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Introduction

This specification defines the architecture and interface
requirements for the OPB EMC. This module supports
data transfers between the On-Chip Peripheral Bus
(OPB) and external synchronous and asynchronous
memory devices.

Example synchronous devices for use with this
controller are the synchronous Integrated Device
Technology, Inc. IDT71V546 SRAM with ZBT™
Feature. Example asynchronous devices include the
IDT71V416S SRAM and Intel 28F128]3A StrataFlash
Memory.

To allow the user to obtain an OPB EMC that is
uniquely tailored for their system, certain features are
parameterizable in the OPB EMC design. This allows
the user to have a design that only utilizes the resources
required by their system and runs at the best possible
performance.

Features

¢ Parameterized for up to a total of four memory
(Synchronous/Asynchronous) banks

* Separate base addresses and address range for each

bank of memory

e OPB V2.0 bus interface with byte-enable support.
Memory data width is independent of OPB data
width (memory data width must be less than or
equal to OPB data width)

- Supports memory widths of 32 bits, 16 bits, or 8
bits

¢ Memory width can vary by bank

LogiCORE™ Facts

Core Specifics

Supported Device
Family

QPro™-R Virtex™:-I1l, QPro
Virtex-Il, Spartan™:-II,
Spartan-IIE, Spartan-3,

Spartan-3E, Virtex, Virtex-Il,

Virtex-1l Pro, Virtex-4, Virtex-E

Version of Core opb_emc v2.00.a
Resources Used
Min Max
Slices 171 473
LUTs 63 553
FFs 270 597
Block RAMs 0 0

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 6.2i or later

Verification N/A
Simulation ModelSim SE/EE 5.8b or later
Synthesis XST

Support

Support provided by Xilinx, Inc.

© 2006 Xilinx, Inc. All rights reserved. All Xilinx trademarks, registered trademarks, patents, and further disclaimers are as listed at http://www.xilinx.com/legal.htm. All other trademarks and
registered trademarks are the property of their respective owners. All specifications are subject to change without notice.
NOTICE OF DISCLAIMER: Xilinx is providing this design, code, or information "as is." By providing the design, code, or information as one possible implementation of this feature, application,

or standard, Xilinx makes no representation that this implementation is free from any claims of infringement. You are responsible for obtaining any rights you may require for your implemen-
tation. Xilinx expressly disclaims any warranty whatsoever with respect to the adequacy of the implementation, including but not limited to any warranties or representations that this imple-
mentation is free from claims of infringement and any implied warranties of merchantability or fitness for a particular purpose.
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Features (contd)

¢ Parameterizable memory data-width/bus data-width matching
- Multiple memory cycles will be performed when the memory width is less than the OPB bus
width to provide full utilization of the OPB bus
- Data-width matching can be enabled separately for each memory bank
® Cycle time configurable per memory datasheet parameter
® Supports single-beat and burst transactions

¢ Operating frequency >=100 MHz

Functional Description
The OPB EMC receives control signals from the OPB to read and write to external memory devices.

The OPB EMC provides an interface between the OPB and one to four external banks of memory
components. The EMC supports OPB data bus widths of 8,16 & 32 bits, and memory subsystem widths
of 8,16 & 32 bits. The OPB EMC supports the OPB V2.0 byte enable architecture. Any access size up to
the width of the OPB data bus is permitted. When the width of the memory is less than the width of the
OPB, multiple memory cycles are performed to transfer the data width of the bus if data-width
matching has been enabled for that memory bank.

The OPB EMC provides basic read /write control signals and the ability to configure the access times
for read, write, and recovery times when switching from read to write or write to read.

When the OPB EMC is set for flash memory control it is organized like an SRAM interface. The OPB
EMC assumes that the Flash programming circuitry is built into the Flash components and that the
command interface to the Flash is handled in software.Refer to the section Data-Width Matching For
Flash Memories for more information on programming Flash memories with Data-Width matching
parameter enabled

The ZBT control does not support sleep mode, burst mode, parity checking or parity generating.
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Figure 1 illustrates the top Level block diagram of the OPB EMC.

A
Host Bus (PLB)

OPB EMC v
e I OPB IPIF o I
| Address Decode |  (Bus Interface) | Data Steering / Muxing |
L g ol o
A
---------------------- IPIC == === = e e e e - = =
Y
EMC v
Control Signal | _ Cycle Time Device Interconnect
Generation | Generation T
|
A
4 A i
Data Width Matching
Steering / Muxing
\ Y Y
Memory Banks (0 to 3)
DS421_01_120805
Figure 1: OPB EMC Top-Level Block Diagram
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OPB IPIF Interconnect and (IPIC) Interface

Figure 2 illustrates all OPB slave interface input/output signals.

OPB IPIF

OPB_CIk
OPB_Rst
OPB_ABus(0:31)
OPB_RNW
OPB_BE(0:3)
OPB_select
OPB_segAddr
Sin_errAck
Sin_retry
Sin_toutSup
Sin_xferAck

Transfer
Qualifiers

Sin_DBus(0:31) | (' Bus

OPB_DBus(0:31) }Data

Bus2IP_Clk

Bus2IP_BE(0:3)

BUS2IP_RNW

BUS2IP_Addr(0:31)

BUS2IP_Data(0:31)

Bus2IP_Reset

Bus2IPBurst

Bus2IP_Mem_CS(0:31)

Bus2IP_WrCE(0)

AND Bus2IP_WrReq

Bus2IP_AddrValid

Bus2IP_RdCE(0)

Bus2IP_RdReq

Bus2IP_AddrValid AND

IP2Bus_PostedWrlnh

1

MUX

2

T IP2Bus_toutSup

IP2Bus_toutSup

IP2Bus_AddrAck

IP2Bus_Ack

IP2Bus_RdAck

OR | IP2Bus_WrAck

IP2Bus_toutSup

IP2Bus_AddrAck

Figure 2: OPB Slave Interface

OPB EMC I/O Signals

The I/0O signals for the OPB EMC are shown in Figure 2 and described in Table 1.

Table 1: OPB EMC I/O Signals

EMC
CORE

DS421_02_011306

Signal Name Interface | 1/0 Description
OPB_Clk OPB | OPB Clock
OPB_Rst OPB | | OPB Reset
OPB_ABus(0:C_OPB_AWIDTH-1) OPB | OPB Address Bus
OPB_BE(0:C_OPB_DWIDTH/8-1) OPB | OPB Byte Enables
OPB_DBus(0:C_OPB_DWIDTH-1) OPB | OPB Data Bus
OPB_RNW OPB | OPB Read, Not Write
OPB_select OPB | OPB Select
OPB_seqAddr OPB | OPB Sequential Address
Sin_DBus(0:C_OPB_DWIDTH-1) OPB O | Slave Output Data Bus

www.xilinx.com

DS421 January 16, 2006
Product Specification



http://www.xilinx.com

XX"JNX@ logiC [ FE OPB External Memory Controller (OPB EMC) (2.00a)

Table 1: OPB EMC I/O Signals (Contd)

Signal Name Interface | 1/0 Description
Sin_errAck OPB O | Slave Error Acknowledge
Sin_retry OPB O | Slave Bus Cycle Retry
Sin_toutSup OPB O | Slave Timeout Suppress
Sin_xferAck OPB O | SlaveTransfer Acknowledge
Mem_DQ_I(0:C_MAX_MEM_WIDTH-1) External | | Memory Input Data Bus
Memory
Mem_DQ_0O(0:C_MAX_MEM_WIDTH-1) External | | \lemory Output Data Bus
Memory
External .
Mem_DQ_T(0:C_MAX_MEM_WIDTH-1) O | Memory Output 3-state Signal
Memory
Mem_A(0:C_OPB_AWDITH-1) ',\EAXtema' O | Memory Address Bus
emory
Mem_RPN External (0] Memory Reset/Power Down
Memory
External ; . 1
Mem_CEN(0:C_NUM_BANKS_MEM-1) Memory O | Memory Chip Enables (Active Low)(
Mem_OEN(0:C_NUM_BANKS_MEM-1) External | | \iemory Output Enable
Memory
Mem_WEN External O | Memory Write Enable
Memory
Mem_QWEN(0:(C_MAX_MEM_WIDTH/8) External O | Memory Qualified Write Enables
-1) Memory
Mem_BEN(0:(C_MAX_MEM_WIDTH/8) -1) ',\EAXtema' O | Memory Byte Enables
emory
: External ; . N
Mem_CE(0:C_NUM_BANKS_MEM-1) Memory O | Memory Chip Enables (Active High)(
Mem_ADV_LDN External o Memory Advance Burst Address/Load New
Memory Address
Mem_LBON External (e} Memory Linear/Interleaved Burst Order
Memory
Mem_CKEN External O | Memory Clock Enable
Memory
Mem_RNW External O | Memory Read Not Write
Memory
Notes:

1. Most asynchronous memory devices will only use Mem_CEN. Most synchronous memory devices will use
both Mem_CEN and Mem_CE. Refer to the device data sheet for correct connection of these signals.
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OPB EMC Parameters

Some features of the OPB EMC can be parameterized to allow the user to configure a design tailored for
the required application and to utilize the resources actually required.

The parameterizable characteristics of the OPB EMC are described in Table 2:

Number of separate memory banks

Memory type, synchronous or asynchronous, per memory bank

Data width of each memory bank

Pipeline delay of each memory bank (synchronous memories)

Read and write access times for each memory bank (asynchronous memories)

Enabling of data-width matching per memory bank

Enabling burst support
Enabling negative edge IO registers

Table 2: OPB EMC Design Parameters

Feature / Description Parameter Name Allowable Values Default | VHDL
Value Type
Number of Memory C_NUM_BANKS_MEM 1-4 2 integer
Banks
0 =don’tinclude negative
edge 10 registers (data
and control signals are
Output/Input data and input/output on the rising
control signals using the | C_INCLUDE_NEGEDGE_IO | edge of the clock) 0 integer
falling edge of the REGS 1 =include negative edge g
clock(18) IO registers (data and
control signals are
input/output on the falling
edge of the clock)
0 = don’t include the logic
Includes support for OPB C_INCLUDE_BURST for QPB bursts . 0 integer
bursts 1 = include the logic for
OPB bursts
OPB Clock Period C_OPB_CLK_PERIOD_ps | 'nteger number of 10000 | integer
picoseconds
Memory Bankx Base | & \1e\y(12) BASEADDR Valid Address Range® None() | Std-logic
Address _vector
. Address range must be a .
Memory Bank x High C_MEMx(1:2_HIGHADDR power of 2 and < OPB Nonet) | Std-logic
Address 3 _vector
Address Space(®)
OPB Data Bus Width C_OPB_DWIDTH 32 32 integer
OPB Address Bus Width | C_OPB_AWIDTH 32 32 integer
Width of Memory Bankx | o yienr wipTH() 8,16 & 32 32 integer
Data Bus

www.xilinx.com
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Table 2: OPB EMC Design Parameters (Contd)

Feature / Description Parameter Name Allowable Values Default | VHDL
Value Type
E);erﬁg:'e ;r::l::lgslsec clesto 0 = don't include
Y Y C_INCLUDE_DATAWIDTH_M | data-width matching _
match width of Memory (1,17) . . 1 integer
Bank x data bus to OPB ATCHING_x'1 1= |nglude data-width
data bus matching
0 = memory type is
Memory type C_SYNCH_MEM_x(") asynchronous . 0 integer
1 = memory type is
synchronous
Pipeline delay (only used
if C_SYNCH_MEM_x = | C_SYNCH_PIPEDELAY_x() | 1 to 2 clocks 2 integer
1)
Read cycle Chip Enable () Integer number of (15) .
low to Data Valid. (5:6) C_TCEDV_PS_MEM x picoseconds 0 integer
Read cycle Address ) Integer number of (15) .
Valid to Data Valig, 6.7 | C-TAVDV_PS_MEM x picoseconds 0 integer
Read cycle Chip Enable Integer number of
high to Data Bus High C_THZCE_PS_MEM_x( 1eg 0(19) integer
Impedance. 8.9) picoseconds
Read cycle Output Integer number of
Enable high to Data Bus | C_THZOE_PS_MEM_x(1) "e9 q 0(19) integer
High Impedance. (8,10) picoseconads
Write cycle time (4.11) C_TWC_PS_MEM_x(1) Integer number of 0(18) integer
picoseconds
Write Enable minimum C_TWP_PS_MEM_x( Integer number of 0(15) integer

pulse width. (4.12)

picoseconds
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Table 2: OPB EMC Design Parameters (Contd)

Default VHDL

Feature / Description Parameter Name Allowable Values
Value Type

Write cycle Write Enable

high to Data Bus Low | C_TLZWE_PS_MEM_x(1) Integer number of 0(15) integer
Impedance. (13.14) picoseconds

Maximum width of the

memory devices in all of

the banks - width of C_MAX_MEM_WIDTH 8,16,32 32 integer

memory bus out to the
devices
AUTOCALCULATED (16)

Notes:

1. x = values for memory banks 0 to 3

2. This design can accommodate up to 4 banks of memory. The address range generics are designated as
C_MEMO_BASEADDR, C_MEM1_BASEADDR, C_MEMO0_HIGHADDR, C_MEM1_HIGHADDR, etc.

3. No default value will be specified for C_MEMx_BASEADDR, C_MEMx_HIGHADDR to insure that the actual

value is set, i.e. if the value is not set, a compiler error will be generated. These generics must be a power of

2 and encompass the memory size for C_MEMx_BASEADDR, C_MEMx_HIGHADDR.

Write enable low time is the maximum of C_TWC_PS_MEM and C_TWP_PS_MEM.

Read cycle time is the maximum of C_TCEDV_PS_MEM and C_TAVDV_PS_MEM.

6. Chip Enable low to Data Valid, C_TCEDV_PS_MEM, is equivalent to tacg for asynchronous SRAM and tg qy
for FLASH in the respective memory device data sheets.

7. Address Valid to Data Valid, C_TAVDV_PS_MEM, is equivalent to ty 5 for asynchronous SRAM and tayqy for
FLASH in the respective memory device data sheets.

8. Read cycle recovery to write is the maximum of C_THZCE_PS_MEM and C_THZOE_PS_MEM.

9. Chip Enable high to data bus High Impedance, C_THZCE_PS_MEM, is equivalent to t,;zcg for asynchronous
SRAM and tgpqz for FLASH in the respective memory device data sheets.

10. Output Enable high to data bus High Impedance, C_THZOE_PS_MEM, is equivalent to tzog for
asynchronous SRAM and tgyqz for FLASH in the respective memory device data sheets.

11.Write cycle time, C_TWC_PS_MEM, is equivalent to ty,c for asynchronous SRAM and tcyy, for FLASH in the
respective memory device data sheets.

12. Write cycle minimum pulse width, C_TWP_PS_MEM is equivalent to tjyp for asynchronous SRAM and tpyg for
FLASH in the respective memory device data sheets.

13. Write Enable high to data bus Low Impedance, C_TLZWE_PS_MEM, is equivalent to t| z\yg for asynchronous
SRAM and tyg for FLASH in the respective memory device data sheets.

14.C_TLZWE_PS_MEM is the parameter set to meet write recovery to read time requirements.

15. A value must be set for this parameter if the memory type in this bank is asynchronous - refer to the memory
device data sheet for the correct value.

16.This parameter is automatically calculated when using CoreGen, otherwise the user must set this parameter to
the maximum value of the C_MEMx_WIDTH generics.

17.Refer to section Data-Width Matching For Flash Memories for programming FLASH memories with the
Data-width matching parameter enabled.

18.This parameter should only be set to 1 under the following conditions:
*Tfpga_outdelay + Tsetup_memory + Tboard_route_delay < Clock_period/2
* Tmemory_outdelay + Tfpga_setup + Tboard_route_delay < Clock_period/2
See section "IO Registers" on page 16 for more information on using this parameter.

ok

Allowable Parameter Combinations

The EMC supports up to 4 banks of Synchronous and/or Asynchronous memory. Each bank of
memory has it’s own independent base address and address range. The address range of a bank of
memory is restricted to be a power of 2.

If the desired address range is represented by 2", then the 7 least significant bits of the base address
must be 0. For example, a memory bank with an addressable range of 16M (224) bytes could have a base
address of 0xFF000000 and a high address of OXFFFFFFFF.A memory bank with an addressable range
of 64K (21) bytes could have a base address of 0xABCD0000 and a high address of 0OxABCDFFFF.
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Product Specification


http://www.xilinx.com

XX"JNX@ ngiCi{;}Rf OPB External Memory Controller (OPB EMC) (2.00a)

If C_SYNCH_MEMORY=1, then C_SYNCH_PIPEDELAY specifies the pipeline delay of that
synchronous memory type. All other timing parameters for that memory bank can remain at the
default value of 0. If C_SYNCH_MEMORY=0, C_SYNCH_PIPEDELAY is unused. All other timing
parameters for that memory bank must be set to the value specified in the memory device data sheet.

Please refer to the section, Data-Width Matching For Flash Memories for FLASH memories if
C_INCLUDE_DATAWIDTH_MATCHING_x=1 for FLASH memory banks.

C_INCLUDE_NEGEDGE_IOREGS provides no benefit when interfacing to asynchronous memories.
Therefore, if there are no synchronous memories in the system, this parameter should be set to 0.

Parameter-Port Dependencies

The width of many of the OPB EMC signals depends on the number of memories in the system and the
width of the various data and address buses. In addition, when certain features are parameterized
away, the related input signals are unconnected and the related output signals are set to a constant
values. The dependencies between the OPB EMC design parameters and I/O signals are shown in
Table 3.

Table 3: Parameter-Port Dependencies

Name Affects Depends Relationship Description
Parameters
OPB BE Number of Byte Enables, width of the
C_OPB_DWIDTH OPB_DBus OPB Data Bus, and the width of the
Sin DB Slave Data Bus all vary based on the
n_bbus OPB data width
Width of the OPB Address Bus and
OPB_ABUS the width of the Memory Address Bus
C_OPB_AWDITH Mem_A all vary based on the OPBaddress
width
Mem_DQ_l ) .
Mem_DQ_O Width of the memory interface and

control buses vary based on the

C_MAX_MEM_WIDTH | Mem_DQ_T maximum data width of the memory

Mem_BEN banks
Mem_QWEN
Mem_CEN Stgtus signal per Memory Bank
C_NUM_BANKS_ME Chip Select (low) per Memory Bank
Mem_CE . .
M Mem OEN Chip Enable (high) per Memory Bank
- Output Enable(low) per Memory Bank
I/O Signals
OPB_ABus C_OPB_AWIDTH Width varies with the width of the OPB
Address Bus
OPB_DBus C_OPB_DWIDTH Width varies with the width of the OPB
Data Bus
OPB_BE C_OPB_DWIDTH Width varies with the width of the OPB
Data Bus
Sin_DBus C_OPB_DWIDTH Width varies with the width of the OPB
Data Bus
DS421 January 16, 2006 www.xilinx.com 9
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Table 3: Parameter-Port Dependencies (Contd)

Name Affects Depends Relationship Description

Mem._DQ_| C_MAX_MEM_WIDTH Width varies v.vllth the width of the
memory specified

Mem._DQ._O C_MAX_MEM_WIDTH Width varies v.vllth the width of the
memory specified

Mem_A C_OPB_AWDITH Width varies with the width of the OPB
Address Bus

Mem_CEN C_NUM_BANKS_MEM Width varies with the width of thg
number of memory banks specified

Mem_OEN C_NUM_BANKS_MEM Width varies with the width of thg
number of memory banks specified

Mem_QWEN C_MAX_MEM_WIDTH Width varies v.\n.th the width of the
memory specified

Mem_ BEN C_MAX_MEM_WIDTH Width varies v.vllth the width of the
memory specified

Mem. CE C_NUM._BANKS_MEM Width varies with the width of thg
number of memory banks specified

OPB EMC Address Map Description

The OPB EMC supports up to 4 banks memory. Each bank of memory has it’s own independent base
address and address range. The address range of a bank of memory is restricted to be a power of 2. If
the desired address range is represented by 2", then the # least significant bits of the base address must
be 0. For example, a memory bank with an addressable range of 16M (224) bytes could have a base
address of 0xFF000000 and a high address of OXFFFFFFFE. A memory bank with an addressable range
of 64K (21) bytes could have a base address of 0xABCD0000 and a high address of 0OxABCDFFFF.

The addresses for each bank of memory are shown in Table 4.

Table 4: OPB EMC Memory Banks

Memory Base Address High Address Access
Bank 0 C_MEMO_BASEADDR C_MEMO_HIGHADDR Read/Write
Bank 1 C_MEM1_BASEADDR C_MEM1_HIGHADDR Read/Write
Bank 2 C_MEM2_BASEADDR C_MEM2_HIGHADDR Read/Write
Bank 3 C_MEM3_BASEADDR C_MEM3_HIGHADDR Read/Write

10
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Memory Data Types and Organization

Memory can be accessed through the OPB EMC as one of three types: byte (8 bits), halfword (2 bytes),
or word (4 bytes). From the point of view of the OPB, data is organized as big-endian. The bit and byte

labeling for the big-endian data types is shown below in Figure 3.

Byte address n n+1 n+2 n+3
Byte label 0 1 2 3
Byte significance | MS Byte LS Byte
Bit label | 0 31
Bit significance |MS Bit LS Byte
Byte address n n+1
Byte label 0 1 Halfword

Byte significance MS Byte LS Byte

Bit label | 0 15
Bit significance |MS Bit LS Bit
Byte address n
Byte label 0 Byte

Byte significance | MS Byte

Bit label | 0 7

Bit significance |MS Bit LS Bit

ds421_03_011306

Figure 3: OPB Big-Endian Data Types

Word
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OPB EMC Operation
The OPB EMC state machine is shown in Figure 4.
EMC State Machine

)
idle
\ ) 11
1 2
. _\ ( N
5 READ | l WRITE 6
N _J
3 4
7 8
9 10
WAIT_RDACK | ‘ WRREQ_END
Legend:

1. Bus2Mem_CS * Bus2IP_RdReq * Tlz_End
2. Bus2Mem_CS * Bus2IP_WrReq * Thz_End
3. Bus2Mem_Burst * Mem2Bus_RdAck
4. Bus2Mem_Burst * Mem2Bus_wrAck
5. (Datawidth_match * Cycle_End) + Trd_End)
6. (Datawidth_match * Cycle_End) + Twr_End)
7. (Datawidth_match * Trd_End) + (Cycle_End * Trd_End)
8. (Datawidth_match * Twr_End) + (Bus2IP_WrReq * Cycle_End * Twr_End)
9. Bus2Mem_CS
10. Bus2Mem_CS

11. Bus2Mem_CS * (Cycle_End * Datawidth_match * Bus2IP_WrReq * Twr_End)
DS421_04_011306

Figure 4: OPB EMC State Machine

Data-Width Matching

Data-width matching is the term used to describe the OPB EMC operation of performing multiple
memory accesses to match the width of the memory bank’s data bus to the width of the OPB data bus.
When C_INCLUDE_DATAWIDTH_MATCHING=1 for a particular memory bank and the width of the
memory bank is less than the width of the OPB data bus, multiple accesses are made to the memory
bank so that the OPB data bus is fully utilized. An address counter within the OPB EMC is used to
provide the correct memory addresses. The address counter is controlled by the state machine and is
incremented as each transaction completes.

For example, if the memory bank being addressed is 8 bits wide, then 4 writes to or reads from that
memory will be performed in order that the full 32 bits of the OPB data bus are used. For a write cycle,
the first byte of the OPB data bus (bits 0-7) is written to the memory on bits 0-7 of the memory data bus,
then the second byte (bits 8-15) on bits 0-7 of the memory bus, and so on. The write data multiplexing
is shown in Figure 5 for a 32-bit processor data bus to illustrate the basic concept. This can easily be
extended for a 64-bit processor data bus, but is not shown in this document.
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32-bit Processor Data Bus 32-bit Processor Data Bus
to 8-bit Wide Memory to 16-bit Wide Memory
Write_data[0:7] Mem_Write Mem_ Write_data[0:15] Mem_Write Mem_
Write_data[8:15] \lData[0:7] DQ_0J[0:7] Write_data[6:31]\lData[0:15] DQ_0OJ[0:15]
Write_data[6:23] D Q D Q
Write_data[24:31]
Clk U ek Clk 1 cik
Addr_cnt[24:31] Addr_cnt[24:31]
Write_be0 Mem_Write Write_be[0:1] Mem_ Mem_
Write_be1 \lData[O:7] Mem_BEO Write_be[0:3] \| be[0:1] BE[0:1]
Write_be2 D Q D Q
Write_be3
Clk U cik Clk 1 ok
Addr_cnt[0:1] I/O Addr_cnt[0] I/O
Registers Registers

DS421_05_011306

Figure 5: Data-width matching for Write operations (32-bit Processor Data bus)

For a read cycle, the data read on bits 0-7 of the memory bus is stored as bits 0-7 of the OPB data bus for
the first byte, then the data read on bits 0-7 of the memory bus is stored as bits 8-15 OPB data bus for the
second byte and so on until all bytes have been read. Then all bytes are presented to the OPB data bus
and the read acknowledge is generated. This is shown in Figure 6 for a 32-bit wide processor data bus
to illustrate the basic concept. The signal Mem_width_bytes specifies the data-width of the memory
bank currently being accessed.

DS421 January 16, 2006 www.xilinx.com 13
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1/0
Mem_pai| 1e91SterSt e ba Mem_data
. inl0- ipe[0:15
[8:15] b _in[0:7] D Qa _pipe[0:15] " "
Read ce0 em_data em_read
~—__|CE pipe[0:31] data[0:31’
_| D _ .
Clk Clk Clk | Clk Q
Mem_DQ ,_\ Mem_Data Mem_data Clk CE
Mem_DQI 5 _in[8:15] _in[8:15] b a _pipe[0:15] ——Clk
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Figure 6: Data-width matching for Read operations (32-bit data bus)

DS421_06_011306

The READ_CE signals are generated according to Table 5 for a 32-bit processor data bus to illustrate the
basic logic. This can easily be extended for a 64-bit processor data bus, but is not shown in this
document.

Table 5: READ_CE Generation (32-bit processor data bus)

Men;;::i:th— Addr_cnt Read_ce(0) Read_ce(1) Read_ce(2) Read_ce(3)
00 Read_done 0 0 0
01 0 Read_done 0 0
® 10 0 0 Read_done 0
11 0 0 0 Read_done
0 Read_done Read_done 0 0
10 1 0 0 Read_done Read_done
32 0 Read_done Read_done Read_done Read_done

The data bus to/from the memory banks uses big-endian bit labeling (i.e. bit 0 is MSB) and is sized
according to the C_MAX_MEM_WIDTH parameter. Memories that have smaller widths should
connect to this bus starting at bit 0 (MSB - big endian bit labeling). For example, if 3 memory banks are
present of sizes 8, 16, and 32 bits, the 8 bit wide memory bank should connect to bits 0-7 of the memory
data bus, the 16 bit wide memory bank should connect to bits 0 - 15 of the memory data bus, and the 32
bit wide memory should connect to bits 0 - 31 of the memory data bus.
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Data-Width Matching For Flash Memories

Data-width matching is important for systems using smaller width Flash memories for program
storage as cacheline accesses are expected to be transfers of the bus width. Data-width matching works
well when doing reads from Flash memories as it makes a smaller width Flash memory appear to be
the width of the bus. The software can access the Flash memory without knowledge of its actual width
and cacheline accesses can be performed.

However, typical Flash memory programming algorithms require a command to be written before each
data element is written. For example, writing 32-bit data to an 8-bit Flash memory won’t work properly
if data-width matching is turned on because the data write is converted into four 8-bit writes with the
proper write enables asserted. This doesn’t allow for the command to be written before the data.
Therefore, care should be taken when software performs writes to Flash memory such that the write
transfers are specified to the width of the Flash memory. Software is required to have knowledge of the
actual width of the Flash memory. For example, if an 8-bit Flash memory is used, then writes to the
Flash memory should always be byte-writes

10 Registers

Registers are used on all signals to and from the memory banks to provide consistent timing on the
memory interface. The IO registers present in the design depend upon the setting of the
C_INCLUDE_NEGEDGE_IOREGS. All signals output to the memory banks are registered on the rising
edge of the system clock. If C_INCLUDE_NEGEDGE_IOREGS = 1, the signals are registered again on
the falling edge of the system clock as shown in Figure 7 and can be used at lower clock frequencies to
provide setup and hold to synchronous memories. This parameter can be used for asynchronous
memories as well or if there is a mixture of synchronous and asynchronous memories in the system.
However, if there are only asynchronous memories in the system, setting this parameter to 1 provides
no value, and is therefore recommended to be set to 0.

Internal Memory Memory
Data/Control D Q D Q Data/Control
CE
Lk fok Clkolcik

Present only if
C_INLUDE_NEGEDGE_IOREGS=1

DS421_07_011306

Figure 7: OPB EMC Output Registers

If C_LINCLUDE_NEGEDGE_IOREGS = 1, the data input from the memories is clocked into the FPGA
on the falling edge of the clock. This can be used at lower clock frequencies to obtain setup and hold
from synchronous memories in the system. If data width matching is included for any of the memory
banks, the data is again registered on the rising edge of the clock before going into the data width
matching multiplexors. These registers are not included if data-width matching is not needed for any of
the memory banks. This is shown in Figure 8 and can be used at lower clock frequencies to provide
setup and hold from synchronous memories. This parameter can be used for asynchronous memories
as well or if there is a mixture of synchronous and asynchronous memories in the system. However, if
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there are only asynchronous memories in the system, setting this parameter to 1 provides no value, and
is therefore recommended to be set to 0.

Data from Memories Internal Memory Data

_Clk f

DS421_08_011306

Figure 8: OPB EMC Input Registers

NOTE: C_LINCLUDE_NEGEDGE_IOREGS should only be set to 1 if the output delay from the FPGA
plus the setup requirement of the synchronous memories in the system plus the board route delay is
less than half the clock period AND the output delay from the synchronous memories in the system

plus the FPGA setup requirement plus the board route delay is less than half the clock period.

- Tfpga_outdelay + Tsetup_memory + Tboard_route_delay < Clock_period/2
- AND
- Tmemory_outdelay + Tfpga_setup + Tboard_route_delay < Clock_period/2

OPB EMC Latency

OPB latency is defined as the number of OPB clock cycles elapsed to get back the READ data or
complete the WRITE transfer after initiation of the READ/WRITE command by the OPB Master on the
OPB bus. Table 6 shows the latency calculations for asynchronous SRAM. Table 7 shows the latency for
synchronous SRAM.

Arbitration time on the OPB between multiple masters is not included.

Table 6: OPB EMC Latencies Calculation for Asynchronous SRAM (1)

Transaction OPB Latency OoPB OPB OPB
Tvpe Parameter (Number Of OPB Latency Latency@ Latency
P Clock) @50MHZz® | 100MHz® & @133MHz®
Write OPB_select To 3+Twc_clock 4 5 5
Sin_xferack
Write Sin_xferack To DATA_ACCESS @) 1 ] ]
Transfer Complete
OPB_select To 3+Trc_clock
Read Sin_xferack + DATA_ACCESS @) 5 6 6
Sin_xferack To
Read Transfer Complete 1 1 1 1
Notes:

1. Latency calculations are for a single bank of external memory

2. if C_LINCLUDE_DATAWIDTH_MATCHING_x = 1, DATA_ACCESS = OPB_BUS_WIDTH/C_MEMO_WIDTH, if
C_INCLUDE_DATAWIDTH_MATCHING_x = 0, DATA_ACCESS =1

3. The calculations are for a typical configuration with timing numbers as given:

Trc = 15 ns, Twc = 15 ns, Twc_clock = Twc/OPB_CLK_PERIOD, Trc_clock = Trc/OPB_CLK_PERIOD.
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Table 7: OPB EMC Latencies for Synchronous SRAM
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Timing diagrams for all memory widths are not shown. A sampling is provided as an example of how

The following timing diagrams show various OPB bus transactions and the resulting memory accesses.
various memory widths are supported.

OPB EMC Single Write followed by Single Read to 8-bit Asynchronous SRAM

OPB EMC Accesses to 8-bit Asynchronous SRAM

OPB EMC Timing Diagrams

133

0]

0]

Cycles 0[1]

OPB_Rst

OPB_CIlk

OPB_select

OPB_se

gAddr
OPB_RNW

[0:31] _X
[0:3]
[0:31] __X

OPB_DBus
SIn_xferAck

OPB_BE

OPB_ABus|

0o |
WR\

}

D2D
WR

D3
R

Command
Mem_A[0:31]
Mem_BEN

AT

AQ

(A1 Y(A2 ) A3 )
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!
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I

0:3) (%)

Mem_CKEN

Mem_CEN

Mem_WEN

Mem_DQ

Mem_OEN

[0:31]

Legend:

WR

DS421_09_011306

Read

Write RD

Figure 9: OPB EMC Single Write/Single Read to 8-bit Asynchronous SRAM
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OPB EMC Accesses to 16-bit Asynchronous SRAM
OPB EMC Single Write followed by Single Read to 16-bit Asynchronous SRAM

OPB_seqAddr
OPB_RNW
OPB_ABus[0:31] X
OPBBE[O'S]-( o
oPB_DBusio:31] I D1bo
SinxferAck __| | WR\_ WRy_ | [ IR

oommand“(:__ __FD__ SRR

Mem_A[0:31] DY A0. X ‘A1l ) N Y |

Mem BENO:3] I F {3 ' Y F

Mem_CKEN |

Mem_CEN \/\/\/

e

Mem_OEN I ey

Mem_DQ[0:15] ——— Do ) Dbi___ _»—<__ Do  f DI )t
Legend:

WR = Write RD = Read DS421_10_011306

Figure 10: OPB EMC Single Write/Single Read to 16-bit Asynchronous SRAM
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OPB EMC Accesses to 32-bit Asynchronous SRAM
OPB EMC Single Write followed by Single Read to 32-bit Asynchronous SRAM

OPB_select | /
OPB_segAddr |
OPB_RNW 1
OPB_ABus[0:31] X
OPB_BE[0:3] X
X

OPB_DBus[0:31]
SIn_xferAck / \
Command l l l l XWR l l l l X RD_ X ‘ ‘
Mem_A[0:31] I G A0 T
Mem_BEN([0:3] _F !

Mem_CKEN
Mem_CEN
Mem_WEN R \ ]
Mem_OEN |
Mem_DQ[0:31] 1

L= —H|- = HTkHE -

A -t
e e B o

Legend:
WR = Write RD = Read DS421-11-011306

Figure 11: OPB EMC Single Write/Single Read to 32-bit Asynchronous SRAM
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OPB EMC Accesses to 32-bit Asynchronous SRAM

OPB EMC Burst Write followed by Burst Read to 32-bit Asynchronous SRAM
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Figure 12: OPB EMC Burst Write and Burst Read to 32-bit Asynchronous SRAM
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OPB EMC Accesses to 32-bit Synchronous SRAM ZBT Pipeline
OPB EMC Single Write followed by Single Read to 32-bit Synchronous SRAM ZBT Pipeline

Cycles _0 [ 1 [ [ [ [ | [ [ |} [+t [ [ [ [ |16
OPB_Rst R R L 1 L

OPB_select !
OPB_seqAddr 1
OPB_RNW | :
OPB_ABuslO:31] _JC A0
OPB_BE[0:3] X \
OPB_DBus[0:31] X

Sin_xferAck : !
Command l l
Mem_A[0:31] 31
Mem_BEN[0:3] X

Mem_CKEN
Mem_CEN
Mem_WEN
Mem_OEN
Mem_DQ[0:31]

I R I I S B | B LN L Gl |
o
_H- o4 SHE - S

Legend:
WR = Write RD = Read DS421_13_011306

Figure 13: OPB EMC Single Write/Single Read to 32-bit Synchronous SRAM ZBT Pipeline
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OPB EMC Accesses to 32-bit Synchronous SRAM ZBT Flowthrough
OPB EMC Single Write followed by Single Read to 32-bit Synchronous SRAM ZBT Flowthrough

Cycles _0 [ 1 | | I I | I I [ [ 10 | | | [ 14 |
OPB_Rst | | | | | | | | |

OPB_select i/
OPB_seqAddr |
OPB_RNW |
OPB_ABus[0:31] [
OPB_BE[0:3] X II
X

OPB_DBus[0:31] {
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Command
Mem_A[0:31]
Mem_BEN[0:3] X F

Mem_CKEN
Mem_CEN
Mem_WEN | | | |
Mem OEN | | |
Mem_DQ[0:31] : : : I ! !

Legend:
WR = Write RD = Read DS421_14_011306

Figure 14: OPB EMC Single Write/Single Read to 32-bit Synchronous SRAM ZBT Flowthrough
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OPB EMC Accesses to 32-bit Synchronous SRAM ZBT Pipeline

OPB EMC Burst Write followed by Burst Read to 32-bit Synchronous SRAM ZBT Pipeline
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Figure 15: OPB EMC Burst Write and Burst Read to 32-bit Synchronous SRAM ZBT Pipeline
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OPB EMC Accesses to 32-bit Synchronous SRAM ZBT Flowthrough
OPB EMC Burst Write followed by Burst Read to 32-bit Synchronous SRAM ZBT Flowthrough
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Legend:
WR = Write RD = Read DS421_16_011306

Figure 16: OPB EMC Burst Write and Burst Read to 32-bit Synchronous SRAM ZBT Flowthrough

Connecting to Memory

Clocking Synchronous Memories

The OPB EMC does not provide a clock output to any synchronous memories. The OPB clock should be
routed through an output buffer to provide the clock to the synchronous memories.

To synchronize the synchronous memory clock to the internal FPGA clock, the FPGA system design
should include a DCM external to the OPB EMC core that uses the synchronous memory clock input as
the feedback clock as shown in . This means that the synchronous clock output from the FPGA must be
routed back to the FPGA on a clock pin with a connection to a DCM clock feedback input.
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External FPGA
Clock
O CLKIN CLKO —{> OPB_Ck f o1 kiN+ cLko >
Ulsra BUFG . S OBUF
[0} e}
DCM £l = DCM
£|0
()
D Syncmem Clk
L Synchronous
Memory Bank
CLK y

DS421_17_011306

Figure 17: Synchronous Memory Bank Clocked by FPGA Output with Feedback

If the synchronous memory is clocked by the same external clock as the FPGA, or if the clock feedback
is not available, the DCM shown in (or something similar) or should be included in the FPGA external
to the OPB EMC core.

NOTE: If DLLs are used, the designer must reference XAPP132 v2.4, Using the Virtex Delay-Locked Loop,
for the correct DLL implementation.

External FPGA
Clock OPB_Clk
O CLKIN CLKO |—> =" CLKIN cLKo —>—{]
L {cikB BUFG CLKB OBUF
DCM DCM
Synchronous
L | CI_KMemory Bank
DS421_18_011306
Figure 18: Synchronous Memory Clocked by External Clock
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External FPGA
Clock
D CLKIN CLKO —{> OPB_CfGiKIN CLKo — >
i P BUFG CLKB OBUF x
DCM DCM £
£
g
>
(0}
Synchronous
Memory Bank
—|CLK

DS421_19_011306

Figure 19: Synchronous Memory Clocked by FPGA Output - No Feedback Available

Address Bus, Data Bus, and Control Signal Connections

The three primary considerations for connecting the controller to memory devices are the width of the
OPB data bus, the width of the memory subsystem, and the number of memory devices used.

The width of the memory subsystem is simply the maximum width of data that can be read from or
written to the memory subsystem. The memory width must be less than or equal to the OPB data bus
width.

The data and address signals at the memory controller are labeled with big-endian bit labeling (for
example, D(0:31), D(0) is the MSB), whereas most memory devices are either endian agnostic (they can
be connected either way) or little-endian D(31:0) with D(31) as the MSB.

Care must be taken when connecting the chip enable signals. Most asynchronous memory devices will
only use Mem_CEN, while most synchronous memory devices will use both Mem_CEN and Mem_CE.
Mem_CEN is a function of the address decode while Mem_CE is a function of the state machine logic.

Caution must be exercised with the connections to the external memory devices to avoid incorrect data
and address connections. The following tables show the correct mapping of memory controller pins to
memory device pins.

Table 8 shows the variables used in defining the memory subsystem.

Table 8: Variables Used in Defining Memory Subsystem

Variable | Allowed Definition
Range
BN 0to3 Memory bank number

Memory device number within a bank. The memory device attached to the most
DN 0 to 31 significant bit in the memory subsystem is 0; device numbers increase toward
the least significant bit.

MW 810 32 Width in bits of memory subsystem
DW 1to 32 Width in bits of data bus for memory device
MAW 1to 32 Width in bits of address bus for memory device
26 www.xilinx.com DS421 January 16, 2006
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Table 8: Variables Used in Defining Memory Subsystem (Contd)

Variable Allowed Definition
Range
AU 1to0 32 Width in bits of smallest addressable data word on the memory device
AS >0 Address shift for address bus = logo(MW*AU/DW/8)
HAW 1to 32 Width of OPB address bus in bits

Table 9 shows the EMC to memory interconnect.

Table 9: EMC to Memory Interconnect

Description EMC Signal (MSB:LSB) Memory Device Signal (MSB:LSB)
Data bus Mem_DQ(DN*DW:(DN+1)*DW-1) D(DW-1:0)
Address bus Mem_A(HAW-MAW-AS:HAW-AS-1) A(MAW-1:0)
Chip Enable, low-true Mem_CEN(BN) CEN
Output Enable, low-true | Mem_OEN OEN
Write Enable, low-true | Mem_WEN WEN (for devices that have byte enables or

do not require byte enables)

Byte-Enable-Qualified
Write Enable, low-true

Mem_QWEN(INT(DN*DW/8))

WEN (for devices that require byte enables
and do not have them)

Byte Enable, low-true

Mem_BEN(INT(DN*DW/8):
INT((DN+1)*DW/8-1))

BEN(DW/8-1:0)
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Example Memory Connections

Example 1

Example 1: Connection to 32-bit memory using 2 IDT71V416S SRAM parts.

Table 10 shows the variables for a simple SRAM example.

Table 10: Variables for Simple SRAM Example

Variable Value Definition
BN 0 Memory bank number
Memory device number within a bank. The memory device attached to the most
DN Oto1 significant bit in the memory subsystem is 0; device numbers increase toward the
least significant bit.
MW 32 Width in bits of memory subsystem
DW 16 Width in bits of data bus for memory device
MAW 18 Width in bits of address bus for memory device
AU 16 Width in bits of smallest addressable data word on the memory device
AS 2 Address shift for address bus = logo(MW*AU/DW/8)
HAW 32 Width of host address bus (e.g. OPB or PLB) in bits

Table 11 shows the connections to 32-bit memory using 2 IDT71V416S parts.

Table 11: Connection to 32-bit Memory Using 2 IDT71V416S Parts

DN Description EMC Signal (MSB:LSB) Mem°(%s?§:‘:_ig‘l’3)si9“a'
Data bus Mem_DQ(0:15) 1/0(15:0)
Address bus Mem_A(12:29) A(17:0)
Chip Enable, low-true Mem_CEN(0) CS

0 Output Enable, low-true Mem_OEN OE
Write Enable, low-true Mem_WEN WE
Byte Enable, low-true Mem_BEN(0:1) BHE:BLE
Data bus Mem_DQ(16:31) 1/0(15:0)
Address bus Mem_A(12:29) A(17:0)
Chip Enable, low-true Mem_CEN(0) CS

1 Output Enable, low-true Mem_OEN OE
Write Enable, low-true Mem_WEN WE
Byte Enable, low-true Mem_BEN(2:3) BHE:BLE

Connecting to Intel StrataFlash

StrataFlash parts contain an identifier register, a status register, and a command interface, so the bit
label ordering for these parts is critical to their proper functioning. The tables below show examples of
how to connect the big-endian OPB EMC buses to the little-endian StrataFlash parts.
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The proper connection ordering is also indicated in a more general form inTable 12. StrataFlash parts
have a X8 mode and a x16 mode, selectable with the BYTE# input pin. To calculate the proper address
shift, the minimum addressable word is 8 bits for both x8 and x16 mode, since A0 always selects a byte.

Example 2

Example 2: Connection to 32-bit memory using 2 StrataFlash parts in x16 mode (supports byte read, but
no byte write; smallest data type that can be written is 16-bit data).

Table 12 shows variables for StrataFlash (x16mode) example

Table 12: Variables for StrataFlash (x16 mode) Example

Variable Value Definition
BN 0 Memory bank number
Memory device number within a bank. The memory device attached to the
DN Oto 1 most significant bit in the memory subsystem is 0; device numbers
increase toward the least significant bit.
MW 32 Width in bits of memory subsystem
DW 16 Width in bits of data bus for memory device
MAW 24 Width in bits of address bus for memory device
AU 8 Width in bits of smallest addressable data word on the memory device
AS 1 Address shift for address bus = logo(MW*AU/DW/8)
HAW 32 Width of host address bus (e.g. OPB or PLB) in bits

Table 13 shows the connection to 32-bit memory using 2 StrataFlash parts.

Table 13: Connection to 32-bit Memory Using 2 StrataFlash Parts

DN Description EMC Signal (MSB:LSB) S""‘(ta';';?fs?;;’"a'

Data bus Mem_DQ(0:15) DQ(15:0)
Address bus Mem_A(7:30) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#

° Write Enable, low-true Mem_QWEN(0) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to VCC BYTE#
Program enable, high-true N/A - tie to VCC VpEN
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Table 13: Connection to 32-bit Memory Using 2 StrataFlash Parts
DN Description EMC Signal (MSB:LSB) Stra(tl\a;llglg.sll:lsi'l)gnal
Data bus Mem_DQ(16:31) DQ(15:0)
Address bus Mem_A(7:30) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#
1

Write Enable, low-true Mem_QWEN(2) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to VCC BYTE#
Program enable, high-true N/A - tie to VCC VpEN

Example 3

Example 3: Connection to 32-bit memory using 4 StrataFlash parts in x8 mode (supports byte reads and

writes).

Table 14 shows the variable for StrataFlash (x8 mode) example.

Table 14: Variables for StrataFlash (x8 mode) Example

Variable Value Definition
BN 0 Memory bank number
Memory device number within a bank. The memory device attached to the
DN Oto3 most significant bit in the memory subsystem is 0; device numbers
increase toward the least significant bit.
MW 32 Width in bits of memory subsystem
DW 8 Width in bits of data bus for memory device
MAW 24 Width in bits of address bus for memory device
AU 8 Width in bits of smallest addressable data word on the memory device
AS 2 Address shift for address bus = logo(MW*AU/DW/8)
HAW 32 Width of host address bus (e.g. OPB or PLB) in bits
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Table 15 shows the connection to 32-bit memory using 4 StrataFlash parts.

Table 15: Connection to 32-bit Memory Using 4 StrataFlash Parts

DN Description EMC Signal (MSB:LSB) S""‘(t“‘;';';ffss;f’"a'
Data bus Mem_DQ(0:7) DQ(7:0)(M
Address bus Mem_A(8:29) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#

° Write Enable, low-true Mem_QWEN(0) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to GND BYTE#
Program enable, high-true N/A - tie to VCC VpEN
Data bus Mem_DQ(8:15) DQ(7:0)(")
Address bus Mem_A(8:29) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#

1 Write Enable, low-true Mem_QWEN(1) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to GND BYTE#
Program enable, high-true N/A - tie to VCC VpEN
Data bus Mem_DQ(16:23) DQ(7:0)(")
Address bus Mem_A(8:29) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#

2 Write Enable, low-true Mem_QWEN(2) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to GND BYTE#
Program enable, high-true N/A - tie to VCC VpEN
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Table 15: Connection to 32-bit Memory Using 4 StrataFlash Parts (Contd)

DN Description EMC Signal (MSB:LSB) Stra(tal;l;:sll:lsi'i)gnal

Data bus Mem_DQ(24:31) DQ(7:0)(M
Address bus Mem_A(8:29) A(23:0)
Chip Enable, low-true GND,GND,Mem_CEN(0) CE(2:0)
Output Enable, low-true Mem_OEN OE#

° Write Enable, low-true Mem_QWEN(3) WE#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to GND BYTE#
Program enable, high-true N/A - tie to VCC VpEN

Notes:

1. In x8 configuration, DQ(15:8) are not used and should be treated according to manufacturer’s data sheet.

Design Constraints

Timing Constraints

A timing constraint should be placed on the system clock, setting the frequency to meet the bus timing
requirements. An example is shown below.

Pin Constraints

If external pullups/pulldowns are not available on the MEM_DQ signals, then these pins should be
specified to use pullup or pulldown resistors. An example is shown below.

NET "Mem_DQ<0>" PULLDOWN;
NET "Mem_DQ<1>" PULLDOWN;

NET "Mem_DQ<31>" PULLDOWN,;
Design Implementation

Target Technology
The intended target technology is a Virtex-1I Pro FPGA.

Device Utilization and Performance Benchmarks

This section will be updated when the design has been completed. It will contain the resources and
timing for various values of the parameters.

Since the OPB EMC is a module that will be used with other design pieces in the FPGA, the utilization
and timing numbers reported in this section are just estimates. As the OPB EMC is combined with other
pieces of the FPGA design, the utilization of FPGA resources and timing of the OPB EMC design will
vary from the results reported here.

The OPB EMC benchmarks are shown in Table 16 for a Virtex-II Pro -7 FPGA.
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Table 16: OPB EMC FPGA Performance and Resource Utilization Benchmarks (Virtex-ll Pro -7)

Parameter Values Device Resources fmax
o
< n
I (O]
°
= <
| S = = T &
7)) o [a] w = a .
§ ' = E| = w Slice 4-input
< a ! T = © Slices Flip- P
m = = O = Ll Fl LUTs
| - 1T =z s =z ops
= ) = > (=) |_uI
=2 = | ) | =)
- (&) I w
=z I %) )
| O 2 -
(&) o %)
-
3] =
|
Z| o
(6]
1 0 8 0 0 0 188 280 156 147.558
1 0 8 0 1 0 194 270 181 145.858
1 0 16 0 0 0 175 280 130 152.277
1 0 16 0 1 0 193 285 177 145.201
1 0 32 0 0 0 171 280 105 149.589
1 0 32 0 1 0 181 284 185 146.735
1 1 8 0 0 0 290 362 332 122.820
1 1 8 0 1 0 309 355 350 130.344
1 1 16 0 0 0 279 363 311 139.159
1 1 16 0 1 0 305 369 352 143.041
1 1 32 0 0 0 270 364 290 145.497
1 1 32 0 1 0 299 368 370 139.548
1 0 32 1 0 0 181 328 63 151.149
1 0 32 1 1 0 192 332 150 146.327
1 0 32 1 0 1 227 410 63 146.606
1 0 32 1 1 1 236 412 150 152.462
1 1 32 1 0 1 340 494 249 126.518
1 1 32 1 0 0 294 412 249 143.390
1 1 32 1 1 1 349 497 327 144.300
2 1 8,32 1,0 1,0 1 445 585 498 109.794
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Table 16: OPB EMC FPGA Performance and Resource Utilization Benchmarks (Virtex-ll Pro -7) (Contd)

2 1 8,32 0,1 0,0 0 359 450 400 108.838
4 1 8,16, 0,1,0,1 1,1,0,0 0 473 597 553 109.565
30.32 1,0, 1,0, .
Notes:

1. These benchmark designs contain only the OPB EMC without any additional logic. Benchmark numbers
approach the performance ceiling rather than representing performance under typical user conditions.

Reference Documents

The following documents contain reference information important to understanding the OPB EMC

design:

OPB IPIF Design Specification (v3_01_a)

Revision History

The following table shows the revision history for this document.

Date Version Revision
05/22/02 1.0 Initial Xilinx release.
06/04/02 1.1 Update for EDK 1.0
07/29/02 1.2 Add XCO parameters for System Generator
12/30/02 13 Updatgd document for OPB EMC core version 1.10a which added data-width
matching
01/08/03 1.4 Update for EDK SP3
Updated document for OPB EMC core version 1.10b which provided a parameter
03/20/03 1.5 . I, .
to allow user to choose negative edge or positive edge 10 registers.
07/14/03 1.6 Update to new template
07/28/03 1.6.1 Change DS number because of duplications
10/13/03 1.7 Updated Table 16 benchmarks.
12/15/03 1.7.1 Remove unused signal.
03/11/04 1.8 Added timing diagrams
Updated document for EMC core version 2.00a which provided FPGA resource
07/05/04 2.0 o
optimization and customer ease of use. General clean up.
08/26/04 2.1 Resource utilization update. General clean up.
4/5/05 2.2 Updated for EDK 7.1.1 SP1 release; updated supported device listing.
Updated to incorporate CR204255 (removed C-FAMILY generic); put/published
7/14/05 2.3
071405.
12/1/05 24 Added support for Spartan-3E.
1/13/06 25 Converted to new DS template; updated images to graphic standards.
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