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Read This First

About This Manual

This document describes the operation of the external memory interface (EMIF) in the
TMS320DM647/DM648 Digital Signal Processor (DSP).

Notational Conventions

This document uses the following conventions.

* Hexadecimal numbers are shown with the suffix h. For example, the following number is 40
hexadecimal (decimal 64): 40h.

» Registers in this document are shown in figures and described in tables.
— Each register figure shows a rectangle divided into fields that represent the fields of the register.

Each field is labeled with its bit name, its beginning and ending bit numbers above, and its
read/write properties below. A legend explains the notation used for the properties.

— Reserved bits in a register figure designate a bit that is used for future device expansion.

Note: Acronyms 3PSW, CPSW, CPSW_3G, and 3pGSw are interchangeable and all refer to the 3
port gigabit switch.

Related Documentation From Texas Instruments

The following documents describe the TMS320DM647/DM648 Digital Signal Processor (DSP). Copies of
these documents are available on the Internet at [yww.ti.com. Tip: Enter the literature number in the
search box provided at yww.fi.com.

EPRS377 — TMS320DM647/DM648 Digital Media Processor Data Manual describes the signals,
specifications and electrical characteristics of the device.

EPRU732 — TMS320C64x/C64x+ DSP CPU and Instruction Set Reference Guide describes the CPU
architecture, pipeline, instruction set, and interrupts for the TMS320C64x and TMS320C64x+ digital
signal processors (DSPs) of the TMS320C6000 DSP family. The C64x/C64x+ DSP generation
comprises fixed-point devices in the C6000 DSP platform. The C64x+ DSP is an enhancement of
the C64x DSP with added functionality and an expanded instruction set.

EPRUEKYH —TMS320DM647/DM648 DSP DDR2 Memory Controller User's Guide describes the DDR2
memory controller in the TMS320DM647/DM648 Digital Signal Processor (DSP). The DDR2/mDDR
memory controller is used to interface with JESD79D-2A standard compliant DDR2 SDRAM
devices and standard Mobile DDR SDRAM devices.

EPRUEKAG —TMS320DM647/DM648 DSP External Memory Interface (EMIF) User's Guide describes
the operation of the asynchronous external memory interface (EMIF) in the TMS320DM647/DM648
Digital Signal Processor (DSP). The EMIF supports a glueless interface to a variety of external
devices.

EPRUEK7 —TMS320DM647/DM648 DSP General-Purpose Input/Output (GPIO) User's Guide
describes the general-purpose input/output (GPIO) peripheral in the TMS320DM647/DM648 Digital
Signal Processor (DSP). The GPIO peripheral provides dedicated general-purpose pins that can be
configured as either inputs or outputs. When configured as an input, you can detect the state of the
input by reading the state of an internal register. When configured as an output, you can write to an
internal register to control the state driven on the output pin.

6 Preface SPRUEK6B-December 2008
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EPRUEKY —TMS320DM647/DM648 DSP Inter-Integrated Circuit (12C) Module User's Guide
describes the inter-integrated circuit (12C) peripheral in the TMS320DM647/DM648 Digital Signal
Processor (DSP). The 12C peripheral provides an interface between the DSP and other devices
compliant with the 12C-bus specification and connected by way of an 12C-bus. External components
attached to this 2-wire serial bus can transmit and receive up to 8-bit wide data to and from the
DSP through the 12C peripheral. This document assumes the reader is familiar with the 12C-bus
specification.

EPRUELQJ —TMS320DM647/DM648 DSP 64-Bit Timer User's Guide describes the operation of the
64-bit timer in the TMS320DM647/DM648 Digital Signal Processor (DSP). The timer can be
configured as a general-purpose 64-bit timer, dual general-purpose 32-bit timers, or a watchdog
timer.

EPRUELT —TMS320DM647/DM648 DSP Multichannel Audio Serial Port (McASP) User's Guide
describes the multichannel audio serial port (McASP) in the TMS320DM647/DM648 Digital Signal
Processor (DSP). The McASP functions as a general-purpose audio serial port optimized for the
needs of multichannel audio applications. The McASP is useful for time-division multiplexed (TDM)
stream, Inter-Integrated Sound (12S) protocols, and intercomponent digital audio interface
transmission (DIT).

EPRUELZ —TMS320DM647/DM648 DSP Enhanced DMA (EDMA) Controller User's Guide describes
the operation of the enhanced direct memory access (EDMA3) controller in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The EDMA3 controller’'s primary purpose is
to service user-programmed data transfers between two memory-mapped slave endpoints on the
DSP.

EPRUEL4 —TMS320DM647/DM648 DSP Peripheral Component Interconnect (PCI) User's Guide
describes the peripheral component interconnect (PCI) port in the TMS320DM647/DM648 Digital
Signal Processor (DSP). The PCI port supports connection of the C642x DSP to a PCI host via the
integrated PCI master/slave bus interface. The PCI port interfaces to the DSP via the enhanced
DMA (EDMA) controller. This architecture allows for both PCI master and slave transactions, while
keeping the EDMA channel resources available for other applications.

EPRUELH —TMS320DM647/DM648 DSP Host Port Interface (UHPI) User's Guide describes the host
port interface (HPI) in the TMS320DM647/DM648 Digital Signal Processor (DSP). The HPI is a
parallel port through which a host processor can directly access the CPU memory space. The host
device functions as a master to the interface, which increases ease of access. The host and CPU
can exchange information via internal or external memory. The host also has direct access to
memory-mapped peripherals. Connectivity to the CPU memory space is provided through the
enhanced direct memory access (EDMA) controller.

EPRUELY —TMS320DM647/DM648 DSP Universal Asynchronous Receiver/Transmitter (UART)
User's Guide describes the universal asynchronous receiver/transmitter (UART) peripheral in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The UART peripheral performs
serial-to-parallel conversion on data received from a peripheral device, and parallel-to-serial
conversion on data received from the CPU.

—TMS320DM647/DM648 DSP VLYNQ Port User's Guide describes the VLYNQ port in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The VLYNQ port is a high-speed
point-to-point serial interface for connecting to host processors and other VLYNQ compatible
devices. It is a full-duplex serial bus where transmit and receive operations occur separately and
simultaneously without interference.

EPRUEM] — TMS320DM647/DM648 DSP Video Port/VCXO Interpolated Control (VIC) Port User's
Guide discusses the video port and VCXO interpolated control (VIC) port in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The video port can operate as a video
capture port, video display port, or transport channel interface (TCI) capture port. The VIC port
provides single-bit interpolated VCXO control with resolution from 9 bits to up to 16 bits. When the
video port is used in TCI mode, the VIC port is used to control the system clock, VCXO, for MPEG
transport channel.
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EPRUEMZ —TMS320DM647/DM648 DSP Serial Port Interface (SPI) User's Guide discusses the Serial
Port Interface (SPI) in the TMS320DM647/DM648 Digital Signal Processor (DSP). This reference
guide provides the specifications for a 16-bit configurable, synchronous serial peripheral interface.
The SPI is a programmable-length shift register, used for high speed communication between
external peripherals or other DSPs.

—TMS320DM647/DM648 DSP Subsystem User's Guide describes the subsystem in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The subsystem is responsible for
performing digital signal processing for digital media applications. The subsystem acts as the
overall system controller, responsible for handling many system functions such as system-level
initialization, configuration, user interface, user command execution, connectivity functions, and
overall system control.

EPRUF57 —TMS320DM647/DM648 DSP 3 Port Switch (3PSW) Ethernet Subsystem User's Guide
describes the operation of the 3 port switch (3PSW) ethernet subsystem in the
TMS320DM647/DM648 Digital Signal Processor (DSP). The 3 port switch gigabit ethernet
subsystem provides ethernet packet communication and can be configured as an ethernet switch
(DM648 only). It provides the serial gigabit media independent interface (SGMII), the management
data input output (MDIO) for physical layer device (PHY) management.

8 Read This First SPRUEK6B-December 2008
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DSP External Memory Interface (EMIF)

This document describes the operation and registers of the External Memory Interface (EMIF) in the
device.

1 Overview

The DSP External Memory Interface (EMIF) can interface to a variety of external devices, including:

e Supports industry standard synchronous devices (Pipelined and Flow Through SBSRAM, ZBT SRAM,
Late Write SRAM, Sync FIFO, FWFT FIFO) and asynchronous devices (RAM, ROM and Flash).

» Up to 128MB asynchronous address range over 2chip selects

» Programmable read and write latencies for each synchronous chip select

* Programmable asynchronous cycle timings for each asynchronous memory chip select

» Supports extended waits for asynchronous devices

e Supports Select Strobe mode for asynchronous devices

e Supports TI DSP HPI interface on asynchronous interface

» Supports hold interface

» Supports little endian

» Supports Module Enable/Disable capability

A block diagram of the DSP is shown in Eigure 1. In this document, the term EMIF refers to the EMIFA of
the device.

The EMIF services requests of the external bus from on-chip masters such as the enhanced
direct-memory access (EDMA) controller and the C64x+ Megamodule. On-chip masters place requests to
the EMIF through the switched control resource (SCR). For more information on the SCR, see the device
data manual.

SPRUEK6B—-December 2008 DSP External Memory Interface (EMIF) 9
Eubmit Documentafion FeedbacH



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUEK6B

i3 TEXAS

INSTRUMENTS
EMIF Interface Signals www.ti.com
Figure 1. DSP Block Diagram
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2 EMIF Interface Signals

The EMIF signals of the DSP are shown in and described in the following tables. The EMIF has
the following features:

A 64-bit Internal data bus which is used to configure the module's registers and access data

A 16-bit External data bus that is used to interface 8 or 16 bit wide memory devices

An output clock, AECLKOUT, generated internally based on the EMIF input clock. You can select one
of the following two clocks as the EMIF input clock source at device reset: internal SYSCLK4 or
external AECLKIN. All of the memories interfacing with the EMIF should operate using
AECLKOUT(EMIF clock cycle). The AECLKOUT frequency equals the EMIF input clock frequency.
A programmable synchronous interface allowing glueless interfaces to synchronous devices such as
ZBT SRAM, Late Write SRAM, and Pipelined and Flow-Through SBSRAM devices. Interfaces to
synchronous FIFOs are also supported with the addition of external logic.

A configurable asynchronous interface allowing interfaces to asynchronous devices such as SRAM,
EPROM, and Flash, as well as FPGA and ASIC designs.

Two EMIF spaces (CE2-3) reserved for either asynchronous or synchronous memory accesses.

Note: When the EMIF input clock source is chosen an internal SYSCLKA4, the actual clock
frequency would be SYSCLK4 divide by 2.

10 DSP External Memory Interface (EMIF) SPRUEK6B—-December 2008
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EMIF Interface Signals

EDMA bus <:>

Figure 2. EMIF Interface Signals

EMIF <¢—— AECLKIN
—» AECLKOUT
<+—» AED[15:0] Shared by all
—» AEA[23:0] interfaces
—» ABA[1:0]
——» ABE[1:0]
MUXed asynchronous/
—» ASDWE synchronous memory
write enable
—» ACE[3:2]
——» ARNW A h y H
synchronous/synchronous
» ACE interface

——» ASADS
< AARDY } Asynchronous ready input

Control

registers

Internal

configuration
bus

Table 1. EMIF Pins Used to Access All Device Types

Pin 1/0/z Description

AECLKIN | EMIF external input clock

AED[15:0] 1/0/z EMIF 16-bit data bus /O

AEA[23:0] O/Z External address output for EMIF

ABA[1:0] O/Z  Address outputs for async/sync interface when the data bus is configured as 8-
or 16-bits wide.

ABE[1:0] O/Z  Active-low byte enables. Byte enables go active for only the appropriate byte
lane for both writes and reads.

Table 2. EMIF Pins Specific to Asynchronous Devices

Pin 1/0/Z Description

ACE2 0/z  Active-low chip select for memory space CE2

ACE3 0/z  Active-low chip select for memory space CE3

AARDY | Active-high asynchronous ready input used to insert wait states for slow
memories and peripherals

ARNW 0O/Z Read/write enable for asynchronous memory interface

AOE O/Z  Active-low output enable for asynchronous memory interface

ASDWE O/Z  Active-low write strobe for asynchronous memory interface

SPRUEK6B-December 2008
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Table 3. EMIF Pins Specific to Synchronous Devices

Pin I/0/Z  Description
AECLKOUT 0O/z EMIF output clock at EMIF input clock (AECLKIN or SYSCLK4) frequency
ACE2 0O/z Active-low chip select for memory space CE2
ACE3 0O/z Active-low chip select for memory space CE3
ARNW 0O/z Read/write enable for asynchronous memory interface
AOE 0O/z Programmable synchronous interface output enable
ASADS 0O/z Synchronous memory address strobe or read enable.
The R_ENABLE field in the CEn Configuration Register (CEnCFG) selects ASADS:
If R_ENABLE = 0, then signal functions as ASADS.
If R_ENABLE = 1, then signal functions as ASRE.
ASDWE Oo/z Synchronous memory write enable

3 Memory Width and Byte Alignment

The EMIF supports memory widths of 8 and 16 bits. The EMIF automatically performs packing and
unpacking for accesses to external memories of less than the requested transfer length. Only little-endian

formats are supported.

shows the byte lane used by the EMIF for each of the bus size configurations. The external
memory is always right aligned to the AED[7:0] side of the bus.

summarizes the addressable memory ranges, as well as the internal address bus to external
address bus translation for each of the supported memory types.

Figure 3. Byte Alignment By Bus Size Configuration

EMIF

AED[15:8] AEDI[7:0]

16-bit device

8-hit device

Table 4. Addressable Memory Ranges and Internal to External Address Bus Translation

Maximum Internal Address Bus
Addressable Units to External Address
Memory Type Memory Width per CE Space Bus Translation Represents
Async memory x8 64M AEA[23:0] = A[25:2] Byte address
ABA[1:0] = A[1:0]
x16 32M AEA[23:0] = A[24:1] Halfword address
ABA1 = A0
Programmable x8 64M AEA[23:0] = A[25:2] Byte address
sync memory ABA[1:0] = A[1:0]
x16 32M AEA[23:0] = A[24:1] Halfword address
ABAl = Al
12 DSP External Memory Interface (EMIF) SPRUEK6B—-December 2008
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4 Asynchronous Interface
The asynchronous interface offers configurable memaory cycle types to interface to a variety of memory
and peripheral types, including SRAM, EPROM, and flash memory, as well as FPGA and ASIC designs.
The EMIF allows access widths of 8 or 16 bits on CE2 space and only 16-bits on CE3 space, as shown in
the ASIZE description of the CEn Configuration Register (CEnCFG) register. The asynchronous interface
signals on the EMIF are combined with the SBSRAM memory interface. To avoid bus contention, a
programmable turnaround time also allows you to control the minimum number of cycles between a read
followed by a write (same or different CE spaces), or between reads from different CE spaces (see
Bection ).
lists the asynchronous interface pins. Fiqure 4, Figure § show EMIF interfaces to 8-bit and 16-hbit
ROMs, respectively.
Table 5. Asynchronous Interface Signal Descriptions
EMIF
Signal Function
ACE[3:2] Active-low chip select
AED[15:0] 16-bit data bus 1/0
AEA[23:0] External address output
ABA[1:0] Bank select outputs or address outputs
AOE Active-low output enable for asynchronous memory interface
ASDWE Active-low write strobe for asynchronous memory interface
ARNW Read/write control for asynchronous memory interface
AARDY Asynchronous ready. Input used to insert wait states into the memory cycle.
A  See for information on memory addressing.
B
For interface to a 16-bit data bus: ABE[1:0] and AED[15:0] are used.
For interface to an 8-bit data bus: ABEO and AED[7:0] are used.
C The disabled state of the read input (AARDY) can be configured using the WP bit of the Asynchronous Wait Cycle
Configuration register.
Figure 4. EMIF-to-8-Bit ROM Interface Block Diagram
EMIF ROM
ACEn »{ CS
AOE »| OE
AEA[N:0] > A[N:2]
ABA[1:0] > A[1:0]
AED[7:0] |« »{ D[7:0]
AARDY®A) | GNDor0
A The disabled state of the read input (AARDY) can be configured using the WP bit of the Asynchronous Wait Cycle
Configuration register.
SPRUEK6B—-December 2008 DSP External Memory Interface (EMIF) 13
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A

Figure 5. EMIF-to-16-Bit ROM Interface Block Diagram

EMIF - ROM
ACEn »| CS
AOE »| OE
AEA[N:0] > AIN:1]
ABA1 »{ A0
AED[15:0] |« »{ D[15:0]

AARDY®) — GND or 0

The disabled state of the read input (AARDY) can be configured using the WP bit of the Asynchronous Wait Cycle
Configuration register.

4.1 Asynchronous Interface Addressing

The EMIF uses the AEA[23:0] and ABA[1:0] pins to define the address bus that connects to memory

devices. For 8 and 16-bit devices, AEA[23:0] always carries the least significant bits of a 32-bit address.

The functionality of ABA[1:0] depends on the width of the addressed device, as follows:

» For 16-bit devices, ABA1 defines bit O of the device’s address; ABAO is not used and should be left
unconnected.

» For 8-bit devices, ABA[1:0] define bits 1 and 0 of the device’'s address.

4.2 Programmable ASRAM Parameters

The EMIF allows a high degree of programmability for shaping asynchronous accesses. The

programmable parameters are:

* Setup: The time between the beginning of a memory cycle (ACE low, address valid) and the activation
of ASDWE (writes) or AOE (reads).

» Strobe: The time between the activation and deactivation of ASDWE (writes) or AOE (reads). The
read and write strobe period must not be programmed to be less than two AECLKOUT cycles when AE
=1 (AARDY extends the strobe cycle).

* Hold: The time between the deactivation of ASDWE (writes) or AOE (reads) and the end of the cycle,
which can be either an address change or the deactivation of the ACE signal.

These parameters are programmed in terms of AECLKOUT cycles. Separate setup, strobe, and hold

timing parameters are available for read and write accesses. Minimum values for ASRAM are:

« SETUP =1

» STROBE =1 (must be greater than or equal to 2 when AARDY is used)

« HOLD =1

4.3 Asynchronous Reads

shows an asynchronous read with the AARDY signal always disabled. The disabled state of

AARDY depends on the setting of WP. The R_SETUP, R_STROBE, and R_HOLD parameters are

programmed with the values 1, 2, and 0O, respectively. An asynchronous read proceeds as follows:

» At the beginning of the setup period:

— ACEnN becomes active, if not already active from a previous access.
— ABEJ[1:0] become active.
14 DSP External Memory Interface (EMIF) SPRUEK6B—-December 2008
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— AEA[23:0] and ABA[1:0] become valid.
e At the beginning of a strobe period, AOE becomes active.
» At the beginning of a hold period:

— AOE becomes inactive (high).

— Data is sampled on the AECLKOUT rising edge concurrent with the beginning of the hold period
(the end of the strobe period).

» At the end of the hold period:
— ACEnN becomes inactive only if another read or write access to the same ACEn space is not
pending.
— ABEJ[1:0] become inactive.
— AEAJ[23:0] and ABA[1:0] become invalid.

The AARDY pin can be activated by the external device to extend the strobe period, giving it more time to
provide the data. See for details on using the AARDY pin.

To avoid bus contention, a programmable turnaround time also allows you to control the minimum number
of cycles between a read followed by a write (same or different CE spaces), or between reads from
different CE spaces (see [Gection Q).

Figure 6. Asynchronous Read Timing Diagram

\ Setup \ Strobe | Hold |
23— 1
\ \ \ \

aectkouT N_/N\ /NS
\ \ \

ACE N\ | | Van
: ]

ABE[1:0] W ‘ Byte enables ‘ ‘ m

) 410K

I I I
s R
ABA[1:0] Address

\
\ \
AED[15:0] l | Read data
\ \ \
\ \ \ \
f f \
AOE /
© | 1\ | |
\ \ \ \
ASDWE : : : :
\ \ \ \
1 1 1 1
I I I I
ARNW | | | |
\ \ \ \
AARDY® Disabled state

A The disabled state of the AARDY pin depends on the setting of the WP bit in the Asynchronous Wait Cycle
Configuration Register.

4.4 Asynchronous Writes

shows an asynchronous write cycle with the AARDY signal always disabled. The disabled state
of AARDY depends on the setting of WP. The R_SETUP, R_STROBE, and R_HOLD parameters are
programmed to 1, 2, and 0O, respectively. An asynchronous write proceeds as:

» At the beginning of the setup period:

— ACE[n] becomes active, if not already active from a previous access.
— ABEJ1:0] become valid.

SPRUEK6B—-December 2008 DSP External Memory Interface (EMIF) 15
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4.5

— AEA[23:0] and ABA[1:0] become valid.

— AED is driven.

— R/W becomes active (low).
» At the beginning of a strobe period, ASDWE becomes active.
» At the beginning of a hold period, ASDWE becomes inactive.
» At the end of the hold period:

— AEA[23:0] and ABAJ[1:0] become invalid.

— AED[15:0] becomes invalid.

— ACEnN becomes inactive (if no additional read or write accesses to the same CEn space are
pending).

To avoid bus contention, a programmable turnaround time also allows you to control the minimum number
of cycles between a read followed by a write (same or different CE spaces), or between reads from
different CE spaces (see [Gection Q).

Figure 7. Asynchronous Write Timing Diagram

Setup ) Strgbe _

2 —— Te— 1 —

recuour NN\ N\ S\
\ \ \

ACEn \i‘ J J

\ \ \

ABE(T:0] 222.222.222.2.2.22' Byte enables

\ ] |

/|
\
| -
AEA23.01/ ZXTTTXXON Aadross X
\
X
\
\
\

ABA[1:0] XXXXXXXXX | { {

AED[15:0] LR Write data
[ [
| | |
AOE ‘ \ \
| | |
\ \
ASDWE } X }
\ \
\ ‘ ‘ \
ARNW X \ \ #
\ T T \
| ! ! |
AARDY® Disabled state

The disabled state of the AARDY pin depends on the setting of the WP bit in the Asynchronous Wait Cycle
Configuration Register.

Ready Input

The EMIF external asynchronous devices may assert control over the length of the strobe period through
the use of the ready input (AARDY) pin. The AARDY pin can be activated by setting the AE bit in the CEn
Configuration Register (CENCFG). When this bit is set, the EMIF monitors the AARDY pin to determine if
the attached device wishes to extend the strobe period of the current access cycle beyond the
programmed number of clock cycles.

The AARDY pin must be asserted by the second rising edge of the AECLKOUT pin before the end of the
programmed strobe period to be registered by the EMIF. When the EMIF detects that the AARDY pin has
been asserted, it will begin inserting extra strobe cycles into the operation until the AARDY pin is

16
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deactivated by the external device. The AARDY pin must be held in the asserted and de-asserted states
for a minimum of two AECLKOUT cycles to be synchronized inside of the EMIF. In addition to the two
cycles of internal synchronization to de-assert AARDY, the EMIF will insert two more wait cycles before
returning to the last cycle of the programmed strobe period. The operation will proceed as usual at this
point.

The AARDY pin cannot be used to extend the strobe period indefinitely. The programmable
MAX_EXT_WAIT field in the Asynchronous Wait Cycle Configuration register (AWCC) determines the
maximum number of AECLKOUT cycles the strobe period may be extended beyond the programmed
length. When the counter expires, the EMIF proceeds to the hold period of the operation, regardless of the
state of the AARDY pin. The EMIF can also generate an interrupt upon expiration of this counter. See

for details on enabling this interrupt.

For the AARDY pin to function properly, the WP bit of AWCC must be programmed to match the polarity
used by the external device. In its reset state of 1, the EMIF will insert wait cycles when the AARDY pin is
sampled high. When set to 0, the EMIF will insert wait cycles only when AARDY is sampled low. This
programmability allows for a glueless connection to a larger variety of synchronous devices.

Finally, a restriction is placed on the strobe period timing parameters when using the AARDY pin.
Specifically, the W_STROBE and R_STROBE fields must not be set to 0 for proper operation.

shows an example of extending a write operation using the AARDY pin, and shows a
similar case for a read operation.

Figure 8. Asynchronous Write Timing Diagram Using Ready Input

Setup Strobe

1 Strobe 1 Hold
h ﬂk 1 ﬂ Strobe h ﬂk 1—
‘ ‘ < 2 J ‘

\
| | | | | |
ACEn \‘ | | | | ‘V
| | | |
S IR
ABE[1:0] m( Byte enables R0

\ x x x x x

AEA[23:0)/ RXXXIIRR
Address 2009090000
ABA[1:0] | ‘ ‘ : : ‘ KRB
| | | |
AEpi15:0] SRR Wit data R
l
AOE ‘
\

|
|
\
\

‘ \

ARNW }‘ \
T

| |

AARDY  {ROROEIKY

7\

—_———m—m
N N N N N e e

N
Il
1
\
\
ASDWE ‘\ J
T
\
\
w
|
\
|

A In this figure:
e SSEL=0,SS =0, BWEM =0, and AE = 1 in CEn Configuration register
« WP =1 in Asynchronous Wait Cycle Configuration register
¢ W_SETUP =0, W_STROBE =1, and W_HOLD = 0 in CEn Configuration register
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Figure 9. Asynchronous Read Timing Diagram Using Ready Input
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- | | | [
ABE[1:0] m( Byte enables G
| |
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AQOE

I
|
|
I
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ARNW |

1 1
I I
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| | |

ASDWE I I I
I I I
| | |
1 1 1
I I I
| |

I
I
I
L
I
I
aarDY SRR RRRRRRRS \ R R R R R XXX
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A In this figure:

¢ SSEL=0,SS=0,BWEM =0, and AE = 1 in CEn Configuration register
¢ WP = 1in Asynchronous Wait Cycle Configuration register
¢  W_SETUP =0, W_STROBE =1, and W_HOLD = 0 in CEn Configuration register

4.6 Asynchronous Memory Access in Select Strobe Mode

If the SS bit in the Asynchronous Wait Cycle Configuration register for a particular chip select is set, that
chip select acts as a strobe. In other words, the timing of ACEn is the same as ASDWE and AOE. The
value of the BWEM field in the Asynchronous Wait Cycle Configuration register is ignored in this mode;
i.e., the ABE[1:0] pins act as byte enables. See Figure 10 and Figure 11].

18 DSP External Memory Interface (EMIF) SPRUEK6B—-December 2008
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Figure 10. Asynchronous Write in Select Strobe Mode
Setup ) Strobe X Hold
p—— 22— 4 e 3 »
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ACEn

|
|
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|
|
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I
[

ABA[1:0]

ASDWE

AOE

ARNW

|
ABE[T:0] @( Byte enables

TAA Y [T Téa

|

AED[15:0] ZK Write data
|
|

A
AARDY? Disabled state

A  The disabled state of the AARDY pin depends on the setting of the WP bit in the Asynchronous Wait Cycle
Configuration Register.

B In this figure:
¢ SSEL=0,SS =1, BWEM =0, and AE = 0 in CEn Configuration register
¢ W_SETUP =1, W_STROBE = 3, and W_HOLD = 2 in CEn Configuration register
* AARDY is set to its inactive state

Figure 11. Asynchronous Read in Select Strobe Mode

Setup Strobe Hold

“ 2 5 4 " 3 >

¥

| | |
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| | |
AEA[23:0)/ @‘( Address
|
|
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f
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XXX XXX XXX TR
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A The disabled state of the AARDY pin depends on the setting of the WP bit in the Asynchronous Wait Cycle
Configuration Register.
B In this figure:
¢ SSEL=0,SS =1, BWEM =0, and AE = 0 in CEn Configuration register
¢ R_SETUP =1, R_STROBE = 3, and R_HOLD = 2 in CEn Configuration register
* AARDY is set to its inactive state
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4.7 Asynchronous Memory Access in WE Strobe Mode
The ABEJ[1:0] pins act as write strobes when the WE Strobe Mode is enabled (the BWEM bit in
Asynchronous Wait Cycle Configuration register is set). See Figure 19 and Figure 13. The WE Strobe
Mode is useful when combining multiple 8-bit devices to create a 16-bit data bus. This mode allows the
EMIF to perform byte writes to a group of 8-bit devices which do not have byte enable inputs. In this
configuration, the byte enable pins are connected to the write strobes of the two 8-bit devices. This mode
cannot be used when in the Select Strobe mode, as the Select Strobe mode overrides this mode.
Figure 12. Asynchronous Write in WE Strobe Mode
Setup Strobe
f— 1 —> Strobe f—1—" Holg
| =1 Strobe | f— 11—
I I |= 2 » I I
| I I I I I
ACEn \l ! ! ! ! !/
. | | | | | oo
v m( l l Address l l ’3232322232323232323!
i ‘ | | i
ASDWE | i\ ! ! |
' | | | | '
AOE i I I I I i
| I I I I |
ARNW \I I I I I !/
| | | | | |
ABE[T:0] S \ Byte-write strobe [ KRB
| | | : | |
AEDy15:0) SN Wiite data QIR
I | !
AARDY QXERRIIESY |\
A In this figure:
¢ SSEL=0,SS=0,BWEM =1, and AE =1 in CEn Configuration register
¢ WP =1 in Asynchronous Wait Cycle Configuration register
¢ W_SETUP =0, W_STROBE =1, and W_HOLD = 0 in CEn Configuration register
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Figure 13. Asynchronous Read in WE Strobe Mode
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A In this figure:
¢ SSEL=0,SS=0,BWEM =1, and AE =1 in CEn Configuration register
« WP = 1in Asynchronous Wait Cycle Configuration register
¢ R_SETUP =0, R_STROBE =1, and R_HOLD = 0 in CEn Configuration register

4.8 Asynchronous Time-Out Interrupt

The EMIF can generate an asynchronous time-out interrupt to the CPU when the attached device fails to
de-assert the AARDY pin within the number of cycles defined in the MAX_EXT_WAIT field of the
Asynchronous Wait Cycle Configuration register (AWCC). This interrupt is enabled by writing a 1 to the
AT_MASK_SET bit of the Interrupt Mask Set register (INTMSKSET) and is disabled by writing a 2 to the
AT_MASK_CLR field of the Interrupt Mask Clear register INTMSKCLR). Both AT_MASK_SET and
AT_MASK_ CLR bits read 1 if the interrupt is enabled and read O if the interrupt is disabled.

Two other bits monitor the status of each interrupt. The AT bit of the Interrupt Raw register (INTRAW) is
set when an asynchronous time-out occurs, regardless of whether or not the interrupt has been enabled.
The AT_MASKED bit of the Interrupt Masked register (INTMSK) is set when an asynchronous time-out
occurs and the interrupt has been enabled. The AT_MASKED bit will not be set if the interrupt is disabled.
Writing a 1 to either the AT bit or the AT_MASKED bit will clear both bits.

contains a summary of the interrupt monitor and control bit fields. See for complete
details on the register fields.

Table 6. Interrupt Monitor and Control Bit Fields

Bit Name Register Name Description
AT Interrupt Raw register (INTRAW) This bit is always set when an asynchronous time-out occurs.
AT_MASKED Interrupt Masked register (INTMSK) This bit is only set when an asynchronous time-out occurs and
the interrupt has been enabled by writing a 1 to AT_MASK_SET.
AT_MASK_SET Interrupt Mask Set register Writing a 1 to this bit enables the asynchronous time-out
(INTMSKSET) interrupt.
SPRUEK6B—-December 2008 DSP External Memory Interface (EMIF) 21
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Table 6. Interrupt Monitor and Control Bit Fields (continued)
Bit Name Register Name Description
AT_MASK_CLR Interrupt Mask Clear register Writing a 1 to this bit disables the asynchronous time-out
(INTMSKCLR) interrupt.

5 Programmable Synchronous Interface
The programmable synchronous interface of the EMIF supports glueless interfaces to the following
devices:
* Pipelined and flow-through SBSRAM
* Zero bus turnaround (ZBT) synchronous pipeline SRAM, Late Write SRAM
The programmable synchronous interface can also interface to Standard Synchronous FIFOs with the
addition of glue logic.
The bit fields in the CEn Configuration Registers (CEnCFG) control the cycle timing parameters for
programmable synchronous interface synchronization. See for a description of the CEnCFG
registers. To avoid bus contention, a programmable turnaround time also allows you to control the
minimum number of cycles between a read followed by a write (same or different CE spaces), or between
reads from different CE spaces (see Becfion 4).
shows the programmable synchronous interface pins.
Table 7. Programmable Synchronous Interface Pins
EMIF Signal Signal Function
ACE[3:2] Chip select
AED[15:0] 64-bit data bus I/0
AEA[23:0] External address output
ABA[1:0] Bank select outputs or address outputs
ABE[1:0] Byte enable
ASADS Synchronous memory address strobe or read enable
AOE Synchronous memory output enables
ASDWE Synchronous memory write enable
AECLKOUT EMIF output clock at EMIF input clock (AECLKIN or SYSCLKA4) clock frequency
5.1 Programmable Synchronous Interface Addressing
The EMIF uses the AEA[23:0] and ABA[1:0] pins to define the address bus used to connect to memory
devices.
The functionality of ABA[1:0] depends on the width of the device being addressed, as follows:
» For 16-bit devices, ABA1 defines bit O of the device’s address; ABAO is not used and should be left
unconnected.
» For 8-bit devices, ABA[1:0] define bits 1 and O of the device’s address.
5.2 SBSRAM Interface
The programmable synchronous mode supports the SBSRAM interface shown in Figure 4. The EMIF
interface does not explicitly make use of the burst mode of the SBSRAM (the ADV signal on the SBSRAM
is tied high). Instead, the EMIF performs SBSRAM bursts by issuing a new command every cycle. At the
end of a burst where no accesses are pending in that CE space, the EMIF issues a deselect cycle. The
R_ENABLE field in CEnCFG should be cleared for the SBSRAM interface to enable the ASADS signal.
22 DSP External Memory Interface (EMIF) SPRUEKG6B—-December 2008
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The EMIF also supports programmable read and write latency, which allows it to interface with different

types of synchronous memories.

Figure 14. EMIF-to-SBSRAM Interface Block Diagram

A Only ACE[3:2] can be used for synchronous memory interfaces.
For interface to a 16-bit data bus: ABE[1:0] and AED[15:0] are used.
For interface to an 8-bit data bus: ABEO and AED[7:0] are used.

B See for information on memory addressing.

521 SBSRAM Read
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SBSRAM

shows an SBSRAM read cycle. The EMIF issues a read command to the SBSRAM by asserting
ACEn and ASADS low. The EMIF provides the memory address on AEA/ABA on each successive cycle.
The data mask on ABE is always driven high. The AOE is asserted one cycle before the programmed
read latency for the chip select. A deselect command is issued by driving ACEn high and ASADS low on
the clock cycle during the last data out. The AOE pin is de-asserted after the deselect cycle.

For the standard SBSRAM interface, set the following fields in the CEn Configuration Register (CEnCFG,

Bection 12.4):

e SSEL = 1; to configure chip select for synchronous memory

* R_LTNCY = 10b; 2 cycle read latency
« W_LTNCY = 00b; 0 cycle write latency

* CE_EXT = 0; ACEn goes inactive after the final command has been issued

e R_ENABLE = 0; ASADS pin acts as ASADS signal.
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Figure 15. SBSRAM Six-Element Read Timing Diagram
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A ABE[1:0] is driven during reads only if the RD_BE_EN bit of the CEn Configuration register is set to 1. ABE[1:0] stays
high during reads if RD_BE_EN = 0.

AECLKOUT

5.2.2 SBSRAM Write

shows an SBSRAM write cycle. The EMIF issues a write command to the SBSRAM by
asserting ACEn, ASADS, and ASDWE low. The address, byte enables, and write data are presented to
the memory on AEA/ABA, ABE, and AED, respectively, on each cycle without any latency on the write
data. A deselect command is issued by de-asserting the ACE signal after the write burst is complete.
For the standard SBSRAM interface, set the following fields in CEnCFG to their default state:

» SSEL = 1; to configure chip select for synchronous memory

R_LTNCY = 10b; 2 cycle read latency

W_LTNCY = 00b; 0 cycle write latency

CE_EXT = Ob; ACEn goes inactive after the final command has been issued

R_ENABLE = 0; ASADS pin acts as ASADS signal.
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Figure 16. SBSRAM Six-Element Write Timing Diagram

Write Write Write Write Write Write Deselect

SV AVE VAW WVAWVAWVAWAW

N /
|
reervn X o X o X o W e X o X oo Xy
| |
S X X e X o X e X X 5

—|e— WL=0

AED[15:0]—@( D1 X D2 X D3 X D4 X D5 X D6 )@

ASADS

|
|

|

AOE i
\ |

ASDWE

/

5.3 Zero Bus Turnaround (ZBT) SRAM Interface

The programmable synchronous mode supports the zero bus turnaround (ZBT) SRAM interface shown in
Eiqure T7. For the ZBT SRAM interface, set the following fields in the CEn Configuration Register
(CEnCFG):

e SSEL = 1; to configure chip select for synchronous memory

e R_LTNCY = 10b; 2 cycle read latency

« W_LTNCY = 10b; 2 cycle write latency

« CE_EXT = 0b; ACEn goes inactive after the final command has been issued
R_ENABLE = 0b; ASADS signal
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Figure 17. EMIF-to-Zero Bus Turnaround (ZBT) SRAM Interface Block Diagram

EMIF AECLKOUT CLK ZBT SRAM
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A Only ACE[3:2] can be used for synchronous memory interfaces.

For 16-bit interface, ABE[1:0] and AED[15:0] are used.
For 8-bit interface, ABE[0] and AED[7:0] are used.

C See for information on memory addressing.

53.1 ZBT SRAM Read

The ZBT SRAM read waveforms are identical to the SBSRAM read waveforms, as the register settings
corresponding to the reads are identical. See for details.

5.3.2 ZBT SRAM Write

For ZBT SRAM writes, the control signal waveforms are the same as standard SRAM writes. However,
the write data is delayed by two cycles, as controlled by W_LTNCY = 10b. shows the ZBT
SRAM write timing.
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Figure 18. Zero Bus Turnaround (ZBT) SRAM Six-Element Write Timing Diagram
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5.4 Synchronous FIFO Interface

The programmable synchronous mode supports interface to standard timing synchronous FIFOs with the
addition of glue logic as shown in Figure 19. For a synchronous FIFO interface, set the following fields in
the CEn Configuration Register (CEnNCFG):

* R_ENABLE = 1b; ASADS pin acts as ASRE signal.
shows the synchronous FIFO interface with glue.

Figure 19. Read and Write Synchronous FIFO Interface With Glue Block Diagram
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A GPIO pins on the device may be configured as external interrupt sources to the CPU. See the DSP General-Purpose
Input/Output (GPIO) User's Guide for more details.
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54.1 Standard Synchronous FIFO Read

shows a six-word read from a standard synchronous FIFO. The CEnCFG settings are:
e SSEL = 1; to configure chip select for synchronous memory

* R_LTNCY = 01b; 1 cycle read latency

« CE_EXT = 0; ACEn goes inactive after the final command has been issued

» CE_EXT = 1, during reads, ACEn goes active when AOE goes active and will stay active until AOE
goes inactive

R_ENABLE = 1; ASADS pin acts as ASRE signal.

Figure 20. Standard Synchronous FIFO Read Timing Diagram
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