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Introduction
The Xilinx Multi-CHannel (MCH) On-chip Peripheral Bus
(OPB) Double Data Rate Synchronous DRAM (SDRAM)
controller for  Xilinx FPGAs provides a DDR SDRAM con-
troller which connects to the OPB and multiple channel
interfaces and provides the control interface for DDR
SDRAMs. It is assumed that the reader is familiar with DDR
SDRAM and MicroBlaze.

Features
The Xilinx MCH OPB DDR SDRAM Controller is a soft IP
core designed for Xilinx FPGAs and contains the following
features:

• Parameterizable number of channel (MCH) interfaces
that can be configured with the Xilinx Cachelink (XCL)
protocol (see "Reference Documents" on page 36)

• Optional OPB interface

• Performs device initialization sequence upon power-up
and reset conditions for ~200uS. Provides a parameter
to adjust this time for simulation purposes only.

• Performs auto-refresh cycles

• Supports DDR SDRAM self refresh mode

• Supports CAS latencies of 2 or 3 set by a design
parameter

• Supports target word first XCL cacheline transactions
of 1, 4, 8, and 16 words

• Supports 16, 32 and 64-bits DDR data widths set by a
design parameter

• Supports indeterminate burst length

• Provides big-endian connections to memory devices.
See Connecting to Memory for details on memory
connections

• Supports multiple (up to 4) DDR memory banks

• Allows DDR SDRAM open row management set by a
design parameter

• Supports capability to separate DDR clock domain
from the MCH/OPB bus clock domain set by a design
parameter for the following frequency combinations (for
supported simulation values, see Table 9,10, and 11):

- MCH/OPB clock: 50 MHz & DDR clock: 100 MHz

- MCH/OPB clock: 66 MHz & DDR clock: 133 MHz
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LogiCORE™ Facts

Core Specifics

Supported Device 
Family

QPro™-R Virtex™-II, 
QPro Virtex-II, Virtex-II, Virtex-II 

Pro, Virtex-4, Spartan™-3

Version of Core mch_opb_ddr v1.00b

Resources Used

Min Max

Slices
Please refer to Table 9 on page 
33, Table 10 on page 34, and 

Table 11 on page 35.
LUTs

FFs

Block RAMs

Provided with Core

Documentation Product Specification

Design File Formats VHDL

Constraints File N/A

Verification N/A

Instantiation 
Template

N/A

Reference Designs None

Design Tool Requirements

Xilinx 
Implementation 
Tools

ISE 7.1i or later

Verification N/A

Simulation ModelSim SE/EE 5.8b or later

Synthesis XST 7.1i or later

Support

Support provided by Xilinx, Inc.
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Note that after Reset has been applied, the 200uS delay is again implemented before any commands are issued to the DDR
SDRAM. The 200uS delay must be accounted for in simulation as well as the delay of the command sequence.

Command State Machine
The Command State Machine provides the address bus and commands signals to the DDR SDRAM. It sends the DATA_EN
signal to the Data State Machine to start the reception/transmission of data. If a burst transaction is in progress or a second-
ary transaction has been received, the Command State Machine will send the next command to the DDR SDRAM while data
reception/transmission is still in progress to optimize the DDR SDRAM operation.

A simplified version of the Command State Machine is shown in Figure 7. For readability, only the major state transitions are
shown. Figure 7 illustrates the Command State Machine implementation when open management is disabled, i.e.,
C_USE_OPEN_ROW _MNGT = 0.

When a rising edge on DDR_Sleep is detected, the Command State Machine will first close all open rows, with a PRE-
CHARGE ALL command. The REFRESH command is then issued with the DDR_CKE signal negated to put the DDR
SDRAM into the self refresh mode. The DDR SDRAM will remain in the self refresh mode for a minimum of TRAS. The Com-
mand State Machine remains in self refresh until RESET is asserted. RESET can only be asserted a minimum of 50 us after
the assertion of DDR_Sleep.

Figure 6:  DDR SDRAM Init State Machine
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The Command State Machine shown in Figure 8 represents the logic when open row management is enabled, i.e.,
C_USE_OPEN_ROW_MNGT = 1. When open row management is enabled, the currently accessed row of the DDR
SDRAM memory will remain open for subsequent operations unless one of the following conditions is true:

• A refresh operation is necessary, i.e., trefi_end is asserted

• The DDR SDRAM is entering Self Refresh mode, i.e., ddr_sleep is asserted

• The subsequent operation is requesting a read or write to a different row address, i.e., same_row is de-asserted

• The subsequent operation is crossing external memory chip select banks, i.e., DDR_CSn is changing value (only
applicable when C_NUM_BANKS_MEM > 1)

Figure 8 illustrates the command sequence to execute for read or write operations when a row remains active after the pre-
vious operation.

Figure 7:  DDR Command State Machine when C_USE_OPEN_ROW_MNGT = 0
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Data State Machine
The Data State Machine transfers the data to/from the DDR SDRAM and determines when the specified DDR SDRAM burst
is complete. It monitors the PEND_OP signal from the Command State Machine to know if more data transmissions are
required. It waits for CAS_LATENCY during read operations and signals when the DDR has completed the data transfer for
both read and write operations. It provides the READ_DATA_EN signal to the input DDR SDRAM registers and read data
FIFO.

Figure 8:  DDR Command State Machine when C_USE_OPEN_ROW_MNGT = 1
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Separate DDR Device Clock Operation
In many systems, it may be desired to operate the DDR at a separate clock frequency than the OPB or MCH clock. The
parameter, C_DDR_ASYNC_SUPPORT = 1, allows the user to separate the system and DDR device clock domains. The
Write Path Async FIFO block (shown in Figure 3) enables the DDR SDRAM to operation on a separate clock domain from
the MCH_OPB bus clock. The logic includes a state machine and an asynchronous FIFO in order to synchronize the com-
mand, data, address, data mask and control signals. The output signals from the asynchronous FIFO are then inputs to IO
REG module.

I/O Registers

Control Signals

All control signals and the address bus to the DDR SDRAM are registered in the IOBs of the FPGA.

Write Data 

The DDR I/O registers are used to output the write data to the DDR SDRAM as shown in Figure 10. Since the clock is being
generated from the Clk90 output of the DCM, the Clk output is used to clock out the data so that the DDR clock is centered
in the DDR data. This also allows a full clock period for the data to get to the IOBs.

DQS is generated from the Clk90 output so that it is centered in the data.

Figure 9:  DDR SDRAM Data State Machine
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Read Data

The DDR I/O registers are used to input data from the DDR SDRAM as shown in Figure 11. The clock output to the DDR is
used to clock the input data. This clock is input to a DCM and generates DDR_Clk90_in.

During a read cycle, the data strobe signal from the DDR SDRAM (DDR_DQS) is registered on the rising edge only of
DDR_Clk90_in so that it is always high while the DDR SDRAM is transmitting data. This signal will be used by the Read
Data Path logic as the write enable into a FIFO.

Figure 10:  Write Data Path
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Read Data Path Logic
The Read Data Path logic consists of an asynchronous FIFO in which the DDR SDRAM input data is written from the
DDR_Clk90_in and read from the internal FPGA clock. The write enable to the FIFO is the DDR_RdDQS signal which will
be high during DDR SDRAM data transmission.

Once the FIFO is not empty, the data is read from the FIFO and a read acknowledge is generated. This is shown in
Figure 12.

Figure 11:  DDR Input Data Registers

Figure 12:  Read Data Path
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DDR Clocking

Clock Generation
The clocking scheme required in the FPGA and used by the MCH OPB DDR SDRAM controller core is shown in Figure 13
through Figure 16. The input clock connections depend on the available BUFG resources in the FPGA and the design
parameter, C_DDR_ASYNC_SUPPORT. When C_DDR_ASYNC_SUPPORT = 0, the MCH_OPB_Clk input port can be
identical to the Device_Clk input. When C_DDR_ASYNC_SUPPORT = 1, the MCH_OPB_Clk is unique from the DDR
Device External Clock source.

An example implementation can be found in the DDR Clock Module Reference design available in the EDK Toolkit.  

Figure 13:  DDR Clocking (Option 1) when C_DDR_ASYNC_SUPPORT = 0
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Figure 14:  DDR Clocking (Option 2) when C_DDR_ASYNC_SUPPORT = 0
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Figure 15:  DDR Clocking (Option 1) when C_DDR_ASYNC_SUPPORT = 1
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Clk and Clk90 Generation

A DCM is required to generate the clock used internal to the FPGA as shown in Figure 13 through Figure 16. A 90 degree
phase output of the DCM is input to the MCH OPB DDR SDRAM controller core and is used to generate the DDR clock and
DQS signals.

DDR Clock Generation

The clock output to the DDR SDRAMs is generated using the DDR I/O registers as shown in Figure 17. The Clk90_in and
Clk90_in_n signals are used to generate the DDR_Clk (and DDR_Clkn) so that the clock is centered in the data output to the
DDR SDRAM.

Figure 16:  DDR Clocking (Option 2) when C_DDR_ASYNC_SUPPORT = 1
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DDR SDRAM Clock Input Synchronization

Another DCM will be required by this design to align the clock output to the DDR registers with the data from the DDR
SDRAM to accurately register this data. The DDR_Clk output will need to be connected to the DDR_Clk_fb shown in
Figure 13 through Figure 16 as an external board connection. The Clk90 output of the DDR Clock DCM is input to the MCH
OPB DDR SDRAM controller core and is used to clock in the DDR data.

Due to the variation in board layout, the DDR clock and the DDR data relationship can vary. Therefore, the designer should
analyze the time delays of the system and set all of the attributes of the phase shift controls of the DCM as needed to insure
stable clocking of the DDR data.

Figure 17:  DDR Clock Generation
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Timing Diagrams
The following diagrams illustrate the relationship between the Multi-CHannel connection(s) and the DDR memory.

Figure 18:  Single XCL 4 Word Cacheline Write
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Design Constraints
Note: An example UCF for this core is available and must be modified for use in the system. Please refer to the EDK Getting
Started Guide for the location of this file.

Timing Constraints
A timing constraint should be placed on the system clock, setting the frequency to meet the bus timing requirements. A tim-
ing constraint should also be placed on the DDR feedback clock to set the frequency of this clock. An example is shown in
Figure 20.

Figure 19:  Single XCL 4 Word Cacheline Read
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Pin Constraints
The DDR I/O should be set to the SSTL2 I/O standard. If external pullups/pulldowns are not available on the DDR DQ and
DQS signals, then these pins should be specified to use pullup or pulldown resistors. Pulldown resistors are preferred. An
example is shown in Figure 21. 

Design Implementation

Target Technology
The intended target technology is a Spartan-3 or Virtex family FPGAs.

Device Utilization and Performance Benchmarks
The MCH OPB DDR SDRAM controller is a module that will be used with other design pieces in the FPGA, the utilization
and timing numbers reported in this section are estimates. As the MCH OPB DDR SDRAM controller is combined with other
pieces of the FPGA design, the utilization of FPGA resources and timing of the MCH OPB DDR SDRAM controller design
will vary from the results reported here.

The MCH OPB DDR SDRAM controller benchmarks are shown in Table 9 for a Spartan-3 XC3S1500 -5 FPGA.

NET "MCH_OPB_Clk" TNM_NET = "MCH_OPB_Clk";
TIMESPEC "TS_MCH_OPB_Clk" = PERIOD "MCH_OPB_Clk" 9 ns HIGH 50 %;

NET "Device_Clk" TNM_NET = "Device_Clk";
TIMESPEC "TS_Device_clk" = PERIOD "Device_Clk" 6 ns HIGH 50 %;

NET "Device_Clk_n" TNM_NET = "Device_Clk_n";
TIMESPEC "TS_Device_clk_n" = PERIOD "Device_Clk_n" "TS_device_clk"* 1 PHASE + 3ns;

NET "Device_Clk90_in" TNM_NET = "Device_Clk90_in";
TIMESPEC "TS_Device_Clk90_in" = PERIOD "Device_Clk90_in" "TS_device_clk"* 1 PHASE + 1.5ns;

NET "Device_Clk90_in_n" TNM_NET = "Device_Clk90_in_n";
TIMESPEC "TS_Device_Clk90_in_n" = PERIOD "Device_Clk90_in_n" "TS_device_clk"* 1 PHASE + 
4.5ns;

NET "DDR_Clk90_in" TNM_NET = "DDR_Clk90_in";
TIMESPEC "TS_DDR_Clk90_in" = PERIOD "DDR_Clk90_in" 6 ns HIGH 50 %;

NET "DDR_Clk90_in_n" TNM_NET = "DDR_Clk90_in_n";
TIMESPEC "TS_DDR_Clk90_in_n" = PERIOD "DDR_Clk90_in_n" "TS_DDR_Clk90_in"* 1 PHASE + 3ns;

Figure 20:  DDR Timing Constraints

NET "DDR_DQS<*>" IOSTANDARD=SSTL2_I;
NET "DDR_DQS<*>" PULLDOWN;
NET "DDR_DQ<*>" IOSTANDARD=SSTL2_I;
NET "DDR_DQ<*>" PULLDOWN;

Figure 21:  DDR Pin Constraints
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Table  9:  FPGA Performance and Resource Utilization (Spartan-3)
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Slices Slice FFs
4-input 
LUTs

MCH / 
OPB 
Clock 
Fmax 
(MHz)

DDR 
Device 
Clock 
Fmax 
(Mhz)

1 1 0 0 0 0 0 1 16 0 424 309 482 115.5 N/A

2 1 0 0 0 0 0 4 16 0 425 313 521 110.7 N/A

3 2 0 0 0 0 0 1 16 0 629 416 773 112.1 N/A

4
4 0 0 0 0 0 1 16

0 910 605 1175  73.4 N/A

4 1 940 716 1332 91.6 N/A

5 2 1 0 0 0 0 1 16 0 866 678 939 81.9 N/A

6
2 1 1 0 0 0 1 16

0 906 696 1159 79.4 N/A

6 1 945 802 1324  87.9 N/A

7
4 1 1 0 0 0 1 16

0 1206 892 1557 66.4 N/A

7 1 1269 996 1752  74.9 N/A

8 2 0 0 1 0 0 1 16 0 704 569 1020 95.7 145.2

9 2 1 0 1 0 0 1 16 0 1022 823 1229 78.1 144.6

10 2 1 1 1 0 0 1 16 0 1068 840 1447 67.4 143.7

11
2 1 0 0 1 0 1 16

0 904 687 1019 66.7 N/A

11 1 918 802 1168 91.9 N/A

12
2 1 1 0 1 0 1 16

0 962 705 1232 72.8 N/A

12 1 955 820 1409 84.6 N/A

13
2 1 1 0 1 0 2 16

0 1022 726 1452 66.7 N/A

13 1 1037 844 1616 75.7 N/A

14
2 1 1 1 1 0 2 16

0 1156 882 1766 61.2 142.3

14 1 1223 1004 1866 70.3 147.0

15 2 1 0 1 0 1 2 16 0 1045 903 1296 68.7 146.4

16
2 1 0 1 1 1 2 16

0 1102 930 1527 64.6 145.3

16 1 1208 1030 1618 73.7 141.1

17
2 1 1 1 1 1 2 16

0 1101 932 1766 63.3 129.4

17 1 1250 1046 1884  80.3 147.5

18
2 1 1 0 0 0 1 32

0 1035 776 1368 71.8 N/A

18 1 1039 875 1492 82.8 N/A

19
2 1 1 1 1 0 1 32

0 1326 1007 1857 66.2 145.7

19 1 1293 1115 1911 86.6 143.3
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The MCH OPB DDR SDRAM controller benchmarks are shown in Table 10 for a Virtex-II Pro XC2VP20 -6 FPGA.

Table  10:  FPGA Performance and Resource Utilization (Virtex-II Pro)

Run 
#

Parameter Values Device Resources Performance
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Slices Slice FFs
4-input 
LUTs

MCH / 
OPB 
Clock 
Fmax 
(MHz)

DDR 
Device 
Clock 
Fmax 
(Mhz)

1 1 0 0 0 0 0 1 16 0  362  306 476 132.2 N/A

2 1 0 0 0 0 0 4 16 0 400 308 509 130.9 N/A

3 2 0 0 0 0 0 1 16 0 556 419 759 127.4 N/A

4
4 0 0 0 0 0 1 16

0 831 621 1141 123.1 N/A

4 1 1049 716 1343 126.3 N/A

5 2 1 0 0 0 0 1 16 0 980 681 916 126.7 N/A

6
2 1 1 0 0 0 1 16

0 1000 707 1134 117.3 N/A

6 1 988 797 1300 124.9 N/A

7
4 1 1 0 0 0 1 16

0 1299 898 1537 87.9 N/A

7 1 1348 994 1724 99.9 N/A

8 2 0 0 1 0 0 1 16 0 850 568 1005 125.3 139.9

9 2 1 0 1 0 0 1 16 0 1070 828 1163 125.0 164.6

10 2 1 1 1 0 0 1 16 0 1138 844 1374 116.8 146.1

11
2 1 0 0 1 0 1 16

0 990 699 998 119.6 N/A

11 1 1051 793 1162 125.3 N/A

12
2 1 1 0 1 0 1 16

0 1040 719 1211 116.0 N/A

12 1 1101 815 1373 121.3 N/A

13
2 1 1 0 1 0 2 16

0 1055 734 1414 96.7 N/A

13 1 1032 828 1516 114.6 N/A

14
2 1 1 1 1 0 2 16

0 1197 896 1698 85.9 151.1

14 1 1294 995 1774 114.6 148.5

15 2 1 0 1 0 1 2 16 0 1092 898 1268 109.3 160.8

16
2 1 0 1 1 1 2 16

0 1212 915 1474 90.9 157.2

16 1 1311 1026 1556 124.1 150.0

17
2 1 1 1 1 1 2 16

0 1223 941 1700 85.0 170.0

17 1 1309 1041 1770 116.0 163.1

18
2 1 1 0 0 0 1 32

0 1075 774 1312 104.7 N/A

18 1 1128 874 1449 125.1 N/A

19
2 1 1 1 1 0 1 32

0 1333 1004 1773 100.7 152.6

19 1 1389 1099 1845 125.0 147.2
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The MCH OPB DDR SDRAM controller benchmarks are shown in Table 11 for a Virtex-4 XC4VLX60 -11 FPGA.

Table  11:  FPGA Performance and Resource Utilization (Virtex-4)

Run 
#

Parameter Values Device Resources Performance
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Slices Slice FFs
4-input 
LUTs

MCH / 
OPB 
Clock 
Fmax 
(MHz)

DDR 
Device 
Clock 
Fmax 
(Mhz)

1 1 0 0 0 0 0 1 16 0  366  306 494 162.4 N/A

2 1 0 0 0 0 0 4 16 0 372 309 516 136.2 N/A

3 2 0 0 0 0 0 1 16 0 567 430 782 136.7 N/A

4
4 0 0 0 0 0 1 16

0 890 621 1189 126.6 N/A

4 1 1013 719 1399 126.8 N/A

5 2 1 0 0 0 0 1 16 0 824 682 994 133.6 N/A

6
2 1 1 0 0 0 1 16

0 909 707 1193 126.7 N/A

6 1 1026 801 1382 126.9 N/A

7
4 1 1 0 0 0 1 16

0 1184 902 1621 125.2 N/A

7 1 1349 998 1876 126.8 N/A

8 2 0 0 1 0 0 1 16 0 777 575 1059 127.4 217.8

9 2 1 0 1 0 0 1 16 0 992 830 1230 126.0 215.0

10 2 1 1 1 0 0 1 16 0 1096 851 1510 125.6 175.4

11
2 1 0 0 1 0 1 16

0 887 696 1049 125.6 N/A

11 1 1025 798 1296 127.5 N/A

12
2 1 1 0 1 0 1 16

0 948 716 1301 125.6 N/A

12 1 1074 820 1461 126.2 N/A

13
2 1 1 0 1 0 2 16

0 1039  735 1508 117.3 N/A

13 1 1160 839 1604 126.7 N/A

14
2 1 1 1 1 0 2 16

0 1229  895 1772 107.3 164.9

14 1 1393 1013 1878 126.0 144.1

15 2 1 0 1 0 1 2 16 0 1110 909 1364 125.3 210.5

16
2 1 0 1 1 1 2 16

0 1159 920 1570 114.9 212.4

16 1 1351 1051 1685 126.1 156.1

17
2 1 1 1 1 1 2 16

0 1260 944 1776 110.2 198.45

17 1 1416 1073 1878 127.6 192.5

18
2 1 1 0 0 0 1 32

0 1033 786 1420 126.9 N/A

18 1 1154 882 1531 126.9 N/A

19
2 1 1 1 1 0 1 32

0 1337 1013 1852 114.4 161.2

19 1 1459 1117 1932 126.8 154.2
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Reference Documents
The following documents contain reference information important to understanding the MCH OPB DDR SDRAM Controller
design:

1. MicroBlaze Processor Reference Guide, UG081.

2. MCH OPB IPIF Specification, DS494.

3. OPB DDR SDRAM Specification, DS424.
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7/1/05 1.1 Incorporated CR211535 to update async clock freq support.
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11/2/05 1.3 Fixed CR 210313, 210315, and 210316. Revised version # of core to v1.00b.

11/15/05 1.4 Updated DWIDTH parameters allowable values.


