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Introduction

This specification defines the architecture and interface
requirements for the PLB EMC. This module supports
data transfers between the Processor Local Bus (PLB)

and external synchronous and asynchronous memory
devices.

ices for use with this
controller are t¥ nou®Integrated Device
Technology, Inc. 546'SRAM with ZBT™
Feature. Example asy 0 evices include the
IDT71V416S SRAM and Inte 28]3A StrataFlash
Memory.

Example sync

To allow the user to obtain a PL
tailored for their system, certain fea

parameterizable in the PLB EMC desig £
the user to have a design that only utilizes t soutces
required by their system and runs at the best po e
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

¢ Memory data width is independent of PLB data
width (memory data width must be less than or
equal to PLB data width)

- Supports memory widths of 64bits, 32 bits, 16
bits, or 8 bits

* Memory width can vary by bank
* Supports the following PLB transactions:
- single beat read /write transfers

- In-line burst for 4,8,16 word cacheline read /write
transfers

- Determinate/Indeterminate burst

LogiCORE™ Facts

Core Specifics

QPro™-R Virtex™-|l, QPro
Virtex-Il, Spartan™-II,

Supported Device Spartan-IIE, Spartan-3,

Family Spartan-3E, Virtex, Virtex-Il,
Virtex-1l Pro, Virtex-4, Virtex-E
Version of Core plb_emc v2.00.a
Resources Used
Min Max

Slices 270 874
LUTs 364 1177
FFs 151 858
Block RAMs 0 0

Provided with Core

%ocumentation Product Specification

Design File Formats VHDL
N/A
N/A
N/A
None
equirements
Xilinx Implemen 6.2i or later
Tools
Verification
Simulation o 5.8b or later
Synthesis XST

Support

Support provided by Xilinx, Inc.
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PLB External Memory Controller (PLB EMC) (2.00a) X XILINX® LQg’.C;?';Rf

Features (contd)

¢ Parameterizable memory data-width/bus data-width matching

- Multiple memory cycles will be performed when the memory width is less than the PLB bus
width to provide full utilization of the PLB 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

| Description
reggives control signals from the PLB to read and write to external memory devices.

The EM@provides an interface between the PLB and one to four external banks of memory

size up to the w
width of the PLB,

ing from read to write or write to read.

When the PLB EMC is set for flas
EMC assumes that the Flash progra ngditcuitry is built into the Flash components and that the
command interface to the Flash is han re.Refer to the section Data-Width Matching For
Flash Memories for more information on gra ing Flash memories with Data-Width matching

ftrol it is organized like an SRAM interface. The PLB
1
i

parameter enabled

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

A
Host Bus (PLB)

PLB EMC v
T I PLB IPIF et I
|
i Address Decode |  (Bus Interface) | Data Steering / Muxing |
e B | __ o
A
---------------------- IPIC == ===t e e e e ==
\i
\i
. : Device Interconnect
ontrol Signal | _ Cycle Time
Generation | Generation -
/ y
Data Width Matching
Steering / Muxing

\i
ry Banks (0 to 3)

DS418_01_120805

p-Level Block Diagram

PLB IPIF Interconnect and (I face
Figure 2 illustrates all PLB slave interface input/o als. See PLB Signals in the Processor Local
Bus Architecture Specification (v3.4) for a detailed cription of the signals. It should be
noted that the values listed in the figure are the default cified in the PLB Architecture
Specification (v3.4).
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|
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Write
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Write
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MEM_DQ_i[0:63]

Bus2IP_RNW

Bus2IP_Addr[0:31]

BUS2IP_Data[0:63]

BUS2IP_BE[0:7]

BUS2IP_WrReq

Bus2IP_RdReq

Bus2IP_Mem_CS(0:7)

1 IP2Bus_ErrAck
X IP2Bus_retry

1
T
1
1
1
IP2Bus_Data[0:63] 1
!
1
1

2Bus_RdAck

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

Figure 2: PLB Slave Interface

EMC
CORE

Mem
Control

MEM_A[0:31]

MEM_DQ_0J[0:31]

MEM_DQ_T

MEM_RPN

MEM_CEN[0:3]

MEM_OENI0:3]

MEM_WEN

MEM_QWENIO:7]

MEM_BEN[0:3]

MEM_CE[0:3]

MEM_ADV_LDN

MEM_LBON

MEM_CKEN

MEM_RNW
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Table 1: PLB EMC I/O Signals

Signal Name Interface | 1/10 Description
PLB_abort PLB | PLB abort bus request indicator
PLB_ABus(0:C_PLB_AWIDTH-1) PLB I PLB address bus
PLB_BE(0:(C_PLD_DWIDTH/ 8) -1) PLB I PLB byte enables
PLB_busLock PLB | PLB bus lock
PLB_compress PLB | PLB compressed data transfer indicator
PLB_guarded PLB | PLB guarded transfer indicator

PLB | PLB lock error indicator
PLB_MID_WIDTH-1) PLB | PLB current master indicator
PLB | PLB synchronize transfer indicator
PLB | PLB primary address valid indicator
PLB_rdBurst PLB | PLB burst read transfer indicator

PLB secondary to primary read request

PLB_rdPrim PLB I indicator

PLB_RNW PLB | PLB read not write

PLB_SAValid PLB | PLB secondary address valid indicator
PLB_size(0:3) PlB | PLB transfer size

PLB_type(0:2) | PLB transfer type

PLB_wrBurst | PLB burst write transfer indicator

PLB_wrDBus(0:C_PLB_DWIDTH -1) PLB write data bus
PLB._wrPrim PLB secondary to primary write request
| ind icator
PLB_MSize(0:1) PLB .F 3 master data bus size
SI_addrAck PLB (0]
SI_MBusy(0:C_NUM_MASTERS-1) PLB (0]
SI_MErr(0:C_NUM_MASTERS-1) PLB (0]
SI_rdBTerm PLB (e}
SI_rdComp PLB (e}
S|_rdDAck PLB (e} Slave read data acknowledge
SI_rdDBus(0:C_PLB_DWIDTH -1) PLB O | Slave read bus
SI_rdWdAddr(0:3) PLB O | Slave read word address
S|_rearbitrate PLB (e} Slave rearbitrate bus indicator
SI_wait PLB (e} Slave wait indicator
SI_wrBTerm PLB (e} Slave terminate write burst transfer
SI_wrComp PLB O | Slave write transfer complete indicator
SI_wrDAck PLB O | Slave write data acknowledge
DS418 March 1, 2006 www.xilinx.com 5
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Table 1: PLB EMC I/O Signals (Contd)

Signal Name Interface | 1/0 Description
SI_SSize(0:1) PLB O | Slave data bus size
PLB_pendReq PLB | PLB pending bus request indicator
PLB_pendPri(0:1) PLB | PLB pending request priority
PLB_reqgPri(0:1) PLB | PLB current request priority
PLB_CIlk System | System C2 clock
PLB_Rst System | System PLB Reset

_MAX_MEM_WIDTH-1) External | | Memory Input Data Bus
Memory
 MAX_MEM_WIDTH-1) External | | \lemory Output Data Bus
Memory
_MEM_WIDTH-1) External | | \1omory Output 3-state Signal
Memory
External O | Memory Address Bus
Memory
Mem_RPN External O | Memory Reset/Power Down
Memory
Mem_CEN(0:C_NUM_BANKS_MEM-1 etglfyl O | Memory Chip Enables (Active Low)(
Mem_OEN(0:C_NUM_BANKS_MEM-1) tepal | 5 | Memory Output Enable
xter .
Mem_WEN M 4 O | Memory Write Enable
Mem_QWEN(0:(C_MAX_MEM_WIDTH/8) Extern mory Qualified Write Enables
-1) Memory
Mem_BEN(0:(C_MAX_MEM WIDTH/8) -1) ',\EAXtema' ytesEnables
emory
Mem_CE(0:C_NUM_BANKS_MEM-1) External | |, hip Enables (Active High)(")
Memory
External Memory Adv.
Mem_ADV_LDN Memory 0 Address
Mem_LBON External O | 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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PLB EMC Parameters

Some features of the PLB 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 PLB 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)

arameter Name Allowable Values Default | VHDL
Value Type
Number of Masters 1-8 8 integer
Number of Memory .
Banks 1-4 2 integer
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_NEGED 04" edge of the clock) 0 integer
falling edge of the REGS include negative edge 9
clock(18) registers (data and
t on the falling
. Integer .
PLB Clock Period C_PLB_CLK_PERIOD_PS . 10000 integer
picoseco
Memory Bank x Base | & \iEMx(12)_ BASEADDR | Valid Address Ran (4 | stdlogic
Address _vector
. Address range must bg"a .
Memory Bank x High C_MEMx(1:2_HIGHADDR power of 2 and < PLB None( | Std-logic
Address 3 _vector
Address Space®
PLB Data Bus Width C_PLB_DWIDTH 64 64 integer
PLB Address Bus Width | C_PLB_AWIDTH 32 32 integer
Width of Memory Bankx | & y1enge wipTH() 8,16, 32 & 64 64 integer
Data Bus
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Table 2: PLBEMC Design Parameters (Contd)

Feature / Description Parameter Name Allowable Values Default | VHDL
Value Type
E)((aen?gtre ;r::l::lttaiglsec clesto 0 = don't include
Y Y C_INCLUDE_DATAWIDTH_M | data-width matching _
match width of Memory ATCHING x(1.17) 1 = include data-width 1 integer
Bank x data bus to PLB - ‘t'”h‘? ude data-wi
data bus matching
0 = Design will respond to
plb burst and cacheline
transactions and initiate
C_INCLUDE_BURST_CACH | single memory operations 0 integer
ELN_SUPPORT 1 = include logic to ¢
translate plb burst and
cacheline transactions as
memory burst operations
0 = memory type is
Memory type SYNCH_MEM_x(") asynchronous . 0 integer
1 = memory type is
synchronous
Pipeline delay (only used
if C_SYNCH_MEM_x = IPEDELAY_x() | 1 to 2 clocks 2 integer
1)
Read cycle Chip Enable Integer number of (15) .
low to Data Valid. (5:6) C_TCED X picoseconds 0 integer
Read cycle Address Integer number of (15) .
Valid to Data Valig, 67 | C-TAVDV_PS picoseconds 0 integer
Read cycle Chip Enable or number of
high to Data Bus High C_THZCE_PS_MEM_; 019 integer
seconds
Impedance. (8.9)
Read cycle Output mber of
Enable high to Data Bus | C_THZOE_PS_MEM_x(1) 0(19) integer
High Impedance. (8.10)
Write cycle time (4.11) C_TWC_PS_MEM_x(1) Integer of 0(18) integer
picosecon
Write Enable minimum Integer number of .
M
pulse width. (4.12) C_TWP_PS_MEM_x picoseconds integer
Write cycle Write Enable Integer number of
high to Data Bus Low C_TLZWE_PS_MEM_x(1) 1eg integer
picoseconds
Impedance. (13.14)

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

Default VHDL

Feature / Description Parameter Name Allowable Values
Value Type

Maximum width of the
memory devices in all of
the banks - width of

C_MAX_MEM_WIDTH 8,16,32,64 64 integer
memory bus out to the
devices
AUTOCALCULATED (16)
Width of Master ID Bus .
UL ATED(16) C_PLB_MID_WIDTH logo(C_NUM_MASTERS) 3 integer
mory banks 0 to 3

accommodate up to 4 banks of memory. The address range generics are designated as
EADDR, C_MEM1_BASEADDR, C_MEMO_HIGHADDR, C_MEM1_HIGHADDR, etc.
ill be specified for C_MEMx_BASEADDR, C_MEMx_HIGHADDR to insure that the actual
value is not set, a compiler error will be generated. These generics must be a power of
e memory size for C_MEMx_BASEADDR, C_MEMx_HIGHADDR.

4, e maximum of C_TWC_PS_MEM and C_TWP_PS_MEM.

5. imum of C_TCEDV_PS_MEM and C_TAVDV_PS_MEM.

6. Chip Enable low t alic TCEDV_PS_MEM, is equivalent to tacg for asynchronous SRAM and tg| qy
for FLASH in the re ory device data sheets.

7. Address Valid to Data AVRV_PS_MEM, is equivalent to tp for asynchronous SRAM and tayqy for
FLASH in the respective ice data sheets.

8. Read cycle recovery to write i um_of C_THZCE_PS_MEM and C_THZOE_PS_MEM.

9. Chip Enable high to data bus dafiée, C.THZCE_PS_MEM, is equivalent to t,,zcg for asynchronous
SRAM and tgpqz for FLASH in th (ﬁwry device data sheets.

10.Output Enable high to data bus High Igped , C_THZOE_PS_MEM, is equivalent to t,zog for
asynchronous SRAM and tgqz for FISAS t pective memory device data sheets.

11. Write cycle time, C_TWC_PS_MEM, is i ¢ for asynchronous SRAM and tgyy for FLASH in the
respective memory device data sheets.

12. Write cycle minimum pulse width, C_TWP_PS_ is@€quivalent to typ for asynchronous SRAM and tpyyg for
FLASH in the respective memory device data sheet

13. Write Enable high to data bus Low Impedance, C_TEZW _MEM, is equivalent to t zyg for asynchronous
SRAM and typg for FLASH in the respective memo sheets

14.C_TLZWE_PS_MEM is the parameter set to meet write re
15. A value must be set for this parameter if the memory type i
device data sheet for the correct value.
16.This parameter is automatically calculated when using CoreGen, o e the user must set this parameter to
the maximum value of the C_MEMx_WIDTH genericsand set C_P
logo(C_NUM_MASTERS).
17.Refer to section Data-Width Matching For Flash Memories for programming FL m ries 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 "lO Registers" on page 16 for more information on using this parameter.

ead time requirements.
is. asynchronous - refer to the memory

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 n 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 (216) bytes could have a base address of 0XABCD0000 and a high address of 0OXABCDFFFF.

DS418 March 1, 2006 www.xilinx.com 9
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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.

Parame
The

ter-Port Dependencies

any of the PLB EMC signals depends on the number of memories in the system and the
eVa riws data and address buses. In addition, when certain features are parameterized

» input signals are unconnected and the related output signals are set to a constant
values. T}% ncies between the PLB EMC design parameters and 1/0 signals are shown in
Table 3.

Table 3: Para

o)

Name Depends Relationship Description

Designh Parameters

Number of bits required based on the

C_NUM_MASTERS

» Y 2 number of PLB Masters in the system
DTH
PLB BE Number of Byte Enables, width of the
C_PLB_DWIDTH PLB_wrDBus PLB Write Data Bus, and the width of the
S| rdDB Slave Read Data Bus all vary based on
—rabbus the PLB data width
Para
idth of the PLB Address Bus and the
C_PLB_AWDITH :\DALB—AABUS i of the Memory Address Bus all vary
em._. e PLB address width
f the masterlD is decoded as the
C_PLB_MID_WIDTH PLB_masterlD fufiction log2 MASTERS)
Mem_DQ_lI .
Mem_DQ_O W|dtth |0tf) e ! actehand
C_MAX_MEM_WIDTH | Mem_DQ_T control busegrvan on the
M BEN maximum data width of the memory
em_ 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/0 Signals
PLB_ABuUS C_PLB_AWIDTH Width varies with the width of the PLB
Address Bus
10 www.xilinx.com DS418 March 1, 2006
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Table 3: Parameter-Port Dependencies (Contd)

Name Affects Depends Relationship Description
PLB_DBus C_PLB_DWIDTH Width varies with the width of the PLB
Data Bus
PLB_BE C_PLB_DWIDTH Width varies with the width of the PLB

Data Bus

PLB_masterlD

C_PLB_MID_WIDTH

Width varies with the number of bits
required to encode the number of PLB
Masters

C_PLB_DWIDTH

Width varies with the width of the PLB
Data Bus

SI_MEtrr

C_NUM_MASTERS

Width varies with the number of PLB
masters

C_NUM_MASTERS

Width varies with the number of PLB
masters

Width varies with the width of the PLB

Sl_rdDBus C_PLB_DWIDTH Data Bus
C_MAX_MEM_WIDT | Width varies with the width of the memory
Mem_DQ_| -
H specified
Mem._DQ_O C_MAX_MEM_WIDT Wldth.varles with the width of the memory
specified
Mem_A B AWDITH Width varies with the width of the PLB
Address Bus
ANKS_M | Width varies with the width of the number
Mem_CEN o
of memory banks specified
C_NUM Width varies with the width of the number
Mem_OEN o
EM of memory banks specified
Mem_ QWEN |dth varies with the width of the memory
Mem._BEN - es with the width of the memory
Mem_CE C_NUM_BANKS_M them |qth of the number

EM

PLB EMC Address Map Description

The PLB 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 n 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 0OXABCD0000 and a high address of 0xABCDFFFF.

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

Table 4: PLB EMC Memory Banks

Memory Base Address High Address Access
Bank O 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

Data Types and Organization

e accessed through the EMC as one of four types: byte (8 bits), halfword (2 bytes), word
dodBleword (8 bytes). From the point of view of the PLB, data is organized as big-endian.
labeling for the big-endian data types is shown below in Figure 3.

Byte addre n n+1 n+2 n+3 n+4 n+5 n+6 n+7

Byte label 1 2 3 4 5 6 7 Double
Word

Byte significance LS Byte

Bit label 63

Bit significance LS Bit

Byte address

Byte label

Byte significance

Bit label

Bit significance

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 ds418_03_011306

Figure 3: PLB Big-Endian Data Types
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PLB EMC Operation
The PLB EMC state machine is shown in Figure 4.
EMC State Machine

11

RITE 6

)
y

10

7

WRREQ_END

6. (Datawidth_match *
7. (Datawidth_match * _End * Trd_End)
8. (Datawidth_match * Twr_| + (Bug2IP_WrReq * Cycle_End * Twr_End)
9. Bus2Mem_CS
10. Bus2Mem_CS
11. Bus2Mem_CS * (Cycle_End * Datawidth h * Bus2IP_WrReq * Twr_End)

DS418_04_011306

Figure 4: PLB EMC State M n

Data-Width Matching

Data-width matching is the term used to describe the PLB EMC operation ofgperfosming multiple
memory accesses to match the width of the memory bank’s data bus to t id
When C_INCLUDE_DATAWIDTH_MATCHING=1 for a particular membory, e width of the
memory bank is less than the width of the PLB data bus, multiple accesses a eto the memory
bank so that the PLB data bus is fully utilized. An address counter within the PLB 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 8 writes to or reads from that
memory will be performed in order that the full 64 bits of the PLB data bus are used. For a write cycle,
the first byte of the PLB 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 5for 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[O:7] DQ_OJ[0:7] Write_data[6:31] \lData[0:15] DQ_0J0:15]
Write_data[6:23] D Q D Q
Write_data[24:31]
E— Clk Clk Clk Clk
Addr_cnt[24:31] Addr_cnt[24:31]
_Write_be0 ~_Mem_Write Write_be[0: 1]~ Mem_ Mem_
ite_bet \ID ta[0:7 Write_be[0:3 be[0:1 BEJ[0:1
hiite_| ataf0:7] |} - o |IMem_BEO _be[0:3] e[0:1] b qHEEC!
Clk Clk Clk Clk
I/O Addr_cnt[0] I/O
Registers Registers
DS418_05_011306
Fi ata=width matching for Write operations (32-bit Processor Data bus)

For a read cycle, the

the first byte, then the da
second byte and so on un
and the read acknowledge is gefterate
to illustrate the basic concept. This
shown in this document. The signal
currently being accessed.

bits 0-7 of the memory bus is stored as bits 0-7 of the PLB data bus for
bits 0-7 of the memory bus is stored as bits 8-15 PLB data bus for the
ve been read. Then all bytes are presented to the PLB data bus
igiis shown in Figure 6 for a 32-bit wide processor data bus
béextended for a 64-bit processor data bus, but is not
th_bytes specifies the data-width of the memory bank

14
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PLB External Memory Controller (PLB EMC) (2.00a)

1/0
Mem_DQl Registers Mem_DQ Mem_data
[8:15] _in[0:7] _pipe[0:15]
D Q Read ce0 D Q Mem_data Mem_read
~—  |CE pipe[0:31] data[0:31]
| D _
Clkl | oy Clk f ~ ¢ QF——
Mem_DQ [~ Mem_Data Mem_data - CE
Mem_DQl _in[8:15] _in[8:15] _pipe[0:15] ——Clk
(8:15] b a Read_ce1 b a
| = CE
—Clk | Clk
Mem_DQ | [| [T~yMem_Data Mem_data
_in[6:23] _in[6:23] D Q _pipe[0:15]
,_/ Read_ce2 CE
Clk
————(Clk
_\ Mem_Data Mem_data
Mem_DQl - _in[24:31] _pipe[0:15]
[24:31) 1] Read_ce3 b a
— CE
Clk
Clk ——— Clk
Read Final_read_ce Read_Ack
. cad cedf , | nalread. D Qf—r
Mem_width_bytes
CE CE
Addr_cnt READ _CE Clk Clk
Read_done _GEN Clk Clk
DS418_06_011306

The READ_CE signals are generated according4® T
basic logic. This can easily be extended for a 64-bi

document.

Figure 6: Data-width mat

Toc!

g for/Read operations (32-bit data bus)

5 for a 32-bit processor data bus to illustrate the

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

or data bus, but is not shown in this

Merg;:;ism_ Addr_cnt Read_ce(0) Read_c ead_ce(2) Read_ce(3)
00 Read_done 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

DS418 March 1, 2006
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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.

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 ele is written. For example, writing 32-bit data to an 8-bit Flash memory won’t work properly
iinatching is turned on because the data write is converted into four 8-bit writes with the

p nalgles asserted. This doesn’t allow for the command to be written before the data.
There ould be taken when software performs writes to Flash memory such that the write
transfers apésp to the width of the Flash memory. Software is required to have knowledge of the
actual width sh memory. For example, if an 8-bit Flash memory is used, then writes to the
Flash memor s be byte-writes

10 Registers

Registers are used on all
memory interface. The IO

ent in the design depend upon the setting of the
C_INCLUDE_NEGEDGE_IO i

i output to the memory banks are registered on the rising
GEDGE_IOREGS = 1, the signals are registered again on
the falling edge of the system clock a n Figure 7 and can be used at lower clock frequencies to
provide setup and hold to synchronou his parameter can be used for asynchronous
memories as well or if there is a mixture o ous and asynchronous memories in the system.
However, if there are only asynchronous mem ifi'the system, setting this parameter to 1 provides

Internal Memory Memory
Data/Control Data/Control
Lk i Clky

Present only if
C_INLUDE_NEGEDGE_IOREGS

Figure 7: PLB 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 inFigure 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

16
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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

Clk

DS418_08_011306
Figure 8: PLB EMC Input Registers
NOTE: CLUDE_NEGEDGE_IOREGS should only be set to 1 if the output delay from the FPGA

) requirement of the synchronous memories in the system plus the board route delay is
e clock period AND the output delay from the synchronous memories in the system

PLB Timing

The following timing dia

Timing diagrams for all memo idths are not shown. A sampling is provide as an example of how
various memory widths are suppor / S

arious PLB bus transactions and the resulting memory accesses.

PLB Accesses to 8-bit SRAM

This section provides timing diagrams for @erent PLB transactions to an 8-bit SRAM.

DS418 March 1, 2006 www.xilinx.com 17
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Single Beat Byte Write-Read-Write to 8-bit Asynchronous SRAM

Cycle[0:7] 0,1 10 2 2
JENCTAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
PLB_PAvValid | |
PLB_ABus[0:31] _ ) AD At
PLB_BE[0:7] : 00001000 00100000
PLB_RNW
SI_wait [\
[\ /\ \
80h 80h 80h
M\ N\
DO D1
M\ N\
Do
SI_rdBus|0:
Sl_rdDack
SI_rdComp
Mem_A[0:31]
Mem_BEn
Mem_CKEN
Mem_CE |
. ThzoeT——*
Mem_CEn |
Mem_WEn |
Mem_QWEn
Mem_OEn
Mem_DQI0:7] D18 o 15) X |
Twe_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS_ME
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and C_TAVD
Thzce_Thzoe = The Maximum of C_THZCE_PS_MEMx and C_’
Tlzwe = C_TLZWE_PS_MEM_x
Note : All timing parameters are minimum. DS418_09_011306
Figure 9: Single Beat Byte Write-Read-Write to 8-bit Asynchronous SRAM
18 www.xilinx.com DS418 March 1, 2006
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Half-Word Burst Write to 8-bit Asynchronous SRAM

Cycle[0:7] o1 10

SR RCTRAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
PLB_PAvalid |
PLB_ABus[0:31._X_[ A0
PLB_BE[0:7]_X | |\
PLB_RNW 01100000

=B
<
<
<
<
<
<
<
<
<
=8
<
<
<
<
<
<
<
=8

PLB_wrBurst )

80h

SI_rdBus[0:63]
SI_rdDack
SI_rdComp
Mem_A[0:31] Ao+4 X_ | AD+5 | Y Ao+6 X Aow7 X
Mem_BEn /)
Mem_CKEN
—

Mem_CE (] (1Y CIAS Y
Mem_CEn | | / /—\L |/
Mem_WEn | |/ vy

Mem_QWEn \| \ |/ LN
Mem_OEn / DO(48 to 55)
Mem_DQ[0:7] DO(0 10 7 ) N AT (
DO(8 to 15) /4 DO(24 to 31) 40 to 47)/ DO(56 to 63
Twc_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS_MEM’ x
Note : Timing Parameter is minimum. DS418_10_011306
Figure 10: Half-Word Burst Write to 8-Bit Asynchronous
DS418 March 1, 2006 www.xilinx.com 19
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PLB External Memory Controller (PLB EMC) (2.00a) X XILINX® o g’.c;?';,gf

Half-Word Burst Read from 8-bit Asynchronous SRAM

Cycle[0:7] 10 20 30 40 50

0

PLB_Cik [T UYL UL Uy YUy U Uy g ey Ly Uy Uy Uy Ly Uy g Ly Uy
F 1\
A

PLB_PAvalid /|
PLB_ABus[0:31" X [A0
PLB_BE[0:7] X[ | N
PLB_RNW/ D110000Q0
PLB_wrBurst
rdBurst

80h
0_|00000000h CCDDEERF| 88990000h
CCDDEEFRF,_00000000h CCDDEEFF| 8899AABBh
SI_rdDack a au
Sl_rdComp au
Mem_A[0:31] \0+5 | | {Ad+6 ) | [Ag+7 [ [ )]
Mem_BEn /]
Mem_CKEN
Mem_CE
Mem_CEn
Mem_WEn
Mem_QWEn
Mem_OEn
Mem_DQ[0:7] 6 EENYFFA AARY(BBh
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x a S_MEM_x
Note : Timing parameter is minimum. DS418_11_121205
Figure 11: Half-Word Burst Read from 8-Bit Asynchronous SRAM
20 www.xilinx.com DS418 March 1, 2006
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PLB Accesses to 32-bit SRAM

This section provides timing diagrams for PLB transactions to a 32-bit SRAM.

Single Beat Byte Write-Read-Write to 32-bit Asynchronous SRAM

Cycle[0:7] 0 10 2 ) <)
pee_ck [T LU U UL LU UL UL UYL YUy Uy gy gy g gy
PLB_PAValid | /
PLB_ABus[0:31. ) AQ A1l
—\
D 11111171
A\ |/
I\ N\ /\
80h 80h 80h
/\ /\
SI_wrDBus[0%8 j D1
SI_wrComp a
Do
Sl|_rdBus[0:63] f&
SI_rdDack M\
SI_rdComp [\
Mem_A[0:31] X TA Ata )]
Mem_BEn[0:3] (;j 0000 (|
Mem_CKEN 1
v_Tavdv)
Mem_CE ARV ERE
ce| Thzoe -
Mem_CEn NS
Mem_WEr LJF\LJh
Mem_QWER[0:3] 0oy Y0001 111
Mem_OEr DD(0 to 31) 1111 DO(32 tg D1(0 o 31)
Mem_DQI[0:31’ P XL IXL Y 4 /1
DO(32 to 63) DO(0 to 31) D1(32)to 63)
Twc_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS_MEM¥;
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and C_TAVDV_PS_MEM_x
Thzce_Thzoe = The Maximum of C_THZCE_PS_MEMx and C_THZOE_PS_MEM_x
Tlzwe = C_TLZWE_PS_MEM_x
Note : All timing parameters are minimum. DS418_12_011306
Figure 12: Single Beat Byte Write-Read-Write to 32-bit Asynchronous SRAM
DS418 March 1, 2006 www.xilinx.com 21
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Half-Word Burst Write to 32-bit Asynchronous SRAM

Cycle[0:7]

PLB_PAValid

PLB_ABus[0:31. __
PLB_BE[0:7] __ X 0

PLB_RNW
PLB_wrBurst
PLB_rdBurst

SI_wait

0 10 o) %
N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
A0
1100000
M\
[\

ddrAck

sy[@¥7]

ack

Si

Sl_rdDacl
Sl_rdCom

Mem_A[0:31]
Mem_BEN[0:3]
Mem_CKEN

Mem_CE
Mem_CEn
Mem_WEn
Mem_QWEN[0:3]
Mem_OEn
Mem_DQ[0:31]

Figure 13: Half-Word Burst Write to 32-bit Asynchronous,

I
_w, us|l
SI_wrc
SI_rdBu 30
P

Dh

DO

O+

(1]

0011 10

48 to 6B)

DO( (]

Twe_Twp = Maximum of C_TWC_PS_MEM_x ang

Note : Timing Parameter is minimum. ds418_13_121305

A
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Half-Word Burst Read from 32-bit Asynchronous SRAM

Cycle[0:7] 0 10 20 0 37
RN SVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
PLB_PAvalid |
PLB_ABus[0:31] _ X | Ad
PLB_BE[0:7] _X N
PLB_RNW 01700000
PLB_wrBurst
PLB_rdBurst
/\
/\
80h
SI_wrDBus|[
SI_wfCo
CCDDEEFKF_00000000h CCDDEEFF| 8899AABBh
SI_rdBus[0:63 @ KX ?i) QC
CCDDEEFF_00000000k CCODDEEFF | 8899AABBH
SI_rdDack /) /) /1 [\
SI_rdComp [\
Mem_A[0:31] AQ A0+4 1
Mem_BEn[0:3] (| 1@ oo 110 od11 1100 ([
Mem_CKEN
Tcgedv_|Tavdy
Mem_CE R
Mem_CEn
Mem_WEn
Mem_QWEn
Mem_OEn
Mem_DQ[0:31] X IX X4 X XL/ IX
CCDDxxxxh xxxXEEFFh 889 xh XAABBh
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and AV MEM_x
Note : Timing parameter is minimum. bS418. 14, 011506
Figure 14: Half-Word Burst Read from 32-bit Asynchronous SRA
DS418 March 1, 2006 www.xilinx.com 23
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PLB Accesses to 64-bit SRAM

This section shows PLB transactions to a 64-bit SRAM. Note that all transaction types are supported,
but timing diagrams are not provided for all.

Single Beat Double-Word Write-Read to 64-Bit Asynchronous SRAM

Cycle[0:7] 0 10

N IRAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

— |8
=
<
<
<
<
=
=
= |8

1111111

80h 80h 80h

SI_wrDBus[0:63]
SI_wrComg

SI_rdBus[0:63
SI_rdDack
Sl_rdComg

Mem_A[0:31]
Mem_BEN[0:7.
Mem_CKEN

N 0000000

_Tavdv

Mem_CE

e Thzoe —*

Mem_CEn
Mem_WEr -
Mem_QWEN[0:7] 11111111 00D0OKOod0 11111111 S 11110111

Mem_OErnr N
Mem_DQ[0:63' DQ X 0o [X] D1 -

\

Twc_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS_MEM_x
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and C_TAVDV_PS_MEM_x
Thzce_Thzoe = The Maximum of C_THZCE_PS_MEMx and C_THZOE_PS_MEM_x
Tlzwe = C_TLZWE_PS_MEM_x

Note : All timing parameters are minimum. DS418_15_011306

Figure 15: Single Beat Double-Word Write-Read to 64-Bit Asynchronous SRAM
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Double-Word Burst Write to 64-Bit Asynchronous SRAM

Cycle[0:7] 0
IO XAVAVAVAVAVAVAVAVAVAVAVAV
PLB_PAValid
PLB_ABus[0:31] Il | A
pLB_BE[0:7] X _d11d
PLB_RNW

- B
<
<
-
<
<
<
<
<
<
-8
<
<
<
-
<
- B

P, wrBurst

Burst

wait

aad

_MB, O 80h
4 Dz

SI_wrDBus[g:6 Do )
SI_wrComp D1 D3

S|_rdBus[0:63]
Sl_rdDack

]

PO

Sl_rdComp

Mem_AJ[0:31] 01’ AO+8 AD+16 AD+32

I
Mem_BEN[0:7] 111111711 00000000
Mem_CKEN

Bl

c_Twp|

Mem_CE
Mem_CEn
Mem_WEn
Mem_QWEnN[0:7] FFh 00h FFh FFh 00h FFh 00h FFh
Mem_OEn

Mem_DQI[0:63] m DO D2 D3 M
T

Twe_Twp = Maximum of C_TWC_PS_MEM_x and C__ _PS_ME
Note : Timing Parameter is minimum.

DS418_16_011306

Figure 16: Double-Word Burst Write to 64-Bit Asynchrono
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Double-Word Burst Read to 64-Bit Asynchronous SRAM

Cycle[0:7]

S ReLSAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
BC

o
—
o

)
<
<
<
<
<
2
<
<
= |8

PLB_PAValid
PLB_ABuUS[0:31]
PLB_BE[0:7]
PLB_RNW

01

B
-/

[\
[\
80h
Sl|_wrDBus|@:6
SI_wrComp D2 D3
SI_rdBus[0:63] > )
SI_rdDack [\ T\
SI_rdComp ’_\_
Mem_A[0:31] Aok32 | I
Mem_BEn[0:7] Xr |
Mem_CKEN 1111111
Mem_CE
Mem_CEn
Mem_WEn
Mem_QWEr
Mem_OEn ~
Mem_DQ[0:63 m( DO DT 32 §o2 DB
= Bl e
Tcedv_Tavdv = Maximum of C_TCEDV_PS_ME d C_TAVDV £S_MEM_x
Note : Timing parameter is minimum.
DS420_17_011306
Figure 17: Double-Word Burst Read to 64-Bit Asnychr s
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Cacheline Write-Read to 64-Bit Asynchronous SRAM

Cycle[0:7] 0 10 20 |21 o)
RN AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
PLB_PAValid |
PLB_ABus[0:31] _) AO
PLB_BE[0:7] __) 00000000
PLB_RNW
/N
[ /Y
80h 80h
R D1
>
\
DO D1
SI_rdBus[0:63] =) SV
SI_rdDack B [\
Sl_rdComp [ |
Mem_A[0:31] | 0 A0+8 AQ AO+8
Mem_BEn[0:7] | 11111111 HaP0d00 () 00000000 a
Mem_CKEN
Twc_TTwp Tcedy_Tavdv
Mem_CE B
Tlzwe —
Mem_CEn 77h
Mem_WEn 00000000 ~ \__| 00000
Mem_QWEN[0:7] P o 11111111
Mem_OEn 11111111
Mem_DQI0:63] DO D1 Do [X X op [X
Twc_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS
Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and C_T/ X
Thzce_Thzoe = The Maximum of C_THZCE_PS_MEMx an EM_x

Tlzwe = C_TLZWE_PS_MEM_x

Note : All timing parameters are minimum. DS418_18_011306

Figure 18: Cacheline Write-Read to 64-Bit Asynchronous SRAM
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Indeterminate Burst Write to 64-Bit Asynchronous SRAM

I s R - o B N R T R A o}
Cycle[0:7]
PLe_ck UL UL U UL LU T UL T YU Uy Uy g g
PLB_PAvalid |
PLB_ABus[0:31] _)_[Ad
PLB_BE[0:7] _ X | |s
0110000
a
a
sl ¥i gof
SI_wgDa | /D2\| D4\ Db
SI_wrDBus|[0* D j@@@@@@
SI_wrComp D5/ D5 A
SI_rdBus[0:63]
Sl_rdDack
SI_rdComp ||
Mem_A[0:31] 0 {Ej ao+16] X A0+32] X |a0+40] X |Ao+as] Y Aotse N |
Mem_BEn[0:7] 11111111 00000000 ("
Mem_CKEN
P> Twc| Tivp
Mem_ CE T /] FaR T\ T\ T\
Mem_CEn |/ |/ L |/ |/ N/
Mem_WEn |/ |/ | |/ ./ N/
Mem_QWEN[0:7] FFh (0on\_FFh YoonX FFh Yoc h XaonX FFh XoohX FFh YoohY FFt
Mem_OEn
Mem_DQ[0:63] DO b1 D2 D4 DS D6 | X
Twc_Twp = Maximum of C_TWC_PS_MEM_x and C_TWP_PS_| X
Note : Timing Parameter is minimum. DS418. 19011308
Figure 19: Indeterminate Burst Write to 64-Bit Asynchronous SR
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Indeterminate Burst Read to 64-Bit Asynchronous SRAM

Cycle[0:7]
PLB_CIk[|[[1[1!
PLB_PAvalid /| |
PLB_ABus[0:31] X |AD
PLB_BE[0:7] X | [ %)

SI_wrDBus[0*

SI_wrComp
Sl|_rdBus|[0:63]
Sl_rdDack
SI_rdComp

Pl

Mem_A[0:31]
Mem_BEN[0:7] 111
Mem_CKEN

[l

Mem_CE (TN L
Mem_CEn \_| [T T
Mem_WEn
Mem_QWEn[0:7]
Mem_OEn LT
Mem_DQ[0:63] Ko

\
L
\
L
[
JL
B
L
B
i
Ny

\
[o] L
]
)
;
[o] L
]
)
i
PN

=]
=
>
=]
]
>
<]
B
]

Tcedv_Tavdv = Maximum of C_TCEDV_PS_MEM_x and C_TAVDV_P

Note : Timing parameter is minimum.
DS418_20_011306

Figure 20: Indeterminate Burst Read to 64-Bit Asynchronotis SR

PLB Accesses to 32-bit Pipelined ZBT

This section shows a few PLB transactions to a 32-bit Pipelined ZBT. Note that all transaction types are
supported, but timing diagrams are not provided for all.
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Single Double-Word Write-Read to 32-Bit Pipelined ZBT

Cycle[0:7]
PLB_Clk
PLB_PAValid |
PLB_ABus[0:31] )
PLB_BE[0:7]
PLB_RNW

Sl_rdBus[0:63]

SI_rdDack |

Sl_rdComp

Mem_A[0:31]
Mem_BEN[0:3]
Mem_CKEN
Mem_CE
Mem_CEn
Mem_WEn
Mem_QWERN[0:3]
Mem_RNW
Mem_OEn
Mem_DQ[0:31]

10

- |8

A0

A1

1111114

8(

80h

D1

BIBIE]

A1 Ald

0000 1111

N

DO(32t063)

10 to B1)

Figure 21: Single Double-Word Write-Read to 32-Bit Pipeli

z

DS418_21_011306
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Double-Word Burst Write to 32-Bit Pipelined ZBT

Cycle[0:7] 0 10 20 pes)
LE:NCSAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAY
PLB_PAvalid

PLB_ABus[0:31"__{_ | A0

PLB_BE[0:7] __X_ 01100000
PLB_RNW

80h

SI_wrComp
Sl_rdBus[0:63]
SI_rdDack
SI_rdComp

Mem_A[0:31]
Mem_BEN[0:3]
Mem_CKEN
Mem_CE
Mem_CEn
Mem_WEn
Mem_QWEN[0:3
Mem_RNW
Mem_OEn
Mem_DQ[0:31]

(X< Yaoi28

1111

11 X 00DO

D3(D)
D2(1) D@ D3(1)

Index in parenthesis represent data words. i.e. DO(0) = DO(0 to 31) DS418_22_011306

Figure 22: Double-Word Burst Write to 32-Bit Pipeli ¥4
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Double-Word Burst Read From 32-Bit Pipelined ZBT

Cyclef0:7] __ [o[ [ [ [ [[[[ [Pl [ [ [T ][ TRl [[[[[T[[®B[[][]]x
U= TRVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
PLB_PAvValid |
PLB_ABus[0:31] _X_|AD
PLB_BE[0:7] _X *
PLB_RNW 01100000
P wrBurst
Burst
wait a
aradk /Y
80h
Do D1 D2 D3
SI_rdBus[0:63] ( N OC
SI_rdDack /Y au
SI_rdComp [\
+16 +24
Mem_A[0:31] ) Y T Aok12 | YO [ Aokzo] XY +e8 | X
Mem_BEn[0:3] ] 1100 0011 1100 | X [
Mem_CKEN
Mem_CE (1) R Y
Mem_CEn \_| / |/ |/
Mem_WEn
Mem_QWEn
Mem_RNW
Mem_OEn N/ |/
Mem_DQ[0:31] &}4 5; K. 4
DO(0) D1(0) D2(0)
DO(1) D1(1) D2(1)
Index on DQ data labels indicates half-words,
i.e. DO(0) = DO(0 to 31), DO(1) = DO(32 to 64) DS418_23_011306

Figure 23: Double-Word Burst Read From 32-Bit Pipelined ZBT

Connecting to Memory

Clocking Synchronous Memories

The PLB EMC does not provide a clock output to any synchronous memories. The PLB 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 PLB EMC core that uses the synchronous memory clock input as
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the feedback clock as shown in Figure 24. 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.

External FPGA

Clock PLB_CIlk

D CLKIN CLKO —|> = CLKIN CLKO —|>—

ks BUFG c CLKB OBUF
[0} e}
DCM =l DCM
o| =
g o
%)
Syncmem Clk
Y3 00—

\\ Synchronous
CLK Memory Bank

DS418_24_120805

Figure £4: Synchronous Memory Bank clocked by FPGA Output with feedback

If the synchronous me
is not available, the DC

ked by the same external clock as the FPGA, or if the clock feedback
icure 25 (or something similar) or Figure 26 should be included in

NOTE: If DLLs are used, the desig
for the correct DLL implementation.

fedence XAPP132 v2.4, Using the Virtex Delay-Locked Loop,

External
Clock
[ CLKIN CLKO
—| CLKB
DCM
Synchronous
KMemory Bank

—|CLl

DS418, 1

Figure 25: Synchronous Memory clocked by external clock
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External FPGA
Clock
O CLKIN CLKO > PLB_CK T GLKIN CLKo —>—]
Ll BUFG GE OBUF x
DCM DCM £
=
o
c
>
()

Synchronous

Memory Bank
—|CLK
DS418_26_010306
4
i 26: Synchronous Memory clocked by FPGA Output - no feedback available

Addres/ ta Bus, and Control Signal Connections

The three prima#y’ cgisi tions for connecting the controller to memory devices are the width of the
PLB data bus, the width o

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

The data and address signals at t e offtroller are labeled with big-endian bit labeling (for

example, D(0:31), D(0) is the MSB), wliereasginost memory devices are either endian agnostic (they can
be connected either way) or little-endiang®(3,

Care must be taken when connecting the chip e
only use Mem_CEN, while most synchronous
Mem_CEN is a function of the address decode w

als. Most asynchronous memory devices will
ices will use both Mem_CEN and Mem_CE.
is a function of the state machine logic.

Caution must be exercised with the connections to the ex

mory devices to avoid incorrect data
and address connections. The following tables show the ¢ i

memory controller pins to
memory device pins.

Table 6 shows the variables used in defining the memory subsys

Table 6: 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 0to 63 significant bit in the memory subsystem is 0; device numbers increase toward
the least significant bit.

MW 81to 64 Width in bits of memory subsystem
DW 1 to 64 Width in bits of data bus for memory device
MAW 1to 32 Width in bits of address bus for memory device
34 www.xilinx.com DS418 March 1, 2006
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Table 6: Variables Used in Defining Memory Subsystem (Contd)

Variable Allowed Definition
Range
AU 1to 64 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 1 to 64 Width of PLB address bus in bits

Table 7 shows the EMC to memory interconnect.

Table 7: EMC to Memory Interconnect

EMC Signal (MSB:LSB) Memory Device Signal (MSB:LSB)

Write Enable, low-trte

Mem_DQ(DN*DW:(DN+1)*DW-1) D(DW-1:0)
Mem_A(HAW-MAW-AS:HAW-AS-1) | A(MAW-1:0)
Mem_CEN(BN) CEN
Mem_OEN OEN

WEN (for devices that have byte enables or

QEN do not require byte enables)

Byte-Enable-Qualified
Write Enable, low-true

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

Byte Enable, low-true

BEN(DW/8-1:0)

Example 1

INT(DN*DW/8))
Mem_B8EN(I “PDW/8):
INT((DN+1)OW/ L 4
Example Memory Connecti 0

Example 1: Connection to 32-bit memory using 2 71V#16S SRAM parts.
Table 8 shows the variables for a simple SRAM examgple. ‘

Table 8: Variables for Simple SRAM Example

Variable Value
BN 0 Memory bank number
Memory device number within a bank. The memory d
DN Oto1 significant bit in the memory subsystem is 0; devi
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
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Table 9 shows the connections to 32-bit memory using 2 IDT71V416S parts.
Table 9: Connection to 32-bit Memory Using 2 IDT71V416S Parts

DN Description EMC Signal (MSB:LSB) Mem"(’l\%g;x_iggf‘igna'
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
\rite Enable, low-true Mem_WEN WE
> Enable, low-true Mem_BEN(0:1) BHE:BLE
Mem_DQ(16:31) 1/0(15:0)
Mem_A(12:29) A(17:0)
Mem_CEN(0) CS
Mem_OEN OE
Mem_WEN WE
Mem_BEN(2:3) BHE:BLE
StrataFlash parts contain an identiffer zégist a‘status register, and a command interface, so the bit
label ordering for these parts is critica 1r er functioning. The tables below show examples of
how to connect the big-endian PLB EM s to thie little-endian StrataFlash parts.

The proper connection ordering is also indicated’in afmore general form inTable 10. StrataFlash parts
have a x8 mode and a x16 mode, selectable with th€ BYTE# input pin. To calculate the proper address
shift, the minimum addressable word is 8 bits for b mode, since AQ always selects a byte.

Example 2

Example 2: Connection to 32-bit memory using 2 StrataFlash pa @ ode (supports byte read, but
no byte write; smallest data type that can be written is 16-bit date

Table 10 shows variables for StrataFlash (x16mode) example

Table 10: 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 Oto1 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
36 www.xilinx.com DS418 March 1, 2006

Product Specification


http://www.xilinx.com

2:X|L|NX® Lag,-c;‘grkf PLB External Memory Controller (PLB EMC) (2.00a)

Table 10: Variables for StrataFlash (x16 mode) Example (Contd)

Variable Value Definition
AU 8 Width in bits of smallest addressable data word on the memory device
AS 1 Address shift for address bus = log,(MW*AU/DW/8)
HAW 32 Width of host address bus (e.g. OPB or PLB) in bits

Table 11 shows the connection to 32-bit memory using 2 StrataFlash parts.

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

Description EMC Signal (MSB:LSB) Stra(tal;l;.sfszi)gnal
Mem_DQ(0:15) DQ(15:0)
Mem_A(7:30) A(23:0)
low-true GND,GND,Mem_CEN(0) CE(2:0)
ow-true Mem_OEN OE#
° Mem_QWEN(0) WE#
Reset/Powe e Mem_RPN RP#
Byte mode selec N/A - tie to VCC BYTE#
Program enable, high-tglie - tie to VCC VpEN
Data bus DQ(15:0)
Address bus A(23:0)
Chip Enable, low-true CE(2:0)
Output Enable, low-true OE#
1 Write Enable, low-true WE#
Reset/Power down, low-true RP#
Byte mode select, low-true N/A - tieto VC YTE#
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 mod Sbyte reads and

writes).
Table 12 shows the variable for StrataFlash (x8 mode) example.

Table 12: 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 0Oto3 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
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Table 12: Variables for StrataFlash (x8 mode) Example (Contd)

Variable Value Definition
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
Table 13 ghows the connection to 32-bit memory using 4 StrataFlash parts.

ection to 32-bit Memory Using 4 StrataFlash Parts

‘Description EMC Signal (MSB:LSB) Stra(tal;l;:sfszi)gnal
Mem_DQ(0:7) DQ(7:0)M
Mem_A(8:29) A(23:0)
GND,GND,Mem_CEN(0) CE(2:0)
Output Enablé Mem_OEN OE#
Write Enable, lo Mem_QWEN(0) WE#
Reset/Power down, lo fem_RPN RP#
Byte mode select, low-true ﬂe to GND BYTE#
Program enable, high-true VpEN
Data bus DQ(7:0)M
Address bus A(23:0)
Chip Enable, low-true CE(2:0)
Output Enable, low-true OE#
Write Enable, low-true Mem_QWEN(1 E#
Reset/Power down, low-true Mem_RPN RP#
Byte mode select, low-true N/A - tie to GND BY
Program enable, high-true N/A - tie to VCC
Data bus Mem_DQ(16:23) :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#
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 13: Connection to 32-bit Memory Using 4 StrataFlash Parts (Contd)

DN Description EMC Signal (MSB:LSB) Stra(tl\allllglg:sfszi)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#
MReset/Power down, low-true Mem_RPN RP#
mode select, low-true N/A - tie to GND BYTE#
enable, high-true N/A - tie to VCC VpEN

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

Design C I

Timing Constra

Pin Constraints

If external pullups/pulldowns are not availab
specified to use pullup or pulldown resistors. An gkam

MEM_DQ signals, then these pins should be
s 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 PLB 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 PLB EMC is combined with other
pieces of the FPGA design, the utilization of FPGA resources and timing of the PLB EMC design will
vary from the results reported here.
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The PLB EMC benchmarks are shown in Table 14 for a Virtex-II Pro -7 FPGA.

Table 14: EMC FPGA Performance and Resource Utilization Benchmarks (Virtex-Il Pro -7)

Parameter Values Device Resources fmax
=
14
o g
= 7))
g I G
(&) w
@ E cc
= > < o
g m, T % = )
| T = = T &
7 =] w = a :
X = = (=] o Slice .
| :|:| S G Slices | Flip- | 4input
= %) < T} LUTs
w 2z - 2 Flops
= > fa) w
=) ! * | )
z o I w 2
| | o [=) =
(& 2 ()
-l
) =
- |
3] =] %)
= )
|
(&
1 0 8 0 273 364 253 204.332
1 0 8 0 353 494 301 204.625
1 0 16 0 0 390 231 206.271
1 0 16 0 0 508 297 203.707
1 0 32 0 441 231 205.339
1 0 32 0 540 323 202.429
1 0 64 0 535 188 204.248
1 0 64 0 0 542 335 202.840
1 1 8 0 0 1 587 181.785
1 1 8 0 1 0 5 188.893
1 1 16 0 0 0 446 192.604
1 1 16 0 1 0 540 179.244
1 1 32 0 0 0 463 192.753
1 1 32 0 1 0 551 617 661 198.373
1 0 32 1 0 0 297 489 194 201.369
1 0 32 1 1 0 377 596 282 201.369
1 0 32 1 0 1 344 571 194 209.205
1 0 32 1 1 1 424 678 282 203.957
1 1 32 1 0 1 344 571 194 209.205
1 1 32 1 0 0 471 564 527 197.707
1 1 32 1 1 1 611 755 622 203.004
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Table 14: EMC FPGA Performance and Resource Utilization Benchmarks (Virtex-Il Pro -7) (Contd)

Referez

uments
0 contain reference information important to understanding the PLB EMC

IBM PLB, Architectu

The followin

design:

1 0 64 1 0 0 373 647 151 206.484

1 0 64 1 1 0 389 654 302 201.816

1 1 64 1 1 0 568 732 641 200.602

1 1 64 1 1 1 634 854 641 169.549

2 1 8,64 1,0 1,0 1 751 974 861 188.466

2 1 8,64 0,1 0,0 0 657 755 775 184.366
8,16, 0,1,0,1 1,1,0,0 0 874 858 1,177 120.934
32,32 B T ’

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

,@ (v3.4)
Revision History

Date | Version 4 Revision
05/22/02 1.0 Initial Xilinx rele
06/04/02 1.1 Update for EDK 1.0
07/29/02 1.2 Add XCO parameters for SysternfGenerator
12/30/02 13 Updated c'iocument for PLB ersion 1.10a which added data-width matching
and bursting
01/08/03 1.4 Update for EDK SP3
Updated document for PLB EMC core Ve h provided a parameter to
03/20/03 1.5 . . ;
allow user to choose negative edge or posit O 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 16benchmarks.
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
04/08/04 2.0 L
optimization and customer ease of use. General clean up.
08/26/04 2.1 Resource utilization update. General clean up.
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Date Version Revision
7/14/05 23 Updated to incorporate CR204255 (removed C-FAMILY generic); put/published
071405.
1/13/06 2.4 Converted to new DS template; updated images to graphic standards.
In Table 2, Allowable Values for C_INLUDE_BURST_CACHELN_SUPPORT was:
0 = don’t include negative edge 10 registers (data and control signals are input/output
3/1/06 25 on the rising edge of the clock)
1 =include negative edge |O registers (data and control signals are input/output on the
falling edge of the clock)
4

7

7

Z
(/G

42

www.xilinx.com DS418 March 1, 2006
Product Specification


http://www.xilinx.com

	PLB External Memory Controller (PLB EMC) (2.00a)
	Introduction
	Features
	Functional Description
	PLB IPIF Interconnect and (IPIC) Interface
	PLB EMC I/O Signals
	PLB EMC Parameters
	Allowable Parameter Combinations

	Parameter-Port Dependencies
	PLB EMC Address Map Description
	Memory Data Types and Organization
	PLB EMC Operation
	Data-Width Matching
	IO Registers

	PLB Timing Diagrams
	PLB Accesses to 8-bit SRAM
	PLB Accesses to 64-bit SRAM

	PLB Accesses to 32-bit Pipelined ZBT
	Connecting to Memory
	Clocking Synchronous Memories
	Address Bus, Data Bus, and Control Signal Connections

	Example Memory Connections
	Example 1
	Connecting to Intel StrataFlash
	Example 2
	Example 3

	Design Constraints
	Timing Constraints
	Pin Constraints

	Design Implementation
	Target Technology
	Device Utilization and Performance Benchmarks

	Reference Documents
	Revision History




