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Single Data Beat Write Operation - 64-Bit DDR

Figure 35:  Single Data Beat Write Timing (C_DDR_DWIDTH=64)
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Single Data Beat Read Operation - 64-Bit DDR

Figure 36:  Single Data Beat Read Timing (C_DDR_DWIDTH=64)
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Indeterminate Data Burst Write Operation - 64-Bit DDR

Figure 37:  Indeterminate Burst Write Timing (C_DDR_DWIDTH=64)
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Indeterminate Data Burst Read Operation - 64-Bit DDR

Figure 38:  Indeterminate Burst Read Timing (C_DDR_DWIDTH=64)
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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 timing constraint 
should also be placed on the DDR feedback clock to set the frequency of this clock. An example is shown in Figure 39.

Figure 39:  DDR Timing Constraints

NET "OPB_Clk" TNM_NET = "OPB_Clk";

TIMESPEC "TS_OPB_Clk" = PERIOD "OPB_Clk" 10 ns HIGH 50 %;

NET "Device_Clk" TNM_NET = "Device_Clk";

TIMESPEC "TS_device_clk" = PERIOD "Device_Clk" 7 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 + 3.5ns;

NET "Device_Clk90_in" TNM_NET = "Device_Clk90_in";

TIMESPEC "TS_Device_Clk90_in" = PERIOD "Device_Clk90_in" "TS_device_clk"* 1 PHASE + 1.75ns;

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 + 5.25ns;

NET "DDR_Clk90_in" TNM_NET = "DDR_Clk90_in";

TIMESPEC "TS_DDR_Clk90_in" = PERIOD "DDR_Clk90_in" 7 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 + 3.5ns;

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 40. 

Figure 40:  DDR Pin Constraints

NET "DDR_DQS<0>"      IOSTANDARD=SSTL2_I;

NET "DDR_DQS<0>"      PULLDOWN;

NET "DDR_DQS<1>"      IOSTANDARD=SSTL2_I;

NET "DDR_DQS<1>"      PULLDOWN;
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Design Implementation
Target Technology
The intended target technology is a Virtex family FPGAs

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

The OPB DDR SDRAM Controller benchmarks are shown in Table 13 for a Virtex-II Pro FPGA.

Table  13:  OPB DDR SDRAM Controller FPGA Performance and Resource Utilization Benchmarks (Virtex-II Pro)

Parameter Values
(other parameters at default values) Device Resources fMAX (MHz)
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Slices Slice Flip- 
Flops

4-input 
LUTs

OPB 
fMAX

DDR 
Device 
fMAX

0 0 1 16 0 373 374 396 116 -

0 1 1 16 0 402 425 393 111 -

1 0 1 16 0 498 452 610 111 -

1 1 1 16 0 528 502 614 114 -

0 0 1 32 0 464 466 525 131 -

0 1 2 32 0 507 533 551 113 -

1 0 3 32 0 614 560 613 122 -

1 1 4 32 0 650 630 785 111 -

0 0 1 64 0 606 590 696 112 -

0 1 2 64 0 665 682 726 122 -

1 0 2 64 0 747 678 956 120 -

1 1 2 64 0 796 766 959 112 -

0 1 4 64 0 672 685 736 114 -

1 1 4 64 0 801 780 963 111 -

0 0 1 16 1 538 511 610 107 138

0 1 1 16 1 571 564 618 102 135
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1 0 1 16 1 663 585 827 104 138

1 1 1 16 1 697 638 834 104 138

0 0 1 32 1 704 669 815 113 135

0 1 2 32 1 754 771 831 102 135

1 0 3 32 1 857 769 1085 100 138

1 1 4 32 1 905 875 1082 100 138

0 0 1 64 1 1112 1131 1187 100 133

0 1 2 64 1 1096 1121 1163 101 135

1 0 2 64 1 1122 1020 1402 101 135

1 1 2 64 1 1229 1206 1399 100 135

0 1 4 64 1 1112 1131 1187 101 135

1 1 4 64 1 1238 1225 1412 100 135

Notes: 
1. These benchmark designs contain only the OPB DDR SDRAM Controller without any additional logic. Benchmark numbers approach the 

performance ceiling rather than representing performance under typical user conditions.

Table  13:  OPB DDR SDRAM Controller FPGA Performance and Resource Utilization Benchmarks (Virtex-II Pro)
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Reference Documents
The following documents contain reference information important to understanding the OPB DDR SDRAM Controller design:

1.OPB DDR SDRAM Controller Version v1.11.b design document.

2.DDR Clock Module Reference design available in the EDK Toolkit

3.OPB IPIF Design specification (v3_01_b)

Revision History

Date Version Revision

11/16/04 1.0 Initial release

1/7/05 1.1 Removed all references to ECC in document.

1/10/05 1.2 Updated for DDR SDRAM Asynchronous capability

2/09/05 1.3 Updated FPGA performance and resource utilization table.

2/22/05 1.4 Updated FPGA performance and resource utilization table.

3/09/05 1.5 Added table for Frequency combinations of OPB clock and Device clock for which the IP Core is 
tested against.

3/11/05 1.6 Updated for generic C_EXTRA_TSU

3/16/05 1.7 Updated for note on generic C_EXTRA_TSU

4/28/05 1.8 Updated for opb_ddr_v2_00_b, Table 12 is updated for supported frequency combination

4/29/05 1.9 Updated FPGA performance and resource utilization table.

7/1/05 2.0 Incorporated CR211534; added 33 MHz OPB Clock row to table 12; updated last feature bullet.

12/1/05 2.1 Added support for Spartan-3E.

3/1/06 2.2 In Table 1, Feature /Description for C_DDR_TREFC (G25), was Refresh command interval (ns)
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