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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
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GENERAL DESCRIPTION

The ADSP-2136x SHARC® processor is a member of the SIMD
SHARC family of DSPs that feature Analog Devices, Inc., Super
Harvard Architecture. The processor is 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 ADSP-2136x are
32-/40-bit floating-point processors optimized for high
performance automotive audio applications. They contain a
large on-chip SRAM and ROM, multiple internal buses to elim-
inate I/O bottlenecks, and an innovative digital audio interface
(DAI).

Table 1 shows performance benchmarks for these devices.
Table 2 shows the features of the individual product offerings.

Table 1. Benchmarks (at 333 MHz)

Speed
Benchmark Algorithm (at 333 MHz)

1024 Point Complex FFT (Radix 4, with reversal) | 27.9 us
FIR Filter (per tap)' 1.5ns
IR Filter (per biquad)’ 6.0ns
Matrix Multiply (pipelined)

As shown in the functional block diagram on Page 1, the [3x3] x [3x1] 135 ns
ADSP-2136x uses two computational units to deliver a signifi- [4x4] x [4x1] 239ns
cant performagce increase over the p.revious SHABC processors Divide (y/x) 10.5 ns
on a range of signal processing algorithms. With its SIMD com- Inverse Square Root 163 ns
putational hardware, the ADSP-2136x can perform two
GFLOPS running at 333 MHz. ! Assumes two files in multichannel SIMD mode.
Table 2. ADSP-2136x Family Features
Feature ADSP-21362 ADSP-21363 ADSP-21364 ADSP-21365 ADSP-21366
RAM 3M bit 3M bit 3M bit 3M bit 3M bit
ROM 4M bit 4M bit 4M bit 4M bit 4M bit
Audio Decoders in ROM' No No No Yes Yes
Pulse-Width Modulation Yes Yes Yes Yes Yes
S/PDIF Yes No Yes Yes Yes
DTCP? Yes No No Yes No
SRC SNR Performance -128 dB No SRC -140 dB -128 dB -128 dB

! Audio decoding algorithms include PCM, Dolby Digital EX, Dolby Pro Logic IIx, 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.

2The ADSP-21362 and ADSP-21365 processors provide the Digital Transmission Content Protection protocol, a proprietary security protocol. Contact your Analog Devices

sales office for more information.

The diagram on Page 1 shows the two clock domains that make
up the ADSP-2136x processors. The core clock domain contains
the following features:

o Two processing elements, each of which comprises an
ALU, multiplier, shifter, and data register file

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

o PM and DM buses capable of supporting four 32-bit data
transfers between memory and the core at every core pro-
cessor cycle

o One periodic interval timer with pinout
« On-chip SRAM (3M bit)
o On-chip mask-programmable ROM (4M bit)

« JTAG test access port for emulation and boundary scan.
The JTAG provides software debug through user break-
points, which allow flexible exception handling.
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The diagram on Page 1 also shows the following architectural
features:

« I/O processor that handles 32-bit DMA for the peripherals
o Six full duplex serial ports

« Two SPI-compatible interface ports—primary on dedi-
cated pins, secondary on DAI pins

o 8-bit or 16-bit parallel port that supports interfaces to off-
chip memory peripherals

« Digital audio interface that includes two precision clock
generators (PCG), an input data port with eight serial inter-
faces (IDP), an S/PDIF receiver/transmitter, 8-channel
asynchronous sample rate converter (ASRC), DTCP
cipher, six serial ports, a 20-bit parallel input data port
(PDAP), 10 interrupts, six flag outputs, six flag inputs,
three timers, and a flexible signal routing unit (SRU)
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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 processor to
monitor and control the target board processor during emula-
tion. Analog Devices’ DSP Tools product line of JTAG
emulators provides emulation at full processor speed, allowing
inspection and modification of memory, registers, and proces-
sor stacks. The processor’s JTAG interface ensures that the
emulator does not affect target system loading or timing.

For complete information on Analog Devices’ SHARC DSP
Tools product line of JTAG emulator operation, refer to the
appropriate emulator 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.

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
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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.

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
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Table 6. Pin Descriptions (Continued)

State During and

Pin Type After Reset Function

BOOT_CFG1-0 | Input only Boot Configuration Select. This pin is used to select the boot mode for the processor.
The BOOT_CFG pins must be valid before reset is asserted. For a description of the boot
mode, refer to Table 5, Boot Mode Selection.

RESETOUT 0 Output only Reset Out. Drives out the core reset signal to an external device.

RESET I/A Input only Processor Reset. Resets the ADSP-2136x to a known state. Upon deassertion, thereis a
4096 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.

TCK | Input only? Test Clock (JTAG). Provides a clock for JTAG boundary scan. TCK must be asserted
(pulsed low) after power-up or held low for proper operation of the processors.

TMS I/S Three-state with Test Mode Select (JTAG). Used to control the test state machine. TMS has a 22.5 kQ

(pu) pull-up enabled internal pull-up resistor.
TDI 1/S Three-state with Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI has a
(pu) pull-up enabled 22.5 k¥ internal pull-up resistor.
TDO (¢} Three-state* Test Data Output (JTAG). Serial scan output of the boundary scan path.
TRST I/A Three-state with Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed low)
(pu) pull-up enabled after power-up or held low for proper operation of the ADSP-2136x. TRST has a 22.5 kQ
internal pull-up resistor.
EMU O (0/D) Three-state with Emulation Status. Must be connected to the processor’s JTAG emulators target board
(pu) pull-up enabled connector only. EMU has a 22.5 kQ internal pull-up resistor.

VDDINT P Core Power Supply. Supplies the processor’s core.

VDDEXT P 1/0 Power Supply.

Avpp P Analog Power Supply. Supplies the processor’s internal PLL (clock generator). This pin
has the same specifications as VppnT, except that added filtering circuitry is required. For
more information, see Power Supplies on Page 8.

Avss G Analog Power Supply Return.

GND G Power Supply Return.

The following symbols appear in the Type column of Table 6: A = asynchronous, G = ground, I = input, O = output, P = power supply,
S = synchronous, (A/D) = active drive, (O/D) = open drain, and T = three-state, (pd) = pull-down resistor, (pu) = pull-up resistor.

IRD, WR, and ALE are three-stated (and not driven) only when RESET is active.
2Qutput only is a three-state driver with its output path always enabled.

3Input only is a three-state driver with both output path and pull-up disabled.
4Three-state is a three-state driver with pull-up disabled.
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ELECTRICAL CHARACTERISTICS

Parameter Description Test Conditions Min Max Unit
Vo' High Level Output Voltage @ VppexT = Min, oy = -1.0 mA?2 24 v
Vol Low Level Output Voltage @ VppexT = Min, loL = 1.0 mA?2 04 Vv
>4 High Level Input Current @ Vppext = Max, VN = Vppext Max 10 MA
I3 Low Level Input Current @ VppexT= Max, Viy=0V 10 A
lipu® Low Level Input Current Pull-Up @ Vppext=Max, ViN=0V 200 MA
lozn>© Three-State Leakage Current @ VppexT = Max, VN = Vppext Max 10 MA
loz.” Three-State Leakage Current @ Vppext=Max, V=0V 10 MA
lozLpy® Three-State Leakage Current Pull-Up @ Vppext= Max, Viy=0V 200 MA
Iop-INTYP "8 Supply Current (Internal) tccLk = Min, Vppint = Nom 800 mA
|avDD’ Supply Current (Analog) Avbp = Max 10 mA
N Input Capacitance fin=1MHz, Tcase = 25°C, ViN=1.2V 47 pF

! Applies to output and bidirectional pins: AD15-0, RD, WR, ALE, FLAG3-0, DAI_Px, SPICLK, MOSI, MISO, EMU, TDO, and XTAL.
2See Output Drive Currents on Page 46 for typical drive current capabilities.

3Applies to input pins: SPIDS, BOOT_CFGx, CLK_CFGx, TCK, RESET, and CLKIN.

4 Applies to input pins with 22.5 kQ internal pull-ups: TRST, TMS, TDL

5 Applies to three-stateable pins: FLAG3-0.

6 Applies to three-stateable pins with 22.5 kQ pull-ups: AD15-0, DAI_Px, SPICLK, EMU, MISO, and MOSL.

" Typical internal current data reflects nominal operating conditions.

8See the Engineer-to-Engineer Note “Estimating Power for the ADSP-21362 SHARC Processors” (EE-277) for further information.
? Characterized, but not tested.

0Applies to all signal pins.

"Guaranteed, but not tested.
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PACKAGE INFORMATION

The information presented in Figure 4 provides details about
the package branding for the ADSP-2136x processor. For a
complete listing of product availability, see Ordering Guide on
Page 56.

ANALOG
DEVICES

ADSP-2136x
tppZ-cc
VVVVVV.X N.n

#yyww country_of_origin
SHRG

Figure 4. Typical Package Brand

Table 7. Package Brand Information

Brand Key Field Description

t Temperature Range

pp Package Type

Z RoHS Compliant Designation

cc See Ordering Guide

VVVVVV.X Assembly Lot Code

n.n Silicon Revision

# RoHS Compliant Designation

yyww Date Code

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge

A without detection. Although this product features

patented or proprietary protection circuitry, damage
‘!ﬁ I\ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.

MAXIMUM POWER DISSIPATION

See the Engineer-to-Engineer Note “Estimating Power for the
ADSP-21362 SHARC Processors” (EE-277) for detailed thermal
and power information regarding maximum power dissipation.
For information on package thermal specifications, see Thermal
Characteristics on Page 47.

ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed in Table 8 may cause perma-
nent damage to the device. These are stress ratings only;
functional operation of the device at these or any other condi-
tions greater than those indicated in the operational sections of
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this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

Table 8. Absolute Maximum Ratings

Parameter Rating

Internal (Core) Supply Voltage (Vppint)  |-0.3Vto+1.5V
Analog (PLL) Supply Voltage (Aypp) -03Vto+1.5V
External (I/0) Supply Voltage (VppexT) -03Vto+4.6V

Input Voltage -0.5Vto+3.8V
Output Voltage Swing -0.5VtoVppext+0.5V
Load Capacitance 200 pF

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

TIMING SPECIFICATIONS

Use the exact timing information given. Do not attempt to
derive parameters from the addition or subtraction of others.
While addition or subtraction would yield meaningful results
for an individual device, the values given in this data sheet
reflect statistical variations and worst cases. Consequently, it is
not meaningful to add parameters to derive longer times. For
voltage reference levels, see Figure 39 on Page 46 under Test
Conditions.

Switching Characteristics specify how the processor changes its
signals. Circuitry external to the processor must be designed for
compatibility with these signal characteristics. Switching char-
acteristics describe what the processor will do in a given
circumstance. Use switching characteristics to ensure that any
timing requirement of a device connected to the processor (such
as memory) is satisfied.

Timing Requirements apply to signals that are controlled by cir-
cuitry external to the processor, such as the data input for a read
operation. Timing requirements guarantee that the processor
operates correctly with other devices.

Core Clock Requirements

The processor’s internal clock (a multiple of CLKIN) provides
the clock signal for timing internal memory, processor core, and
serial ports. During reset, program the ratio between the proces-
sor’s internal clock frequency and external (CLKIN) clock
frequency with the CLK_CFG1-0 pins.

The processor’s internal clock switches at higher frequencies
than the system input clock (CLKIN). To generate the internal
clock, the processor uses an internal phase-locked loop (PLL,
see Figure 5). This PLL-based clocking minimizes the skew
between the system clock (CLKIN) signal and the processor’s
internal clock.

Voltage Controlled Oscillator

In application designs, the PLL multiplier value should be
selected in such a way that the VCO frequency never exceeds
fvco specified in Table 11.
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Power-Up Sequencing

The timing requirements for processor startup are given in three-state leakage current pull-up, pull-down, may be observed
Table 10. Note that during power-up, when the VppiNT power on any pin, even if that is an input only (for example the RESET
supply comes up after Vppgxr, a leakage current of the order of pin) until the Vppnr rail has powered up.

Table 10. Power-Up Sequencing Timing Requirements (Processor Startup)

Parameter Min Max Unit
Timing Requirements

tRSTVDD RESET Low Before Vppnt/Vppext On 0 ns
t\vDDEVDD Vppint On Before VppexT -50 +200 ms
tCLKVDD1 CLKIN Valid After Vppint/VppexT Valid 0 200 ms
tCLKRST CLKIN Valid Before RESET Deasserted 102 us
tPLLRST PLL Control Setup Before RESET Deasserted 20 us
Switching Characteristic

tCORERST Core Reset Deasserted After RESET Deasserted 4096tck + 2 tecrk >4

"Valid Vppint/VppexT assumes that the suppliesare fully ramped to their 1.2 V railsand 3.3 V rails. Voltage ramp rates can vary from microseconds to hundreds of milliseconds,
depending on the design of the power supply subsystem.

2 Assumes a stable CLKIN signal, after meeting worst-case start-up timing of crystal oscillators. Refer to your crystal oscillator manufacturer’s data sheet for start-up time.
Assume a 25 ms maximum oscillator start-up time if using the XTAL pin and internal oscillator circuit in conjunction with an external crystal.

3 Applies after the power-up sequence is complete. Subsequent resets require a minimum of 4 CLKIN cycles for RESET to be held low to properly initialize and propagate
default states at all I/O pins.

#The 4096 cycle count depends on tspst specification in Table 12. If setup time is not met, 1 additional CLKIN cycle can be added to the core reset time, resulting in 4097 cycles

maximum.

RESET trsTVDD \_/
N
s
)
149
VDDINT
tivobevbp
)
[{¢
V,
poEXT tcLkvop
CLKIN /_\?L//_\_/_\_/_\_/_\_/_
teLkrsT
))
/ L{4
CLK_CFG1-0
\ (e
tpLiRsT tcoRERST

RESETOUT
)]

Figure 6. Power-Up Sequencing
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Clock Input

Table 11. Clock Input

200 MHZ' 333 MHZ2

Parameter Min Max Min Max Unit
Timing Requirements

tek CLKIN Period 30° 100 18 100 ns
tekL CLKIN Width Low 125 7.5 ns
tekH CLKIN Width High 125 7.5 ns
tCKRE CLKIN Rise/Fall (0.4 Vto 2.0V) 3 3 ns
tea? CCLK Period 5.0 10 3.0 10 ns
tyco® VCO Frequency 200 600 200 800 MHz
tew)®’ CLKIN Jitter Tolerance -250 +250 -250 +250 ps

! Applies to all 200 MHz models. See Ordering Guide on Page 56.

2 Applies to all 333 MHz models. See Ordering Guide on Page 56.

3 Applies only for CLK_CFG1-0 = 00 and default values for PLL control bits in the PMCTL register.

* Any changes to PLL control bits in the PMCTL register must meet core clock timing specification tccrk-
5See Figure 5 on Page 17 for VCO diagram.

6 Actual input jitter should be combined with AC specifications for accurate timing analysis.

Titter specification is maximum peak-to-peak time interval error (TIE) jitter.

- tex > tek
> -
CLKIN —__ / —\T\—/ \_
~——tckn - tekL >
Figure 7. Clock Input
Clock Signals
The processor can use an external clock or a crystal. Refer to the DCADSP-NBGX
CLKIN pin description in Table 6 on Page 11. The user applica-
tion program can configure the processor to use its internal Sl R1 SCTAl
clock generator by connecting the necessary components to the e
CLKIN and XTAL pins. Figure 8 shows the component connec- gh2
tions used for a fundamental frequency crystal operating in . I |:| I -
parallel mode. 22pF i T 22pF
Note that the clock rate is achieved using a 16.67 MHz crystal —[ 20.576MHz
and a PLL multiplier ratio 16:1. (CCLK:CLKIN achieves a clock . 4
speed of 266.72 MHz.) To achieve the full core clock rate, pro- =
R T e . R2 SHOULD BE CHOSEN TO LIMIT CRYSTAL

grams need to configure the multiplier bits in the DRIVE POWER. REFER TO CRYSTAL
PMCTL register. MANUFACTURER’S SPECIFICATIONS.

*TYPICAL VALUES

Figure 8. Recommended Circuit for Fundamental Mode Crystal Operation
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Timer WDTH_CAP Timing

The following timing specification applies to Timer0, Timer1,
and Timer2 in WDTH_CAP (pulse width count and capture)
mode. Timer signals are routed to the DAI_P20-1 pins through
the SRU. Therefore, the timing specification provided below are
valid at the DAI_P20-1 pins.

Table 16. Timer Width Capture Timing

Parameter Min Max

Unit

Timing Requirement
trwi Timer Pulse Width 2 X tpcLk 2x(237-1)x tpcLk

ns

tewi

TIMER
CAPTURE
INPUTS

Figure 13. Timer Width Capture Timing

DAI Pin to Pin Direct Routing

For direct pin connections only (for example, DAI_PB01_I to
DAI_PB02_0O).

Table 17. DAI Pin to Pin Routing

Parameter Min Max

Unit

Timing Requirement
tppio Delay DAI Pin Input Valid to DAl Output Valid 1.5 10

ns

DAI_Pn

DAI_Pm

topio

Figure 14. DAI Pin to Pin Direct Routing
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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
(DAI_PO1 through DAI_P20).

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 18. Precision Clock Generator (Direct Pin Routing)

K and B Grade Y Grade

Parameter Min Max Max Unit

Timing Requirements

tpcaip Input Clock Period tpcLk X 4 ns

tsTRIG PCG Trigger Setup Before Falling | 4.5 ns
Edge of PCG Input Clock

tHTRIG PCG Trigger Hold After Falling 3 ns
Edge of PCG Input Clock

Switching Characteristics

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

tprrigck  PCG Output Clock Delay After PCG | 2.5 + (2.5 X tpcgip) 10 + (2.5 X tpcgp) 12 + (2.5 X tpcgp) ns
Trigger

totrices  PCG Frame Sync Delay After PCG 2.5+ ((2.5+D-PH) x tpcgp) 10+ ((2.5 + D - PH) X tpcgip)| 12+ ((2.5 + D = PH) X tpcgip)| nNs
Trigger

tpccop'  Output Clock Period 2 X tpcglp — 1 ns

D = FSxDIV, PH = FSxPHASE. For more information, refer to the ADSP-2136x SHARC Processor Hardware Reference, “Precision Clock Gener-
ators” chapter.

'In normal mode, tpcgop (min) = 2 X tpcgip.

tstric <»| thTRIG

DAI_Pn s
PCG_TRIGx_|

))
¢

tecaip
DAI_Pm

PCG_EXTx_|
(CLKIN)
torcaio -
DAI_Py —
PCG_CLKx_O
trccor —>

).
«
e— toTRIGCLK —> torcaio

DAI_Pz
PCG_FSx_O

))
L(¢

I — tDTRIGFS —>

Figure 15. Precision Clock Generator (Direct Pin Routing)
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Flags

The timing specifications provided below apply to the FLAG3-0
and DAI_P20-1 pins, the parallel port, and the serial peripheral
interface (SPI). See Table 6 on Page 11 for more information on
flag use.

Table 19. Flags

Parameter Min Unit
Timing Requirement

trPw FLAG3-0 IN Pulse Width 2Xtpck+3 ns
Switching Characteristic

tropw FLAG3-0 OUT Pulse Width 2 X tpclk— 1 ns

FLAG
INPUTS

< tripw

FLAG
OUTPUTS

- tropw

Figure 16. Flags
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Memory Read—Parallel Port

Use these specifications for asynchronous interfacing to memo-
ries (and memory-mapped peripherals) when the processor is
accessing external memory space.

Table 20. 8-Bit Memory Read Cycle

K and B Grade Y Grade
Parameter Min Max Min Max Unit
Timing Requirements
tDRs AD7-0 Data Setup Before RD High 3.3 45 ns
tDRH AD7-0 Data Hold After RD High 0 0 ns
tpAaD AD15-8 Address to AD7-0 Data Valid D + tpcik - 5.0 D +tpcik—5.0 | ns
Switching Characteristics
TALEW ALE Pulse Width 2 X tpck—2.0 2 X tpck—2.0 ns
tADAS' AD15-0 Address Setup Before ALE Deasserted | tpcik — 2.5 tpclk — 2.5 ns
tRRH Delay Between RD Rising Edge to Next H+tpcx—1.4 H+tpck— 1.4 ns
Falling Edge
tALERW ALE Deasserted to Read Asserted 2 X tpclk - 3.8 2 X tpclk - 3.8 ns
tRWALE Read Deasserted to ALE Asserted F+H+0.5 F+H+0.5 ns
tADAH AD15-0 Address Hold After ALE Deasserted tpcLk - 2.3 tpclk - 2.3 ns
tALEHZ' ALE Deasserted to AD7-0 Address in High-Z tpcLk tpck + 3.0 tpcLk tpck + 3.8 ns
tRw RD Pulse Width D-2.0 D-2.0 ns
tRDDRV AD7-0 ALE Address Drive After Read High F+H+tpck—2.3 F+H+tpck-2.3 ns
tADRH AD15-8 Address Hold After RD High H H ns
tDAWH AD15-8 Address to RD High D +tpcix — 4.0 D +tpcik — 4.0 ns
D = (The value set by the PPDUR Bits (5-1) in the PPCTL register) X tpcix
H = tpci (if a hold cycle is specified, else H = 0)
F =7 X tpcLk (if FLASH_MODE is set, else F = 0)
'On reset, ALE is an active high cycle. However, it can be configured by software to be active low.
trwaLE
ALE taLew > \e— tA R —— —
|
le— trrH
% e tryy >
e trppRY
WR / - toawn >
tapas | tapan ¢
- -ADRH
AD15-8 VALID ADDRESS VALID ADDRESS VALID ADDRESS AALID.
toap | tors | toru
e e
AD7-0 VALID ADDRESS . CATA O— ADDRESS
e taLEHZ

NOTE: MEMORY READS ALWAYS OCCUR IN GROUPS OF FOUR BETWEEN ALE CYCLES. THIS FIGURE SHOWS ONLY
TWO MEMORY READS TO PROVIDE THE NECESSARY TIMING INFORMATION.

Figure 17. Read Cycle for 8-Bit Memory Timing
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Memory Write—Parallel Port

Use these specifications for asynchronous interfacing to memo-
ries (and memory-mapped peripherals) when the processor is
accessing external memory space.

Table 22. 8-Bit Memory Write Cycle

K and B Grade Y Grade

Parameter Min Min Unit
Switching Characteristics

TALEW ALE Pulse Width 2 X tpcLk - 2.0 2 X tpck—2.0 ns
tADAS, AD15-0 Address Setup Before ALE Deasserted tpcLk — 2.8 tpclk — 2.8 ns
tALERW ALE Deasserted to Write Asserted 2 X tpclk - 3.8 2 X tpck— 3.8 ns
tRWALE Write Deasserted to ALE Asserted H+0.5 H+0.5 ns
twRH Delay Between WR Rising Edge to Next WR Falling Edge F+H+tpck—2.3 F+H+tpck-2.3 ns
tADAH AD15-0 Address Hold After ALE Deasserted tpck - 0.5 tpck - 0.5 ns
tww WR Pulse Width D-F-20 D-F-20 ns
tADWL AD15-8 Address to WR Low tpcLk — 2.8 tpck — 3.5 ns
tADWH AD15-8 Address Hold After WR High H H ns
tows AD7-0 Data Setup Before WR High D-F+tpck-4.0 D-F+tpck-4.0 ns
towH AD7-0 Data Hold After WR High H H ns
tDAWH AD15-8 Address to WR High D-F+tpck-4.0 D-F+tpck—4.0 ns

D = (The value set by the PPDUR Bits (5-1) in the PPCTL register) X tpc|k.
H = tpcik (if a hold cycle is specified, else H = 0)
F =7 X tpcLk (if FLASH_MODE is set, else F = 0). If FLASH_MODE is set, D must be > 9 X tpc k.

LOn reset, ALE is an active high cycle. However, it can be configured by software to be active low.

-t — -\ tacrw—
ALEW
ALE
trwaLe
— tyy—>
WR
t twrn
ADWL
— -
thawn >
RD /
‘lADAS _ tapan
- T > —» l€«— tapwh
AD15-8 VALID
ADDRESS VALID ADDRESS VALID ADDRESS
> <+—tpwh
- tDWS_>
VALID
AD7-0 ADDRESS VALID DATA VALID DATA X:X

NOTE: MEMORY WRITES ALWAYS OCCUR IN GROUPS OF FOUR BETWEEN ALE CYCLES. THIS FIGURE
SHOWS ONLY TWO MEMORY WRITES TO PROVIDE THE NECESSARY TIMING INFORMATION.

Figure 19. Write Cycle for 8-Bit Memory Timing
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Table 23. 16-Bit Memory Write Cycle

K and B Grade Y Grade

Parameter Min Min Unit
Switching Characteristics

TALEW ALE Pulse Width 2 X tpck—-2.0 2 X tpck—2.0 ns
tADAS, AD15-0 Address Setup Before ALE Deasserted tpck — 2.5 tpclk - 2.5 ns
tALERW ALE Deasserted to Write Asserted 2 X tpcrk - 3.8 2 Xtpcrk - 3.8 ns
tRWALE Write Deasserted to ALE Asserted H+0.5 H+0.5 ns
twrH? Delay Between WR Rising Edge to Next WR Falling Edge | F + H + tpcik - 2.3 F+H+tpck-23 ns
tADAH AD15-0 Address Hold After ALE Deasserted tpclk — 2.3 tpclk - 2.3 ns
tww WR Pulse Width D-F-20 D-F-20 ns
tows AD15-0 Data Setup Before WR High D-F+tpck-4.0 D-F+tpcik - 4.0 ns
tDWH AD15-0 Data Hold After WR High H H ns

D = (the value set by the PPDUR Bits (5-1) in the PPCTL register) X tpcik.
H = tpci (if a hold cycle is specified, else H = 0)
F =7 X tpck (if FLASH_MODE is set, else F = 0). If FLASH_MODE is set, D must be > 9 X tpc k.

tpcLk = (peripheral) clock period = 2 X tccik

'On reset, ALE is an active high cycle. However, it can be configured by software to be active low.
2This parameter is only available when in EMPP = 0 mode.

(«— ty p—>
ALE

< tALERW >

AD15—-0

— -+
tawaLe
— tyy—>
twrn
tapas tapan town
VALID VALID
ADDRESS VALID DATA VALID DATA ADDRESS

[— tpys——>

NOTE: FOR 16-BIT MEMORY WRITES, WHEN EMPP # 0, ONLY ONE WR PULSE OCCURS BETWEEN ALE CYCLES.
WHEN EMPP = 0, MULTIPLE WR PULSES OCCUR BETWEEN ALE CYCLES. FOR COMPLETE INFORMATION,
SEE THE ADSP-2136x SHARC PROCESSOR HARDWARE REFERENCE.

Figure 20. Write Cycle for 16-Bit Memory Timing
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Parallel Data Acquisition Port (PDAP)

The timing requirements for the PDAP are provided in Note that the most significant 16 bits of external 20-bit PDAP
Table 29. PDAP is the parallel mode operation of Channel 0 of data can be provided through either the parallel port AD15-0
the IDP. For details on the operation of the IDP, refer to the pins or the DAI_P20-5 pins. The remaining 4 bits can only be
ADSP-2136x SHARC Processor Hardware Reference, “Input sourced through DAI_P4-1. The timing below is valid at the
Data Port” chapter. DAI_P20-1 pins or at the AD15-0 pins.

Table 29. Parallel Data Acquisition Port (PDAP)

Parameter Min Unit
Timing Requirements

tspcLKeN' PDAP_CLKEN Setup Before PDAP_CLK Sample Edge 25 ns
tHPCLKEN' PDAP_CLKEN Hold After PDAP_CLK Sample Edge 2.5 ns
tppsp! PDAP_DAT Setup Before SCLK PDAP_CLK Sample Edge 3.0 ns
tpDHD| PDAP_DAT Hold After SCLK PDAP_CLK Sample Edge 2.5 ns
tPDCLKW Clock Width (tpelk X 4) + 2 -3 ns
tPDCLK Clock Period tpcLk X 4 ns
Switching Characteristics

tPDHLDD Delay of PDAP Strobe After Last PDAP_CLK Capture Edge for a Word 2Xtpck -1 ns
tPDSTRB PDAP Strobe Pulse Width 2Xtpck—1.5 ns

! Data source pins are AD15-0 and DAI_P4-1, or DAI pins. Source pins for serial clock and frame sync are DAI pins.

SAMPLE EDGE

B trocLk -
B tepcLkw _
DAI_P20-1
(PDAP_CLK)
) tspHoLD _|_ tpHoLD
DAI_P20-1
(PDAP_HOLD)
- tepsp | teonp
DAI_P20-1/
ADDR23-4
(PDAP_DATA)
tppHLDD tepsTrRE
-
DAI_P20-1
(PDAP_STROBE) /

Figure 25. PDAP Timing
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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 29 shows 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 33. S/PDIF Transmitter Right-Justified Mode

Parameter Nominal Unit
Timing Requirement
tRID FS 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
(‘(‘ (\(\
DAI_P20-1 LEFT/RIGHT CHANNEL ><

FS »

)}
¢

€

BV AVAVAVERAVAVAVAVAVARRVAVAVAVAN

- trip

DAI_P20-1
SDATA

Figure 29. Right-Justified Mode
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S/PDIF Receiver

The following section describes timing as it relates to the
S/PDIF receiver. This feature is not available on the
ADSP-21363 processors.

Internal Digital PLL Mode

In the internal digital phase-locked loop mode the internal PLL
(digital PLL) generates the 512 x FS clock.

Table 38. S/PDIF Receiver Output Timing (Internal Digital PLL Mode)

Parameter Min Max Unit
Switching Characteristics

tDFs| Frame Sync Delay After Serial Clock 5 ns
tHOFSI Frame Sync Hold After Serial Clock -2 ns
tpoT Transmit Data Delay After Serial Clock 5 ns
tHoTI Transmit Data Hold After Serial Clock -2 ns
tsckw! Transmit Serial Clock Width 38 ns

!'Serial clock frequency is 64 xFS where FS = the frequency of frame sync.

DRIVE EDGE SAMPLE EDGE
—————tsclkw —————————>
DAI_P20-1
(SCLK)
la—— tprs) ——=
< thorsi
DAI_P20-1
(FS)
|<e—— tppT ——>
le— tpm
DAI_P20-1
(DATA CHANNEL
AB)

Figure 33. S/PDIF Receiver Internal Digital PLL Mode Timing
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SPI Interface—Master

The processor contains two SPI ports. The primary has dedi-
cated pins and the secondary is available through the DAL The
timing provided in Table 39 and Table 40 applies to both ports.

Table 39. SPI Interface Protocol—Master Switching and Timing Specifications

K and B Grade Y Grade
Parameter Min Max | Min Max Unit
Timing Requirements
tsspiDM Data Input Valid to SPICLK Edge (Data Input Setup Time) 5.2 6.2 ns
tsspiDM Data Input Valid to SPICLK Edge (Data Input Setup Time) (SPI2) 8.2 9.5 ns
tHsPIDM SPICLK Last Sampling Edge to Data Input Not Valid 2 2 ns
Switching Characteristics
tSPICLKM Serial Clock Cycle 8 X tpcrk — 2 8 X tpcrk— 2 ns
tSPICHM Serial Clock High Period 4 X tpcrk — 2 4 X tpcrk — 2 ns
tspicLm Serial Clock Low Period 4 X tpcrk — 2 4 X tpcik — 2 ns
tpDsPIDM SPICLK Edge to Data Out Valid (Data Out Delay Time) 3.0 3.0 ns
tpDsPIDM SPICLK Edge to Data Out Valid (Data Out Delay Time) (SP12) 8.0 9.5 ns
tHDSPIDM SPICLK Edge to Data Out Not Valid (Data Out Hold Time) 4 X tpck — 2 4 X tpcrk — 2 ns
tspscim FLAG3-O0IN (SPI Device Select) Low to First SPICLK Edge 4 X tpcLk — 2.5 4 X tpc k- 3.0 ns
tspscim FLAG3-O0IN (SPI Device Select) Low to First SPICLK Edge (SPI2) 4 X tpcLk — 2.5 4 X tpc k- 3.0 ns
tHDSM Last SPICLK Edge to FLAG3-0IN High 4 X tpcLk — 2 4 X tpcrk — 2 ns
tspiTDM Sequential Transfer Delay 4 X tpck— 1 4 X tpck— 1 ns

r

t
CPHASE = 1 SSPIDM
thspiom
MISO
(INPUT)
.

DPI
(OUTPUT)

y)

tspscim tspichm tspicLm

SPICLK

«

y)

|e——— tspicLkm ——»

[ tHDSM - tSPITDM —

(cP=0,
CP=1)

«

y)

(OUTPUT)

topspipm

«

05

tupspipm

MOSI
(OUTPUT)

«

05

«

1

X

tsspipm

«

9)

% thspipm

<«

X
X

tDDSPIDM — tHDSPIDM
'd J)
MOSI ¢
(OUTPUT) N
«
t t
CPHASE =0 -SSPIDM |[<¢—® HSPIDM
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.

«
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Figure 34. SPI Master Timing
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Figure 45. BGA Pin Assignments (Bottom View, Summary)
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Figure 46. BGA Pin Assignments (Top View, Summary)
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