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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 Generator (PCG)

The precision clock generators (PCG) consist of two units, each
of which generates a pair of signals (clock and frame sync)
derived from a clock input signal. The units, A and B, are identi-
cal 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.

Peripheral Timers

The following three general-purpose timers can generate peri-
odic interrupts and be independently set to operate in one of
three modes:

o Pulse waveform generation mode
o Pulse width count/capture mode
« External event watchdog mode

Each general-purpose timer has one bidirectional pin and four
registers that implement its mode of operation: a 6-bit configu-
ration register, a 32-bit count register, a 32-bit period register,
and a 32-bit pulse width register. A single control and status
register enables or disables all three general-purpose timers
independently.

1/0 PROCESSOR FEATURES

The processor’s I/O provides many channels of DMA and con-
trols the extensive set of peripherals described in the previous
sections.

DMA Controller

The processor’s on-chip DMA controllers allow data transfers
without processor intervention. The DMA controller operates
independently and invisibly to the processor core, allowing
DMA operations to occur while the core is simultaneously exe-
cuting its program instructions. DMA transfers can occur
between the processor’s internal memory and its serial ports, the
SPI-compatible (serial peripheral interface) ports, the IDP
(input data port), the parallel data acquisition port (PDAP), or
the parallel port (PP). See Table 4.

Table 4. DMA Channels

Peripheral ADSP-2136x
SPORTs 12

IDP/PDAP 8

SPI 2

MTM/DTCP 2

Parallel Port 1

Total DMA Channels 25
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SYSTEM DESIGN

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

Program Booting

The internal memory of the processor boots at system power-up
from an 8-bit EPROM via the parallel port, an SPI master, an
SPIslave, or an internal boot. Booting is determined by the boot
configuration (BOOT_CFG1-0) pins in Table 5. Selection of the
boot source is controlled via the SPI as either a master or slave
device, or it can immediately begin executing from ROM.

Table 5. Boot Mode Selection

BOOT_CFG1-0 Booting Mode

00 SPI Slave Boot

01 SPI Master Boot

10 Parallel Port Boot via EPROM

11 No booting occurs. Processor executes
from internal ROM after reset.

Phase-Locked Loop

The processors use an on-chip phase-locked loop (PLL) to gen-
erate the internal clock for the core. On power-up, the
CLK_CFGI1-0 pins are used to select ratios of 32:1, 16:1, and
6:1. After booting, numerous other ratios can be selected via
software control.

The ratios are made up of software configurable numerator val-
ues from 1 to 64 and software configurable divisor values of 1, 2,
4,and 8.

Power Supplies

The processor has a separate power supply connection for the
internal (Vppinr), external (Vppgxt), and analog (Aypp/Avyss)
power supplies. The internal and analog supplies must meet the
1.2 V requirement for K, B, and Y grade models, and the 1.0 V
requirement for Y models. (For information on the temperature
ranges offered for this product, see Operating Conditions on
Page 14, Package Information on Page 16, and Ordering Guide
on Page 56.) The external supply must meet the 3.3 V require-
ment. All external supply pins must be connected to the same
power supply.

Note that the analog supply pin (Aypp) powers the processor’s
internal clock generator PLL. To produce a stable clock, it is rec-
ommended that PCB designs use an external filter circuit for the
Avypp pin. Place the filter components as close as possible to the
Avypp/Avyss pins. For an example circuit, see Figure 3. (A
recommended ferrite chip is the muRata BLM18AG102SN1D.)
To reduce noise coupling, the PCB should use a parallel pair of
power and ground planes for Vppint and GND. Use wide traces
to connect the bypass capacitors to the analog power (Aypp)
and ground (Ayss) pins. Note that the Aypp and Aygs pins
specified in Figure 3 are inputs to the processor and not the ana-
log ground plane on the board—the Aysg pin should connect
directly to digital ground (GND) at the chip.
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VisualDSP++. For more information visit www.analog.com and
search on “Blackfin software modules” or “SHARC software
modules”.

Designing an Emulator-Compatible DSP Board (Target)

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

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

ADDITIONAL INFORMATION

This data sheet provides a general overview of the

processor’s architecture and functionality. For detailed informa-
tion on the ADSP-2136x family core architecture and
instruction set, refer to the ADSP-2136x SHARC Processor
Hardware Reference and the ADSP-2136x SHARC Processor
Programming Reference.

RELATED SIGNAL CHAINS

A signal chain is a series of signal-conditioning electronic com-
ponents that receive input (data acquired from sampling either
real-time phenomena or from stored data) in tandem, with the
output of one portion of the chain supplying input to the next.
Signal chains are often used in signal processing applications to
gather and process data or to apply system controls based on
analysis of real-time phenomena. For more information about
this term and related topics, see the “signal chain” entry in the
Glossary of EE Terms on the Analog Devices website.

Analog Devices eases signal processing system development by
providing signal processing components that are designed to
work together well. A tool for viewing relationships between
specific applications and related components is available on the
www.analog.com website.

The Circuits from the Lab™ site
(http://www.analog.com/signalchains) provides:

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

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

« Reference designs applying best practice design techniques
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PIN FUNCTION DESCRIPTIONS

The processor’s pin definitions are listed below. Inputs identi-
fied as synchronous (S) must meet timing requirements with
respect to CLKIN (or with respect to TCK for TMS and TDI).

Table 6. Pin Descriptions

Inputs identified as asynchronous (A) can be asserted asynchro-
nously to CLKIN (or to TCK for TRST). Tie or pull unused
inputs to VppgxT or GND, except for the following:

DAI_Px, SPICLK, MISO, MOSI, EMU, TMS, TRST, TD], and
AD15-0. Note: These pins have pull-up resistors.

State During and

Pin Type After Reset Function
AD15-0 1/0/T Three-state with Parallel Port Address/Data. The ADSP-2136x parallel port and its corresponding DMA
(pu) pull-up enabled unit output addresses and data for peripherals on these multiplexed pins. The multiplex
state is determined by the ALE pin. The parallel port can operate in either 8-bit or 16-bit
mode. Each AD pin has a 22.5 kQ internal pull-up resistor. For details about the AD pin
operation, refer to the ADSP-2136x SHARC Processor Hardware Reference.
For 8-bitmode: ALE is automatically asserted whenever a change occurs in the upper 16
external address bits, ADDR23-8; ALE is used in conjunction with an external latch to
retain the values of the ADDR23-8.
For detailed information on I/O operations and pin multiplexing, refer to the ADSP-2136x
SHARC Processor Hardware Reference.
RD o Three-state, driven | Parallel Port Read Enable. RD is asserted low whenever the processor reads 8-bit or 16-
(pu) high1 bit data from an external memory device. When AD15-0 are flags, this pin remains
deasserted. RD has a 22.5 kQ internal pull-up resistor.
WR (0] Three-state, driven | Parallel Port Write Enable. WR is asserted low whenever the processor writes 8-bit or
(pu) high1 16-bit data to an external memory device. When AD15-0 are flags, this pin remains
deasserted. WR has a 22.5 kQ internal pull-up resistor.
ALE (0] Three-state, driven | Parallel Port Address Latch Enable. ALE is asserted whenever the processor drives a
(pd) low’ new address on the parallel port address pins. On reset, ALE is active high. However, it
can be reconfigured using software to be active low. When AD15-0 are flags, this pin
remains deasserted. ALE has a 20 kQ internal pull-down resistor.
FLAGI0]/IRQO/SPI | I/O FLAGI[O] INPUT FLAGO/Interrupt Request0/SPIO Slave Select.
FLG[O]
FLAG[1]/IRQ1/SPI | I/O FLAG[1] INPUT FLAG1/Interrupt Request1/SPI1 Slave Select.
FLG[1]
FLAGI2]1/IRQ2/SPI | I/O FLAGI[2] INPUT FLAG2/Interrupt Request 2/SPI2 Slave Select.
FLG[2]
FLAG[3]/TMREXP/| /O FLAG[3] INPUT FLAG3/Timer Expired/SPI3 Slave Select.
SPIFLGI3]
DAI_P20-1 1/0/T Three-state with Digital Audio Interface Pins. These pins provide the physical interface to the SRU. The
(pu) programmable SRU configuration registers define the combination of on-chip peripheral inputs or

pull-up

outputs connected to the pin and to the pin’'s output enable. The configuration registers
of these peripherals then determine the exact behavior of the pin. Any input or output
signal present in the SRU can be routed to any of these pins. The SRU provides the
connection from the serial ports, input data port, precision clock generators and timers,
sample rate converters and SPI to the DAI_P20-1 pins. These pins have internal 22.5 kQ
pull-up resistors that are enabled on reset. These pull-ups can be disabled using the
DAI_PIN_PULLUP register.

The following symbols appear in the Type column of Table 6: A = asynchronous, G = ground, | = 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.
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Table 6. Pin Descriptions (Continued)

Pin

Type

State During and
After Reset

Function

SPICLK

MOSI

MISO

1/0
(pu)

1/0 (O/D)
(pu)

1/0 (O/D)
(pu)

Three-state with
pull-up enabled,
driven high in SPI-
master boot mode

Input only

Three-state with
pull-up enabled,
driven low in SPI-
master boot mode

Three-state with
pull-up enabled

Serial Peripheral Interface Clock Signal. Driven by the master, this signal controls the
rate at which data is transferred. The master can transmit data at a variety of baud rates.
SPICLK cycles once for each bit transmitted. SPICLK is a gated clock active during data
transfers, only for the length of the transferred word. Slave devices ignore the serial clock
if the slave select input is driven inactive (high). SPICLK is used to shift out and shift in
the data driven on the MISO and MOSI lines. The data is always shifted out on one clock
edge and sampled on the opposite edge of the clock. Clock polarity and clock phase
relative to dataare programmable into the SPICTL control register and define the transfer
format. SPICLK has a 22.5 kQ internal pull-up resistor.

Serial Peripheral Interface Slave Device Select. An active low signal used to select the
processor as an SPI slave device. This input signal behaves like a chip select, and is
provided by the master device for the slave devices. In multimaster mode the processor’s
SPIDS signal can be driven by a slave device to signal to the processor (as SPI master)
that an error has occurred, as some other device is also trying to be the master device. If
asserted low when the device is in master mode, it is considered a multimaster error. For
a single-master, multiple-slave configuration where flag pins are used, this pin must be
tied or pulled high to Vppgxt on the master device. For processor to processor SPl inter-
action, any of the master processor’s flag pins can be used to drive the SPIDS signal on
the SPI slave device.

SPI Master Out Slave In. If the ADSP-2136x is configured as a master, the MOSI pin
becomes a data transmit (output) pin, transmitting output data. If the processor is
configured as a slave, the MOSI pin becomes a data receive (input) pin, receiving input
data. In an SPl interconnection, the data is shifted out from the MOSI output pin of the
master and shifted into the MOSI input(s) of the slave(s). MOSl has a 22.5 kQ internal pull-
up resistor.

SPI Master In Slave Out. If the ADSP-2136x is configured as a master, the MISO pin
becomes a data receive (input) pin, receiving input data. If the processor is configured
as aslave, the MISO pin becomes a data transmit (output) pin, transmitting output data.
In an SPI interconnection, the data is shifted out from the MISO output pin of the slave
and shifted into the MISO input pin of the master. MISO has a 22.5 kQ internal pull-up
resistor. MISO can be configured as O/D by setting the OPD bit in the SPICTL register.
Note: Only one slave is allowed to transmit data at any given time. To enable broadcast
transmission to multiple SPI slaves, the processor’s MISO pin can be disabled by setting
Bit 5 (DMISO) of the SPICTL register equal to 1.

CLKIN

XTAL
CLK_CFG1-0

Input only

Output only?
Input only

Local Clock In. Used in conjunction with XTAL. CLKIN is the ADSP-2136x clock input. It
configures the ADSP-2136x to use either its internal clock generator or an external clock
source. Connecting the necessary components to CLKIN and XTAL enables the internal
clock generator. Connecting the external clock to CLKIN while leaving XTAL uncon-
nected configures the processors to use the external clock source such as an external
clockoscillator. The coreis clocked either by the PLL output or this clockinput depending
on the CLK_CFG1-0 pin settings. CLKIN should not be halted, changed, or operated
below the specified frequency.

Crystal Oscillator Terminal. Used in conjunction with CLKIN to drive an external crystal.
Core to CLKIN Ratio Control. These pins set the start up clock frequency. 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. The allowed values are:
00=6:1

01=321

10=16:1

11 = reserved.

The following symbols appear in the Type column of Table 6: A = asynchronous, G = ground, | = 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.
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SPECIFICATIONS

Specifications are subject to change without notice.

OPERATING CONDITIONS
K Grade B Grade Y Grade

Parameter | Description Min Nom Max Min Nom Max Min Nom Max Unit

VDDINT Internal (Core) Supply 114 1.2 1.26 114 1.2 1.26 095 1.0 1.05 \
Voltage

AvbD Analog (PLL) Supply Voltage | 1.14 1.2 1.26 114 1.2 1.26 095 1.0 1.05 \

VDDEXT External (I/0) Supply Voltage | 3.13 3.3 347 3.13 33 347 3.13 33 347 Vv

Viy' High Level Input Voltage @ 2.0 Vppext +0.5 | 2.0 Vppext +0.5 | 2.0 Vopext+0.5 | V
VppexT = Max

vi! Low Level Input Voltage @ -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 %
Vopext = Min

VIH?CLKINZ High Level Input Voltage @ 1.74 Vpopext +0.5 | 1.74 Vpopext +0.5 | 1.74 Vopext +0.5 | V
Vbpext = Max

VIL_CLKIN Low Level Input Voltage @ -0.5 +1.19 -0.5 +1.19 -0.5 +1.19 Vv
VopexT = Min

T4 Junction Temperature 0 +110 -40 +125 -40 +125 °C
136-Ball CSP_BGA

T4 Junction Temperature 0 +110 -40 +125 -40 +125 °C

144-Lead LQFP_EP

! Applies to input and bidirectional pins: AD15-0, FLAG3-0, DAI_Px, SPICLK, MOSI, MISO, SPIDS, BOOT_CFGx, CLK_CFGx, RESET, TCK, TMS, TDI, and TRST.
2 Applies to input pin CLKIN.
3See Thermal Characteristics on Page 47 for information on thermal specifications.
4See the Engineer-to-Engineer Note “Estimating Power for the ADSP-21362 SHARC Processors” (EE-277) for further information.
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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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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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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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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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DAI_P20-1
(SCLK)

DAI_P20-1
(FS)

DAI_P20-1
(DATA

CHANNEL A/B)

DAI_P20-1
(SCLK)

DAI_P20-1
(FS)

DAI_P20-1
(DATA
CHANNEL A/B)

DATA RECEIVE—INTERNAL CLOCK DATA RECEIVE—EXTERNAL CLOCK
DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE
- tscLkw > - tscLkw -
DAI_P20-1
(SCLK)
le— tprg le— tprse
thors! [<—»] tspsi —»] tursi thorse [—>] tsrse —»| thrse
DAI_P20-1
(FS)
tspri —» tupri tspre —»—<e—>| tipre
DAI_P20-1
(DATA
CHANNEL A/B)
DATA TRANSMIT—INTERNAL CLOCK DATA TRANSMIT—EXTERNAL CLOCK
DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE
le———tscLiw ———» le——— tscLkw ————>
DAI_P20-1
(SCLK)
|a— tprs) —» — tprse —»
thoFs| [<«—> — tsps) —>] tuesi tHoFsE [+—» e— tspsg —»] turse
DAI_P20-1
(FS)
- > topT| - > topTE
tupTi [t—> typTE [—>
DAI_P20-1
CHANNEL A/B)

Rev.J

Figure 21. Serial Ports
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Input Data Port (IDP)

The timing requirements for the IDP are given in Table 28. IDP
signals are routed to the DAI_P20-1 pins using the SRU. There-
fore, the timing specifications provided below are valid at the
DAI_P20-1 pins.

Table 28. IDP

Parameter Min Unit
Timing Requirements

tsisrs Frame Sync Setup Before Clock Rising Edge 3 ns
tsinrs' Frame Sync Hold After Clock Rising Edge 3 ns
tsisp! Data Setup Before Clock Rising Edge 3 ns
tsiHp' Data Hold After Clock Rising Edge 3 ns
tiDPCLKW Clock Width (tpaik x4) +2-1 ns
tiDPCLK Clock Period tpclk X 4 ns

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

SAMPLE EDGE tiopoLk

DALP20-1 — \|< tiopcLkw o/
(SCLK)

tsisrs —o-la—— tsiHFs ——»
DAI_P20-1
(FS)

tsisp t
|e—— tsip ——»
DAI_P20-1
(SDATA)

Figure 24. IDP Master Timing

Rev.) | Page330f60 | July2013



http://www.analog.com/ADSP-21362?src=ADSP-21362.pdf
http://www.analog.com/ADSP-21363?src=ADSP-21363.pdf
http://www.analog.com/ADSP-21364?src=ADSP-21364.pdf
http://www.analog.com/ADSP-21365?src=ADSP-21365.pdf
http://www.analog.com/ADSP-21366?src=ADSP-21366.pdf

ADSP-21362/ADSP-21363/ADSP-21364/ADSP-21365/ADSP-21366

Figure 30 shows the default I’S-justified mode. The frame sync

is low for the left channel and high for the right channel. Data is
valid on the rising edge of serial clock. The MSB is left-justified
to the frame sync transition but with a delay.

Table 34. S/PDIF Transmitter I2S Mode

Parameter Nominal Unit
Timing Requirement
ti25D FS to MSB Delay in IS Mode 1 SCLK

) )

[{4 €
DAI_P20-1 LEFT/RIGHT CHANNEL X
Fs (‘(‘ ()()

DAI_P20-1
SCLK
tiasp
DAI_P20-1
SDATA

Figure 30. IS-Justified Mode

Figure 31 shows the left-justified mode. The 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 left-justified to the
frame sync transition with no delay.

Table 35. S/PDIF Transmitter Left-Justified Mode

Parameter Nominal Unit

Timing Requirement
tup FS to MSB Delay in Left-Justified Mode 0 SCLK

) )

<« €
DAI_P20-1 LEFT/RIGHT CHANNEL
FS ) )

(4 ¢

R AVAVAVAVRAVAVAVAYRRVAN

> tLp
DAI_P20-1
SDATA

Figure 31. Left-Justified Mode
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SPIDS
(INPUT)

SPICLK
(cpP=o,
cP=1)
(INPUT)

-
MISO
(OUTPUT)

CPHASE =1

-
MISO
(OUTPUT)

CPHASE =0

\ " / \
[($
tspichs tspicLs tspicLks ——|<— tips —~{<— tspppw —|
(s
>< ‘)‘) >< ><
tspsco |« >
<t
topspips DSDHI
tbsoe
> topspips - > tupspips

MOSI
(INPUT)
\

)L
X «
)L
«

X

tsspips
|

tuspips

tosov
>

)L
X (3
)L
«

X

(INPUT)
.

tsspiDs |[<—n

Figure 35. SPI Slave Timing
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JTAG Test Access Port and Emulation

Table 41. JTAG Test Access Port and Emulation

Parameter Min Max Unit
Timing Requirements

trek TCK Period tek ns
tsTap TDI, TMS Setup Before TCK High 5 ns
tHTAP TDI, TMS Hold After TCK High 6 ns
tssys! System Inputs Setup Before TCK High 7 ns
tHsys' System Inputs Hold After TCK High 18 ns
tTRSTW TRST Pulse Width 4 Xtk ns
Switching Characteristics

toTDO TDO Delay from TCK Low 7 ns
tpsys> System Outputs Delay After TCK Low tck+2+7 ns

ISystem Inputs = ADDR15-0, SPIDS, CLK_CFG1-0, RESET, BOOT_CFG1-0, MISO, MOSI, SPICLK, DAI_Px, and FLAG3-0.
2System Outputs = MISO, MOSI, SPICLK, DAT_Px, ADDR15-0, RD, WR, FLAG3-0, EMU, and ALE.

- trek >
TCK \ / 4\
\ /
tstap ——ft—tutap
TMS
TDI

- torpo |
TDO *
[ tssys > tusys -
SYSTEM
INPUTS
| tosys >
SYSTEM
OUTPUTS

Figure 36. IEEE 1149.1 JTAG Test Access Port
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10

6 ——y =0.0488x — 1.5923

OUTPUT DELAY OR HOLD (ns)
N

-2

-4

100 150 200

LOAD CAPACITANCE (pF)

Figure 42. Typical Output Delay or Hold versus Load Capacitance
(at Ambient Temperature)

THERMAL CHARACTERISTICS

The processor is rated for performance over the temperature
range specified in Operating Conditions on Page 14.

Table 42 through 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 and
thermal via design comply with JEDEC standards JESD51-9
(BGA) and JESD51-5 (LQFP_EP). The junction-to-case mea-
surement complies with MIL-STD-883. All measurements use a
2S2P JEDEC test board.

Industrial applications using the BGA package require thermal
vias, to an embedded ground plane, in the PCB. Refer to JEDEC
standard JESD51-9 for printed circuit board thermal ball land
and thermal via design information.

Industrial applications using the LQFP_EP package require
thermal trace squares and thermal vias, to an embedded ground
plane, in the PCB. Refer to JEDEC standard JESD51-5 for more
information.

To determine the junction temperature of the device while on
the application PCB, use:

T, = Tp+ (W, % Pp)

where:
Ty = junction temperature (°C)

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

W1 = junction-to-top (of package) characterization parameter
is the typical value from Table 42 through Table 44.

Pp = power dissipation. See the Engineer-to-Engineer Note
“Estimating Power for the ADSP-21362 SHARC Processors”
(EE-277) for more information.

Values of 0} are provided for package comparison and PCB
design considerations.

Rev.) | Page47of60

Values of 0j¢ are provided for package comparison and PCB
design considerations when an exposed pad is required. Note
that the thermal characteristics values provided in Table 42
through Table 44 are modeled values.

Table 42. Thermal Characteristics for BGA (No Thermal vias
in PCB)

Parameter | Condition Typical Unit
0 Airflow =0 m/s 25.40 °C/W
O)ma Airflow =1 m/s 21.90 °C/W
O)ma Airflow =2 m/s 20.90 °C/W
0)c 5.07 °C/W
Yir Airflow =0m/s 0.140 °C/W
Yimr Airflow =1m/s 0.330 °C/W
Wimr Airflow =2 m/s 0.410 °C/W

Table 43. Thermal Characteristics for BGA (Thermal vias in
PCB)

Parameter | Condition Typical Unit
0 Airflow =0 m/s 23.40 °C/W
O)ma Airflow =1m/s 20.00 °C/W
(ST Airflow =2 m/s 19.20 °C/W
0)c 5.00 °C/W
Yyr Airflow =0 m/s 0.130 °C/W
Wimr Airflow = 1 m/s 0.300 °C/W
Yiur Airflow =2 m/s 0.360 °C/W

Table 44. Thermal Characteristics for LQFP_EP (with
Exposed Pad Soldered to PCB)

Parameter | Condition Typical Unit
0a Airflow =0 m/s 16.80 °C/W
O)maA Airflow =1 m/s 14.20 °C/W
(ST Airflow =2 m/s 13.50 °C/W
0)c 7.25 °C/W
Yyr Airflow =0 m/s 0.51 °C/W
Yimr Airflow =1 m/s 0.72 °C/W
Yiur Airflow =2 m/s 0.80 °C/W
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Table 46. BGA Pin Assignments (Continued)

Ball Name Ball No. | Ball Name Ball No. | Ball Name Ball No. | Ball Name Ball No.
AD5 JO1 AD3 K01 AD2 LO1 ADO MO1
AD4 J02 VDDINT K02 AD1 L02 WR MO02
GND Jo4 GND K04 GND L04 GND MO03
GND JO5 GND K05 GND LO5 GND M12
GND Jo6 GND K06 GND L06 DAI_P12 (SD3B) M13
GND Jo9 GND K09 GND L09 DAI_P13 (SCLK3) M14
GND J10 GND K10 GND L10

GND J1 GND K11 GND L11

VDDINT J13 GND K13 GND L13

DAI_P16 (SD4B) J14 DAI_P15 (SD4A) K14 DAI_P14 (SFS3) L14

AD15 NO1 AD14 PO1

ALE NO02 AD13 P02

RD NO3 AD12 P03

VDDINT NO4 AD11 P04

VDDEXT NO5 AD10 P05

AD8 NO06 AD9 P0o6

VDDINT NO7 DAI_P1 (SDOA) P07

DAI_P2 (SDOB) NO08 DAI_P3 (SCLKO) P08

VDDEXT NO9 DAI_P5 (SD1A) P09

DAI_P4 (SFS0) N10 DAI_P6 (SD1B) P10

VDDINT N11 DAI_P7 (SCLKT) P11

VDDINT N12 DAI_P8 (SFS1) P12

GND N13 DAI_P9 (SD2A) P13

DAI_P10 (SD2B) N14 DAI_P11 (SD3A) P14

Figure 45 and Figure 46 show BGA pin assignments from the
bottom and top, respectively.

Note: Use the center block of ground pins to provide thermal
pathways to your printed circuit board’s ground plane.
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AUTOMOTIVE PRODUCTS

Some ADSP-2136x models are available for automotive applica-

tions with controlled manufacturing. Note that these special
models may have specifications that differ from the general

release models.

Table 48. Automotive Products

The automotive grade products shown in Table 48 are available
for use in automotive applications. Contact your local ADI
account representative or authorized ADI product distributor
for specific product ordering information. Note that all automo-
tive products are RoHS compliant.

Temperature Instruction | On-Chip Package
Model Notes Range' Rate SRAM ROM Package Description Option
AD21362WBBCZ1xx 2 -40°C to +85°C 333 MHz 3M Bit 4M Bit 136-Ball CSP_BGA BC-136-1
AD21362WBSWZ1xx 2 -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21362WYSWZ2xx 2 -40°C t0 +105°C | 200 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21363WBBCZ1xx -40°C to +85°C 333 MHz 3M Bit 4M Bit 136-Ball CSP_BGA BC-136-1
AD21363WBSWZ1xx -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21363WYSWZ2xx —40°Ct0 +105°C | 200 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21364WBBCZ1xx -40°C to +85°C 333 MHz 3M Bit 4M Bit 136-Ball CSP_BGA BC-136-1
AD21364WBSWZ1xx -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21364WYSWZ2xx -40°C t0 +105°C | 200 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21365WBSWZ1xxA 23,4 -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21365WBSWZ 1xxF 2,34 -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21365WYSWZ2xxA 23,4 -40°C t0 +105°C | 200 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21366WBBCZ1xxA 3.4 -40°C to +85°C 333 MHz 3M Bit 4M Bit 136-Ball CSP_BGA BC-136-1
AD21366WBSWZ1xxA 3.4 -40°C to +85°C 333 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1
AD21366WYSWZ2xxA 3.4 -40°C to +105°C | 200 MHz 3M Bit 4M Bit 144-Lead LQFP_EP SW-144-1

I Referenced temperature is ambient temperature. The ambient temperature is not a specification. Please see Operating Conditions on Page 14 for junction temperature (Tj)
specification which is the only temperature specification.

?License from DTLA required for these products.

3 Available with a wide variety of audio algorithm combinations sold as part of a chipset and bundled with necessary software. For a complete list, visit our website at

www.analog.com/sharc.

*License from Dolby Laboratories, Inc., and Digital Theater Systems (DTS) required for these products.
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