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ADSP-21367/ADSP-21368/ADSP-21369

GENERAL DESCRIPTION

The ADSP-21367/ADSP-21368/ADSP-21369 SHARC® proces-
sors are members of the SIMD SHARC family of DSPs that
feature Analog Devices’ Super Harvard Architecture. These pro-
cessors are source code-compatible with the ADSP-2126x and
ADSP-2116x DSPs as well as with first generation ADSP-2106x
SHARC processors in SISD (single-instruction, single-data)
mode. The processors are 32-bit/40-bit floating-point proces-
sors optimized for high performance automotive audio
applications with its large on-chip SRAM, mask programmable
ROM, multiple internal buses to eliminate I/O bottlenecks, and
an innovative digital applications interface (DAI).

As shown in the functional block diagram on Page 1, the
processors use two computational units to deliver a significant
performance increase over the previous SHARC processors on a
range of DSP algorithms. Fabricated in a state-of-the-art, high
speed, CMOS process, the ADSP-21367/ADSP-21368/
ADSP-21369 processors achieve an instruction cycle time of up
to 2.5 ns at 400 MHz. With its SIMD computational hardware,
the processors can perform 2.4 GFLOPS running at 400 MHz.

Table 1 shows performance benchmarks for these devices.

Table 1. Processor Benchmarks (at 400 MHz)

Speed

Benchmark Algorithm (at 400 MHz)
1024 Point Complex FFT (Radix 4, with reversal) | 23.2 ps
FIR Filter (per tap)’ 1.25ns
IIR Filter (per biquad)’ 5.0ns
Matrix Multiply (pipelined)

[3x3] x [3x1] 11.25ns

[4x4] x [4x1] 20.0ns
Divide (y/x) 8.75ns
Inverse Square Root 13.5ns

! Assumes two files in multichannel SIMD mode.

Table 2. ADSP-2136x Family Features’
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Feature < < < <
Frequency 400 MHz
RAM 2M bits
ROM? 6M bits
Audio Decoders in ROM Yes
Pulse-Width Modulation Yes
S/PDIF Yes
SDRAM Memory Bus Width 32/16 bits
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Table 2. ADSP-2136x Family Features' (Continued)
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Feature < < <<
Serial Ports 8
IDP Yes
DAl Yes
UART 2
DAl Yes
DPI Yes
S/PDIF Transceiver 1
AMI Interface Bus Width 32/16/8 bits
SPI 2
TWI Yes
SRC Performance 128 dB
Package 256 Ball- | 256 Ball- | 256 Ball-
BGA, BGA BGA,
208-Lead 208-Lead
LQFP_EP LQFP_EP

"W = Automotive grade product. See Automotive Products on Page 61 for more
information.

? Audio decoding algorithms include PCM, Dolby Digital EX, Dolby Prologic Ilx,
DTS 96/24, Neo:6, DTS ES, MPEG-2 AAC, MP3, and functions like bass
management, delay, speaker equalization, graphic equalization, and more.
Decoder/post-processor algorithm combination support varies depending upon
the chip version and the system configurations. Please visit www.analog.com for
complete information.

The diagram on Page 1 shows the two clock domains that make
up the ADSP-21367/ADSP-21368/ ADSP-21369 processors. The
core clock domain contains the following features.

« Two processing elements (PEx, PEy), each of which com-
prises an ALU, multiplier, shifter, and data register file

o Data address generators (DAG1, DAG2)
» Program sequencer with instruction cache

« PM and DM buses capable of supporting 2x64-bit data
transfers between memory and the core at every core pro-
cessor cycle

« One periodic interval timer with pinout
o On-chip SRAM (2M bit)
o On-chip mask-programmable ROM (6M bit)

o JTAG test access port for emulation and boundary scan.
The JTAG provides software debug through user break-
points which allows flexible exception handling.
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The block diagram of the ADSP-21368 on Page 1 also shows the
peripheral clock domain (also known as the I/O processor) and

contains the following features:

« 10DO (peripheral DMA) and IOD1 (external port DMA)

buses for 32-bit data transfers

o Peripheral and external port buses for core connection

o External port with an AMI and SDRAM controller

e 4 units for PWM control

o 1 MTM unit for internal-to-internal memory transfers

« Digital applications interface that includes four precision
clock generators (PCG), a input data port (IDP) for serial
and parallel interconnect, an S/PDIF receiver/transmitter,
four asynchronous sample rate converters, eight serial
ports, a flexible signal routing unit (DAI SRU).

« Digital peripheral interface that includes three timers, a 2-
wire interface, two UARTS, two serial peripheral interfaces
(SPI), 2 precision clock generators (PCG) and a flexible sig-
nal routing unit (DPI SRU).

SHARC FAMILY CORE ARCHITECTURE

The ADSP-21367/ADSP-21368/ADSP-21369 are code compati-
ble at the assembly level with the ADSP-2126x, ADSP-21160,
and ADSP-21161, and with the first generation ADSP-2106x
SHARC processors. The ADSP-21367/ADSP-21368/
ADSP-21369 processors share architectural features with the
ADSP-2126x and ADSP-2116x SIMD SHARC processors, as
shown in Figure 2 and detailed in the following sections.
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Figure 2. SHARC Core Block Diagram
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The serial ports also contain frame sync error detection logic
where the serial ports detect frame syncs that arrive early (for
example, frame syncs that arrive while the transmission/recep-
tion of the previous word is occurring). All the serial ports also
share one dedicated error interrupt.

S/PDIF-Compatible Digital Audio Receiver/Transmitter

The S/PDIF receiver/transmitter has no separate DMA chan-
nels. It receives audio data in serial format and converts it into a
biphase encoded signal. The serial data input to the
receiver/transmitter can be formatted as left-justified, IS, or
right-justified with word widths of 16, 18, 20, or 24 bits.

The serial data, clock, and frame sync inputs to the S/PDIF
receiver/transmitter are routed through the signal routing unit
(SRU). They can come from a variety of sources such as the
SPORTS, external pins, the precision clock generators (PCGs),
or the sample rate converters (SRC) and are controlled by the
SRU control registers.

Synchronous/Asynchronous Sample Rate Converter

The sample rate converter (SRC) contains four SRC blocks and
is the same core as that used in the AD1896 192 kHz stereo
asynchronous sample rate converter and provides up to 128 dB
SNR. The SRC block is used to perform synchronous or asyn-
chronous sample rate conversion across independent stereo
channels, without using internal processor resources. The four
SRC blocks can also be configured to operate together to con-
vert multichannel audio data without phase mismatches.
Finally, the SRC can be used to clean up audio data from jittery
clock sources such as the S/PDIF receiver.

Input Data Port

The IDP provides up to eight serial input channels—each with
its own clock, frame sync, and data inputs. The eight channels
are automatically multiplexed into a single 32-bit by eight-deep
FIFO. Data is always formatted as a 64-bit frame and divided
into two 32-bit words. The serial protocol is designed to receive
audio channels in 128, left-justified sample pair, or right-justi-
fied mode. One frame sync cycle indicates one 64-bit left/right
pair, but data is sent to the FIFO as 32-bit words (that is, one-
half of a frame at a time). The processor supports 24- and 32-bit
I°S, 24- and 32-bit left-justified, and 24-, 20-, 18- and 16-bit
right-justified formats.

Precision Clock Generators

The precision clock generators (PCG) consist of four units, each
of which generates a pair of signals (clock and frame sync)
derived from a clock input signal. The units, A B, C, and D, are
identical in functionality and operate independently of each
other. The two signals generated by each unit are normally used
as a serial bit clock/frame sync pair.

Digital Peripheral Interface (DPI)

The digital peripheral interface provides connections to two
serial peripheral interface ports (SPI), two universal asynchro-
nous receiver-transmitters (UARTS), a 2-wire interface (TWI),
12 flags, and three general-purpose timers.
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Serial Peripheral (Compatible) Interface

The processors contain two serial peripheral interface ports
(SPIs). 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
synchronous serial interface, supporting both master and slave
modes. The SPI port can operate in a multimaster environment
by interfacing with up to four other SPI-compatible devices,
either acting as a master or slave device. The ADSP-21367/
ADSP-21368/ADSP-21369 SPI-compatible peripheral imple-
mentation also features programmable baud rate and clock
phase and polarities. The SPI-compatible port uses open-drain
drivers to support a multimaster 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 five data bits
to eight data bits, one stop bit or two 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.

« 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:

« Supporting bit rates ranging from (f;/1,048,576) to
(fyoue/16) bits per second.

o Supporting data formats from 7 bits to 12 bits per frame.

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

Where the 16-bit UART_Divisor comes from the DLH register
(most significant eight bits) and DLL register (least significant
eight bits).

In conjunction with the general-purpose timer functions, auto-
baud detection is supported.
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Figure 3. Analog Power (Aypp) Filter Circuit

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 ADSP-21367/
ADSP-21368/ADSP-21369 processors to monitor and control
the target board processor during emulation. Analog Devices
DSP Tools product line of JTAG emulators provides 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
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.
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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 VisualDSP++ 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
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.
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Table 8. Pin Descriptions (Continued)

Name

Type

State During/
After Reset
(ID=00x)

Description

0 (0/D, pu)

Emulation Status. Must be connected to the ADSP-21367/ADSP-21368/
ADSP-21369 Analog Devices DSP Tools product line of JTAG emulator target board con-
nectors only.

CLK_CFG;o

CLKIN

XTAL

Core/CLKIN Ratio Control. These pins set the start-up clock frequency. See the processor
hardware reference for a description of the clock configuration modes.

Note that the operating frequency can be changed by programming the PLL multiplier
and divider in the PMCTL register at any time after the core comes out of reset.

Local Clock In. Used with XTAL. CLKIN is the processor’s clock input. It configures the
processors to use either its internal clock generator or an external clock source. Connect-
ing the necessary components to CLKIN and XTAL enables the internal clock generator.
Connecting the external clock to CLKIN while leaving XTAL unconnected configures the
processor to use an external clock such as an external clock oscillator. CLKIN may not be
halted, changed, or operated below the specified frequency.

Crystal Oscillator Terminal. Used in conjunction with CLKIN to drive an external crystal.

RESET

RESETOUT

Driven low/
driven high

Processor Reset. Resets the processorto aknown state. Upon deassertion, thereis a4096
CLKIN cycle latency for the PLL to lock. After this time, the core begins program execution
from the hardware reset vector address. The RESET input must be asserted (low) at power-

up.

Reset Out. Drives out the core reset signal to an external device.

BOOT_CFG;

Boot Configuration Select. These pins select the boot mode for the processor. The
BOOT_CFG pins must be valid before reset is asserted. See the processor hardware
reference for a description of the boot modes.

1Dy

RPBA

/0 (pu)’

Pulled high/
pulled high

External Bus Request. Used by the ADSP-21368 processor to arbitrate for bus master-
ship. A processor only drives its own BR, line (corresponding to the value of its ID2-0
inputs) and monitors all others. In a system with less than four processors, the unused BR,
pins should be tied high; the processor’s own BR, line must not be tied high or low
because it is an output.

ProcessorID. Determines which busrequest (BR,_;) is used by the ADSP-21368 processor.
ID =001 corresponds to BR; ID = 010 corresponds to BR,, and 5o on. Use ID = 000 or 001
in single-processor systems. These lines are a system configuration selection that should
be hardwired or only changed at reset. ID = 101,110, and 111 are reserved.

Rotating Priority Bus Arbitration Select. When RPBA is high, rotating priority for the
ADSP-21368 external bus arbitration is selected. When RPBA is low, fixed priority is
selected. This signal is a system configuration selection which must be set to the same
value on every processor in the system.

! The pull-up is always enabled on the ADSP-21367 and ADSP-21369 processors. The pull-up on the ADSP-21368 processor is only enabled on the processor with ID,_, = 00x
?Pull-up can be enabled/disabled, value of pull-up cannot be programmed.
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o The product of CLKIN and PLLM must never exceed fyco
(max) in Table 13 if the input divider is enabled
(INDIV =1).

The VCO frequency is calculated as follows:

fVCO =2xPLLM XfINPUT
fecrx = (2 x PLLM X finpyr) + (2 x PLLD)

where:
fvco = VCO output

PLLM = Multiplier value programmed in the PMCTL register.
During reset, the PLLM value is derived from the ratio selected
using the CLK_CFG pins in hardware.

PLLD = Divider value 1, 2, 4, or 8 based on the PLLD value pro-
grammed on the PMCTL register. During reset this value is 1.

fiveur = Input frequency to the PLL.
fineur = CLKIN when the input divider is disabled or
fiveur = CLKIN + 2 when the input divider is enabled

Note the definitions of the clock periods that are a function of
CLKIN and the appropriate ratio control shown in and

Table 11. All of the timing specifications for the ADSP-2136x
peripherals are defined in relation to t,q . See the peripheral spe-
cific timing section for each peripheral’s timing information.

Table 11. Clock Periods

Timing

Requirements Description

t CLKIN Clock Period

teax Processor Core Clock Period

toaik Peripheral Clock Period = 2 X t

Figure 5 shows core to CLKIN relationships with external oscil-
lator or crystal. The shaded divider/multiplier blocks denote
where clock ratios can be set through hardware or software
using the power management control register (PMCTL). For
more information, see the processor hardware reference.

PMCTL
(SDCKR)
PMCTL
PLL (PLLBP)
(72}
f 7] CCLK
CLKIN CLKIN finput LOOP veo PLL % SDRAM |
> —> — = 2 >
DIVIDER FILTER EEC DIVIDER »|E = DIVIDER
y feck |2
XTAL Y
f PMCTL
(2xPLLD) ?
PMCTL
(INDIV) PLL - PMCTL »| DIVIDE |PCLK
MULTIPLIER (PLLBP) BY 2
L » PCLK
CLK_CFGx/PMCTL (2xPLLM)
» CCLK
CLKOUT (TEST ONLY)
i -
=
DELAY OF =
—>| 4096 CLKIN > E
CYCLES

\

Figure 5. Core Clock and System Clock Relationship to CLKIN
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Clock Input

Table 13. Clock Input

400 MHZ' 366 MHz2 350 MHZ3 333 MHz* 266 MHz®

Parameter Min Max Min Max Min Max Min Max Min Max Unit
Timing Requirements

te CLKIN Period 158 100 16.39% 100 17.14% 100 188 100 22,55 100 ns
tee  CLKIN Width Low 7.5 45 8.1 45 8.5 45 9’ 45 11.25'" 45 ns
taw  CLKIN Width High 7.5 45 8.1" 45 8.5 45 9’ 45 11.25'" 45 ns
tar  CLKIN Rise/Fall (0.4 Vto 2.0V) 3 3 3 3 3 ns
te’  CCLK Period 2.58 10 273% 10 2855 10 3.08 10 3.75¢ 10 ns
ff  VCO Frequency 100 800 100 800 100 800 100 800 100 600 MHz
te” ' CLKIN Jitter Tolerance -250  +250 |-250 4250 |-250  +250 |-250 4250 [-250  +250 |ps

! Applies to all 400 MHz models. See Ordering Guide on Page 61.
? Applies to all 366 MHz models. See Ordering Guide on Page 61.
* Applies to all 350 MHz models. See Ordering Guide on Page 61.
* Applies to all 333 MHz models. See Ordering Guide on Page 61.
* Applies to all 266 MHz models. See Ordering Guide on Page 61.
¢ Applies only for CLK_CFG1-0 = 00 and default values for PLL control bits in PMCTL.

7 Any changes to PLL control bits in the PMCTL register must meet core clock timing specification te.

8See Figure 5 on Page 19 for VCO diagram.

® Actual input jitter should be combined with ac specifications for accurate timing analysis.
!Yitter specification is maximum peak-to-peak time interval error (TIE) jitter.

CLKIN

le—— tokn

tek ——

teks

Figure 7. Clock Input
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Clock Signals

The processors can use an external clock or a crystal. See the
CLKIN pin description in Table 8 on Page 13. Programs can
configure the processor to use its internal clock generator by
connecting the necessary components to CLKIN and XTAL.
Figure 8 shows the component connections used for a crystal

operating in fundamental mode.

Note that the clock rate is achieved using a 25 MHz crystal and a
PLL multiplier ratio 16:1 (CCLK:CLKIN achieves a clock speed
of 400 MHz). To achieve the full core clock rate, programs need
to configure the multiplier bits in the PMCTL register.

o

ADSP-2136x
CLKIN R1 XTAL
1M

$ R2
T a1

c & D Qe
22pF Y1 22pF

25.00 MHz

R2 SHOULD BE CHOSEN TO LIMIT CRYSTAL
DRIVE POWER. REFER TO CRYSTAL
MANUFACTURER’S SPECIFICATIONS

Figure 8. 400 MHz Operation (Fundamental Mode Crystal)
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Precision Clock Generator (Direct Pin Routing) inputs and outputs are not directly routed to/from DAI pins (via
pin buffers) there is no timing data available. All timing param-
eters and switching characteristics apply to external DAI pins
(DAIL_P01-20).

This timing is only valid when the SRU is configured such that
the precision clock generator (PCG) takes its inputs directly
from the DAI pins (via pin buffers) and sends its outputs
directly to the DAI pins. For the other cases, where the PCG’s

Table 20. Precision Clock Generator (Direct Pin Routing)

Parameter Min Max Unit

Timing Requirements

Tocer Input Clock Period oo X 4 ns

tormc PCG Trigger Setup Before Falling 45 ns
Edge of PCG Input Clock

tummic PCG Trigger Hold After Falling 3 ns

Edge of PCG Input Clock
Switching Characteristics

torceio PCG Output Clock and Frame Sync Active Edge 2.5 10 ns
Delay After PCG Input Clock

Tormiccuk PCG Output Clock Delay After PCG Trigger 2.5 + (2.5 X tpegp) 10 + (2.5 X toegp) ns

Tormicrs PCG Frame Sync Delay After PCG Trigger 2.5+ ((2.5 + D = PH) X toegp) 10+ ((2.5 + D = PH) X togp) ns

toccon Output Clock Period 2 X toegp = 1 ns

D = FSxDIV, and PH = FSxPHASE. For more information, see the processor hardware reference, “Precision Clock Generators” chapter.

!'In normal mode.

tsTriG tutric
DAI_Pn e
DPI_Pn
PCG_TRIGx_| (\(\
DAI_Pm
DPI_Pm
PCG_EXTx_I|
(CLKIN)
torcaio tecap
DAI_Py
DPI_Py
PCG_CLKx_O »
torriceLK - tppcaio tecoow
DAI_Pz
DPI_Pz
PCG_FSx_O »
|e—— toTRIGFS

Figure 15. Precision Clock Generator (Direct Pin Routing)
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SDRAM Interface Enable/Disable Timing (166 MHz SDCLK)

Table 23. SDRAM Interface Enable/Disable Timing'

Parameter Min Max Unit
Switching Characteristics

Tosoc Command Disable After CLKIN Rise 2 Xt + 3 ns
Tensoc Command Enable After CLKIN Rise 4.0 ns
tosoee SDCLK Disable After CLKIN Rise 8.5 ns

| PR SDCLK Enable After CLKIN Rise 3.8 ns
tosoen Address Disable After CLKIN Rise 9.2 ns
Lensoca Address Enable After CLKIN Rise 2 X toe— 4 4 X ook ns

For f., = 400 MHz (SDCLK ratio = 1:2.5).

- tosoc
thspcc
COMMAND tpspca
SDCLK
ADDR
tenspc
< » LENSDCA
tensocc
COMMAND
SDCLK
ADDR

Figure 18. SDRAM Interface Enable/Disable Timing
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ADDR
MSx

DATA

ACK

le—— tparL —>-|=

trw »<«—>| tprHA
b)Y
«
le——tprip | tsps ———»
- toap > <¢—— thprH ——>~
)
[($
X} »

«
e— tpsak —>| - trwr >
toaak >

/ N

).

«

Figure 19. Memory Read
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Shared Memory Bus Request

Use these specifications for passing bus mastership between
ADSP-21368 processors (BRx).

Table 27. Multiprocessor Bus Request

Parameter Min Max Unit
Timing Requirements

toom BRx, Setup Before CLKIN High 9 ns
togn BRx, Hold After CLKIN High 0.5 ns
Switching Characteristics

toso BRx Delay After CLKIN High 9 ns
tusro BRx Hold After CLKIN High 1.0 ns

CLKIN \

toero

tuero

BRy(OUT)

tseri tugri

BRy(IN) X X

Figure 22. Shared Memory Bus Request
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Table 29. Serial Ports—Internal Clock

Parameter Min Max Unit

Timing Requirements

tyg FS Setup Before SCLK 7 ns
(Externally Generated FS in Either Transmit or Receive Mode)

g FS Hold After SCLK 2.5 ns
(Externally Generated FS in Either Transmit or Receive Mode)

toon' Receive Data Setup Before SCLK 7 ns

ton Receive Data Hold After SCLK 2.5 ns

Switching Characteristics

tors FS Delay After SCLK (Internally Generated FS in Transmit Mode) 4 ns

thors? FS Hold After SCLK (Internally Generated FS in Transmit Mode) -1.0 ns

torn’ FS Delay After SCLK (Internally Generated FS in Receive Mode) 9.75 ns

thorsi’ FS Hold After SCLK (Internally Generated FS in Receive Mode) -1.0 ns

toor” Transmit Data Delay After SCLK 3.25 ns

f— Transmit Data Hold After SCLK -1.0 ns

e Transmit or Receive SCLK Width 2 X tx— 1.5 2Xt+ 1.5 |ns

!Referenced to the sample edge.

?Referenced to drive edge.

* Minimum SPORT divisor register value.

Table 30. Serial Ports—Enable and Three-State

Parameter Min Max Unit

Switching Characteristics

topren Data Enable from External Transmit SCLK 2 ns

toore Data Disable from External Transmit SCLK 10 ns

oo Data Enable from Internal Transmit SCLK -1 ns

! Referenced to drive edge.

Table 31. Serial Ports—External Late Frame Sync

Parameter Min Max Unit

Switching Characteristics

topmrse Data Delay from Late External Transmit FS or External Receive 7.75 ns

FS with MCE=1, MFD =0
toprenrs Data Enable for MCE=1, MFD =0 0.5 ns

" The topms: and topreys parameters apply to left-justified sample pair as well as DSP serial mode, and MCE = 1, MFD = 0.
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EXTERNAL RECEIVE FS WITH MCE =1, MFD =0

DRIVE SAMPLE DRIVE N
DAI_P20-1 h
(SCLK) 5)
[{¢
thrsEN [e—

- tsesen -
)
DAI_P20-1 «
(FS) N
[{¢

tooTEN
topTENFS ¢
> HDTEN
DAI_P20-1 2
(DATA CHANNEL ———— 1ST BIT 2ND BIT
A/B) %
topTLFSE

LATE EXTERNAL TRANSMIT FS

DRIVE SAMPLE DRIVE "
DAI_P20-1 v
(SCLK) N
[{¢

tursen

- tsrsen >
)
DAI_P20-1 «
(FS) N
[{¢

topTEN
topTENFS ¢
> HDTEN
DAI_P20-1 2
(DATA CHANNEL ———— 1ST BIT 2ND BIT
A/B) %2
topTLFsE

Figure 25. External Late Frame Sync’

! This figure reflects changes made to support left-justified sample pair mode.
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Input Data Port

The timing requirements for the IDP are given in Table 32. IDP
signals SCLK, frame sync (FS), and SDATA are routed to the
DAI_P20-1 pins using the SRU. Therefore, the timing specifica-
tions provided below are valid at the DAI_P20-1 pins.

Table 32. IDP

Parameter Min Max Unit
Timing Requirements

toers FS Setup Before SCLK Rising Edge 4 ns
tours' FS Hold After SCLK Rising Edge 2.5 ns
tosp! SDATA Setup Before SCLK Rising Edge 2.5 ns
top SDATA Hold After SCLK Rising Edge 2.5 ns

| P Clock Width (te x4)+2-1 ns
topcik Clock Period to X 4 ns

! DATA, SCLK, FS can come from any of the DAI pins. SCLK and FS can also come via PCG or SPORTs. PCG’s input can be either CLKIN or any of the DAI pins.

SAMPLE EDGE  T——

t
DA|_P20—1 —_—\ _ IDPCLKW ./
(SCLK)

tsisrs —o-{a— tsiHFs ——»]
DAI_P20-1
(FS)

tsisp ¢
la—— tsiip ——»|
DAI_P20-1
(SDATA)

Figure 26. IDP Master Timing
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Parallel Data Acquisition Port (PDAP) chapter of the ADSP-21368 SHARC Processor Hardware
Reference. Note that the 20 bits of external PDAP data can be

The timing requirements for the PDAP are provided in provided through the external port DATA31-12 pins or the

Table 33. PDAP is the parallel mode operation of Channel 0 of

the IDP. For details on the operation of the IDP, see the IDP DAIpins.

Table 33. Parallel Data Acquisition Port (PDAP)
Parameter Min Max Unit
Timing Requirements
topown PDAP_HOLD Setup Before PDAP_CLK Sample Edge 2.5 ns
tuemolo. PDAP_HOLD Hold After PDAP_CLK Sample Edge 2.5 ns
tooso! PDAP_DAT Setup Before SCLK PDAP_CLK Sample Edge 3.85 ns
toouo! PDAP_DAT Hold After SCLK PDAP_CLK Sample Edge 2.5 ns
Tonciiw Clock Width (e X4)+2-3 ns
toncik Clock Period ok X 4 ns
Switching Characteristics
Loomion Delay of PDAP Strobe After Last PDAP_CLK Capture Edge for a Word 2 Xt + 3 ns
Topsras PDAP Strobe Pulse Width 2 Xt — 1 ns

! Data Source pins are DATA31-12, or DAI pins. Source pins for SCLK and FS are: 1) DATA11-10 pins, 2) DAI pins.

SAMPLE EDGE

teocLk
_ tepcLkw _
DAI_P20-1
(PDAP_CLK)
A tspHOLD thPHOLD
DAI_P20-1
(PDAP_HOLD)
- tepsp _ | teowo
DAI_P20-1/
ADDR23-4
(PDAP_DATA)
tepHLDD tepsTrRB
DAI_P20-1 -
(PDAP_STROBE)

Figure 27. PDAP Timing
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Pulse-Width Modulation Generators

Table 34. PWM Timing

Parameter Min Max Unit

Switching Characteristics

ommn PWM Output Pulse Width to — 2 (210 = 2) X tou ns

o PWM Output Period 2 Xt~ 1.5 (27 = 1) X to ns
—— thwmw

PWM
OUTPUTS

- tewmp >

Figure 28. PWM Timing

Sample Rate Converter—Serial Input Port

The SRC input signals SCLK, frame sync (FS), and SDATA are
routed from the DAI_P20-1 pins using the SRU. Therefore, the
timing specifications provided in Table 35 are valid at the
DAI_P20-1 pins.

Table 35. SRC, Serial Input Port

Parameter Min Max Unit
Timing Requirements

topesrs' FS Setup Before SCLK Rising Edge 4 ns
oncrrs FS Hold After SCLK Rising Edge 5.5 ns
topesp' SDATA Setup Before SCLK Rising Edge 4 ns
tesarn SDATA Hold After SCLK Rising Edge 5.5 ns
Tonccuow Clock Width (tex X 4) +2-1 ns
Topcaux Clock Period toe X 4 ns

! DATA, SCLK, FS can come from any of the DAI pins. SCLK and FS can also come via PCG or SPORTs. PCG’s input can be either CLKIN or any of the DAI pins.
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S/PDIF Transmitter

Serial data input to the S/PDIF transmitter can be formatted as
left justified, IS, 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 31 shows the right-justified mode. LRCLK is high for the
left channel and low for the right channel. Data is valid on the
rising edge of SCLK. The MSB is delayed 12-bit clock periods
(in 20-bit output mode) or 16-bit clock periods (in 16-bit output

mode) from an LRCLK transition, so that when there are 64
SCLK periods per LRCLK period, the LSB of the data is right-
justified to the next LRCLK transition.

))

[(¢
DAI_P20-1
FS »

(4
LEFT/RIGHT CHANNEL ><
)}
0

€

BV AVAVAVERAVAVAVAVAVARRVAVAVAVAN

- trip

|
DAI_P20-1
SDATA

Figure 31. Right-Justified Mode

Figure 32 shows the default I’S-justified mode. LRCLK is low
for the left channel and high for the right channel. Data is valid
on the rising edge of SCLK. The MSB is left-justified to an
LRCLK transition but with a single SCLK period delay.

). ))

DAI_P20-1 >
FS

1
LEFT/RIGHT CHANNEL X
). ))

[(4 T¢

DAI_P20-1
SCLK
tisp
DAI_P20-1
SDATA

Figure 32. PS-Justified Mode
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SPI Interface—Master

The processors contain two SPI ports. The primary has dedi-
cated pins and the secondary is available through the DPI. The
timing provided in Table 40 and Table 41 on Page 49 applies
to both.

Table 40. SPI Interface Protocol—Master Switching and Timing Specifications

Parameter Min Max Unit
Timing Requirements
Losoom Data Input Valid to SPICLK Edge (Data Input Setup Time) 8.2 ns
Lyspiom SPICLK Last Sampling Edge to Data Input Not Valid 2 ns
Switching Characteristics
Topicuam Serial Clock Cycle 8 X toe— 2 ns
Lopicm Serial Clock High Period 4 Xty — 2 ns
| - Serial Clock Low Period 4 Xty — 2 ns
Loospiom SPICLK Edge to Data Out Valid (Data Out Delay Time) 2.5 ns
Liospiom SPICLK Edge to Data Out Not Valid (Data Out Hold Time) 4 X tp— 2 ns
Topsam DPI Pin (SPI Device Select) Low to First SPICLK Edge A X tpq— 2 ns
Lo Last SPICLK Edge to DPI Pin (SPI Device Select) High 4 Xt — 2 ns
 Po— Sequential Transfer Delay 4 Xty — 1 ns
DPI \ .
(OUTPUT)
(\(\
tspscim tspichm tspicLm
- > > > ——— tspicLkm ———~{<— tHpsm —-{<— tsprom —>|
SPICLK 2
(cP=o,
cP=1)
(OUTPUT) 2
¢ tupspiom
DDSPIDM - L
'd J)
MOSI X N *
(OUTPUT)
(’(’
CPHASE =1 tsspiom tsspiom
thspipm | tuspiom
b))
MISO X N X
(INPUT)
~ 0
tDDSPIDM -—— tHDSPIDM
'd )
MosI >< “ >< ;<
(OUTPUT)
(’(’
CPHASE = 0 tsspipm tuspiom
b))
X D@ X
(INPUT)
~ (\(
Figure 36. SPI Master Timing
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Figure 47. Typical Output Delay or Hold vs. Load Capacitance
(at Junction Temperature)
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Figure 48. SDCLK Typical Output Delay or Hold vs. Load Capacitance
(at Junction Temperature)

THERMAL CHARACTERISTICS

The ADSP-21367/ADSP-21368/ ADSP-21369 processors are
rated for performance over the temperature range specified in
Operating Conditions on Page 16.

Table 43 and Table 44 airflow measurements comply with
JEDEC standards JESD51-2 and JESD51-6 and the junction-to-
board measurement complies with JESD51-8. Test board design
complies with JEDEC standards JESD51-9 (BGA_ED) and
JESD51-8 (LQFP_EP). The junction-to-case measurement com-
plies with MIL-STD-883. All measurements use a 2S2P JEDEC
test board.

The LQFP-EP package requires thermal trace squares and ther-
mal vias, to an embedded ground plane, in the PCB. Refer to
JEDEC standard JESD51-5 for more information.
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To determine the junction temperature of the device while on
the application PCB, use:

T; = Trop+ (¥r xPp)

where:
T = junction temperature (°C)

Trop = case temperature (°C) measured at the top center of the
package

¥r = junction-to-top (of package) characterization parameter is
the typical value from Table 43 and Table 44.

Pp, = power dissipation (see Engineer-to-Engineer Note EE-299)

Values of 6, are provided for package comparison and PCB
design considerations. 0y, can be used for a first-order approxi-
mation of T by the equation:

T, = T, + (6, xPp)

where:
T, = ambient temperature (°C)

Values of 0. are provided for package comparison and PCB
design considerations when an external heat sink is required.
This is only applicable when a heat sink is used.

Values of 0y, are provided for package comparison and PCB
design considerations. The thermal characteristics values pro-
vided in Table 43 and Table 44 are modeled values @ 2 W.

Table 43. Thermal Characteristics for 256-Ball BGA_ED

Parameter | Condition Typical Unit
0)a Airflow =0 m/s 125 °C/W
Oma Airflow =1m/s 10.6 °C/W
0)ma Airflow =2 m/s 9.9 °C/W
0)c 0.7 °C/W
05 53 °C/W
Y Airflow =0 m/s 0.3 °C/W
Wt Airflow =1 m/s 0.3 °C/W
Wt Airflow =2 m/s 0.3 °C/W

Table 44. Thermal Characteristics for 208-Lead LQFP EPAD
(With Exposed Pad Soldered to PCB)

Parameter | Condition Typical Unit
0)a Airflow =0 m/s 17.1 °C/W
0,ma Airflow =1 m/s 14.7 °C/W
O,ma Airflow =2 m/s 14.0 °C/W
0)c 9.6 °C/W
Y Airflow =0 m/s 0.23 °C/W
Wt Airflow =1 m/s 0.39 °C/W
Wt Airflow =2 m/s 0.45 °C/W
Y Airflow =0 m/s 11.5 °C/W
Wims Airflow =1 m/s 11.2 °C/W
¥ims Airflow =2 m/s 11.0 °C/W
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