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PRODUCT APPLICATION RESTRICTION

Not for use in in-vivo applications for body fluid constituent
monitoring, including monitoring one or more of the compo-
nents that form, or may be a part of, or contaminate human
blood or other body fluids, such as, but not limited to, car-
boxyhemoglobin, methemoglobin total hemoglobin, oxygen
saturation, oxygen content, fractional arterial oxygen satura-
tion, bilirubin, glucose, drugs, lipids, water, protein, and pH.
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buses and on-chip instruction cache, the processor can simulta-
neously fetch four operands (two over each data bus) and one
instruction (from the cache), all in a single cycle.
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Figure 2. SHARC Core Block Diagram

Instruction Cache

The processor includes an on-chip instruction cache that
enables three-bus operation for fetching an instruction and four
data values. The cache is selective—only the instructions whose
fetches conflict with PM bus data accesses are cached. This
cache allows full speed execution of core looped operations such
as digital filter multiply-accumulates, and FFT butterfly
processing.

Data Address Generators with Zero-Overhead Hardware
Circular Buffer Support

The processor’s two data address generators (DAGs) are used
for indirect addressing and implementing circular data buffers
in hardware. Circular buffers allow efficient programming of
delay lines and other data structures required in digital signal
processing, and are commonly used in digital filters and Fourier
transforms. The two DAGs of the processors contain sufficient
registers to allow the creation of up to 32 circular buffers (16
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primary register sets, 16 secondary). The DAGs automatically
handle address pointer wraparound, reduce overhead, increase
performance, and simplify implementation. Circular buffers can
start and end at any memory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of parallel
operations, for concise programming. For example, the
processors can conditionally execute a multiply, an add, and a
subtract in both processing elements while branching and fetch-
ing up to four 32-bit values from memory—all in a single
instruction.

Variable Instruction Set Architecture (VISA)

In addition to supporting the standard 48-bit instructions from
previous SHARC processors, the processors support new
instructions of 16 and 32 bits. This feature, called Variable
Instruction Set Architecture (VISA), drops redundant/unused
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Digital Peripheral Interface (DPI)

The digital peripheral interface provides connections to two
serial peripheral interface ports (SPI), one universal asynchro-
nous receiver-transmitter (UART), 12 flags, a 2-wire interface
(TWI), three PWM modules (PWM3-1), and two general-
purpose timers.

Serial Peripheral (Compatible) Interface (SPI)

The SPI is an industry-standard synchronous serial link,
enabling the SPI-compatible port to communicate with other
SPI compatible devices. The SPI consists of two data pins, one
device select pin, and one clock pin. It is a full-duplex synchro-
nous serial interface, supporting both master and slave modes.
The SPI port can operate in a multi-master environment by
interfacing with up to four other SPI-compatible devices, either
acting as a master or slave device. The SPI-compatible periph-
eral implementation also features programmable baud rate and
clock phase and polarities. The SPI-compatible port uses open
drain drivers to support a multi-master configuration and to
avoid data contention.

UART Port

The processors provide a full-duplex Universal Asynchronous
Receiver/Transmitter (UART) port, which is fully compatible
with PC-standard UARTSs. The UART port provides a simpli-
fied UART interface to other peripherals or hosts, supporting
full-duplex, DMA-supported, asynchronous transfers of serial
data. The UART also has multiprocessor communication capa-
bility using 9-bit address detection. This allows it to be used in
multidrop networks through the RS-485 data interface
standard. The UART port also includes support for 5 to 8 data
bits, 1 or 2 stop bits, and none, even, or odd parity. The UART
port supports two modes of operation:

« PIO (programmed I/O) — The processor sends or receives
data by writing or reading I/O-mapped UART registers.
The data is double-buffered on both transmit and receive.

o DMA (direct memory access) - The DMA controller trans-
fers both transmit and receive data. This reduces the
number and frequency of interrupts required to transfer
data to and from memory. The UART has two dedicated
DMA channels, one for transmit and one for receive. These
DMA channels have lower default priority than most DMA
channels because of their relatively low service rates.

The UART port's baud rate, serial data format, error code gen-
eration and status, and interrupts are programmable:

o Support for bit rates ranging from (fpc1x/1,048,576) to
(fpcix/16) bits per second.

« Support for data formats from 7 to 12 bits per frame.

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

In conjunction with the general-purpose timer functions, auto-
baud detection is supported.
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Pulse-Width Modulation

The PWM module is a flexible, programmable, PWM waveform
generator that can be programmed to generate the required
switching patterns for various applications related to motor and
engine control or audio power control. The PWM generator can
generate either center-aligned or edge-aligned PWM wave-
forms. In addition, it can generate complementary signals on
two outputs in paired mode or independent signals in non-
paired mode (applicable to a single group of four PWM
waveforms).

The entire PWM module has four groups of four PWM outputs
generating 16 PWM outputs in total. Each PWM group pro-
duces two pairs of PWM signals on the four PWM outputs.

The PWM generator is capable of operating in two distinct
modes while generating center-aligned PWM waveforms: single
update mode or double update mode. In single update mode the
duty cycle values are programmable only once per PWM period.
This results in PWM patterns that are symmetrical about the
midpoint of the PWM period. In double update mode, a second
updating of the PWM registers is implemented at the midpoint
of the PWM period. In this mode, it is possible to produce
asymmetrical PWM patterns that produce lower harmonic dis-
tortion in three-phase PWM inverters.

PWM signals can be mapped to the external port address lines
or to the DPI pins.
Timers

The processors have a total of three timers: a core timer that can
generate periodic software interrupts and two general-purpose
timers that can generate periodic interrupts and be inde-
pendently set to operate in one of three modes:

« Pulse waveform generation mode
« Pulse width count/capture mode
« External event watch dog mode

The core timer can be configured to use FLAG3 as a timer
expired signal, and the general-purpose timers have one bidirec-
tional pin and four registers that implement its mode of
operation: a 6-bit configuration register, a 32-bit count register,
a 32-bit period register, and a 32-bit pulse width register. A sin-
gle control and status register enables or disables the general-
purpose timer.

2-Wire Interface Port (TWI)

The TWI is a bidirectional 2-wire serial bus used to move 8-bit
data while maintaining compliance with the I*C bus protocol.
The TWI master incorporates the following features:

« 7-bit addressing

« Simultaneous master and slave operation on multiple
device systems with support for multi-master data
arbitration

« Digital filtering and timed event processing
« 100 kbps and 400 kbps data rates

o Low interrupt rate

| April 2017



http://www.analog.com/ADSP-21479?src=ADSP-21477_21478_21479.pdf
http://www.analog.com/ADSP-21477?src=ADSP-21477_21478_21479.pdf
http://www.analog.com/ADSP-21478?src=ADSP-21477_21478_21479.pdf

ADSP-21471/ADSP-21478/ADSP-21419

Shift Register

The shift register can be used as a serial to parallel data con-
verter. The shift register module consists of an 18-stage serial
shift register, 18-bit latch, and three-state output buffers. The
shift register and latch have separate clocks. Data is shifted into
the serial shift register on the positive-going transitions of the
shift register serial clock (SR_SCLK) input. The data in each
flip-flop is transferred to the respective latch on a positive-going
transition of the shift register latch clock (SR_LAT) input.

The shift register’s signals can be configured as follows.

o The SR_SCLK can come from any of the SPORT0-7 SCLK
outputs, PCGA/B clock, any of the DAI pins (1-8), and one
dedicated pin (SR_SCLK).

o The SR_LAT can come from any of SPORT0-7 frame sync
outputs, PCGA/B frame sync, any of the DAI pins (1-8),
and one dedicated pin (SR_LAT).

o The SR_SDI input can from any of SPORT0-7 serial data
outputs, any of the DAI pins (1-8), and one dedicated pin
(SR_SDI).

Note that the SR_SCLK, SR_LAT, and SR_SDI inputs must
come from same source except in the case of where SR_SCLK
comes from PCGA/B or SR_SCLK and SR_LAT come from
PCGA/B.

If SR_SCLK comes from PCGA/B, then SPORT0-7 generates
the SR_LAT and SR_SDI signals. If SR_SCLK and SR_LAT
come from PCGA/B, then SPORT0-7 generates the

SR_SDI signal.

1/0 PROCESSOR FEATURES

The I/0 processor provides up to 65 channels of DMA as well as
an extensive set of peripherals.

DMA Controller

The DMA controller operates independently and invisibly to
the processor core, allowing DMA operations to occur while the
core is simultaneously executing its program instructions. DMA
transfers can occur between the processor’s internal memory
and its serial ports, the SPI-compatible (serial peripheral inter-
face) ports, the IDP (input data port), the parallel data
acquisition port (PDAP) or the UART.

Up to 65 channels of DMA are available on the processors as
shown in Table 9.

Programs can be downloaded using DMA transfers. Other
DMA features include interrupt generation upon completion of
DMA transfers, and DMA chaining for automatic linked DMA
transfers.

Table 9. DMA Channels

Table 9. DMA Channels (Continued)

Peripheral DMA Channels
External Port 2
Accelerators 2
Memory-to-Memory 2
MedialB' 31

Peripheral DMA Channels
SPORTs 16

PDAP 8

SPI 2

UART 2

Rev.D | Page120f76

! Automotive models only.

Delay Line DMA

The processor provides delay line DMA functionality. This
allows processor reads and writes to external delay line buffers
(and therefore to external memory) with limited core
interaction.

Scatter/Gather DMA

The processor provides scatter/gather DMA functionality. This
allows processor DMA reads/writes to/from noncontiguous
memory blocks.

FFT Accelerator

The FFT accelerator implements radix-2 complex/real input,
complex output FFTs with no core intervention. The FFT accel-
erator runs at the peripheral clock frequency.

FIR Accelerator

The FIR (finite impulse response) accelerator consists of a 1024
word coefficient memory, a 1024 word deep delay line for the
data, and four MAC units. A controller manages the accelerator.
The FIR accelerator runs at the peripheral clock frequency.

IIR Accelerator

The IIR (infinite impulse response) accelerator consists of a
1440 word coefficient memory for storage of biquad coeffi-
cients, a data memory for storing the intermediate data and one
MAC unit. A controller manages the accelerator. The IIR accel-
erator runs at the peripheral clock frequency.

Watchdog Timer (WDT)

The processors include a 32-bit watchdog timer that can be used
to implement a software watchdog function. A software watch-
dog can improve system reliability by forcing the processor to a
known state through generation of a system reset if the timer
expires before being reloaded by software. Software initializes
the count value of the timer, and then enables the timer.

The WDT is used to supervise the stability of the system soft-
ware. When used in this way, software reloads the WDT in a
regular manner so that the downward counting timer never
expires. An expiring timer then indicates that system software
might be out of control.

The WDT resets both the core and the internal peripherals.
Software must be able to determine if the watch dog was the
source of the hardware reset by interrogating a status bit in the
watch dog timer control register.
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The watch dog timer also has an internal RC oscillator that can
be used as the clock source. The internal RC oscillator can be
used as an optional alternative to using an external clock applied
to the WDT_CLIN pin.

Real-Time Clock

The real-time clock (RTC) provides a robust set of digital watch
features, including current time, stopwatch, and alarm. The
RTC is clocked by a 32.768 kHz crystal external to the SHARC
processor. Connect RTC pins RTXI and RTXO with external
components as shown in Figure 3.

The RTC peripheral has dedicated power supply pins so that it
can remain powered up and clocked even when the rest of the
processor is in a low power state. The RTC provides several pro-
grammable interrupt options, including interrupt per second,
minute, hour, or day clock ticks, interrupt on programmable
stopwatch countdown, or interrupt at a programmed alarm
time. An RTCLKOUT signal that operates at 1 Hz is also pro-
vided for calibration.

RTXI RTXO

JE

C1== C2 ——

l [

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

Figure 3. External Components for RTC

The 32.768 kHz input clock frequency is divided down toa 1 Hz
signal by a prescaler. The counter function of the timer consists
of four counters: a 60-second counter, a 60-minute counter, a
24-hour counter, and a 32,768-day counter. When the alarm
interrupt is enabled, the alarm function generates an interrupt
when the output of the timer matches the programmed value in
the alarm control register. There are two alarms: The first alarm
is for a time of day. The second alarm is for a day and time of
that day.

The stopwatch function counts down from a programmed
value, with one-second resolution. When the stopwatch inter-
rupt is enabled and the counter underflows, an interrupt is
generated.

SYSTEM DESIGN

The following sections provide an introduction to system design
options and power supply issues.

Program Booting

The internal memory boots at system power-up from an 8-bit
EPROM via the external port, an SPI master, or an SPI slave.
Booting is determined by the boot configuration
(BOOT_CFG2-0) pins in Table 10.
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Table 10. Boot Mode Selection

BOOT_CFG2-0' |Booting Mode

000 SPI Slave Boot

001 SPI Master Boot (from Flash and Other Slaves)

010 AMI User Boot (for 8-bit Flash Boot)

011 No Boot (Processor Executes from Internal
ROM After Reset)

100 Reserved

1xx Reserved

! The BOOT_CFG2 pin is not available on the 100-lead or 88-lead packages.

A running reset feature is used to reset the processor core and
peripherals without resetting the PLL and SDRAM controller,
or performing a boot. The functionality of the RESETOUT
/RUNRSTIN pin has now been extended to also act as the input
for initiating a running reset. For more information, see the
ADSP-214xx SHARC Processor Hardware Reference.

Power Supplies

The processors have separate power supply connections for the
internal (Vpp nt) and external (Vpp gxr) power supplies. The
internal and analog supplies must meet the Vpp it specifica-
tions. The external supply must meet the Vpp gxr specification.
All external supply pins must be connected to the same power
supply.

To reduce noise coupling, the PCB should use a parallel pair of
power and ground planes for Vpp nr and GND.

Target Board JTAG Emulator Connector

Analog Devices DSP Tools product line of JTAG emulators uses
the IEEE 1149.1 JTAG test access port of the processors to mon-
itor and control the target board processor during emulation.
Analog Devices DSP Tools product line of JTAG emulators pro-
vides emulation at full processor speed, allowing inspection and
modification of memory, registers, and processor stacks. The
processor's JTAG interface ensures that the emulator will not
affect target system loading or timing.

For complete information on Analog Devices’ SHARC DSP
Tools product line of JTAG emulator operation, see the appro-
priate emulator hardware user’s guide.

DEVELOPMENT TOOLS

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

Integrated Development Environments (IDEs)

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

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

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

EZ-KIT Lite Evaluation Board

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

EZ-KIT Lite Evaluation Kits

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

Software Add-Ins for CrossCore Embedded Studio

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

Board Support Packages for Evaluation Hardware

Software support for the EZ-KIT Lite evaluation boards and EZ-
Extender daughter cards is provided by software add-ins called
Board Support Packages (BSPs). The BSPs contain the required
drivers, pertinent release notes, and select example code for the
given evaluation hardware. A download link for a specific BSP is
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located on the web page for the associated EZ-KIT or EZ-
Extender product. The link is found in the Product Download
area of the product web page.

Middleware Packages

Analog Devices separately offers middleware add-ins such as
real time operating systems, file systems, USB stacks, and
TCP/IP stacks. For more information see the following web
pages:

» www.analog.com/ucos3

» www.analog.com/ucfs

« www.analog.com/ucusbd

» www.analog.com/lwip

Algorithmic Modules

To speed development, Analog Devices offers add-ins that per-
form popular audio and video processing algorithms. These are
available for use with both CrossCore Embedded Studio and
Visual DSP++. For more information visit www.analog.com and
search on “Blackfin software modules” or “SHARC software
modules”.

Designing an Emulator-Compatible DSP Board (Target)

For embedded system test and debug, Analog Devices provides
a family of emulators. On each JTAG DSP, Analog Devices sup-
plies an IEEE 1149.1 JTAG Test Access Port (TAP). In-circuit
emulation is facilitated by use of this JTAG interface. The emu-
lator accesses the processor’s internal features via the
processor’s TAP, allowing the developer to load code, set break-
points, and view variables, memory, and registers. The
processor must be halted to send data and commands, but once
an operation is completed by the emulator, the DSP system is set
to run at full speed with no impact on system timing. The emu-
lators require the target board to include a header that supports
connection of the DSP’s JTAG port to the emulator.

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

This data sheet provides a general overview of the ADSP-2147x
architecture and functionality. For detailed information on the
family core architecture and instruction set, refer to the SHARC
Processor Programming Reference.

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.

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 Reference Designs page provides a link to Circuits from the
Lab™ (www.analog.com/signal chains) which contains:

o 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

o Reference designs applying best practice design techniques
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PIN FUNCTION DESCRIPTIONS

Table 11. Pin Descriptions

Name

Type

State During/
After Reset

Description

ADDRy_

DATA;5_o

AMI_ACK

AMI_RD

AMI_WR

I/0/T (ipu)

I/0/T (ipu)

I (ipu)

O/T (ipu)

O/T (ipu)

O/T (ipu)

High-Z/driven
low (boot)

High-Z

High-Z

High-Z

High-Z

External Address. The processor outputs addresses for external memory and
peripherals on these pins. The ADDR pins can be multiplexed to support the
external memory interface address, FLAGS15-8 (I/0) and PWM (O). After reset, all
ADDR pins are in EMIF mode, and FLAG(0-3) pins are in FLAGS mode (default).
When configured inthe IDP_PDAP_CTL register, IDP channel 0 scans the ADDR;_4
pins for parallel input data.

External Data. The data pins can be multiplexed to support the external memory
interface data (I/0) and FLAGS,_, (I/O).

Memory Acknowledge. External devices can deassert AMI_ACK (low) to add wait
states to an external memory access. AMI_ACK is used by I/O devices, memory
controllers, or other peripherals to hold off completion of an external memory
access.

Memory Select Lines 0-1. These lines are asserted (low) as chip selects for the
corresponding banks of external memory. The MS, 4 lines are decoded memory
address lines that change at the same time as the other address lines. When no
external memory access is occurring the MS; , lines are inactive; they are active
however when a conditional memory access instruction is executed, when the

condition evaluates as true.

The MST pin can be used in EPORT/FLASH boot mode. For more information on
processor booting, see the ADSP-214xx SHARC Processor Hardware Reference.

AMI Port Read Enable. AMI_RD is asserted whenever the processor reads a word
from external memory.

AMI Port Write Enable. AMI_WR s asserted when the processor writes a word to
external memory.

FLAGO/IRQO
FLAG1/IRQ1
FLAG2/IRQ2/MS2

FLAG3/TMREXP/MS3

1/0 (ipu)
170 (ipu)
1/0 (ipu)

170 (ipu)

FLAG[O] INPUT
FLAG[1] INPUT
FLAG[2] INPUT

FLAG[3] INPUT

FLAGO/Interrupt RequestO.
FLAG1/Interrupt Request1.

FLAG2/Interrupt Request2/Memory Select2. This pin is multiplexed with MS2
in the 196-ball BGA package only.

FLAG3/Timer Expired/Memory Select3. This pin is multiplexed with MS3 in the
196-ball BGA package only.

The following symbols appear in the Type column of Table 11: A = asynchronous, | = input, O = output, S = synchronous, A/D = active drive,
0/D = open drain, and T = three-state, ipd = internal pull-down resistor, ipu = internal pull-up resistor.

The internal pull-up (ipu) and internal pull-down (ipd) resistors are designed to hold the internal path from the pins at the expected logic
levels. To pull-up or pull-down the external pads to the expected logic levels, use external resistors. Internal pull-up/pull-down resistors
cannot be enabled/disabled and the value of these resistors cannot be programmed. The range of an ipu resistor can be 26 kQ to 63 kQ. The
range of an ipd resistor can be 31 kQ to 85 kQ). The three-state voltage of ipu pads will not reach to full the Vpp gy level; at typical conditions
the voltage is in the range of 2.3 Vto 2.7 V.
In this table, all pins are LVTTL compliant with the exception of the thermal diode, shift register, and real-time clock (RTC) pins.

Not all pins are available in the 88-lead LFCSP_VQ and 100-lead LQFP package. For more information, see Table 2 on Page 3 and Table 62 on

Page 70.
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Table 12. Pin List, Power and Ground

Name Type Description

Voo Nt P Internal Power Supply.

Voo_ext P 1/0 Power Supply.

Vbo_gTc P Real-Time Clock Power Supply. When RTC is not used, this pin should be connected to Vpp gxr.
GND' G Ground.

Voo_tHD P Thermal Diode Power Supply. When not used, this pin can be left floating.

! The exposed pad is required to be electrically and thermally connected to GND. Implement this by soldering the exposed pad to a GND PCB land that is the same size as the
exposed pad. The GND PCB land should be robustly connected to the GND plane in the PCB for best electrical and thermal performance. See also 88-LFCSP_VQ Lead
Assignment and 100-LQFP_EP Lead Assignment.
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ELECTRICAL CHARACTERISTICS

200 MHz 266 MHz 300 MHz
Parameter' |Description Test Conditions Min Max Min Max Min Max Unit
Vou? High Level Output Voltage | @ Vpp exr= Min, 2.4 2.4 2.4 Y
lon=—1.0 mA3
Vo2 Low Level Output Voltage | @ Vpp gxr = Min, 0.4 0.4 04 Y
lo = 1.0 mA3
[ High Level Input Current | @ Vpp gxr = Max, 10 10 10 HA
Vin = Vpp_exr Max
1A Low Level Input Current | @ Vpp_gxr = Max, Viy=0V -10 -10 -10 HA
leu® Low Level Input Current | @ Vpp gxr = Max, Viy=0V 200 200 200 HA
Pull-up
loze®” Three-State Leakage @ Vpp_exr = Max, 10 10 10 HA
Current Vin = Vpp_extr Max
loz® Three-State Leakage @ Vpp_exr=Max, Viy=0V -10 -10 -10 MA
Current
lozpy’ Three-State Leakage @ Vpp_exr=Max, Viy=0V 200 200 200 MA
Current Pull-up
lozpp® Three-State Leakage @ Vpp_exr= Max, 200 200 200 MA
Current Pull-down Vin = Vpp_ext Max
Ipp_rTc Vpp_gre Current @ Vop grc= 3.0, 0.76 0.76 0.76 MA
T,=25°C
lop_NT Supply Current (Internal) | fccx > 0 MHz Table 14 Table 14 Table 14 | mA
+ + +
Table 15 Table 15 Table 15
x ASF x ASF x ASF
Cp'om Input Capacitance Tease = 25°C 5 5 5 pF

! Specifications subject to change without notice.

2 Applies to output and bidirectional pins: ADDR23-0, DATA15-0, AMI_RD, AMI_WR, FLAG3-0, DAI_Px, DPI_Px, EMU, TDO, RESETOUT,MLBSIG, MLBDAT, MLBDO,
MLBSO, SDRAS, SDCAS, SDWE, SDCKE, SDA10, SDDQM, MS0-1.

*See Output Drive Currents for typical drive current capabilities.

* Applies to input pins: BOOT_CFGx, CLK_CFGx, TCK, RESET, CLKIN.

® Applies to input pins with internal pull-ups: TRST, TMS, TDI.

® Applies to three-statable pins: TDO, MLBDAT, MLBSIG, MLBDO, and MLBSO.

7 Applies to three-statable pins with pull-ups: DAI_Px, DPI_Px, EMU.

8 Applies to three-statable pin with pull-down: SDCLK.

? See Engineer-to-Engineer Note “Estimating Power Dissipation for ADSP-214xx SHARC Processors” for further information.
'°Applies to all signal pins.

""Guaranteed, but not tested.
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PMCTL
(SDCKR)
PMCTL
PLL (PLLBP)
cikiN_| [ cLkin [ fneur] LOOP fueo | PLL CCLK | SDRAM
> DIVIDER FLTER [] V€O 1| DIVIDER > DIVIDER
f(:!.‘,LK
XTAL T A
CLK_CFGx/ PMCTL ?
PMCTL PMCTL (2 x PLLM) (PLLD) PMCTL ».| DIVIDE [PCLK
(INDIV) (PLLBP) “| BY2
fueo + (2 x PLLM) | POLK
» CCLK
CLKOUT (TEST ONLY)*
Y >
DELAY OF RESETOUT RESETOUT
RESET —| 4096 CLKIN -
CYCLES
P CTORERST

*CLKOUT (TEST ONLY) FREQUENCY IS THE SAME AS f,,, .
THIS SIGNAL IS NOT SPECIFIED OR SUPPORTED FOR ANY DESIGN.

Figure 5. Core Clock and System Clock Relationship to CLKIN

Rev.D | Page260f76 | April2017



http://www.analog.com/ADSP-21479?src=ADSP-21477_21478_21479.pdf
http://www.analog.com/ADSP-21477?src=ADSP-21477_21478_21479.pdf
http://www.analog.com/ADSP-21478?src=ADSP-21477_21478_21479.pdf

ADSP-21471/ADSP-21478/ADSP-21419

Core Timer

The following timing specification applies to FLAG3 when it is
configured as the core timer (TMREXP).

Table 24. Core Timer

88-Lead LFCSP Package All Other Packages

Parameter Min Max Min Max Unit
Switching Characteristic

twerim TMREXP Pulse Width 4 X tpck— 1.55 4 X tpck—1.2 ns

| twerim _
FLAG3
(TMREXP)
Figure 12. Core Timer
Timer PWM_OUT Cycle Timing
The following timing specification applies to timer0 and timerl
in PWM_OUT (pulse-width modulation) mode. Timer signals
are routed to the DPI_P14-1 pins through the DPI SRU. There-
fore, the timing specifications provided below are valid at the
DPI_P14-1 pins.
Table 25. Timer PWM_OUT Timing
88-Lead LFCSP Package All Other Packages

Parameter Min Max Min Max Unit
Switching Characteristic

towmo Timer Pulse Width Output 2 X tpek — 1.65 2x (2P - 1) Xtpak |2 X tpek— 1.2 2x (2 - 1) Xtpk | NS

tPWMO ¥

PWM
OUTPUTS

Figure 13. Timer PWM_OUT Timing
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Serial Ports

In slave transmitter mode and master receiver mode, the maxi-
mum serial port frequency is fpci/8. In master transmitter
mode and slave receiver mode, the maximum serial port clock
frequency is fpcr /4.

To determine whether communication is possible between two
devices at clock speed, n, the following specifications must be
confirmed: 1) frame sync delay and frame sync setup and hold,
2) data delay and data setup and hold, and 3) SCLK width.

Table 34. Serial Ports—External Clock

Serial port signals (SCLK, FS, Data Channel A, Data Channel B)
are routed to the DAI_P20-1 pins using the SRU. Therefore, the
timing specifications provided below are valid at the

DAI_P20-1 pins.

88-Lead LFCSP Package All Other Packages
Parameter Min Max Min Max Unit
Timing Requirements
topee! Frame Sync Setup Before SCLK
(Externally Generated Frame Sync in Either Transmit or 4 25 ns
Receive Mode)
turse  Frame Sync Hold After SCLK
(Externally Generated Frame Sync in Either Transmit or 4 25 ns
Receive Mode)
toore'  Receive Data Setup Before Receive SCLK 4 2.5 ns
tuore'  Receive Data Hold After SCLK 4 2.5 ns
tsccw  SCLK Width (tpakX4)+2-1.5 (tpakX4)+2-1.5 ns
tscik SCLK Period tpak X 4 toak X 4 ns
Switching Characteristics
torse2  Frame Sync Delay After SCLK
(Internally Generated Frame Sync in Either Transmit or 15 15 ns
Receive Mode)
thorse2  Frame Sync Hold After SCLK
(Internally Generated Frame Sync in Either Transmit or 2 2 ns
Receive Mode)
toore?  Transmit Data Delay After Transmit SCLK 15 15 ns
tyore2  Transmit Data Hold After Transmit SCLK 2 2 ns

! Referenced to sample edge.
? Referenced to drive edge.
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Table 35. Serial Ports—Internal Clock

88-Lead LFCSP Package

All Other Packages

Parameter Min Max Min Max Unit

Timing Requirements

tepg' Frame Sync Setup Before SCLK
(Externally Generated Frame Sync in Either Transmit| 13 10.5 ns
or Receive Mode)

turs'  Frame Sync Hold After SCLK
(Externally Generated Frame Sync in Either Transmit| 2.5 2.5 ns
or Receive Mode)

toprl" Receive Data Setup Before SCLK 13 10.5 ns

tuor!  Receive Data Hold After SCLK 2.5 2.5 ns

Switching Characteristics

tors®  Frame Sync Delay After SCLK (Internally Generated 5 5 ns
Frame Sync in Transmit Mode)

tuors®  Frame Sync Hold After SCLK (Internally Generated | -1.0 -1.0 ns
Frame Sync in Transmit Mode)

torg®  Frame Sync Delay After SCLK (Internally Generated 10.7 10.7 ns
Frame Sync in Receive Mode)

thorsir®  Frame Sync Hold After SCLK (Internally Generated | -1.0 -1.0 ns
Frame Sync in Receive Mode)

topr?  Transmit Data Delay After SCLK 4 4 ns

tyor?  Transmit Data Hold After SCLK -1.0 -1.0 ns

tsckuw  Transmit or Receive SCLK Width 2 X tpk— 1.5 2Xtpek+ 1.5 [2Xtpak—1.5 2Xtpck+ 1.5 |[ns

! Referenced to the sample edge.
?Referenced to drive edge.
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Table 46. S/PDIF Transmitter Left-Justified Mode

Parameter Nominal Unit
Timing Requirement
tuo FS to MSB Delay in Left-Justified Mode 0 SCLK

DAI_P20-1
FS

DAI_P20-1
SCLK

DAI_P20-1
SDATA

)

(‘(‘ L4
LEFT/RIGHT CHANNEL
)}

).
(4 T¢

AVAVAVAVAVARVAVAVAVARVAN

!

tLip

(XWX Koo XX X

Figure 33. Left-Justified Mode
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S/PDIF Transmitter Input Data Timing

The timing requirements for the S/PDIF transmitter are given
in Table 47. Input signals are routed to the DAI_P20-1 pins
using the SRU. Therefore, the timing specifications provided
below are valid at the DAI_P20-1 pins.

Table 47. S/PDIF Transmitter Input Data Timing

88-Lead LFCSP Package All Other Packages

Parameter Min Max Min Max Unit
Timing Requirements

toises' Frame Sync Setup Before Serial Clock Rising Edge 45 3 ns
tomes' Frame Sync Hold After Serial Clock Rising Edge 3 3 ns
tesp! Data Setup Before Serial Clock Rising Edge 4.5 3 ns
toup' Data Hold After Serial Clock Rising Edge 3 3 ns
tsirxcLkw Transmit Clock Width 9 9 ns
tsirxcik Transmit Clock Period 20 20 ns
tsiscLkw Clock Width 36 36 ns
tsiscik Clock Period 80 80 ns

! The serial clock, data, and frame sync signals can come from any of the DAI pins. The serial clock and frame sync signals can also come via PCG or SPORTs. PCG’s input
can be either CLKIN or any of the DAI pins.

SAMPLE EDGE

tsitxcLkw tsitxcLk
DAI_P20-1
(TXCLK)
-« tgscik
ety scLow ————————>
DAI_P20-1
(SCLK)
tsisrs > > tsiHFs
DAI_P20-1
(FS)
~<——tsisp >l > tsiHp

DAI_P20-1
(SDATA)

Figure 34. S/PDIF Transmitter Input Timing

Oversampling Clock (TxCLK) Switching Characteristics

The S/PDIF transmitter requires an oversampling clock input.
This high frequency clock (TxCLK) input is divided down to
generate the internal biphase clock.

Table 48. Oversampling Clock (TxCLK) Switching Characteristics

Parameter Max Unit
Frequency for TXCLK = 384 x Frame Sync Oversampling Ratio x Frame Sync < 1/tgxcix MHz
Frequency for TXCLK = 256 x Frame Sync 49.2 MHz
Frame Rate (FS) 192.0 kHz
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SPI Interface—Master

Both the primary and secondary SPIs are available through DPI
only. The timing provided in Table 50 and Table 51 applies

to both.

Table 50. SPI Interface Protocol—Master Switching and Timing Specifications

88-Lead LFCSP Package All Other Packages
Parameter Min Max Min Max Unit
Timing Requirements
tsspiom Data Input Valid to SPICLK Edge (Data Input Setup Time) | 10 8.6 ns
thspiom SPICLK Last Sampling Edge to Data Input Not Valid 2 2 ns
Switching Characteristics
tspicLkm Serial Clock CyCle 8 X trck — 2 8 % trcik — 2 ns
tspicHm Serial Clock High Period 4 X tpk— 2 4 Xtk — 2 ns
tspicm Serial Clock Low Period 4 X tpex—2 4 X tpex— 2 ns
topspiom SPICLK Edge to Data Out Valid (Data Out Delay time) 2.5 2.5
thpspiom SPICLK Edge to Data Out Not Valid (Data Out Hold time) |4 x ook — 2 4 x trck — 2 ns
tspsam DPI Pin (SPI Device Select) Low to First SPICLK Edge 4 X tpex— 2 4 X tpex— 2 ns
thpsm Last SPICLK Edge to DPI Pin (SPI Device Select) High 4 X tpck - 2 4 X tpek— 2 ns
tspirom Sequential Transfer Delay 4 X tpck — 2 4 X tpe— 14 ns
(OUI?I'FF”IUT)
(\(\
tspscim tspichm tspicLm
- > > > ——— tspicLkm ———={<— thpsm —-{<— tsprom —>|
SPICLK 2
(cP=o,
cP=1)
(OUTPUT) e
t tupspibm
DDSPIDM - L
'd J)
MosI X “ *
(OUTPUT)
(’(’
CPHASE =1 tsspiom tsspiom
thspiom - thspipm
b))}
MISO N X
(INPUT) *
~ 2
tDDSPIDM -—— tHDSPIDM
'd )
MosI >< “ >< ;<
(OUTPUT)
(’(’
CPHASE = 0 tsspipm tuspiom
b))}
X D@ X
(INPUT)
N )

Figure 36.
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Media Local Bus

All the numbers given are applicable for all speed modes

(1024 FS, 512 FS, and 256 FS for 3-pin; 512 FS and 256 FS for
5-pin) unless otherwise specified. Please refer to MediaLB speci-
fication document rev 3.0 for more details.

Table 52. MLB Interface, 3-Pin Specifications

Parameter Min Typ Max Unit
3-Pin Characteristics
tmLBCLK MLB Clock Period

1024 FS 20.3 ns

512FS 40 ns

256 FS 81 ns
tvcke MLBCLK Low Time

1024 FS 6.1 ns

512FS 14 ns

256 FS 30 ns
tuakn MLBCLK High Time

1024 FS 9.3 ns

512FS 14 ns

256 FS 30 ns
tvckr MLBCLK Rise Time (V) to Vi)

1024 FS 1 ns

512 FS/256 FS 3 ns
ke MLBCLK Fall Time (V,y to V)

1024 FS 1 ns

512 FS/256 FS 3 ns
twpwy' MLBCLK Pulse Width Variation

1024 FS 0.7 ns p-p

512 FS/256 2.0 ns p-p
tosmcr DAT/SIG Input Setup Time 1 ns
toHmcE DAT/SIG Input Hold Time 1.2 ns
tvcroz DAT/SIG Output Time to Three-State 0 15 ns
tvcory DAT/SIG Output Data Delay From MLBCLK Rising Edge 8 ns
typza’ Bus Hold Time

1024 FS 2 ns

512 FS/256 4 ns
Cuis DAT/SIG Pin Load

1024 FS 40 pf

512 FS/256 60 pf

! Pulse width variation is measured at 1.25 V by triggering on one edge of MLBCLK and measuring the spread on the other edge, measured in ns peak-to-peak (p-p).
?The board must be designed to ensure that the high impedance bus does not leave the logic state of the final driven bit for this time period. Therefore, coupling must be

minimized while meeting the maximum capacitive load listed.
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OUTLINE DIMENSIONS

The processors are available in 88-lead LFCSP_VQ, 100-lead
LQFP_EP and 196-ball CSP_BGA RoHS compliant packages.
For package assignment by model, see Ordering Guide.
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== -}~ 0.60 0.045 FOR PROPER CONNECTION OF
0.85 0.025 THE EXPOSED PAD, REFER TO
0.75 [ l S K3 l__ 0.025 THE PIN CONFIGURATION AND
0.005 FUNCTION DESCRIPTIONS
SEATING COPLANARITY SECTION OF THIS DATA SHEET.
PLANE 0.08

0.138~0.194 REF

*COMPLIANT TO JEDEC STANDARDS MO-220-VRRD
EXCEPT FOR MINIMUM THICKNESS AND LEAD COUNT.

Figure 57. 88-Lead Lead Frame Chip Scale Package [LFCSP_VQ']
(CP-88-5)
Dimensions Shown in Millimeters

! For information relating to the exposed pad on the CP-88-5 package, see the table endnote on Page 68.
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