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1 Introduction
This document describes how to customize and use the Xilinx DDR4 SDRAM Memory Interface Generator (MIG)
IP (Vivado 2015.4 to 2016.2) in the ADM-XRC-KU1 reconfigurable computing card. Familiarity with the Vivado
toolset is assumed. Code is generally presented as VHDL, but Verilog and SystemVerilog are equally valid as
languages for developing an FPGA design and are compatible with the methodology presented in this document.

The ADM-XRC-KU1 is a reconfigurable computing card with a Kintex Ultrascale FPGA. Among other hardware
features, it has four independent 32-bit wide banks of DDR4 SDRAM, each consisting of two 16-bit wide
components.

Supported component types are given in Table 1 below.

Component Component
density Speed FPGA speed

grade Vivado version

MT40A512M16HA-083E 8 Gib
(512 Mi x 16)

2400 MT/s
(1200 MHz) -2 or faster 2015.4 to 2016.2

Table 1 : Supported memory components
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2 Memory architecture of the ADM-XRC-KU1
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Figure 1 : Memory architecture of the ADM-XRC-KU1

The ADM-XRC-KU1 has eight DDR4 SDRAM components, arranged as four independent banks of memory.

The canonical pinout, consisting of all pins of a given bank of DDR4 SDRAM, is summarized by Table 2 below:
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Port Direction Type

cN_ddr4_dq inout 32-bit vector

cN_ddr4_dqs_t inout 4-bit vector

cN_ddr4_dqs_c inout 4-bit vector

cN_ddr4_a out 17-bit vector

cN_ddr4_ba out 2-bit vector

cN_ddr4_bg out 1-bit vector

cN_ddr4_act_n out bit

cN_ddr4_alert_n in bit

cN_ddr4_reset_n out bit

cN_ddr4_ck_t out 1-bit vector

cN_ddr4_ck_c out 1-bit vector

cN_ddr4_cke out 1-bit vector

cN_ddr4_cs_n out 1-bit vector

cN_ddr4_dm_dbi_n out 4-bit vector

cN_ddr4_odt out 1-bit vector

cN_ddr4_ten out bit

cN_ddr4_par out bit

Table 2 : ADM-XRC-KU1 DDR4 SDRAM bank pinout
In the above table, N is the bank number, 0, 1, 2 or 3.

For certain configurations of the DDR4 SDRAM (MIG) IP, the module generated by MIG has a noncanonical
pinout, in which certain ports are omitted or have fewer bits, with respect to the canonical pinout. If a module
generated by MIG has a noncanonical pinout, it is recommended to tie off any unused bits/ports of the canonical
pinout to the appropriate logic levels (0, 1 or Z).

An example of a noncanonical pinout is the signals cN_ddr4_ten, cN_ddr4_par and cN_ddr4_alert_n; these
ports are not present in the module generated by the Ultrascale DDR4 SDRAM (MIG) IP (as of Vivado 2015.4 to
2016.2).

IOSTANDARD, SLEW etc. constraints for the various pins are not given in the above table because they are
automatically generated by MIG, and should not need to be changed.

2.1 ADM-XRC-KU1 300 MHz dedicated clock pins
The ADM-XRC-KU1 has a dedicated 300 MHz differential system clock for every two DDR4 SDRAM controllers.
These clocks are buffered in user-created logic. Constraints for these clock pins must be in a user-created
constraints file. Although it might be possible to use alternative system clock sources, Alpha Data recommends
directly using the dedicated 300 MHz system clocks, because the quality of these clocks is a critical parameter in
determining the reliability of the DDR4 SDRAM controllers.
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Port Direction Type Pin IOSTANDARD

c01_sys_clk_p in bit AK22 LVDS

c01_sys_clk_n in bit AL22 LVDS

c23_sys_clk_p in bit AN18 LVDS_25

c23_sys_clk_n in bit AN17 LVDS_25

Table 3 : ADM-XRC-KU1 300 MHz dedicated clock pins

2.2 ADM-XRC-KU1 300 MHz reference clock pins
The ADM-XRC-KU1 has a 300 MHz reference clock which can be used for anything in the FPGA. In a typical
FPGA design, it is buffered in user-created logic.

Port Direction Type Pin IOSTANDARD

refclk300_p in bit AM21 LVDS

refclk300_n in bit AN21 LVDS

Table 4 : ADM-XRC-KU1 300 MHz reference clock pins
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3 Customizing Ultrascale DDR4 SDRAM (MIG) IP for
the ADM-XRC-KU1 from scratch

This section illustrates creating a customized Ultrascale DDR4 SDRAM (MIG) IP .xci file for the ADM-XRC-KU1
from scratch.

There are significant differences in the Ultrascale DDR4 SDRAM (MIG) IP features in Vivado 2015.4 and 2016.1.
Please refer to the following subsection that is appropriate to the version of the Vivado tools that you are using.

3.1 Vivado 2015.4
The sequence of screen captures below walks the user through the tabs of the Ultrascale DDR4 SDRAM (MIG)
customization GUI. Options that are of interest or must be changed to an appropriate value are highlighted by
colored or black boxes, according to the following scheme:

• A black box draws attention to something, which may be a read-only value.

• A yellow box highlights an option that must be set exactly one way, as shown in the screen capture.

• A blue box highlights an option that can be set in various ways, and is discussed in the accompanying text.

3.1.1 Ultrascale DDR4 SDRAM (MIG) IP customization - Basic options (2015.4)

Figure 2 : Ultrascale DDR4 SDRAM (MIG) IP customization - Basic options (2015.4)

The Memory Address Map and Ordering options are at the discretion of the user.

The options Force Read and Write commands ..., Enable AutoPrecharge Input and Enable User Refresh
and ZQCS Input are normally left unchecked. In certain usage scenarios there may be a performance
advantage to checking some of them, but this is an advanced topic that is outside the scope of this document.

The AXI4 Interface option can be checked or unchecked as appropriate. If checked, additional options are
presented, as shown in Figure 3. It is recommended that Data Width is set to 256 to maximise the AXI4
throughput to the DDR4 SDRAM controller.
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Figure 3 : Ultrascale DDR4 SDRAM (MIG) IP customization - AXI4 options (2015.4)

3.1.2 Ultrascale DDR4 SDRAM (MIG) IP customization - Advanced options (2015.4)

Figure 4 : Ultrascale DDR4 SDRAM (MIG) IP customization - Advanced options (2015.4)

With the exception of Reference Input Clock Configuration, which must be set as in Figure 4, the options are
at the discretion of the user.

3.2 Vivado 2016.1 or later
The sequence of screen captures below walks the user through the tabs of the Ultrascale DDR4 SDRAM (MIG)
customization GUI. Options that are of interest or must be changed to an appropriate value are highlighted by
colored or black boxes, according to the following scheme:

• A black box draws attention to something, which may be a read-only value.

• A yellow box highlights an option that must be set exactly one way, as shown in the screen capture.

• A blue box highlights an option that can be set in various ways, and is discussed in the accompanying text.

3.2.1 Ultrascale DDR4 SDRAM (MIG) IP customization - Basic options (2016.1)
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Figure 5 : Ultrascale DDR4 SDRAM (MIG) IP customization - Basic options (2016.1)

The Data Mask and DBI option determines whether or not the data byte inversion (DBI) feature is used. It is
recommended to set this to either DM NO DBI or DM DBI RD, because this permits masked writes to be
performed.

The Memory Address Map and Ordering options are at the discretion of the user.

The options Force Read and Write commands ..., Enable AutoPrecharge Input and Enable User Refresh
and ZQCS Input are normally left unchecked. In certain usage scenarios there may be a performance
advantage to checking some of them, but this is an advanced topic that is outside the scope of this document.

The AXI4 Interface option can be checked or unchecked as appropriate. If checked, additional options are
presented, as shown in Figure 6. It is recommended that Data Width is set to 256 to maximise the AXI4
throughput to the DDR4 SDRAM controller.
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Figure 6 : Ultrascale DDR4 SDRAM (MIG) IP customization - AXI4 options (2016.1)

3.2.2 Ultrascale DDR4 SDRAM (MIG) IP customization - Advanced options (2016.1)

Figure 7 : Ultrascale DDR4 SDRAM (MIG) IP customization - Advanced options (2016.1)

With the exception of Reference Input Clock Configuration, which must be set as in Figure 7, the options are
at the discretion of the user.
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4 Known issues
4.1 Portability of .xci files using a custom part

In Vivado 2015.4 / Ultrascale DDR4 SDRAM (MIG) 1.1, a predefined part for the MT40A512M16HA-083E DDR4
SDRAM component is not available, and a custom part definition (in a .csv file) must be supplied. It is not
possible to provide ready-to-use IP (.xci) files for Ultrascale DDR4 SDRAM (MIG) IP that have a custom part
definition, due to absolute path issues relating to the custom part .csv file.

For Vivado 2015.4 / Ultrascale DDR4 SDRAM (MIG) 1.1, Alpha Data provides a file describing custom parts.
Unfortunately, the fields in an Ultrascale DDR4 SDRAM (MIG) IP .xci file that specify the path of the custom
parts file are of a form that makes such .xci files nonportable within the filesystem. In other words, the .xci file
cannot be copied to a different directory in the filesystem without invalidating the path.

To workaround this issue, when a Vivado project is created by a .tcl script, the MIG IP is imported, and its
configuration is modified to specify a custom part. For example, the following snippet of Tcl code sets an 8 Gib
x16 bit custom part:

# Set custom part for 8 Gib, x16.
set_property -dict [list \
  {CONFIG.C0.DDR4_isCustom} {true} \
  {CONFIG.C0.DDR4_MemoryPart} {CUSTOM_MT40A512M16HA-083E} \
  {CONFIG.C0.DDR4_CustomParts} [file normalize "/path/to/custom_parts.csv"] \
] [get_ips my_mig_ip_name]

Please refer to the mkxpr-*.tcl scripts in the Standalone DDR4 Test FPGA Design  for examples on setting
custom parts using Tcl scripting.

4.2 Implementation in Vivado may fail due to use of custom part
When building a design using Ultrascale DDR4 SDRAM (MIG) IP that uses a custom part definition, you may
encounter an error during the Out-of-Context module synthesis run for the DDR4 SDRAM (MIG) IP:

[Synth 8-524] part-select [151:144] out of range of prefix 'mcal_ADR'

Implementing the design then fails with multiple errors. If this occurs, it can be worked around by performing the
following steps:

(1) Open the project in the Vivado GUI.

(2) Open the MIG customization GUI for the MIG IP. Uncheck the "Enable Custom Parts Data File" checkbox,
and close the MIG customization GUI.

(3) Open the MIG customization GUI for the MIG IP again, and restore the custom part settings to their proper
values. Then close the MIG customization GUI.

(4) Without closing the project, reset the output products of the DDR4 SDRAM (MIG) IP. Then, generate the
output products of the DDR4 SDRAM (MIG) IP (or implement the design, which also generates the output
products). This time, no critical warnings or errors should occur.

This workaround must be applied each time that (a) the project is closed and reopened and (b) the MIG IP's
output products must again be generated.

It is possible to script this workaround using Tcl; the Standalone DDR4 Test FPGA Design  provides a script
fix_custom_part.tcl, which serves as an example.

4.3 MIG DDR4 SDRAM controllers with shared system clock cannot
be reset independently
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In the ADM-XRC-KU1, the MIG DDR4 SDRAM controllers for banks 0 and 1 share a 300 MHz system clock,
from which they derive several clocks used internally. Similarly, the MIG DDR4 SDRAM controllers for banks 2
and 3 share another 300 MHz system clock. In Vivado 2015.4 to 2016.2, bank 0 or bank 1 cannot be reset
independently without causing the other bank in the pair to malfunction. Similarly, bank 2 or bank 3 cannot be
reset independently without causing the other bank in the pair to malfunction.

Because this issue is unlikely to be problematic for a typical FPGA design, which is expected to use a common
reset signal for all four DDR4 SDRAM controllers, no workaround is presented here. It is recommended that (at
least) each pair of banks share a common reset signal.

This issue may be resolved in a future version of Vivado / Ultrascale MIG DDR4 SDRAM Controller IP.
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Appendix A: Custom Parts
The following is the contents of the custom_parts.csv file that is part of Standalone DDR4 Test FPGA Design 

. It describes components that may be used with the ADM-XRC-KU1.

Contents of the file custom_parts.csv: 
Part type,Part name,Rank,CA Mirror,Data mask,Address width,Row width,Column width,Bank width,Bank
group width,CS width,CKE width,ODT width,CK width,Memory speed grade,Memory density,Component
density,Memory device width,Memory component width,Data bits per strobe,IO Voltages,Data widths,Min
period,Max period,tCKE,tFAW,tMRD,tRAS,tRCD,tREFI,tRFC,tRP,tRRD_S,tRRD_L,tRTP,tWR,tWTR_S,
tWTR_L,tXPR,tZQCS,tZQINIT,cas latency,cas write latency,burst length,RTT (nominal) - ODT

Components,CUSTOM_MT40A512M16HA-083E,1,0,1,17,16,10,2,1,1,1,1,1,83E,8Gb,8Gb,16,16,8,1.2V,
"8,16,24,32,40,48,56,64,72,80",833,1600,5000 ps,30000 ps,8 tck,34000 ps,13920 ps,7800000 ps,350000
ps,13920 ps,5300 ps,6400 ps,7500 ps,15000 ps,2500 ps,7500 ps,360 ns,128 tck,1024 tck,16,12,8,RZQ/6

The format of a .csv file containing descriptions of custom parts is described by Xilinx AR# 63462 . Note that
this format may differ between two particular versions of Vivado, and the above custom part definition(s) apply to
Vivado 2015.4 / Ultrascale DDR4 SDRAM (MIG) IP 1.1.
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