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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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Generic Interrupt Controller (GIC), PL390 
(ADSP-SC57x Only)

The generic interrupt controller (GIC) is a centralized resource 
for supporting and managing interrupts. The GIC splits into the 
distributor block (GICPORT0) and the central processing unit 
(CPU) interface block (GICPORT1).

Generic Interrupt Controller Port0 (GICPORT0)
The GICPORT0 distributor block performs interrupt prioritiza-
tion and distribution to the GICPORT1 CPU interface blocks 
that connect to the processors in the system. It centralizes all 
interrupt sources, determines the priority of each interrupt, and 
forwards the interrupt with the highest priority to the interface, 
for priority masking and preemption handling.

Generic Interrupt Controller Port1 (GICPORT1)
The GICPORT1 CPU interface block performs priority masking 
and preemption handling for a connected processor in the sys-
tem. GICPORT1 supports 8 software generated interrupts 
(SGIs) and 212 shared peripheral interrupts (SPIs).

L2 Cache Controller, PL310 (ADSP-SC57x Only)

The Level 2 (L2) cache controller, PL310 (see Figure 2), works 
efficiently with the ARM Cortex-A5 processors that implement 
system fabric. The cache controller directly interfaces on the 
data and instruction interface. The internal pipelining of the 
cache controller is optimized to enable the processors to operate 
at the same clock frequency. The cache controller supports the 
following:

• Two read/write 64-bit slave ports, one connected to the 
ARM Cortex-A5 instruction and data interfaces, and one 
connecting the ARM Cortex-A5 and SHARC+ cores for 
data coherency.

• Two read/write 64-bit master ports for interfacing with the 
system fabric.

SHARC PROCESSOR 
Figure 3 shows the SHARC processor integrates a SHARC+ 
SIMD core, L1 memory crossbar, I/D cache controller, L1 mem-
ory blocks, and the master/slave ports. Figure 4 shows the 
SHARC+ SIMD core block diagram.
The SHARC processor supports a modified Harvard architec-
ture in combination with a hierarchical memory structure. L1 
memories typically operate at the full processor speed with little 
or no latency.

Figure 3. SHARC Processor Block Diagram
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Single-Instruction, Multiple Data (SIMD) Computational 
Engine

The SHARC+ core contains two computational processing ele-
ments that operate as a single-instruction, multiple data (SIMD) 
engine. 
The processing elements are referred to as PEx and PEy data 
registers and each contain an arithmetic logic unit (ALU), mul-
tiplier, shifter, and register file. PEx is always active and PEy is 
enabled by setting the PEYEN mode bit in the mode control 
register (MODE1). 
SIMD mode allows the processors to execute the same instruc-
tion in both processing elements, but each processing element 
operates on different data. This architecture efficiently executes 
math intensive DSP algorithms. In addition to all the features of 
previous generation SHARC cores, the SHARC+ core also pro-
vides a new and simpler way to execute an instruction only on 
the PEy data register.
SIMD mode also affects the way data transfers between memory 
and the processing elements because to sustain computational 
operation in the processing elements requires twice the data 
bandwidth. Therefore, entering SIMD mode doubles the band-
width between memory and the processing elements. When 
using the DAGs to transfer data in SIMD mode, two data values 
transfer with each memory or register file access.

Independent Parallel Computation Units 

Within each processing element is a set of pipelined computa-
tional units. The computational units consist of a multiplier, 
arithmetic/logic unit (ALU), and shifter. These units are 
arranged in parallel, maximizing computational throughput. 
These computational units support IEEE 32-bit single-precision 
floating-point, 40-bit extended-precision floating-point, IEEE 
64-bit double-precision floating-point, and 32-bit fixed-point 
data formats. 
A multifunction instruction set supports parallel execution of 
the ALU and multiplier operations. In SIMD mode, the parallel 
ALU and multiplier operations occur in both processing ele-
ments per core.
All processing operations take one cycle to complete. For all 
floating-point operations, the processor takes two cycles to 
complete in case of data dependency. Double-precision float-
ing-point data take two to six cycles to complete. The processor 
stalls for the appropriate number of cycles for an interlocked 
pipeline plus data dependency check.

Core Timer

Each SHARC+ processor core also has a timer. This extra timer 
is clocked by the internal processor clock and is typically used as 
a system tick clock for generating periodic operating system 
interrupts.

Data Register File

Each processing element contains a general-purpose data regis-
ter file. The register files transfer data between the computation 
units and the data buses, and store intermediate results. These 
10-port, 32-register register files (16 primary, 16 secondary), 
combined with the enhanced Harvard architecture of the pro-
cessor, allow unconstrained data flow between computation 
units and internal memory. The registers in the PEx data regis-
ter file are referred to as R0–R15 and in the PEy data register file 
as S0–S15.

Context Switch

Many of the registers of the processor have secondary registers 
that can activate during interrupt servicing for a fast context 
switch. The data, DAG, and multiplier result registers have sec-
ondary registers. The primary registers are active at reset, while 
control bits in MODE1 activate the secondary registers.

Universal Registers

General-purpose tasks use the universal registers. The four 
USTAT registers allow easy bit manipulations (set, clear, toggle, 
test, XOR) for all control and status peripheral registers.
The data bus exchange register (PX) permits data to pass 
between the 64-bit PM data bus and the 64-bit DM data bus or 
between the 40-bit register file and the PM or DM data bus. 
These registers contain hardware to handle the data width 
difference. 

Data Address Generators (DAG) With Zero-Overhead 
Hardware Circular Buffer Support

For indirect addressing and implementing circular data buffers 
in hardware, the ADSP-SC57x/ADSP-2157x processor uses the 
two data address generators (DAGs). Circular buffers allow effi-
cient programming of delay lines and other data structures 
required in digital signal processing, and are commonly used in 
digital filters and fast Fourier transforms (FFT). The two DAGs 
of the processors contain sufficient registers to allow the cre-
ation of up to 32 circular buffers (16 primary register sets and 
16 secondary sets). 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 Architecture (ISA)

The flexible instruction set architecture (ISA), a 48-bit instruc-
tion word, accommodates various parallel operations for 
concise programming. For example, the processors can condi-
tionally execute a multiply, an add, and a subtract in both 
processing elements while branching and fetching up to four 
32-bit values from memory—all in a single instruction. Addi-
tionally, the double-precision floating-point instruction set is an 
addition to the SHARC+ core.
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Controller Area Network (CAN) 

There are two controller area network (CAN) modules. A CAN 
controller implements the CAN 2.0B (active) protocol. This 
protocol is an asynchronous communications protocol used in 
both industrial and automotive control systems. The CAN pro-
tocol is well suited for control applications due to the capability 
to communicate reliably over a network. This is because the 
protocol incorporates CRC checking, message error tracking, 
and fault node confinement. 
The CAN controller offers the following features:

• 32 mailboxes (8 receive only, 8 transmit only, 16 configu-
rable for receive or transmit)

• Dedicated acceptance masks for each mailbox
• Additional data filtering on the first two bytes
• Support for both the standard (11-bit) and extended 

(29-bit) identifier (ID) message formats
• Support for remote frames
• Active or passive network support
• Interrupts, including transmit and receive complete, error, 

and global
An additional crystal is not required to supply the CAN clock 
because it is derived from a system clock through a programma-
ble divider.

Timers

The processors include several timers that are described in the 
following sections.

General-Purpose (GP) Timers (TIMER)
There is one general-purpose (GP) timer unit, providing eight 
GP programmable timers. Each timer has an external pin that 
can be configured either as PWM or timer output, as an input to 
clock the timer, or as a mechanism for measuring pulse widths 
and periods of external events. These timers can be synchro-
nized to an external clock input on the TM_TMR[n] pins, an 
external TM_CLK input pin, or to the internal SCLK0.
These timer units can be used in conjunction with the UARTs 
and the CAN controller to measure the width of the pulses in 
the data stream to provide a software autobaud detect function 
for the respective serial channels. 
The GP timers can generate interrupts to the processor core, 
providing periodic events for synchronization to either the sys-
tem clock or to external signals. Timer events can also trigger 
other peripherals via the TRU (for instance, to signal a fault). 
Each timer can also be started and/or stopped by any TRU mas-
ter without core intervention. 

Watchdog Timer (WDT)
Three on-chip software watchdog timers (WDT) can be used by 
the ARM Cortex-A5 and/or SHARC+ cores. A software watch-
dog can improve system availability by forcing the processors to 
a known state, via a general-purpose interrupt, or a fault, if the 
timer expires before being reset by software. 

The programmer initializes the count value of the timer, enables 
the appropriate interrupt, then enables the timer. Thereafter, 
the software must reload the counter before it counts down to 
zero from the programmed value, protecting the system from 
remaining in an unknown state where software that normally 
resets the timer stops running due to an external noise condi-
tion or software error.

General-Purpose Counters (CNT)

A 32-bit counter (CNT) is provided that can operate in general-
purpose up/down count modes and can sense 2-bit quadrature 
or binary codes as typically emitted by industrial drives or man-
ual thumbwheels. Count direction is either controlled by a level-
sensitive input pin or by two edge detectors.
A third counter input can provide flexible zero marker support 
and can input the push button signal of thumbwheel devices. All 
three CNT0 pins have a programmable debouncing circuit.
Internal signals forwarded to a GP timer enable the timer to 
measure the intervals between count events. Boundary registers 
enable auto-zero operation or simple system warning by inter-
rupts when programmed count values are exceeded.

Housekeeping Analog-to-Digital Converter (HADC)

The housekeeping analog-to-digital converter (HADC) pro-
vides a general-purpose, multichannel successive 
approximation ADC. It supports the following set of features:

• 12-bit ADC core with built in sample and hold.
• Eight single-ended input channels for the BGA package; 

four single-ended input channels for the LQFP package.
• Throughput rates up to 1 MSPS.
• Single external reference with analog inputs between 

0 V and 3.3 V.
• Selectable ADC clock frequency including the ability to 

program a prescaler.
• Adaptable conversion type; allows single or continuous 

conversion with option of autoscan.
• Autosequencing capability with up to eight autoconver-

sions in a single session. Each conversion can be 
programmed to select one to eight input channels.

• Six data registers (individually addressable) to store con-
version values

USB 2.0 On the Go (OTG) Dual-Role Device Controller 
(BGA Only)

The USB supports high speed/full speed/low speed (HS/FS/LS) 
USB2.0 on the go (OTG). 
The USB 2.0 OTG dual-role device controller provides a low 
cost connectivity solution in industrial applications, as well as 
consumer mobile devices such as cell phones, digital still cam-
eras, and MP3 players. The USB 2.0 controller allows these 
devices to transfer data using a point to point USB connection 
without the need for a PC host. The module can operate in a tra-
ditional USB peripheral only mode as well as the host mode 
presented in the OTG supplement to the USB 2.0 specification. 
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The two capacitors and the series resistor, shown in Figure 6, 
fine tune phase and amplitude of the sine frequency. The capac-
itor and resistor values shown in Figure 6 are typical values 
only. The capacitor values are dependent upon the load capaci-
tance recommendations of the crystal manufacturer and the 
physical layout of the printed circuit board (PCB). The resistor 
value depends on the drive level specified by the crystal manu-
facturer. The user must verify the customized values based on 
careful investigations on multiple devices over the required 
temperature range.
A third overtone crystal can be used for frequencies above 
25 MHz. The circuit is then modified to ensure crystal operation 
only at the third overtone by adding a tuned inductor circuit, 
shown in Figure 6. A design procedure for third overtone opera-
tion is discussed in detail in “Using Third Overtone Crystals 
with the ADSP-218x DSP” (EE-168). The same recommenda-
tions can be used for the USB crystal oscillator.

Clock Distribution Unit (CDU)

The two CGUs each provide outputs which feed a clock distri-
bution unit (CDU). The clock outputs CLKO0–CLKO9 are 
connected to various targets. For more information, refer to the 
ADSP-SC57x/ADSP-2157x SHARC+ Processor Hardware 
Reference.

Power-Up

SYS_XTALx oscillations (SYS_CLKINx) start when power is 
applied to the VDD_EXT pins. The rising edge of SYS_HWRST 
starts on-chip PLL locking (PLL lock counter). The deassertion 
must apply only if all voltage supplies and SYS_CLKINx oscilla-
tions are valid (refer to the Power-Up Reset Timing section).

Clock Out/External Clock

The SYS_CLKOUT output pin has programmable options to 
output divided-down versions of the on-chip clocks. By default, 
the SYS_CLKOUT pin drives a buffered version of the 
SYS_ CLKIN0 input. Refer to the ADSP-SC57x/ADSP-2157x 
SHARC+ Processor Hardware Reference to change the default 
mapping of clocks.

Booting

The processors have several mechanisms for automatically load-
ing internal and external memory after a reset. The boot mode is 
defined by the SYS_BMODE[n] input pins. There are two cate-
gories of boot modes. In master boot mode, the processors 
actively load data from serial memories. In slave boot modes, 
the processors receive data from external host devices. 
The boot modes are shown in Table 9. These modes are imple-
mented by the SYS_BMODE[n] bits of the reset configuration 
register and are sampled during power-on resets and software 
initiated resets.
In the ADSP-SC57x processors, the ARM Cortex-A5 (Core 0) 
controls the boot process, including loading all internal and 
external memory. Likewise, in the ADSP-2157x processors, the 
SHARC+ (Core 1) controls the boot function. The option for 
secure boot is available on all models.

Thermal Monitoring Unit (TMU)

The thermal monitoring unit (TMU) provides on-chip tem-
perature measurement for applications that require substantial 
power consumption. The TMU is integrated into the processor 
die and digital infrastructure using an MMR-based system 
access to measure the die temperature variations in real-time.
TMU features include the following:

• On-chip temperature sensing
• Programmable over temperature and under temperature 

limits
• Programmable conversion rate
• Programmable clock source selection to run the sensor off 

an independent local clock 
• Averaging feature available

Power Supplies

The processors have separate power supply connections for
• Internal (VDD_INT)
• External (VDD_EXT)
• USB (VDD_USB)
• HADC/TMU (VDD_HADC)
• DMC (VDD_DMC)

All power supplies must meet the specifications provided in 
Operating Conditions section. All external supply pins must be 
connected to the same power supply.

Power Management

As shown in Table 10, the processors support four different 
power domains, which maximizes flexibility while maintaining 
compliance with industry standards and conventions. There are 
no sequencing requirements for the various power domains, but 
all domains must be powered according to the appropriate spec-
ifications (see the Specifications section for processor operating 
conditions). If the feature or the peripheral is not used, refer to 
Table 25.

Table 9. Boot Modes

SYS_BMODE[n] Setting1, 2 Boot Mode
000 No boot
001 SPI2 master
010 SPI2 slave
011 UART0 slave
100 Reserved
101 Reserved
110 Link0 slave

1 SYS_BMODE2 pin is applicable only for the BGA package.
2 Link0 slave boot is supported only on the BGA package.
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Board Support Packages (BSPs) 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 
located on the web page for the associated EZ-KIT or EZ-
Extender product.

Middleware Packages

Analog Devices 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/ucos2
• www.analog.com/ucos3
• www.analog.com/ucfs
• www.analog.com/ucusbd
• www.analog.com/ucusbh
• 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 CrossCore Embedded Studio. For more 
information visit www.analog.com.

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 
emulator accesses the internal features of the processor via the 
TAP, allowing the developer to load code, set breakpoints, 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 
emulators require the target board to include a header that sup-
ports connection of the JTAG port of the DSP 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 “Analog Devices JTAG 
Emulation Technical Reference” (EE-68).

ADDITIONAL INFORMATION
This data sheet provides a general overview of the ADSP-
SC57x/ADSP-2157x architecture and functionality. For detailed 
information on the core architecture and instruction set, refer to 
the SHARC+ Core 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 application signal chains page in the Circuits from the Lab® 
site (www.analog.com\circuits) provides the following:

• 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
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DAI0_PIN16 InOut A Programmable PullUp1 none VDD_EXT Desc: DAI0 Pin 16
Notes: See note2

DAI0_PIN17 InOut A Programmable PullUp3 none VDD_EXT Desc: DAI0 Pin 17
Notes: See note2

DAI0_PIN18 InOut A Programmable PullUp3 none VDD_EXT Desc: DAI0 Pin 18
Notes: See note2

DAI0_PIN19 InOut A Programmable PullUp3 none VDD_EXT Desc: DAI0 Pin 19
Notes: See note2

DAI0_PIN20 InOut A Programmable PullUp3 none VDD_EXT Desc: DAI0 Pin 20
Notes: See note2

DMC0_A00 Output B none L VDD_DMC Desc: DMC0 Address 0
Notes: No notes

DMC0_A01 Output B none L VDD_DMC Desc: DMC0 Address 1
Notes: No notes

DMC0_A02 Output B none L VDD_DMC Desc: DMC0 Address 2
Notes: No notes

DMC0_A03 Output B none L VDD_DMC Desc: DMC0 Address 3
Notes: No notes

DMC0_A04 Output B none L VDD_DMC Desc: DMC0 Address 4
Notes: No notes

DMC0_A05 Output B none L VDD_DMC Desc: DMC0 Address 5
Notes: No notes

DMC0_A06 Output B none L VDD_DMC Desc: DMC0 Address 6
Notes: No notes

DMC0_A07 Output B none L VDD_DMC Desc: DMC0 Address 7
Notes: No notes

DMC0_A08 Output B none L VDD_DMC Desc: DMC0 Address 8
Notes: No notes

DMC0_A09 Output B none L VDD_DMC Desc: DMC0 Address 9
Notes: No notes

DMC0_A10 Output B none L VDD_DMC Desc: DMC0 Address 10
Notes: No notes

DMC0_A11 Output B none L VDD_DMC Desc: DMC0 Address 11
Notes: No notes

DMC0_A12 Output B none L VDD_DMC Desc: DMC0 Address 12
Notes: No notes

DMC0_A13 Output B none L VDD_DMC Desc: DMC0 Address 13
Notes: No notes

DMC0_A14 Output B none L VDD_DMC Desc: DMC0 Address 14
Notes: No notes

DMC0_A15 Output B none L VDD_DMC Desc: DMC0 Address 15
Notes: No notes

DMC0_BA0 Output B none L VDD_DMC Desc: DMC0 Bank Address Input 0
Notes: No notes

DMC0_BA1 Output B none L VDD_DMC Desc: DMC0 Bank Address Input 1
Notes: No notes

DMC0_BA2 Output B none L VDD_DMC Desc: DMC0 Bank Address Input 2
Notes: No notes

Table 25. ADSP-SC57x/ADSP-2157x Designer Quick Reference (Continued)

Signal Name Type Driver Type Internal Termination Reset Drive Power Domain Description and Notes
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PD_00 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 0
Notes: See note2

PD_01 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 1
Notes: See note2

PD_02 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 2
Notes: See note2

PD_03 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 3
Notes: See note2

PD_04 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 4
Notes: See note2

PD_05 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 5
Notes: See note2

PD_06 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 6
Notes: See note2

PD_07 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 7
Notes: See note2

PD_08 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 8
Notes: See note2

PD_09 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 9
Notes: See note2

PD_10 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 10
Notes: See note2

PD_11 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 11
Notes: See note2

PD_12 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 12
Notes: See note2

PD_13 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 13
Notes: See note2

PD_14 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 14
Notes: See note2

PD_15 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTD Position 15
Notes: See note2

PE_00 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 0
Notes: See note2

PE_01 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 1
Notes: See note2

PE_02 InOut H none none VDD_EXT Desc: PORTE Position 2
Notes: Connect to VDD_EXT or GND if 
not used

PE_03 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 3
Notes: See note2

PE_04 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 4
Notes: See note2

PE_05 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 5
Notes: See note2

PE_06 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 6
Notes: See note2

PE_07 InOut A Programmable PullUp1 none VDD_EXT Desc: PORTE Position 7
Notes: See note2

Table 25. ADSP-SC57x/ADSP-2157x Designer Quick Reference (Continued)

Signal Name Type Driver Type Internal Termination Reset Drive Power Domain Description and Notes
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DDR3 SDRAM Clock and Control Cycle Timing

Table 49 and Figure 16 show mobile DDR3 SDRAM clock and control cycle timing, related to the DMC.

Table 49. DDR3 SDRAM Clock and Control Cycle Timing, VDD_DMC Nominal 1.5 V

450 MHz1

1 To ensure proper operation of the DDR3, all the DDR3 requirements must be strictly followed. See “Interfacing DDR3/DDR2/LPDDR Memory to ADSP-SC5xx/215xx 
Processors” (EE-387).

Parameter Min Max Unit

Switching Characteristics

tCK Clock Cycle Time (CL = 2 Not Supported) 2.22 ns

tCH(abs)
2

2 As per JESD79-3F definition.

Minimum Clock Pulse Width 0.47 0.53 tCK

tCL(abs)
2 Maximum Clock Pulse Width 0.47 0.53 tCK

tIS Control/Address Setup Relative to DMC0_CK Rise 0.2 ns

tIH Control/Address Hold Relative to DMC0_CK Rise 0.275 ns

Figure 16. DDR3 SDRAM Clock and Control Cycle Timing

NOTE: CONTROL = DMC0_CS0, DMC0_CKE, DMC0_RAS, DMC0_CAS, AND DMC0_WE.
 ADDRESS = DMC0_A0-A15 AND DMC0_BA0-BA2.
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DMC0_CK
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Figure 26. EPPI External Clock GP Receive Mode with External Frame Sync Timing

Figure 27. EPPI External Clock GP Transmit Mode with External Frame Sync Timing
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Link Ports (LPs)

In LP receive mode, the LP clock is supplied externally and is called fLCLKREXT, therefore the period can be represented by

In LP transmit mode, the programmed LP clock (fLCLKTPROG) frequency in megahertz is set by the following equation where VALUE is a 
field in the LP_DIV register that can be set from 1 to 255:

In the case where VALUE = 0, fLCLKTPROG = fSCLK0. For all settings of VALUE, the following equation is true:

Calculation of the link receiver data setup and hold relative to the link clock is required to determine the maximum allowable skew that 
can be introduced in the transmission path length difference between LPx_Dx and LPx_CLK. Setup skew is the maximum delay that can 
be introduced in LPx_Dx relative to LPx_CLK (setup skew = tLCLKTWH minimum – tDLDCH – tSLDCL). Hold skew is the maximum delay 
that can be introduced in LPx_CLK relative to LPx_Dx (hold skew = tLCLKTWL minimum – tHLDCH – tHLDCL).

Table 54. LPs—Receive1 

1 Specifications apply to LP0 and LP1.

Parameter Min Max Unit

Timing Requirements

fLCLKREXT LPx_CLK Frequency 112.5 MHz 

tSLDCL Data Setup Before LPx_CLK Low 0.9 ns 

tHLDCL Data Hold After LPx_CLK Low 1.4 ns 

tLCLKEW LPx_CLK Period2

2 This specification indicates the minimum instantaneous width or period that can be tolerated due to duty cycle variation or jitter on the external LPx_CLK. For the external 
LPx_CLK ideal maximum frequency, see the fLCLKTEXT specification in Table 27.

tLCLKREXT – 0.8 ns

tLCLKRWL LPx_CLK Width Low2 0.5 × tLCLKREXT ns 

tLCLKRWH LPx_CLK Width High2 0.5 × tLCLKREXT ns 

Switching Characteristic

tDLALC LPx_ACK Low Delay After LPx_CLK Low3

3 LPx_ACK goes low with tDLALC relative to rise of LPx_CLK after first byte, but does not go low if the link buffer of the receiver is not about to fill.

1.5 × tSCLK0 + 4 2.5 × tSCLK0 + 12 ns 

tLCLKREXT
1

fLCLKREXT
---------------=

fLCLKTPROG
fSCLK0

VALUE 2 
----------------------=

tLCLKTPROG
1

fLCLKTPROG
------------------=
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Table 55. LPs—Transmit1 

Parameter Min Max Unit

Timing Requirements

tSLACH LPx_ACK Setup Before LPx_CLK Low 2 × tSCLK0 + 13.5 ns 

tHLACH LPx_ACK Hold After LPx_CLK Low –5.5 ns 

Switching Characteristics

tDLDCH Data Delay After LPx_CLK High 2.23 ns 

tHLDCH Data Hold After LPx_CLK High –2.3 ns 

tLCLKTWL
2 LPx_CLK Width Low 0.4 × tLCLKTPROG 0.6 × tLCLKTPROG ns 

tLCLKTWH
2 LPx_CLK Width High 0.4 × tLCLKTPROG 0.6 × tLCLKTPROG ns 

tLCLKTW
2 LPx_CLK Period N × tLCLKTPROG – 0.6 ns 

tDLACLK LPx_CLK Low Delay After LPx_ACK High tSCLK0 + 4 2 × tSCLK0 + 1 × tLPCLK + 10 ns 
1 Specifications apply to LP0 and LP1.
2 See Table 27 for details on the minimum period that can be programmed for tLCLKTPROG.

Figure 29. LPs—Transmit 

LPx_CLK
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tSLACH tHLACH tDLACLK

tLCLKTWH tLCLKTWL
LAST BYTE

TRANSMITTED
FIRST BYTE

TRANSMITTED1

NOTES
The tSLACH and tHLACH  specifications apply only to the LPx_CLK falling edge.  If these specifications are met, 
LPx_CLK extends and the dotted LPx_CLK falling edge does not occur as shown.  The position of the 
dotted falling edge can be calculated using the tLCLKTWH specification.  tLCLKTWH Min must be used for tSLACH 
and tLCLKTWH Max for tHLACH.
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Table 60. SPORTs—External Late Frame Sync1

Parameter Min Max Unit

Switching Characteristics

tDDTLFSE Data Delay from Late External Transmit Frame Sync or External Receive Frame 
Sync with MCE = 1, MFD = 02

14 ns

tDDTENFS Data Enable for MCE = 1, MFD = 02 0.5 ns
1 Specifications apply to all four SPORTs.
2 The tDDTLFSE and tDDTENFS parameters apply to left justified as well as standard serial mode and MCE = 1, MFD = 0.

Figure 33. External Late Frame Sync
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DAI0 Pin to DAI0 Pin Direct Routing

Table 75 and Figure 46 describe I/O timing related to the DAI for direct pin connections only (for example, DAI0_PB01_I to 
DAI0_PB02_O).

Up/Down Counter/Rotary Encoder Timing

Table 76 and Figure 47 describe timing, related to the general-purpose counter (CNT).

Figure 45. Timer Cycle Timing

Table 75. DAI Pin to DAI Pin Routing

Parameter Min Max Unit
Switching Characteristic
tDPIO Delay DAI Pin Input Valid to DAI Output Valid 1.5 12 ns

Figure 46. DAI Pin to DAI Pin Direct Routing

Table 76. Up/Down Counter/Rotary Encoder Timing 

Parameter Min Max Unit

Timing Requirement

tWCOUNT Up/Down Counter/Rotary Encoder Input Pulse Width 2 × tSCLK0 ns

Figure 47. Up/Down Counter/Rotary Encoder Timing
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ADC Controller Module (ACM) Timing

Table 77 and Figure 48 describe ACM operations. 
When internally generated, the programmed ACM clock (fACLKPROG) frequency in megahertz is set by the following equation where 
CKDIV is a field in the ACM_TC0 register and ranges from 1 to 255: 

Setup cycles (SC) in Table 77 is also a field in the ACM_TC0 register and ranges from 0 to 4095. Hold Cycles (HC) is a field in the 
ACM_TC1 register that ranges from 0 to 15. 

Table 77. ACM Timing

Parameter Min Max Unit

Timing Requirements

tSDR SPORT DRxPRI/DRxSEC Setup Before ACMx_CLK 3.4 ns

tHDR SPORT DRxPRI/DRxSEC Hold After ACMx_CLK 1.5 ns

Switching Characteristics

tSCTLCS ACM Controls (ACMx_A[4:0]) Setup Before Assertion of CS (SC + 1) × tSCLK1 – 4.88 ns

tHCTLCS ACM Control (ACMx_A[4:0]) Hold After Deassertion of CS HC × tACLKPROG – 1 ns

tACLKW ACM Clock Pulse Width1

1 See Table 27 for details on the minimum period that can be programmed for tACLKPROG.

(0.5 × tACLKPROG) – 1.6 ns

tACLK ACM Clock Period1  tACLKPROG – 1.5 ns

tHCSACLK CS Hold to ACMx_CLK Edge –2.5 ns

tSCSACLK CS Setup to ACMx_CLK Edge tACLKPROG – 3.5 ns

Figure 48. ACM Timing
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10/100 EMAC Timing

Table 79 through Table 83 and Figure 49 through Figure 53 describe the MII and RMII EMAC operations. 

Table 79. 10/100 EMAC Timing: MII Receive Signal 

Parameter1

1 MII inputs synchronous to ETH0_RXCLK_REFCLK are ETH0_RXD3-0, ETH0_RXCTL_RXDV, and ETH0_RXERR.

VDDEXT 3.3V Nominal

Min Max Unit

Timing Requirements

tERXCLKF ETH0_RXCLK_REFCLK Frequency (fSCLK = SCLK Frequency) None 25 + 1% MHz

tERXCLKW ETH0_RXCLK_REFCLK Width (tERxCLK = ETH0_RXCLK_REFCLK Period) tERxCLK × 35% tERxCLK × 65% ns

tERXCLKIS Rx Input Valid to ETH0_RXCLK_REFCLK Rising Edge (Data In Setup) 1.75 ns

tERXCLKIH ETH0_RXCLK_REFCLK Rising Edge to Rx Input Invalid (Data In Hold) 1.5 ns

Figure 49. 10/100 EMAC Timing: MII Receive Signal

Table 80. 10/100 EMAC Timing: MII Transmit Signal 

Parameter1

1 MII outputs synchronous to ETH0_TXCLK are ETH0_TXD3-0.

VDDEXT 3.3V Nominal

Min Max Unit

Timing Requirements

tETXCLKF ETH0_TXCLK Frequency (fSCLK = SCLK Frequency) None 25 + 1% MHz

tETXCLKW ETH0_TXCLK Width (tETxCLK = ETH0_TXCLK Period) tETxCLK × 35% tETxCLK × 65% ns

Switching Characteristics

tETXCLKOV ETH0_TXCLK Rising Edge to Tx Output Valid (Data Out Valid) 11.4 ns

tETXCLKOH ETH0_TXCLK Rising Edge to Tx Output Invalid (Data Out Hold) 2 ns

Figure 50. 10/100 EMAC Timing: MII Transmit Signal
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Sony/Philips Digital Interface (S/PDIF) Transmitter

Serial data input to the S/PDIF transmitter can be formatted as left justified, I2S, or right justified with word widths of 16, 18, 20, or 24 bits. 
The following sections provide timing for the transmitter.

S/PDIF Transmitter Serial Input Waveforms
Figure 55 and Table 85 show the right justified mode. Frame sync is high for the left channel and low for the right channel. Data is valid on 
the rising edge of serial clock. The MSB is delayed the minimum in 24-bit output mode or the maximum in 16-bit output mode from a 
frame sync transition, so that when there are 64 serial clock periods per frame sync period, the LSB of the data is right justified to the next 
frame sync transition.

Table 85. S/PDIF Transmitter Right Justified Mode

Parameter Conditions Nominal Unit
Timing Requirement
tRJD Frame Sync to MSB Delay in Right Justified Mode 16-bit word mode 16 SCLK

18-bit word mode 14 SCLK
20-bit word mode 12 SCLK
24-bit word mode 8 SCLK

Figure 55. Right Justified Mode
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S/PDIF Transmitter Input Data Timing
The timing requirements for the S/PDIF transmitter are given in Table 88. Input signals are routed to the DAI0_PINx pins using the SRU. 
Therefore, the timing specifications provided below are valid at the DAI0_PINx pins.

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 88. S/PDIF Transmitter Input Data Timing 

Parameter Min Max Unit

Timing Requirements

tSISFS
1

1 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. The input of the 
PCG can be either CLKIN or any of the DAI pins.

Frame Sync Setup Before Serial Clock Rising Edge 3 ns 

tSIHFS
1 Frame Sync Hold After Serial Clock Rising Edge 3 ns 

tSISD
1 Data Setup Before Serial Clock Rising Edge 3 ns 

tSIHD
1 Data Hold After Serial Clock Rising Edge 3 ns 

tSITXCLKW Transmit Clock Width 9 ns 

tSITXCLK Transmit Clock Period 20 ns 

tSISCLKW Clock Width 36 ns 

tSISCLK Clock Period 80 ns 

Figure 58. S/PDIF Transmitter Input Timing

Table 89. Oversampling Clock (TxCLK) Switching Characteristics

Parameter Max Unit
Switching Characteristics 
fTXCLK_384 Frequency for TxCLK = 384 × Frame Sync Oversampling ratio × frame sync ≤ 1/tSITXCLK MHz
fTXCLK_256 Frequency for TxCLK = 256 × Frame Sync 49.2 MHz
fFS Frame Rate (FS) 192.0 kHz

SAMPLE EDGE

DAI0_PIN20–1
(TxCLK)

DAI0_PIN20–1
(SCLK)

DAI0_PIN20–1
(FS)

DAI0_PIN20–1
(SDATA)

tSITXCLKW tSITXCLK

tSISCLKW

tSISCLK

tSISFS tSIHFS

tSISD tSIHD
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Figure 64. MLB 6-Pin Disable and Enable Turnaround Times
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ADSP-SC57x/ADSP-2157x 400-BALL BGA BALL ASSIGNMENTS (ALPHABETICAL BY PIN NAME)

Pin Name Ball No.
DAI0_PIN01 D19
DAI0_PIN02 F19
DAI0_PIN03 E20
DAI0_PIN04 D20
DAI0_PIN05 H18
DAI0_PIN06 F20
DAI0_PIN07 E19
DAI0_PIN08 G18
DAI0_PIN09 G20
DAI0_PIN10 G19
DAI0_PIN11 H20
DAI0_PIN12 J18
DAI0_PIN13 J19
DAI0_PIN14 H19
DAI0_PIN15 K18
DAI0_PIN16 J20
DAI0_PIN17 L18
DAI0_PIN18 K20
DAI0_PIN19 K19
DAI0_PIN20 L20
DMC0_A00 U20
DMC0_A01 T19
DMC0_A02 T18
DMC0_A03 U19
DMC0_A04 V19
DMC0_A05 V20
DMC0_A06 U18
DMC0_A07 W20
DMC0_A08 W17
DMC0_A09 P03
DMC0_A10 P04
DMC0_A11 N01
DMC0_A12 N03
DMC0_A13 N02
DMC0_A14 M01
DMC0_A15 M02
DMC0_BA0 R18
DMC0_BA1 V17
DMC0_BA2 U15
DMC0_CAS V15
DMC0_CK Y08
DMC0_CKE Y16
DMC0_CK Y09
DMC0_CS0 Y17
DMC0_DQ00 Y15
DMC0_DQ01 Y14

DMC0_DQ02 W14
DMC0_DQ03 W13
DMC0_DQ04 W12
DMC0_DQ05 W11
DMC0_DQ06 Y11
DMC0_DQ07 Y10
DMC0_DQ08 Y05
DMC0_DQ09 W05
DMC0_DQ10 Y04
DMC0_DQ11 W04
DMC0_DQ12 W03
DMC0_DQ13 V02
DMC0_DQ14 U02
DMC0_DQ15 U01
DMC0_LDM Y07
DMC0_LDQS Y12
DMC0_LDQS Y13
DMC0_ODT W16
DMC0_RAS V16
DMC0_RESET T20
DMC0_RZQ P02
DMC0_UDM Y06
DMC0_UDQS Y03
DMC0_UDQS Y02
DMC0_VREF P01
DMC0_WE U16
GND A01
GND A09
GND A12
GND A15
GND A20
GND B02
GND B19
GND C03
GND C18
GND D04
GND D17
GND E05
GND E16
GND F06
GND F15
GND G06
GND G07
GND G08
GND G09
GND G10

Pin Name Ball No.
GND G11
GND G12
GND G13
GND G14
GND G15
GND H06
GND H07
GND H08
GND H09
GND H10
GND H11
GND H12
GND H13
GND H14
GND H15
GND J06
GND J07
GND J08
GND J09
GND J10
GND J11
GND J12
GND J13
GND J14
GND J15
GND K06
GND K07
GND K08
GND K09
GND K10
GND K11
GND K12
GND K13
GND K14
GND K15
GND L06
GND L07
GND L08
GND L09
GND L10
GND L11
GND L12
GND L13
GND L14
GND L15
GND L19

Pin Name Ball No.
GND M06
GND M07
GND M08
GND M09
GND M10
GND M11
GND M12
GND M13
GND M14
GND M15
GND N06
GND N07
GND N08
GND N09
GND N10
GND N11
GND N12
GND N13
GND N14
GND N15
GND N20
GND P07
GND P14
GND R06
GND R15
GND T05
GND T16
GND U04
GND U17
GND V03
GND V18
GND W02
GND W19
GND Y01
GND Y20
HADC0_VIN0 P18
HADC0_VIN1 P17
HADC0_VIN2 R19
HADC0_VIN3 N19
HADC0_VIN4 N18
HADC0_VIN5 M19
HADC0_VIN6 M20
HADC0_VIN7 M18
HADC0_VREFN P20
HADC0_VREFP P19
JTG_TCK E14

Pin Name Ball No.
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ADSP-SC57X/ADSP-2157X 176-LEAD LQFP LEAD ASSIGNMENTS (ALPHABETICAL BY PIN NAME)

Pin Name  Lead No.
DAI0_PIN01 123
DAI0_PIN02 127
DAI0_PIN03 121
DAI0_PIN04 122
DAI0_PIN05 120
DAI0_PIN06 118
DAI0_PIN07 119
DAI0_PIN08 117
DAI0_PIN09 116
DAI0_PIN10 113
DAI0_PIN11 112
DAI0_PIN12 111
DAI0_PIN13 110
DAI0_PIN14 108
DAI0_PIN15 107
DAI0_PIN16 106
DAI0_PIN17 105
DAI0_PIN18 102
DAI0_PIN19 101
DAI0_PIN20 100
GND 02
GND 15
GND 44
GND 45
GND 65
GND 83
GND 89
GND 97
GND 99
GND 125
GND 131
GND 133
GND 176
GND 1771

HADC0_VIN0 91
HADC0_VIN1 92
HADC0_VIN2 94
HADC0_VIN3 95
HADC0_VREFN 93
HADC0_VREFP 96
JTG_TCK 135
JTG_TDI 137
JTG_TDO 136
JTG_TMS 138
JTG_TRST 153
PA_00 80

PA_01 79
PA_02 77
PA_03 76
PA_04 75
PA_05 74
PA_06 70
PA_07 69
PA_08 68
PA_09 13
PA_10 10
PA_11 11
PA_12 08
PA_13 06
PA_14 05
PA_15 04
PB_00 174
PB_01 173
PB_02 172
PB_03 169
PB_04 168
PB_05 166
PB_06 165
PB_07 162
PB_08 161
PB_09 159
PB_10 148
PB_11 146
PB_12 144
PB_13 142
PB_14 141
PB_15 128
PC_00 34
PC_01 33
PC_02 32
PC_03 29
PC_04 28
PC_05 27
PC_06 26
PC_07 25
PC_08 24
PC_09 23
PC_10 22
PC_11 20
PC_12 19
PC_13 18
PC_14 17

Pin Name  Lead No.
PC_15 12
PD_00 67
PD_01 64
PD_02 63
PD_03 62
PD_04 61
PD_05 51
PD_06 50
PD_07 49
PD_08 48
PD_09 43
PD_10 42
PD_11 41
PD_12 40
PD_13 37
PD_14 36
PD_15 35
SYS_BMODE0 86
SYS_BMODE1 87
SYS_CLKIN0 154
SYS_CLKOUT 157
SYS_FAULT 85
SYS_HWRST 151
SYS_RESOUT 81
SYS_XTAL0 155
TWI0_SCL 54
TWI0_SDA 53
TWI1_SCL 56
TWI1_SDA 55
TWI2_SCL 58
TWI2_SDA 57
VDD_EXT 09
VDD_EXT 21
VDD_EXT 31
VDD_EXT 38
VDD_EXT 46
VDD_EXT 60
VDD_EXT 71
VDD_EXT 78
VDD_EXT 84
VDD_EXT 104
VDD_EXT 115
VDD_EXT 126
VDD_EXT 140
VDD_EXT 143
VDD_EXT 147

Pin Name  Lead No.
VDD_EXT 149
VDD_EXT 152
VDD_EXT 158
VDD_EXT 160
VDD_EXT 164
VDD_EXT 167
VDD_EXT 171
VDD_HADC 90
VDD_INT 01
VDD_INT 03
VDD_INT 07
VDD_INT 14
VDD_INT 16
VDD_INT 30
VDD_INT 39
VDD_INT 47
VDD_INT 52
VDD_INT 59
VDD_INT 66
VDD_INT 72
VDD_INT 73
VDD_INT 82
VDD_INT 88
VDD_INT 98
VDD_INT 103
VDD_INT 109
VDD_INT 114
VDD_INT 124
VDD_INT 129
VDD_INT 130
VDD_INT 132
VDD_INT 134
VDD_INT 139
VDD_INT 145
VDD_INT 150
VDD_INT 156
VDD_INT 163
VDD_INT 170
VDD_INT 175

1 Pin 177 is the GND supply (see Figure 91) 
for the processor; this pad must connect 
to GND.

Pin Name  Lead No.
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