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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)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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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 
Blackfin family of products, incorporating the Analog Devices/
Intel Micro Signal Architecture (MSA). Blackfin processors 
combine a dual-MAC state-of-the-art signal processing engine, 
the advantages of a clean, orthogonal RISC-like microprocessor 
instruction set, and single-instruction, multiple-data (SIMD) 
multimedia capabilities into a single instruction-set 
architecture.
Specific performance, memory configurations, and features of
ADSP-BF54x Blackfin processors are shown in Table 1.

Specific peripherals for ADSP-BF54x Blackfin processors are 
shown in Table 2.

Table 1. ADSP-BF54x Processor Features
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Lockbox® 1code security

1 Lockbox is a registered trademark of Analog Devices, Inc.

1 1 1 1 1

128-bit AES/ ARC4 data encryption 1 1 1 1 1

SD/SDIO controller 1 1 1 – 1

Pixel compositor 1 1 1 1 1

18- or 24-bit EPPI0 with LCD 1 1 1 1 –

16-bit EPPI1, 8-bit EPPI2 1 1 1 1 1

Host DMA port 1 1 1 1 –

NAND flash controller 1 1 1 1 1

ATAPI 1 1 1 – 1

High speed USB OTG 1 1 1 – 1

Keypad interface 1 1 1 – 1

MXVR 1 – – – –

CAN ports 2 2 – 2 1

TWI ports 2 2 2 2 1

SPI ports 3 3 3 2 2

UART ports 4 4 4 3 3

SPORTs 4 4 4 3 3

Up/down counter 1 1 1 1 1

Timers 11 11 11 11 8

General-purpose I/O pins 152 152 152 152 152

Memory
Configura-
tions
(K Bytes)

L1 Instruction SRAM/cache 16 16 16 16 16

L1 Instruction SRAM 48 48 48 48 48

L1 Data SRAM/cache 32 32 32 32 32

L1 Data SRAM 32 32 32 32 32

L1 Scratchpad SRAM 4 4 4 4 4

L1 ROM2

2 This ROM is not customer-configurable.

64 64 64 64 64

L2 128 128 128 64 –

L3 Boot ROM2 4 4 4 4 4

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

Table 2. Specific Peripherals for ADSP-BF54x Processors
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EBIU (async) P P P P P

NAND flash controller P P P P P

ATAPI P P P – P

Host DMA port (HOSTDP) P P P P –

SD/SDIO controller P P P – P

EPPI0 P P P P –

EPPI1 P P P P P

EPPI2 P P P P P

SPORT0 P P P – –

SPORT1 P P P P P

SPORT2 P P P P P

SPORT3 P P P P P

SPI0 P P P P P

SPI1 P P P P P

SPI2 P P P – –

UART0 P P P P P

UART1 P P P P P

UART2 P P P – –

UART3 P P P P P

High speed USB OTG P P P – P

CAN0 P P – P P

CAN1 P P – P –

TWI0 P P P P P

TWI1 P P P P –

Timer 0–7 P P P P P

Timer 8–10 P P P P –

Up/down counter P P P P P

Keypad interface P P P – P

MXVR P – – – –

GPIOs P P P P P
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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:

• Supports PIO modes 0, 1, 2, 3, 4
• Supports multiword DMA modes 0, 1, 2
• 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_A0-2 address signals and the ATA-
PI_D0-15 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 × 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 

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:

• OTP memory
• Unique chip ID
• Code authentication
• 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® 1 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. 

1 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 DMAR1 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 SPI0SEL1 
and SPI0MISO 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 SPI0SS input. A pull-down resis-
tor on the serial clock (SPI0SCK) may improve signal 
quality and booting robustness.

• Boot from serial TWI memory, EEPROM or flash 
(BMODE = 0x5)—The processor operates in master mode 
(using TWI0) and selects the TWI slave with the unique ID 
0xA0. 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 I2C 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 I2C 
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 TWI0) replies with an acknowledgement, and 
the host can then download the boot stream. The TWI host 
agent should comply with Philips I2C Bus Specification ver-
sion 2.1. An I2C 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)—In 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 UART1RX pin to determine the bit 
rate. It then replies with an acknowledgement, which is 

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 UART1RTS 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)—In 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
• Error detection and correction for maximum 

reliability
• No boot stream size limitation
• 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: 0xFF

Read lower half of page: 0x00

Read upper half of page: 0x01

Read spare area: 0x50

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
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Fiber optic transceiver (FOT) connections:
• Keep the traces between the ADSP-BF549 processor and 

the FOT as short as possible.
• The receive data trace connecting the FOT receive data 

output pin to the ADSP-BF549 PH6/MRX input pin should 
have a 0 Ω 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.

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

• 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:

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

• Blackfin Processor Programming Reference
• 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 
LabTM site (http://www.analog.com/circuits) provides:

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

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

• Reference designs applying best practice design techniques

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. 

http://www.analog.com
http://en.wikipedia.org/wiki/Signal_chain_(signal_processing_chain)
http://www.analog.com/en/technical-documentation/glossary/index.html
http://www.analog.com
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/circuits
http://www.analog.com/ADSP-BF548?src=ADSP-BF548.pdf
http://www.analog.com/ADSP-BF549?src=ADSP-BF549.pdf
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Port I: GPIO/AMC

PI0/A106 I/O GPIO/Address Bus for Async Access A

PI1/A116 I/O GPIO/Address Bus for Async Access A

PI2/A126 I/O GPIO/Address Bus for Async Access A

PI3/A136 I/O GPIO/Address Bus for Async Access A

PI4/A146 I/O GPIO/Address Bus for Async Access A

PI5/A156 I/O GPIO/Address Bus for Async Access A

PI6/A166 I/O GPIO/Address Bus for Async Access A

PI7/A176 I/O GPIO/Address Bus for Async Access A

PI8/A186 I/O GPIO/Address Bus for Async Access A

PI9/A196 I/O GPIO/Address Bus for Async Access A

PI10/A206 I/O GPIO/Address Bus for Async Access A

PI11/A216 I/O GPIO/Address Bus for Async Access A

PI12/A226 I/O GPIO/Address Bus for Async Access A

PI13/A236 I/O GPIO/Address Bus for Async Access A

PI14/A246 I/O GPIO/Address Bus for Async Access A

PI15/A25/NR_CLK6 I/O GPIO/Address Bus for Async Access/ NOR clock A

Port J: GPIO/AMC/ATAPI 

PJ0/ARDY/WAIT I/O GPIO/ Async Ready/NOR Wait A

PJ1/ND_CE7 I/O 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/ATAPI_DIOW I/O GPIO/ATAPI Write A

PJ5/ATAPI_CS0 I/O GPIO/ATAPI Chip Select/Command Block A

PJ6/ATAPI_CS1 I/O GPIO/ATAPI Chip Select A

PJ7/ATAPI_DMACK I/O GPIO/ATAPI DMA Acknowledge A

PJ8/ATAPI_DMARQ I/O GPIO/ATAPI DMA Request A

PJ9/ATAPI_INTRQ I/O GPIO/ Interrupt Request from the Device A

PJ10/ATAPI_IORDY I/O GPIO/ATAPI Ready Handshake A

PJ11/BR8 I/O GPIO/Bus Request A

PJ12/BG6 I/O GPIO/Bus Grant A

PJ13/BGH6 I/O GPIO/Bus Grant Hang A

Table 11. Pin Descriptions  (Continued)

Pin Name I/O1 Function (First/Second/Third/Fourth)
Driver 
Type2

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
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Table 18. Activity Scaling Factors1  

IDDINT Power Vector Activity Scaling Factor (ASF)

IDD-PEAK 1.29

IDD-HIGH 1.24

IDD-TYP 1.00

IDD-APP 0.87

IDD-NOP 0.74

IDD-IDLE 0.47
1 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)1

fCCLK

(MHz)2

Voltage (VDDINT)2

0.90 V 0.95 V 1.00 V 1.05 V 1.10 V 1.15 V 1.20 V 1.25 V 1.30 V 1.35 V 1.38 V 1.40 V 1.43 V

100 29.7 31.6 33.9 35.7 37.9 40.5 42.9 45.5 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 112.2 119.4 125.5 132.4 139.6 146.9 154.6 162.3 170.0 173.8 177.8 181.6

500 N/A N/A N/A N/A N/A 171.9 180.6 189.9 199.1 205.7 210.3 213.0 217.6

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 233.1 241.4 246.7 252.7 258.1
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.
2 Valid 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.

The Absolute Maximum Ratings table specifies the maximum 
total source/sink (IOH/IOL) 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 PA0 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 

the Total Current Pin Groups table. Note that the VOL and VOH 
specifications have separate per-pin maximum current require-
ments, see the Electrical Characteristics table.

Table 20. Absolute Maximum Ratings  

Internal (Core) Supply Voltage (VDDINT) –0.3 V to +1.43 V

External (I/O) Supply Voltage (VDDEXT) –0.3 V to +3.8 V

Input Voltage1, 2, 3

1 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 
–0.5 V to +5.5 V.

2 Pins 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 VDDUSB pins. Contact factory for application 
detail and reliability information.

3 Applies only when VDDEXT is within specifications. When VDDEXT is outside 
specifications, the range is VDDEXT ± 0.2 V.

–0.5 V to +3.6 V

Output Voltage Swing –0.5 V to VDDEXT +0.5 V

IOH/IOL Current per Single Pin4

4 For more information, see description preceding Table 22.

40 mA (max)

IOH/IOL Current per Pin Group4 80 mA (max)

Storage Temperature Range –65ºC to +150ºC

Junction Temperature Underbias +125ºC

Table 21. Maximum Duty Cycle for Input1 Transient 
Voltage

1 Does not apply to CLKIN. Absolute maximum for pins PB1-0, PE15-14, PG15-
11, and PH7-6 is +5.5V.

VIN Max (V)2

2 Only one of the listed options can apply to a particular design.

VIN 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%

Table 22. Total Current Pin Groups  

Group Pins in Group

1 PA0, PA1, PA2, PA3, PA4, PA5, PA6, PA7, PA8, PA9, PA10, 
PA11

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

3 PB0, PB1, PB2, PB3, PB4, PB5, PB6, PB7, BMODE0, 
BMODE1, BMODE2, BMODE3

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

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

6 PD0, 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 PF0, PF1, PF2, PF3, PG0, PG1, PG2

10 PC0, PC1, PC2, PC3, PC4, PC5, PC6, PC7

11 PH5, PH6, PH7

12 A1, A2, A3

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

14 PI0, PI1, PI2, PI3, PI4, PI5, PI6, PI7

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

16 AMS0, AMS1, AMS2, AMS3, AOE, CLKBUF, NMI

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

18 D0, D1, D2, D3, D4, D5, D6, D7

19 D8, D9, D10, D11, D12

20 D13, D14, D15, ABE0, ABE1

21 EXT_WAKE, CLKOUT, PJ11, PJ12, PJ13

22 PJ0, PJ1, PJ2, PJ3, PJ4, PJ5, PJ6, PJ7, ATAPI_PDIAG

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

24 PE0, PE1, PE2, PE4, PE5, PE6, PE8, PE9, PE10, PH3, PH4

25 PH0, PH2, PE14, PE15, PG5, PG6, PG7, PG8, PG9, 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

tSDAT DATA15–0 Setup Before CLKOUT 5.0 ns

tHDAT DATA15–0 Hold After CLKOUT 0.8 ns

tDANR ARDY Negated Delay from AMSx Asserted1 (S + RA – 2) × tSCLK ns

tHAA ARDY Asserted Hold After ARE Negated 0.0 ns

Switching Characteristics

tDO Output Delay After CLKOUT2 6.0 ns

tHO Output Hold After CLKOUT2 0.3 ns
1 S = number of programmed setup cycles, RA = number of programmed read access cycles.
2 Output pins include AMS3–0, ABE1–0, ADDR19–1, AOE, and ARE.

Figure 14. Asynchronous Memory Read Cycle Timing with Asynchronous ARDY
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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

UnitParameter Min Max Min Max

Switching Characteristics

tCK
1 DCK0-1 Period, Non-Extended Temperature Grade Models 7.50 7.50 8.33 ns

DCK0-1 Period, Extended Temperature Grade Models 10.00 N/A N/A ns

tCH DCK0-1 High Pulse Width 0.45 0.55 0.45 0.55 tCK

tCL DCK0-1 Low Pulse Width 0.45 0.55 0.45 0.55 tCK

tAS
2, 3 Address and Control Output SETUP Time Relative to CK 1.00 1.00 ns

tAH
2, 3 Address and Control Output HOLD Time Relative to CK 1.00 1.00 ns

tOPW
2, 3 Address and Control Output Pulse Width 2.20 2.30 ns

1 The tCK specification does not account for the effects of jitter. 
2 Address pins include DA0-12 and DBA0-1.
3 Control pins include DCS0-1, DCLKE, DRAS, DCAS, and DWE.

Figure 17. DDR SDRAM /Mobile DDR SDRAM Clock and Control Cycle Timing

NOTE: CONTROL = DCS0-1, DCLKE, DRAS, DCAS, AND DWE.
 ADDRESS = DA0-12 AND DBA0-1.
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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

tPCLKW PPIx_CLK Width 6.0 ns

tPCLK PPIx_CLK Period 13.3 ns

Timing Requirements—GP Input and Frame Capture Modes

tSFSPE External Frame Sync Setup Before PPIx_CLK 0.9 ns

tHFSPE External Frame Sync Hold After PPIx_CLK 1.9 ns

tSDRPE Receive Data Setup Before PPIx_CLK 1.6 ns

tHDRPE Receive Data Hold After PPIx_CLK 1.5 ns

Switching Characteristics—GP Output and Frame Capture Modes

tDFSPE Internal Frame Sync Delay After PPIx_CLK 10.5 ns

tHOFSPE Internal Frame Sync Hold After PPIx_CLK 2.4 ns

tDDTPE Transmit Data Delay After PPIx_CLK 9.9 ns

tHDTPE Transmit Data Hold After PPIx_CLK 2.4 ns

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

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

tSFSE TFSx/RFSx Setup Before TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)1 3.0 ns

tHFSE TFSx/RFSx Hold After TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)1 3.0 ns

tSDRE Receive Data Setup Before RSCLKx1 3.0 ns

tHDRE Receive Data Hold After RSCLKx1 3.0 ns

tSCLKEW TSCLKx/RSCLKx Width 4.5 ns

tSCLKE TSCLKx/RSCLKx Period 15.02 ns

tSUDTE Start-Up Delay From SPORT Enable To First External TFSx 4 × tSCLKE ns

tSUDRE Start-Up Delay From SPORT Enable To First External RFSx 4 × tRCLKE ns

Switching Characteristics

tDFSE TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)3 10.0 ns

tHOFSE TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)3 0.0 ns

tDDTE Transmit Data Delay After TSCLKx3 10.0 ns

tHDTE Transmit Data Hold After TSCLKx3 0.0 ns
1 Referenced to sample edge.
2 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

tSFSI TFSx/RFSx Setup Before TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)1 10.0 ns

tHFSI TFSx/RFSx Hold After TSCLKx/RSCLKx (Externally Generated TFSx/RFSx)1 –1.5 ns

tSDRI Receive Data Setup Before RSCLKx1 10.0 ns

tHDRI Receive Data Hold After RSCLKx1 –1.5 ns

Switching Characteristics

tDFSI TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 3.0 ns

tHOFSI TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 –1.0 ns

tDDTI Transmit Data Delay After TSCLKx2 3.0 ns

tHDTI Transmit Data Hold After TSCLKx2 –2.0 ns

tSCLKIW TSCLKx/RSCLKx Width 4.5 ns
1 Referenced to sample edge.
2 Referenced to drive edge.
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Figure 34. Serial Port Start-Up with External Clock and Frame Sync

Figure 35. Serial Ports
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Table 42. Serial Ports—Enable and Three-State 

Parameter Min Max Unit

Switching Characteristics

tDTENE Data Enable Delay from External TSCLKx1 0 ns

tDDTTE Data Disable Delay from External TSCLKx1, 2, 3 10 ns

tDTENI Data Enable Delay from Internal TSCLKx1 –2 ns

tDDTTI Data Disable Delay from Internal TSCLKx1, 2, 3 3 ns
1 Referenced to drive edge.
2 Applicable to multichannel mode only.
3 TSCLKx is tied to RSCLKx.

Figure 36. Serial Ports—Enable and Three-State

Table 43. Serial Ports—External Late Frame Sync  

Parameter Min Max Unit

Switching Characteristics

tDDTLFSE Data Delay from Late External TFSx or External RFSx in multi-channel mode with MFD = 011, 2 10.0 ns

tDTENLFSE Data Enable from External RFSx in multi-channel mode with MFD = 01, 2 0 ns
1 In multichannel mode, TFSx enable and TFSx valid follow tDTENLFS and tDDTLFSE.
2 If external RFS/TFS setup to RSCLK/TSCLK > tSCLKE/2, then tDDTE/I and tDTENE/I apply; otherwise tDDTLFSE and tDTENLFS apply.
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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 2tSCLK –1.5 ns

tSPICLS SPIxSCK Low Period 2tSCLK –1.5 ns

tSPICLK SPIxSCK Period 4tSCLK ns

tHDS Last SPIxSCK Edge to SPIxSS Not Asserted 2tSCLK –1.5 ns

tSPITDS Sequential Transfer Delay 2tSCLK –1.5 ns

tSDSCI SPIxSS Assertion to First SPIxSCK Edge 2tSCLK –1.5 ns

tSSPID Data Input Valid to SPIxSCK Edge (Data Input Setup) 1.6 ns

tHSPID SPIxSCK Sampling Edge to Data Input Invalid 1.6 ns

Switching Characteristics

tDSOE SPIxSS Assertion to Data Out Active 0 8 ns

tDSDHI SPIxSS Deassertion to Data High Impedance 0 8 ns

tDDSPID SPIxSCK Edge to Data Out Valid (Data Out Delay) 10 ns

tHDSPID SPIxSCK Edge to Data Out Invalid (Data Out Hold) 0 ns

Figure 39. Serial Peripheral Interface (SPI) Port—Slave Timing
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Note that in Figure 49 an alternate ATAPI_D0–15 port bus is 
ATAPI_D0–15A. 

Figure 49. Initiating a Multiword DMA Data Burst

Figure 50. Sustained Multiword DMA Data Burst
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Figure 51. Device Terminating a Multiword DMA Data Burst

Figure 52. Host Terminating a Multiword DMA Data Burst
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In Figure 57 and Figure 58 an alternate ATAPI_D0–15 port bus 
is ATAPI_D0–15A.

Figure 57. Initiating an Ultra DMA Data-Out Burst

Figure 58. Sustained Ultra DMA Data-Out Burst
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TCK V3 VDDDDR J14 VDDEXT N5 VDDINT G13

TDI V5 VDDDDR J15 VDDEXT N15 VDDINT J6

TDO V4 VDDDDR K14 VDDEXT P15 VDDINT J13

TMS U5 VDDDDR K15 VDDEXT R6 VDDINT L6

TRST T5 VDDEXT E5 VDDEXT R7 VDDINT L15

USB_DM E2 VDDEXT E9 VDDEXT R8 VDDINT P6

USB_DP E1 VDDEXT E10 VDDEXT R15 VDDINT P7

USB_ID G3 VDDEXT E11 VDDEXT T7 VDDINT P14

USB_RSET D3 VDDEXT E12 VDDEXT T8 VDDINT R10

USB_VBUS D2 VDDEXT F7 VDDEXT T9 VDDINT R11

USB_VREF B1 VDDEXT F8 VDDEXT T10 VDDINT R12

USB_XI F1 VDDEXT F13 VDDEXT T11 VDDINT U9

USB_XO F2 VDDEXT G5 VDDEXT T12 VDDMP E8

VDDDDR F10 VDDEXT G6 VDDEXT T13 VDDRTC E13

VDDDDR F11 VDDEXT G7 VDDEXT T14 VDDUSB F5

VDDDDR F12 VDDEXT G14 VDDEXT T15 VDDUSB G4

VDDDDR G15 VDDEXT H5 VDDEXT T16 VDDVR F15

VDDDDR H13 VDDEXT H6 VDDINT F9 VROUT0 A18

VDDDDR H14 VDDEXT K6 VDDINT G8 VROUT1 A19

VDDDDR H15 VDDEXT M15 VDDINT G12 XTAL A12

Table 65. 400-Ball CSP_BGA Ball Assignment (Alphabetical by Signal) (Continued)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.
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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

A1 GND C1 MXO E1 USB_DP G1 PC5

A2 A2 C2 MXI E2 USB_DM G2 PC4

A3 PI0 C3 PH5 E3 GND G3 USB_ID

A4 PI2 C4 PH9 E4 MLF_P G4 VDDUSB

A5 PI4 C5 PH11 E5 VDDEXT G5 VDDEXT

A6 PI6 C6 PH13 E6 MFS G6 VDDEXT

A7 PI8 C7 PH10 E7 GNDMP G7 VDDEXT

A8 PI11 C8 PI9 E8 VDDMP G8 VDDINT

A9 PI12 C9 PI13 E9 VDDEXT G9 GND

A10 AMS0 C10 AOE E10 VDDEXT G10 GND

A11 CLKIN C11 NMI E11 VDDEXT G11 GND

A12 XTAL C12 RESET E12 VDDEXT G12 VDDINT

A13 GND C13 D1 E13 VDDRTC G13 VDDINT

A14 RTXI C14 D8 E14 D14 G14 VDDEXT

A15 D4 C15 D9 E15 D13 G15 VDDDDR

A16 D6 C16 ABE1 E16 DCLK0 G16 DA4

A17 D10 C17 ABE0 E17 DRAS G17 DA1

A18 VROUT0 C18 DCLK1 E18 DWE G18 DA3

A19 VROUT1 C19 DCS0 E19 DA9 G19 DA0

A20 GND C20 DA7 E20 DA2 G20 DQM0

B1 USB_VREF D1 GND F1 USB_XI H1 PC3

B2 A1 D2 USB_VBUS F2 USB_XO H2 PC0

B3 A3 D3 USB_RSET F3 GND H3 PC7

B4 PI1 D4 GND F4 MLF_M H4 PH7

B5 PI3 D5 PH8 F5 VDDUSB H5 VDDEXT

B6 PI5 D6 PH6 F6 GND H6 VDDEXT

B7 PI7 D7 PH12 F7 VDDEXT H7 GND

B8 PI10 D8 PI14 F8 VDDEXT H8 GND

B9 PI15 D9 AMS1 F9 VDDINT H9 GND

B10 AMS2 D10 AMS3 F10 VDDDDR H10 GND

B11 GND D11 CLKBUF F11 VDDDDR H11 GND

B12 ARE D12 AWE F12 VDDDDR H12 GND

B13 D2 D13 D0 F13 VDDEXT H13 VDDDDR

B14 RTXO D14 D11 F14 GND H14 VDDDDR

B15 D3 D15 D12 F15 VDDVR H15 VDDDDR

B16 D5 D16 DCLK0 F16 DCAS H16 DBA1

B17 D7 D17 D15 F17 DA11 H17 DBA0

B18 DCLKE D18 DCLK1 F18 DA8 H18 DQS1

B19 DCS1 D19 DA12 F19 DA5 H19 DQM1

B20 DA10 D20 DA6 F20 DQS0 H20 DQ11

http://www.analog.com/ADSP-BF542?src=ADSP-BF542.pdf
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Figure 87 shows the top view of the BGA ball configuration. 

U1 PD8 V1 PD11 W1 BMODE0 Y1 GND

U2 PD9 V2 PD13 W2 BMODE1 Y2 PB1

U3 PD15 V3 TCK W3 BMODE2 Y3 PB5

U4 PD14 V4 TDO W4 BMODE3 Y4 PB4

U5 TMS V5 TDI W5 PB0 Y5 PB14

U6 PB3 V6 GND W6 PB6 Y6 PB12

U7 PB10 V7 PB7 W7 PB11 Y7 PA14

U8 GND V8 PB9 W8 PB8 Y8 PA12

U9 VDDINT V9 PB13 W9 PA15 Y9 PA10

U10 PA8 V10 PA11 W10 PA13 Y10 PA9

U11 PA7 V11 PA5 W11 PA4 Y11 PA6

U12 PA0 V12 PA1 W12 PA2 Y12 PA3

U13 PC10 V13 PC9 W13 PG15 Y13 PG14

U14 PH1 V14 PE3 W14 PC11 Y14 PC8

U15 PG11 V15 PG5 W15 PC13 Y15 PC12

U16 PE14 V16 PG8 W16 PG7 Y16 PE4

U17 PH4 V17 PH2 W17 PE15 Y17 PG6

U18 PE2 V18 PH3 W18 PH0 Y18 PG10

U19 PE9 V19 PE0 W19 PE6 Y19 PG9

U20 PJ5 V20 PE8 W20 PE5 Y20 GND

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

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