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Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
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signals, ensuring that data is accurately interpreted and
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GENERAL DESCRIPTION

The ADSP-BF535 processor is a member of the Blackfin
processor family of products, incorporating the Micro Signal
Architecture (MSA), jointly developed by Analog Devices, Inc.
and Intel Corporation. The architecture combines a dual MAC
state-of-the-art signal processing engine, the advantages of a
clean, orthogonal RISC-like microprocessor instruction set, and
Single-Instruction, Multiple Data (SIMD) multimedia capabili-
ties into a single instruction set architecture.

By integrating a rich set of industry leading system peripherals
and memory, Blackfin processors are the platform of choice for
next generation applications that require RISC-like programma-
bility, multimedia support, and leading edge signal processing in
one integrated package.

Portable Low Power Architecture

Blackfin processors provide world class power management and
performance. Blackfin processors are designed in a low power
and low voltage design methodology and feature dynamic power
management, the ability to independently vary both the voltage
and frequency of operation to significantly lower overall power
consumption. Varying the voltage and frequency can result in a
substantial reduction in power consumption, by comparison to
just varying the frequency of operation. This translates into
longer battery life for portable appliances.

System Integration

The ADSP-BF535 Blackfin processor is a highly integrated
system-on-a-chip solution for the next generation of digital com-
munication and portable Internet appliances. By combining
industry-standard interfaces with a high performance signal
processing core, users can develop cost-effective solutions
quickly without the need for costly external components. The
ADSP-BF535 Blackfin processor system peripherals include
UARTSs, SPIs, SPORTSs, general-purpose Timers, a Real-Time
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Clock, Programmable Flags, Watchdog Timer, and USB and
PCI buses for glueless peripheral expansion.

ADSP-BF535 Peripherals

The ADSP-BF535 Blackfin processor contains a rich set of
peripherals connected to the core via several high bandwidth
buses, providing flexibility in system configuration as well as
excellent overall system performance. See Functional Block
Diagram on Page 1. The base peripherals include general-
purpose functions such as UARTSs, timers with PWM (Pulse
Width Modulation) and pulse measurement capability, general-
purpose flag I/O pins, a real-time clock, and a watchdog timer.
This set of functions satisfies a wide variety of typical system
support needs and is augmented by the system expansion capa-
bilities of the part. In addition to these general-purpose
peripherals, the ADSP-BF535 Blackfin processor contains high
speed serial ports for interfaces to a variety of audio and modem
CODEC functions. It also contains an event handler for flexible
management of interrupts from the on-chip peripherals and
external sources. And it contains power management control
functions to tailor the performance and power characteristics of
the processor and system to many application scenarios.

The on-chip peripherals can be easily augmented in many system
designs with little or no glue logic due to the inclusion of several
interfaces providing expansion on industry-standard buses.
These include a 32-bit, 33 MHz, V2.2 compliant PCI bus, SPI
serial expansion ports, and a device type USB port. These enable
the connection of a large variety of peripheral devices to tailor the
system design to specific applications with a minimum of design
complexity.

All of the peripherals, except for programmable flags, real-time
clock, and timers, are supported by a flexible DMA structure with
individual DMA channels integrated into the peripherals. There
is also a separate memory DMA channel dedicated to data
transfers between the various memory spaces including external
SDRAM and asynchronous memory, internal Level 1 and Level
2 SRAM, and PCI memory spaces. Multiple on-chip 32-bit
buses, running at up to 133 MHz, provide adequate bandwidth
to keep the processor core running along with activity on all of
the on-chip and external peripherals.

Processor Core

As shown in Figure 1, the Blackfin processor core contains two
multiplier/accumulators (MACs), two 40-bit ALUs, four video
ALUs, and a single shifter. The computational units process
8-bit, 16-bit, or 32-bit data from the register file.

Each MAC performs a 16-bit by 16-bit multiply in every cycle,
with an accumulation to a 40-bit result, providing 8 bits of
extended precision.

The ALUs perform a standard set of arithmetic and logical oper-
ations. With two ALUs capable of operating on 16- or 32-bit data,
the flexibility of the computation units covers the signal process-
ing requirements of a varied set of application needs. Each of the
two 32-bit input registers can be regarded as two 16-bit halves,

so each ALU can accomplish very flexible single 16-bit arithmetic
operations. By viewing the registers as pairs of 16-bit operands,

dual 16-bit or single 32-bit operations can be accomplished in a
single cycle. Quad 16-bit operations can be accomplished simply,
by taking advantage of the second ALU. This accelerates the per
cycle throughput.
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Figure 1. Processor Core
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The powerful 40-bit shifter has extensive capabilities for perform-
ing shifting, rotating, normalization, extraction, and for
depositing data.

The data for the computational units is found in a multiported
register file of sixteen 16-bit entries or eight 32-bit entries.

A powerful program sequencer controls the flow of instruction
execution, including instruction alignment and decoding. The
sequencer supports conditional jumps and subroutine calls, as
well as zero-overhead looping. A loop buffer stores instructions
locally, eliminating instruction memory accesses for tightly
looped code.

Two data address generators (DAGs) provide addresses for
simultaneous dual operand fetches from memory. The DAGs
share a register file containing four sets of 32-bit Index, Modify,
Length, and Base registers. Eight additional 32-bit registers
provide pointers for general indexing of variables and stack
locations.

Blackfin processors support a modified Harvard architecture in
combination with a hierarchical memory structure. Level 1 (L1)
memories are those that typically operate at the full processor
speed with little or no latency. Level 2 (I.2) memories are other
memories, on-chip or off-chip, that may take multiple processor
cycles to access. At the L1 level, the instruction memory holds
instructions only. The two data memories hold data, and a
dedicated scratch pad data memory stores stack and local variable
information. At the L2 level, there is a single unified memory
space, holding both instructions and data.

In addition, the L1 instruction memory and L1 data memories
may be configured as either Static RAMs (SRAMs) or caches.
The Memory Management Unit (MMU) provides memory pro-
tection for individual tasks that may be operating on the core and
may protect system registers from unintended access.

The architecture provides three modes of operation: user mode,
supervisor mode, and Emulation mode. User mode has restricted
access to certain system resources, thus providing a protected
software environment, while supervisor mode has unrestricted
access to the system and core resources.

The Blackfin processor instruction set has been optimized so that
16-bit op-codes represent the most frequently used instructions,
resulting in excellent compiled code density. Complex DSP
instructions are encoded into 32-bit op-codes, representing fully
featured multifunction instructions. Blackfin processors support
a limited multiple issue capability, where a 32-bit instruction can
be issued in parallel with two 16-bit instructions, allowing the
programmer to use many of the core resources in a single
instruction cycle.

The Blackfin processor assembly language uses an algebraic
syntax for ease of coding and readability. The architecture has
been optimized for use in conjunction with the C/C++ compiler,
resulting in fast and efficient software implementations.

Memory Architecture

The ADSP-BF535 Blackfin processor views memory as a single
unified 4 Gbyte address space, using 32-bit addresses. All
resources, including internal memory, external memory, PCI

address spaces, and I/O control registers, occupy separate
sections of this common address space. The memory portions of
this address space are arranged in a hierarchical structure to
provide a good cost/performance balance with very fast, low
latency memory as cache or SRAM very close to the processor;
and larger, lower cost, and lower performance memory systems
farther away from the processor. See Figure 2.

OXFFFF FFFF
CORE MMR REGISTERS (2M BYTE) \
O0XFFE0 0000 —»
SYSTEM MMR REGISTERS (2M BYTE)
0XFFC0 0000 —»
RESERVED
O0xFFBO 1000 —
SCRATCHPAD SRAM (4K BYTE)
0XFFB0 0000 o
RESERVED §
O0XFFAQ 4000 —» s
INSTRUCTION SRAM (16K BYTE) [
0xFFAO 0000 g
RESERVED =
0XxFF90 4000 —» 3
DATA BANK B SRAM (16K BYTE) 4
0XFF90 0000 —» i
RESERVED z
O0XFF80 4000 —»
DATA BANK A SRAM (16K BYTE)
O0XFF80 0000 —»
RESERVED
0XF003 FFFF —»
L2 SRAM MEMORY (256K BYTE)
0xF000 0000 —»
RESERVED
0XxEF00 0000 —»
PCI CONFIG SPACE PORT (4 BYTE)
OXEEFF FFFC —»
PCI CONFIG REGISTERS (64K BYTE)
OXEEFF FF00
RESERVED
OXEEFE FFFF —»
PCI 10 SPACE (64K BYTE)
OXEEFE 0000
RESERVED
OXE7FF FFFF —» o
PCI MEMORY SPACE (128M BYTE) g
0xE000 0000 —» >
RESERVED g
OX2FFF FFFF —» =
ASYNC MEMORY BANK 3 (64M BYTE) =
0x2C00 0000 —» 3
ASYNC MEMORY BANK 2 (64M BYTE) z
0x2800 0000 —» w
ASYNC MEMORY BANK 1 (64M BYTE) X
0x2400 0000
ASYNC MEMORY BANK 0 (64M BYTE)
0x2000 0000 —»
SDRAM MEMORY BANK 3
(16M BYTE - 128M BYTE)!
0x1800 0000 SDRAM MEMORY BANK 2
(16M BYTE - 128M BYTE)!
0x1000 0000 —»
SDRAM MEMORY BANK 1
- (16M BYTE - 128M BYTE)!
0x0800 0000 SDRAM MEMORY BANK 0 j
0X0000 0000 —> (16M BYTE - 128M BYTE)!

1 THE ADDRESSES SHOWN FOR THE SDRAM BANKS REFLECT A FULLY
POPULATED SDRAM ARRAY WITH 512M BYTES OF MEMORY. IF ANY BANK
CONTAINS LESS THAN 128M BYTES OF MEMORY, THAT BANK WOULD
EXTEND ONLY TO THE LENGTH OF THE REAL MEMORY SYSTEMS, AND THE
END ADDRESS WOULD BECOME THE START ADDRESS OF THE NEXT BANK.
THIS WOULD CONTINUE FOR ALL FOUR BANKS, WITH ANY REMAINING SPACE
BETWEEN THE END OF MEMORY BANK 3 AND THE BEGINNING OF ASYNC
MEMORY BANK 0, AT ADDRESS 0x2000 0000, TREATED AS RESERVED
ADDRESS SPACE.

Figure 2. Internal/External Memory Map
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External Memory Control

The External Bus Interface Unit (EBIU) on the ADSP-BF535
Blackfin processor provides a high performance, glueless
interface to a wide variety of industry-standard memory devices.
The controller is made up of two sections: the first isan SDRAM
controller for connection of industry-standard synchronous
DRAM devices and DIMMs (Dual Inline Memory Module),
while the second is an asynchronous memory controller intended
to interface to a variety of memory devices.

PC133 SDRAM Controller

The SDRAM controller provides an interface to up to four
separate banks of industry-standard SDRAM devices or
DIMMs, at speeds up to fscrx. Fully compliant with the PC133
SDRAM standard, each bank can be configured to contain
between 16M bytes and 128 M bytes of memory.

The controller maintains all of the banks as a contiguous address
space so that the processor sees this as a single address space,
even if different size devices are used in the different banks. This
enables a system design where the configuration can be upgraded
after delivery with either similar or different memories.

A set of programmable timing parameters is available to configure
the SDRAM banks to support slower memory devices. The
memory banks can be configured as either 32 bits wide for
maximum performance and bandwidth or 16 bits wide for
minimum device count and lower system cost.

All four banks share common SDRAM control signals and have
their own bank select lines providing a completely glueless
interface for most system configurations.

The SDRAM controller address, data, clock, and command pins
can drive loads up to 50 pF. For larger memory systems, the
SDRAM controller external buffer timing should be selected and
external buffering should be provided so that the load on the
SDRAM controller pins does not exceed 50 pF.

Asynchronous Controller

The asynchronous memory controller provides a configurable
interface for up to four separate banks of memory or I/O devices.
Each bank can be independently programmed with different
timing parameters, enabling connection to a wide variety of
memory devices including SRAM, ROM, and flash EPROM, as
well as I/O devices that interface with standard memory control
lines. Each bank occupies a 64 Mbyte window in the processor’s
address space but, if not fully populated, these windows are not
made contiguous by the memory controller logic. The banks can
also be configured as 16-bit wide or 32-bit wide buses for ease of
interfacing to a range of memories and I/O devices tailored either
to high performance or to low cost and power.

PCI Interface

The ADSP-BF535 Blackfin processor provides a glueless logical
and electrical, 33 MHz, 3.3 V, 32-bit PCI (Peripheral
Component Interconnect), Revision 2.2 compliant interface.
The PCI interface is designed for a 3 V signalling environment.
The PCI interface provides a bus bridge function between the

processor core and on-chip peripherals and an external PCI bus.
The PCI interface of the ADSP-BF535 Blackfin processor
supports two PCI functions:

e Ahostto PCIbridge function, in which the ADSP-BF535
Blackfin processor resources (the processor core, internal
and external memory, and the memory DMA controller)
provide the necessary hardware components to emulate
a host computer PCI interface, from the perspective of a
PCI target device.

A PClItarget function, in which an ADSP-BF535 Blackfin
processor based intelligent peripheral can be designed to
easily interface to a Revision 2.2 compliant PCI bus.

PCI Host Function

As the PCI host, the ADSP-BF535 Blackfin processor provides
the necessary PCI host (platform) functions required to support
and control a variety of off-the-shelf PCI I/O devices (for
example, Ethernet controllers, bus bridges, and so on) in a system
in which the ADSP-BF535 Blackfin processor is the host.

Note that the Blackfin processor architecture defines only
memory space (no I/O or configuration address spaces). The
three address spaces of PCI space (memory, I/O, and configura-
tion space) are mapped into the flat 32-bit memory space of the
ADSP-BF535 Blackfin processor. Because the PCI memory
space is as large as the ADSP-BF535 Blackfin processor memory
address space, a windowed approach is employed, with separate
windows in the ADSP-BF535 Blackfin processor address space
used for accessing the three PCI address spaces. Base address
registers are provided so that these windows can be positioned to
view any range in the PCI address spaces while the windows
remain fixed in position in the ADSP-BF535 Blackfin processor’s
address range.

For devices on the PCI bus viewing the ADSP-BF535 Blackfin
processor’s resources, several mapping registers are provided to
enable resources to be viewed in the PCI address space. The
ADSP-BF535 Blackfin processor’s external memory space,
internal L2, and some I/O MMRs can be selectively enabled as
memory spaces that devices on the PCI bus can use as targets for
PCI memory transactions.

PCI Target Function

As a PCI target device, the PCI host processor can configure the
ADSP-BF535 Blackfin processor subsystem during enumeration
of the PCI bus system. Once configured, the ADSP-BF535
Blackfin processor subsystem acts as an intelligent I/O device.
When configured as a target device, the PCI controller uses the
memory DMA controller to perform DMA transfers as required
by the PCI host.

USB Device

The ADSP-BF535 Blackfin processor provides a USB 1.1
compliant device type interface to support direct connection to
a host system. The USB core interface provides a flexible pro-
grammable environment with up to eight endpoints. Each
endpoint can support all of the USB data types including control,
bulk, interrupt, and isochronous. Each endpoint provides a
memory-mapped buffer for transferring data to the application.
The ADSP-BF535 Blackfin processor USB port has a dedicated
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o Framing—Each transmit and receive port can run with or
without frame sync signals for each data-word. Frame
sync signals can be generated internally or externally,
active high or low, with either of two pulse widths and
early or late frame sync.

o Companding in hardware—Each SPORT can perform
A-law or p-law companding according to I'TU recommen-
dation G.711. Companding can be selected on the
transmit and/or receive channel of the SPORT without
additional latencies.

o DMA operations with single-cycle overhead—Each
SPORT can automatically receive and transmit multiple
buffers of memory data. The Blackfin processor can link
or chain sequences of DMA transfers between a SPORT
and memory. The chained DMA can be dynamically
allocated and updated through the descriptor blocks that
set up the chain.

o Interrupts—Each transmit and receive port generates an
interrupt upon completing the transfer of a data-word or
after transferring an entire data buffer or buffers through
the DMA.

e Multichannel capability—Each SPORT supports 128
channels and is compatible with the H.100, H.110,
MVIP-90, and HMVIP standards.

Serial Peripheral Interface (SPI) Ports

The ADSP-BF535 Blackfin processor has two SPI compatible
ports that enable the processor to communicate with multiple
SPI compatible devices.

The SPI interface uses three pins for transferring data: two data
pins (Master Output-Slave Input, MOSIx, and Master Input-
Slave Output, MISOx) and a clock pin (Serial Clock, SCKXx).
Two SPI chip select input pins (SPISSx) let other SPI devices
select the processor, and fourteen SPI chip select output pins
(SPIXSEL7-1) let the processor select other SPI devices. The SPI
select pins are reconfigured programmable flag pins. Using these
pins, the SPI ports provide a full duplex, synchronous serial inter-
face, which supports both master and slave modes and
multimaster environments.

Each SPIport’s baud rate and clock phase/polarities are program-
mable (see Figure 4), and each has an integrated DMA
controller, configurable to support transmit or receive data
streams. The SPI’s DMA controller can only service unidirec-
tional accesses at any given time.

fSCLK

SPI Clock Rate = ———————
2x SPIBAUD

Figure 4. SPI Clock Rate Calculation
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During transfers, the SPI ports simultaneously transmit and
receive by serially shifting data in and out on two serial data lines.
The serial clock line synchronizes the shifting and sampling of
data on the two serial data lines.

In master mode, the processor performs the following sequence
to set up and initiate SPI transfers:

1. Enables and configures the SPI port’s operation (data
size and transfer format).

2. Selects the target SPI slave with an SPIXSELy output pin
(reconfigured programmable flag pin).

3. Defines one or more TCBs in the processor’s memory
space (optional in DMA mode only).

4. Enables the SPI DMA engine and specifies transfer
direction (optional in DMA mode only).

5. Reads or writes the SPI port receive or transmit data
buffer (in non-DMA mode only).

The SCKx line generates the programmed clock pulses
for simultaneously shifting data out on MOSIx and
shifting data in on MISOx. In the DMA mode only,
transfers continue until the SPI DMA word count transi-
tions from 1 to 0.

In slave mode, the processor performs the following sequence to
set up the SPI port to receive data from a master transmitter:

1. Enables and configures the SPI slave port to match the
operation parameters set up on the master (data size and
transfer format) SPI transmitter.

2. Defines and generates a receive TCB in the processor’s
memory space to interrupt at the end of the data transfer
(optional in DMA mode only).

3. Enables the SPI DMA engine for a receive access
(optional in DMA mode only).

4. Starts receiving data on the appropriate SPI SCKx edges
after receiving an SPI chip select on an SPISSx input pin
(reconfigured programmable flag pin) from a master.

In DMA mode only, reception continues until the SPI DMA
word count transitions from 1 to 0. The processor can continue,
by queuing up the next command TCB.

A slave mode transmit operation is similar, except the processor
specifies the data buffer in memory from which to transmit data,
generates and relinquishes control of the transmit TCB, and
begins filling the SPI port’s data buffer. If the SPI controller is
not ready to transmit, it can transmit a “zero” word.

UART Port

The ADSP-BF535 Blackfin processor provides two full-duplex
Universal Asynchronous Receiver/Transmitter (UART) ports
(UARTO0 and UART1) fully compatible with PC-standard
UARTSs. The UART ports provide a simplified UART interface
to other peripherals or hosts, supporting full-duplex, DMA-sup-
ported, asynchronous transfers of serial data. Each UART port
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(BYPASS) in the PLL Control register (PLL_CTL). If bypass is
disabled, the processor transitions to the full on mode. If bypass
is enabled, the processor transitions to the Active mode.

When in Sleep mode, system DMA access to L1 memory is not
supported.

Deep Sleep Operating Mode

- Maximum Power Savings

The deep sleep mode maximizes power savings by disabling the
clocks to the processor core (CCLK) and to all synchronous
peripherals (SCLK). Asynchronous peripherals, such as the
RTC, may still be running but will not be able to access internal
resources or external memory. This powered down mode can
only be exited by assertion of the reset interrupt (RESET) or by
an asynchronous interrupt generated by the RT'C. When in deep
sleep mode, assertion of RESET causes the processor to sense
the value of the BYPASS pin. If bypass is disabled, the processor
will transition to full on mode. If bypass is enabled, the processor
will transition to active mode. When in deep sleep mode,
assertion of the RT'C asynchronous interrupt causes the
processor to transition to the full on mode, regardless of the value
of the BYPASS pin.

STOPCK =1

AND PDWN =0 BYPASS =1

The DEEPSLEEP output is asserted in this mode.

Mode Transitions

The available mode transitions diagrammed in Figure 6 are
accomplished either by the interrupt events described in the
following sections or by programming the PLLCTL register with
the appropriate values and then executing the PLL programming
sequence.

This instruction sequence takes the processor to a known idle
state with the interrupts disabled. Note that all DMA activity
should be disabled during mode transitions.

Table 3. Operating Mode Power Settings

PLL Core Clock|System Clock
Mode PLL Bypassed | (CCLK) (SCLK)
Full On Enabled |No Enabled Enabled
Active Enabled |Yes Enabled Enabled
Sleep Enabled |Yes or No|Disabled |Enabled
Deep + Disabled Disabled |Disabled

WAKEUP AND WAKEUP AND

STOPCK =1

BYPASS =0 AND PDWN = 0

BYPASS =0
AND PLL_OFF =0
AND STOPCK =0

AND PDWN =0

\¥’ BYPASS = 1 /
AND STOPCK = 0

RTC_WAKEUP

AND PDWN =0

PDWN =1

PDWN = 1 @

HARDWARE
MSEL = NEW RESET MSEL = NEW
AND PLL_OFF =0 AND PLL_OFF = 0
AND BYPASS = 1 AND BYPASS = 0
RESET

Figure 6. Mode Transitions

Power Savings

As shown in Table 4, the ADSP-BF535 Blackfin processor
supports five different power domains. The use of multiple power
domains maximizes flexibility, while maintaining compliance
with industry standards and conventions. By isolating the internal
logic of the ADSP-BF535 Blackfin processor into its own power
domain, separate from the PLL, RTC, PCI, and other I/O, the
processor can take advantage of dynamic power management,
without affecting the PLL, RTC, or other I/O devices.

Table 4. Power Domains

Power Domain Vpp Range

All internal logic, except PLL and RTC | Vppwr

Analog PLL internal logic VopriL
RTC internal logic and crystal I/O VbbrTC
PCIT/O VbprciexT
All other I/O VopExT
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SSEL fields define a divide ratio between the core clock (CCLK)
and the system clock. Table 5 illustrates the system clock ratios.
The system clock is supplied to the CLKOUT_SCLKO pin.

Table 5. System Clock Ratios

Signal Divider Example Frequency
Name Ratio Ratios (MHz)
SSEL1-0 |CCLK/SCLK |[CCLK SCLK
00 2:1 266 133
01 2.5:1 275 110

10 3:1 300 100

11 4:1 300 75

The maximum frequency of the system clock is fscix. Note that
the divisor ratio must be chosen to limit the system clock
frequency to its maximum of fscr k. The reset value of the
SSEL1-01is determined by sampling the SSEL1 and SSELO pins
during reset. The SSEL value can be changed dynamically by
writing the appropriate values to the PLL control register
(PLL_CTL), as described in the ADSP-BF535 Blackfin Processor
Hardware Reference.

Booting Modes

The ADSP-BF535 has three mechanisms (listed in Table 6) for
automatically loading internal L2 memory after a reset. A fourth
mode is provided to execute from external memory, bypassing
the boot sequence.

Table 6. Booting Modes

BMODE2-0 |Description

000 Execute from 16-bit external memory
(Bypass Boot ROM)

001 Boot from 8-bit flash

010 Boot from SPIO serial ROM
(8-bit address range)

011 Boot from SPIO serial ROM
(16-bit address range)

100-111 Reserved

The BMODE pins of the reset configuration register, sampled
during power-on resets and software initiated resets, implement
these modes:

e Execute from 16-bit external memory—Execution
starts from address 0x2000000 with 16-bit packing.
The boot ROM is bypassed in this mode.

¢ Bootfrom 8-bit external flash memory—The 8-bit flash
boot routine located in boot ROM memory space is set
up using asynchronous Memory Bank 0. All configura-
tion settings are set for the slowest device possible
(3-cycle hold time; 15-cycle R/W access times; 4-cycle
setup).

—14—

e Boot from SPI serial EEPROM (8-bit addressable)—
The SPIO uses PF10 output pin to select a single SPI
EPROM device, submits a read command at address
0x00, and begins clocking data into the beginning of .2
memory. An 8-bit addressable SPI compatible EPROM
must be used.

e Boot from SPI serial EEPROM (16-bit addressable)—
The SPIO uses PF10 output pin to select a single SPI
EPROM device, submits a read command at address
0x0000, and begins clocking data into the beginning of
L2 memory. A 16-bit addressable SPI compatible
EPROM must be used.

For each of the boot modes described above, a four-byte value is
first read from the memory device. This value is used to specify
a subsequent number of bytes to be read into the beginning of
L2 memory space. Once each of the loads is complete, the
processor jumps to the beginning of L.2 space and begins
execution.

In addition, the reset configuration register can be set by appli-
cation code to bypass the normal boot sequence during a software
reset. For this case, the processor jumps directly to the beginning
of L2 memory space.

To augment the boot modes, a secondary software loader is
provided that adds additional booting mechanisms. This
secondary loader provides the capability to boot from PCI, 16-bit
flash memory, fast flash, variable baud rate, and so on.

Instruction Set Description

The Blackfin processor family assembly language instruction set
employs an algebraic syntax designed for ease of coding and read-
ability. The instructions have been specifically tuned to provide
a flexible, densely encoded instruction set that compiles to a very
small final memory size. The instruction set also provides fully
featured multifunction instructions that allow the programmer
to use many of the processor core resources in a single instruction.
Coupled with many features more often seen on microcontrol-
lers, this instruction set is very efficient when compiling C and
C++ source code. In addition, the architecture supports both a
user (algorithm/application code) and a supervisor (O/S kernel,
device drivers, debuggers, ISRs) mode of operations, allowing
multiple levels of access to core processor resources.

The assembly language, which takes advantage of the processor’s
unique architecture, offers the following advantages:

e Seamlessly integrated DSP/CPU features are optimized
for both 8-bit and 16-bit operations.

e Asuperpipelined multiissue load/store modified Harvard
architecture, which supports two 16-bit MAC or four 8-
bit ALU + two load/store + two pointer updates per cycle.

o All registers, I/O, and memory are mapped into a unified
4 Gbyte memory space providing a simplified program-
ming model.
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Table 7. Pin Descriptions (continued)

Pin Type |Function

TRST I JTAG reset.

RESET 1 When this pin is asserted to logic zero level for at least 10 CLKIN cycles, a hardware reset
is initiated. The minimum pulse width for power-on reset is 40 ps.

CLKIN1 Clock in.

BYPASS Dedicated mode pin. May be permanently strapped to Vpp or Vss. Bypasses the on-chip
PLL.

DEEPSLEEP O Denotes that the Blackfin processor core is in Deep Sleep mode.

BMODE2-0 1 Dedicated mode pin. May be permanently strapped to Vpp or Vss. Configures the boot
mode that is employed following hardware reset or software reset.

PCI_AD31-0 I/O/T |PCI address and data bus.

PCI_CBE3-0 I/O/T |PCI byte enables.

PCI_FRAME I/O/T |PCI frame signal. Used by PCI initiators for signalling the beginning and end of a PCI
transaction.

PCI IRDY I/O/T |PCI initiator ready signal.

PCI_TRDY I/O/T |PCI target ready signal.

PCI_DEVSEL I/O/T |PCI device select signal. Asserted by targets of PCI transactions to claim the transaction.

PCI_STOP I/O/T |PCI stop signal.

PCI_PERR I/O/T |PCI parity error signal.

PCI_PAR I/O/T |PCI parity signal.

PCI_REQ O PCI request signal. Used for requesting the use of the PCI bus.

PCI_SERR I/O/T |PCI system error signal. Requires a pull-up on the system board.

PCI RST I/O/T |PCI reset signal.

PCI_GNT I PCI grant signal. Used for granting access to the PCI bus.

PCI_IDSEL I PCl initialization device select signal. Individual device selects for targets of PCI config-
uration transactions.

PCI_LOCK 1 PCI lock signal. Used to lock a target or the entire PCI bus for use by the master that
asserts the lock.

PCI_CLK I PCI clock.

PCI_INTA I/O/T |PCI interrupt A line on PCI bus. Asserted by the ADSP-BF535 Blackfin processor as a
device-to-signal an interrupt to the system processor. Monitored by the ADSP-BF535
when acting as the system processor.

PCI_INTB I PCI interrupt B line. Monitored by ADSP-BF535 Blackfin processor when acting as the
system processor.

PCI_INTC I PCI interrupt C line. Monitored by the ADSP-BF535 Blackfin processor when acting as
the system processor.

PCI_INTD I PCl interrupt D line. Monitored by the ADSP-BF535 Blackfin processor when acting as
the system processor.

XTAL1 I Real-Time Clock oscillator input.

XTALO O Real-Time Clock oscillator output.

EMU O Emulator acknowledge, open drain. Must be connected to the ADSP-BF535 Blackfin
processor emulator target board connector only.

VbpriL P PLL power supply (1.5 V nominal).

VopbrTC P Real-Time Clock power supply (3.3 V nominal).

VpDEXT P I/O (except PCI) power supply (3.3 V nominal).

VDDPCIEXT P PCI I/O power supply (3.3 V nominal).

VopINT P Internal power supply (1.5 V nominal).

GND G Power supply return.

Type column symbols: G = Ground, I = Input, O = Output, P = Power supply, T = Three-state
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SPECIFICATIONS
RECOMMENDED OPERATING CONDITIONS

Parameter Min Nominal Max Unit
VbbpiNT Internal (Core) Supply Voltage!
ADSP-BF535PKB-350 0.95 1.6 1.65 \%
ADSP-BF535PKB-300 0.95 1.5 1.575 \%
ADSP-BF535PBB-300 0.95 1.5 1.575 \%
ADSP-BF535PBB-200 0.95 1.5 1.575 \%
V DDEXT External (I/0) Supply Voltage' 3.15 3.3 3.45 \Y%
VpDPLL PLL Power Supply Voltage! 1.425 1.5 1.575 Vv
VopbRTC Real-Time Clock Power Supply Voltage! 2.60 3.3 3.45 Vv
VDDPCIEXT PCI I/O Power Supply Voltage! 3.15 3.3 3.45 Vv
Vig High Level Input Voltage?, @ Vppexr =max 2.2 Vopext+ 0.5 \Y
Vi Low Level Input Voltage?, @ Vppexr= min -0.3 +0.6 AV
VIHUSBCLK ngh Level Input Voltage3, @ VDDEXT =max 2.4 VDDEXT+ 0.5 \%
Vinrcr High Level Input Voltage*, @ Vpppciexr =max 0.5 X Vpppcexr Voprecexr+0.5 A%
Virpar Low Level Input Voltage?, @ Vpppcmnr=min -0.5 +0.3 X Vppremxt |V
Ta Ambient Operating Temperature °C
Commercial 0 70 °C
Industrial -40 +85 °C

Specifications subject to change without notice.

!"There is no requirement for sequencing of the voltage supplies on powerup, however, the supply regulators must be able to provide the required current
IppRrESET at all times. See Table 26.

2 Applies to input and bidirectional pins, except PCI and USB_CLK.

3 Applies to USB_CLK.

4 Applies to PCI input and bidirectional pins: PCI_AD31-0, PCI_CBE3-0, PCI_FRAME, PCI_IRDY, PCI_TRDY, PCI_DEVSEL, PCI_STOP,
PCI_PERR, PCI_PAR, PCI_SERR, PCI_RST, PCI_GNT, PCI_IDSEL, PCI_LOCK, PCI_CLK, PCI_INTA, PCI_INTB, PCI_INTC, PCL_INTD.

ELECTRICAL CHARACTERISTICS

Parameter Test Conditions Min Max Unit
Vou High Level Output Voltage! @ Vppexr = min, I[opy =-0.5mA (2.4 AV
VoL  Low Level Output Voltage! @ Vppexr = max, Io. = 2.0 mA 0.4 \Y
VOHPCI PCI ngh Level Output Voltage2 @ VDDPCIEXT = min, IOH =—-0.5mA|[0.9 X VDDPCIEXT AV
VOLPCI PCI Low Level Output Voltage2 @ VDDPCIEXT = max, IOL =2.0mA 0.1 X VDDPCIEXT AV
Iy High Level Input Current? @ Vppexr = max, Viy = Vpp max 10 pA
I Low Level Input Current’ @ Vppexr = max, Viy=0V 10 pA
Tozu Three-State Leakage Current? @ Vppext = max, Viy = Vpp max 10 pA
TozL Three-State Leakage Current? @ Vppexr = max, Vin=0V 10 pA
Cn  Input Capacitance™® fiw = 1 MHz, 5 pF
TA = 25°C, VIN =25V

Specifications subject to change without notice.

! Applies to output and bidirectional pins, except PCI.

2 Applies to PCI output and bidirectional pins: PCI_AD31-0, PCI_CBE3-0, PCI_FRAME, PCI_IRDY, PCI_TRDY, PCI_DEVSEL, PCI_STOP,
PCI_PERR, PCI_PAR, PCI_REQ, PCI_SERR, PCI_RST, PCL_INTA.

3 Applies to input pins.

4 Applies to three-statable pins.

> Applies to all signal pins.

®Guaranteed but not tested.
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ABSOLUTE MAXIMUM RATINGS

Internal (Core) Supply Voltage (Vppmr)! .—0.3 Vto +1.65V
External (I/O) Supply Voltage (Vppexr)®. . .—0.3 Vto +4.0 V

Input Voltage! . ............... -0.5Vto Vppext+0.5V
Output Voltage Swing! ......... -0.5Vto Vppext+0.5V
Load Capacitanceb? ... ........ ... ... ..., 200 pF
Core Clock: !
ADSP-BF535PKB-350 . .. .............. 350 MHz
ADSP-BF535PKB-300 .. ............... 300 MHz
ADSP-BF535PBB-300 ................. 300 MHz
ADSP-BF535PBB-200 ................. 200 MHz
System Clock (SCLK)! . ................... 133 MHz
Storage Temperature Range! . .. ....... —-65°C to +150°C

! Stresses greater than those listed above may cause permanent damage to the
device. These are stress ratings only; functional operation of the device at these
or any other conditions greater than those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

2For proper SDRAM controller operation, the maximum load capacitance is 50 pF
for ADDR, DATA, ABE3-0/SDQM3-0, CLKOUT/SCLK1, SCLKO, SCKE,

SA10, SRAS, SCAS, SWE, and SMS3-0.

ESD SENSITIVITY

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V
readily accumulate on the human body and test equipment and can discharge without
detection. Although the ADSP-BF535 features proprietary ESD protection circuitry,
permanent damage may occur on devices subjected to high energy electrostatic
discharges. Therefore, proper ESD precautions are recommended to avoid perfor-

mance degradation or loss of functionality.

-22—
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Timer PWM_OUT Cycle Timing

Table 13 and Figure 10 describe timer expired operations. The
input signal is asynchronous in “width capture mode” and has
an absolute maximum input frequency of fscix+2.

Table 13. Timer PWM_OUT Cycle Timing

Parameter Min Max Unit

Switching Characteristics
tuTo Timer Pulse Width Output! 7.5 (2*2-1) cycles ns

!'The minimum time for tyTo is one cycle, and the maximum time for tyTo equals (2°*-1) cycles.

PWM_OUT

Figure 10. Timer PWM_OUT Cycle Timing
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Serial Ports
Table 17 through Table 22 and Figure 14 describe Serial Port
timing.

Table 17. Serial Ports—External Clock

Parameter Min Max Unit
Timing Requirements

tSFSE TFS/RFS Setup Before TCLK/RCLK! 3.0 ns
tHESE TFS/RFS Hold After TCLK/RCLK! 3.0 ns
tSDRE Receive Data Setup Before RCLK! 3.0 ns
tHDRE Receive Data Hold Before RCLK! 3.0 ns
tSCLKWE TCLK/RCLK Width (0.5 X tscrxe) — 1 ns
tSCLKE TCLK/RCLK Period 2 X tscIk ns

! Referenced to sample edge.

Table 18. Serial Ports—Internal Clock

Parameter Min Max Unit
Timing Requirements

tSEST TFS/RFS Setup Before TCLK/RCLK! 7.0 ns
tHESI TFS/RFS Hold After TCLK/RCLK! 2.0 ns
tSDRI Receive Data Setup Before RCLK! 7.0 ns
tHDRI Receive Data Hold Before RCLK! 4.0 ns

! Referenced to sample edge.

Table 19. Serial Ports—External or Internal Clock

Parameter Min Max Unit
Switching Characteristics

tDESE RFS Delay After RCLK (Internally Generated RES)! 10.0 ns
tHOESE RFS Hold After RCLK (Internally Generated RFS)! 3.0 ns

I Referenced to drive edge.

Table 20. Serial Ports—External Clock

Parameter Min Max Unit
Switching Characteristics

tDFSE TFS Delay After TCLK (Internally Generated TFS)! 10.0 ns
tHOFSE TFS Hold After TCLK (Internally Generated TFS)! 3.0 ns
tODTE Transmit Data Delay After TCLK! 10.0 ns
tHDTE Transmit Data Hold After TCLK! 3.0 ns

! Referenced to drive edge.

Table 21. Serial Ports—Internal Clock

Parameter Min Max Unit
Switching Characteristics

tDFESI TFS Delay After TCLK (Internally Generated TFS)! 6.0 ns
THOESI TFS Hold After TCLK (Internally Generated TFS)! 0.0 ns
tDDTI Transmit Data Delay After TCLK! 8.0 ns
tHDTI Transmit Data Hold After TCLK! 0.0 ns
TSCLKWI TCLK/RCLK Width 0.5 X tscrx ns

' Referenced to drive edge.
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Table 22. Serial Ports—Enable and Three-State (Multichannel Mode Only)

Parameter Min Max Unit

Switching Characteristics

tDTENE Data Enable Delay from External TCLK! 3.0 ns
tDDTTE Data Disable Delay from External TCLK! 12.0 ns
tDTENI Data Enable Delay from Internal TCLK! 2.0 ns
tDDTTI Data Disable Delay from Internal TCLK! 12.0 ns

'Referenced to drive edge and TCLK is tied to RCLK.

DATA RECEIVE—INTERNAL CLOCK DATA RECEIVE—EXTERNAL CLOCK
DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE
tscLke =
IscLkwi +
tscLkwe
RCLK RCLK )
“—tprse™ " “—torse™ ™| tgpse
thorse tsesi tursi thorse turse
RFS RFS
* tspri - ™ tuori - tspre »typre ™
DR DR

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK OR TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DATA TRANSMIT—INTERNAL CLOCK DATA TRANSMIT—EXTERNAL CLOCK
DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE
tscike
tscLkw [ tscLkwe—
TCLK TCLK >
“—tors " “—torsE ™™ tsrse
1
tuorsi tsesi tursi thorse HFSE
TFS TFS
- toom - = tooTE
tuom tuore
DT DT

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK OR TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DRIVE EDGE DRIVE EDGE
TCLK (EXT)
TFS (“LATE”, EXT) TCLK/RCLK
™1 torene toprre [
DT
DRIVE EDGE DRIVE EDGE
TCLK (INT) —
TFS (“LATE", INT) TCLK/RCLK
> torent “— toorm
DT

Figure 14. Serial Ports
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Universal Asynchronous Receiver-Transmitter (UART)
Port—Receive and Transmit Timing

Figure 17 describes UART port receive and transmit operations.
The maximum baud rate is SCLLK/16. As shown in Figure 17,
there is some latency between the generation of internal UART
interrupts and the external data operations. These latencies are
negligible at the data transmission rates for the UART.

SCLK
(SAMPLE
CLOCK)

N
18
2 STOP
RECEIVE
INTERNAL
UART RECEIVE UART RECEIVE BIT SET BY DATA
| INTERRUPT N STOP; CLEARED BY FIFO READ
¢
. START N
¢
XD \_/< DATA(5-8) X:>/STOP (1-2)\ { /
AS DATA %
TRANSMIT WRITTEN TO
BUFFER
UART _'r';ﬁlﬂsm'; UART TRANSMIT BIT SET BY PROGRAM;
| NTERRUPT “ CLEARED BY WRITE TO TRANSMIT

(s

Figure 17. UART Port—Receive and Transmit Timing
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JTAG Test and Emulation Port Timing
Table 25 and Figure 18 describe JTAG port operations.

Table 25. JTAG Port Timing

Parameter Min Max Unit
Timing Requirements

treK TCK Period 20.0 ns
tSTAP TDI, TMS Setup Before TCK High 4.0 ns
tHTAP TDI, TMS Hold After TCK High 4.0 ns
tssys System Inputs Setup Before TCK Low! 4.0 ns
tusys System Inputs Hold After TCK Low' 5.0 ns
tTRSTW TRST Pulse Width? 4.0 ns
Switching Characteristics

tbTDO TDO Delay from TCK Low 7.0 ns
tpsys System Outputs Delay After TCK Low’ 0.0 15.0 ns

!System Inputs=DATA31-0, ADDR25-2, ARDY, TMR2-0, PF15-0, RSCLKO0, RFS0, DR0, TSCLKO0, TFS0, RSCLK1, RFS1, DR1, TSCLKI1, TFS1,
MOSI0, MISO0, SCK0, MOSI1, MISO1, SCK1, RX0, RX1, USB_CLK, XVER_DATA, DPLS, DMNS, NMI, RESET, BYPASS, BMODE2-0,
PCI_AD31-0, PCI_CBE3-0, PCI_FRAME, PCI_IRDY, PCI_TRDY, PCI_DEVSEL, PCI_STOP, PCI_PERR, PCI_PAR, PCI_SERR, PCI_RST,
PCI_GNT, PCI_IDSEL, PCI_LOCK, PCI_CLK, PCI_INTA, PCI_INTB, PCLINTC, PCL_INTD.

250 MHz max.

3System Outputs=DATA31-0, ADDR25-2, ABE3-0/SDQM3-0, AOE, ARE, AWE, SCAS, CLKOUT/SCLK1, SCLKO0, SCKE, SA10, SWE, SMS3-0,
SRAS, TMR2-0, PF15-0, RSCLKO0, RFS0, TSCLKO0, TFS0, DT0, RSCLK1, RFS1, TSCLK1, TFS1, DT1, MOSI0, MISO0, SCK0, MOSI1, MISO1,
SCK1, TX0, TX1, TXDPLS, TXDMNS, TXEN, SUSPEND, DEEPSLEEP, PCI_AD31-0, PCI_CBE3-0, PCI_FRAME, PCI_IRDY, PCI_TRDY,
PCI_DEVSEL, PCI_STOP, PCI_PERR, PCI_PAR, PCI_REQ, PCI_SERR, PCI_RST, PCI_INTA, EMU.

trek

TCK _\ /

f—tsTar thrap—=

™S
TDI

totpo |

TDO

ft—tggyg———w-t—t gy g — =

SYSTEM
INPUTS

'

tosvs
SYSTEM
OUTPUTS

trrsTw

Figure 18. JTAG Port Timing
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Table 27. PLL Power Dissipation

Parameter | Test Conditions Typical | Unit

VDDPLL= 1.5 V, 25°C 4.0 mA

IDDPLL

The frequency fincludes driving the load high and then back low.
For example: DATA31-0 pins can drive high and low at a
maximum rate of 1/(2 X tsc k) while in SDRAM burst mode.

A typical power consumption can now be calculated for these
conditions by adding a typical internal power dissipation:

Prorar = Pexr+Upp X Vppinr)

Note that the conditions causing a worst-case Pgxr differ from
those causing a worst-case Pyr. Maximum Py cannot occur
while 100% of the output pins are switching from all ones (1s) to
all zeros (0s). Note, as well, that it is not common for an appli-
cation to have 100% or even 50% of the outputs switching
simultaneously.

Test Conditions
All timing parameters appearing in this data sheet were measured
under the conditions described in this section.

Output Enable Time

Output pins are considered to be enabled when they have made
a transition from a high impedance state to the point when they
start driving. The output enable time tgna is the interval from the
point when a reference signal reaches a high or low voltage level
to the point when the output starts driving as shown in the Qutput
Enable/Disable diagram (Figure 22). The time tgna MEASURED 18
the interval from when the reference signal switches to when the
output voltage reaches 2.0 V (output high) or 1.0 V (output low).
Time trgp is the interval from when the output starts driving to
when the output reaches the 1.0 V or 2.0 V trip voltage. Time
tgna 18 calculated as shown in the equation:

'ENA = 'ENA MEASURED ~ 'TRIP

If multiple pins (such as the data bus) are enabled, the measure-
ment value is that of the first pin to start driving.

Output Disable Time

Output pins are considered to be disabled when they stop driving,
go into a high impedance state, and start to decay from their
output high or low voltage. The time for the voltage on the bus
to decay by AV is dependent on the capacitive load, Cr and the
load current, I;. This decay time can be approximated by the
equation:

Ipgcay = (CLAV)/ I

REV. A

The output disable time tpys is the difference between
tpis_measurep and tpgcay as shown in Figure 22. The time
tpis_measurep 18 the interval from when the reference signal
switches to when the output voltage decays AV from the measured
output high or output low voltage. The time tpgcay is calculated
with test loads Cr and Ij, and with AV equal to 0.5 V.

Example System Hold Time Calculation

To determine the data output hold time in a particular system,
first calculate tpgcay using the equation given above. Choose AV
to be the difference between the ADSP-BF535 Blackfin proces-
sor’s output voltage and the input threshold for the device
requiring the hold time. A typical AV will be 0.4 V. Cpis the total
bus capacitance (per data line), and I is the total leakage or three-
state current (per data line). The hold time will be tpgcay plus the
minimum disable time (for example, tpspar for an SDRAM write
cycle).

REFERENCE B
SIGNAL

tois_mEASURED - »| tENA-MEASURED
tois tena

Vou Vo
(MEASURED) Vo (MEASURED) — AV /2.0V (MEASURED)

VoL VoL (MEASURED) + AV <1.0V VoL
(MEASURED) (MEASURED)

toecay — [*—trrp
OUTPUT STOPS DRIVING OUTPUT STARTS DRIVING

HIGH IMPEDANCE STATE.
TEST CONDITIONS CAUSE THIS
VOLTAGE TO BE APPROXIMATELY 1.5V.

Figure 22. Output Enable/Disable
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Figure 23. Equivalent Device Loading for AC
Measurements (Includes All Fixtures)

INPUT
OR 1.5V 1.5V
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Figure 24. Voltage Reference Levels for AC
Measurements (Except Output Enable/Disable)
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Environmental Conditions
The ADSP-BF535 is offered in a 260-ball PBGA package.

To determine the junction temperature on the application printed
circuit board use:

Ty = Teysp+ (Fpx Pp)
where:
T = Junction temperature (°C)

Tcase = Case temperature (°C) measured by customer at top
center of package.

Y)r = From Table 28

Pp=Power dissipation (see Power Dissipation on Page 36 for the
method to calculate Pp)

Values of 0, are provided for package comparison and printed
circuit board design considerations. 0,4 can be used for a first
order approximation of T} by the equation:

T,=T,+(8;,x Pp)

-38-

where:
T, = Ambient temperature (°C)

Values of 0, are provided for package comparison and printed
circuit board design considerations when an external heatsink is
required.

Values of 03 are provided for package comparison and printed
circuit board design considerations.

In Table 28, airflow measurements comply with JEDEC
standards JESD51-2 and JESD51-6, and the junction-to-board
measurement complies with JESD51-8. The junction-to-case
measurement complies with MIL-STD-883 (Method 1012.1).
All measurements use a 2S2P JEDEC test board.

Table 28. Thermal Characteristics

Parameter | Condition Typical | Unit

0,4 0 linear m/s air flow 23.8 °C/W
04 1 linear m/s air flow 20.8 °C/W
04 2 linear m/s air flow 19.8 °C/W
0,5 9.95 °C/W
0,c 9.35 °C/W
Wr 0 linear m/s air flow 0.30 °C/W
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Figure 25. 260-Ball Metric PBGA Pin Configuration (Top View)
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Figure 26. 260-Ball Metric PBGA Pin Configuration (Bottom View)
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