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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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includes support for 5 to 8 data bits; 1 or 2 stop bits; and none,
even, or odd parity. The UART ports support two modes of
operation.

e PIO (Programmed I/O)—The processor sends or receives
data by writing or reading I/O-mapped UATX or UARX
registers, respectively. The data is double-buffered on
both transmit and receive.

o DMA (Direct Memory Access)—The DMA controller
transfers both transmit and receive data. This reduces the
number and frequency of interrupts required to transfer
data to and from memory. Each UART has two dedicated
DMA channels, one for transmit and one for receive. The
DMA channels have lower priority than most DMA
channels because of their relatively low service rates.

Each UART port’s baud rate (see Figure 5), serial data format,
error code generation and status, and interrupts are
programmable:

e Bit rates ranging from (fsc1x/1048576) to (fscix/16) bits
per second

e Data formats from 7 to 12 bits per frame

e Both transmit and receive operations can be configured
to generate maskable interrupts to the processor.

UART Clock Rate = Tscx
16 x D

Figure 5. UART Clock Rate Calculation

Autobaud detection is supported, in conjunction with the
general-purpose timer functions.

The capabilities of UARTO are further extended with support for
the Infrared Data Association (IrDA Serial Infrared Physical
Layer Link Specification (SIR) protocol.

Programmable Flags (PFX)

The ADSP-BF535 Blackfin processor has 16 bidirectional,
general-purpose I/O programmable flag (PF15-0) pins. The pro-
grammable flag pins have special functions for clock multiplier
selection, SROM boot mode, and SPI port operation. For more
information, see Serial Peripheral Interface (SPI) Ports on
Page 10 and Clock Signals on Page 13. Each programmable flag
can be individually controlled by manipulation of the flag control,
status, and interrupt registers.

o Flag Direction Control Register—Specifies the direction
of each individual PFx pin as input or output.

e Flag Control and Status Registers—Rather than forcing
the software to use a read-modify-write process to control
the setting of individual flags, the ADSP-BF535 Blackfin
processor employs a “write one to set” and “write one to
clear” mechanism that allows any combination of individ-
ual flags to be set or cleared in a single instruction, without
affecting the level of any other flags. Two control registers
are provided, one register is written to in order to set flag
values while another register is written to in order to clear
flag values. Reading the flag status register allows software
to interrogate the sense of the flags.
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¢ Flag Interrupt Mask Registers—The two flag interrupt
mask registers allow each individual PFx pin to function
as an interrupt to the processor. Similar to the two flag
control registers that are used to set and clear individual
flag values, one flag interrupt mask register sets bits to
enable interrupt function, and the other flag interrupt
maskregister clears bits to disable interrupt function. PFx
pins defined as inputs can be configured to generate
hardware interrupts, while output PFx pins can be con-
figured to generate software interrupts.

¢ Flag Interrupt Sensitivity Registers—The two flag
interrupt sensitivity registers specify whether individual
PFx pins are level- or edge-sensitive and specify (if edge-
sensitive) whether just the rising edge or both the rising
and falling edges of the signal are significant. One register
selects the type of sensitivity, and one register selects
which edges are significant for edge-sensitivity.

Dynamic Power Management

The ADSP-BF535 Blackfin processor provides four operating
modes, each with a different performance/power dissipation
profile. In addition, dynamic power management provides the
control functions, with the appropriate external power regulation
capability to dynamically alter the processor core supply voltage,
further reducing power dissipation. Control of clocking to each
of the ADSP-BF535 Blackfin processor peripherals also reduces
power dissipation. See Table 3 for a summary of the power
settings for each mode.

Full On Operating Mode

- Maximum Pevformance

In the full on mode, the PLL is enabled, and is not bypassed,
providing the maximum operational frequency. This is the
normal execution state in which maximum performance can be
achieved. The processor core and all enabled peripherals run at
full speed.

Active Operating Mode

— Moderate Power Savings

In the active mode, the PLL is enabled, but bypassed. The input
clock (CLKIN) is used to generate the clocks for the processor
core (CCLK) and peripherals (SCLK). When the PLL is
bypassed, CCLK runs at one-half the CLKIN frequency. Signif-
icant power savings can be achieved with the processor running
at one-half the CLKIN frequency. In this mode, the PLL multi-
plication ratio can be changed by setting the appropriate values
in the SSEL fields of the PLL control register (PLL._CTL).

When in the active mode, system DMA access to appropriately
configured L1 memory is supported.

Sleep Operating Mode

— High Power Savings

The sleep mode reduces power dissipation by disabling the clock
to the processor core (CCLK). The PLL and system clock
(SCLK), however, continue to operate in this mode. Any inter-
rupt, typically via some external event or RT'C activity, will wake
up the processor. When in sleep mode, assertion of any interrupt
will cause the processor to sense the value of the bypass bit
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The power dissipated by a processor is largely a function of the
clock frequency of the processor and the square of the operating
voltage. For example, reducing the clock frequency by 25%
results in a 25% reduction in power dissipation, while reducing
the voltage by 25% reduces power dissipation by more than 40%.
Further, these power savings are additive, in that if the clock
frequency and power are both reduced, the power savings are
dramatic.

Dynamic Power Management allows both the processor’s input
voltage (Vppmr) and clock frequency (fcerx) to be dynamically
and independently controlled.

As previously explained, the savings in power dissipation can be
modeled by the following equation:

/e 4 2
Power Dissipation Factor = (/CCLKRED) X ( DDINTRED)

CCLKNOM VDDINTNOM

where:

fecrxnon 18 the nominal core clock frequency (300 MHz)
feerxrep 18 the reduced core clock frequency
Vopintyoar 18 the nominal internal supply voltage (1.5 V)
Vppivtrep 1S the reduced internal supply voltage

As an example of how significant the power savings of Dynamic
Power Management are when both frequency and voltage are
reduced, consider an example where the frequency is reduced
from its nominal value to 50 MHz and the voltage is reduced from
its nominal value to 1.2 V. At this reduced frequency and voltage,
the processor dissipates about 10% of the power dissipated at
nominal frequency and voltage.

Peripheral Power Control

The ADSP-BF535 Blackfin processor provides additional power
control capability by allowing dynamic scheduling of clock inputs
to each of the peripherals. Clocking to each of the peripherals
listed below can be enabled or disabled by appropriately setting
the peripheral’s control bit in the peripheral clock enable register
(PLL_IOCK). The Peripheral Clock Enable Register allows indi-
vidual control for each of these peripherals:

e PCI

e EBIU controller

e Programmable flags
¢ MemDMA controller
e SPORT 0

e SPORT 1

e SPIO

e SPI'1

e UART 0

e UART 1

e Timer 0, Timer 1, Timer 2
e USB CLK
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Clock Signals
The ADSP-BF535 Blackfin processor can be clocked by a sine
wave input or a buffered shaped clock derived from an external
clock oscillator.

If a buffered, shaped clock is used, this external clock connects
to the processor CLKIN pin. The CLKIN input cannot be
halted, changed, or operated below the specified frequency
during normal operation. This clock signal should be a 3.3 V
LVTTL compatible signal. The processor provides a user-pro-
grammable 1X to 31X multiplication of the input clock to
support external-to-internal clock ratios. The MSEL6-0,
BYPASS, and DF pins decide the PLL multiplication factor at
reset. At run time, the multiplication factor can be controlled in
software. The combination of pull-up and pull-down resistors in
Figure 7 sets up a core clock ratio of 6:1, which, for example,
produces a 150 MHz core clock from the 25 MHz input. For
other clock multiplier settings, see the ADSP-BF535 Blackfin
Processor Hardware Reference.

| T

CLKIN CLKOUT
MSELO (PFO)
ADSP-BF535
v E_ BLACKFIN PROCESSOR
DD =
L MSEL1 (PF1)
Voo %
MSEL2 (PF2) THE PULL-UP/PULL-DOWN
MSELS3 (PF3) RESISTORS ON THE MSEL,
DF, AND BYPASS PINS SELECT
THE CORE CLOCK RATIO.
" MSEL4 (PFa) HERE, THE SELECTION (6:1)
AND 25MHz INPUT CLOCK
PRODUCE A 150MHz CORE CLOCK.
? MSELS (PF5)
? MSELS6 (PF6)
j{ DF (PF7)
j{ BYPASS
RESET SOURCE—— |

Figure 7. Clock Ratio Example

All on-chip peripherals operate at the rate set by the system clock
(SCLK). The system clock frequency is programmable by means
of the SSEL pins. At run time the system clock frequency can be
controlled in software by writing to the SSEL fields in the PLL.
control register (PLL._CTL). The values programmed into the
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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).
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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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e Microcontroller features, such as arbitrary bit and bit-
field manipulation, insertion, and extraction; integer
operations on 8-, 16-, and 32-bit data-types; and separate
user and kernel stack pointers.

e Code density enhancements, which include intermixing
of 16- and 32-bit instructions (no mode switching, no
code segregation). Frequently used instructions are
encoded as 16-bits.

Development Tools

The ADSP-BF535 Blackfin processor is supported with a
complete set of software and hardware development tools,
including Analog Devices emulators and the Visual DSP++™
development environment. The same emulator hardware that
supports other Analog Devices JTAG processors, also fully
emulates the ADSP-BF535 Blackfin processor.

The VisualDSP++ project management environment lets pro-
grammers develop and debug an application. This environment
includes an easy to use assembler (which is based on an algebraic
syntax), an archiver (librarian/library builder), a linker, a loader,
a cycle-accurate instruction-level simulator, a C/C++ compiler,
and a C/C++ run-time library that includes DSP and mathemat-
ical functions. A key point for these tools is C/C++ code
efficiency. The compiler has been developed for efficient transla-
tion of C/C++ code to Blackfin processor assembly. The Blackfin
processor has architectural features that improve the efficiency of
compiled C/C++ code.

The VisualDSP++ debugger has a number of important features.
Data visualization is enhanced by a plotting package that offers
a significant level of flexibility. This graphical representation of
user data enables the programmer to quickly determine the per-
formance of an algorithm. As algorithms grow in complexity, this
capability can have increasing significance on the designer’s
development schedule, increasing productivity. Statistical
profiling enables the programmer to nonintrusively poll the
processor as it is running the program. This feature, unique to
VisualDSP++, enables the software developer to passively gather
important code execution metrics without interrupting the real-
time characteristics of the program. Essentially, the developer can
identify bottlenecks in software quickly and efficiently. By using
the profiler, the programmer can focus on those areas in the
program that impact performance and take corrective action.

Debugging both C/C++ and assembly programs with the
VisualDSP++ debugger, programmers can:

e View mixed C/C++ and assembly code (interleaved
source and object information)

e Insert breakpoints

e Set conditional breakpoints on registers, memory, and
stacks

e Trace instruction execution
e View the internal pipeline to further optimize peripherals

o Perform linear or statistical profiling of program
execution

o Fill, dump, and graphically plot the contents of memory
VisualDSP++ is a trademark of Analog Devices, Inc.
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e Perform source level debugging
e Create custom debugger windows

The VisualDSP++ IDDE lets programmers define and manage
software development. Its dialog boxes and property pages let
programmers configure and manage all development tools,
including color syntax highlighting in the VisualDSP++ editor.
These capabilities permit programmers to:

¢ Control how the development tools process inputs and
generate outputs

e Maintain a one-to-one correspondence with the tool’s
command line switches

The VisualDSP++ Kernel (VDK) incorporates scheduling and
resource management tailored specifically to address the memory
and timing constraints of embedded, real-time programming.
These capabilities enable engineers to develop code more effec-
tively, eliminating the need to start from the very beginning, when
developing new application code. The VDK features include
threads, critical and unscheduled regions, semaphores, events,
and device flags. The VDK also supports priority-based, preemp-
tive, cooperative, and time-sliced scheduling approaches. In
addition, the VDK was designed to be scalable. If the application
does not use a specific feature, the support code for that feature
is excluded from the target system.

Because the VDK is a library, a developer can decide whether to
use it or not. The VDK s integrated into the VisualDSP++ devel-
opment environment, but can also be used via standard
command line tools. When the VDK is used, the development
environment assists the developer with many error-prone tasks
and assists in managing system resources, automating the gener-
ation of various VDK based objects, and visualizing the system
state, when debugging an application that uses the VDK.

VCSE is Analog Devices technology for creating, using, and
reusing software components (independent modules of substan-
tial functionality) to quickly and reliably assemble software
applications. Download components from the Web and drop
them into the application. Publish component archives from
within VisualDSP++. VCSE supports component implementa-
tion in C/C++ or assembly language.

Use the Expert Linker to visually manipulate the placement of
code and data on the embedded system. View memory utilization
in a color-coded graphical form, easily move code and data to
different areas of the processor or external memory with the drag
of the mouse, examine run-time stack and heap usage. The
Expert Linker is fully compatible with existing Linker Definition
File (LDF), allowing the developer to move between the
graphical and textual environments.

Analog Devices emulators use the IEEE 1149.1 JTAG test access
port of the ADSP-BF535 Blackfin processor to monitor and
control the target board processor during emulation. The
emulator provides full speed emulation, allowing inspection and
modification of memory, registers, and processor stacks. Nonin-
trusively in-circuit emulation is assured by the use of the
processor’s JTAG interface—the emulator does not affect target
system loading or timing.
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In addition to the software and hardware development tools
available from Analog Devices, third parties provide a wide range
of tools supporting the Blackfin processor family. Third Party
software tools include DSP libraries, real-time operating systems,
and block diagram design tools.

EZ-KIT Lite™ for ADSP-BF535 Blackfin Processor

The EZ-KIT Lite provides developers with a cost-effective
method for initial evaluation of the ADSP-BF535 Blackfin pro-
cessor. The EZ-KIT Lite includes a desktop evaluation board
and fundamental debugging software to facilitate architecture
evaluations via a PC hosted toolset. With the EZ-KIT Lite, users
can learn more about Analog Devices hardware and software
development tools and prototype applications. The EZ-KIT Lite
includes an evaluation suite of the VisualDSP++ development
environment with C/C++ compiler, assembler, and linker. The
VisualDSP++ software included with the kit is limited in program
memory size and limited to use with the EZ-KIT Lite product.

Designing an Emulator Compatible

Processor Board (Target)

The Analog Devices family of emulators are tools that every
system developer needs to test and debug hardware and software
systems. Analog Devices has supplied anIEEE 1149.1 JTAG Test
Access Port (TAP) on the ADSP-BF535 Blackfin processor. The

EZ-KIT Lite is a trademark of Analog Devices, Inc.

~16-

emulator uses the TAP to access the internal features of the pro-
cessor, allowing the developer to load code, set breakpoints,
observe variables, observe memory, and examine registers. The
processor must be halted to send data and commands, but once
an operation has been completed by the emulator, the processor
system is set running at full speed with no impact on system
timing.

To use these emulators, the target’s design must include a header
that connects the processor’s JTAG port to the emulator.

For details on target board design issues including single
processor connections, multiprocessor scan chains, signal buff-
ering, signal termination, and emulator pod logic, see the EE-68:
Analog Devices JTAG Emulation Technical Reference on the Analog
Devices website (www.analog.com)—use site search on
“EE-68”. This document is updated regularly to keep pace with
improvements to emulator support.

Additional Information

This data sheet provides a general overview of the ADSP-BF535
Blackfin processor architecture and functionality. For detailed
information on the Blackfin processor family core architecture
and instruction set, refer to the ADSP-BF535 Blackfin Processor
Hardware Reference and the Blackfin Processor Instruction Set
Reference.

REV. A
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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

REV. A
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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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TIMING SPECIFICATIONS

Table 9 and Table 10 describe the timing requirements for the
ADSP-BF535 Blackfin processor clocks. Take care in selecting
MSEL and SSEL ratios so as not to exceed the maximum core
clock, system clock and Voltage Controlled Oscillator (VCO)

Table 9. Core Clock Requirements

operating frequencies, as described in Absolute Maximum
Ratings on Page 22. Table 10 describes phase-locked loop
operating conditions.

Parameter Min Max Unit
tCCLKLG Core Cycle Period (Vppnr=1.6 V=50 mV) 2.86 200 ns
tCCLKLS Core Cycle Period (Vppwr=1.5 V-5%) 3.33 200 ns
tCCLK4 Core Cycle Period (Vppwr=1.4 V-5%) 3.70 200 ns
tceLKs Core Cycle Period (Vppnr=1.3 V-5%) 4.17 200 ns
tccLki2 Core Cycle Period (Vppwr=1.2 V-5%) 4.76 200 ns
tceik Core Cycle Period (Vppinr=1.1 V-5%) 5.56 200 ns
tCCLKLO0 Core Cycle Period (Vppnr=1.0 V-5%) 6.67 200 ns
Table 10. Phase-Locked Loop Operating Conditions

Parameter Min Nominal Max Unit
Operating Voltage 1.425 1.5 1.575 \%
Jitter, Rising Edge to Rising Edge, Per Output! 120 ps
Jitter, Rising Edge to Falling Edge, Per Output! 60 ps
Skew, Rising Edge to Rising Edge, Any Two Outputs' 120 ps
Voltage Controlled Oscillator (VCO) Frequency' 40 400 MHz
Voorir Induced Jitter! 1 ps/mV

! Guaranteed but not tested.

REV. A
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Clock and Reset Timing

Table 11 and Figure 8 describe clock and reset operations. Per
ABSOLUTE MAXIMUM RATINGS on Page 22, combina-
tions of CLKIN and clock multipliers must not select core and
system clocks in excess of 350/300/200 MHz and 133 MHz,
respectively.

Table 11. Clock and Reset Timing

Parameter Min Max Unit

Timing Requirements

tekIN CLKIN Period 25.0 100.0 ns

tCRINL CLKIN Low Pulse! 10.0 ns

tCKINH CLKIN High Pulse! 10.0 ns

tWRST RESET Asserted Pulse Width Low? 11 X tcrin ns

tMsD Delay from RESET Asserted to MSELx, SSELx, BYPASS, 15.0 ns
and DF Valid?

TMmss MSELx/SSELx/DF/BYPASS Stable Setup Before RESET |2 X tckin ns
Deasserted*

tMsH MSELx/SSELx/DF/BYPASS Stable Hold After RESET 2 X teriN ns
Deasserted

Switching Characteristics

tPED Flag Output Disable Time After RESET Asserted 15.0 ns

! Applies to Bypass mode and Non-bypass mode.

2 Applies after power-up sequence is complete. At power-up, the processor’s internal phase-locked loop requires no more than 2000 CLKIN cycles, while
RESET is asserted, assuming stable power supplies and CLKIN (not including start-up time of external clock oscillator).

3SSELx, MSELx and DF values can change from this point, but the values must be valid.
4SSELx, MSELx and DF values must be held from this time, until the hold time expires.

[—tc  N——

-t -t -

tekine - twrsT >
RESET
b)Y
W
—tysp—] tuss tusn
-t — - - >
SSEL1-0 PFD 2
MSEL6-0
BYPASS
DF 2

Figure 8. Clock and Reset Timing
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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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Asynchronous Memory Read Cycle Timing
Table 15 and Figure 12 describe Asynchronous Memory Read
Cycle timing.

Table 15. Asynchronous Memory Read Cycle Timing

Parameter Min Max Unit
Timing Requirements
tSDAT DATA31-0 Setup Before CLKOUT 2.1 ns
tHDAT DATA31-0 Hold After CLKOUT 2.6 ns
tSARDY ARDY Setup Before CLKOUT 4.0 ns
tHARDY ARDY Hold After CLKOUT -1.0 ns
Switching Characteristics
tbo Output Delay After CLKOUT! 7.0 ns
tao Output Hold After CLKOUT ! 0.8 ns
!Output pins include AMS3-0, ABE3-0, ADDR25-2, AOE, ARE.
HOLD
SETUP PROGRAMMED READ ACCESS, ACCESS EXTENDED 1CYCLE
2 CYCLES “ 4 CYCLES > 3 CYCLES > >
CLKOUT
—| |-ty — | ty

AMSx

ABE3-0 BE, ADDRESS

ADDR25-2

ACE

— tho -
ARE
tyarDy — |w—
tsarpy =~ [ — ‘4— tharDy
ARDY \#
‘ - o
tsaroy tsoat
— tupar
READ >—

DATA31-0 —<

Figure 12. Asynchronous Memory Read Cycle Timing
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Serial Peripheral Intevface (SPI) Port
—Master Timing
Table 23 and Figure 15 describe SPI port master operations.

Table 23. Serial Peripheral Interface (SPI) Port—Master Timing

Parameter Min Max Unit

Timing Requirements
tsspID Data Input Valid to SCK Edge (Data Input Setup) 6.5 ns
tHSPID SCK Sampling Edge to Data Input Invalid 1.6 ns

Switching Characteristics

tsDSCIM SPIXSEL Low to First SCK Edge (x=0 or 1) (2Xtscix) — 3 ns
tSPICHM Serial Clock High Period (2 X tscix) — 3 ns
tspICLM Serial Clock Low Period (2 X tscrr) — 3 ns
tspICLK Serial Clock Period 4 X tscrx ns
tHDSM Last SCK Edge to SPIXSEL High (x=0 or 1) (2 Xtscr) — 3 ns
tSPITDM Sequential Transfer Delay 2 X tscrk ns
tDDSPID SCK Edge to Data Out Valid (Data Out Delay) 0.0 6.0 ns
tHDSPID SCK Edge to Data Out Invalid (Data Out Hold) 0.0 5.0 ns
SPIXSEL
(OUTPUT)
(x=00R 1) s
tspscim | tspicum | tspicLm | tspicLk thosm tspitom
ScK I ? I I
(CPOL =0)
(OUTPUT)
tspicLm [« - tspicHm
ScK
(CPOL=1)
(OUTPUT) )
tDDSPID tHDSPID
- R
MosI
(OUTPUT) >< MsB LSB
CPHA = 1% tsspin| 1 tusei tsspip .
N HSPID
MISO mMSB " LSB
(INPUT) VALID VALID
. 2
topspip thpspip
- R
MosI
(OUTPUT) >< mss >< LsB
CPHA =0
9 tsspip | tuspip
MISO MSB ° LSB
(INPUT) VALID VALID
. R

Figure 15. Serial Peripheral Interface (SPI) Port—Master Timing
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Serial Peripheral Intevface (SPI) Port
—Slave Timing
Table 24 and Figure 16 describe SPI port slave operations.

Table 24. Serial Peripheral Interface (SPI) Port—Slave Timing

Parameter Min Max Unit
Timing Requirements
tSPICHS Serial Clock High Period 2tscIk ns
tspICLS Serial Clock Low Period 2tscIk ns
tSPICLK Serial Clock Period dtscix ns
tHDS Last SPICLK Edge to SPISS Not Asserted 2tscIK ns
tSPITDS Sequential Transfer Delay 2tscIK ns
tspscr SPISS Assertion to First SCK Edge 2tscIK ns
tsspID Data Input Valid to SCK Edge (Data Input Setup) 1.6 ns
tHSPID SCK Sampling Edge to Data Input Invalid 1.6 ns
Switching Characteristics
tDSOE SPISS Assertion to Data Out Active 0.0 6.0 ns
tDSDHI SPISS Deassertion to Data High Impedance 0.0 6.5 ns
tDDSPID SCK Edge to Data Out Valid (Data Out Delay) 0.0 7.0 ns
tHDSPID SCK Edge to Data Out Invalid (Data Out Hold) 0.0 6.5 ns
spissx  \
(INPUT)
tSPICHS“ tspicLs - 3 tspicLk 5 thps | tspirps -
scK T\
(CPOL = 0)
(INPUT)
tspsci tspicLs | tseicns
scKk | _f
(cPOL = 1)
(INPUT)
t
tosoe [ __TSPID tupspip topspip | tospni >
MISO
(©OUTPUR mMSB “ LSB
CPHA =1 R -
tsspip | - tuspip fssPio He
MOSI MSB X N LSB
(INPUT) VALID VALID
tpsoe toospip —> tosomi
MISO
(OUTPUT) MSB » >< LsB >< /
CPHA=0 : tsspip i tyspip
MoSI >< MSB X X A LsSB
(INPUT) VALID VALID
Figure 16. Serial Peripheral Interface (SPI) Port—Slave 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

To 500

OUTPUT ©&
PIN

O 1.5V

30pF

g

Figure 23. Equivalent Device Loading for AC
Measurements (Includes All Fixtures)

INPUT
OR 1.5V 1.5V
OUTPUT

Figure 24. Voltage Reference Levels for AC
Measurements (Except Output Enable/Disable)
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260-Ball PBGA Pinout

Table 29 lists the PBGA pinout by signal name. Table 30 on

Page 41 lists the pinout by pin number.

Table 29. 260-Ball PBGA Pin Assignment (Alphabetically by Signal)

Signal Pin Signal Pin Signal Pin Signal Pin

ABE0/SDQMO E02 |DATA5 RO02 |GND K08 |PCI_AD25 M16
ABEI/SDQM1 B0l |DATA6 P03 |GND K09 |PCI_AD26 N17
ABE2/SDQM2 G03 |DATA7 U0l |GND K10 |PCI_AD27 P17

ABE3/SDQM3 HO07 |DATAS U02 |GND K1l |PCI_AD28 P15

ADDR2 A06 |DATA9 T02 |GND K12 |PCI_AD29 N16
ADDR3 B06 |DATA10 V02 |GND L07 |PCI_AD30 R17
ADDR4 D06 |DATAL1l V03 |GND L08 |PCI_AD31 P16

ADDRS5 C06 |DATAI2 R04 |GND L0o9 |PCI_CBEO F16

ADDRG6 A05 |DATA13 U03 |GND L10 |PCI_CBEl F15

ADDRY7 B05 |DATA1l4 T03 |GND L11 |PCI_CBE2 E16

ADDRS A04 |DATA15 T04 |GND Mo07 |PCI_CBE3 D17
ADDRO9 C05 |DATAI6 U04 |GND M09 |PCI_CLK D14
ADDRI10 D05 |DATA17 V04 |GND M10 |PCI_DEVSEL C16
ADDRI11 B04 |DATAI1S8 V05 | MISOO0 T16 |PCIL_FRAME C17
ADDRI12 A01 |DATA19 RO5 |MISO1 U18 |PCI_GNT C18
ADDRI3 C04 |DATA20 T05 |MOSIO Ul6 |PCI_IDSEL B18

ADDRI14 D04 |DATA21 U05 |MOSI1 T17 |PCLINTA Cl4
ADDRI5 A03 |DATA22 V06 |N/C Al18 |PCLINTB B15

ADDRI6 B03 |DATA23 R0O6 |N/C R03 |PCLINTC Al5

ADDRI17 A02 |DATA24 U06 |N/C Vo1 |PCLINTD D13
ADDRIS C03 |DATA25 T06 |N/C V18 |PCLIRDY El5

ADDRI9 D03 |DATA26 V07 |NMI B11 |PCI_LOCK Al6
ADDR20 B02 |DATA27 V08 |PCI_ADO E17 |PCI_PAR C15
ADDR21 C02 |DATA28 U07 |PCI_ADI E18 |PCI_PERR D15
ADDR22 E03 |DATA29 R07 |PCI_AD2 G16 |PCI_REQ D16
ADDR23 C01 |DATA30 T07 |PCI_AD3 F17 |PCLRST D18
ADDR24 F03 |DATA31 V09 |PCI_AD4 F18 |PCI_SERR B16

ADDR?25 D02 |DMNS D08 |PCI_AD5 G18 |PCI_STOP Al7

AMSO0 Fo2 |DPLS C09 |PCI_AD6 G17 |PCILTRDY B17

AMS1 D01 |DRO V14 |PCI_AD7 H18 |PF0/SPISSO/MSELO uo8
AMS2 HO03 |DRI1 Ul5 |PCI_ADS 718 PF1/SPISS1/MSEL1 RO8

AMS3 G02 |DTO R14 |PCI_AD9 H17 |PF2/SPIOSELI/MSEL2 TO08
AOE E01 |DT1 V17 |PCI_ADI10 K18 |PF3/SPI1ISELI/MSEL3 V10

ARDY RO1 |EMU Al3 |PCI_ADI11 H16 |PF4/SPIOSEL2/MSELA4 U09
ARE Fol |GND C13 |PCI_ADI2 L18 |PF5/SPI1SEL2/MSEL5 R09

AWE G0l |GND HO02 |PCILADI13 J17 PF6/SPIOSEL3/MSEL6 TO09
BMODEO Bl14 |GND H08 |PCI_ADI14 M18 |PF7/SPI1SEL3/DF R11

BMODEI! Al4 |GND H10 |PCI_ADI15 K17 |PF8/SPIOSEL4/SSELO0 T11

BMODE2 B13 |GND H1l |PCI_ADI16 J16 PF9/SPI1SEL4/SSELL1 U1l
BYPASS Cl12 |GND Jo7 |PCI_AD17 K16 |PF10/SPIOSEL5 V12

CLKIN1 D09 |GND Jos |PCI_ADI18 N18 |PF11/SPI1SEL5 T12
CLKOUT/SCLK1 HO1 |GND Jo9 |PCI_ADI19 P18 |PF12/SPIOSEL6 R12

DATAO NO02 |GND J10 |PCI_AD20 L17 |PF13/SPI1SEL6 Ul12
DATALI MO03 |GND J11 |PCI_AD21 L16 |PF14/SPIOSEL7 V13

DATA2 TO0l |GND J12 |PCI_AD22  RI18 |PF15/SPIISEL7 T13
DATA3 P02 |GND K02 |PCI_AD23 T18 |RESET B09

DATA4 NO03 |GND K07 |PCLAD24 M17 |RFSO Ul13
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Table 30. 260-Ball PBGA Pin Assignment (Numerically by Pin Number)

Pin Signal Pin  Signal Pin Signal Pin  Signal

A01 ADDRI2 D12 DEEPSLEEP K01 SCLKO R0O8 PF1/SPISSI/MSELLI
A02 ADDRI17 D13 PCLINTD K02 GND R09 PF5/SPI1SEL2/MSEL5
A03 ADDRI5 D14 PCI CLK K03 SMS3 R10 XTALI1

A04 ADDRS D15 PCI PERR K04  Vppexr R11 PF7/SPI1SEL3/DF
A05 ADDRG6 D16 PCI_REQ K07 GND R12 PF12/SPIOSEL6

A06 ADDR2 D17 PCI_CBE3 K08 GND R13 RSCLKO

A07 RX0 D18 PCIRST K09 GND R14 DTO

A08 TXO E01 AOE K10 GND R15 TFSI

A09 XVER_DATA E02 ABE0/SDQMO K11 GND R16 SCK1

Al10  Vsspir E03 ADDR22 K12 GND R17 PCI_AD30

All SUSPEND E04  Vpprxr K15  Vpprcmxr R18 PCI_AD22

Al12 TMS E15 PCLIRDY K16 PCI_AD17 |T0l DATA2

Al13 EMU E16 PCI_CBE2 K17 PCI_AD15 |T02 DATA9

Al4 BMODEI E17 PCILADO K18 PCI_AD10 |T03 DATAIl4

Al5 PCLINTC E18 PCI ADI1 101 SCKE T04 DATAI15

Al6 PCI_LOCK Fo0l ARE L02 SRAS T05 DATA20

A17 PCI_STOP Fo2 AMSO L03 SCAS T06 DATA25

Al8 N/C F03 ADDR24 L04  Vppexr T07 DATA30

B0l ABEI/SDQMI F04 Vppmr L07 GND T08 PF2/SPIOSEL1/MSEL2
B02 ADDR20 F15 PCI_CBEI L08 GND T09 PF6/SPIOSEL3/MSEL6
B03 ADDRI6 F16 PCI_CBEO L09 GND T10 XTALO

B04 ADDRII F17 PCILAD3 L10 GND T11 PF8/SPIOSEL4/SSELO
B05 ADDR?Y F18 PCI_AD4 L1l GND T12 PF11/SPIISEL5

B06 ADDR3 G01 AWE L12  Vppwr T13 PF15/SPIISEL7

B07 TMRO G02 AMS3 L15  VopppcExr T14 TFSO

B08 RXI1 G03 ABE2/SDQM2 Ll16 PCI_AD21 |T15 TSCLKl1

B09 RESET G04  Vppexr L17 PCI_AD20 |T16 MISO0

B10 TXDPLS G07 USB_CLK L18 PCI_ADI12 |T17 MOSI1

Bl1l NMI GO8  Vppext MO1 SAl0 T18 PCI AD23

B12 TRST G09  VpppLL MO02 SMSO0 U01 DATA7

B13 BMODE2 G10 TXDMNS MO03 DATA1 U02 DATAS

B14 BMODEO G11 Vppwer MO04  Vppexr U03 DATAI13

B15 PCILINTB G12 Vppir MO07 GND U04 DATAIG6

B16 PCI_SERR G15 Vppinr MO8  Vppir U05 DATA21

B17 PCLTRDY Gl16 PCI_AD2 M09 GND U06 DATA24

B18 PCI_IDSEL G17 PCI_AD6 M10 GND U07 DATA28

C01 ADDR23 G18 PCI_AD5 M1l  Vppwr U08 PF0/SPISSO/MSELO
C02 ADDR21 HO1 CLKOUT/SCLK1 M12  Vppwr U09 PF4/SPIOSEL2/MSEL4
C03 ADDRIS8 HO02 GND M15  Vpppcmxr U10  Vpprrc

C04 ADDRI13 HO03 AMS2 Ml6 PCI_AD25 |Ull PF9/SPI1ISEL4/SSEL1
C05 ADDRY9 HO04 Vppmr M17 PCI_AD24 |Ul2 PF13/SPIISEL6

C06 ADDRS5 HO07 ABE3/SDQM3 M18 PCI_AD14 |U13 RFSO

C07 TMRI1 H08 GND N0l SMS2 Ul4 RSCLKI

Co8 TX1 HO09 Vppmr NO02 DATAO0 Ul5 DRI

C09 DPLS H10 GND NO03 DATA4 Ule MOSIo

Cl10 TXEN H1l GND NO04  Vppwr Ul7 SCKO

Cll1 TDI H12 Vppmr N15  Vppir Ul8 MISO1

Cl2 BYPASS H15 Vpprcmxr N16 PCI AD29 |V0l1 N/C

C13 GND H16 PCIADI11 N17 PCI_AD26 |V02 DATAIO
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OUTLINE DIMENSIONS
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NOTES 0.45 MAX
1. ALL DIMENSIONS ARE IN MILLIMETERS. =
2. THE ACTUAL POSITION OF THE BALL GRID
IS WITHIN 0.25 MM OF ITS IDEAL POSITION 0.40 _T —>0| 7(|,<_ L MAX, TYP
RELATIVE TO THE PACKAGE EDGES. MIN 0.60
3. THE ACTUAL POSITION OF EACH BALL IS 0.50 SEATING
WITHIN 0.10 MM OF ITS IDEAL POSITION RELATIVE BALL DIAMETER  PLANE
TO THE BALL GRID. DETAIL A
4. CENTER DIMENSIONS ARE NOMINAL.
5. COMPLIANT TO JEDEC REGISTERED OUTLINE
MS-034, VARIATION AAG-1.
Figure 27. 260-Ball Metric Plastic Ball Grid Array (PBGA) (B-260)
ORDERING GUIDE
Part Number Temperature Range (Ambient) Instruction Rate | Operating Voltage (V)
ADSP-BF535PKB-350 0°C to +70°C 350 MHz 1.0 Vto 1.6 Vinternal, 3.3 VI/O
ADSP-BF535PKB-300 0°C to +70°C 300 MHz 1.0 Vto 1.5 Vinternal, 3.3 VI/O
ADSP-BF535PBB-300 —40°C to +85°C 300 MHz 1.0 Vto 1.5 Vinternal, 3.3 VI/O
ADSP-BF535PBB-200 -40°C to +85°C 200 MHz 1.0 Vto 1.5 Vinternal, 3.3 VI/O
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