affect the results. For better
results, a per-bit error signal should be used. PHASER | Nand | DELAY taps need to be
converted into a common unit of time to properly analyze the results.

Automated Margin Check

Manually moving taps to verify functionality is useful to check problem bits or bytes, but
it can be difficult to step through an entire interface looking for issues. For this reason, the
RLDRAM II/RLDRAM III Memory Interface Debug port contains automated window
checking that can be used to step through the entire interface. A simple state machine is
used to take control of the debug port signals and report results of the margin found
per-bit. Currently, the automated window check only uses PHASER | Nto check window
sizes, so depending on the tap values after calibration, the left edge of the read data
window might not be found properly.

Table 3-35 lists the signals associated with this automated window checking functionality.
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Table 3-35: Debug Port Signals

Signal

Description

dbg_win_start

Single pulse that starts the chk_win state
machine. Use the ChipScope Analyzer VIO to
control this.

dbg_win_dump

Single pulse that starts the automated reporting
mechanism. Use the ChipScope Analyzer VIO to
control this.

dbg_win_bit_select[6:0]

Manual bit selection for reporting of results. The
results are provided on dbg_win_left_ram_out
and dbg_win_right_ram_out for the bit
indicated.

dbg_win_active

Flag to indicate chk_win is active and measuring
read window margins. While active, the state
machine has control over the debug port signals.

dbg_win_dump_active

Flag to indicate chk_win is automatically
reporting results sequentially for all bits.

dbg_win_clr_error

Clear error control signal controlled by chk_win.

dbg_win_current_bit[6:0]

Feedback to indicate which bit is currently being
monitored during automatic window checking.

dbg_win_current_byte[3:0]

Feedback to indicate which byte is currently
being monitored (and used to select the byte lane
controls with dbg_byte_sel).

dbg_current_bit_ram_out[6:0]

Feedback to indicate which bit is currently being
reported back during win_dump.

dbg_win_left_ram_out [WIN_SIZE-1:0]

PHASER_IN tap count to reach the left edge of
the read window for a given bit.

dbg_win_right_ram_out [WIN_SIZE-1:0]

PHASER_IN tap count to reach the right edge of
the read window for a given bit.

dbg_win_inc

chk_win control signal to increment
PHASER_IN.

dbg_win_dec

chk_win control signal to decrement
PHASER_IN.

An extra simulation-only state machine is provided to start the chk_win and win_dump
functionalities to verify the connectivity and functionality of the debug port and to allow a
better understanding of how it works. To enable this, the simulation environment has to set
the DEBUG_PORT parameter to “ON” and a local parameter called
SIMULATE_CHK_WIN under exanpl e_t op. v has to be set to “TRUE.”

Debugging Write Calibration

Due to the length of time required for completing write calibration for

RLDRAM II/RLDRAM 1], it is useful to use the N-sample feature of the Chipscope
Analyzer to selectively trigger and display a small window after a given trigger point. This
allows you to capture signals across a larger period of time than would be allowed if you
just captured a single window when the trigger condition first occurs. A good trigger
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condition is the wr cal _byt e_sel signal as well as the state machine indicator,
write_cal _cs. This allows you to focus in on a given byte lane and capture each time an
adjustment is made to the PHASER_QUT. An example of what to look for is shown in

Figure 3-50.

o wreal byte sel o1 o1 01 o1 [ o1 [ o1 | ¥oz
Currenttap o yrite cal es 3 3 ] ¥z T2 D0 e B R
) data_valid 0 of || L R | |
Data Valid 0 o[ ]
stg2_eod a ol | |
Edge of rdlvl_timeout_error 1l 1 1 1] L
window first_edge found a a J |_
found second edge found 1] 1] ’_—|_
tap where of of Kas] ! 111 [ 1 JiXos
ed ge found o po_fine second edge 1] 1] 1] 0 X 0 ‘)
Read data for [ Tidata_riseo 0aa| oaa| [0aa e B
byte being o rd data falld 155| 155 [155 | /0 .+ [ B4
calibrated =] & ridata risel ooo| ooo| [ooo w o 't 4
(use o rd data falll 1rE| 17| [1FF | .+ o R
dbg_byte_sel | & ra data rise2 10| 199 [1o8 &. | B o
as needed) o rd data_fall2 oss| o066 [ 066 | JEET ) oy VWY
o rd data rise3 10n| 1o0| [10D W e AR
o rd data fall3 022| o22| [ozz | VE # [ Jraisd
o byte _cnt 1| 1[4 j*ﬂ o R0}
bitslip 1] 1]
rda_vid ol o |
£d0_wld a a
rdl_vld 0 0
fdl wid n n
Figure 3-50: Chipscope Capture of Write Calibration
When looking for issues, check to see if the read data being returned for a given byte lane
is correct, as indicated by the dat a_val i d_r signal. This signal checks the data across
multiple clock cycles to ensure all data written during the burst is properly received. If you
see gaps in this signal this may indicate most of the data was written properly but not all of
it was, check to make sure the latency between the command and the data at the DRAM is
correct for the given settings selected.
Next, check where the algorithm finds the edges of the window and compare with the data
being received. If the data being received is always wrong, this can indicate an issue with
the read leveling performed in an earlier step of calibration or indicate a problem on the
PCB that requires additional debug.
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Multicontroller Design

Introduction

This chapter describes the specifications (including the supported features and
unsupported features) and pinout rules for multicontroller designs.

The supported and unsupported features are:

* Supports up to 8 controllers

®  Multi-interface support includes the combination of all memory interfaces as
DDR3 SDRAM (Native only), QDRII+ SRAM, and RLDRAM II up to total of 8
controllers. Multi-interface support with the DDR3 SDRAM AXI interface
combined with other memory interfaces is not supported.

¢ Multicontroller for DDR3 SDRAM (AXI only) interface is supported up to 8
independent controllers. Multicontroller support combining DDR3 SDRAM
Native and AXI interface designs is not supported.

e Banks selected for one of the controllers are not allowed for other controllers; that is,
across the same memory interfaces and different memory interfaces.

e Memory options (frequency, data width, and so on) and all other options remain the
same as for single controller options.

* Sharing of banks across two different controllers is not allowed.

¢ Rules for all memory interfaces (DDR3 SDRAM, QDRII+SRAM, and RLDRAM II)
remain the same as for single controller designs.

Getting Started with the CORE Generator Tool

Invoking the MIG tool from the CORE Generator™ tool is the same as with single
controller designs. See the appropriate memory interface chapter in this document for
more information. The MIG GUI pages that are different for multicontroller designs are
explained in this chapter.
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Multiple Controllers

Select the number of controllers from the MIG Output Options page (Figure 4-1). The
number of controllers that can be accommodated varies based on the number of banks
available in the device and depends on the memory interface configuration chosen (that is,
the selected data width and number of banks).

- —
e I
I
REFERENCE MIG Output Options
pEsIGN [H A
@ Create Design
Select this option to generate a memory controller. Generating a memory controller will create RTL, design constraints (UCF), implementation and
simulation files.
" Verify Pin Changes and Update Design
Selecting this feature verifies the modified UCF for a design already generated through MIG. This option will allow you to change the pin out and validate it
instantly. It updates the input UCF file to be compatible with the current version of MIG, While updating the UCF it preserves the pin outs of the input UCF.
This option will also generate the new design with the Component Mame you selected in this page.
Component Mame
Please specify the component name for the memory interface, The design directories will be generated under a directory with this name. Three directories
will be created "example_design”, "user_design” and "docs”, The user_design will contain the generated memory interface, The example_design adds a
simple example application connected to the generated memory interface.
Component HName mig_7series_v1 3
Multi-Controller
_ Up to maximum of & controllers with a combination of DDR.3 SDRAM, QDRII+ SRAM or RLDRAM II can be generated. The number of controllers that can be
Memory accommodated may be limited by the data width and the number of banks available in device. Refer user guide for more information
: Number of Controllers 4 C
| User Guide ‘ | Version Info ] < Back l [_ Mext= ] I Cancel
Figure 4-1: MIG Output Options Page
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Getting Started with the CORE Generator Tool

Memory Selection

I REFERENCE
DESIGN [£]
i

o 1 2 L]

o 1 2 L]

o 1 2 L]

& XILINX.

Memory Selection

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

Select the Controller Type:

DDR3 SDRAM
QDRII+ SRAM

RLDRAM II

Enable AXI interface

Memory interface selection is different for a multicontroller design compared with a single
controller design. Select the number of controllers for each memory interface on the
Memory Selection page (Figure 4-2).

| User Guide ‘ | Version Info ]

< Back. IL Next> ]I Cancel

Figure 4-2: Memory Selection Page
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FPGA Options

The Debug option can be selected for one controller only. Debug logic is generated for the
selected controller (Figure 4-3).

Xilinx Memory Interface Generator

REFERENCE Syskem Clock
DESIGN [] 4
Choose the desired input clock configuration. Design clock can be Differential or Single-Ended.

System Clock Differential R

Reference Clock

Choose the desired reference clock configuration, Reference clock can be Differential or Single-Ended.

Reference Clock Differential v
Pin Compatible FPGAs 4 Debug Signals Contral
Memory Selection v This feature allows various debug signals present in the IP to be monitored on the ChipScope tool, The debug signals include status signals of various PHY
Controller Dptions 4 calibration stages. Enabling this Feature will connect all the debug signals to the ChipScope ILA and VIO cores in the example design top module, & part of
o c1 cz 3 each bus in the debug interface has been grounded so that users can replace the grounded signals with the required signals,
AXI Parameter Debug Signals for Memory Controller Disable -
Disable
co C1 2 3
This selects the value of Sample Data depth for Chipscope ILA used in Debug || CO - DDR3 SORAM
Memory Options 1 1-0
@ @ = @ Sample Data Depth C2 - QDRIIPLUS SRAM

3 - RLDRAM IT
Internal Yref

Extended FPGA Options
) ) b Internal Vref can be used to allow the use of the Vref pins as normal IO pins. This option can only be used at 800 Mbps and lower data rates, This can free
10 Planning Options 2 pins per bank where inputs are used. This setting has no effect on banks with only outputs,

Bank Selection
co C1 2 3

System Signals Selection

Internal ¥ref

I Power Reduction

Summary

Simulation Options w

PCB Information

Design Notes Significantly reduces average IO power by automatically disabling DQYDGS IBUFs and internal terminations during WRITEs and periods of inactivity

10 Power Reduction oM v

& XILINX

’ User Guide ] ’ ‘ersion Info ] < Back ] I Mext= l ’ Cancel

Figure 4-3: FPGA Options Page
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Extended FPGA Options Page

Figure 4-4 shows the Extended FPGA Options page for a multicontroller design with all
three memory interfaces chosen.

F ™
REFERENCE Internal Termination for High Range Banks
pEsIGH [
Select the internal termination (IN_TERM) impedance for the High Range (HR) banks. This setting applies only to the HR. banks used in the interface.
: Internal Termination Impedance [ 50 Ohms -
i DDR.3 SDRAM
Digitally Controlled Impedance (DCI)
The DCI (Digitally Controlled Impedance) IjO standards are applied appropriately in High Performance banks. DQ and DQS5/DQ5# signals utilize DCI
standards (S5TL15_T_DCI for DQ's and DIFF_SSTL15_T_DCI for DQS and DQS#). DCI is not used for the Address/Control output signals. Consult the
Pin Compatible FPGAs W User Guide for more information and use IBIS simulation to determine the best termination strategy.
5 I ti V
IR DCI Cascading Information
Controller Options W
T = = = Select the DCI Cascade for cascading the DCI reference pins in the banks to obtain pin effidency. Refer to the MIG User Guide to know the rules for
selecting the Master-Slave banks.
AXI Parameter DCI Cascade B
o 1 2 3
SR TR v QDRII+5RAM
o 1 2 3 ; - g
Digitally Controlled Impedance (DCL
FPGA Options v A peia sl
The DCI (Digitally Controlled Impedance) IO standards are applied appropriately in High Performance banks. Q, CQ/CQ# and QVLD signals utilize DCI
~ ~ standards (HSTL_I_DCI). DCI is not used for Address/Control and Data Write output signals. Consult the User Guide for more information and use
10 Planning Options IBIS simulation to determine the best termination strategy.
|| | Bank Selection DCI for Data and Read Clocks
I o 1 2 3
System Signals Selection RLORAM II
Sui
I Ly Digitally Controlled Impedance (DCI)
Simulation Options
Il Fecamn N The DCI (Digitally Controlled Impedance) IO standards are applied appropriately in High Performance banks. DQ and QK/QK# signals utilize DCI
SIIEETT standards (HSTL_II_DCI). DCI is not used for the Address,/Control output signals. Consult the User Guide for more information and use IBIS simulation
Design Notes to determine the best termination strategy.
| DCI for Data and Read Clocks
I

& XILINX.

’ User Guide ] ’ Viersion Info ] < Back ] [ Mext= ] ’ Cancel

Figure 4-4: Extended FPGA Options Page
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System Clock Pins Selection

Select the system clock pins on the System Pins Selection page. System clock pins can be
selected for each controller; this varies based on the number of controllers (Figure 4-5).

System Clock Pin Selection

The sys_clkis used as the system dock for the memory interface. This signal should be connected to a low jitter external dock source via a
differential (P/N) pair for best performance. This signal should be in the address/control bank, but may be placed in an adjacent bank if there are
not enough pins available such as when fitting a 16 bit interface in a single bank.

Signal Name Bank Number Pin Number
1 cl_sys_clk_p/n l39 - "Jl?»ﬂ-! 13(CC_PN) -
2 cl_sys_clk_p/n l38 - "KIQIJ 18(CC_P/N) -
3 c2_sys_clk_p/n IBG - "KZ‘}ﬂQS(CC_P,.’N) -
4 3_sys_clk_p/n l18 - "\c‘35,|'\c'36(CC_Pﬂ\l) -

Figure 4-5: System Clock Pins Selection Page

System Clock Sharing

The criteria for sharing a system clock pin is as follows:

System clock pins can be shared across the controllers when the input frequency is the
same for the controllers.

Pins can be shared across the controllers as long as the memory interface chosen
banks are in the same column.

One CCIO port can drive any number of PLLs and there is no restriction on maximum
number of PLLs that a system clock pin can drive. So the same pin can be used for any
number of controllers.

MIG validates the all above rules after clicking the Next button and once the selection
for System Clock pins is done.

Selecting the same pin indicates the same pin is shared across the controllers.

One PLL and one MMCM are needed for each controller regardless of system clock
pin is shared or not. System clock pin can only be shared and no other resources (PLL
or MMCM) are shared across controllers.

MIG Directory Structure

The MIG output directory structure is slightly different for the user design RTL folder
compared with the single controller design. The user design RTL folder contains the
subfolders for each memory interface, and related RTL files are generated in the
corresponding memory interface folders. All chosen memory interfaces for multicontroller
designs are shown in Figure 4-6.
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MIG Directory Structure

. mig_Tseries vl 3
docs
exarnple_design

par
y il
traffic_gen
| sim
synth
user_design
rtl
clocking
ddr3_sdram
. controller
§ ecc
| ip_top
phy
| phy_traffic_gen
ui
qdriiplus_sram
J phy
rldram_ii
. controller
| ip_top
phy
Joui

ucf

Figure 4-6: MIG Directory Structure

7 Series FPGAs Memory Interface Solutions

UG586 October 16, 2012

www.xilinx.com 337


http://www.xilinx.com

Chapter 4: Multicontroller Design & XILINX.

338 www.xilinx.com 7 Series FPGAs Memory Interface Solutions
UG586 October 16, 2012


http://www.xilinx.com

& XILINX.
Chapter 5

Migrating to Vivado Design Suite

This chapter includes the steps to generate MIG IP from the Vivado™ Design Suite as well
as steps for various other flows with the Vivado tool. These steps are valid for all memory
interfaces (DDR3 SDRAM, DDR2 SDRAM, QDRII+ SRAM, and RLDRAM II).

Getting Started with Vivado — MIG IP Generation

This section provides the steps to generate MIG IP using the Vivado Design Suite and run
implementation with the Vivado tool.

1. Invoke the Vivado IP GUI (see Figure 5-1).

A Vivado 2012.2

Getting Started Documentation

Create New Project
il uide you through the proces of selectiig
atarget devic for a new project.

Vin

wwwwwwwwwww

o 2o

Figure 5-1: Vivado Tool

2. To create a new project, click the Create New Project option shown in Figure 5-1 to
bring up the page as shown in Figure 5-2.
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% New Project

Create a New Vivado Project
This wizard will guide vou through the creation of a new project

Ta create a Yivado project you will need to provide a name and a location For your project Files, Mext, you will
specify the bype of Fow you'll be working with, Finally, vou will specify your project sources and choose a

default part,

\/ | \/A DO To continue, click Mext,

Cancel

Figure 5-2: Create a New Vivado Tool Project

3. Click Next to proceed to the Project Name page (Figure 5-3). Enter the Project Name
and Project Location. Based on the details provided, the project is saved in the
directory.

% New Project EJ

Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘\\1,

Project name: | project_1 |

Project location: ! C:,fVivad0| ! E]

Create Project Subdirectory

Project will be created at: C:jVivadofproject_1

Figure 5-3: Project Name
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4. Click Next to proceed to the Project Type page (Figure 5-4). Select the Project Type as
RTL Project because MIG deliverables are RTL files.

% New Project @

Project Type :
Specify the type of project ko create, ‘\\1,

@ RTL Project
‘fou will be able to add sources, generate IR, run RTL analysis, synthesis, implementation, design planning and analysis,

[[] Do nat specify saurces at this time

O Post-synthesis Project
‘fou will be able to add sources, view device resources, run design analysis, planning and implementation,

O 1f0 Planning Project
Do not specify design sources, You will be able to view partfpackage resources,

Imported Project
Create a Vivado project from a Synplify, %ST or ISE Project File,

O

Cancel

Figure 5-4: Project Type

5. Click Next to proceed to the Add Sources page (Figure 5-5). RTL files can be added to
the project in this page. If the project was not created earlier, proceed to the next page.

% New Project @

Add Sources

Specify HOL and netlist files, or directories containing HOL and netlist files, to add to your project, Create a new source file on disk and ‘\\1,
add it to your project, You can also add and create sources later,

1d Mame Library HOL Source for Location

Add Files. .. ] [ Add Directories. . ] [ Create File... ]

Target Language: IVeriIog - |

Cancel

Figure 5-5: Add Sources
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6. Click Next to bring up the Add Existing IP (Optional) page (Figure 5-6). If the IP is
already created, the XCO file generated by the IP can be added to the project and the
previous created IP files are automatically added to the project. If the IP was not
created earlier, proceed to the next page.

% New Project @

Add Existing IP {optional) -
Specify an existing configurable IP file to add to your project, ‘\\1,

1d 1P Marme IP File

>
Add Files. .,

Figure 5-6: Add Existing IP (Optional)

7. Click Next to bring up the Add Constraints (Optional) page (Figure 5-7). If the
constraints file exists in the repository, it can be added to the project. Proceed to the
next page if the constraints file does not exist.
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% New Project X]

Add Constraints (optional)
Specify or create constraint files for physical and timing constraints,

Constraint File

Lacation

[ add Files. .

] [ Create File...

Cancel

Figure 5-7: Add Constraints (Optional)

8. Click Next to proceed to the Default Part page (Figure 5-8) where the device that needs
to be targeted can be selected. The default Part page appears as shown in Figure 5-8.

% New Project .

Default Part

Choose a default ¥ilinx part or board For yvour project., This can be changed later,

Speify Filker
@.Pa.rts Product category | Al - Package | Al -
@ Boards Eamily | Al - | Speed grade | Al -
Sub-Family | all - | Temp grade | Al -
Search: i Q- |
B Icl?u:ltn IAgBa:able II:ZIL;nents RIS gl.glfﬂks o ?:jansceivers gﬁies
% xcPvx485tffgl157-2L 1,157 GO0 303600 &07200 1030 2800 20 4 -~
6 xcPvx485tffgl155-3 1,158 350 303600 607200 1030 2800 45 4
% xcPvx485tffgl155-2 1,158 350 303600 &07200 1030 2800 45 4
8 xcPvx485tffgl155-2L 1,158 350 303600 &07200 1030 2800 48 4
% xcPvx485tffg1155-1 1,158 350 303600 &07200 1030 2800 45 4
% xcPvx4BStffgl7el-3 1,761 700 303600 &07200 1030 2800 28 4
% xcTvx48Stffgl7el-z 1,761 00 303600 &07200 1030 2800 28 4
6 xcPvx4B5tffgl7el-2L 1,761 700 303600 &07200 1030 2800 28 4
% xcTvx48Stffgl7el-1 1,761 00 303600 &07200 1030 2800 28 4
8 xcPvx485tffgl927-3 1,927 GO0 303600 607200 1030 2800 56 o W
£ | b=

Cancel

Figure 5-8: Default Part (Default Window)

Select the target Family, Package and Speed Grade. The valid devices are displayed in
the same page, and the device can be selected based on the targeted device
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(Figure 5-9).

% New Project EJ

Default Part

|
Choose a default ¥ilinx part or board For yvour project., This can be changed later, ‘:1’
Specify Filter
5 Parts Product category | Al . Package | FFG200 -
& Boards Eamily | Kintex-7 ~ | Speed grade | -3 -
Sub-Family | All Remaining - | Temp grade | All Remaining -

Reset All Filkers

Search: i-;'i' |
. 10 Pin Available LuT . Block, Gb PCIL
B Count I0Es Elements RIS RAMs BEA Transceivers  Buses
T S o760
% xc7ka410LfFga00-3 00 S00 254200 505400 795 1540 16 1

< I bl =]

Figure 5-9: Default Part (Customized Window)

Apart from selecting the parts by using Parts option, parts can be selected by choosing

the Boards option, which brings up the evaluation boards supported by Xilinx
(Figure 5-10). With this option, design can be targeted for the various evaluation
boards.

% New Project EJ

Default Part

|
Choose a default ¥ilinx part or board For yvour project., This can be changed later, ‘i T
Specify Filter
P Parts Eamily | 4l 5
] Boards Package | &l o
Speed grade | All -

Reset All Filkers

Search: i Q- |
I Pin Available LuT . Block
Eaerd R Counk: I0Bs Elements gl RAMs BE3
H Kintex-7 K705 Evaluation Platform 6 xc7k3256ffgo00-2 900 S00 203800 407600 445 G40
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Figure 5-10: Default Part Boards Option

344

www.xilinx.com 7 Series FPGAs Memory Interface Solutions
UG586 October 16, 2012

& XILINX.


http://www.xilinx.com

& XILINX. Getting Started with Vivado — MIG IP Generation

9. Click Next to bring up the New Project Summary page (Figure 5-11). This includes the
summary of selected project details.

% New Project EJ

> 8

New Project Summary

@ A new RTL project named ‘project _1' will be created,

& Mo source files or directories will be added, Use Add Sources to add them later,
& Mo Configurable IP files will be added. Use Add Sources to add them later,

& Mo constraints files will be added. Use Add Sources to add them later,

@ The default part and product Family For the new project:
Default Part: xc7k3zstffgo00-3
Product: Kintex-7
Family: Kinkex-7
Package: ffga00
Speed Grade: -3

VIVADO

Ta create the project, click Finish

Mest = F Finish [ Cancel

Figure 5-11: New Project Summary

10. Click Finish to complete the project creation. Figure 5-12 shows the Vivado IP GUI
page after project creation.
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Fle Edt Flow Tooks ‘Window Layout Wiew Help ]

AR ool X ®Db S K TS [Eocfuieou - % ® Ready
| Flow Navigator « || Project Manager - project_t x|
A== || Sources -0Oa x L Project Summary X Og x
| = o ok B =
I i = eat R = D B A
PE—— | ¢ nE Z| @ projet sertmgs ) | B s A
. | | [ 5 pesgn sources e
@ project settings et Project name:  project_t Surmary:  Qsrors
& Add sowces Product family:  Kinkex-7 O critical warnings
£ 1p Catdog Projectpart:  xe7kazStiigE00-3 0warnings
Top mode name: fiot Defined
] =5 Synthesis (Ready) % Implementation (Ready) S
&} Simulation Settings
@) Run St Part: xcTK32SLFQI00-3 Part:  xcTk325tQA00-3
| O Satc Siniaton Strategy: Wivado Synthesis Defaults Strategy: Vivado Implementation Defaults
Flow: wivado Synthesis Flow: Vivado Implementation
4 RTL Analysis
b 5 Open Elsborated Design
& Svothesis Hierarchy | Libraries | Compile Order |
& Sunthesis Settings £ sources | Templates |
& Run synthesis
Properties -0a x
> B or =
+ = B3 k
4 Implementation
3 Implementation Settings
[ Run Implementation
4 Program and Debug
&5 Bitstream Settings
] Generate Bitstream
[ open Hardware Session
Design Runs. -0a = 1
| name Part Constraints | Strategy Status  Progress Start Elspsed  Ubl(%)  FMax(vHz) | TmingScore | Unrouted | Description
z (= = synth_1 xc7k325tFfg300-3 constrs_{ Wivado Synthesis Defaults (Vivado Synthesis 2012) Notstarted C——— J0% Vivado Synthesis De| |
| = impl_t xc7kazsiifgeon-3 constrs 1 ivado Defaulks (iivado 2012) Mot started —————J 0% wivardo Implementati
2
4
1
ot L=l
" EiTd Consols | Messages | GlLog | 5 Reports . (5 Design Runs

Figure 5-12: Vivado Tool Project

11. Click IP Catalog on the Project Manager window to bring up the IP catalog window.
The IP Catalog window appears on the right side panel (see Figure 5-13, highlighted in
a red circle).
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Fie Edt Flow Tools ‘Window Layout Yiew Help arnds |
AR ool X ®Db S K TS [Eocfuieou - % ® Ready
Flow Navigator X
el —1 —Oax | £ Project summary IP Catalog X oa x
e
| search: [
PTE— Bl zoa: [
) Project Settings = nane St version 2 A4 Status License
5 At Sources = Automotive & Industria
@500 <t A1 Infrastructure
TF 7 Catalog I ey
Basic Elements
4 Simuation EY & Networking
3 Smulation Settings Preview = Debug & verification
% Digital Signal Processing
@ R st « Embecded Processing
a1 Open Static Simulation L FPGA Features and Design
L4 Math Functions
4 RITL Analysis [ | Memories & Storage Elements
5 e Standard Bus Interfaces
b 5 Open Elsborated Design
@ @; Video & Image Processing
4 Synthesis < > =
& Synthesis Settings A sources | 7 Templates E
& Run synthesis
Properties —O@x
b B Open Sy £
+ =%k
4 Implementation
3 Implementation Settings
[ Run Implementation R
etails
b B Open Inplenented Desiy —
4 program and Debug
&5 Bitstream Settings
] Generate Bitstream =
[ open Hardware Session
B o g
Design Runs —gax |
| name Part Constraints | Strategy Status  Progress Start Elspsed  Ubl(%)  FMax(vHz) | TmingScore | Unrouted | Description |
2| = synth_L xc7k325:ffg00-3 constrs 1 Vivado Synthesis Defaults (Wivado Synthesis 2012) Mot started 0% Wivarln Synthesis De
| = impl_t xc7kazsiifgeon-3 constrs 1 ivado Defaulks (iivado 2012) Mot started —————J 0% wivardo Implementati
E
]
&
[ sl

A

<
5 Tel Console: | Messages | G Log | 2 Reports (% DesignRuns

Figure 5-13:

IP Catalog Window

12. The MIG tool exists in the Memories & Storage Elements -> Memory Interface
Generators section of the IP Catalog window (Figure 5-14) or you can search from the
Search tool bar for the string “MIG.”
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Fle Edt Flow Tools Window Layout Yiew Help I
AR oo2h X DD XS K TS [Hoefaiayoun % ® Ready
Flow Navigator <«| | ProjectManager - project_t X
el —1 Templates —Oax roject Summary > Oa %
[~9]
A search:
(e Bl zoa: [
&) Project Settings : Narme A1 Wersion 2 AXI4 Status License
S s : b
BB I =
LF 1P cotalog Chalos % [ BaselP
& Basic Elements
4 Simuation 5| & Networking
& smulation Settings Praview = Debug & verification
43} &= Digital signal Processing
@ R st ™ Embecded Processing
a1 Open Static Simulation L = FPGA Features and Design
@i = ath Functons
4 RITL Analysis @ Memoties & Storage Elements
b 5 Open Elsborated Design 2 o —_—-
v
oductian[Indluded |
4 Synthesis < 2
& Surthesis Settings B sources, 7 Templates “4F Uniware Asynchronous FIFO 0 Beta Included
B> Fun Synthesis — . +TF Uniware Distributed Memory 0 Beta Included
I P onpemes -0a x “4F Uniware Synchronous FIFO o Beta Included
o !
gl Standard Bus Tnkerfaces
[eal |
+ = Gl viden & Image Fracessing
4 Implementation 4F MIG 7 Series
3 Implementation Settings IS
version: 1.6 —~
[ Run Implementation
Interfaces: Native, AXI4 Detals
LA - Part status: Bre-prodiiction Nemsi MIG T Series A
i B Ucense:  Included Version: 1.6
&5 Btstream Settings wendor:  xilinx, Inc. Interfaces: Native, A4
) Generate Bitstream Plbrary: ip — Description: This Memory Interface Generator is a simpls menu driven kool to generats advanced memory interfaces, This and pin placement will help you design your
Description:  This Memory Interface Generator i a simple menu driven toc appiication, Kintex-7 supports DDR3 SDRAM, DDR2 SDRAM, QDR IT+ SRAM and RLDRAMIL, Virtex-7 supparks DDR3 SDRAM, DDRZ SDRAM, QDR I+ SRAM and RLDRAMIL, Artix-7 supports
I open Herdware session enerate advanced memory interfaces. This tool generates | DORS SDRAM and DDRZ SDRAM.
B Lonch A in placement constraints tht: will hefp you design your Status:  pre-production
application. Kinkex-7 supports DOR3 SDRAM, DDR2 SDRAM, e &
< | LS| g
Design Runs —Oax
| name Part Constraints | Strategy Status  Progress Start Elspsed  Ubl(%)  FMax(vHz) | TmingScore | Unrouted | Description
Z (= = synth_1 xc7k325tFfg300-3 constrs_{ Wivado Synthesis Defaults (Wivada Synthesis 2012) Notstarted C——— J0% Wivado Synthesis De|
| = impl_t xc7kazsiifgeon-3 constrs 1 ivado Defaulks (iivado 2012) Mot started —————J 0% wivardo Implementati
E
[ =]
BTl Console | © Messages | G Log | 4 Reports . % DesignRuns

IP; MIG 7 Series

Figure_11.PNG - Pairt]

Figure 5-14:

IP Catalog Window - Memory Interface Generator

13. Select MIG 7 Series to bring up the MIG tool (Figure 5-15).

Memory
Interface

& XILINX.

User Guide | Version info

L]

Memary Interface Generatar

The Memory Interface Generator (MIG) creates memory controllers for Xiline FPGAs MG creates complete
customized Venlog or VHDL ATL sowrce code, pin-out and design constramts for the FPGA selected. and scnpt files
Tor implementatien and simulation

CORE Generator Options

This GUI includes 2l configurable options along with explanations o aid in generation of the required contraller.
Please note that sume of the oplons selected in the CORE Generstor Project Opbons will be used in generation of the
controller |tis very important that the correct CORE Generator Project Options are selected. These optons are fisted
below

Selected CORE Generator Project Options

FPGA Family Kintex-7

FPGA Part xc7k325t-Fga00
speed Grade -2

Synthesis Toal ISE

Design Entry VERILOG

If any of these optiol re incorrect, please click on "Cancel”, change the CORE Generatar Project
Options, and restart MIG. This version of MIG is ’ummﬂl to work with ISE 14.3 and Vivado 2012.3,
not tested with other ISE

Figure 5-15: 7 Series FPGAs Memory Interface Generator FPGA Front Page
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14. Generate the design from the MIG tool. After generating the design, the project
window appears as shown in Figure 5-16.

Fle Edt Flow Tools Window Layout YView Help

AR 0ORBX OD U DBX TG - %|® Gy
Flow Mavigator «| | Project Manager - praject_1 X
=8 Templates -Oax I Project Summary X |iF IP Catalog % ogx |
—— | [AZ & A search: | @1
|4 Project Manager i ! |
) Project Settngs oo & pame 1 yerson v axs Status License.
84 Add Sources 7 Automotive & Industria
= ARl Infrastructure
LF 1P Catalon = Baselp
= Basic Elements
4 simuation &Networking
€5 Simulaton Sektings = Debug & Verfication
= Digtal Signal Processing
@} Run Simuletion - Embedded Processing
T Open Static Smulation L = FPGA Features and Design
Math Functions
2 RTL Analysis lemories & Storage Elements
5% Open Elaborated Design S FECE
a ) Memory Interface Generators
A ey < 5 LFWIG 7 Series e Native, A1+ Pre-production Indluded
{15 RAMs B ROMS
&5 Svrthesis Settings | & Sources | @ Templates £ Uniware Asynchronous FIFO 0 Beta Included
& Run Synthesis | B = £ Uniware Distributed Memory 0 Beta Included
5 1P Properties —o@x £ Unware Synchronous FIFO 0 Beta Included
> B or b L
PN TS ¢ (= standard Bus ntefaces
515 Viden & Image Processing
4 Implementation £F 116 7 Series
& Tmplementation Settings =
Wersion: 1.6 -
[ Run Implementation
= Interfaces:  Native, AKI4 Details
L Part status: Fre-production T [ ~
i License:  Included Verson: 16
@ Ststreamsettings Vendori iy, Inc. Interfaces: Native, A1+
B Conorate Bt Plbrary:  ip Description: This Memory Interface Generator is a simple menu driven kool to generate advanced memary interfaces, This L and pin placement wil help you design your
5l Deseritiin This ey Tnti Foce Gamerator 15 skople ey dhiver Eot application. Kintex-7 supports DOR3 SORAM, DDRZ SDRAM, QDR I+ SRAM and RLDRAMIL, Virtex-7 supports DDR3 SDRAM, i SDRAM, QDR I+ SRAM and RLDRAMIL. Artix-7 supports
I8 Open Harduware Session generate advanced memory interfaces., This toal generates | DR SDRAM and DDR2 SDRAM
B ; and pin placement constraints that wil help you design your Status:  Pre-production
‘application, Kinkex-7 supports DDR3 SDRAM, DDRZ SDRAM, Heamhls |
Licerse:  Included =
< | ¥
Messages e

do Commands (Z fo:)
Other Messages (2 infos)
& -@ [1P_Flow 18-234] Refreshing IP repositories
@ @ [1P_Flow 19-816] Loaded Xilinx [P repository ‘G fxbuids/ids_14
{@)| =@ Generated IP (3 nfos)
@) mig_7series_v1_6_0 (3 irfos)

2_P.28.1.0int64/14 .2/15E_DS[I5E"

@ [coreutil 873] Reloading repositories because of a changed repostory configuration
- [coreutil 677] Reloaded all repositories after a full directory search,

@ [sim 172] Generating IP,

| 3 Tcl Console . Messages | [ log | 2 Reports | 15 Design Runs

Figure 5-16: Vivado Tool Project Window (After IP Generation)

15. When the project is created, the XClI file is added to the project automatically
(Figure 5-17). The added XCl file appears in the Sources -> Hierarchy tab (highlighted
in the red circle in Figure 5-17).
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4 Project Manager i _ : .

@ Project Settings Messsges B 1 erties| wamin = Name et

S A § & Design Scurces £ § - Memories & Storage Elements

¥ Add Sources
L} 1# catalog

# [|F Integrater
# Crezte Block Des

4 Smlation
& sirrulation Settings E |
@ Run Sirnulation
B Cpen Static Simuation

4 FTL Anahysis
1s® Upan E'aborated Design

a Synthesis
@ syrthesis Settings
P nun Synthesis

-

4 Implemertation
ﬁ Imglementatior Settings
B Run Imslementation
" &nir emeanted Ues g

. e

16.

§ . Memory Inteface Generators

o= @2 mig_7series_vl_7_a_0 [mig_7seres_v1_7_a_Dxci .
L0 MIG 7 Seres e Ll

@0 Constramnts (.
@= = Simulation Sources ||

Hierarchy P Sources libraries Compila Order
& Sources | Templstes

Saurce Noce Froperties = EE X LI 1
- " G, Detais

& mig_Tseries_vl_7_a_D (mig_7series vl _7_a_0.uci) L} | Nama: MIG 7 Series
1 " ] zﬁ [+ ?Umr.nn: 1.7.a
General Attrbutes P [E] Lintertzces:  ax4-ine, axa &
Messages - =
O, F®1 eritical warning [J@5S3infes [0 7 status messages | Shevs &ll

P4 @ U Analysis Results (| crocz camng

=1 ¢ ® sowces 1 (1 wile

® [HOL 8-808)] Syntax error near “%”. |mig Tseres vl 7 3 0149

2Tzl Corsole © Messages Wlng S Reports & Design Runs

Figure 5-17: Vivado Tool Project Sources Window

Design generation from MIG can be generated using the Create Design flow or the
Verify Pin Changes and Update Design flow. There is no difference between the flow
when generating the design from the MIG tool. Irrespective of the flow by which
designs are generated from the MIG tool, the XClI file is added to the Vivado tool
project. The implementation flow is the same for all scenarios because the flow
depends on the XCI file added to the project.

All MIG generated RTL files are automatically added to the project. If files are
modified and you wish to regenerate them, right-click on the XCI file and select
Generate Output Products (Figure 5-18).
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17.

Figure 5-18: Generate RTL and Constraints

Clicking the Generate Output Products option button brings up the Manage Outputs
window (Figure 5-19). If Simulation or the Example Design is desired, select the
Generate option in the Actions pull-down menu. By default, these two outputs are not

generated.
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Figure 5-19: Generate Window

18. All user-design RTL files and constraints files (XDC files) can be viewed in the Sources
-> Libraries tab (Figure 5-20).
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19.

Figure 5-20: Vivado Project — RTL and Constraints Files

All the wrapper level files and test bench modules can be added to the project
manually using the File> Add Sources option (this option is also available by
right-clicking on the XCO file and clicking Add Sources).

If you generated an example design during step 17, a new Vivado project is created
separate from the current design. This project has the traffic generator RTL files and
the exanpl e_desi gn top level module and the XDC file configured, along with the
underlying memory interface design files.

20. The example project looks similar to Figure 5-21.
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Figure 5-21: Vivado Project after Running vivado_gui.tcl

21. Click Generate Bitstream (highlighted in the red circle in Figure 5-21) under Project
Manager > Program and Debug to generate the BIT file for the generated design.

The <proj ect directory>/<project directory> runs/ inpl_1 directory
includes all report files generated for the project after running the implementation.

22. Recustomization of the MIG IP can be done by using the Recustomize IP option
button. Right-click on the XCI file and click Recustomize IP (Figure 5-22) to bring up
the MIG GUI and regenerate the design with the preferred options.
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Figure 5-22: Recustomize IP

Script Files — Command Line Mode

Apart from running the implementation flow provided in Getting Started with Vivado —
MIG IP Generation, script files generated by the MIG tool can used for implementation
flow and simulation flow.

Implementation Flow

The MIG tool generates the Tcl file to run the implementation flow in command line mode.
The Vivado.tcl file is generated in the <pr oj ect di r ect ory>/ <pr oj ect

di rectory>. srcs/sources_1/i p/ <Conponent Name>/ <Conponent

Nanme>/ exanpl e_desi gn/ par directory.

Change the current working directory to <pr oj ect direct ory>/ <proj ect

di rectory>. srcs/sources_1/i p/ <Conponent Name>/ <Conponent
Nanme>/ exanpl e_desi gn/ par at the console/ DOS prompt and run the following
command:

vivado -node tcl -source vivado.tcl

This command runs synthesis, implementation, and generates the BIT file.

Simulation Flow

The MIG tool also generates the script file to run simulations with the Vivado Simulator.
The xsi m_run. sh/ xsi m_run. bat file is generated in the <pr oj ect
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di rectory>/<project directory>. srcs/sources_1/i p/ <Conmponent
Name>/ <Conponent Name>/ exanpl e_desi gn/ si mdirectory.

Change the current working directory to <pr oj ect directory>/<proj ect

di rectory>. srcs/sources_1/i p/ <Conponent Nane>/ <Conponent

Name>/ exanpl e_desi gn/ si mat the console/DOS prompt and run the

xsi m run. sh/ xsi m run. bat file. After running this, the design is simulated with the
Vivado Simulator with complete flow (adds up both user_design and example_design
files).
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Appendix A

Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the

Xilinx Support website at:

http:/ /www.xilinx.com/support.

For a glossary of technical terms used in Xilinx documentation, see:

http:/ /www.xilinx.com/company /terms.htm.

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual

property at all stages of the design cycle. Topics include design assistance, advisories, and

troubleshooting tips.

The Solution Center specific to MIG is located at the Xilinx MIG Solution Center.
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