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Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
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, USB
Clock Rate 600MHz

Non-Volatile Memory External

On-Chip RAM 132kB

Voltage - I/O 2.50V, 3.30V

Voltage - Core 1.25V

Operating Temperature 0°C ~ 70°C (TA)

Mounting Type Surface Mount

Package / Case 400-LFBGA, CSPBGA

Supplier Device Package 400-CSPBGA (17x17)
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GENERAL DESCRIPTION

The ADSP-BF54x Blackfin® processors are members of the Specific peripherals for ADSP-BF54x Blackfin processors are
Blackfin family of products, incorporating the Analog Devices/ shown in Table 2.

Intel Micro Signal Architecture (MSA). Blackfin processors

combine a dual-MAC state-of-the-art signal processing engine, Table 2. Specific Peripherals for ADSP-BF54x Processors

the advantages of a clean, orthogonal RISC-like microprocessor

instruction set, and single-instruction, multiple-data (SIMD) 2l (53|
multimedia capabilities into a single instruction-set BB B D8
architecture. B & | & |5 @
a | a|a|a|a
Specific performance, memory configurations, and features of Modul 8 8 8 8 8
ADSP-BF54x Blackfin processors are shown in Table 1. odule < | < | < | < | <
EBIU (async) P p p P p
Table 1. ADSP-BF54x Processor Features NAND flash controller s 1 plplplop
o|lwo | N|g|N ATAPI PP | P P

S | ||| ¥
Fridll I I A Host DMA port (HOSTDP) plprplpPpl P/ -

0| |o|co| ;|
d|d|ld|ad|d SD/SDIO controller Pl P|P|-1|P
81 8(8|8|8 EPPIO ple|PrP|P]|-

Processor Features | < || | <
Lockbox® 'code security 111 1 [ 1] EPPIT Pl P|P|P|P
128-bit AES/ ARC4 data encryption 1 1 1 1 1 EPPI2 Pl P|P|P|P
SD/SDIO controller 1 1 1 1 SPORTO P P P - -
Pixel compositor ST I T O O O O IO SPORT1 plpl Pl Ploep
18- or 24-bit EPPIO with LCD 101111 ] - SPORT2 Pl P|lP|P]|P
16-bit EPPI1, 8-bit EPPI2 T 11 1] SPORT3 Pl P|P|P|P
Host DMA port LA T Y O SPIO plpPplpPlpP]|P
NAND flash controller 111 1] SPIN PlP|P|P]|P
ATAPI PR T P R SPI2 P lplpl -2
High speed USB OTG NN UARTO PlP|P|P]|P
Keypad interface T - UARTI Pl P|P|P|P
MXVR P I R R UART2 ple|pP]|-1]-
CAN ports >l 2 = 2|1 UART3 plpPplpPIlPI|P
TWI ports >l 2121211 High speed USB OTG P P P - P
SPI ports 3131322 CANO plprp] -]P]P
UART ports 4 4 4 3 3 CAN1 P 2] _ P _
Up/down counter 1 1 1 1 1 Twi P P P p -
Timers 1M1 |11 (11 8 Timer 0-7 pleplplp]|ep
General-purpose I/O pins 152152152152 152 Timer 8-10 PlP|P|P |-
Memory | L1 Instruction SRAM/cache | 16 | 16 | 16 | 16 | 16 Up/down counter plpP|lP|P]|P
Configura- |1 Instruction SRAM 48 | 48 | 48 | 48 | 48 Keypad interface plprplpP] 1P
t;’gs L1 Data SRAM/cache 32 [3232]32]32 MXVR b - -2

t

(KBytes) I\ 1 Data srAM 3232323232 GPIOs Plp|pP|P|oP

L1 Scratchpad SRAM 4 4 4 4 4

L1 ROM? 64 | 64 | 64 | 64 | 64

L2 128128 |128| 64 | -

L3 Boot ROM? 41 4| 4|4l 4

Maximum core instruction rate (MHz) | 533|533 |600 | 533 | 600

'Lockbox is a registered trademark of Analog Devices, Inc.
2This ROM is not customer-configurable.
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The USB clock (USB_XI) is provided through a dedicated exter-
nal crystal or crystal oscillator. See Table 62 for related timing
requirements. If using a fundamental mode crystal to provide
the USB clock, connect the crystal between USB_XI and
USB_XO with a circuit similar to that shown in Figure 7. Use a
parallel-resonant, fundamental mode, microprocessor-grade
crystal. If a third-overtone crystal is used, follow the circuit
guidelines outlined in Clock Signals on Page 17 for third-over-
tone crystals.

The USB On-the-Go dual-role device controller includes a
Phase Locked Loop with programmable multipliers to generate
the necessary internal clocking frequency for USB. The multi-
plier value should be programmed based on the USB_XI clock
frequency to achieve the necessary 480 MHz internal clock for
USB high speed operation. For example, for a USB_XI crystal
frequency of 24 MHz, the USB_PLLOSC_CTRL register should
be programmed with a multiplier value of 20 to generate a

480 MHz internal clock.

ATA/ATAPI-6 INTERFACE

The ATAPI interface connects to CD/DVD and HDD drives
and is ATAPI-6 compliant. The controller implements the
peripheral I/O mode, the multi-DMA mode, and the Ultra
DMA mode. The DMA modes enable faster data transfer and
reduced host management. The ATAPI controller supports
PIO, multi-DMA, and ultra DMA ATAPI accesses. Key features
include:

o Supports PIO modes 0, 1, 2, 3, 4
o Supports multiword DMA modes 0, 1, 2

o Supports ultra DMA modes 0, 1, 2, 3, 4, 5 (up to UDMA
100)

» Programmable timing for ATA interface unit
« Supports CompactFlash cards using true IDE mode

By default, the ATAPI_AO-2 address signals and the ATA-
PI_DO0-15 data signals are shared on the asynchronous memory
interface with the asynchronous memory and NAND flash con-
trollers. The data and address signals can be remapped to GPIO
ports F and G, respectively, by setting PORTF_MUX]1:0] to
b#01.

KEYPAD INTERFACE

The keypad interface is a 16-pin interface module that is used to
detect the key pressed in a 8 x 8 (maximum) keypad matrix. The
size of the input keypad matrix is programmable. The interface
is capable of filtering the bounce on the input pins, which is
common in keypad applications. The width of the filtered
bounce is programmable. The module is capable of generating
an interrupt request to the core once it identifies that any key
has been pressed.

The interface supports a press-release-press mode and infra-
structure for a press-hold mode. The former mode identifies a
press, release and press of a key as two consecutive presses of the
same key, whereas the latter mode checks the input key’s state in
periodic intervals to determine the number of times the same
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key is meant to be pressed. It is possible to detect when multiple
keys are pressed simultaneously and to provide limited key reso-
lution capability when this happens.

SECURE DIGITAL (SD)/SDIO CONTROLLER

The SD/SDIO controller is a serial interface that stores data at a
data rate of up to 10M bytes per second using a 4-bit data line.

The SD/SDIO controller supports the SD memory mode only.
The interface supports all the power modes and performs error
checking by CRC.

CODE SECURITY

An OTP/security system, consisting of a blend of hardware and
software, provides customers with a flexible and rich set of code
security features with Lockbox® secure technology. Key features
include:

o OTP memory

o Unique chip ID

+ Code authentication

o Secure mode of operation

The security scheme is based upon the concept of authentica-
tion of digital signatures using standards-based algorithms and
provides a secure processing environment in which to execute
code and protect assets. See Lockbox Secure Technology Dis-
claimer on Page 23.

MEDIA TRANSCEIVER MAC LAYER (MXVR)

The ADSP-BF549 Blackfin processors provide a media trans-
ceiver (MXVR) MAC layer, allowing the processor to be
connected directly to a MOST® ! network through an FOT. See
Figure 5 on Page 15 for an example of a MXVR MOST
connection.

The MXVR is fully compatible with industry-standard stand-
alone MOST controller devices, supporting 22.579 Mbps or
24.576 Mbps data transfer. It offers faster lock times, greater jit-
ter immunity, and a sophisticated DMA scheme for data
transfers. The high speed internal interface to the core and L1
memory allows the full bandwidth of the network to be utilized.
The MXVR can operate as either the network master or as a net-
work slave.

The MXVR supports synchronous data, asynchronous packets,
and control messages using dedicated DMA channels that oper-
ate autonomously from the processor core moving data to and
from L1 and/or L2 memory. Synchronous data is transferred to
or from the synchronous data physical channels on the MOST
bus through eight programmable DMA channels. The synchro-
nous data DMA channels can operate in various modes
including modes that trigger DMA operation when data pat-
terns are detected in the receive data stream. Furthermore, two
DMA channels support asynchronous traffic, and two others
support control message traffic.

'MOST is a registered trademark of Standard Microsystems, Corp.
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« Boot from 16-bit asynchronous FIFO (BMODE = 0x2)—In
this mode, the boot kernel starts booting from address
0x2030 0000. Every 16-bit word that the boot kernel has to
read from the FIFO must be requested by a low pulse on
the DMARI pin.

Boot from serial SPI memory, EEPROM or flash

(BMODE = 0x3)—8-, 16-, 24- or 32-bit addressable devices
are supported. The processor uses the PE4 GPIO pin to
select a single SPI EEPROM or flash device and uses SPI0
to submit a read command and successive address bytes
(0x00) until a valid 8-, 16-, 24-, or 32-bit addressable device
is detected. Pull-up resistors are required on the SPIOSEL1
and SPIOMISO pins. By default, a value of 0x85 is written to
the SPI0_BAUD register.

Boot from SPI host device (BMODE = 0x4)—The proces-
sor operates in SPI slave mode (using SPI0) and is
configured to receive the bytes of the .LDR file from an SPI
host (master) agent. The HWAIT signal must be interro-
gated by the host before every transmitted byte. A pull-up
resistor is required on the SPIOSS input. A pull-down resis-
tor on the serial clock (SPIOSCK) may improve signal
quality and booting robustness.

Boot from serial TWI memory, EEPROM or flash
(BMODE = 0x5)—The processor operates in master mode
(using TWIO0) and selects the TWI slave with the unique ID
0xAO0. The processor submits successive read commands to
the memory device starting at two-byte internal address
0x0000 and begins clocking data into the processor. The
TWI memory device should comply with Philips I?C Bus
Specification version 2.1 and have the capability to auto-
increment its internal address counter such that the con-
tents of the memory device can be read sequentially. By
default, a prescale value of 0xA and CLKDIV value of
0x0811 is used. Unless altered by OTP settings, an I)C
memory that takes two address bytes is assumed. Develop-
ment tools ensure that data that is booted to memories that
cannot be accessed by the Blackfin core is written to an
intermediate storage place and then copied to the final des-
tination via memory DMA.

Boot from TWI host (BMODE = 0x6)—The TWI host
agent selects the slave with the unique ID 0x5F. The proces-
sor (using TWIO) replies with an acknowledgement, and
the host can then download the boot stream. The TWT host
agent should comply with Philips I?C Bus Specification ver-
sion 2.1. An I?C multiplexer can be used to select one
processor at a time when booting multiple processors from
a single TWI.

Boot from UART host (BMODE = 0x7)—1In this mode, the
processor uses UART1 as the booting source. Using an
autobaud handshake sequence, a boot-stream-formatted
program is downloaded by the host. The host agent selects
a bit rate within the UART’s clocking capabilities.

When performing the autobaud, the UART expects an “@”
(0x40) character (eight data bits, one start bit, one stop bit,
no parity bit) on the UARTIRX pin to determine the bit
rate. It then replies with an acknowledgement, which is
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composed of four bytes (0xBF, the value of UART1_DLL,
the value of UART1_DLH, and finally 0x00). The host can
then download the boot stream. The processor deasserts
the UARTIRTS output to hold off the host; UART1CTS
functionality is not enabled at boot time.

Boot from (DDR) SDRAM (BMODE = 0xA)—In this
mode, the boot kernel starts booting from address

0x0000 0010. This is a warm boot scenario only. The
SDRAM is expected to contain a valid boot stream and the
SDRAM controller must have been configured by the OTP
settings.

Boot from 8-bit and 16-bit external NAND flash memory
(BMODE = 0xD)—1In this mode, auto detection of the
NAND flash device is performed. The processor configures
PORTJ GPIO pins PJ1 and PJ2 to enable the ND_CE and
ND_RB signals, respectively. For correct device operation,
pull-up resistors are required on both ND_CE (PJ1) and
ND_RB (PJ2) signals. By default, a value of 0x0033 is writ-
ten to the NFC_CTL register. The booting procedure
always starts by booting from byte 0 of block 0 of the
NAND flash device. In this boot mode, the HWAIT signal
does not toggle. The respective GPIO pin remains in the
high-impedance state.

NAND flash boot supports the following features:
« Device auto detection

o Error detection and correction for maximum

reliability
« No boot stream size limitation

o Peripheral DMA via channel 22, providing efficient
transfer of all data (excluding the ECC parity data)

« Software-configurable boot mode for booting from
boot streams expanding multiple blocks, including
bad blocks

« Software-configurable boot mode for booting from
multiple copies of the boot stream allowing for han-
dling of bad blocks and uncorrectable errors

« Configurable timing via OTP memory

Small page NAND flash devices must have a 512-byte page
size, 32 pages per block, a 16-byte spare area size and a bus
configuration of eight bits. By default, all read requests
from the NAND flash are followed by four address cycles.
If the NAND flash device requires only three address
cycles, then the device must be capable of ignoring the
additional address cycle.

The small page NAND flash device must comply with the
following command set:

Reset: OxFF

Read lower half of page: 0x00

Read upper half of page: 0x01

Read spare area: 0x50
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Fiber optic transceiver (FOT) connections:

o Keep the traces between the ADSP-BF549 processor and
the FOT as short as possible.

o The receive data trace connecting the FOT receive data
output pin to the ADSP-BF549 PH6/MRX input pin should
have a 0 Q) series termination resistor placed close to the
FOT receive data output pin. Typically, the edge rate of the
FOT receive data signal driven by the FOT is very slow, and
further degradation of the edge rate is not desirable.

o The transmit data trace connecting the ADSP-BF549
PH5/MTX output pin to the FOT transmit data input pin
should have a 27 Q) series termination resistor placed close
to the ADSP-BF549 PH5/MTX pin.

o The receive data trace and the transmit data trace between
the ADSP-BF549 processor and the FOT should not be
routed close to each other in parallel over long distances to
avoid crosstalk.

ADDITIONAL INFORMATION

The following publications that describe the ADSP-BF54x
Blackfin processors (and related processors) can be ordered
from any Analog Devices sales office or accessed electronically
on www.analog.com:

o ADSP-BF54x Blackfin Processor Hardware Reference, Vol-
ume 1 and Volume 2

o Blackfin Processor Programming Reference

o ADSP-BF542/BF544/BF547/BF548/BF549
Blackfin 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/circuits) 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
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LOCKBOX SECURE TECHNOLOGY DISCLAIMER

Analog Devices products containing Lockbox Secure Technol-
ogy are warranted by Analog Devices as detailed in the Analog
Devices Standard Terms and Conditions of Sale. To our knowl-
edge, the Lockbox secure technology, when used in accordance
with the data sheet and hardware reference manual specifica-
tions, provides a secure method of implementing code and data
safeguards. However, Analog Devices does not guarantee that
this technology provides absolute security. ACCORDINGLY,
ANALOG DEVICES HEREBY DISCLAIMS ANY AND ALL
EXPRESS AND IMPLIED WARRANTIES THAT THE LOCK-
BOX SECURE TECHNOLOGY CANNOT BE BREACHED,
COMPROMISED, OR OTHERWISE CIRCUMVENTED AND
IN NO EVENT SHALL ANALOG DEVICES BE LIABLE FOR
ANY LOSS, DAMAGE, DESTRUCTION, OR RELEASE OF
DATA, INFORMATION, PHYSICAL PROPERTY, OR INTEL-
LECTUAL PROPERTY.
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Table 11. Pin Descriptions (Continued)

Pin Name 1/0| Function (First/Second/Third/Fourth) ?;:aveezr
Port I: GPIO/AMC
PIO/AT05 I/0 | GPIO/Address Bus for Async Access A
PI1/AT1® I/O | GPIO/Address Bus for Async Access A
PI2/A12° I/0 | GPIO/Address Bus for Async Access A
PI3/A135 I/0 | GPIO/Address Bus for Async Access A
Pl4/A14° I/O | GPIO/Address Bus for Async Access A
PI5/A15° I/0 | GPIO/Address Bus for Async Access A
PI6/A16° I/0 | GPIO/Address Bus for Async Access A
PI7/A17° I/0 | GPIO/Address Bus for Async Access A
PIg/A18° I/0 | GPIO/Address Bus for Async Access A
PI9/A195 I/0 | GPIO/Address Bus for Async Access A
PI10/A20° I/0 | GPIO/Address Bus for Async Access A
PI11/A218 I/0 | GPIO/Address Bus for Async Access A
PI12/A225 I/0 | GPIO/Address Bus for Async Access A
PI13/A23° I/0 | GPIO/Address Bus for Async Access A
PI14/A24° I/0 | GPIO/Address Bus for Async Access A
P115/A25/NR_CLK® I/0 | GPIO/Address Bus for Async Access/ NOR clock A
Port J: GPIO/AMC/ATAPI
PJO/ARDY/WAIT I/0 | GPIO/ Async Ready/NOR Wait A
PJ1/ND_CF’ I/0 | GPIO/NAND Chip Enable A
PJ2/ND_RB I/O | GPIO/NAND Ready Busy A
PJ3/ATAPI_DIOR I/O | GPIO/ATAPI Read A
PJ4/ATAPL_DIOW I/O | GPIO/ATAPI Write A
PJ5/ATAPI_CSO I/O | GPIO/ATAPI Chip Select/Command Block A
PJ6/ATAPI_CST I/0 | GPIO/ATAPI Chip Select A
PJ7/ATAPI_DMACK I/0 | GPIO/ATAPI DMA Acknowledge A
PJ8/ATAPI_DMARQ I/O | GPIO/ATAPI DMA Request A
PJ9/ATAPI_INTRQ I/0 | GPIO/Interrupt Request from the Device A
PJ10/ATAPI_IORDY I/0 | GPIO/ATAPI Ready Handshake A
PJ11/BR® I/0 | GPIO/Bus Request A
PJ12/BG® I/0 | GPIO/Bus Grant A
PJ13/BGH® I/0 | GPIO/Bus Grant Hang A
Rev.E | Page300f102 | March2014
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Table 18. Activity Scaling Factors'

lppint POwWer Vector Activity Scaling Factor (ASF)
Ipp-pEAK 1.29
Iop-HiGH 1.24
IppTve 1.00
Iop-App 0.87
Iop-noP 0.74
Iop-pLE 0.47

!'See Estimating Power for ADSP-BF534/BF536/BF537 Blackfin Processors
(EE-297). The power vector information also applies to the ADSP-
BF542/ADSP-BF544/ADSP-BF547/ADSP-BF548/ ADSP-BF549 processors.

Table 19. Dynamic Current in CCLK Domain (mA, with ASF = 1.0)!

Voltage (Vppint)?
feak
(MHz)> |0.90V |0.95V |1.00V |1.05V [1.10V [1.15V [1.20V |1.25V [1.30V |[1.35V |1.38V [1.40V [1.43V
100 29.7 31.6 339 35.7 379 40.5 429 455 48.2 50.8 52.0 53.5 54.6
200 55.3 58.9 62.5 66.0 70.0 74.0 78.3 82.5 86.7 91.3 93.3 95.6 97.6
300 80.8 85.8 91.0 96.0 101.3 107.0 112.8 118.7 124.6 130.9 133.8 137.0 140.0
400 N/A 112.2 119.4 125.5 1324 139.6 146.9 154.6 162.3 170.0 173.8 177.8 181.6
500 N/A N/A N/A N/A N/A 1719 [180.6 [189.9 |199.1 2057 |2103 |213.0 |217.6
533 N/A N/A N/A N/A N/A N/A 191.9 201.6 211.5 218.0 222.8 225.7 230.5
600 N/A N/A N/A N/A N/A N/A N/A N/A 233.1 2414 |246.7 |252.7 |258.1

! The values are not guaranteed as stand-alone maximum specifications. They must be combined with static current per the equations of Electrical Characteristics on Page 36.
2Valid frequency and voltage ranges are model-specific. See Operating Conditions on Page 34.
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ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed in Table 20 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 reli-
ability. Table 21 details the maximum duty cycle for input
transient voltage.

Table 20. Absolute Maximum Ratings

Internal (Core) Supply Voltage (Vppr)| -0.3Vto +1.43V
External (1/0) Supply Voltage (Vppexr) | -0.3Vto +3.8V
Input Voltage™ %3 -05Vto+3.6V

Output Voltage Swing -0.5Vto Vppexr+0.5V
low/loL Current per Single Pin* 40 mA (max)

low/loL Current per Pin Group? 80 mA (max)

Storage Temperature Range -65°Cto +150°C
Junction Temperature Underbias +125°C

! Applies to all bidirectional and input only pins except PB1-0, PE15-14,
PG15-11, and PH7-6, where the absolute maximum input voltage range is
—0.5Vto+5.5V.

2Pins USB_DP, USB_DM, and USB_VBUS are 5 V-tolerant when VDDUSB is
powered according to the operating conditions table. If VDDUSB supply
voltage does not meet the specification in the operating conditions table, these
pins could suffer long-term damage when driven to +5 V. If this condition is
seen in the application, it can be corrected with additional circuitry to use the
external host to power only the Vppysg pins. Contact factory for application
detail and reliability information.

3 Applies only when Vppexr is within specifications. When Vppeyr is outside
specifications, the range is Vppexr = 0.2 V.

4For more information, see description preceding Table 22.

Table 21. Maximum Duty Cycle for Input' Transient
Voltage

V,y Max (V)? Vix Min (V) Maximum Duty Cycle
3.63 -0.33 100%

3.80 -0.50 48%

3.90 -0.60 30%

4.00 -0.70 20%

4.10 -0.80 10%

4.20 -0.90 8%

4.30 -1.00 5%

! Does not apply to CLKIN. Absolute maximum for pins PB1-0, PE15-14, PG15-

11, and PH7-6 is +5.5V.
2Only one of the listed options can apply to a particular design.

The Absolute Maximum Ratings table specifies the maximum
total source/sink (Ioy/Ior) current for a group of pins. Perma-
nent damage can occur if this value is exceeded. To understand
this specification, if pins PA4, PA3, PA2, PA1 and PAO from
group 1 in the Total Current Pin Groups table were sourcing or
sinking 2 mA each, the total current for those pins would be

10 mA. This would allow up to 70 mA total that could be
sourced or sunk by the remaining pins in the group without
damaging the device. For a list of all groups and their pins, see
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the Total Current Pin Groups table. Note that the Vo and Voy
specifications have separate per-pin maximum current require-
ments, see the Electrical Characteristics table.

Table 22. Total Current Pin Groups

Group | Pinsin Group

1 PAO, PA1, PA2, PA3, PA4, PA5, PA6, PA7, PA8, PA9, PA10,
PA11

2 PA12, PA13, PA14, PA15, PB8, PB9, PB10, PB11, PB12,
PB13, PB14

3 PBO, PB1, PB2, PB3, PB4, PB5, PB6, PB7, BMODEQ,
BMODE1, BMODE2, BMODE3

4 TCK, TDI, TDO, TMS, TRST, PD14, EMU

5 PD8, PD9, PD10, PD11,PD12, PD13, PD15

6 PDO, PD1, PD2, PD3, PD4, PD5, PD6, PD7

7 PE11, PE12, PE13, PF12, PF13, PF14, PF15, PG3, PG4

8 PF4, PF5, PF6, PF7, PF8, PF9, PF10, PF11

9 PFO, PF1, PF2, PF3, PGO, PG1, PG2

10 PCO, PC1, PC2, PC3, PC4, PC5, PC6, PC7

11 PH5, PH6, PH7

12 A1,A2,A3

13 PH8, PH9, PH10, PH11, PH12, PH13

14 PIO, PI1, P12, PI3, PI4, PI5, Pl6, P17

15 PI8, PI9, PI10, PI11, PI12, PI13, PI14, PI15

16 AMSO0, AMS1, AMS2, AMS3, AOE, CLKBUF, NMI

17 CLKIN, XTAL, RESET, RTXI, RTXO, ARE, AWE

18 Do, D1, D2, D3, D4, D5, D6, D7

19 D8,D9,D10,D11,D12

20 D13, D14, D15, ABEO, ABET

21 EXT_WAKE, CLKOUT, PJ11, PJ12, PJ13

22 PJO, PJ1, PJ2, PJ3, PJ4, PJ5, PJ6, PJ7, ATAPI_PDIAG

23 PJ8, PJ9, PJ10, PE7, PG12, PG13

24 PEO, PE1, PE2, PE4, PE5, PE6, PE8, PE9, PE10, PH3, PH4

25 PHO, PH2, PE14, PE15, PG5, PG6, PG7, PG8, PG, PG10,
PG11

26 PC8,PC9,PC10,PC11,PC12,PC13, PE3, PG14,PG15, PH1
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Table 28. Asynchronous Memory Read Cycle Timing with Asynchronous ARDY

Parameter Min Max Unit
Timing Requirements

tspar DATA15-0 Setup Before CLKOUT 5.0 ns
thpar DATA15-0 Hold After CLKOUT 0.8 ns
toanR ARDY Negated Delay from AMSx Asserted' (S+RA-2) X tscik | NS
thaa ARDY Asserted Hold After ARE Negated 0.0 ns
Switching Characteristics

too Output Delay After CLKOUT? 6.0 ns
tuo Output Hold After CLKOUT? 0.3 ns

'S = number of programmed setup cycles, RA = number of programmed read access cycles.
2Output pins include AMS3-0, ABE1-0, ADDR19-1, AOE, and ARE.

SETUP PROGRAMMED READ ACCESS EXTENDED HOLD

2 CYCLES ACCESS 4 CYCLES 3 CYCLES 1 CYCLE
-< »la »la >l |
cren \—/_\—/-\—/_\—/_*—/_\—/_\—/_\
tpo|-= tho |-
AMSXx
ABE1-0
ADDR19-1
AOE
— tDO - — tHO -
ARE
- t
DANR |<_ than
ARDY \
tspar
E thpat

DATA 15-0 4(

Figure 14. Asynchronous Memory Read Cycle Timing with Asynchronous ARDY

1
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DDR SDRAM/Mobile DDR SDRAM Clock and Control Cycle Timing

Table 31 and Figure 17 describe DDR SDRAM/mobile DDR
SDRAM clock and control cycle timing.

Table 31. DDR SDRAM/Mobile DDR SDRAM Clock and Control Cycle Timing

DDR SDRAM Mobile DDR SDRAM
Parameter Min Max Min Max Unit
Switching Characteristics
tek! DCKO-1 Period, Non-Extended Temperature Grade Models | 7.50 7.50 8.33 ns
DCKO-1 Period, Extended Temperature Grade Models 10.00 N/A N/A ns
ten DCKO-1 High Pulse Width 0.45 0.55 0.45 0.55 tek
te DCKO-1 Low Pulse Width 0.45 0.55 0.45 0.55 tek
tag?? Address and Control Output SETUP Time Relative to CK 1.00 1.00 ns
ta? 3 Address and Control Output HOLD Time Relative to CK 1.00 1.00 ns
topw? > Address and Control Output Pulse Width 2.20 2.30 ns
! The tck specification does not account for the effects of jitter.
2 Address pins include DA0-12 and DBAO-1. L
3 Control pins include DCS0-1, DCLKE, DRAS, DCAS, and DWE.
- tek >le— tcy oL
DCKO-1 X
tas [ tay
ADDRESS C
CONTROL
topw—-

NOTE: CONTROL = DCS0-1, DCLKE, DRAS, DCAS, AND DWE.
ADDRESS = DA0-12 AND DBAO-1.

Figure 17. DDR SDRAM /Mobile DDR SDRAM Clock and Control Cycle Timing
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Enhanced Parallel Peripheral Interface Timing

Table 39 and Figure 32 on Page 60, Figure 30 on Page 59,
Figure 33 on Page 60, and Figure 31 on Page 59 describe
enhanced parallel peripheral interface timing operations.

Table 39. Enhanced Parallel Peripheral Interface Timing

Parameter Min Max Unit
Timing Requirements
tocLiw PPIx_CLK Width 6.0 ns
Tk PPIx_CLK Period 13.3 ns
Timing Requirements—GP Input and Frame Capture Modes
tsrspe External Frame Sync Setup Before PPIx_CLK 0.9 ns
thrspe External Frame Sync Hold After PPIx_CLK 1.9 ns
tspReE Receive Data Setup Before PPIx_CLK 1.6 ns
thoree Receive Data Hold After PPIx_CLK 1.5 ns
Switching Characteristics—GP Output and Frame Capture Modes
torspe Internal Frame Sync Delay After PPIx_CLK 10.5 ns
tHorspe Internal Frame Sync Hold After PPIx_CLK 24 ns
tooreE Transmit Data Delay After PPIx_CLK 9.9 ns
tHoTeE Transmit Data Hold After PPIx_CLK 24 ns
DATA SAMPLED / DATA SAMPLED /
FRAME SYNC SAMPLED FRAME SYNC SAMPLED

PPI_CLK x X
t ¢ e— trcLkw
SFSPE HFSPE

——— tPCLK

PPI_FS1/2

tspreE tupreE

PPI_DATA X X

Figure 30. EPPI GP Rx Mode with External Frame Sync Timing

DATA DRIVEN/
FRAME SYNC SAMPLED

PPI_CLK X X
tsrspe | thrsPE e— tpcLkw

— tPCLK

PPI_FS1/2

topTPE
tupTrE

PPI_DATA X X

Figure 31. EPPI GP Tx Mode with External Frame Sync Timing
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Serial Ports Timing

Table 40 through Table 43 on Page 63 and Figure 34 on Page 62
through Figure 37 on Page 64 describe serial port operations.

Table 40. 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
tsuote Start-Up Delay From SPORT Enable To First External TFSx 4 X tsc ke ns
tsuore Start-Up Delay From SPORT Enable To First External RFSx 4 X tacike ns
Switching Characteristics

torse TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)® 10.0 ns
tHorse TFSx/RFSx Hold After TSCLKx/RSCLKXx (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.
?For receive mode with external RSCLKx and external RFSx only, the maximum specification is 11.11 ns (90 MHz).
3 Referenced to drive edge.

Table 41. Serial Ports—Internal Clock

Parameter Min Max Unit
Timing Requirements

tses) TFSx/RFSx Setup Before TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)’ 10.0 ns
thes) TFSx/RFSx Hold After TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)’ -1.5 ns
tsori Receive Data Setup Before RSCLKx! 10.0 ns
thori Receive Data Hold After RSCLKx' -1.5 ns
Switching Characteristics

tors) TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)? 3.0 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
TscLaw TSCLKx/RSCLKx Width 45 ns

! Referenced to sample edge.
?Referenced to drive edge.
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Figure 34. Serial Port Start-Up with External Clock and Frame Sync
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Figure 35. Serial Ports
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Table 42. 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" 23 10 ns
toTent Data Enable Delay from Internal TSCLKx' -2 ns
toorT Data Disable Delay from Internal TSCLKx" %3 3 ns
!Referenced to drive edge.
2 Applicable to multichannel mode only.
3TSCLKXx is tied to RSCLKX.
DRIVE EDGE DRIVE EDGE
s
TSCLKx >< ><
).
«
| toTENEN toprTEN
-
DTx —_— X X —
-
Figure 36. Serial Ports—Enable and Three-State
Table 43. Serial Ports—External Late Frame Sync
Parameter Min Max Unit
Switching Characteristics
toDTLESE Data Delay from Late External TFSx or External RFSx in multi-channel mode with MFD = 012 10.0 ns
tOTENLESE Data Enable from External RFSx in multi-channel mode with MFD =02 0 ns

'In multichannel mode, TFSx enable and TFSx valid follow tprenirs and tpprrrse.
2If external RFS/TFS setup to RSCLK/TSCLK > tgc; p/2, then tppre; and tyreng apply; otherwise tppripse and tprences apply.

Rev.E | Page630f102 | March2014



http://www.analog.com/ADSP-BF542?src=ADSP-BF542.pdf
http://www.analog.com/ADSP-BF544?src=ADSP-BF544.pdf
http://www.analog.com/ADSP-BF547?src=ADSP-BF547.pdf
http://www.analog.com/ADSP-BF548?src=ADSP-BF548.pdf
http://www.analog.com/ADSP-BF549?src=ADSP-BF549.pdf

ADSP-BF342/ADSP-BF344/ADSP-BF341/ADSP-BF348/ADSP-BF 549

Serial Peripheral Interface (SPI) Port—Slave Timing

Table 45 and Figure 39 describe SPI port slave operations.

Table 45. Serial Peripheral Interface (SPI) Port—Slave Timing

Parameter Min Max Unit
Timing Requirements

tspichs SPIXSCK High Period 2tsck—1.5 ns
tspicis SPIXSCK Low Period 2tsck—1.5 ns
tspicLk SPIXSCK Period Atk ns
thps Last SPIXSCK Edge to SPIXSS Not Asserted 2tsck-1.5 ns
tspis Sequential Transfer Delay 2tsck—1.5 ns
tepscy SPIXSS Assertion to First SPIXSCK Edge 2teck-1.5 ns
tsspip Data Input Valid to SPIXSCK Edge (Data Input Setup) 1.6 ns
thspip SPIxSCK Sampling Edge to Data Input Invalid 1.6 ns
Switching Characteristics

tpsor SPIXSS Assertion to Data Out Active 0 8 ns
tpspHi SPIXSS Deassertion to Data High Impedance 0 8 ns
topseiD SPIXSCK Edge to Data Out Valid (Data Out Delay) 10 ns
tHpspiD SPIxSCK Edge to Data Out Invalid (Data Out Hold) 0 ns

SPIXSS \

(INPUT)

)

_ tspsc

. tseios

_ tspicus

1(s

)

le—— tspicik

typs —{<—tspitps

SPIXSCK
(INPUT)

L(

YY

)

tbsoe

,
SPIxMISO
(OUTPUT)

CPHA =1

SPIXMOSI
(INPUT)
.

tpsoe

.
SPIXMISO
(OUTPUT)

CPHA=0

SPIXMOSI
(INPUT)
.

tsspip

topspip

thpspip

tupspip

Figure 39. Serial Peripheral Interface (SPI) Port—Slave Timing
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Note that in Figure 49 an alternate ATAPI_DO0-15 port bus is
ATAPI_DO0-15A.

ATAPI_CS0 \

ATAPI_CS1

—
ATAPI_DMARQ /
—

tn [

t |-—

ATAPI_DMACK

l—— tp —»

ATAPI_DIOR
ATAPI_DIOW

ATAPI_D0-15
(READ)

ATAPI_D0-15
(WRITE)

l— tg—> te

|— tg—> ty

Figure 49. Initiating a Multiword DMA Data Burst

ATAPI_CS0
ATAPI_CS1

ATAPI_DMARQ

(S
ATAPI_DMACK /

ATAPI_DIOR
ATAPI_DIOW

ATAPI_D0-15 “
(READ) N

l— tc —e tF le—tc—- tF

- to >

ATAPI_D0-15 =
(WRITE)

l— tg —la—T1ty l—tc—>la—T*ty

Figure 50. Sustained Multiword DMA Data Burst
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ATAPI_CS0
ATAPI_CS1

— tN |<—

ATAPI_DMARQ

la— t R
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ATAPI_DIOR
ATAPI_DIOW
ATAPI_DO0-15
(READ)
la— tF

tkr
tw

la— tg —»
ATAPI_DO0-15
(WRITE)

Figure 51. Device Terminating a Multiword DMA Data Burst
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Figure 52. Host Terminating a Multiword DMA Data Burst
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In Figure 57 and Figure 58 an alternate ATAPI_DO0-15 port bus
is ATAPI_DO0-15A.

ATAPI_DMARQ /

ATAPI_DMACK
l— teny
ATAPLDIOW /
ty
ATAPI_IORDY
tACK—>| |-—
ATAPI_DIOR
X tozrs ——»
toys —» tovu
ATAPI_D0-15
tack |-—
ATAPI ADDR

Figure 57. Initiating an Ultra DMA Data-Out Burst

teve >
l— tcyc——— - l@«—— tcyc ————»

tacve >

ATAPI_DIOR {

tov tovs —a] tovu tovs — tovn
ATAPI_D0-15 X

Figure 58. Sustained Ultra DMA Data-Out Burst
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Table 65. 400-Ball CSP_BGA Ball Assignment (Alphabetical by Signal) (Continued)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.
TCK V3 Voooor 114 Voo N5 Voont G13
DI V5 Voo 115 Vooear N15 Voo 16
TDO Va4 Voo K14 Vooexar P15 Voot 13
T™S U5 Vbooor K15 Vopext R6 Vooint L6
TRST T5 Vopext E5 Vooext R7 Vooint L15
USB_DM E2 Vopexr E9 Vopexr R8 Voot P6
USB_DP E1 Voo E10 Vooexar R15 Voo P7
USB_ID G3 Vopext E11 Vopext T7 Vooint P14
USB_RSET D3 Vopext E12 Vopext T8 Vooint R10
USB_VBUS D2 Vopext F7 Vopext T9 Vooint R11
USB_VREF B1 Vopexr F8 Vopexr T10 Voot R12
USB_XI F1 Voo F13 Vooexar 11 Voot U9
USB_XO F2 Vopext G5 Vopext T12 Voomp E8
Voooor F10 Vopext G6 Vopext T3 Vborrc E13
Voooor F11 Vooext G7 Vooext T14 Vbbuss F5
Vbooor F12 Vbpext G14 Vopext T15 Voouss G4
Vbpoor G15 Vbpext H5 Vbpext T16 Voowr F15
Voooor H13 Vopext H6 Vooint Fo VRouro A18
Voooor H14 Vopext K6 Vooint G8 VRoum A19
VbboDR H15 Vopext M15 VooiNT G12 XTAL A12
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Table 66 lists the CSP_BGA package by ball number for the
ADSP-BF549. Table 65 on Page 94 lists the CSP_BGA package
by signal.

Table 66. 400-Ball CSP_BGA Ball Assignment (Numerical by Ball Number)

Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal
Al GND C1 MXO E1 USB_DP G1 PC5
A2 A2 Q2 MXI E2 USB_DM G2 PC4
A3 PIO c3 PH5 E3 GND G3 USB_ID
A4 PI2 C4 PHO E4 MLF_P G4 Vopuss
A5 Pl4 cs PH11 E5 VopexT G5 VopexT
A6 PI6 C6 PH13 E6 MFS G6 VopexT
A7 PI8 c7 PH10 E7 GNDyp G7 VopexT
A8 PI11 cs PI9 E8 Voowmp G8 VooinT
A9 PI12 9 PI13 E9 VopexT G9 GND
A10 AMSO c10 AOE E10 VopexT G10 GND
A1 CLKIN cn NMI E11 Vopext G11 GND
A12 XTAL Cc12 RESET E12 Vopext G12 VooinT
A13 GND C13 D1 E13 Vopric G13 VooinT
Al4 RTXI C14 D8 E14 D14 Gl14 VopexT
A15 D4 C15 D9 E15 D13 G15 Voooor
Al16 D6 C16 ABET E16 DCLKO G16 DA4
A17 D10 c17 ABEO E17 DRAS G17 DA1
A18 VROUT, 18 DCLK1 E18 DWE G18 DA3
A19 VROUT, C19 DCS0 E19 DA9 G19 DAO
A20 GND C20 DA7 E20 DA2 G20 DQMO
B1 USB_VREF D1 GND F1 USB_XI H1 PC3
B2 Al D2 USB_VBUS F2 USB_XO H2 PCO
B3 A3 D3 USB_RSET F3 GND H3 PC7
B4 PI1 D4 GND F4 MLF_M H4 PH7
B5 PI3 D5 PH8 F5 Voouss H5 VopexT
B6 PI5 D6 PH6 F6 GND H6 VopexT
B7 PI7 D7 PH12 F7 Vopext H7 GND
B8 PI10 D8 Pl14 F8 VopexT H8 GND
B9 PI15 D9 AMST F9 Voot H9 GND
B10 AMS2 D10 AMS3 F10 Voooor H10 GND
B11 GND D11 CLKBUF F11 VooooR H11 GND
B12 ARE D12 AWE F12 VobooR H12 GND
B13 D2 D13 DO F13 VopexT H13 VooooR
B14 RTXO D14 D11 F14 GND H14 VbDDDR
B15 D3 D15 D12 F15 Voove H15 VDDDR
B16 D5 D16 DCLKO F16 DCAS H16 DBA1
B17 D7 D17 D15 F17 DA11 H17 DBAO
B18 DCLKE D18 DCLKT F18 DA8 H18 DQS1
B19 DCS1 D19 DA12 F19 DA5 H19 DQM1
B20 DA10 D20 DA6 F20 DQSO H20 DQ11
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Table 66. 400-Ball CSP_BGA Ball Assignment (Numerical by Ball Number) (Continued)

Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal
U1 PD8 V1 PD11 W1 BMODEO Y1 GND
U2 PD9 V2 PD13 W2 BMODET1 Y2 PB1
U3 PD15 V3 TCK w3 BMODE2 Y3 PB5
U4 PD14 V4 TDO w4 BMODE3 Y4 PB4
us TMS V5 TDI W5 PBO Y5 PB14
U6 PB3 V6 GND W6 PB6 Y6 PB12
u7 PB10 V7 PB7 w7 PB11 Y7 PA14
us GND V' PB9 w8 PB8 Y8 PA12
U9 VbpinT V9 PB13 w9 PA15 Y9 PA10
u1o PA8 V10 PA11 W10 PA13 Y10 PA9
U1 PA7 V11 PA5 W11 PA4 Y11 PA6
ui12 PAO V12 PA1 W12 PA2 Y12 PA3
u13 PC10 V13 PC9 W13 PG15 Y13 PG14
u14 PH1 V14 PE3 W14 PC11 Y14 PC8
u15s PG11 V15 PG5 W15 PC13 Y15 PC12
u1é PE14 V16 PG8 W16 PG7 Y16 PE4
u1z PH4 V17 PH2 w17 PE15 Y17 PG6
u18 PE2 V18 PH3 W18 PHO Y18 PG10
u19 PE9 V19 PEO W19 PE6 Y19 PG9
u20 PJ5 V20 PE8 W20 PE5 Y20 GND

Figure 87 shows the top view of the BGA ball configuration.

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

J@OOOOOOOOOOOGOOOO@@G A
®O0OO00000O0O00Oeel0OOO00O0O0OO |8
[OXOXONCHOROXORONOROIONOIONOXONOROXONORO NN K-
0080000000000 OOOOO |p
QOO0 RVOBOERRRIRG®GOOOOOOO |E
Q00O RIRPROEERIS®OOOOO |F
QOO RIRIRPOOCODPDPRG®OOOOO |6
OQO0O0ORXRRCEOEB®E®®OOO0OO |H
OO0O0O0O0OBPOEOEOOCOOEDPBE®OOOOOO |
Q0000 RBBEBE®E®OO0O0O0 |k
[OXCRONGRONS RS RS RS XSISASICES X O NOXOXOXON I8
OO0O000eeR0000® |Mm
OQOO0OOR®ELEEEeBEOe®R0000® |N
OO0OO0QO0ODPPoOOCORBOEDPROOOOO |P
OQO0OO000ORRIRICPBEBPOOSORSOOOO |R
QOO0 00ORRIRIRIIRVRIRRIRR®OCOOOO |T
Q000000 OOOOOOOOOOO |u
[OXORCNCROAS KORONOXOLIONOICROXONONOXOIOXON A
[OXOXCNCRONOXONONOXCIONOICROXONONOXONOXO AU
[CEXCXCNCHOCROXORCNORCIONCIONOXONORORCIGRSIN A
KEY:
&P Voonr ® SUPPLIES: Vppppr: Voomes Vopusss VoprTe s Vopva
& Vopexr ® REFERENCES: DDR_Vggg, USB_Vger
(S © GROUNDS: GNDyp, DDR_Vgsg
O ne ©® VRoyr

O /O SIGNALS

Figure 87. 400-Ball CSP_BGA Configuration (Top View)
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