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ADSP-BF339/ADSP-BFa39F

BLACKFIN PROCESSOR CORE

As shown in Figure 2, the Blackfin processor core contains two
16-bit multipliers, two 40-bit accumulators, two 40-bit ALUs,
four video ALUs, and a 40-bit shifter. The computation units
process 8-bit, 16-bit, or 32-bit data from the register file.

ADDRESS ARITHMETICUNIT™ — — — — — — — — —

The compute register file contains eight 32-bit registers. When
performing compute operations on 16-bit operand data, the
register file operates as 16 independent 16-bit registers. All
operands for compute operations come from the multiported
register file and instruction constant fields.
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Figure 2. Blackfin Processor Core

Each MAC can perform a 16-bit by 16-bit multiply in each
cycle, accumulating the results into the 40-bit accumulators.
Signed and unsigned formats, rounding, and saturation are
supported.

The ALUs perform a traditional set of arithmetic and logical
operations on 16-bit or 32-bit data. In addition, many special
instructions are included to accelerate various signal processing
tasks. These include bit operations such as field extract and pop-
ulation count, modulo 2*? multiply, divide primitives, saturation
and rounding, and sign/exponent detection. The set of video
instructions include byte alignment and packing operations
16-bit and 8-bit adds with clipping, 8-bit average operations,
and 8-bit subtract/absolute value/accumulate (SAA) opera-
tions. Also provided are the compare/select and vector search
instructions.
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For certain instructions, two 16-bit ALU operations can be per-
formed simultaneously on register pairs (a 16-bit high half and
16-bit low half of a compute register). By also using the second
ALU, quad 16-bit operations are possible.

The 40-bit shifter can perform shifts and rotates and is used to
support normalization, field extract, and field deposit
instructions.

The program sequencer controls the flow of instruction execu-
tion, including instruction alignment and decoding. For
program flow control, the sequencer supports PC relative and
indirect conditional jumps (with static branch prediction), and
subroutine calls. Hardware is provided to support zero over-
head looping. The architecture is fully interlocked, meaning that
the programmer need not manage the pipeline when executing
instructions with data dependencies.
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The PC133-compliant SDRAM controller can be programmed
to interface to up to 128M bytes of SDRAM. The SDRAM con-
troller allows one row to be open for each internal SDRAM
bank, for up to four internal SDRAM banks, improving overall
system performance.

The asynchronous memory controller can be programmed to
control up to four banks of devices with very flexible timing
parameters for a wide variety of devices. Each bank occupies a
1M byte segment regardless of the size of the devices used, so
that these banks will only be contiguous if each is fully popu-
lated with 1M byte of memory.

Flash Memory (ADSP-BF539F Only)

The ADSP-BF539F8 processor contains a separate flash die,
connected to the EBIU bus, within the package of the processor.
Figure 4 shows how the flash memory die and Blackfin proces-
sor die are connected.

The ADSP-BF539F8 contains an 8M bit (512K x 16-bit) bottom
boot sector Spansion S29AL008] known good die flash memory.
Additional information for this product can be found in the
Spansion data sheet at www.spansion.com. Features include the
following:

o Access times as fast as 70 ns (EBIU registers must be set

appropriately)
« Sector protection
 One million write cycles per sector

o 20 year data retention
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Figure 4. Internal Connection of Flash Memory (ADSP-BF539F8)

The Blackfin processor connects to the flash memory die with
address, data, chip enable, write enable, and output enable con-
trols as if it were an external memory device. Note that the
write-protect input pin to the flash is not connected and inac-
cessible, disabling this feature.
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The flash chip enable pin FCE must be connected to AMSO0 or
AMS3-1 through a printed circuit board trace. When connected
to AMSO, the Blackfin processor can boot from the flash die.
When connected to AMS3-1, the flash memory appears as non-
volatile memory in the processor memory map, shown in
Figure 3.

Flash Memory Programming

The ADSP-BF539F8 flash memory can be programmed before
or after mounting on the printed circuit board.

To program the flash prior to mounting on the printed circuit
board, use a hardware programming tool that can provide the
data, address, and control stimuli to the flash die through the
external pins on the package. During this programming, Vppgxr
and GND must be provided to the package and the Blackfin
must be held in reset with bus request (BR) asserted and a
CLKIN provided.

The VisualDSP++ tools can be used to program the flash mem-
ory after the device is mounted on a printed circuit board.

Flash Memory Sector Protection

To use the sector protection feature, a high voltage (+8.5 V to
+12.5 V) must be applied to the flash FRESET pin. Refer to the
flash data sheet for details.

1/0 Memory Space

Blackfin processors do not define a separate I/O space. All
resources are mapped through the flat 32-bit address space. On-
chip I/O devices have their control registers mapped into mem-
ory mapped registers (MMRs) at addresses near the top of the
4G byte address space. These are separated into two smaller
blocks, one of which contains the control MMRs for all core
functions, and the other of which contains the registers needed
for setup and control of the on-chip peripherals outside of the
core. The MMRs are accessible only in supervisor mode and
appear as reserved space to on-chip peripherals.

Booting

The ADSP-BF539/ADSP-BF539F processors contain a small
boot kernel, which configures the appropriate peripheral for
booting. If the processors are configured to boot from boot
ROM memory space, they start executing from the on-chip boot
ROM. For more information, see Booting Modes on Page 16.

Event Handling

The event controller handles all asynchronous and synchronous
events to the processor. The processors provide event handling
that supports both nesting and prioritization. Nesting allows
multiple event service routines to be active simultaneously. Pri-
oritization ensures that servicing of a higher priority event takes
precedence over servicing of a lower priority event. The control-
ler provides support for five different types of events:

o Emulation - An emulation event causes the processor to
enter emulation mode, allowing command and control of
the processor via the JTAG interface.

o Reset - This event resets the processor.
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general-purpose interrupt to the IPEND output asserted is three

core clock cycles; however, the latency can be much higher,

depending on the activity within and the state of the processor.

Table 2. Core Event Controller (CEC)

Priority
(0 is Highest) Event Class EVT Entry
0 Emulation/Test Control EMU
1 Reset RST
2 Nonmaskable Interrupt NMI
3 Exception EVX
4 Reserved —
5 Hardware Error IVHW
6 Core Timer IVTMR
7 General Interrupt 7 IVG7
8 General Interrupt 8 IVG8
9 General Interrupt 9 IVG9
10 General Interrupt 10 IVG10
1 General Interrupt 11 IVG11
12 General Interrupt 12 IVG12
13 General Interrupt 13 IVG13
14 General Interrupt 14 IVG14
15 General Interrupt 15 IVG15
Table 3. System and Core Event Mapping

Core
Event Source Event Name
PLL Wake-Up Interrupt IVG7
DMA Controller 0 Error IVG7
DMA Controller 1 Error IVG7
PPI Error Interrupt IVG7
SPORTO Error Interrupt IVG7
SPORT1 Error Interrupt IVG7
SPORT2 Error Interrupt IVG7
SPORT3 Error Interrupt IVG7
MXVR Synchronous Data Interrupt IVG7
SPIO Error Interrupt IVG7
SPI1 Error Interrupt IVG7
SPI2 Error Interrupt IVG7
UARTO Error Interrupt IVG7
UARTT1 Error Interrupt IVG7
UART2 Error Interrupt IVG7
CAN Error Interrupt IVG7
Real-Time Clock Interrupt IVG8
DMAQO Interrupt (PPI) IVG8
DMAT1 Interrupt (SPORTO Rx) IVG9
DMA?2 Interrupt (SPORTO Tx) IVG9
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Table 3. System and Core Event Mapping (Continued)

Core
Event Source Event Name
DMAS3 Interrupt (SPORT1 Rx) IVG9
DMAA4 Interrupt (SPORT1 Tx) IVG9
DMAS Interrupt (SPORT2 Rx) IVG9
DMAZ9 Interrupt (SPORT2 Tx) IVG9
DMA10 Interrupt (SPORT3 Rx) IVG9
DMAT11 Interrupt (SPORT3 Tx) IVG9
DMAS5 Interrupt (SPI0) IVG10
DMAT14 Interrupt (SPIT) IVG10
DMAT15 Interrupt (SP12) IVG10
DMAG Interrupt (UARTO Rx) IVG10
DMAY Interrupt (UARTO Tx) IVG10
DMAT16 Interrupt (UART1 Rx) IVG10
DMA17 Interrupt (UART1 Tx) IVG10
DMA18 Interrupt (UART2 Rx) IVG10
DMAT19 Interrupt (UART2 Tx) IVG10
TimerO, Timer1, Timer2 Interrupts IVG11
TWIO Interrupt IVG11
TWI1 Interrupt IVG11
CAN Receive Interrupt IVG11
CAN Transmit Interrupt IVG11
MXVR Status Interrupt IVG11
MXVR Control Message Interrupt IVG11
MXVR Asynchronous Packet Interrupt IVG11
Programmable Flags Interrupts IVG12
MDMAQO Stream 0 Interrupt IVG13
MDMAQO Stream 1 Interrupt IVG13
MDMAT1 Stream O Interrupt IVG13
MDMAT1 Stream 1 Interrupt IVG13
Software Watchdog Timer IVG13
DMA CONTROLLERS

The processors have multiple, independent DMA controllers
that support automated data transfers with minimal overhead
for the processor core. DMA transfers can occur between the
ADSP-BF539/ADSP-BF539F processor internal memories and
any of its DMA capable peripherals. Additionally, DMA trans-
fers can be accomplished between any of the DMA-capable
peripherals and external devices connected to the external
memory interfaces, including the SDRAM controller and the
asynchronous memory controller. DMA capable peripherals
include the SPORTSs, SPI ports, UARTS, and PPI. Each individ-
ual DMA capable peripheral has at least one dedicated DMA
channel. In addition, the MXVR peripheral has its own dedi-
cated DMA controller, which supports its own unique set of

operating modes.
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The DMA controllers support both 1-dimensional (1-D) and
2-dimensional (2-D) DMA transfers. DMA transfer initializa-
tion can be implemented from registers or from sets of
parameters called descriptor blocks.

The 2-D DMA capability supports arbitrary row and column
sizes up to 64K elements by 64K elements and arbitrary row and
column step sizes up to 32K elements. Furthermore, the col-
umn step size can be less than the row step size, allowing
implementation of interleaved data streams. This feature is
especially useful in video applications where data can be
deinterleaved on the fly.

Examples of DMA types supported by the processor’s DMA
controller include:

o A single, linear buffer that stops upon completion

o A circular, auto-refreshing buffer that interrupts on each
full or fractionally full buffer

 1-D or 2-D DMA using a linked list of descriptors

« 2-D DMA using an array of descriptors, specifying only the
base DMA address within a common page

In addition to the dedicated peripheral DMA channels, there are
four memory DMA channels provided for transfers between the
various memories of the ADSP-BF539/ADSP-BF539F processor
system. This enables transfers of blocks of data between any of
the memories—including external SDRAM, ROM, SRAM, and
flash memory—with minimal processor intervention. Memory
DMA transfers can be controlled by a very flexible descriptor-
based methodology or by a standard register-based autobuffer
mechanism.

REAL-TIME CLOCK

The ADSP-BF539/ADSP-BF539F processor real-time clock
(RTC) provides a robust set of digital watch features, including
current time, stopwatch, and alarm. The RTC is clocked by a
32.768 kHz crystal external to the Blackfin processors. The RTC
peripheral has dedicated power supply pins so that it can remain
powered up and clocked even when the rest of the processor is
in a low power state. The RTC provides several programmable
interrupt options, including interrupt per second, minute, hour,
or day clock ticks, interrupt on programmable stopwatch count-
down, or interrupt at a programmed alarm time.

The 32.768 kHz input clock frequency is divided down to a 1 Hz
signal by a prescaler. The counter function of the timer consists
of four counters: a 60-second counter, a 60-minute counter, a
24-hour counter, and an 32,768-day counter.

When enabled, the alarm function generates an interrupt when
the output of the timer matches the programmed value in the
alarm control register. There are two alarms: the first alarm is
for a time of day. The second alarm is for a day and time of
that day.

The stopwatch function counts down from a programmed
value, with one second resolution. When the stopwatch is
enabled and the counter underflows, an interrupt is generated.
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Like the other peripherals, the RTC can wake up the processor
from sleep mode upon generation of any RTC wake-up event.
Additionally, an RTC wake-up event can wake up the processor
from deep sleep mode, and wake up the on-chip internal voltage
regulator from a powered down state.

Connect RTC pins RTXI and RTXO with external components
as shown in Figure 5.

RTXI RTXO
R1
| . |
x1
| |
c1—= c2—

SUGGESTED COMPONENTS:
ECLIPTEK EC38J (THROUGH-HOLE PACKAGE)

EPSON MC405 12 pF LOAD (SURFACE-MOUNT PACKAGE)
C1=22pF

C2 =22pF

R1 = 10MQ

NOTE: C1 AND C2 ARE SPECIFIC TO CRYSTAL SPECIFIED FOR X1.
CONTACT CRYSTAL MANUFACTURER FOR DETAILS. C1 AND C2
SPECIFICATIONS ASSUME BOARD TRACE CAPACITANCE OF 3pF.

Figure 5. External Components for RTC

WATCHDOG TIMER

The processors include a 32-bit timer that can be used to imple-
ment a software watchdog function. A software watchdog can
improve system availability by forcing the processor to a known
state through generation of a hardware reset, nonmaskable
interrupt (NMI), or general-purpose interrupt, if the timer
expires before being reset by software. Programs initialize the
count value of the timer, enable the appropriate interrupt, and
then enable the timer. Thereafter, the software must reload the
counter before it counts to zero from the programmed value.
This protects the system from remaining in an unknown state
where software, which would normally reset the timer, has
stopped running due to an external noise condition or software
error.

If configured to generate a hardware reset, the watchdog timer
resets both the core and the processor peripherals. After a reset,
software can determine if the watchdog was the source of the
hardware reset by interrogating a status bit in the watchdog
timer control register.

The timer is clocked by the system clock (SCLK), at a maximum
frequency of fgc k.

TIMERS

There are four general-purpose programmable timer units in
the ADSP-BF539/ADSP-BF539F processors. Three timers have
an external pin that can be configured either as a pulse-width
modulator (PWM) or timer output, as an input to clock the
timer, or as a mechanism for measuring pulse widths and
periods of external events. These timers can be synchronized to
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Sleep Operating Mode—High Dynamic Power Savings

The sleep mode reduces dynamic power dissipation by disabling
the clock to the processor core (CCLK). The PLL and system
clock (SCLK), however, continue to operate in this mode. Typi-
cally, an external event or RTC activity wakes up the processor.
When in the sleep mode, assertion of a wake-up event enabled
in the SIC_IWRx register causes the processor to sense the value
of the BYPASS bit 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 will transition to the
active mode. When in the sleep mode, system DMA access to L1
memory is not supported.

Deep Sleep Operating Mode—Maximum Dynamic Power
Savings

The deep sleep mode maximizes dynamic power savings by dis-
abling 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
RTC. When in deep sleep mode, an RTC asynchronous
interrupt causes the processor to transition to the active mode.
Assertion of RESET while in deep sleep mode causes the proces-
sor to transition to the full-on mode.

Hibernate State—Maximum Static Power Savings

The hibernate state maximizes static power savings by disabling
the voltage and clocks to the processor core (CCLK) and to all
the synchronous peripherals (SCLK). The internal voltage regu-
lator for the processor can be shut off by writing b#00 to the
FREQ bits of the VR_CTL register. This sets the internal power
supply voltage (Vppnt) to 0 V to provide the lowest static power
dissipation. Any critical information stored internally (memory
contents, register contents, etc.) must be written to a nonvolatile
storage device prior to removing power if the processor state is
to be preserved. Since Vppgxr can still be supplied in this mode,
all of the external pins three-state, unless otherwise specified.
This allows other devices that may be connected to the proces-
sor to still have power applied without drawing unwanted
current. The internal supply regulator can be woken up either
by a real-time clock wake-up, by CAN bus traffic, by asserting
the RESET pin, or by an external source via the GPW pin.

Power Savings

As shown in Table 6, the ADSP-BF539/ADSP-BF539F proces-
sors support five different power domains. The use of multiple
power domains maximizes flexibility, while maintaining com-
pliance with industry standards and conventions:

o The 3.3 V Vpprrc power domain supplies the RT'C I/O and
logic so that the RTC can remain functional when the rest
of the chip is powered off.

o The 3.3 V MXEVDD power domain supplies the MXVR
crystal and is separate to provide noise isolation.

o The 1.25 V MPIVDD power domain supplies the MXVR
PLL and is separate to provide noise isolation.

Rev.F | Page 14 of 60

o The 1.25 V Vppyr power domain supplies all internal logic
except for the RTC logic and the MXVR PLL.

o The 3.3 V Vpppxr power domain supplies all I/O except for
the RTC and MXVR crystals.

There are no sequencing requirements for the various power
domains.

Table 6. Power Domains

Power Domain Vpp Range
RTC Crystal I/0 and Logic Vppric
MXVR Crystal I/0 MXEVDD
MXVR PLL Analog and Logic MPIVDD
All Internal Logic Except RTC and MXVR PLL  [Vppint
All'l/O Except RTC and MXVR Crystals Vopext

The Vpprrc should either be connected to an isolated supply
such as a battery (if the RTC is to operate while the rest of the
chip is powered down) or should be connected to the Vppgxr
plane on the board. The Vpprrc should remain powered when
the processor is in hibernate state and should also remain pow-
ered even if the RTC functionality is not being used in an
application. The MXEVDD should be connected to the Vppgxr
plane on the board at a single location with local bypass capaci-
tors. The MXEVDD should remain powered when the
processor is in hibernate state and should also remain powered
even when the MXVR functionality is not being used in an
application. The MPIVDD should be connected to the Vppnr
plane on the board at a single location through a ferrite bead
with local bypass capacitors.

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 dynamic power dissipation, while
reducing the voltage by 25% reduces dynamic power dissipation
by more than 40%. Further, these power savings are additive in
that, if the clock frequency and supply voltage are both reduced,
the power savings can be dramatic.

The dynamic power management feature of the
ADSP-BF539/ADSP-BF539F processors allow both the proces-
sor input voltage (Vppr) and clock frequency (fecrx) to be
dynamically controlled.

The savings in power dissipation can be modeled using the
power savings factor and % power savings calculations.

The power savings factor is calculated as
Power Savings Factor

f \% 2t
— CCLKRED X( DDINTREi)) X( RED)

fCCLKNOM VDDINTNO tNOM

where:
fccrxnou is the nominal core clock frequency.
fecrkrep is the reduced core clock frequency.

Vppivrvowm 1s the nominal internal supply voltage.
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Multiple memory blocks can be loaded by any boot sequence.
Once all blocks are loaded, program execution commences from
the start of L1 instruction SRAM.

In addition, Bit 4 of the reset configuration register can be set by
application code to bypass the normal boot sequence during a
software reset. For this case, the processor jumps directly to the
beginning of L1 instruction memory.

To augment the boot modes, a secondary software loader is pro-
vided that adds additional booting mechanisms. This secondary
loader provides the ability to boot from 16-bit flash memory,
fast flash, variable baud rate, and other sources. In all boot
modes except bypass, program execution starts from on-chip L1
memory address 0xFFA0 0000.

INSTRUCTION SET DESCRIPTION

The Blackfin processor family assembly language instruction set
employs an algebraic syntax designed for ease of coding and
readability. The instructions have been specifically tuned to pro-
vide 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 pro-
grammer to use many of the processor core resources in a single
instruction. Coupled with many features more often seen on
microcontrollers, this instruction set is very efficient when com-
piling C and C++ source code. In addition, the architecture
supports both user (algorithm/application code) and supervisor
(O/S kernel, device drivers, debuggers, ISRs) modes of opera-
tion, allowing multiple levels of access to core processor
resources.

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

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

o A multi-issue load/store modified Harvard architecture,
which supports two 16-bit MAC or four 8-bit ALU plus
two load/store plus two pointer updates per cycle.

o All registers, I/O, and memory are mapped into a unified
4G byte memory space, providing a simplified program-
ming model.

 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
supervisor stack pointers.

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

DEVELOPMENT TOOLS

Analog Devices supports its processors with a complete line of
software and hardware development tools, including integrated
development environments (which include CrossCore® Embed-
ded Studio and/or VisualDSP++®), evaluation products,
emulators, and a wide variety of software add-ins.
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Integrated Development Environments (IDEs)

For C/C++ software writing and editing, code generation, and
debug support, Analog Devices offers two IDEs.

The newest IDE, CrossCore Embedded Studio, is based on the
Eclipse™ framework. Supporting most Analog Devices proces-
sor families, it is the IDE of choice for future processors,
including multicore devices. CrossCore Embedded Studio
seamlessly integrates available software add-ins to support real
time operating systems, file systems, TCP/IP stacks, USB stacks,
algorithmic software modules, and evaluation hardware board
support packages. For more information visit
www.analog.com/cces.

The other Analog Devices IDE, VisualDSP++, supports proces-
sor families introduced prior to the release of CrossCore
Embedded Studio. This IDE includes the Analog Devices VDK
real time operating system and an open source TCP/IP stack.
For more information visit www.analog.com/visualdsp. Note
that VisualDSP++ will not support future Analog Devices
processors.

EZ-KIT Lite Evaluation Board

For processor evaluation, Analog Devices provides wide range
of EZ-KIT Lite® evaluation boards. Including the processor and
key peripherals, the evaluation board also supports on-chip
emulation capabilities and other evaluation and development
features. Also available are various EZ-Extenders®, which are
daughter cards delivering additional specialized functionality,
including audio and video processing. For more information
visit www.analog.com and search on “ezkit” or “ezextender”.

EZ-KIT Lite Evaluation Kits

For a cost-effective way to learn more about developing with
Analog Devices processors, Analog Devices offer a range of EZ-
KIT Lite evaluation kits. Each evaluation kit includes an EZ-KIT
Lite evaluation board, directions for downloading an evaluation
version of the available IDE(s), a USB cable, and a power supply.
The USB controller on the EZ-KIT Lite board connects to the
USB port of the user’s PC, enabling the chosen IDE evaluation
suite to emulate the on-board processor in-circuit. This permits
the customer to download, execute, and debug programs for the
EZ-KIT Lite system. It also supports in-circuit programming of
the on-board Flash device to store user-specific boot code,
enabling standalone operation. With the full version of Cross-
Core Embedded Studio or VisualDSP++ installed (sold
separately), engineers can develop software for supported EZ-
KITs or any custom system utilizing supported Analog Devices
processors.

Software Add-Ins for CrossCore Embedded Studio

Analog Devices offers software add-ins which seamlessly inte-
grate with CrossCore Embedded Studio to extend its capabilities
and reduce development time. Add-ins include board support
packages for evaluation hardware, various middleware pack-
ages, and algorithmic modules. Documentation, help,
configuration dialogs, and coding examples present in these
add-ins are viewable through the CrossCore Embedded Studio
IDE once the add-in is installed.
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ADDITIONAL INFORMATION

The following publications that describe the ADSP-BF539/
ADSP-BF539F processors (and related processors) can be
ordered from any Analog Devices sales office or accessed elec-
tronically on our website:

o Getting Started with Blackfin Processors
o ADSP-BF539 Blackfin Processor Hardware Reference

o ADSP-BF53x/ADSP-BF56x Blackfin Processor Program-
ming Reference

o ADSP-BF539 Blackfin Processor Anomaly List
RELATED SIGNAL CHAINS

A signal chain is a series of signal-conditioning electronic com-
ponents that receive input (data acquired from sampling either
real-time phenomena or from stored data) in tandem, with the
output of one portion of the chain supplying input to the next.
Signal chains are often used in signal processing applications to
gather and process data or to apply system controls based on
analysis of real-time phenomena. For more information about
this term and related topics, see the "signal chain" entry in
Wikipedia or the Glossary of EE Terms on the Analog Devices
website.

Analog Devices eases signal processing system development by
providing signal processing components that are designed to
work together well. A tool for viewing relationships between
specific applications and related components is available on the
www.analog.com website.

The Application Signal Chains page in the Circuits from the
Lab™ site (http://www.analog.com/signalchains) provides:

« Graphical circuit block diagram presentation of signal
chains for a variety of circuit types and applications

o Drill down links for components in each chain to selection
guides and application information

« Reference designs applying best practice design techniques

Rev.F | Page 20 of 60
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Table 10. Pin Descriptions (Continued)

Driver
Pin Name Type Description Type'
Parallel Peripheral Interface Port/GPIO
PFO/SPI0SS I/0 Programmable Flag 0/SPIO Slave Select Input C
PF1/SPIOSELT/TACLK I/0 Programmable Flag 1/SPI0 Slave Select Enable 1/Timer Alternate Clock C
PF2/SPIOSEL2 I/0 Programmable Flag 2/SPI0 Slave Select Enable 2 C
PF3/SPIOSEL3/PP|_FS3 I/0 Programmable Flag 3/SPI0 Slave Select Enable 3/PPI Frame Sync 3 C
PF4/SPIOSEL4/PPI15 I/0 Programmable Flag 4/SPI0 Slave Select Enable 4/PPI 15 C
PF5/SPIOSEL5/PPI14 I/0 Programmable Flag 5/SPI0 Slave Select Enable 5/PPI 14 C
PF6/SPIOSEL6/PPI13 1/0 Programmable Flag 6/SPI0 Slave Select Enable 6/PPI 13 C
PF7/SPIOSEL7/PPI12 I/0 Programmable Flag 7/SPI0 Slave Select Enable 7/PPI 12 C
PF8/PPI11 I/0 Programmable Flag 8/PPI 11 C
PF9/PPIT0 I/0 Programmable Flag 9/PPI 10 C
PF10/PPI9 I/0 Programmable Flag 10/PPI 9 C
PF11/PPI8 1/0 Programmable Flag 11/PPI 8 C
PF12/PPI7 1/0 Programmable Flag 12/PPI 7 C
PF13/PPl6 1/0 Programmable Flag 13/PPI 6 C
PF14/PPI5 1/0 Programmable Flag 14/PPI 5 C
PF15/PPI4 1/0 Programmable Flag 15/PPI 4 C
PPI3-0 1/0 PPI3-0 C
PPI_CLK/TMRCLK | PPI Clock/External Timer Reference
Controller Area Network
CANTX/PCO 1/05V CAN Transmit/GPIO C
CANRX/PC1 1/0D5V CAN Receive/GPIO c
Media Transceiver (MXVR)/General-Purpose I/0
MTX/PC5 I/0 MXVR Transmit Data/GPIO
MTXON/PC9 1/0 MXVR Transmit FOT On/GPIO
MRX/PC4 I/OD5V MXVR Receive Data/GPIO (This pin should be pulled low when not used.) c?
MRXON 15V MXVR FOT Receive On (This pin should be pulled high when not used.) C
MXI | MXVR Crystal Input (This pin should be pulled low when not used.)
MXO O MXVR Crystal Output (This pin should be left unconnected when not used.)
MLF Al/O0 MXVR Loop Filter (This pin should be pulled low when not used.)
MMCLK/PC6 I/0 MXVR Master Clock/GPIO
MBCLK/PC7 I/0 MXVR Bit Clock/GPIO
MFS/PC8 I/0 MXVR Frame Sync/GPIO
GP | GPIO PC4-9 Enable (This pin should be pulled low when MXVR is used.)
2-Wire Interface Ports
These pins are open-drain and require a pull-up resistor. See version 2.1 of the I>C specification for proper resistor values.
SDAO 1/05V TWIO Serial Data E
SCLO 1/05V TWIO Serial Clock E
SDA1 1/05V TWI1 Serial Data E
SCL1 1/05V TWI1 Serial Clock E
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ELECTRICAL CHARACTERISTICS

Parameter’ Test Conditions Min Typ Max Unit
Vou High Level Output Voltage? Voper = +3.0V, I, = -0.5 mA 2.4 v
Vo Low Level Output Voltage? Viooexr = 3.0V, I, =2.0 mA 0.4 Vv
" High Level Input Current? Vooexr= Maximum, V,, = Vpp Maximum 10.0 uA
(1 High Level Input Current JTAG* Vooexr = Maximum, V,, = Vpp Maximum 50.0 UA
I, Low Level Input Current? Vooer = Maximum, V=0V 10.0 HA
lozn Three-State Leakage Current® Vooexr = Maximum, V,, = Vpp Maximum 10.0 UA
loa Three-State Leakage Current’® Vooexr = Maximum, V=0V 10.0 pA
Cu Input Capacitance®’ fox=1MHz, Tyygenr= 25°C, Viy=2.5V 4 8 pF
loootepsieer: Voonr Current in Deep Sleep Mode |V = 1.0V, fex= 0 MHz, T,= 25°C, ASF =0.00 7.5 mA
lopsieer Voonr Current in Sleep Mode Voonr = 0.8V, T,=25°C, SCLK = 25 MHz 10 mA
lop-rve Voonr Current Voonr = 1.14V, fecx = 400 MHz, T, = 25°C 130 mA
lop1ve Voo Current Voour = 1.2V, e = 500 MHz, T, = 25°C 168 mA
lop-rve Voonr Current Voonr = 1.2V, fccik = 533 MHz, T, = 25°C 180 mA
[ Voo Current in Hibernate State Vooer = 3.6 V, CLKIN = 0 MHz, T, = Maximum, 50 100 LA
voltage regulator off (Vg =0V)
lopsrc Vopere Current Viopsre = 3.3V, T,= 25°C 20 A
Ipopessieer’ Voonr Current in Deep Sleep Mode | =0 MHz 6 Table 14 mA
loonr” Voonr Current e > 0 MHz loooeepsieep + mA

(Table 16 x ASF)

! Specifications subject to change without notice.

% Applies to output and bidirectional pins.

* Applies to input pins except JTAG inputs.

* Applies to JTAG input pins (TCK, TDI, TMS, TRST).
* Applies to three-statable pins.

¢ Applies to all signal pins.

7 Guaranteed, but not tested.

¥ See the ADSP-BF539 Blackfin Processor Hardware Reference Manual for definitions of sleep, deep sleep, and hibernate operating modes.

% See Table 15 for the list of I, power vectors covered by various activity scaling factors (ASF).
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System designers should refer to Estimating Power for the
ADSP-BF538/BF539 Blackfin Processors (EE-298), which pro-
vides detailed information for optimizing designs for lowest
power. All topics discussed in this section are described in detail
in EE-298. Total power dissipation has two components:

1. Static, including leakage current
2. Dynamic, due to transistor switching characteristics

Many operating conditions can also affect power dissipation,
including temperature, voltage, operating frequency, and pro-
cessor activity. Electrical Characteristics on Page 27 shows the

Table 14. Static Current (mA)’

current dissipation for internal circuitry (Vypr)- Ipppgeesiee SPECi-
fies static power dissipation as a function of voltage (V) and
temperature (see Table 14), and I, specifies the total power
specification for the listed test conditions, including the
dynamic component as a function of voltage (V) and fre-
quency (Table 16).

The dynamic component is also subject to an Activity Scaling
Factor (ASF) which represents application code running on the
processor (Table 15).

Voot (V)

T,(°C) 0.80V (0.85V (0.90V (0.95V (1.00V (1.05V (1.10V (1.15V (1.20V (1.25V (1.30V (1.32V (1.375V
-40 6.4 7.7 8.8 10.4 12.0 14.0 16.1 18.9 21.9 25.2 28.7 30.6 35.9
-25 9.2 10.9 12.5 14.5 16.7 19.3 22.1 25.6 29.5 33.7 38.1 40.5 47.2
0 16.8 18.9 21.5 244 27.7 31.7 35.8 40.5 45.8 51.6 58.2 61.0 69.8
25 32.9 37.2 41.4 46.2 51.8 57.4 64.2 72.3 80.0 89.3 98.9 103.3 116.4
40 48.4 54.8 60.5 67.1 74.7 82.9 91.6 101.5 1124 123.2 136.2 142.0 158.7
55 71.2 78.6 86.5 95.8 104.9 115.7 127.1 139.8 153.6 168.0 183.7 191.0 211.8
70 102.3 112.2 1221 133.5 146.1 159.2 173.9 189.8 206.7 2255 245.6 254.1 279.6
85 140.7 153.0 167.0 182.5 198.0 216.0 234.3 254.0 276.0 299.1 3243 334.8 366.6
100 190.6 207.1 224.6 244.0 265.6 285.7 309.0 3337 360.0 387.8 417.3 431.1 469.3
105 210.2 228.1 2451 265.6 285.8 309.2 334.0 360.1 385.6 417.2 448.0 461.5 501.1

! Values are guaranteed maximum Ippgepg s Specifications.

Table 15. Activity Scaling Factors

Iopint Power Vector! Activity Scaling Factor (ASF)?
IoD-PEAK-MXVR 1.36
10D-HIGH-MXVR 1.32
Iop-peak 1.30
IpD-HiGH 1.28
Iop-TvP-MXVR 1.07
lopTvp 1.00
IoD-APP-MXVR 0.92
lop-app 0.88
IoD-NOP-MXVR 0.76
Iop-nop 0.74
IoD-1DLE-MXVR 0.50
Iop-pLE 0.48

! See EE-298 for power vector definitions.
2 All ASF values determined using a 10:1 CCLK:SCLK ratio.
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ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed in Table 17 may cause perma-
nent damage to the device. These are stress ratings only.
Functional operation of the device at these or any other condi-
tions 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.

Table 17. Absolute Maximum Ratings

Parameter Rating

Internal (Core) Supply Voltage (Vppnr)!  [-0.3Vto+1.4V
External (1/0) Supply Voltage (Vppexr)? -03Vto+3.8V

Input Voltage* -05Vto+3.8V

Input Voltage*> -05Vto+5.5V
Output Voltage Swing -0.5Vto Vppexr + 0.5V
Junction Temperature While Biased +125°C

Storage Temperature Range -65°Cto +150°C

! Parameter value applies also to MPIVDD.

2 Parameter value applies also to MXEVDD and Vppgre.

* Applies to 100% transient duty cycle. For other duty cycles, see Table 18.

* Applies only when Vppyr is within specifications. When Vppxr is outside speci-
fications, the range is Vppexr+ 0.2 V.

> Applies to pins designated as 5 V tolerant only.

Table 18. Maximum Duty Cycle for Input Transient Voltage'

Viy Min (V)2 |V, Max (V)? Maximum Duty Cycle?
-0.50 +3.80 100%

-0.70 +4.00 40%

-0.80 +4.10 25%

-0.90 +4.20 15%

-1.00 +4.30 10%

! Applies to all signal pins with the exception of CLKIN, MXI, MXO, MLF,
VROUT1-0, XTAL, RTXI, and RTXO.

?The individual values cannot be combined for analysis of a single instance of
overshoot or undershoot. The worst case observed value must fall within one of
the voltages specified and the total duration of the overshoot or undershoot
(exceeding the 100% case) must be less than or equal to the corresponding duty
cycle.

* Duty cycle refers to the percentage of time the signal exceeds the value for the
100% case. The is equivalent to the measured duration of a single instance of
overshoot or undershoot as a percentage of the period of occurrence.

Rev.F | Page 30 of 60

ESD SENSITIVITY

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge

‘ without detection. Although this product features
patented or proprietary protection circuitry, damage

‘ !z i\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.

PACKAGE INFORMATION

The information presented in Figure 10 and Table 19 provides
information about how to read the package brand and relate it
to specific product features. For a complete listing of product
offerings, see the Ordering Guide on Page 60.

ANALOG
DEVICES

ADSP-BF539
tppZcce

VVVVVV.X n.n

#yyww country_of_origin

anl(/)zx

Figure 10. Product Information on Package

Table 19. Package Brand Information'

Brand Key Field Description

t Temperature Range

pp Package Type

VA RoHS Compliant Part

ccc See Ordering Guide
VVVVVV.XW Assembly Lot Code

n.n Silicon Revision

# RoHS Compliant Designation
yyww Date Code

' Non Automotive only. For branding information specific to Automotive
products, contact Analog Devices Inc.
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Table 25. Asynchronous Memory Write Cycle Timing with Asynchronous ARDY

Parameter Min Max Unit
Timing Requirements

toang ARDY Negated Delay from AMSx Asserted' (S+ WA =2) Xty |Nns
thaa ARDY Asserted Hold After ARE Negated 0.0 ns
Switching Characteristics

topar DATA15-0 Disable After CLKOUT 6.0 ns
tenDAT DATA15-0 Enable After CLKOUT 1.0 ns
too Output Delay After CLKOUT? 6.0 ns
tuo Output Hold After CLKOUT? 0.8 ns

'S = Number of programmed setup cycles, WA = Number of programmed write access cycles.
?Output pins include AMS3-0, ABE1-0, ADDR19-1, DATA15-0, AOE, AWE.

PROGRAMMED ACCESS
SETUP WRITE ACCESS EXTENDED HOLD
2 CYCLES 2 CYCLES 2 CYCLES 1 CYCLE
~ >t —I~ L —I
I/ /-\_/-\_//-\_/-\M
1 <'tD0 <-tH0
AMSx
ABET-0 \
ADDR19-1
] tDO tHQ -
AWE
<—>{tpanw taa
ARDY \ / *
> tenDAT topaT [« >

DATA 15-0

Figure 16. Asynchronous Memory Write Cycle Timing with Asynchronous ARDY
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SDRAM Interface Timing

Table 26. SDRAM Interface Timing

Parameter Min Max Unit
Timing Requirements

tsspar DATA Setup Before CLKOUT 2.1 ns
thspar DATA Hold After CLKOUT 0.8 ns
Switching Characteristics

tocik CLKOUT Period' 7.5 ns
tscikH CLKOUT Width High 25 ns
sk CLKOUT Width Low 25 ns
tocap Command, ADDR, Data Delay After CLKOUT? 6.0 ns
thcap Command, ADDR, Data Hold After CLKOUT? 0.8 ns
tospar Data Disable After CLKOUT 6.0 ns
tensDAT Data Enable After CLKOUT 1.0 ns

' SDRAM timing for Tjyxcrion = 125°C is limited to 100 MHz.
?Command pins include: SRAS, SCAS, SWE, SDQM, SMS, SA10, SCKE.

- tscik -
CLKOUT _/_\— _\—
tsspat tuspat tscLkL > tscLkH
DATA (IN)
<=— tpcap e— tpspaT
tenspAT (< o tucap | =
DATA (OUT)
= tpcap e——tucap
COMMAND,
ADDRESS X
(OuT)

NOTE: COMMAND = SRAS, SCAS, SWE, SDQM, SMS, SA10, SCKE.

Figure 17. SDRAM Interface Timing
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DATA DRIVEN/
FRAME SYNC SAMPLED

— tPCLK

PPI_CLK X X
tsespe | thrsPE e— tpcLkw

PPI_FS1/2

topTPE
tuptPE

PPI_DATA X X

Figure 22. PPl GP Tx Mode with External Frame Sync Timing

FRAME SYNC DATA DATA
DRIVEN DRIVEN DRIVEN
- tecik >|
PPI_CLK X
torspe e— tpcLkw—
thorspe
PPI_FS1/2
— topTPE —tupTPE
PPI_DATA

Figure 23. PPl GP Tx Mode with Internal Frame Sync Timing
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Table 32. Serial Ports—Enable and Three-State

Parameter Min Max Unit
Switching Characteristics

toTene Data Enable Delay from External TSCLKx' 0 ns
tooTTE Data Disable Delay from External TSCLKx'" %3 10.0 ns
toTent Data Enable Delay from Internal TSCLKx' -2.0 ns
toorT Data Disable Delay from Internal TSCLKx" %3 3.0 ns

! Referenced to drive edge.
? Applicable to multichannel mode only.
*TSCLKx is tied to RSCLKx.

DRIVE EDGE DRIVE EDGE

.

(4
TSCLKx X
».

X

toreNEn

topTTEN

DTx —m8M8M8M8M88 X ) X —
%

Figure 26. Enable and Three-State

Table 33. External Late Frame Sync

Parameter Min Max Unit
Switching Characteristics

tooTLrse Data Delay from Late External TFSx or External RFSx in multichannel mode, MFD=0"2 10.0 ns
tOTENLES Data Enable from Late FS or multichannel mode, MFD = 02 0 ns

!Tn multichannel mode, TFSx enable and TFSx valid follow tprpxies and tppriese.

?If external RFSx/TFSx setup to RSCLKx/TSCLKX > tscixg/2, then tpprre; and tpreng apply; otherwise tppripse and tprexies apply.
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EXTERNAL RFSx IN MULTI-CHANNEL MODE

DRIVE SAMPLE DRIVE
EDGE EDGE EDGE

RSCLKX X X X

RFSx
DTx 1ST BIT
LATE EXTERNAL TFSx
DRIVE SAMPLE DRIVE
EDGE EDGE EDGE

TsCLKx X X X

TFSx

tooTLrse

DTx 4( 1STBIT

Figure 27. External Late Frame Sync
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Serial Peripheral Interface Ports—Master Timing

Table 34 and Figure 28 describe SPI ports master operations.

Table 34. Serial Peripheral Interface (SPI) Ports—Master Timing

Parameter Min Max Unit
Timing Requirements
tsspiom Data Input Valid to SCKx Edge (Data Input Setup) 9.0 ns
thspiom SCKx Sampling Edge to Data Input Invalid -1.5 ns
Switching Characteristics
tSDSCIM SPlXSELy Low to First SCKx edge 2tSCLK -1.5 ns
tspicHMm Serial Clock High Period 2tsck—-1.5 ns
tspicm Serial Clock Low Period 2tsqk-1.5 ns
tspicLk Serial Clock Period 4tk -1.5 ns
thpsm Last SCKx Edge to SPIXSELy High 2tscx—-1.5 ns
tspirom Sequential Transfer Delay 2tsqk-1.5 ns
topspiom SCKx Edge to Data Out Valid (Data Out Delay) 5 ns
tHpspiom SCKx Edge to Data Out Invalid (Data Out Hold) -1.0 ns
SPIXSELy
(OUTPUT) N
| tspscim e tspicLm ol tspicHm . e toeik ol tunsm tsprrom
SPIXSCK
(OUTPUT)
tupspiom
.
(OUTPUT)
CPHA <1 tsspiom
thspiom
(INPUT)
\ ‘)_
thpspiDm topspiom
SPIxMOSI -<
(OUTPUT)
CPHA =0 tsspipm thspiDm
[ (NPUT)

Figure 28. Serial Peripheral Interface (SPI) Ports—Master Timing
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JTAG Test and Emulation Port Timing
Table 41 and Figure 33 describe JTAG port operations.

Table 41. JTAG Port Timing

Parameter Min Max Unit
Timing Requirements

trek TCK Period 20 ns
tstap TDI, TMS Setup Before TCK High 4 ns
thmap TDI, TMS Hold After TCK High 4 ns
tssys System Inputs Setup Before TCK High' 4 ns
thsys System Inputs Hold After TCK High' 6 ns
trrsTw TRST Pulse Width? (Measured in TCK Cycles) 4 TCK
Switching Characteristics

totoo TDO Delay from TCK Low 10 ns
tosys System Outputs Delay After TCK Low? 0 12 ns

! System Inputs = ARDY, BMODE1-0, BR, DATA15-0, NMI, PF15-0, PPI_CLK, PPI3-0, SCL1-0, SDA1-0, MTXON, MRXON, MMCLK, MBCLK, MFS, MTX, MRX, SPI1SS,
SPI1SEL1, SCK2-0, MISO2-0, MOSI2-0, SPI2SS, SPI2SELI, RX2-0, TX2-1, DROPRI, DROSEC, DR1PRI, DRI1SEC, DT2PRI, DT2SEC, DR2PRI, DR2SEC, TSCLK3-0,
RSCLK3-0, TFS3-0, RFS3-0, DT3PRI, DT3SEC, DR3PRI, DR3SEC, CANTX, CANRX, RESET, and TMR2-0.

250 MHz maximum

MISO2-0, MOSI2-0, SPI2SS, SPI2SELI, RX2-1, TX2-0, DT2PRI, DT2SEC, DR2PRI, DR2SEC, DT3PRI, DT3SEC, DR3PRI, DR3SEC, TSCLK3-0, TFS3-0, RSCLK3-0,
RFS3-0, CLKOUT, CANTX, SA10, SCAS, SCKE, SMS, SRAS, SWE, and TMR2-0.

- trek >
TCK '\ //
tstap ——1a——turap
TMS
TDI
- torpo >
TDO
tssys ———|a——tusys
SYSTEM
INPUTS

SYSTEM

OUTPUTS

Figure 33. JTAG Port Timing
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Figure 39. Drive Current C (High Vppexr)
r=--- - — = Vppext =275V L_
R Vou
T~ VoL
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SOURCE VOLTAGE (V)
Figure 40. Drive Current D (Low Vppexr)
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— — - Vppexr=3.0V
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Figure 41. Drive Current D (High Vppexr)
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ORDERING GUIDE

The models shown in the following table are available with con- specifications section of this data sheet carefully. Contact your
trolled manufacturing to support the quality and reliability local ADI account representative for specific product ordering
requirements of automotive applications. Note that these auto- information and to obtain the specific Automotive Reliability
motive models may have specifications that differ from the reports for these models.

commercial models and designers should review the product

Temperature Instruction Flash Package
Model’ Range? Rate (Max) Memory Package Description Option
ADBF539WBBCZ4xx -40°C to +85°C 400 MHz N/A 316-Ball CSP_BGA BC-316-2
ADBF539WBBCZ5xx -40°C to +85°C 533 MHz N/A 316-Ball CSP_BGA BC-316-2
ADBF539WBBCZ4F8xx -40°C to +85°C 400 MHz 8M bit 316-Ball CSP_BGA BC-316-2
ADBF539WBBCZ5F8xx -40°Cto +85°C 533 MHz 8M bit 316-Ball CSP_BGA BC-316-2

! Z = RoHS compliant part.
?Referenced temperature is ambient temperature. The ambient temperature is not a specification. Please see Operating Conditions on Page 26 for junction temperature (T;)
specification which is the only temperature specification.
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