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Single Data Beat Write Operation - 64-Bit DDR

Cycles 0 1 2 3 4 5 6 7 8 9 10 1
oPB CIkf™\ /N /N /N /N N N T N N N
OPB_select
OPB_seqAddr
OPB_ABus[0:31] AQ
OPB_BE[0:3] F
OPB_RNW
OPB_DBus[0:31] DO
SiIn_xferAck
1l AQ
RCD—| k- tWR
DOR G|l /N L/ NI/ N/ N/ NN NN NN NS\
T TN T TN TN TN T TS
ACT NOP WRITE NOP FC
BA(AO)
RA(A0), CA(A0), 1FFFE
oF XFE
DO
DO
X0 X X0 X

fa Beat Write Timing (C_DDR_DWIDTH=64)

Single Data Beat Read Operation - 64-

Cycles 0

OPB_CIk [ \__/
OPB_select
OPB_seqAddr
OPB_ABus[0:31]
OPB_BE[0:3]
OPB_RNW
OPB_DBus[0:31]
SiIn_xferAck

DO

DDR_CIk [ /~ \_|
DDR_Clkn [\ /]
Command
DDR_BankAddr[0:1]
DDR_Addr[0:11] (RA(AO CA(AD 1FFF
DDR_RASN
DDR_CASn
DDR_WEn
DDR_DM][0:7] 3
DDR_DQJ0:31] (Dol | X
DDR_DQ[32:63] -_‘(
DDR_DQSI[0:7] X__00 | XFF Xl

I
g

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

Cycles 0 1 2 3 4 5 6 7 8 9 10 1 12 13
opB ok /N /N /N NN NN NN TN
OPB_select
OPB_seqAddr
OPB_ABus[0:31] || _AO AO+4 fA0+8 AA0+C
OPB_BE[0:3] F
OPB_RNW
OPB_DBus[0:31] [_D0 D1 Y D2 X D3
SiIn_xferAck
| tRAS
‘-—tRcwﬁ fo—twWR
DOR Ckfl/ N/ N/ N /NN NN\ L\
AARNWARNYA RS RN ARWARWARNWARWARSAR WS
ACT ) NOP WRITE NOP PC
RA(A0) CA(AQ) 1FF

EXENRCE XEER
D0 | D1 X Dz { D3
D0 | D1 X Dz { D3

0 JFF X0 YA X0 XFF X0

te Burst Write Timing (C_DDR_DWIDTH=64)

Indeterminate Data Burst Read Opera

Cycles 1 12
oPB_Clk|[\_/ \_/ ( [\
OPB_select I
OPB_segAddr
OPB_ABuSs[0:31]
OPB_BE[0:3]
OPB_RNW
OPB_DBus[0:31]
SiIn_xferAck

A0+C

D3

DDR_CIkfl /~\ [/ U
DDR_Clkn [[\__/ T\ /|
Command [| NOP | ACT

DDR_BankAddr{0:1]
DDR_Addr{0:11] RA(A0)
DDR_RASN
DDR_CASnN
DDR_WEn
DDR_DM[0:7] i3
DDR_DQ[0:31] YDONVNVNVNVX DN VYRV
DDR_DQ[32:63] XNVNWD NV NNV NWD
DDR_DQSJ[0:7] X0 00 FF X0 QO XFF Xao X

Nv = Not Valid

0
0

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.

Pin Constraints

NET "OPB_CIk" TNM NET ="OPB_CIk";
TIMESPEC "TS "=PERIOD "OPB_CIk" 10 ns HIGH 50 %;

NET "Device 4 ?= "Device CIk";
TIMESPEC "TS_devic y RIOD "Device CIlk" 7 ns HIGH 50 %;

NET "Device Clk n" TN
TIMESPEC "TS device clk n"

ice Clk n";
evice Clk n" "TS device clk"* 1 PHASE + 3.5ns;

NET "Device_Clk90_in" TNM_NET =
TIMESPEC "TS_Device CIk90_in" = PERIOD "Defice

NET "Device Clk90 in_n" TNM_NET = "Device
TIMESPEC "TS Device CIk90 in n"=PERIOD "Devic

NET "DDR_CIk90_in" TNM_NET = "DDR_CIk90_in";
TIMESPEC "TS_DDR_CIk90_in" = PERIOD "DDR_CIk90_in" 7 ns HIGH

NET "DDR_CIk90 in_n" TNM_NET ="DDR_CIk90_in_n";
TIMESPEC "TS_DDR_CIk90 in_n" = PERIOD "DDR_CIk90 in_n" "TS_DDR_CIK90 in"* 1 SE + 3.5ns;

Figure 39: DDR Timing Constraints

The DDR 1/0 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.

NET "DDR _DQS<0>"  IOSTANDARD=SSTL2 I;
NET "DDR_DQS<0>" PULLDOWN;
NET "DDR_DQS<I>"  IOSTANDARD=SSTL2 I;

NET "DDR_DQS<1>"  PULLDOWN;
Figure 40: DDR Pin Constraints
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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.

AM Controller FPGA Performance and Resource Utilization Benchmarks (Virtex-II Pro)

Values
efault values) Device Resources frax (MHz)
[
g =
4 = =
™ = e
= = -
2 = 2| = %
= = ) @®
! = < l . . . DDR
& =] Z. ®) . Slice Flip- 4-input OPB .
=) ! < = Slices Device
I~ Q s I Flops LUTs fvax
| = | & fmax
= & = 2 <
a UI 5 QI I
= z, & 4
S o
Z 3)
@
0 0 1 16 0 396 116 -
0 1 1 16 0 393 111 -
1 0 1 16 0 610 111 -
1 1 1 16 0 14 114 -
0 0 1 32 0 464 466 131 -
0 1 2 32 0 507 533 551 13 -
1 0 3 32 0 614 560 61 1 -
1 1 4 32 0 650 630 785 -
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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Table 13: OPB DDR SDRAM Controller FPGA Performance and Resource Utilization Benchmarks (Virtex-II Pro)

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 64 1 1096 1121 1163 101 135
1 0 1 1122 1020 1402 101 135
1 1 1 1229 1206 1399 100 135
0 1 1 1112 1131 1187 101 135
1 1 1 1238 1225 1412 100 135
Notes:

1.

These benchmark designs contain on

R SDRAM Controller without any additional logic. Benchmark numbers approach the
ce under typical user conditions.
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Reference Documents

The following documents contain reference information important to understanding the OPB DDR SDRAM Controller design:
1.0PB DDR SDRAM Controller Version v1.11.b design document.

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

3.0PB IPIF Design specification (v3_01_b)

Revision History

Date Version Revision
11/16/04 1.0 Initial release
1/7/05 Removed all references to ECC in document.
1/10/05 Updated for DDR SDRAM Asynchronous capability
2/09/05 Jpdated FPGA performance and resource utilization table.
2/22/05 1.4 ( \@ d FPGA performance and resource utilization table.
3/09/05 15 Q’ ed . for Frequency combinations of OPB clock and Device clock for which the IP Core is
testedragain
3/11/05 1.6 Upda
3/16/05 1.7 Updated fo
4/28/05 1.8 Updated for opb
4/29/05 1.9 Updated FPGA perfo
7/1/05 2.0 Incorporated CR211534;
12/1/05 2.1 Added support for Spartan-3E
3/1/06 2.2 In Table 1, Feature /Description fo
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