E')( Fl_ Analog Devices Inc. - ADSP-BF538BBCZ-5F8 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - DSP (Digital
Signal Processors)

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

Applications of Embedded - DSP (Digital
Signal Processors)

Details

Product Status Active

Type Fixed Point

Interface CAN, SPI, SSP, TWI, UART
Clock Rate 533MHz

Non-Volatile Memory FLASH (1MB)

On-Chip RAM 148kB

Voltage - I/O 3.00V, 3.30V

Voltage - Core 1.25V

Operating Temperature -40°C ~ 85°C (TA)
Mounting Type Surface Mount

Package / Case 316-LFBGA, CSPBGA
Supplier Device Package 316-CSPBGA (17x17)
Purchase URL https://www.e-xfl.com/product-detail/analog-devices/adsp-bf538bbcz-5f8

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/adsp-bf538bbcz-5f8-4507699
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors

ADSP-BF338/ADSP-BFa38F

GENERAL DESCRIPTION

The ADSP-BF538/ADSP-BF538F processors are members of
the Blackfin® family of products, incorporating the Analog
Devices, Inc./Intel Micro Signal Architecture (MSA). Blackfin
processors combine a dual-MAC state-of-the-art signal process-
ing engine, the advantages of a clean, orthogonal RISC-like
microprocessor instruction set, and single-instruction, multi-
ple-data (SIMD) multimedia capabilities into a single
instruction set architecture.

The ADSP-BF538/ADSP-BF538F processors are completely
code compatible with other Blackfin processors, differing only
with respect to performance, peripherals, and on-chip memory.
Specific performance, peripherals, and memory configurations
are shown in Table 1.

Table 1. Processor Features

Feature ADSP-BF538 ADSP-BF538F8
SPORTs 4 4

UARTs 3 3

SPI 3 3

TWI 2 2

CAN 1 1

PPI 1 1

Internal 8M bit — 1

Parallel Flash

Instruction 16K bytes 16K bytes
SRAM/Cache

Instruction SRAM | 64K bytes 64K bytes
Data SRAM/Cache |32K bytes 32K bytes
Data SRAM 32K bytes 32K bytes
Scratchpad 4K bytes 4K bytes
Maximum 533 MHz 533 MHz
Frequency 1066 MMACS 1066 MMACS
Package Option BC-316 BC-316

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

LOW POWER ARCHITECTURE

Blackfin processors provide world class power management and
performance. They are designed using a low power and low
voltage methodology and feature dynamic power management,
which is the ability to vary both the voltage and frequency of
operation to significantly lower overall power consumption.
Varying the voltage and frequency can result in a substantial
reduction in power consumption, compared with just varying
the frequency of operation. This translates into longer battery
life and lower heat dissipation.
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SYSTEM INTEGRATION

The ADSP-BF538/ADSP-BF538F processors are highly inte-
grated system-on-a-chip solutions for the next generation of
consumer and industrial applications including audio and video
signal processing. By combining advanced memory configura-
tions, such as on-chip flash memory, industry-standard
interfaces, and a high performance signal processing core, cost-
effective solutions can be quickly developed, without the need
for costly external components. The system peripherals include
three UART ports, three SPI ports, four serial ports (SPORTS),
one CAN interface, two 2-wire interfaces (TWI), four general-
purpose timers (three with PWM capability), a real-time clock, a
watchdog timer, a parallel peripheral interface (PPI), and gen-
eral-purpose I/O pins.

ADSP-BF538/ADSP-BF538F PROCESSOR
PERIPHERALS

The ADSP-BF538/ADSP-BF538F processors contain a rich set
of peripherals connected to the core via several high bandwidth
buses, providing flexibility in system configuration as well as
excellent overall system performance (see the block diagram 1).
The general-purpose peripherals include functions such as
UART, timers with PWM (pulse-width modulation) and pulse
measurement capability, general-purpose I/O pins, a real-time
clock, and a watchdog timer. This set of functions satisfies a
wide variety of typical system support needs and is augmented
by the system expansion capabilities of the device. In addition to
these general-purpose peripherals, the processors contain high
speed serial and parallel ports for interfacing to a variety of
audio, video, and modem codec functions. A CAN 2.0B control-
ler is provided for automotive and industrial control networks.
An interrupt controller manages interrupts from the on-chip
peripherals or from external sources. Power management con-
trol functions tailor the performance and power characteristics
of the processors and system to many application scenarios.

All of the peripherals, except for general-purpose I/0O, CAN,
TWI, real-time clock, and timers, are supported by a flexible
DMA structure. There are also four separate memory DMA
channels dedicated to data transfers between the processor’s
various memory spaces, including external SDRAM and asyn-
chronous memory. Multiple on-chip buses running at up to
133 MHz provide enough bandwidth to keep the processor core
running with activity on all of the on-chip and external
peripherals.

The ADSP-BF538/ADSP-BF538F processors include an on-chip
voltage regulator in support of the processor’s dynamic power
management capability. The voltage regulator provides a range
of core voltage levels from Vppgxr. The voltage regulator can be
bypassed as needed.
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The address arithmetic unit provides two addresses for simulta-
neous dual fetches from memory. It contains a multiported
register file consisting of four sets of 32-bit index, modify,
length, and base registers (for circular buffering), and eight
additional 32-bit pointer registers (for C style indexed stack
manipulation).

Blackfin processors support a modified Harvard architecture in
combination with a hierarchical memory structure. Level 1 (L1)
memories are those that typically operate at the full processor
speed with little or no latency. At the L1 level, the instruction
memory holds instructions only. The two data memories hold
data, and a dedicated scratchpad data memory stores stack and
local variable information.

In addition, multiple L1 memory blocks are provided, offering a
configurable mix of SRAM and cache. The memory manage-
ment Unit (MMU) provides memory protection for individual
tasks that may be operating on the core and can protect system
registers from unintended access.

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

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

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

MEMORY ARCHITECTURE

The ADSP-BF538/ADSP-BF538F processors view memory as a
single unified 4G byte address space, using 32-bit addresses. All
resources, including internal memory, external memory, and
I/O control registers, occupy separate sections of this common
address space. The memory portions of this address space are
arranged in a hierarchical structure to provide a good cost/per-
formance balance of some very fast, low latency on-chip
memory as cache or SRAM, and larger, lower cost and perfor-
mance off-chip memory systems. See Figure 3.

The L1 memory system is the primary highest performance
memory available to the Blackfin processor. The off-chip mem-
ory system, accessed through the External Bus Interface Unit
(EBIU), provides expansion with SDRAM, flash memory,

and SRAM, optionally accessing up to 132M bytes of

physical memory.
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OXFFFF FFFF —»-
CORE MMR REGISTERS (2M BYTES) A
OXFFEO 0000 —»

SYSTEM MMR REGISTERS (2M BYTES)

0xFFC0 0000 —»
RESERVED
0xFFBO0 1000 —

SCRATCHPAD SRAM (4K BYTES)
0xFFBO0 0000 —»

RESERVED
0xFFA1 4000 —»

INSTRUCTION SRAM/ CACHE (16K BYTES)
O0xFFA1 0000 —»

INSTRUCTION SRAM (64K BYTES) }

0xFFAO 0000 —»
RESERVED
0xFF90 8000 —»

DATA BANK B SRAM / CACHE (16K BYTES)
0xFF90 4000 —»

INTERNAL MEMORY MAP

DATA BANK B SRAM (16K BYTES)

0xFF90 0000 —»
RESERVED

0xFF80 8000 —»
DATA BANK A SRAM / CACHE (16K BYTES)

0xFF80 4000 —»
DATA BANK A SRAM (16K BYTES)

0xFF80 0000 —»
RESERVED

0xEF00 0000 —»
RESERVED

0x2040 0000 —>
ASYNC MEMORY BANK 3 (1M BYTES) OR
ON-CHIP FLASH (ADSP-BF538F8 ONLY)

0x2030 0000 —>
ASYNC MEMORY BANK 2 (1M BYTES) OR
ON-CHIP FLASH (ADSP-BF538F8 ONLY)

ASYNC MEMORY BANK 1 (1M BYTES) OR
ON-CHIP FLASH (ADSP-BF538F8 ONLY)

0x2020 0000 —»

0x2010 0000 —»

EXTERNAL MEMORY MAP

ASYNC MEMORY BANK 0 (1M BYTES) OR
ON-CHIP FLASH (ADSP-BF538F8 ONLY)

RESERVED

0x2000 0000 —»

0x0800 0000 —»

SDRAM MEMORY J
(16M BYTES TO 128M BYTES)

0x0000 0000 —>

Figure 3. ADSP-BF538/ADSP-BF538F Internal/External Memory Map

The memory DMA controllers provide high bandwidth data
movement capability. They can perform block transfers of code
or data between the internal memory and the external

memory spaces.

Internal (On-Chip) Memory

The ADSP-BF538/ADSP-BF538F processors have three blocks
of on-chip memory, providing high bandwidth access to
the core.

The first is the L1 instruction memory, consisting of 80K bytes
SRAM, of which 16K bytes can be configured as a four way
set-associative cache. This memory is accessed at full
processor speed.

The second on-chip memory block is the L1 data memory, con-
sisting of two banks of up to 32K bytes each. Each memory bank
is configurable, offering both two-way set-associative cache and
SRAM functionality. This memory block is accessed at full pro-
cessor speed.

The third memory block is a 4K byte scratchpad SRAM, which
runs at the same speed as the L1 memories, but is only accessible
as data SRAM and cannot be configured as cache memory.
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Table 3. System and Core Event Mapping (Continued)

Core
Event Source Event Name
DMA10 Interrupt (SPORT3 Rx) IVG9
DMA11 Interrupt (SPORT3 Tx) IVG9
DMAS Interrupt (SPI0) IVG10
DMA14 Interrupt (SPI1) IVG10
DMA15 Interrupt (SP12) IVG10
DMAG6 Interrupt (UARTO Rx) IVG10
DMA?Y Interrupt (UARTO Tx) IVG10
DMA16 Interrupt (UART1 Rx) IVG10
DMA17 Interrupt (UART1 Tx) IVG10
DMA18 Interrupt (UART2 Rx) IVG10
DMA19 Interrupt (UART2 Tx) IVG10
Timer0, Timer1, Timer2 Interrupts IVG11
TWIO Interrupt IVG11
TWIT Interrupt IVG11
CAN Receive Interrupt IVG11
CAN Transmit Interrupt IVG11
Port F GPIO Interrupts A and B IVG12
MDMAO Stream O Interrupt IVG13
MDMAO Stream 1 Interrupt IVG13
MDMAT1 Stream O Interrupt IVG13
MDMAT1 Stream 1 Interrupt IVG13
Software Watchdog Timer IVG13

Event Control

The ADSP-BF538/ADSP-BF538F processors provide the user
with a very flexible mechanism to control the processing of
events. In the CEC, three registers are used to coordinate and
control events. Each register is 32 bits wide:

o CEC interrupt latch register (ILAT) — The ILAT register
indicates when events have been latched. The appropriate
bit is set when the processor has latched the event and
cleared when the event has been accepted into the system.
This register is updated automatically by the controller, but
it may also be written to clear (cancel) latched events. This
register may be read while in supervisor mode and may
only be written while in supervisor mode when the corre-
sponding IMASK bit is cleared.

« CEC interrupt mask register (IMASK) — The IMASK regis-
ter controls the masking and unmasking of individual
events. When a bit is set in the IMASK register, that event is
unmasked and will be processed by the CEC when asserted.
A cleared bit in the IMASK register masks the event, pre-
venting the processor from servicing the event even though
the event may be latched in the ILAT register. This register
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may be read or written while in supervisor mode. General-
purpose interrupts can be globally enabled and disabled
with the STT and CLI instructions, respectively.

 CEC interrupt pending register (IPEND) — The IPEND
register keeps track of all nested events. A set bit in the
IPEND register indicates the event is currently active or
nested at some level. This register is updated automatically
by the controller but may be read while in supervisor mode.

The SIC allows further control of event processing by providing
three 32-bit interrupt control and status registers. Each register
contains a bit corresponding to each of the peripheral interrupt
events shown in Table 3 on Page 7.

o SIC interrupt mask registers (SIC_IMASKx) - These regis-
ters control the masking and unmasking of each peripheral
interrupt event. When a bit is set in these registers, that
peripheral event is unmasked and will be processed by the
system when asserted. A cleared bit in these registers masks
the peripheral event, preventing the processor from servic-
ing the event.

o SIC interrupt status registers (SIC_ISRx) — As multiple
peripherals can be mapped to a single event, these registers
allow the software to determine which peripheral event
source triggered the interrupt. A set bit indicates the
peripheral is asserting the interrupt, and a cleared bit indi-
cates the peripheral is not asserting the event.

« SIC interrupt wake-up enable registers (SIC_IWRx) — By
enabling the corresponding bit in these registers, a periph-
eral can be configured to wake up the processor, should the
core be idled or in sleep mode when the event is generated.
(For more information, see Dynamic Power Management
on Page 13.)

Because multiple interrupt sources can map to a single general-
purpose interrupt, multiple pulse assertions can occur simulta-
neously, before or during interrupt processing for an interrupt
event already detected on this interrupt input. The IPEND
register contents are monitored by the SICs as the interrupt
acknowledgement.

The appropriate ILAT register bit is set when an interrupt rising
edge is detected (detection requires two core clock cycles). The
bit is cleared when the respective IPEND register bit is set. The
IPEND bit indicates that the event has entered into the proces-
sor pipeline. At this point the CEC will recognize and queue the
next rising edge event on the corresponding event input. The
minimum latency from the rising edge transition of the general-
purpose interrupt to the IPEND output asserted is three core
clock cycles; however, the latency can be much higher, depend-
ing on the activity within and the state of the processor.

DMA CONTROLLERS

The ADSP-BF538/ADSP-BF538F processors have two, inde-
pendent DMA controllers that support automated data transfers
with minimal overhead for the processor core. DMA transfers
can occur between the processor internal memories and any of
its DMA capable peripherals. Additionally, DMA transfers can
be accomplished between any of the DMA capable peripherals
and external devices connected to the external memory inter-
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timer, or as a mechanism for measuring pulse widths and peri-
ods of external events. These timers can be synchronized to an

external clock input to the PF1 pin (TACLK), an external clock
input to the PPI_CLK pin (TMRCLK), or to the internal SCLK.

The timer units can be used in conjunction with UARTO to
measure the width of the pulses in the data stream to provide an
auto-baud detect function for a serial channel.

The timers can generate interrupts to the processor core provid-
ing periodic events for synchronization, either to the system
clock or to a count of external signals.

In addition to the three general-purpose programmable timers,
a fourth timer is also provided. This extra timer is clocked by the
internal processor clock and is typically used as a system tick
clock for generation of operating system periodic interrupts.

SERIAL PORTS (SPORTSs)

The ADSP-BF538/ADSP-BF538F processors incorporate four
dual-channel synchronous serial ports for serial and multipro-
cessor communications. The SPORTs support the following
features:

« I°S capable operation.

« Bidirectional operation — Each SPORT has two sets of inde-
pendent transmit and receive pins, enabling 16 channels of
I%S stereo audio.

« Buffered (8-deep) transmit and receive ports — Each port
has a data register for transferring data words to and from
other processor components and shift registers for shifting
data in and out of the data registers.

o Clocking - Each transmit and receive port can either use an
external serial clock or generate its own, in frequencies
ranging from (fsc1x/131,070) Hz to (fsc1x/2) Hz.

« Word length — Each SPORT supports serial data words
from 3 bits to 32 bits in length, transferred most significant
bit first or least significant bit first.

o Framing - Each transmit and receive port can run with or
without frame sync signals for each data word. Frame sync
signals can be generated internally or externally, active high
or low, and with either of two pulse widths and early or late
frame sync.

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

« DMA operations with single-cycle overhead - Each SPORT
can automatically receive and transmit multiple buffers of
memory data. The processor can link or chain sequences of
DMA transfers between a SPORT and memory.
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o Interrupts — Each transmit and receive port generates an
interrupt upon completing the transfer of a data word or
after transferring an entire data buffer or buffers through
DMA.

 Multichannel capability - Each SPORT supports 128 chan-
nels out of a 1024 channel window and is compatible with
the H.100, H.110, MVIP-90, and HMVIP standards.

SERIAL PERIPHERAL INTERFACE (SPI) PORTS

The ADSP-BF538/ADSP-BF538F processors incorporate three
SPI-compatible ports that enable the processor to communicate
with multiple SPI compatible devices.

The SPI interface uses three pins for transferring data: two data
pins (master output-slave input, MOSIx, and master input-slave
output, MISOx) and a clock pin (serial clock, SCKx). An SPI
chip select input pin (SPIxSS) lets other SPI devices select the
processor. For SPI0, seven SPI chip select output pins (SPI0-
SEL7-1) let the processor select other SPI devices. SPI1 and
SPI2 each have a single SPI chip select output pin (SPI1SEL1
and SPI2SEL1) for SPI point-to-point communication. Each of
the SPI select pins are reconfigured GPIO pins. Using these
pins, the SPI ports provide a full-duplex, synchronous serial
interface, which supports both master/slave modes and multi-
master environments.

The SPI ports’ baud rate and clock phase/polarities are pro-
grammable, and they each have an integrated DMA controller,
configurable to support transmit or receive data streams. Each
SPT’s DMA controller can only service unidirectional accesses at
any given time.

The SPI port’s clock rate is calculated as:

fSCLK

SPI Clock Rate = ———2=2~
2 x SPIx_BAUD

where the 16-bit SPIx_BAUD register contains a value of 2 to
65,535.

During transfers, the SPI port simultaneously transmits and
receives by serially shifting data in and out on its two serial data
lines. The serial clock line synchronizes the shifting and sam-
pling of data on the two serial data lines.

2-WIRE INTERFACE

The ADSP-BF538/ADSP-BF538F processors have two 2-wire
interface (TWI) modules that are compatible with the Philips
Inter-IC bus standard. The TWI modules offer the capabilities
of simultaneous master and slave operation, support for 7-bit
addressing and multimedia data arbitration. The TWT also
includes master clock synchronization and support for clock
low extension.

The TWTI interface uses two pins for transferring clock (SCLx)
and data (SDAXx) and supports the protocol at speeds up to
400 kbps.

The TWTI interface pins are compatible with 5 V logic levels.
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The PPI supports a variety of general-purpose and ITU-R 656
modes of operation. In general-purpose mode, the PPI provides
half-duplex, bidirectional data transfer with up to 16 bits of
data. Up to 3 frame synchronization signals are also provided.
In ITU-R 656 mode, the PPI provides half-duplex, bi-direc-
tional transfer of 8- or 10-bit video data. Additionally, on-chip
decode of embedded start-of-line (SOL) and start-of-field (SOF)
preamble packets is supported.

General-Purpose Mode Descriptions

The general-purpose modes of the PPI are intended to suit a
wide variety of data capture and transmission applications.
Three distinct submodes are supported:

o Input mode - frame syncs and data are inputs into the PPI.

« Frame capture mode - frame syncs are outputs from the
PPI, but data are inputs.

 Output mode - frame syncs and data are outputs from the
PPIL.

Input Mode

Input mode is intended for ADC applications, as well as video
communication with hardware signaling. In its simplest form,
PPI_FS1 is an external frame sync input that controls when to
read data. The PPI_DELAY MMR allows for a delay (in PPI_-
CLK cycles) between reception of this frame sync and the
initiation of data reads. The number of input data samples is
user programmable and defined by the contents of the
PPI_COUNT register. The PPI supports 8-bit, and 10-bit
through 16-bit data, and is programmable in the PPI_CON-
TROL register.

Frame Capture Mode

Frame capture mode allows the video source(s) to act as a slave
(e.g., for frame capture). The ADSP-BF538/ADSP-BF538F pro-
cessors control when to read from the video source(s). PPI_FS1
is an HSYNC output and PPI_FS2 is a VSYNC output.

Output Mode

Output mode is used for transmitting video or other data with
up to three output frame syncs. Typically, a single frame sync is
appropriate for data converter applications, whereas two or
three frame syncs could be used for sending video with hard-
ware signaling.

ITU-R 656 Mode Descriptions

The ITU-R 656 modes of the PPI are intended to suit a wide
variety of video capture, processing, and transmission applica-
tions. Three distinct submodes are supported:

o Active video only mode
o Vertical blanking only mode
« Entire field mode

Active Video Only Mode

Active video only mode is used when only the active video por-
tion of a field is of interest and not any of the blanking intervals.
The PPI does not read in any data between the end of active
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video (EAV) and start of active video (SAV) preamble symbols,
or any data present during the vertical blanking intervals. In this
mode, the control byte sequences are not stored to memory;
they are filtered by the PPI. After synchronizing to the start of
Field 1, the PPI ignores incoming samples until it sees an SAV
code. The user specifies the number of active video lines per
frame (in PPI_COUNT register).

Vertical Blanking Interval Mode

In this mode, the PPI only transfers vertical blanking interval
(VBI) data.

Entire Field Mode

In this mode, the entire incoming bit stream is read in through
the PPIL. This includes active video, control preamble sequences,
and ancillary data that may be embedded in horizontal and ver-
tical blanking intervals. Data transfer starts immediately after
synchronization to Field 1.

CONTROLLER AREA NETWORK (CAN) INTERFACE

The ADSP-BF538/ADSP-BF538F processors provide a CAN
controller that is a communication controller implementing the
Controller Area Network (CAN) V2.0B protocol. This protocol
is an asynchronous communications protocol used in both
industrial and automotive control systems. CAN is well suited
for control applications due to its capability to communicate
reliably over a network since the protocol incorporates CRC
checking, message error tracking, and fault node confinement.

The CAN controller is based on a 32-entry mailbox RAM and
supports both the standard and extended identifier (ID) mes-
sage formats specified in the CAN protocol specification,
revision 2.0, part B.

Each mailbox consists of eight 16-bit data words. The data is
divided into fields, which includes a message identifier, a time
stamp, a byte count, up to 8 bytes of data, and several control
bits. Each node monitors the messages being passed on the net-
work. If the identifier in the transmitted message matches an
identifier in one of its mailboxes, then the module knows that
the message was meant for it, passes the data into its appropriate
mailbox, and signals the processor of message arrival with an
interrupt.

The CAN controller can wake up the processor from sleep mode
upon generation of a wake-up event, such that the processor can
be maintained in a low power mode during idle conditions.
Additionally, a CAN wake-up event can wake up the on-chip
internal voltage regulator from the powered-down

hibernate state.

The electrical characteristics of each network connection are
very stringent, therefore the CAN interface is typically divided
into 2 parts: a controller and a transceiver. This allows a single
controller to support different drivers and CAN networks. The
ADSP-BF538/ADSP-BF538F CAN module represents the con-
troller part of the interface. This module’s network I/O is a
single transmit output and a single receive input, which connect
to a line transceiver.
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internal logic except for the RTC logic. The 3.3 V Vppexr power
domain supplies all the I/O except for the RTC crystal. There
are no sequencing requirements for the various power domains.

Table 6. Power Domains

Power Domain Vpp Range
RTC Crystal I/0 and Logic Vobric
All Internal Logic Except RTC VooiNT
All /O Except RTC Vopext

The Vpprrc should either be connected to 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
Vbprrc should remain powered when the processor is in hiber-
nate state, and should also be powered even if the RTC
functionality is not being used in an application.

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 processor
allows both the processor’s input voltage (Vppnr) and clock fre-
quency (fccrk) 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

x ( ‘/DDH\ITRED/V)2 x ( tRED)
tNOM

VDDINTNO

— fCCLKRED

fCCLKNOM

where:

fecrxnon is the nominal core clock frequency.
Sfecrkrep 1s the reduced core clock frequency.
Vopmvrvow is the nominal internal supply voltage.
Vopintrep is the reduced internal supply voltage.
tyou 1s the duration running at focrxvonr

trep is the duration running at focrkrep-

The power savings factor is calculated as

% Power Savings = (1 — Power Savings Factor) x 100%
VOLTAGE REGULATION

The Blackfin processors provide an on-chip voltage regulator
that can generate appropriate Vppr voltage levels from the
Vopexr supply. See Operating Conditions on Page 23 for regula-
tor tolerances and acceptable Vppgxr ranges for specific models.
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SET OF DECOUPLING

VbpexT
(LOW-INDUCTANCE) T CAPACITORS

L\\l ﬁsxr
100pF$ g

100nF 10pH
+ Vopint
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The regulator controls the internal logic voltage levels and is
programmable with the voltage regulator control register
(VR_CTL) in increments of 50 mV. To reduce standby power
consumption, the internal voltage regulator can be programmed
to remove power to the processor core while I/O power (Vpprre,
Vppexr) is still supplied. While in the hibernate state, I/O power
is still being applied, eliminating the need for external buffers.
The voltage regulator can be activated from this power-down
state either through an RTC wake-up, a CAN wake-up, a
general-purpose wake-up, or by asserting RESET, all of which
will then initiate a boot sequence. The regulator can also be dis-
abled and bypassed at the user’s discretion.

Figure 6. Voltage Regulator Circuit

Voltage Regulator Layout Guidelines

Regulator external component placement, board routing, and
bypass capacitors all have a significant effect on noise injected
into the other analog circuits on-chip. The VROUT1-0 traces
and voltage regulator external components should be consid-
ered as noise sources when doing board layout and should not
be routed or placed near sensitive circuits or components on the
board. All internal and I/O power supplies should be well
bypassed with bypass capacitors placed as close to the
ADSPBF538/ADSP-BF538F processors as possible.

For further details on the on-chip voltage regulator and related
board design guidelines, see the Switching Regulator Design
Considerations for ADSP-BF533 Blackfin Processor (EE-228)
applications note on the Analog Devices website
(www.analog.com)—use site search on “EE-228”.

CLOCK SIGNALS

The ADSP-BF538/ADSP-BF538F processors can be clocked by
an external crystal, a sine wave input, or a buffered, shaped
clock derived from an external clock oscillator.
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If an external clock is used, it should be a TTL-compatible signal
and must not be halted, changed, or operated below the speci-
fied frequency during normal operation. This signal is
connected to the processor’s CLKIN pin. When an external
clock is used, the XTAL pin must be left unconnected.

Alternatively, because the ADSP-BF538/ADSP-BF538F proces-
sors include an on-chip oscillator circuit, an external crystal
may be used. For fundamental frequency operation, use the cir-
cuit shown in Figure 7. A parallel-resonant, fundamental
frequency, microprocessor-grade crystal is connected across the
CLKIN and XTAL pins. The on-chip resistance between CLKIN
and the XTAL pin is in the 500 kW range. Further parallel resis-
tors are typically not recommended. The two capacitors and the
series resistor, shown in Figure 7, fine tune the phase and ampli-
tude of the sine frequency. The capacitor and resistor values,
shown in Figure 7, are typical values only. The capacitor values
are dependent upon the crystal manufacturer's load capacitance
recommendations and the physical PCB layout. The resistor
value depends on the drive level specified by the crystal manu-
facturer. System designs should verify the customized values
based on careful investigation on multiple devices over the
allowed temperature range.

A third-overtone crystal can be used at frequencies above

25 MHz. The circuit is then modified to ensure crystal operation
only at the third overtone, by adding a tuned inductor circuit as
shown in Figure 7.

Blackfin
CLKOUT -
TO PLL CIRCUITRY

EN —DO

VW

S 7000

i

LT Vopext
CLKIN XTAL
00+ M0
0l

4 | —
$ 18pF*

NOTE: VALUES MARKED WITH * MUST BE CUSTOMIZED
DEPENDING ON THE CRYSTAL AND LAYOUT. PLEASE
ANALYZE CAREFULLY.

-
|
1

FOR OVERTONE
OPERATION ONLY g

‘L 18pF*
v

Figure 7. External Crystal Connections

As shown in Figure 8, the core clock (CCLK) and system
peripheral clock (SCLK) are derived from the input clock
(CLKIN) signal. An on-chip PLL is capable of multiplying the
CLKIN signal by a user programmable 0.5x to 64x multiplica-
tion factor (bounded by specified minimum and maximum
VCO frequencies). The default multiplier is 10x, but it can be
modified by a software instruction sequence. On-the-fly fre-
quency changes can be effected by simply writing to the
PLL_DIV register.
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Figure 8. Frequency Modification Methods

All on-chip peripherals are clocked by the system clock (SCLK).
The system clock frequency is programmable by means of the
SSEL3-0 bits of the PLL_DIV register. The values programmed
into the SSEL fields define a divide ratio between the PLL output
(VCO) and the system clock. SCLK divider values are 1
through 15.

Table 7 illustrates typical system clock ratios:

Table 7. Example System Clock Ratios

Signal Name |Divider Ratio Example Frequency Ratios (MHz)
SSEL3-0 VCO/SCLK vco SCLK

0001 1:1 100 100

0110 6:1 300 50

1010 10:1 500 50

The maximum frequency of the system clock is fsc; . Note that
the divisor ratio must be chosen to limit the system clock fre-
quency to its maximum of fscy k. The SSEL value can be changed
dynamically without any PLL lock latencies by writing the
appropriate values to the PLL divisor register (PLL_DIV).

Note that when the SSEL value is changed, it will affect all the
peripherals that derive their clock signals from the SCLK signal.

The core clock (CCLK) frequency can also be dynamically
changed by means of the CSEL1-0 bits of the PLL_DIV register.
Supported CCLK divider ratios are 1, 2, 4, and 8, as shown in
Table 8. This programmable core clock capability is useful for
fast core frequency modifications.

Table 8. Core Clock Ratios

Signal Name |Divider Ratio |EXample Frequency Ratios
CSEL1-0 VCO/CCLK vCco CCLK
00 1:1 300 300
01 2:1 300 150
10 4:1 500 125
11 8:1 200 25
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ELECTRICAL CHARACTERISTICS

Parameter’ Test Conditions Min Typ Max Unit
Vou High Level Output Voltage? Vopexr = +3.0V, Iy = -0.5 mA 2.4 v
Voo Low Level Output Voltage? Vooext =3.0V, lo. =2.0 mA 0.4 \"
I High Level Input Current? Vopexr= Maximum, Viy = Vpp Maximum 10.0 pA
lip High Level Input Current JTAG* Vopext = Maximum, Vi = Vpp Maximum 50.0 UA
I Low Level Input Current? Vopext = Maximum, Viy=0V 10.0 HA
lozu Three-State Leakage Current® Vppexr = Maximum, Viy = Vpp Maximum 10.0 UA
lozt Three-State Leakage Current’® Vopexr = Maximum, Viy=0V 10.0 pA
Ciy Input Capacitance®’ feck = 1 MHZ, Tamgient= 25°C, Vin = 2.5V 4 8 pF
loooeeesieere. Voowr Current in Deep Sleep Mode Voo = 1.0V, feaik = 0 MHz, T)= 25°C, 7.5 mA
ASF =0.00
Ippsteep Voot Current in Sleep Mode Voot = 0.8V, T)=25°C, SCLK = 25 MHz 10 mA
Ipp-vp Vppint Current Vpoint = 1.14V, fecx = 400 MHz, T, = 25°C 130 mA
loo-Tvp Voot Current Voot = 1.2V, fecik = 500 MHz, T, = 25°C 168 mA
Ipp-vp Vppint Current Voot = 1.2V, feeik =533 MHz, T, = 25°C 180 mA
| DDHIBERNATE. Vopext Current in Hibernate State  |Vppexr = 3.6 V, CLKIN = 0 MHz, T, = Max, 50 100 LA
voltage regulator off (Vppnr=0V)
IopRTC Voorre Current Vporre = 3.3V, Ty= 25°C 20 A
loooeeesieere Voowr Current in Deep Sleep Mode |fecx = 0 MHz 6 Table 15 mA
lopinT” Voot Current feck > 0 MHz IoopEepsLEep + mA

(Table 17 x ASF)

! Specifications subject to change without notice.
2 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.
’ Guaranteed, but not tested.

8See the ADSP-BF538/538F Blackfin Processor Hardware Reference for definitions of sleep, deep sleep, and hibernate operating modes.

% See Table 16 for the list of Ippyy power vectors covered by various Activity Scaling Factors (ASF).

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 25 shows the
current dissipation for internal circuitry (Vppint)- IpppeepsLEep
specifies static power dissipation as a function of voltage
(Vppint) and temperature (see Table 15), and Ippny specifies the
total power specification for the listed test conditions, including
the dynamic component as a function of voltage (Vppyr) and

frequency (Table 17).
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Table 15. Static Current (mA)!

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 30.6 359
-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 2071 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 Ipppggpsizep Specifications.

Table 16. Activity Scaling Factors

Iopint Power Vector' Activity Scaling Factor (ASF)?
Iop-pEAK 1.30
IpD-HiGH 1.28
lopTvp 1.00
Ipp-arp 0.88
Iop-NoOP 0.74
Iop-ipLE 0.48

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

Table 17. Dynamic Current (mA, with ASF = 1.0)"

Frequency | Voltage (Vppnt)

(MHz2) 0.80V (0.85V (0.90V (095V |1.00V |1.05V |1.10V |1.15V |1.20V |1.25V |1.30V |1.32V |1.375V
50 13.6 149 16.4 17.5 19.1 20.5 22.0 23.5 25.4 27.1 29.1 29.7 31.6
100 23.6 26.0 279 30.1 323 344 37.0 39.2 41.7 443 46.4 47.6 50.3
200 441 47.5 51.0 54.8 58.4 61.8 65.6 69.7 743 76.2 82.2 834 87.8
250 54.6 58.7 62.8 66.8 71.2 75.7 79.9 84.5 89.8 94.2 99.4 101.2 106.5
300 N/A 69.8 74.1 79.3 84.5 89.0 94.7 100.0 105.5 111.6 116.8 119.3 125.5
375 N/A N/A 91.9 97.9 103.9 109.9 116.5 122.2 129.7 136.0 1429 145.9 153.6
400 N/A N/A N/A 103.8 110.3 116.9 123.7 130.0 137.5 144.2 151.2 154.5 162.4
425 N/A N/A N/A N/A 116.6 123.7 130.9 137.2 144.7 152.7 159.9 163.3 171.8
475 N/A N/A N/A N/A N/A N/A 145.0 151.8 161.4 169.4 177.8 181.1 190.4
500 N/A N/A N/A N/A N/A N/A N/A 159.9 168.9 177.8 186.3 190.0 199.6
533 N/A N/A N/A N/A N/A N/A N/A N/A 179.8 188.9 198.8 (2022 |2125

! The values are not guaranteed as standalone maximum specifications, they must be combined with static current per the equations of Electrical Characteristics on Page 25.
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Asynchronous Memory Write Cycle Timing

Table 25 and Table 26 on Page 32 and Figure 14 and Figure 15
on Page 32 describe asynchronous memory write cycle opera-
tions for synchronous and for asynchronous ARDY.

Table 25. Asynchronous Memory Write Cycle Timing with Synchronous ARDY

Parameter Min Max Unit
Timing Requirements

tsarDy ARDY Setup Before the Falling Edge of CLKOUT 4.0 ns
tHARDY ARDY Hold After the Falling Edge of CLKOUT 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

! Output pins include AMS3-0, ABE1-0, ADDR19-1, DATA15-0, AOE, AWE.

PROGRAMMED ACCESS

SETUP WRITE ACCESS EXTEND HOLD
2 CYCLES 2 CYCLES 1CYCLE 1 CYCLE
- >l >l >l >
_/\/\f\/\/k\/\f\/\f\
—

tpo |- — tho |
AMSXx
ABE1-0
ADDR19-1

—{tpo| |- —{ tho |

AWE

tsaroy | tHaroy

e \
N

—

le—  tHarDY <— tppat
tsarpy

tenDAT—]

DATA 15-0

Figure 14. Asynchronous Memory Write Cycle Timing with Synchronous ARDY
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External Port Bus Request and Grant Cycle Timing

Table 28 and Table 29 on Page 35 and Figure 17 and Figure 18
on Page 35 describe external port bus request and grant cycle
operations for synchronous and for asynchronous BR.

Table 28. External Port Bus Request and Grant Cycle Timing with Synchronous BR

Parameter Min Max Unit
Timing Requirements
tgs BR Setup to Falling Edge of CLKOUT 46 ns
tan Falling Edge of CLKOUT to BR Deasserted Hold Time 1.0 ns
Switching Characteristics
tep CLKOUT Low to AMSx, Address, and ARE/AWE Disable 45 ns
tee CLKOUT Low to AMSx, Address, and ARE/AWE Enable 45 ns
tosg CLKOUT High to BG High Setup 4.0 ns
tesc CLKOUT High to BG Deasserted Hold Time 4.0 ns
tosH CLKOUT High to BGH High Setup 4.0 ns
tegy CLKOUT High to BGH Deasserted Hold Time 4.0 ns
CLKOUT \ J
— —
tas tan
-
tsp—| le— —> tse
AMSX \ e |
tsp—» [-— — tse
ADDR 19-1 X )
ABET-0 N \
tsp—»| | — tse
AWE \ / )
m L(¢ |
—»| toea — tea
BG
(l_
—»| toBH — tesn

o
I

Figure 17. External Port Bus Request and Grant Cycle Timing with Synchronous BR
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Figure 21. PPl GP Tx Mode with External Frame Sync Timing
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Figure 22. PPl GP Tx Mode with Internal Frame Sync Timing
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Serial Port Timing

Table 31 through Table 34 on Page 41 and Figure 23 on Page 39
through Figure 26 on Page 41 describe serial port operations.

Table 31. Serial Ports—External Clock

Parameter Min Max Unit
Timing Requirements

tsese TFSx/RFSx Setup Before TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)' 3.0 ns
thrse TFSx/RFSx Hold After TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)’ 3.0 ns
tspre Receive Data Setup Before RSCLKx' 3.0 ns
tHpRE Receive Data Hold After RSCLKx! 3.0 ns
Tscikew TSCLKx/RSCLKx Width 4.5 ns
tscike TSCLKx/RSCLKx Period 15.0 ns
tsuorte Start-Up Delay From SPORT Enable To First External TFSx? 4.0 X tsc ke ns
tsuore Start-Up Delay From SPORT Enable To First External RFSx? 4.0 X tscike ns
Switching Characteristics

torse TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)® 10.0 ns
tHorse TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)* 0.0 ns
toote Transmit Data Delay After TSCLKx® 10.0 ns
tote Transmit Data Hold After TSCLKx3 0.0 ns

! Referenced to sample edge.
?Verified in design but untested. After being enabled, the serial port requires external clock pulses—before the first external frame sync edge—to initialize the serial port.
* Referenced to drive edge.

Table 32. Serial Ports—Internal Clock

Parameter Min Max Unit
Timing Requirements

tses) TFSx/RFSx Setup Before TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)’ 9.0 ns
thes) TFSx/RFSx Hold After TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)’ -1.5 ns
tsori Receive Data Setup Before RSCLKx' 9.0 ns
thori Receive Data Hold After RSCLKx' -1.5 ns
Switching Characteristics

tors) TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)? 35 ns
tHoFs) TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)? -1.0 ns
tooT Transmit Data Delay After TSCLKx? 3.0 ns
tom Transmit Data Hold After TSCLKx? -2.0 ns
TscLw TSCLKx/RSCLKx Width 45 ns

! Referenced to sample edge.
?Referenced to drive edge.
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Serial Peripheral Interface Ports—Master Timing

Table 35 and Figure 27 describe SPI ports master operations.

Table 35. 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
tspscam SPIXSELy Low to First SCKx edge 2 X tsck—1.5 ns
Lspicm Serial Clock High Period 2 X tse—1.5 ns
tspicm Serial Clock Low Period 2 X tsqk—-1.5 ns
tspicLk Serial Clock Period 4 X tsck—1.5 ns
tHpsm Last SCKx Edge to SPIXSELy High 2 Xtsqk-1.5 ns
tspirom Sequential Transfer Delay 2 X tsqk-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) y)
tspscim tspicLm tspicHm ¢ ¢ ¢
I i ] > <¢—— lspiIcLK — <t lHDsSm -SPITDM
SPIXSCK
(OUTPUT)
thpspiDm
.
(OUTPUT)
CPHA =1 tsspipm
thspiom
(INPUT)
\ ‘:_
thpspiDm topspiom
.
SPIXMOSI -<
(OUTPUT)
CPHA = 0 tsspipm tuspiom
(INPUT)

.

Figure 27. Serial Peripheral Interface (SPI) Ports—Master Timing
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General-Purpose Port Timing

Table 37 and Figure 29 describe general-purpose operations.

Table 37. General-Purpose Port Timing

Parameter Min Max

Unit

Timing Requirement
twri GP Port Pin Input Pulse Width tsak+ 1
Switching Characteristic
terop GP Port Pin Output Delay from CLKOUT Low 6

ns

ns

CLKOUT

tepop

GPIO OUTPUT

twri

GPIO INPUT

Figure 29. General-Purpose Port Cycle Timing

Timer Clock Timing

Table 38 and Figure 30 describe timer clock timing.

Table 38. Timer Clock Timing

Parameter Min Max

Unit

Switching Characteristic
tropp Timer Output Update Delay After PPI_CLK High 12

ns

PPI_CLK

troop

TMRx OUTPUT

Figure 30. Timer Clock Timing

Rev.E | Page440of60 | November2013



http://www.analog.com/ADSP-BF538?src=ADSP-BF538.pdf
http://www.analog.com/ADSP-BF538F?src=ADSP-BF538F.pdf

ADSP-BF338/ADSP-BFa38F

Timer Cycle Timing

Table 39 and Figure 31 describe timer expired operations. The
input signal is asynchronous in “width capture mode” and
“external clock mode” and has an absolute maximum input fre-
quency of (fsc1x/2) MHz.

Table 39. Timer Cycle Timing

Parameter Min Max Unit
Timing Characteristics

twi Timer Pulse Width Input Low' 1X tsoik ns
twh Timer Pulse Width Input High' 1X tserk ns
trs Timer Input Setup Time Before CLKOUT Low? 6.5 ns
trn Timer Input Hold Time After CLKOUT Low? -1 ns
Switching Characteristics

thto Timer Pulse Width Output 1X tserk (232 1) X tsaik ns
trop Timer Output Delay After CLKOUT High 6 ns

! The minimum pulse widths apply for TMRx signals in width capture and external clock modes.
2Either a valid setup and hold time or a valid pulse width is sufficient. There is no need to resynchronize timer flag inputs.

CLKOUT

ANEVARNE

TMRx OUTPUT

TMRx INPUT

twhstwi

Figure 31. Timer Cycle Timing
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OUTPUT DRIVE CURRENTS

Figure 33 through Figure 40 on Page 48 show typical current-
voltage characteristics for the output drivers of the ADSP-
BF538/ADSP-BF538F processors. The curves represent the cur-
rent drive capability of the output drivers as a function of output

voltage.
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Table 43. 316-Ball CSP_BGA Ball Assignment (Numerically by Ball Number)

Ball No. Signal Ball No. Signal (Ball No. Signal |Ball No. Signal |Ball No. Signal |Ball No. Signal [Ball No. Signal
Al GND C7 SPI2SELT |F8 GND J12 GND M19 ABEO (T3 GND W1 TCK
A2 PF10 c8 SPI2SS  [F9 GND J13 GND M20 ABET  [T7 VopexT w2 GND
A3 PF11 Q9 MOSI2  [F10 GND 114 GND N1 TFSO T8 Vopexr  |W3 DATA15
A4 PPI_CLK |C10 MISO2  |F11 GND )18 AMSO N2 DROPRI  [T9 Vooexr (W4 DATA13
A5 PPIO cn SCK2 F12 GND J19 AMS2 N3 GND T10 VopexT w5 DATA11
A6 PPI2 C12 Voowr  |F13 GND J20 SA10 N7 Vopexr  [T11 Vooexr  |W6 DATA9
A7 PF15 C13 SPITSEL1 [F14 GND K1 RFS1 N8 GND T12 Voot w7 DATA7
A8 PF13 C14 MISO1 |F18 DT3PRI |K2 TMR2 N9 GND T13 VooinT ws DATA5
A9 Vopric C15 SPI1SS  [F19 PC4 K3 Vooer  INT0 GND T14 Voot wo DATA3
A10 RTXO C16 MOSI1  |F20 PC8 K7 GND N11 GND T18 RFS3 W10 DATA1
A1 RTXI c17 SCK1 G1 SCKO K8 GND N12 GND T19 ADDR7 |W11 RSCLK2
A12 GND C18 GND G2 MOSIO  |K9 GND N13 GND T20 ADDR8 |W12 DR2PRI
A13 CLKIN C19 PC6 G3 DTOSEC |K10 GND N14 Voonr U1 TRST w13 DT2PRI
Al4 XTAL C20 SCKE G7 GND K11 GND N18 DT3SEC |U2 T™S W14 RX2
A15 GND D1 PF4 G8 GND K12 GND N19 ADDR1 |U3 GND W15 X2
A16 NC D2 PF5 G9 GND K13 GND N20 ADDR2 |U7 Vooexr  |W16 ADDR18
A17 GND D3 DT1SEC |G10 GND K14 GND P1 TSCLKO |U8 Vooexr (W17 ADDR15
A18 GPW D7 GND G11 GND K18 AMS3  [P2 RFSO U9 Vopext w18 ADDR13
A19 VROUT1 |D8 GND G12 GND K19 AMST  |P3 GND u10 VopexT W19 GND
A20 GND D9 GND G13 GND K20 AOE P7 Vopexr  [UT1 Vopexr  |W20 ADDR14
B1 PF8 D10 GND G14 GND L1 RSCLK1 |P8 GND u12 VooinT Y1 GND
B2 GND D11 GND G18 BR L2 TMR1 P9 GND u13 VooinT Y2 TDO
B3 PF9 D12 GND G19 CLKOUT |L3 GND P10 GND u1l4 VooinT Y3 DATA14
B4 PF3 D13 GND G20 SRAS L7 GND P11 GND u18 RSCLK3 |Y4 DATA12
B5 PPI1 D14 GND H1 DT1PRI |L8 GND P12 GND u19 ADDR9  |Y5 DATA10
B6 PPI3 D18 GND H2 TSCLK1 [L9 GND P13 GND u20 ADDR10 |Y6 DATAS8
B7 PF14 D19 PC7 H3 DR1SEC |L10 GND P14 Voonr V1 TDI Y7 DATA6
B8 PF12 D20 SMS H7 GND L11 GND P18 DR3SEC |V2 GND Y8 DATA4
B9 SCLO E1 PF1 H8 GND L12 GND P19 ADDR3 |V3 GND Y9 DATA2
B10 SDAO E2 PF2 H9 GND L13 GND P20 ADDR4 |V4 BMODE1 [Y10 DATAO
B11 CANRX  |E3 GND H10 GND L14 GND R1 TXO0 V5 BMODEO Y11 RFS2
B12 CANTX |E7 GND H11 GND L18 TSCLK3 [R2 RSCLKO |V6 GND Y12 TSCLK2
B13 NMI ES GND H12 GND L19 ARE R3 GND V7 Vopext Y13 TFS2
B14 RESET E9 GND H13 GND L20 AWE R7 Voper V8 Vopexr Y14 FRESET
B15 VopexT E10 GND H14 GND M1 DTOPRI |R8 GND V9 Voot |Y15 SCL1
B16 GND E11 GND H18 FCE M2 TMRO  [R9 GND V10 Vooexr Y16 SDA1
B17 PC9 E12 GND H19 SCAS M3 GND R10 GND V11 VopexT Y17 ADDR19
B18 GND E13 GND H20 SWE M7 Vooexr |R11 GND V12 VooinT Y18 ADDR17
B19 GND E14 GND 1 TFS1 M8 GND R12 GND V13 DR2SEC  [Y19 ADDR16
B20 VROUTO |E18 GND J2 DR1PRI |M9 GND R13 GND V14 BG Y20 GND
Q1 PF6 E19 PC5 J3 DROSEC |M10 GND R14 Voonr V15 BGH
Q2 PF7 E20 ARDY )7 GND M11 GND R18 DR3PRI |V16 DT2SEC
C3 GND F1 PFO J8 GND M12 GND R19 ADDR5 V17 GND
C4 GND F2 MISO0  [J9 GND M13 GND R20 ADDR6 |V18 GND
cs RX1 F3 GND J10 GND M14 Voownr  [T1 RX0 V19 ADDR11
6 TX1 F7 GND J11 GND M18 TFS3 T2 EMU V20 ADDR12
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Table 44. 316-Ball CSP_BGA Ball Assignment (Alphabetically by Signal)

Signal Ball No. Signal Ball No. |Signal Ball No. |Signal Ball No. [Signal Ball No. (Signal Ball No. Signal Ball No.
ABEO M19 DATA8 Y6 GND D14 GND K8 GND V2 RFSO P2 TXO R1
ABET M20 DATA9 W6 GND D18 GND K9 GND V3 RFS1 K1 TX1 ce6
ADDR1 N19 DATA10 Y5 GND E3 GND K10 GND V6 RFS2 Y11 TX2 W15
ADDR2 N20 DATAT1 W5 GND E7 GND K11 GND V17 RFS3 T18 Vooexr K3
ADDR3 P19 DATA12 Y4 GND E8 GND K12 GND V18 RSCLKO  R2 Voot B15
ADDR4 P20 DATA13 W4 GND  E9 GND K13 GND W2 RSCLK1 L1 Vooexr T8
ADDR5 R19 DATA14 Y3 GND F8 GND L13 GND W19 RSCLK2 W11 Vopexr 19
ADDR6 R20 DATA15 W3 GND F9 GND L14 GND Y1 RSCLK3 U18 Vooexr  T10
ADDR7 T19 DROPRI N2 GND F10 GND M3 GND Y20 RTXI A11 Vooexr  T11
ADDRS8 T20 DROSEC J3 GND F11 GND M8 GPW  A18 RTXO A10 Vooexr U7
ADDR9 u19 DR1PRI J2 GND F12 GND M9 MISO0 F2 RX0 T1 Vopexr U8
ADDR10 u20 DR1SEC H3 GND  F13 GND M10 MISO1 C14 RX1 cs Vopexr U9
ADDR11 V19 DR2PRI W12 GND Fi14 GND M11 MISO2 C10 RX2 W14 Vopexr  U10
ADDR12 V20 DR2SEC V13 GND G7 GND M12 MOSI0O G2 SA10 J20 Vooexr  UT1
ADDR13 w18 DR3PRI R18 GND G8 GND  M13 MOSI1T C16 SCAS H19 Vooexr V7
ADDR14 W20 DR3SEC P18 GND G9 GND N3 MOSI2 C9 SCKO G1 Vooexr M7
ADDR15 w17 DTOPRI M1 GND E10 GND K14 NC A16 SCK1 c17 Vopexr N7
ADDR16 Y19 DTOSEC G3 GND  ET1 GND L3 NMI  B13 SCK2 C11 Vopexr  P7
ADDR17 Y18 DT1PRI  H1 GND E12 GND L7 PC4 F19 SCKE C20 Vooexr  R7
ADDR18 W16 DT1SEC D3 GND E13 GND L8 PC5 E19 SCLO B9 Voot 17
ADDR19 Y17 DT2PRI W13 GND E14 GND L9 PC6 C19 SCL1 Y15 Vooexr V8
AMSO )18 DT2SEC V16 GND E18 GND L10 PC7 D19 SDAO B10 Vooer VO
AMST K19 DT3PRI F18 GND F3 GND LM PC8 F20 SDA1 Y16 Vopexr V10
AMS2 J19 DT3SEC N18 GND F7 GND L12 PC9 B17 SMS D20 Vopexr V11
AMS3 K18 EMU T2 GND GI10 GND N8 PFO F1 SPITSELT C13 Voont  C12
AOE K20 FCE H18 GND GI11 GND N9 PF1 E1 SPITSS  C15 Voont ~ M14
ARDY E20 FRESET Y14 GND GI12 GND N10 PF2 E2 SPI2SELT C7 Voont  N14
ARE L19 GND Al GND GI13 GND N1 PF3 B4 SPI2SS (8 Voont P14
AWE L20 GND A12 GND G14 GND N12 PF4 D1 SRAS G20 Voonr  R14
BG V14 GND A15 GND  H7 GND  N13 PF5 D2 SWE H20 Voonr 112
BGH V15 GND A17 GND H8 GND P3 PF6 C1 TCK w1 Voonr  T13
BMODEO V5 GND A20 GND H9 GND P8 PF7 @) TDI V1 Voonr  T14
BMODE1 V4 GND B16 GND H10 GND P9 PF8 B1 TDO Y2 Voonr  U12
BR G18 GND B18 GND H1M1 GND P10 PF9 B3 TFSO N1 Voonr  U13
CANRX B11 GND B19 GND H12 GND P11 PF10 A2 TFS1 i Voonr U4
CANTX B12 GND B2 GND  H13 GND P12 PF11 A3 TFS2 Y13 Voot V12
CLKIN A13 GND c18 GND H14 GND P13 PF12 B8 TFS3 M18 Voorre A9
CLKOUT G19 GND c3 GND J7 GND R3 PF13 A8 TMRO M2 VROUTO B20
DATAO Y10 GND C4 GND J8 GND RS PF14  B7 TMR1 L2 VROUT1 A19
DATA1 W10 GND D7 GND J9 GND R9 PF15 A7 TMR2 K2 XTAL A4
DATA2 Y9 GND D8 GND  J10 GND RI10 PPI_CLK A4 TMS U2
DATA3 w9 GND D9 GND  J11 GND  R11 PPIO A5 TRST U1
DATA4 Y8 GND D10 GND  J12 GND R12 PPI1 B5 TSCLKO  P1
DATA5 ws GND D11 GND J13 GND R13 PPI2 A6 TSCLK1  H2
DATA6 Y7 GND D12 GND J14 GND T3 PPI3  B6 TSCLK2 Y12
DATA7 w7 GND D13 GND K7 GND U3 RESET B14 TSCLK3  L18
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