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SUMMARY

High performance 32-bit DSP—applications in audio,
medical, military, wireless communications, graphics,
imaging, motor-control, and telephony

Super Harvard Architecture—four independent buses
for dual data fetch, instruction fetch, and
nonintrusive, zero-overhead I/0

Code-compatible with all other SHARC Family DSPs

Single-Instruction-Multiple-Data (SIMD) computational
architecture—two 32-bit |IEEE floating-point
computation units, each with a multiplier, ALU,
shifter, and register file

Serial ports offer 12S support via 8 programmable and
simultaneous receive or transmit pins, which
supports up to 16 transmit or 16 receive channels of
audio

Integrated peripherals—integrated I/0 processor, 1 Mbit
on-chip dual-ported SRAM, SDRAM controller,
glueless multiprocessing features, and I/0 ports
(serial, link, external bus, SPI, and JTAG)

ADSP-21161N supports 32-bit fixed, 32-bit float, and
40-bit floating point formats

KEY FEATURES

100 MHz (10 ns) core instruction rate

Single-cycle instruction execution, including SIMD
operations in both computational units

600 MFLOPS peak and 400 MFLOPs sustained
performance

225-ball 17x17mm MBGA package

1 Mbit on-chip dual-ported SRAM (0.5 Mbit block 0, 0.5
Mbit block 1) for independent access by core
processor and DMA
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KEY FEATURES (CONTINUED)

400 million fixed-point MACs sustained performance

Dual Data Address Generators (DAGs) with modulo and
bit-reverse addressing

Zero-overhead looping with single-cycle loop setup,
providing efficient program sequencing

IEEE 1149.1 JTAG standard test access port and on-chip
emulation

Single Instruction Multiple Data (SIMD) architecture
provides:

Two computational processing elements

Concurrent execution--Each processing element
executes the same instruction, but operates on
different data

Code compatibility--At assembly level, uses the same
instruction set as other SHARC DSPs

Parallelism in busses and computational units allows:

Single-cycle execution (with or without SIMD) of: a
multiply operation, an ALU operation, a dual memory
read or write, and an instruction fetch

Transfers between memory and core at up to four 32-bit
floating- or fixed-point words per cycle, sustained 1.6
Gbytes/s bandwidth

Accelerated FFT butterfly computation through a
multiply with add and subtract

DMA Controller supports:

14 zero-overhead DMA channels for transfers between
ADSP-21161N internal memory and external memory,
external peripherals, host processor, serial ports, link
ports or Serial Peripheral Interface (SPI-compatible)

64-bit background DMA transfers at core clock speed, in
parallel with full-speed processor execution

800 Mbytes/s transfer rate over IOP bus

Host processor interface to 8-, 16- and 32-bit
microprocessors, the host can directly read/write
ADSP-21161N IOP registers.

32-bit (or up to 48-bit) wide synchronous External Port
provides:

Glueless connection to asynchronous, SBSRAM and
SDRAM external memories

Memory interface supports programmable wait state
generation and wait mode for off-chip memory

Up to 50 MHz operation for non-SDRAM accesses

1:2, 1:3, 1:4, 1:6, 1:8 clock in to Core Clock frequency
multiply ratios

24-bit address, 32-bit data bus. 16 additional data lines
via multiplexed link port data pins allow complete
48-bit wide data bus for single-cycle external
instruction execution

Direct reads and writes of IOP registers from host or
other 21161N DSPs

62.7 Mega-word address range for off-chip SRAM and
SBSRAM memories

32-48, 16-48, 8-48 execution packing for executing
instruction directly from 32-bit, 16-bit, or 8-bit wide
external memories
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32-48, 16-48, 8-48, 32-32/64, 16-32/64, 8-32/64, data
packing for DMA transfers directly from 32-bit, 16-bit,
or 8-bit wide external memories to and from internal
32-, 48-, or 64-bit internal memory

Can be configured to have 48-bit wide external data bus
possible, if link ports are not used. The link port data
lines are multiplexed with the data lines DO to D15
and is enabled through control bits in SYSCON

SDRAM Controller for glueless interface to low cost
external memory

Zero wait state, 100 MHz operation for most accesses

Extended external memory banks (64 M-words) for
SDRAM accesses

Page sizes up to 2048 words

An SDRAM controller supports SDRAM in any and all
memory banks

Support for interface to run at core clock and half the
core clock frequency

Support for 16 Mbits, 64 Mbits, 128 Mbits, and 256
Mbits with SDRAM data bus configurations of x4, x8,
x16, and x32

254 Mega-word address range for off-chip SDRAM
memory

Multiprocessing support provides:

Glueless connection for scalable DSP multiprocessing
architecture

Distributed on-chip bus arbitration for parallel bus
connect of up to six ADSP-21161Ns, global memory
and a host

Two 8-bit wide link ports for point-to-point connectivity
between ADSP-21161Ns

400 Mbytes/s transfer rate over parallel bus

200 Mbytes/s transfer rate over link ports

Serial Ports provide:

Four 50 Mbit/s synchronous serial ports with
companding hardware

8 bi-directional serial data pins, configurable as either a
transmitter or receiver

I2S Support, programmable direction for 8
simultaneous Receive and Transmit channels, or up
to either 16 Transmit channels or 16 Receive
channels.

TDM support for T1 and E1 interfaces, and 128 TDM
channel support for newer telephony interfaces such
as H.100/H.110

Companding selection on a per channel basis in TDM
mode

Serial Peripheral Interface (SPI)

Slave Serial boot through SPI from a Master SPI device

Full-duplex operation

Master-Slave mode multi-master support

Open drain outputs

Programmable baud rates, clock polarities and phases

12 Programmable 1/0 pins
1 Programmable Timer
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GENERAL DESCRIPTION

The ADSP-21161N SHARC DSP is the first low-cost
derivative of the ADSP-21160 featuring Analog Devices’
Super Harvard Architecture. Easing portability, the
ADSP-21161N is source code compatible with the
ADSP-21160 and with first generation ADSP-2106x
SHARC:Ss in SISD (Single Instruction, Single Data) mode.
Like other SHARCs, the ADSP-21161N is a 32-bit
processor that is optimized for high performance DSP appli-
cations. The ADSP-21161N includes a 100 MHz core, a
dual-ported on-chip SRAM, an integrated 1/O processor
with multiprocessing support, and multiple internal busses
to eliminate 1/O bottlenecks.

The ADSP-21161N offers a Single-Instruction-Multi-
ple-Data (SIMD) architecture, which was first offered in the
ADSP-21160. Using two computational units
(ADSP-2106x SHARCSs have one), the ADSP-21161N can
double cycle performance versus the ADSP-2106x on a
range of DSP algorithms.

Fabricated in a state of the art, high speed, low power
CMOS process, the ADSP-21161N has a 10 ns instruction
cycle time. With its SIMD computational hardware running
at 100 MHz, the ADSP-21161N can perform 600 million
math operations per second. Table 1 shows performance
benchmarks for the ADSP-21161N.

Table 1. ADSP-21161N Benchmarks (at 100 MHz)

. Speed (at 100
Benchmark Algorithm MH?2)
1024 Point Complex FFT (Radix 4, 92 us
with reversal)
FIR Filter (per tap) 5ns
IR Filter (per biquad) 20 ns
Matrix Multiply (pipelined) 45 ns
[3x3] * [3x1] 80 ns
[4x4] * [4x1]
Divide (y/x) 30 ns
Inverse Square Root 45 ns
DMA Transfers 800 Mbytes/s

The ADSP-21161N continues SHARC's industry leading
standards of integration for DSPs, combining a high perfor-
mance 32-bit DSP core with integrated, on-chip system
features. These featuresinclude a 1 Mbitdual ported SRAM
memory, host processor interface, 1/0 processor that
supports 14 DMA channels, four serial ports, two link ports,
SDRAM controller, SPI interface, external parallel bus, and
glueless multiprocessing.
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The block diagram of the ADSP-21161N on page 4, illus-
trating the following architectural features:

» Two processing elements, each made up of an ALU, Mul-
tiplier, Shifter and Data Register File

» Data Address Generators (DAG1, DAG?2)
» Program sequencer with instruction cache

* PM and DM buses capable of supporting four 32-bit data
transfers between memory and the core every core
processor cycle

* Interval timer
¢ On-Chip SRAM (1 Mbit)
* SDRAM Controller for glueless interface to SDRAMSs
« External port that supports:
« Interfacing to off-chip memory peripherals

e Glueless multiprocessing support for six
ADSP-21161N SHARCs

* Host port read/write of 1OP registers
« DMA controller
 Four serial ports
* Two link ports
» SPI-compatible interface
* JTAG test access port
» 12 General Purpose 1/0O Pins

Figure 1 shows a typical single-processor system. A
multi-processing system appears in Figure 4 on page 8.

ADSP-21161N Family Core Architecture

The ADSP-21161N includes the following architectural
features of the ADSP-2116x family core. The
ADSP-21161N is code compatible at the assembly level
with the ADSP-21160, ADSP-21060, ADSP-21061, and
ADSP-21062 and ADSP-21065L.

SIMD Computational Engine

The ADSP-21161N contains two computational process-
ing elements that operate as a Single Instruction Multiple
Data (SIMD) engine. The processing elements are referred
to as PEX and PEY and each contains an ALU, multiplier,
shifter and register file. PEX is always active, and PEY may
be enabled by setting the PEYEN mode bit in the MODEL1
register. When this mode is enabled, the same instruction
isexecuted in both processing elements, but each processing
element operates on different data. This architecture is
efficient at executing math intensive DSP algorithms.

Entering SIMD mode also has an effect on the way data is
transferred between memory and the processing elements.
When in SIMD mode, twice the data bandwidth is required
to sustain computational operation in the processing
elements. Because of this requirement, entering SIMD
mode also doubles the bandwidth between memory and the
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Figure 1. ADSP-21161N System

processing elements. When using the DAGs to transfer data

in SIMD mode, two data values are transferred with each

access of memory or the register file.

Independent, Parallel Computation Units

Within each processing element is a set of computational
units. The computational units consist of an arith-
metic/logic unit (ALU), multiplier and shifter. These units
perform single-cycle instructions. The three units within in
each processing element are arranged in parallel, maximiz-
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Data Register File
A general purpose data register file is contained in each
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processing element. The register files transfer data between
the computation units and the data buses, and store inter-

ing computational throughput. Single multi-function

instructions execute parallel ALU and multiplier opera-
tions. In SIMD mode, the parallel ALU and multiplier
operations occur in both processing elements. These com-
putation units support IEEE 32-bit single-precision
floating-point, 40-bit extended precision floating-point,

and 32-bit fixed-point data formats.

mediate results. These 10-port, 32-register (16 primary, 16
secondary) register files, combined with the ADSP-2116x
enhanced Harvard architecture, allow unconstrained data
flow between computation units and internal memory. The
registers in PEX are referred to as RO-R15 and in PEY as
S0-S15.

Single-Cycle Fetch of Instruction and Four Operands
The ADSP-21161N features an enhanced Harvard archi-
tecture in which the data memory (DM) bus transfers data
and the program memory (PM) bus transfers both instruc-
tions and data (see Figure 1 on page 4). With the

ADSP-21161N’s separate program and data memory buses
and on-chip instruction cache, the processor can simulta-

neously fetch four operands (two over each data bus) and

an instruction (from the cache), all in a single cycle.

This information applies to a product under development. Its characteristics and specifications are subject to
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Instruction Cache

The ADSP-21161N includes an on-chip instruction cache
that enables three-bus operation for fetching an instruction
and four data values. The cache is selective—only the
instructions whose fetches conflict with PM bus data
accesses are cached. This cache allows full-speed execution
of core, looped operations such as digital filter multi-
ply-accumulates and FFT butterfly processing.

Data Address Generators With Hardware Circular
Buffers

The ADSP-21161N’s two data address generators (DAGS)
are used for indirect addressing and implementing circular
data buffers in hardware. Circular buffers allow efficient
programming of delay lines and other data structures
required in digital signal processing, and are commonly
used indigital filtersand Fourier transforms. The two DAGs
of the ADSP-21161N contain sufficient registers to allow
the creation of up to 32 circular buffers (16 primary register
sets, 16 secondary). The DAGs automatically handle
address pointer wrap-around, reduce overhead, increase
performance, and simplify implementation. Circular
buffers can start and end at any memory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of
parallel operations, for concise programming. For example,
the ADSP-21161N can conditionally execute a multiply, an
add, and a subtract in both processing elements, while
branching, all in a single instruction.

ADSP-21161N Memory and I/O Interface Features
The ADSP-21161N adds the following architectural
features to the ADSP-2116x family core:

Dual-Ported On-Chip Memory

The ADSP-21161N contains one megabit of on-chip
SRAM, organized as two blocks of 0.5 Mbits. Each block
can be configured for different combinations of code and
data storage. Each memory block is dual-ported for sin-
gle-cycle, independent accesses by the core processor and
1/0O processor. The dual-ported memory in combination
with three separate on-chip buses allow two data transfers
from the core and one from the 1/O processor, in a single
cycle. On the ADSP-21161N, the memory can be config-
ured as a maximum of 32K words of 32-bit data, 64K words
of 16-bit data, 21.25K words of 48-bit instructions (or
40-bit data), or combinations of different word sizes up to
one megabit. All of the memory can be accessed as 16-bit,
32-bit, 48-bit, or 64-bit words. A 16-bit floating-point
storage format is supported that effectively doubles the
amount of data that may be stored on-chip. Conversion
between the 32-bit floating-point and 16-bit floating-point
formats is done in a single instruction. While each memory
block can store combinations of code and data, accesses are
most efficient when one block stores data using the DM bus
for transfers, and the other block stores instructions and
data using the PM bus for transfers. Using the DM bus and
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PM bus, with one dedicated to each memory block assures
single-cycle execution with two data transfers. In this case,
the instruction must be available in the cache.

Off-Chip Memory and Peripherals Interface

The ADSP-21161N’s external port provides the processor’s
interface to off-chip memory and peripherals. The
62.7-megaword off-chip address space (254-megaword ifall
SDRAM) is included in the ADSP-21161N’s unified
address space. The separate on-chip buses—for PM
addresses, PM data, DM addresses, DM data, 1/0
addresses, and 1/0O data—are multiplexed at the external
port to create an external system bus with a single 24-bit
address bus and a single 32-bit data bus. Every access to
external memory is based on an address that fetches a 32-bit
word. When fetching an instruction from external memory,
two 32-bit data locations are being accessed for packed
instructions. Unused link port lines can also be used as
additional data lines DATA[0]-DATA[15], allowing single
cycle execution of instructions from external memory at up
to 100 MHz. Figure 3 on page 7 shows the alignment of
various accesses to external memory.

The external port supports asynchronous, synchronous,
and synchronous burst accesses. Synchronous burst SRAM
can be interfaced gluelessly. The ADSP-21161N also can
interface gluelessly to SDRAM. Addressing of external
memory devices is facilitated by on-chip decoding of
high-order address lines to generate memory bank select
signals. The ADSP-21161N provides programmable
memory wait states and external memory acknowledge
controls to allow interfacing to memory and peripherals
with variable access, hold, and disable time requirements.

SDRAM Interface

The SDRAM interface enables the ADSP-21161N to
transfer data to and from synchronous DRAM (SDRAM)
at the core clock frequency or one-half the core clock fre-
guency. The synchronous approach, coupled with the core
clock frequency, supports data transfer at a high through-
put—up to 400 Mbytes/s for 32-bit transfers and 600
Mbytes/s for 48-bit transfers.

The SDRAM interface provides a glueless interface with
standard SDRAMs—16 Mb, 64 Mb, 128 Mb, and 256 Mb
— and includes options to support additional buffers
between the ADSP-21161N and SDRAM. The SDRAM
interface is extremely flexible and provides capability for
connecting SDRAMs to any one of the ADSP-21161N’s
four external memory banks, with up to all four banks
mapped to SDRAM.

Systems with several SDRAM devices connected in parallel
may require buffering to meet overall system timing require-
ments. The ADSP-21161N supports pipelining of the
address and control signals to enable such buffering
between itself and multiple SDRAM devices.
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ADDRESS
B 0x0020 0000
|OP REGISTERS 0x0000 0000 - 0x0001 FFFF
) 0x0002 0000 - 0x0002 1FFF (Bk 0)
Internal Long Word Addressing 0x0002 8000 - 00002 9FFF (Blk 1) Bank 0 PRR
_ ] 0
Memory Normal Word Addressing 0x0004 0000 - 0x0004 3FFF (Blk 0)
0x0005 0000 - 00005 3FFF (Blk 1)
Space
Short Word Addressing 0x0008 0000 - 0x0008 7FFF (Blk 0) 0X00FF FFFF (Non-SDRAM)
0x000A 0000 - 0x000A 7FFF (Blk 1) 0X03FF FFFF (SDRAM)
0x0400 0000
IOP Registers of R
ADSPa11oIN el o1 0x0010 0000 - 0x0011 FFFF
IOP Registers of 0%0012 0000 - 0x0013 FFFF Bank 1 € \vs,*
ADSP-21161N with ID=010
. IOP Registers of 0x0014 0000 - 0x0015 FFFF 0X04FF FFFF (Non-SDRAM)
Multi- ADSP-21161N with ID=011 0x07FF FFFF (SDRAM)
processor ) 0x0800 0000
] IOP Registers of 0x0016 0000 - 0x0017 FFFF
Memory ADSP-21161N with ID=100
Space .
p IOP Registers of 0x0018 0000 - 0x0019 FFFF
ADSP-21161N with ID=101 Bank 2 € sy’
IOP Registers of 0X001A 0000 - 0x001B FFFF 0XO8FF FFFF (Non-SDRAM)
ADSP-21161N with ID=110
0XOBFF FFFF (SDRAM)
External
0x0C00 0000
Memory —
Space
€ ms5”
Bank 3 0xOCFF FFFF (Non-SDRAM)
O0XOFFF FFFF (SDRAM)

*Bank Sizes Are Fixed

Figure 2. ADSP-21161N Memory Map

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-21161N processor 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 modifica-
tion 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 SHARC Analog Devices DSP
Tools product line of JTAG emulator operation, see the
appropriate “Emulator Hardware User's Guide”. For
detailed information on the interfacing of Analog Devices
JTAG emulators with Analog Devices DSP products with
JTAG emulation ports, please refer to Engineer to Engineer
Note EE-68, “Analog Devices JTAG Emulation Technical
Reference”. Both of these documents can be found on the
Analog Devices web-site:

http://www.analog.com/dsp/tech_docs.html

6 This information applies to a product under development. Its characteristics and specifications are subject to

DMA Controller

The ADSP-21161N’s on-chip DMA controller allows
zero-overhead data transfers without processor interven-
tion. The DMA controller operates independently and
invisibly to the processor core, allowing DMA operations to
occur while the core is simultaneously executing its program
instructions. DMA transfers can occur between the
ADSP-21161N’s internal memory and external memory,
external peripherals, or a host processor. DMA transfers can
also occur between the ADSP-21161N’s internal memory
and its serial ports, link ports, or the SPI-compatible (Serial
Peripheral Interface) port. External bus packing and
unpacking of 16-, 32-, 48-, or 64-bit words in internal
memory is performed during DMA transfers from either 8-,
16-, or 32-bit wide external memory. Fourteen channels of
DMA are available on the ADSP-21161N—two are shared
between the SPI interface and the link ports, eight via the
serial ports, and four via the processor’s external port (for
either host processor, other ADSP-21161Ns, memory or
1/0 transfers). Programs can be downloaded to the
ADSP-21161N using DMA transfers. Asynchronous
off-chip peripherals can control two DMA channels using
DMA Request/Grant lines (DMAR1-2, DMAG1-2). Other
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DMA features include interrupt generation upon comple-
tion of DMA transfers, and DMA chaining for automatic
linked DMA transfers.
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Figure 3. ADSP-21161N External Data Alignment Options

Multiprocessing

The ADSP-21161N offers powerful features tailored to
multi-processing DSP systems. The external port and link
ports provide integrated glueless multiprocessing support.

The external port supports a unified address space (see
Figure 2 on page 6) that allows direct interprocessor
accesses of each ADSP-21161N’s internal mem-
ory-mapped (I/O processor) registers. All other internal
memory can be indirectly accessed via DMA transfers
initiated via the programming of the IOP DMA parameter
and control registers. Distributed bus arbitration logic is
included on-chip for simple, glueless connection of systems
containing up to six ADSP-21161Ns and a host processor.
Master processor change over incurs only one cycle of
overhead. Bus arbitration is selectable as either fixed or
rotating priority. Bus lock allows indivisible read-mod-
ify-write sequences for semaphores. A vector interrupt is
provided for interprocessor commands. Maximum
throughput for interprocessor data transfer is 400 Mbytes/s
over the external port.

Two link ports provide a second method of multiprocessing
communications. Each link port can support communica-
tions to another ADSP-21161N. The ADSP-21161N

running at 100 MHz has a maximum throughput for inter-
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processor communications over the links of 200 Mbytes/s.
The link ports and cluster multiprocessing can be used con-
currently or independently.

Link Ports

The ADSP-21161N features two 8-bit link ports that
provide additional 1/O capabilities. With the capability of
running at 100 MHz, each link port can support 100
Mbytes/s. Link port I/O is especially useful for
point-to-point interprocessor communication in multipro-
cessing systems. The link ports can operate independently
and simultaneously, with a maximum data throughput of
200 Mbytes/s. Link port data is packed into 48- or 32-bit
words and can be directly read by the core processor or
DMA-transferred to on-chip memory. Each link port has its
own double-buffered input and output registers.
Clock/acknowledge handshaking controls link port trans-
fers. Transfers are programmable as either transmit or
receive.

Serial Ports

The ADSP-21161N features four synchronous serial ports
that provide an inexpensive interface to a wide variety of
digital and mixed-signal peripheral devices. Each serial port
is made up of two data lines, a clock and frame sync. The
data lines can be programmed to either transmit or receive.

The serial ports operate at up to half the clock rate of the
core, providing each with a maximum data rate of 50 Mbit/s.
The serial data pins are programmable as either a transmit-
ter or receiver, providing greater flexibility for serial
communications. Serial port data can be automatically
transferred to and from on-chip memory via a dedicated
DMA. Each of the serial ports features a Time Division
Multiplex (TDM) multichannel mode, where two serial
ports are TDM transmitters and two serial ports are TDM
receivers (SPORTORX paired with SPORT2 TX, SPORT1
RX paired with SPORT3 TX). Each of the serial ports also
support the 12S protocol (an industry standard interface
commonly used by audio codecs, ADCs and DACSs), with
two data pins, allowing four 1%S channels (using two 12S
stereo devices) per serial port, with a maximum of up to 16
12S channels. The serial ports permit little-endian or
big-endian transmission formats and word lengths select-
able from 3 bits to 32 bits. For 12S mode, data-word lengths
are selectable between 8 bits and 32 bits. Serial ports offer
selectable synchronization and transmit modes as well as
optional p-law or A-law companding. Serial port clocks and
frame syncs can be internally or externally generated.

Serial Peripheral (Compatible) Interface

Serial Peripheral Interface (SPI) is an industry standard
synchronous serial link, enabling the ADSP-21161N
SPI-compatible port to communicate with other SP1-com-
patible devices. SPI is a 4-wire interface consisting 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

This information applies to a product under development. Its characteristics and specifications are subject to 7
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multi-master environment by interfacing with up to four
other SPI-compatible devices, either acting as a master or
slave device. The ADSP-21161N SPI-compatible periph-
eral implementation also features programmable baud rate
and clock phase/polarities. The ADSP-21161N SPI-com-
patible port uses open drain drivers to support a
multi-master configuration and to avoid data contention.

Host Processor Interface

The ADSP-21161N host interface allows easy connection
to standard 8-bit, 16-bit, or 32-bit microprocessor buses
with little additional hardware required. The host interface
is accessed through the ADSP-21161N’s external port.
Four channels of DMA are available for the host interface;
code and data transfers are accomplished with low software
overhead. The host processor requests the ADSP-21161N'’s
external bus with the host bus request (HBR), host bus grant
(HBG), and ready (REDY) signals. The host can directly
read and write the internal IOP registers of the
ADSP-21161N, and can access the DMA channel setup
and message registers. DMA setup via a host would allow it
to access any internal memory address via DMA transfers.
Vector interrupt support provides efficient execution of host
commands.

General Purpose 1/O Ports

The ADSP-21161N also contains twelve programmable,
general purpose 1/O pins that can function as either input
or output. As output, these pins can signal peripheral
devices; as input, these pins can provide the test for condi-
tional branching.

Program Booting

The internal memory of the ADSP-21161N can be booted
at system power-up from either an 8-bit EPROM, a host
processor, the SPI interface, or through one of the link ports.
Selection of the boot source is controlled by the Boot
Memory Select (BMS), EBOOT (EPROM Boot), and
Link/Host Boot (LBOOT) pins. 8-, 16-, or 32-bit host pro-
cessors can also be used for booting.

Phased Locked Loop and Crystal Double Enable

The ADSP-21161N uses an on-chip Phase Locked Loop
(PLL) to generate the internal clock for the core. The
CLK_CFG[1:0] pins are used to select ratios of 2:1, 3:1,
and 4:1. In addition to the PLL ratios, the CLKDBL pin
can be used for more clock ratio options. The (1x/2x
CLKIN) rate set by the CLKDBL pin determines the rate
ofthe PLL input clock and the rate at which the synchronous
external port operates. With the combination of
CLK_CFG[1:0] and CLKDBL, ratiosof 2:1, 3:1, 4:1, 6:1,
and 8:1 between the core and CLKIN are supported. See
also Figure 10 on page 23.

Power Supplies

The ADSP-21161N has separate power supply connections
for the internal (Vppint), external (Vppext), and analog
(AVo/AGND) power supplies. The internal and analog

REV. PrC

supplies must meet the 1.8V requirement. The external
supply must meet the 3.3V requirement. All external supply
pins must be connected to the same supply.

Note that the analog supply (AVpp) powers the
ADSP-21161N’s clock generator PLL. To produce a stable
clock, provide an external circuit to filter the power input to
the AV pin. Place the filter as close as possible to the pin.
For an example circuit, see Figure 5. To prevent noise
coupling, use a wide trace for the analog ground (AGND)
signal and install a decoupling capacitor as close as possible
to the pin.

10Q

ANV

Vooint O

AV,
T O AVbp

0.1pF T T 0.01pF

AGND

Figure 5. Analog Power (AVpp) Filter Circuit

Development Tools

The ADSP-21161N is supported with a complete set of
software and hardware developmenttools, including Analog
Devices’ emulators and VisualDSP++! development envi-
ronment. The same emulator hardware that supports other
ADSP-21xxx DSPs, also fully emulates the ADSP-21161N.

The VisualDSP++ project management environment lets
programmers develop and debug an application. This envi-
ronment includes an easy-to-use assembler that is based on
an algebraic syntax; an archiver (librarian/library builder),
a linker, a loader, a cycle-accurate instruction-level simula-
tor, a C/C++ compiler, and a C/C++ run-time library that
includes DSP and mathematical functions. Two key points
for these tools are:

« Compiled ADSP-21161N C/C++ code efficiency—the
compiler has been developed for efficient translation of
C/C++ code to ADSP-21161N assembly. The DSP has
architectural features that improve the efficiency of
compiled C/C++ code.

* ADSP-2106x family code compatibility—The assembler
has legacy features to ease the conversion of existing
ADSP-2106x applications to the ADSP-21161N.

Debugging both C/C++ and assembly programs with the
VisualDSP++ debugger, programmers can:

* View mixed C/C++ and assembly code (interleaved
source and object information)

* Insert break points

 Set conditional breakpoints on registers, memory, and
stacks

» Trace instruction execution

lvisualDSP++ is a registered trademark of Analog Devices, Inc.
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e Perform linear or statistical profiling of program
execution

 Fill, dump, and graphically plot the contents of memory
e Source level debugging
« Create custom debugger windows

The VisualDSP++ IDE lets programmers define and
manage DSP software development. Its dialog boxes and
property pages let programmers configure and manage all
of the ADSP-21xxx development tools, including the syntax
highlighting in the VisualDSP++ editor. This capability
permits:

< Control how the development tools process inputs and
generate outputs.

« Maintain a one-to-one correspondence with the tool’s
command line switches.

Analog Devices’ DSP emulators use the IEEE 1149.1JTAG
test access port of the ADSP-21161N processor to monitor
and control the target board processor during emulation.
The emulator provides full-speed emulation, allowing
inspection and modification of memory, registers, and
processor stacks. Nonintrusive in-circuit emulation is
assured by the use of the processor’s JTAG interface—the
emulator does not affect target system loading or timing.

In addition to the software and hardware development tools
available from Analog Devices, third parties provide a wide
range of tools supporting the ADSP-21xxx processor family.
Hardware tools include ADSP-21xxx PC plug-in cards.
Third Party software tools include DSP libraries, real-time
operating systems, and block diagram design tools.

Designing an Emulator-Compatible DSP Board
(Target)

The Analog Devices DSP Tools family of emulators are
tools that every DSP developer needs to test and debug
hardware and software systems. Analog Devices has
supplied an IEEE 1149.1 JTAG Test Access Port (TAP) on
each JTAG DSP. The emulator uses the TAP to access the
internal features of the DSP, allowing the developer to load
code, set breakpoints, observe variables, observe memory,
and examine registers. The DSP must be halted to send data
and commands, but once an operation has been completed
by the emulator, the DSP system is set running at full speed
with no impact on system timing.

To use these emulators, the target’s design must include the
interface between an Analog Devices’ JTAG DSP and the
emulation header on a custom DSP target board.

Target Board Header

The emulator interface to an Analog Devices’ JTAG DSP
is a 14-pin header, as shown in Figure 6. The customer
must supply this header on the target board in order to
communicate with the emulator. The interface consists of
a standard dual row 0.025" square post header, set on

10 This information applies to a product under development. Its characteristics and specifications are subject to
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0.1" x 0.1" spacing, with a minimum post length of
0.235". Pin 3 is the key position used to prevent the pod
from being inserted backwards. This pin must be clipped
on the target board.

Also, the clearance (length, width, and height) around the
header must be considered. Leave a clearance of at least
0.15" and 0.10" around the length and width of the header,
and reserve a height clearance to attach and detach the pod
connector.

1 2 .
GND [ ] [ ] EMU
3 4
KEY (NO PIN) X [ ] GND
5 6
7 8
BTCK TCK
9 10

BTRST TRST

12
BTDI O == O] gESY

GND [ ] B |0

TOP VIEW

Figure 6. JTAG Target Board Connector for JTAG
Equipped Analog Devices DSP (Jumpers in
Place)

As can be seen in Figure 6, there are two sets of signals on
the header. There are the standard JTAG signals TMS,
TCK, TDI, TDO, TRST, and EMU used for emulation
purposes (via an emulator). There are also secondary JTAG
signals BTMS, BTCK, BTDI, and BTRST that are option-
ally used for board-level (boundary scan) testing.

When the emulator is not connected to this header, place
jumpers across BTMS, BTCK, BTRST, and BTDI as
shown in Figure 7. This holds the JTAG signals in the
correct state to allow the DSP to run free. Remove all the
jumpers when connecting the emulator to the JTAG header.

JTAG Emulator Pod Connector

Figure 8 details the dimensions of the JTAG pod connector
at the 14-pin target end. Figure 9 displays the keep-out area
for a target board header. The keep-out area allows the pod
connector to properly seat onto the target board header.
This board area should contain ho components (chips,
resistors, capacitors, etc.). The dimensions are referenced
to the center of the 0.25" square post pin.
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Figure 7. JTAG Target Board Connector with No Local
Boundary Scan
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Figure 9. JTAG Pod Connector Keep-Out Area

Design-for-Emulation Circuit Information

For details on target board design issues including: single
processor connections, multiprocessor scan chains, signal
buffering, signal termination, and emulator pod logic, see
the EE-68: Analog Devices JTAG Emulation Technical
Reference on the Analog Devices website—use site search on
“EE-68" (www.analog.com). This document is updated
regularly to keep pace with improvements to emulator
support.
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Additional Information

This data sheet provides a general overview of the
ADSP-21161N architecture and functionality. For detailed
information on the ADSP-2116x Family core architecture
and instruction set, refer to the ADSP-21161 Sharc DSP
Hardware Reference and the 21160 Sharc DSP Instruction
Set Reference.

PIN FUNCTION DESCRIPTIONS

ADSP-21161N pindefinitions are listed below. Inputs iden-
tified as synchronous (S) must meet timing requirements
with respect to CLKIN (or with respect to TCK for TMS,
TDI). Inputsidentified as asynchronous (A) can be asserted
asynchronously to CLKIN (or to TCK for TRST).Tie or
pull unused inputs to VDDEXT or GND, except for the
following:

« ADDR23-0, DATA47-16, BRST, CLKOUT (NOTE:
These pins have a logic-level hold circuit enabled on the
ADSP-21161N DSP with ID2-0 = 00x)

+ PA, ACK, RD, WR, DMARX, DMAGX, (ID2-0 = 00x)
(NOTE: These pins have a pull-up enabled on the
ADSP-21161N DSP with ID2-0 = 00x)

* LXCLK, LXACK, LXDAT7-0 (LxPDRDE =0) (NOTE:
See Link Port Buffer Control Register Bit definitions in
the ADSP-21161 SHARC DSP Hardware Reference).

» DxA, DxB, SCLKYX, SPICLK, MISO, MOSI, EMU,
TMS, TRST, TDI (NOTE: These pins have a pull-up.)

The following symbols appear in the Type column of
Table 2: A = Asynchronous, G = Ground, | = Input, O =
Output, P = Power Supply, S = Synchronous, (A/D) =
Active Drive, (O/D) = Open Drain, and T = Three-State
(when SBTSisasserted or when the ADSP-21161Nisabus
slave).

Unlike previous SHARC processors, the ADSP-21161N
contains internal series resistance equivalent to 50Q on all
inputdriversexceptthe CLKIN and XTAL pins. Therefore,
for traces longer than six inches, external series resisters on
control, data, clock or frame sync pins are not required to
dampen reflections from transmission line effects for
point-to-point connections. However, for more complex
networks such as a star configuration, series termination is
still recommended. Note that the ESD protection feedback
path is only found in pins that are bidirectional (1/O, 1/O/T).
Pins listed as type O (O) do not include this signal feedback
path.
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Table 2. Pin Descriptions

Pin Type Function

ADDR23-0 1/0/T External Bus Address. The ADSP-21161N outputs addresses for external
memory and peripherals on these pins. In a multiprocessor system the bus master
outputs addresses for read/writes of the IOP registers of other ADSP-21161Ns
while all other internal memory resources can be accessed indirectly via DMA
control (that is, accessing IOP DMA parameter registers). The ADSP-21161N
inputs addresses when a host processor or multiprocessing bus master is reading or
writing its 1OP registers. A keeper latch on the DSP’s ADDR23-0 pins maintains
the input at the level it was last driven. This latch is only enabled on the
ADSP-21161N with 1D2-0=00x.

DATA47-16 1/0/T External Bus Data. The ADSP-21161N inputs and outputs data and instructions
on these pins. Pull-up resistors on unused data pins are not necessary. A keeper
latch on the DSP’s DATA47-16 pins maintains the input at the level it was last
driven. This latch is only enabled on the ADSP-21161N with 1D2-0=00x.

Note: DATA[15:8] pins (multiplexed with LLDATA[7:0]) can also be used to extend the
data bus if the link ports are disabled and will not be used. In addition, DATA[7:0] pins
(multiplexed with LODATA[7:0]) can also be used to extend the data bus if the link ports
are not used. This allows execution of 48-bit instructions from external SBSRAM (system
clock speed-external port), SRAM (system clock speed-external port) and SDRAM (core
clock or one-half the core clock speed). The IPACKX Instruction Packing Mode Bits in
SYSCON should be set correctly (IPACK1-0 = 0x1) to enable this full instruction
Width/No-packing Mode of operation.

MS3-0 1/0/T Memory Select Lines. These outputs are asserted (low) as chip selects for the
corresponding banks of external memory. Memory bank sizes are fixed to 16
Mwords for non-SDRAM and 64 Mwords for SDRAM. The MS3-0 outputs are
decoded memory address lines. In asynchronous access mode, the MS3-0 outputs
transition with the other address outputs. In synchronous access modes, the MS3-0
outputs assert with the other address lines; however, they de-assert after the first
CLKIN cycle in which ACK is sampled asserted. In a multiprocessor systems, the
MSKx signals are tracked by slave SHARC:.

RD 1/0/T Memory Read Strobe. RD is asserted whenever ADSP-21161N reads a word
from external memory or from the IOP registers of other ADSP-21161Ns. External
devices, including other ADSP-21161Ns, must assert RD for reading from a word
of the ADSP-21161N IOP register memory. In a multiprocessing system, RD is
driven by the bus master. RD has a 20kQ internal pull-up resistor that is enabled
for DSPs with 1D2-0 = 00x.

WR 1/0/T Memory Write Low Strobe. WR is asserted when ADSP-21161N writes a word
to external memory or IOP registers of other ADSP-21161Ns. External devices
must assert WR for writing to ADSP-21161N's IOP registers. In a multiprocessing
system, WR is driven by the bus master. WR has a 20kQ internal pull-up resistor
that is enabled for DSPs with 1D2-0 = 00x.

12 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
agreed to in writing.



February 2002

For current information contact Analog Devices at (800) 262-5643

ADSP-21161IN

Table 2. Pin Descriptions (Continued)

Pin

Type

Function

BRST

ACK

SBTS

CAS

RAS

DQM

SDCLKO
SDCLK1

1/10/T

1/10/S

IS

1/10/T

1/10/T

1/10/T

oIT

1/10/SIT
O/SIT

1/10/T

oIT

/A

Sequential Burst Access. BRST is asserted by ADSP-21161N to indicate that
data associated with consecutive addresses is being read or written. A slave device
samples the initial address and increments an internal address counter after each
transfer. The incremented address is not pipelined on the bus. A master
ADSP-21161N in a multiprocessor environment can read slave external port
buffers (EPBX) using the burst protocol. BRST is asserted after the initial access of
abursttransfer. Itis asserted for every cycle after that, except for the last data request
cycle (denoted by RD or WR asserted and BRST negated). A keeper latch on the
DSP’s BRST pin maintains the input at the level it was last driven. This latch is
only enabled on the ADSP-21161N with 1D2-0=00x..

Memory Acknowledge. External devices can de-assert ACK (low) to add wait
states to an external memory access. ACK is used by /O devices, memory
controllers, or other peripherals to hold off completion of an external memory
access. The ADSP-21161N deasserts ACK as an output to add wait states to a
synchronous access of its IOP registers. ACK has a 20kQ internal pull-up resistor
that is enabled during reset or on DSPs with 1D2-0 = 00x.

Suspend Bus and Three-State. External devices can assert SBTS (low) to place
the external bus address, data, selects, and strobes in a high impedance state for the
following cycle. If the ADSP-21161N attempts to access external memory while
SBTS is asserted, the processor will halt and the memory access will not be
completed until SBTS is de-asserted. SBTS should only be used to recover from
host processor/ADSP-21161N deadlock.

SDRAM Column Access Strobe. In conjunction with RAS, MSx, SDWE,
SDCLKYX, and sometimes SDA10, defines the operation for the SDRAM to
perform.

SDRAM Row Access Strobe. In conjunction with CAS, MSx, SDWE,
SDCLKYX, and sometimes SDA10, defines the operation for the SDRAM to
perform.

SDRAM Write Enable. In conjunction with CAS, RAS, MSx, SDCLKX, and
sometimes SDAL10, defines the operation for the SDRAM to perform.

SDRAM Data Mask. In write mode, DQM has a latency of zero and is used
during a precharge command and during SDRAM power-up initialization.

SDRAM Clock Output 0. Clock for SDRAM devices.

SDRAM Clock Output 1. Additional clock for SDRAM devices. For systems
with multiple SDRAM devices, handles the increased clock load requirements,
eliminating need of off-chip clock buffers. Either SDCLK1 or both SDCLKX pins
can be three-stated.

SDRAM Clock Enable. Enables and disables the CLK signal. For details, see
the data sheet supplied with the SDRAM device.

SDRAM A10 Pin. Enables applications to refresh an SDRAM in parallel with a
non-SDRAM accesses or host accesses.

Interrupt Request Lines. These are sampled on the rising edge of CLKIN and
may be either edge-triggered or level-sensitive.

REV. PrC
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Pin

Type

Function

FLAG11-0

REDY

DMAR1

DMAR2

DMAG1

DMAG2

BMSTR

I/O/A

/A

110

/A
0 (0/D)

IIA

IIA

oIT

oIT

1/10/S

Flag Pins. Each is configured via control bits as either an input or output. As an
input, it can be tested as a condition. As an output, it can be used to signal external
peripherals.

Timer Expired. Asserted for four core clock cycles when the timer is enabled and
TCOUNT decrements to zero.

Host Bus Request. Must be asserted by a host processor to request control of the
ADSP-21161N's external bus. When HBR is asserted in a multiprocessing system,
the ADSP-21161N that is bus master will relinquish the bus and assert HBG. To
relinquish the bus, the ADSP-21161N places the address, data, select, and strobe
lines in a high impedance state. HBR has priority over all ADSP-21161N bus
requests (BR6-1) in a multiprocessing system.

Host Bus Grant. Acknowledges an HBR bus request, indicating that the host
processor may take control of the external bus. HBG is asserted (held low) by the
ADSP-21161N until HBR is released. In a multiprocessing system, HBG is output
by the ADSP-21161N bus master and is monitored by all others.

Chip Select. Asserted by host processor to select the ADSP-21161N.

Host Bus Acknowledge. The ADSP-21161N de-asserts REDY (low) to add
waitstates to a host access of its IOP registers when CS and HBR inputs are asserted.

DMA Request 1 (DMA Channel 11). Asserted by external port devices to request
DMA services. DMARL1 has a 20kQ internal pull-up resistor that is enabled for
DSPs with 1D2-0 = 00x.

DMA Request 2 (DMA Channel 12). Asserted by external port devices to request
DMA services. DMAR?2 has a 20kQ internal pull-up resistor that is enabled for
DSPs with 1D2-0 = 00x.

DMA Grant 1 (DMA Channel 11). Asserted by ADSP-21161N to indicate that
the requested DMA starts on the next cycle. Driven by bus master only. DMAG1
has a 20kQ internal pull-up resistor that is enabled for DSPs with 1D2-0 = 00x.

DMA Grant 2 (DMA Channel 12). Asserted by ADSP-21161N to indicate that
the requested DMA starts on the next cycle. Driven by bus master only. DMAG2
has a 20kQ internal pull-up resistor that is enabled for DSPs with 1D2-0 = 00x.

Multiprocessing Bus Requests. Used by multiprocessing ADSP-21161Ns to
arbitrate for bus mastership. An ADSP-21161N only drives its own BRXx line (corre-
sponding to the value of its ID2-0 inputs) and monitors all others. In a
multiprocessor system with less than six ADSP-21161Ns, the unused BRXx pins
should be pulled high; the processor's own BRx line must not be pulled high or low
because it is an output.

Bus Master Output. In a multiprocessor system, indicates whether the
ADSP-21161N is current bus master of the shared external bus. The
ADSP-21161N drives BMSTR high only while it is the bus master. In a
single-processor system (ID = 000), the processor drives this pin high.

14 This information applies to a product under development. Its characteristics and specifications are subject to
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Table 2. Pin Descriptions (Continued)

Pin

Type

Function

ID2-0

RPBA

DxA

DxB

SCLKXx

FSx

SPICLK

/s

1/10/T

110

110

110

110

110

Multiprocessing ID. Determines which multiprocessing bus request (BR1 - BR6)
is used by ADSP-21161N. ID = 001 corresponds to BR1, ID = 010 corresponds
to BR2, and so on. Use ID = 000 or ID = 001 in single-processor systems. These
lines are a system configuration selection that should be hardwired or only changed
at reset.

Rotating Priority Bus Arbitration Select. When RPBA is high, rotating priority
for multiprocessor bus arbitration is selected. When RPBA is low, fixed priority is
selected. This signal is a system configuration selection that must be set to the same
value on every ADSP-21161N. If the value of RPBA is changed during system

operation, it must be changed in the same CLKIN cycle on every ADSP-21161N.

Priority Access. Asserting its PA pin allows an ADSP-21161N bus slave to
interrupt background DMA transfers and gain access to the external bus. PA is
connected to all ADSP-21161Ns in the system. If access priority is not required in
a system, the PA pin should be left unconnected. PA has a 20kQ internal pull-up
resistor that is enabled for DSPs with 1D2-0 = 00x.

Data Transmit or Receive Channel A (Serial Ports 0, 1, 2, 3). Each DxA pin
has a 50 kQ internal pull-up resistor. Bidirectional data pin. This signal can be

configured as an output to transmit serial data, or as an input to receive serial data.

Data Transmit or Receive Channel B (Serial Ports 0, 1, 2, 3). Each DxB pin
has a 50 kQ internal pull-up resistor. Bidirectional data pin. This signal can be

configured as an output to transmit serial data, or as an input to receive serial data.

Transmit/Receive Serial Clock (Serial Ports 0, 1, 2, 3). Each SCLK pin has a
50 kQ internal pull-up resistor. This signal can be either internally or externally
generated.

Transmit or Receive Frame Sync (Serial Ports 0, 1, 2, 3). The frame sync pulse
initiates shifting of serial data. This signal is either generated internally or externally.
It can be active high or low or an early or a late frame sync, in reference to the
shifting of serial data.

Serial Peripheral Interface Clock Signal. Driven by the master, this signal
controls the rate at which data is transferred. The master may transmit data at a
variety of baud rates. SPICLK cycles once for each bit transmitted. SPICLK is a
gated clock that is 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 of the clock and
sampled on the opposite edge of the clock. Clock polarity and clock phase relative
to data are programmable into the SPICTL control register and define the transfer
format. SPICLK has a 50 kQ internal pull-up resistor.

REV. PrC
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Table 2. Pin Descriptions (Continued)
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Type

Function

MOSI

MISO

LxDAT7-0
[DATA15-0]

LxCLK

LxACK

EBOOT

LBOOT

o3}
0]

1/0 (o/d)

1/0 (o/d)

1/0
[1/O/T]

110

110

1/10/T

Serial Peripheral Interface Slave Device Select. An active low signal used to
enable slave devices. This input signal behaves like a chip select, and is provided by
the master device for the slave devices. In multi-master mode SPIDS signal can be
asserted to a master device to signal 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 multi-master error. For a single-master, multiple-slave
configuration where FLAG3-0 are used, this pin must be tied or pulled high to
VDDEXT on the master device. For ADSP-21161N to ADSP-21161N SPI inter-
action, any of the master ADSP-21161N's FLAG3-0 pins can be used to drive the
SPIDS signal on the ADSP-21161N SPI slave device.

SPI Master Out Slave. If the ADSP-21161N is configured as a master, the MOSI
pin becomes a data transmit (output) pin, transmitting output data. If the
ADSP-21161N is configured as a slave, the MOSI pin becomes a data receive
(input) pin, receiving input data. In an ADSP-21161N SPI 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). MOSI has a 50kQ internal pull-up resistor.

SPI Master In Slave Out. If the ADSP-21161N is configured as a master, the
MISO pin becomes a data receive (input) pin, receiving input data. If the
ADSP-21161N is configured as a slave, the MISO pin becomes a data transmit
(output) pin, transmitting output data. In an ADSP-21161N 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 50kQ 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.

Link Port Data (Link Ports 0-1). Each LXDAT pin has a 50 kQ internal pull-down
resistor that is enabled or disabled by the LxPDRDE bit of the LCTL register.
Note: L1DATA[7:0] are multiplexed with the DATA[15:8] pins LODATA[7:0] are
multiplexed with the DATA[7:0] pins. If link ports are disabled and are not be used, then
these pins can be used as additional data lines for executing instructions at up to the full
clock rate from external memory. See DATA47:16 for more information.

Link Port Clock (Link Ports 0-1). Each LXCLK pin hasa 50 kQ internal pull-down
resistor that is enabled or disabled by the LXxPDRDE bit of the LCTL register.

Link Port Acknowledge (Link Ports 0-1). Each LXACK pin has a 50 kQ internal
pull-down resistor that is enabled or disabled by the LXPDRDE bit of the LCTL
register.

EPROM Boot Select. For a description of how this pin operates, see the table in
the BMS pin description. This signal is a system configuration selection that should
be hardwired.

Link Boot. For a description of how this pin operates, see the table in the BMS pin
description. This signal is a system configuration selection that should be
hardwired.

Boot Memory Select. Serves as an output or input as selected with the EBOOT
and LBOOT pins; see table below. This input is a system configuration selection
that should be hardwired. For Host and PROM boot, DMA channel 10 (EPBO) is
used. For Link boot and SPI boot, DMA channel 8 is used.

Three-state only in EPROM boot mode (when BMS is an output).

16 This information applies to a product under development. Its characteristics and specifications are subject to

change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
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Table 2. Pin Descriptions (Continued)

Pin Type Function

CLKIN | Local Clock In. Used in conjunction with XTAL. CLKIN is the ADSP-21161N
clock input. It configures the ADSP-21161N 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 unconnected configures the ADSP-21161N
to use the external clock source such as an external clock oscillator. The
ADSP-21161N external port cycles at the frequency of CLKIN. The instruction
cycle rate is a multiple of the CLKIN frequency; it is programmable at power-up
viathe CLK_CFG1-0 pins. CLKIN may not be halted, changed, or operated below
the specified frequency.

XTAL O Crystal Oscillator Terminal 2. Used in conjunction with CLKIN to enable the
ADSP-21161N's internal clock oscillator or to disable it to use an external clock
source. See CLKIN.

CLK_CFG1-0 | Core/CLKIN Ratio Control. ADSP-21161N core clock (instruction cycle) rate
is equal to n x PLLICLK where n is user selectable to 2, 3, or 4, using the
CLK_CFG1-0 inputs. These pins can also be used in combination with the
CLKDBL pin to generate additional core clock rates of 6 x CLKIN and 8 x CLKIN
(see the Clock Rate Ratios table in the CLKDBL description).

CLKDBL | Crystal Double Mode Enable. This pin is used to enable the 2x clock double
circuitry, where CLKOUT can be configured as either 1x or 2x the rate of CLKIN.
Crystal Double Mode Enable. This pin is used to enable the 2x clock double
circuitry, where CLKOUT can be configured as either 1x or 2x the rate of CLKIN.
This CLKIN double circuit is primarily intended to be used for an external crystal
in conjunction with the internal clock generator and the XTAL pin. The internal
clock generator when used in conjunction with the XTAL pinand an external crystal
is designed to support up to a maximum of 25 MHz external crystal frequency.
CLKDBL can be used in XTAL mode to generate a 50 MHz input into the PLL.
The 2x clock mode is enabled (during RESET low) by tying CLKDBL to GND,
otherwise it is connected to VDDEXT for 1x clock mode. For example, this allows
the use of a 25 MHz crystal to enable 100 MHz core clock rates and a 50 MHz
CLKOUT operation when CLK_CFG1='0', CLK_CFG1='0'and CLKDBL='0".
This pin can also be used to generate different clock rate ratios for external clock
oscillators as well. The possible clock rate ratio options (up to 100 MHz) for either
CLKIN (external clock oscillator) or XTAL (crystal input) are as follows

Clock Rate Ratios
CLKDBL CLK_CFG1 CLK_CFGO Core:CLKIN CLKIN:CLKOUT

1 0 0 2:1 1x
1 0 1 3:1 1x
1 1 0 4:1 1x
0 0 0 4:1 2X
0 0 1 6:1 2X
0 1 0 8:1 2X

An 8:1 ratio allows the use of a 12.5 MHz crystal to generate a 100 MHz core
(instruction clock) rate and a 25 MHz CLKOUT (external port) clock rate. See
also Figure 10 on page 23.

Note: When using an external crystal, the maximum crystal frequency cannot exceed 25
Mhz. For all other external clock sources, the maximum CLKIN frequency is 50 MHz.

REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 17
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Table 2. Pin Descriptions (Continued)
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Pin Type Function

CLKOUT o/IT Local Clock Out. CLKOUT is 1x or 2x and is driven at either 1x or 2x the
frequency of CLKIN frequency by the current bus master. The frequency is deter-
mined by the CLKDBL pin. This output is three-stated when the ADSP-21161N
is not the bus master or when the host controls the bus (HBG asserted). A keeper
latch on the DSP’s CLKOUT pin maintains the output at the level it was last driven.
This latch is only enabled on the ADSP-21161N with 1D2-0=00x.

If CLKDBL enabled, CLKOUT = 2xCLKIN

If CLKDBL disabled, CLKOUT = 1xCLKIN

Note: CLKOUT isonly controlled by the CLKDBL pin and operates at either IXCLKIN
or 2xCLKIN.

Do not use CLKOUT in multiprocessing systems. Use CLKIN instead.

RESET I/A Processor Reset. Resets the ADSP-21161N to a known state and begins execution
at the program memory location specified by the hardware reset vector address.
The RESET input must be asserted (low) at power-up.

TCK | Test Clock (JTAG). Provides a clock for JTAG boundary scan.

TMS 1/S Test Mode Select (JTAG). Used to control the test state machine. TMS has a 20
kQ internal pull-up resistor.

TDI 1/S Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI
has a 20 kQ internal pull-up resistor.

TDO O Test Data Output (JTAG). Serial scan output of the boundary scan path.

TRST I/A Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed
low) after power-up or held low for proper operation of the ADSP-21161N. TRST
has a 20 kQ internal pull-up resistor.

EMU O (O/D) Emulation Status. Must be connected to the ADSP-21161N Analog Devices DSP
Tools product line of JTAG emulators target board connector only. EMU has a 50
kQ internal pullup resistor.

VDDINT P Core Power Supply. Nominally +1.8 V dc and supplies the DSP’s core processor
(14 pins).

VDDEXT P 1/O Power Supply. Nominally +3.3 V dc. (13 pins).

AVDD P Analog Power Supply. Nominally +1.8 V dc and supplies the DSP’s internal PLL
(clock generator). This pin has the same specifications as VDDINT, except that
added filtering circuitry is required. For more information, see Power Supplies on
page 9.

AGND G Analog Power Supply Return.

GND G Power Supply Return. (26 pins).

NC Do Not Connect. Reserved pins that must be left open and unconnected. (5 pins).

18 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Boot Modes

Table 3. Boot Mode Selection

EBOOT | LBOOT | BMS Booting Mode

1 0 Output EPROM (Connect
BMS to EPROM
chip select.)

0 0 1 (Input) | Host Processor

0 1 0 (Input) | Serial Boot via SPI

0 1 1 (Input) | Link Port

0 0 0 (Input) | No Booting.
Processor executes
from external
memory.

1 1 x (Input) | Reserved

For Host and PROM boot, DMA channel 10 (EPBO) is
used. For Link Boot and SPI boot, DMA channel 8 is used.

*Can be put in three-state only in EPROM boot mode
(when BMS is an output).

REV. PrC
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C Grade K Grade
Signal Parameter!
Min Max Min Max Unit
VobInT Internal (Core) Supply Voltage 1.71 1.89 1.71 1.89 \%
AVpp Analog (PLL) Supply Voltage 1.71 1.89 1.71 1.89 \%
VopexT External (1/0) Supply Voltage 3.13 3.47 3.13 3.47 \%
A\ High Level Input Voltagez, @ 2.3 Vopext+0.5 2.3 Vopexr+0.5 \Y/
VDDEXT = max
V2 High Level Input Voltages, @ 2.3 Vopext+0.5 2.3 Vopexr+0.5 \Y/
VDDEXT = max
V. Low Level Input Voltage?® @ -0.5 0.8 -0.5 0.8 \%
VDDEXT = min
Tecase Case Operating Temperature4 -40 +105 0 +85 °C

1 Specifications subject to change without notice.

2Applies to input and bidirectional pins: DATA47-16, ADDR23-0, MS3-0, RD, WR, ACK, SBTS, IRQ2-0, FLAG11-0, HBG, HBR, CS, DMARL,
DMAR2, BR6-1, ID2-0, RPBA, PA, BRST, FSx, DxA, DxB, SCLKx, RAS, CAS, SDWE, SDCLKO, LxDAT7-0, LxCLK, LXACK, SPICLK,
MOSI, MISO, SPIDS, EBOOT, LBOOT, BMS, SDCKE, CLK_CFGx, CLKDBL, TCK, TMS, TDI.

3Applies to input pins: CLKIN, RESET, TRST.
4See on page 65 for information on thermal specifications.

ELECTRICAL CHARACTERISTICS

Parameter! Test Conditions Min Max Unit

Vou High Level Output Voltage * @ Vppexr = Min, loy = -2.0 MA? 2.4 Vv

VoL Low Level Output Voltage1 @ Vppexr = Min, lo, = 4.0 mA? 0.4 \Y/

Ly High Level Input Current®* @ Vppext= MaX, V,y = Vppexr Max 10 HA

I Low Level Input Current® @ Vppexr=max, V,y =0V 10 HA

Liyc CLKIN High Level Input Current® | @ Vppexr = Max, Vin = Vppexr Max 20 HA

Lic CLKIN Low Level Input Current® | @ Vppexr = Max, Vy =0V 20 HA

Ly Low Level Input Current PuII-Up4 @ Vppexr=max, V,y =0V 250 HA

lozn Three-State Leakage Current 78 | @ Vppexr= Max, Vin = Vppexr Max 10 HA

lozL Three-State Leakage Current®? @ Vppexr = Max, V,y =0V 10 HA

lozLpur Three-State Leakage Current @ Vppexr=max, V,y =0V 250 HA
Pull-Up1 ’

lozLpuz Three-State Leakage Current @ Vppexr=max, V,y =0V 500 HA
Pull-Up2 8

lozupp1 Three-State Leakage Current @ Vppext= MaX, V\y = Vppexr Max 250 HA
Pull-Down1°

| obaNPEAK Supply Current (Internal)10:11 teeik = 10.0 ns, Vot = Max 750 | mA

lobantiGH Supply Current (Internal)11:12 teeik = 10.0 ns, Vot = Max 550 | mA

lobanLow Supply Current (Internal)11:13 teeuk = 10.0 ns, Vot = Max 450 | mA

20 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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ELECTRICAL CHARACTERISTICS  (conminuen)

Parameter! Test Conditions Min Max Unit
looubLE Supply Current (1dle)1# teek = 10.0 NS, Vppier = Max 300 mA
Algp Supply Current (Analog)*® @AV, = max 10 mA
Cin Input Capacitancel®1’ fin=1 MHz, Tcaee=25°C, V,,=1.8V 4.7 pF

1 Applies to output and bidirectional pins: DATA47-16, ADDR23-0, MS3-0, RD, WR, ACK, DQM, FLAG11-0, HBG, REDY, DMAG1, DMAG?2,
BR6-1, BMSTR, PA, BRST, FSx, DxA, DxB, SCLKx, RAS, CAS, SDWE, SDA10, LxDAT7-0, LxCLK, LXxACK, SPICLK, MOSI, MISO, BMS,
SDCLKXx, SDCKE, EMU, XTAL, TDO, CLKOUT, TIMEXP.

23ee Output Drive Currents on page 63 for typical drive current capabilities.

3Applies to input pins: DATA47-16, ADDR23-0, MS3-0, SBTS, IRO2-0, FLAG11-0, HBG, HBR, CS, BR6-1, ID2-0, RPBA, BRST, FSx, DXA, DxB,
SCLKYX, RAS, CAS, SDWE, SDCLKO, LXxDAT7-0, LXCLK, LXACK, SPICLK, MOSI, MISO, SPIDS, EBOOT, LBOOT, BMS, SDCKE,
CLK_CFGx, CLKDBL, TCK, RESET, CLKIN.

4Applies to input pins with 20 kQ internal pull-ups:RD, WR, ACK, DMAR1, DMAR?2, PA, TRST, TMS, TDI.

5Applies to CLKIN only.

6Applies to three-statable pins : DATA47-16, ADDR23-0, MS3-0, CLKOUT, FLAG11-0, REDY, HBG, BMS, BR6-1, RAS, CAS, SDWE, DQM,
SDCLKXx, SDCKE, SDA10, BRST.

“Applies to three-statable pins with 20 kQ pull-ups: RD, WR, DMAG1, DMAG?2, PA.
8Applies to three-statable pins with 50 kQ internal pull-ups: DxA, DxB, SCLKXx, SPICLK., EMU, MISO, MOSI
9Applies to three-statable pins with 50 kQ internal pull-downs: LXDAT7-0, LXCLK, LXxACK.

10The test program used to measure Ipp;npeak FEPresents worst case processor operation and is not sustainable under normal application conditions.
Actual internal power measurements made using typical applications are less than specified. For more information, see “Power Dissipation” on page 24.

1 current numbers are for Vppnt and AVDD supplies combined.

2|5 biNHIGH IS @ composite average based on a range of high activity code. For more information, see Power Dissipation on page 24.
B3I 5binLow is @ composite average based on a range of low activity code. For more information, see Power Dissipation on page 24.
141dle denotes ADSP-21161N state during execution of IDLE instruction. For more information, see Power Dissipation on page 24.
15Characterized, but not tested.

16Applies to all signal pins.

17Guaranteed, but not tested.

REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 21
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Table 4. Absolute Maximum Ratings?

Parameter Absolute Maximum Rating
Internal (Core) Supply Voltage (Vopint) -0.3Vto+2.2V

Analog (PLL) Supply Voltage (AVpp) -0.3Vto+2.2V

External (1/0) Supply Voltage (Vppext) -0.3Vto+4.6 V

Input Voltage -0.5V to Vppexr + 0.5V
Output Voltage Swing -0.5V t0 Vppextr + 0.5V
Load Capacitance 200 pF

Storage Temperature Range -65°C to +150°C

Istresses greater than those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation of the device
at these or any other conditions greater than those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

ESD SENSITIVITY
CAUTION:

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V

readily accumulate on the human body and test equipment and can discharge without WARNING!
detection. Although the ADSP-21161N features proprietary ESD protection circuitry, )

permanent damage may occur on devices subjected to high-energy electrostatic W“

discharges. Therefore, proper ESD precautions are recommended to avoid perfor- ESD SENSITIVE DEVICE
mance degradation or loss of functionality.

22 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
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Timing Specifications

The ADSP-21161N’s internal clock switches at higher fre-
quencies than the system input clock (CLKIN). To generate
the internal clock, the DSP uses an internal phase-locked
loop (PLL). This PLL-based clocking minimizes the skew
between the system clock (CLKIN) signal and the DSP’s
internal clock (the clock source for the external port logic
and 1/O pads).

The ADSP-21161N’s internal clock (a multiple of CLKIN)
provides the clock signal for timing internal memory,
processor core, link ports, serial ports, and external port (as

required for read/write strobes in asynchronous access
mode). During reset, program the ratio between the DSP’s
internal clock frequency and external (CLKIN) clock
frequency with the CLK_CFG1-0 and CLKDBL pins.
Even though the internal clock is the clock source for the
external port, it is behaves as described on the Clock Rate
Ratio chart in CLKDBL pin description (see the CLKDBL
description on page 17). To determine switching frequen-
cies for the serial and link ports, divide down the internal
clock, using the programmable divider control of each port
(DIVx for the serial ports and LXCLKD for the link ports).

PLLICLK
(PLL INPUT
crystal or |~ k1N 1x/2x Input CLOCK) |Phase-Locked
ClOCK mumfmmmmnp] ClOCk DO UDIET P Loop CCLK
f Core Clock
Oscillator 1:1,2:1 2:1,3:1, 4:1 ( )
Tie to GND |_ v I
to enable 2x CLKDBL CLKOUT CLK_CFGJ[1:0]
operation -

Figure 10. Core Clock and System Clock Relationship to CLKIN

Note the following definitions of various clock periods that
are a function of CLKIN and the appropriate ratio control.

Figure 10 allows Core-to-CLKIN ratios of 1:1, 2:1, 3:1,
4:1, 6:1, and 8:1 with external oscillator or crystal:

Table 5. ADSP-21161N CLKOUT and CCLK Clock Generation Operation

Timing Requirements Calculation Description

CLKIN = 1ACKIN = Input Clock

CLKOUT = 1IATCK = External Port System Clock
PLLICLK = 1APLLIN = PLL Input Clock

CCLK = 1tCCLK = Core Clock

Timing Requirements

Description?

tex = CLKIN Clock Period
tecik = (Processor) Core Clock Period
tick = Link Port Clock Period = (tec k) * LR
tocik = Serial Port Clock Period = (tec ) * SR
tspk = SDRAM Clock Period = (tcc ) * SDCKR
tepicik = SPI Clock Period = (tcc k) * SPIR
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 23
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Lwhere:

LR = link port-to-core clock ratio (1, 2, 3, or 1:4, determined by LxCLKD)

SR = serial port-to-core clock ratio (wide range, determined by CLKDIV)

For current information contact Analog Devices at (800) 262-5643

February 2002

SDCKR = SDRAM-to-Core Clock Ratio (1:1 or 1:2, determined by SDCTL register)
SPIR = SPI-to-Core Clock Ratio (wide range, determined by SPICTL register)

LCLK = Link Port Clock
SCLK = Serial Port Clock
SDK = SDRAM Clock
SPICLK = SPI Clock

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 meaning-
ful results for an individual device, the values given in this
data sheet reflect statistical variations and worst cases. Con-
sequently, it is not meaningful to add parameters to derive
longer times.

See Figure 39 on page 63 under Test Conditions for voltage
reference levels.

Switching Characteristics specify how the processor
changes its signals. Circuitry external to the processor must
be designed for compatibility with these signal characteris-
tics. Switching characteristics describe what the processor
will do in a given circumstance. Use switching characteris-
tics 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 circuitry external to the processor, such as the data input
for a read operation. Timing requirements guarantee that

the processor operates correctly with other devices.

Power Dissipation

Total power dissipation has two components: one due to
internal circuitry and one due to the switching of external
output drivers.

Internal power dissipation depends on the instruction
execution sequence and the data operands involved. Using
the current specifications (Ippineeaxs Iooinmichs IobinLows
looioLe) from the Electrical Characteristics on page 20 and
the current-versus-operation information in Table 6, the
programmer can estimate the ADSP-21161N’s internal
power supply (Vppint) iNput current for a specific applica-
tion, according to the following formula:

% Peak x I NpEAK
% High x |55 NyHiGH
% Low x IppnLow

*+%ldle xIppip g

IDDINT

Table 6. ADSP-21161N Operation Types Versus Input Current

Operation

Peak Activity! (Iopinpeax)

High Activity! (Iopinmicn)

Low Activity! (Iopmow)

Instruction Type
Instruction Fetch

Core Memory Access?

Internal Memory DMA
External Memory DMA

Data bit pattern for core
memory access and DMA

Multifunction
Cache

2 per tck cycle
(DMx64 and PMx64)

1 per 2 teek cycles

1 per external port cycle
(x32)

Worst case

Multifunction
Internal Memory

1 per tek cycle
(DMx64)

1 per 2 tec « cycles

1 per external port cycle
(x32)

Random

Single Function
Internal Memory

None

N/A
N/A

N/A

1The state of the PEYEN bit (SIMD versus SISD mode) does not influence these calculations.
2These assume a 2:1 core clock ratio. For more information on ratios and clocks (tcx and tecy k), see the timing ratio definitions on page 23.

24 This information applies to a product under development. Its characteristics and specifications are subject to
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
agreed to in writing.
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The external component of total power dissipation is caused
by the switching of output pins. Its magnitude depends on:

« The number of output pins that switch during each cycle
0)

e The maximum frequency at which they can switch (f)

¢ Their load capacitance (C)

e Their voltage swing (Vpp)

and is calculated by:

PEXT:OxCxVDszf

Theload capacitance should include the processors package

capacitance (C,y). The switching frequency includes

driving the load high and then back low. Address and data

pins can drive high and low at a maximum rate of 1/TCK
while writing to a SDRAM memory.

Table 7. External Power Calculations (3.3 V Device)

Example:
Estimate Pgy with the following assumptions:
» A system with one bank of external memory (32 bit)

* Two 1M x 16 SDRAM chips are used, each with a load
of 10pF (ignoring trace capacitance)

» External Data Memory writes can occur every cycle at a
rate of 1/tck, with 50% of the pins switching

e The bus cycle time is 50Mhz

* The external SDRAM clock rate is 100Mhz

* Ignoring SDRAM refresh cycles

» Addresses are incremental and on the same page

The Pyt equation is calculated for each class of pins that
can drive:

Pin Type # of Pins % Switching xC x f x VDD2 = Pexr
Address 11 20 x 24.7 pF 50 MHz x 10.9V =0.030 W
MSx 4 0 x 24.7 pF - x 10.9V =0.000 W
SDWE 1 0 x 24.7 pF - x 10.9V = 0.000 W
Data 32 50 x 14.7 pF 50 MHz x 10.9 V =0.128 W
SDCLKO 1 - x 24.7 pF 100 MHz x 10.9 V =0.027 W
Pexr = 0.185 W

A typical power consumption can now be calculated for
these conditions by adding a typical internal power
dissipation:

PTOTAL = IDEXT + I:)INT + I:)PLL

Where:
Pexr is from Table 7

Pint IS Ipoint X 1.8V, using the calculation Ipp, listed in
Power Dissipation on page 24

Poo is Alpp x 1.8V, using the value for Algp listed in the
Electrical Characteristics on page 20.

Note that the conditions causing a worst-case Pgyr are
different from those causing a worst-case P,yt. Maximum
P\~ cannot occur while 100% of the output pins are
switching from all ones to all zeros. Note also that it is not
common for an application to have 100% or even 50% of
the outputs switching simultaneously.

REV. PrC
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Power up Sequencing
The timing requirements for DSP startup for silicon
revision 0.3, 1.0, or 1.1 are given in Table 8.

Table 8. Power Up Sequencing Timing Requirements (DSP Startup)

Name Parameter Min Max Units
Timing Requirements

trsTvoD RESET low before Vppint/Vobexs ON 0 ns
tyooRAMP Vooint/Vooexr Voltage ramp rate 0.00091 9 Vs
tvoDEVDD Voo 0N before Vppexr -502 200 ms
teLkvop CLKIN valid after Vppnt/Vopext valid 0 200 ms
tyopRST Voot Vooexrvalid before RESET de-asserted 03 ns
teLkrsT CLKIN valid before RESET de-asserted 100* Us
toLLrsT PLL control setup before RESET de-asserted 20 s

1The minimum .9 V/ms is based on the fastest allowable ramp up time (2 ms) for VppnT and VppexT to ramp from 0 volts to 1.8 volts.
2CLKIN should be driven at the same time as power up to avoid an undefined state in internal gates, which may cause excess current flow

3The minimum time of 0 ns assumes that Vpp,nT and Vppext Power supplies are valid. The VppinT and VppexT supplies must be fully ramped to
their 1.8 and 3.3 volt rails before RESET can be de-asserted. Voltage ramp rates can vary from microseconds to hundreds of milliseconds depending on
the design of the power supply subsystem.

4The 100 ms minimum assumes a stable CLKIN signal after meeting worst-case startup timing of crystal oscillator circuits. Refer to your crystal oscillator
manufacturer's datasheet for startup time. A 25 ms maximum oscillator startup time can be assumed if using the XTAL pin and internal oscillator circuit
in conjuction with an external crystal. 100LS is the minimum time required for the PLL to reliably lock to a valid (stable) CLKIN frequency.

RESET
¢ > ¢ tybDRsST
trsTvDD
VDDINT
tvppbramP
tvoorame [€P]
VDDEXT
4 Lt
¢ P teikvop
P

tivbpevoD
CLKIN |||||||||

e — tCLK RST—————————————»

CLKDBL
CLK_CFG1-0

tpLLIRST ——————— )|

Figure 11. Power Up Sequencing for Revisions 0.3, 1.0, and 1.1
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The timing requirements for DSP startup for silicon with
revision 1.2 are given in Table 9.

Table 9. Power Up Sequencing Timing Requirements (DSP Startup)

Name Parameter Min Max Units

Timing Requirements

trsTvoD RESET low before Vppin/Vopexs 0N 0 ns
tvooEVDD Vooint 0N before Vppexr -50 200 ms
teLkvon CLKIN valid after Vppmnt/Vooexr valid! 0 2002 ms
teLkrsT CLKIN valid before RESET de-asserted 108 us
toLLrsT PLL control setup before RESET de-asserted TBD* Us
twrsT Subsequent RESET low pulse width® Aty ns

Switching Requirements

tcorersT DSP core reset de-asserted after RESET de-asserted 4096tCK4'6

valid VppinT/VopexT assumes that the supplies are fully ramped to their 1.8 and 3.3 volt rails. Voltage ramp rates can vary from microseconds to
hundreds of milliseconds depending on the design of the power supply subsystem.

2CLKIN should be driven coincident with powerup to avoid an undefined state in internal gates, which may cause excess current flow.

3Assumes a stable CLKIN signal, after meeting worst-case startup timing of crystal oscillators. Refer to your crystal oscillator manufacturer's datasheet for
startup time. Assume a 25 ms maximum oscillator startup time if using the XTAL pin and internal oscillator circuit in conjunction with an external crystal.

4Based on CLKIN cycles

5Applies after the power-up sequence is complete. Subsequent resets require a minimum of 4 CLKIN cycles for RESET to be held low in order to properly
initialize and propagate default states at all 1/O pins.

6The 4096 cycle count depends on tsrsT specification in Table 11. If setup time is not met, 1 additional CLKIN cycle may be added to the core reset time,
resulting in 4097 cycles maximum.

RSTOUT does not currently exist for ADSP-21161
revisions 0.3, 1.0 and 1.1. This new signal will be placed
on one of the current no-connect pins: ball B15.

During the powerup sequence of the DSP, differences in the
ramp up rates and activation time between the two supplies
can cause current to flow in the I/O ESD protection cir-
cuitry. To prevent this damage to the ESD diode protection
circuitry, Analog Devices recommends including a
bootstrap Schottky diode.

The bootstrap Schottky diode is connected between the
1.8V and 3.3V power supplies as shown in Figure 13. It
protects the ADSP-21161 from partially powering the 3.3V
supply. Including a Schottky diode will shorten the delay
between the supply ramps and thus prevent damage to the
ESD diode protection circuitry. With this technique, of the
1.8V rail rises ahead of the 3.3V rail, the Schottky diode
pulls the 3.3V rail along with the 1.8V rail.

REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 27
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Figure 12. Power Up Sequencing for 1.2
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Figure 13. Dual Voltage Schottky Diode
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Do not use CLKOUT as the clock source for the SBSRAM

Clock Input

CLKIN must be used as the clock source for SBSRAM. You  device. Using an external crystal in conjunction with
cannot use an external crystal when interfacing with CLKDBL to generate a CLKOUT frequency is not sup-
SBSRAM. ported. Negative hold times can result from the potential

skew between CLKIN and CLKOUT.

Table 10. Clock Input

100 MHz

Parameter
Min Max

Units

Timing Requirements
tex CLKIN Period 20 60
tews CLKIN Width Low 7.5 30
tekn CLKIN Width High 7.5 30

tewrr CLKIN Rise/Fall (0.4V-2.0V) 3

ns

ns

ns

ns

CLKIN 3
_7[—\1\—]
et .t >

Figure 14. Clock Input

Clock Signals

The ADSP-21161N can use an external clock or a crystal.
See CLKIN pin description. The programmer can
configure the ADSP-21161N to use its internal clock
generator by connecting the necessary components to
CLKIN and XTAL. Figure 15 shows the component con-
nections used for a crystal operating in fundamental mode.

CLKIN XTAL

27pF c1i

SUGGESTED COMPONENTS FOR 100MHz OPERATION:
ECLIPTEK EC2SM-25.000M (SURFACE MOUNT PACKAGE)
ECLIPTEK EC-25.000M (THRU-HOLE PACKAGE)

C1 =27pF

c2 = 27pF
NOTE: C1 AND C2 ARE SPECIFIC TO CRYSTAL SPECIFIED FOR X1.

CONTACT CRYSTAL MANUFACTURER FOR DETAILS.

THIS 25MHz CRYSTAL GENERATES A 100MHz CCLK

AND 50 MHz EP CLOCK WITH CLKDBL ENABLED AND A

2:1 PLL MULTIPLY RATIO.

Figure 15. 100 MHz Operation (Fundamental
Mode Crystal)
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Reset

Table 11. Reset

Parameter Min Max Units

Timing Requirements
twrst RESET Pulse Width Low?! Ate, ns

tersT RESET Setup Before CLKIN High2 8 ns

Lapplies after the power-up sequence is complete. At power-up, the processor's internal phase-locked loop requires no more than 100 ps while RESET
is low, assuming stable VDD and CLKIN (not including start-up time of external clock oscillator).

20nly required if multiple ADSP-21161Ns must come out of reset synchronous to CLKIN with program counters (PC) equal. Not required for multiple
ADSP-21161Ns communicating over the shared bus (through the external port), because the bus arbitration logic synchronizes itself automatically after
reset.

- N + > tSRST

« "WRST

Figure 16. Reset

30 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Interrupts

Table 12. Interrupts

Parameter Min Max Units

Timing Requirements

tar IRQ2-0 Setup Before CLKIN High? 6 ns
tuir TRQ2-0 Hold After CLKIN High?® 0 ns
tiow IRQ2-0 Pulse Width?2 2 + teg ns

1only required for TRQXx recognition in the following cycle.
2Applies only if tg and t,r requirements are not met.

CLKIN / \ |

-

Lsir t

HIR

IRQ2-0

Figure 17. Interrupts
Timer

Table 13. Timer

Parameter Min Max Units

Switching Characteristic

torex CLKIN High to TIMEXP 1 7 ns
CLKIN
- tDTEX tDTEX
TIMEXP
Figure 18. Timer
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to
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Table 14. Flags
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Parameter Min Max Units
Timing Requirement
tsr FLAG11-0IN Setup Before CLKIN Highl 4 ns
tum FLAG11-0IN Hold After CLKIN High1 1 ns
towret FLAG11-0IN Delay After RD/WR Low?! 12 ns
thrwr FLAG11-0IN Hold After RD/WR Deasserted?! 0 ns
Switching Characteristics
toro FLAG11-00UT Delay After CLKIN High 9 ns
turo FLAG11-00UT Hold After CLKIN High 1 ns
toroe CLKIN High to FLAG11-00UT Enable 1 ns
torop CLKIN High to FLAG11-00UT Disable 5 ns
IFlag inputs meeting these setup and hold times for instruction cycle N will affect conditional instructions in instruction cycle N+2.
32 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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CLKIN
l——t —_—
tDFOE tDFO bFo tDFOD
tyro >
ey ————( TR Yo
FLAG OUTPUT
CLKIN
tSFI tHFI
e AR £
tDWRFl J tHFIWR
.
WR
FLAG INPUT
Figure 19. Flags
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Memory Read--Bus Master memory space in asynchr()ﬂ)us access mode. Note that
Use these specifications for asynchronous interfacing to timing for ACK, DATA, RD, WR, and DMAG strobe
memories (and memory-mapped peripherals) without timing parameters only apply to asynchronous access mode.

reference to CLKIN. These specifications apply when the
ADSP-21161N is the bus master accessing external

Table 15. Memory Read--Bus Master

Parameter Min Max Units

Timing Requirements:

toap Address, Selects Delay to Data Valid!2 te—0.25t ¢ —11+W ns
toruo RD Low to Data Valid3 0.75tcc-11+W ns
tupa Data Hold from Address, Selects* 0 ns
teps Data Setup to RD High 8 ns
thor Data Hold from RD High3*4 1 ns
toask ACK Delay from Address, Selects?® te—0.5tcc k—12+W ns
tosax ACK Delay from RD Low?® tex—0.75t e k—11+W ns
tsakc ACK Setup to CLKIN®® 0.5tec k3 ns
thaxc ACK Hold After CLKIN3 1 ns

Switching Characteristics

toruA Address Selects Hold After RD High3 0.25tcc —1+H ns
toarL Address Selects to RD Low? 0.25tc -3 ns
trw RD Pulse Width3 ter—0.5t oo —1+W ns
tews RD High to WR, RD, DMAGX Low® | 0.5tc, «—1+HI ns

W = (number of wait states specified in WAIT register) x tck.

HI = tc« (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
H =tk (if an address hold cycle occurs as specified in WAIT register; otherwise H = 0).

IData Delay/Setup: User must meet tpap, tprip» OF tsps.
2The falling edge of MSx, BMS is referenced.
3Note that timing for ACK, DATA, RD, WR, and DMAG strobe timing parameters only apply to asynchronous access mode.

“Data Hold: User must meet t,;p O typry in @synchronous access mode. See Example System Hold Time Calculation on page 63 for the calculation of
hold times given capacitive and dc loads.

SACK Delay/Setup: User must meet tpaax, tosak, OF tsaxc for deassertion of ACK (Low), all three specifications must be met for assertion of ACK (High).

34 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
agreed to in writing.



February 2002 For current information contact Analog Devices at (800) 262-5643 ADSP_21161N

ADDRESS
o oms K i
toarL . t _: * lorua
RW I
"D \( }{_ ¢ \
aat
torio > tsps HDA
- toap > ™ Yiorn
T m——
le—t
DSAK
™ toank > tawr
e XXX PO
™ tsakc thakc >
CLKIN \ \
))
WR, DMAG N \
’ |

Figure 20. Memory Read--Bus Master
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Memory Write--Bus Master ADSP-21161N is the bus master accessing external

Use these specifications for asynchronous interfacing to memory space in asynchronous access mode. Note that
memories (and memory-mapped peripherals) without timing for ACK, DATA, RD, WR, and DMAG strobe
reference to CLKIN. These specifications apply when the timing parameters only apply to asynchronous access mode.

Table 16. Memory Write--Bus Master

Parameter Min Max Units

Timing Requirements:

toaax ACK Delay from Address, Selects’? tex—0.5tc —12+W ns
tosak ACK Delay from WR Low?!3 tex=0.75t e —11+W ns
toanc ACK Setup to CLKIN3 0.5tec k+3 ns
thaxc ACK Hold After CLKIN®3 1 ns

Switching Characteristics:

toawn Address, Selects to WR Deasserted?3 | tex—0.25tcc c—3+W ns
toawt Address, Selects to WR Low? 0.25tcc k-3 ns
tow WR Pulse width3 tex—0.5teo c—1+W ns
toowh Data Setup before WR High® tex—0.25tco k— 12.5+W ns
towna Address Hold after WR Deasserted? 0.25tcc k—1+H ns
towno Data Hold after WR Deasserted® 0.25tcc k—1+H ns
toaTRWH Data Disable after WR Deasserted* 0.25tcc k—-2+H 0.25tcc +2+H ns
tuwr WR High to WR, RD, DMAGX Low® | 0.5tcc «—1+HI ns
toowr Data Disable before WR or RD Low | 0.25tcc «—1+1 ns
twoe WR Low to Data Enabled —0.25tcc k-1 ns

W = (number of wait states specified in WAIT register) x tc.

H =tk (if an address hold cycle occurs, as specified in WAIT register; otherwise H = 0).

HI = tc« (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
I =t (if a bus idle cycle occurs, as specified in WAIT register; otherwise | = 0).

LACK Delay/Setup: User must meet tpaax OF tpsa OF tsaxc for deassertion of ACK (Low), all three specifications must be met for assertion of ACK (High).
2The falling edge of MSx, BMS is referenced.

3Note that timing for ACK, DATA, RD, WR, and DMAG strobe timing parameters only applies to asynchronous access mode.

4see Example System Hold Time Calculation on page 63 for calculation of hold times given capacitive and dc loads.

36 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Figure 21. Memory Write--Bus Master
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page 38). When accessing a slave ADSP-21161N, these

Use these specifications for interfacing to external memory switching characteristics must meet the slave's timing
systems that require CLKIN, relative to timing or for requirements for synchronous read/writes (see Synchro-

accessing a slave ADSP-21161N (in multiprocessor

nous Read/Write--Bus Slave on page 40). The slave

memory space). These synchronous switching characteris- ADSP-21161N must also meet these (bus master) timing
tics are also valid during asynchronous memory reads and requirements for data and acknowledge setup and hold

writes except where noted (see Memory Read--Bus Master times.
on page 35 and Synchronous Read/Write--Bus Master on

Table 17. Synchronous Read/Write--Bus Master

Parameter Min Max Units
Timing Requirements

tespart Data Setup Before CLKIN ! 55 ns
tsoar) Data Hold After CLKIN? 1 ns
toacke ACK Setup Before CLKIN? 0.5tec 3 ns
tacke ACK Hold After CLKIN? 1 ns
Switching Characteristics

toADDO Address, MSx, BMS, BRST, Delay After CLKIN 10 ns
thAbDO Address, MSx, BMS, BRST, Hold After CLKIN 1.5 ns
toroo RD High Delay After CLKIN?® 0.25tcc -1 025t e, «+9 ns
towro WR High Delay After CLKIN? 0.25tcc -1 0.25toc +9 ns
torwL RD/WR Low Delay After CLKIN 0.25tcc -1 0.25tcc 9 ns
topato Data Delay After CLKIN 12.5 ns
tupato Data Hold After CLKIN 15 ns
tockoo CLKOUT Delay After CLKIN 2 5 ns
tewop CLKOUT Period toc-1 toct+12 ns
tekwn CLKOUT Width High tenl2 - 2 to/2 + 28 ns
terwt CLKOUT Width Low tenl2 - 2 to/2 + 28 ns

INote that timing for ACK, DATA, RD, WR, and DMAG strobe timing parameters only applies to synchronous access mode.
2Applies only when the DSP drives a bus operation; CLKOUT held inactive or three-state otherwise, For more information, see the System Design

chapter in the ADSP-21160 or ADSP-21161N SHARC DSP Technical Reference.
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Synchronous Read/Write--Bus Slave

Use these specifications for ADSP-21161N bus master
accesses of aslave's IOP registers in multiprocessor memory
space. The bus master must meet these (bus slave) timing
requirements.

Table 18. Synchronous Read/Write--Bus Slave

Parameter Min Max Units

Timing Requirements:

tsappoi Address, BRST Setup Before CLKIN 5 ns
thabD! Address, BRST Hold After CLKIN 1 ns
torwi RD/WR Setup Before CLKIN 5 ns
thrwi RD/WR Hold After CLKIN 1 ns
tsspaTi Data Setup Before CLKIN 55 ns
thsoaTi Data Hold After CLKIN 1 ns

Switching Characteristics

tobaTo Data Delay After CLKIN 12.5 ns
tupbato Data Hold After CLKIN 1.5 ns
toacke ACK Delay After CLKIN 10 ns
thacko ACK Hold After CLKIN 1.5 ns
40 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Figure 23. Synchronous Read/Write--Bus Slave
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Multiprocessor Bus Request and Host Bus Request

Use these specifications for passin
between multiprocessing ADSP-2
processor (HBR, HBG).

g of bus mastership
1161Ns (BRx) or a host

Table 19. Multiprocessor Bus Request and Host Bus Request

February 2002

Parameter Min Max Units
Timing Requirements:
thscresy HBG Low to RD/WR/CS Valid 19 ns
tsper HBR Setup Before CLKIN? 6 ns
tmsr: HBR Hold After CLKIN? 1 ns
tssan HBG Setup Before CLKIN 6 ns
thnsc: HBG Hold After CLKIN High 1 ns
tegri BRX, PA Setup Before CLKIN 9 ns
thar BRX, PA Hold After CLKIN High 1 ns
topar PA Setup Before CLKIN 9 ns
topal PA Hold After CLKIN High 1 ns
tsrpaal RPBA Setup Before CLKIN 6 ns
threeal RPBA Hold After CLKIN 2 ns
Switching Characteristics
tonsco HBG Delay After CLKIN 7 ns
thnsco HBG Hold After CLKIN 2 ns
tosro BRXx Delay After CLKIN 8 ns
tharo BRx Hold After CLKIN 1.5 ns
toraso PA Delay After CLKIN, Slave 8 ns
trreas PA Disable After CLKIN, Slave 1.5 ns
topamo PA Delay After CLKIN, Master 0.25t., «+9 ns
toaTr PA Disable Before CLKIN, Master 0.25tcc k-5 ns
toroves REDY (O/D) or (A/D) Low from CS and HBR Low? 0.5t ns
trrovhc REDY (O/D) Disable or REDY (A/D) High from HBG? tec+25 ns
taroyTR REDY (A/D) Disable from CS or HBR High? 11 ns

10nly required for recognition in the current cycle.

2(0/D) = open drain, (A/D) = active drive.

42 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Figure 24. Multiprocessor Bus Request and Host Bus Request
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Asynchronous Read/Write--Host to ADSP-21161N

Use these specifications for asynchronous host processor
accesses of an ADSP-21161N, after the host has asserted
CS and HBR (low). After HBG is returned by the

Table 20. Read Cycle

For current information contact Analog Devices at (800) 262-5643

February 2002

ADSP-21161N, the host can drive the RD and WR pins to
access the ADSP-21161N's IOP register. HBR and HBG
are assumed low for this timing.

Note: Host internal memory access is not supported.

Parameter Min Max Units
Timing Requirements

tsADROL Address Setup CS Low Before RD Low? 0 ns
thabRDH Address Hold CS Hold Low After RD 2 ns
twrwh RD/WR High Width 35 ns
toROHRDY RD High Delay After REDY (O/D) Disable 0 ns
toROHRDY RD High Delay After REDY (A/D) Disable 0 ns
Switching Characteristics

tspaTRDY Data Valid Before REDY Disable from Low 2 ns
toroYRDL REDY (O/D) or (A/D) Low Delay After RD Low 10 ns
troverD REDY (O/D) or (A/D) Low Pulse Width for Read tex -3 ns
thoaRwH Data Disable After RD High 2 6 ns

INot required if RD and address are valid tggresy after HBG goes low. For first access after HBR asserted, ADDR23-0 must be a non-MMS value
(TBD) before RD or WR goes low or by tggresy after HBG goes low. This is easily accomplished by driving an upper address signal high when HBG

is asserted.

Table 21. Write Cycle

Parameter Min Max Units
Timing Requirements

tscswaL CS Low Setup Before WR Low 0 ns
thcswri CS Low Hold After WR High 0 ns
tsapwrH Address Setup Before WR High 6 ns
thaDwRH Address Hold After WR High 2 ns
twrL WR Low Width teotl ns
towrwh RD/WR High Width 35 ns
towWRHRDY WR High Delay After REDY (O/D) or (A/D) Disable 0 ns
tspatwh Data Setup Before WR High 5 ns
thoaTwh Data Hold After WR High 4 ns

44 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Table 21. Write Cycle

Parameter Min Max Units
Switching Characteristics
toROYWRL REDY (O/D) or (A/D) Low Delay After WR/CS Low 11 ns
trovPwr REDY (O/D) or (A/D) Low Pulse Width for Write 12 ns
READ CYCLE
le— tsaprROL— ] *+— Y aproH™ |
- tWRWH >
RDX \ / Jﬂ
/
> tHDARWH
DATA (OUT) W<
tSpatroy ™ > ™ rpHRrDY
R EDRBYRD_L _ _<_£RDY_PRD__> o
REDY (O/D) \
7
REDY (A/D) / \g y \
WRITE CYCLE
sooress OUROOOOUXXROOONRRONXE RAAROXX
tSADWRH > »t
ot HADWRH
_ ™ tscswrL tcswarn M
s _XOQOXARIXRXAR OQOOONX
- twwee > LyrwH >
WX \- 7{
tspatwh [* e ™t
X/ HDATWH
*— loroywr T trovewnr > towrhroy
REDY (O/D) T ]
REDY (A/D) / \ 7 \
O/D = OPEN DRAIN, A/D = ACTIVE DRIVE
Figure 25. Asynchronous Read/Write--Host to ADSP-21161N
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Three-State Timing--Bus Master, Bus Slave, HBR,

SBTS

These specifications show how the memory interface is
disabled (stops driving) or enabled (resumes driving)
relative to CLKIN and the SBTS pin. This timing is appli-
cable to bus master transition cycles (BTC) and host
transition cycles (HTC) as well as the SBTS pin.

February 2002

Table 22. Three-State Timing--Bus Slave, HBR, SBTS
Parameter Min Max Units
Timing Requirements
tersck SBTS Setup Before CLKIN 6 ns
thrsek SBTS Hold After CLKIN 2 ns
Switching Characteristics
tviena Address/Select Enable After CLKIN 1.5 9 ns
tuens Strobes Enable After CLKIN? 1.5 9 ns
tvienHe HBG Enable After CLKIN 1.5 9 ns
tvitra Address/Select Disable After CLKIN 0.25tc k-1 0.25t¢ kt4 ns
tvitrs Strobes Disable After CLKIN 0.25t.c 4 0.25tcc ns
tvitrHG HBG Disable After CLKIN 3.5 8 ns
toaten Data Enable After CLKINZ 1.5 10 ns
toarTr Data Disable After CLKIN? 1.5 5 ns
tacken ACK Enable After CLKIN? 1.5 9 ns
tackTr ACK Disable After CLKIN 1.5 5 ns
tepcen CLKOUT Enable After CLKIN 1.5 9 ns
tepeTr CLKOUT Disable After CLKIN teck—3 tecktl ns
tuTrHBG Memory Interface Disable Before HBG Low?® te—6 tex+2 ns
tyvenHBs Memory Interface Enable After HBG High3 te—5 tec+5 ns

1Strobes = RD, WR, DMAGX.

2In addition to bus master transition cycles, these specs also apply to bus master and bus slave synchronous read/write.

3Memory Interface = Address, RD, WR MSx DMAGx BMS (in EPROM boot mode).

46 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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t <— oo —>
DATEN
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ﬁi —_
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A

MEMORY INTERFACE = ADDRESS,

lMTRHBG

‘VW‘ M_.SX,HBG‘ DMAGX.BMS (IN EPROM BOOTMODE)

Figure 26. Three-State Timing
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DMA Handshake

These specifications describe the three DMA handshake
modes. In all three modes DMAR is used to initiate trans-
fers. For handshake mode, DMAG controls the latching or
enabling of data externally. For external handshake mode,
the data transfer is controlled by the ADDR23-0, RD, WR,
MS3-0, ACK, and DMAG signals. For Paced Master mode,

Table 23. DMA Handshake

For current information contact Analog Devices at (800) 262-5643
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the data transfer is controlled by ADDR23-0, RD, WR,

MS3-0, and ACK (not DMAG). For Paced Master mode,
the Memory Read-Bus Master, Memory Write-Bus Master,
and Synchronous Read/Write-Bus Master timing specifica-

tions for ADDR23-0, RD, WR, MS3-0, DATA47-16, and
ACK also apply.

Parameter Min Max Unit
Timing Requirements:
tspre DMARX Setup Before CLKIN? 3 ns
twor DMARX Width Low (Nonsynchronous)? | 0.5tcc «+1 ns
tepATDGL Data Setup After DMAGX Low? tex—0.5tec k=7 ns
thoaTIDG Data Hold After DMAGxX High 2 ns
toaTDRH Data Valid After DMARX High® tex+3 ns
tomARLL DMARX Low Edge to Low Edge®* tex ns
tomarn DMARX Width High? 0.5teo +1 ns
Switching Characteristics:
toooL DMAGX Low Delay After CLKIN 0.25tcq +1 0.25tcc c+9 ns
twoek DMAGx High Width 0.5tec k= 1+HI ns
twooL DMAGXx Low Width tex—0.5tcc k-1 ns
thooc DMAGX High Delay After CLKIN tex—0.25tc +1.5 tex—0.25tcc +9 ns
tyoaTDGH Data Valid Before DMAGX High® tex—0.25tcc k-8 tex—0.25tcc k+5 ns
toaTrRDGH Data Disable After DMAGxX High® 0.25tcc -3 0.25tcc «+1.5 ns
tocwrL WRx Low Before DMAGxX Low -1.5 2 ns
tocwrh DMAGX Low Before WRx High tex—0.5tec k-2 +W ns
tocwrr WRx High Before DMAGxX High’ -15 2 ns
tocroL RDx Low Before DMAGX Low -1.5 2 ns
toroeH RDx Low Before DMAGX High tex—0.5tec k—2+W ns
tocroR RDx High Before DMAGX High’ -15 2 ns
tocwr DMAGX High to WRx, RDx, DMAGX 0.5tk —2+HI ns
Low

toanch Address/Select Valid to DMAGX High 18 ns
toocHa Address/Select Hold after DMAGXx High | 1 ns
W = (number of wait states specified in WAIT register) 3 tk.
HI = t.« (if data bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

48 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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1only required for recognition in the current cycle.

2Maximum throughput using DMARX/DMAGX handshaking equals twor * tomarn = (tecLk +4.5) + (tccLk+4.5)=29 ns (34.5 MHz). This throughput
limit applies to non-synchronous access mode only.

StspaTpoL i the data setup requirement if DMARX is not being used to hold off completion of a write. Otherwise, if DMARKX low holds off completion of
the write, the data can be driven tpatpry after DMARX is brought high.

4Use tpuare L if DMARX transitions synchronous with CLKIN. Otherwise, use typg and tpmarn-

StypaTpcH is valid if DMARKX is not being used to hold off completion of a read. If DMARX is used to prolong the read, then
tvpaTDH = tek — -25tccLk — 8 + (n % tek) where n equals the number of extra cycles that the access is prolonged.

6see Example System Hold Time Calculation on page 63 for calculation of hold times given capacitive and dc loads.

"This parameter applies for synchronous access mode only.

CLKIN f \ ¥
— 2
tsore
tomARLL P . g
- 'sDrRC o
[ ‘wbRr T 'DMARH o
DM ARX \ / \K
‘ J) 7
({4
N _ tipcc ™ *+
'DDGL | . _ . |

- 'WDGL T ‘'WDGH o
DMAGX €

Y b))} /

[4¢
TRANSFERS BETWEEN ADSP-21161N t
INTERNAL MEMORY AND EXTERNAL DEVICE , e ATRPeH
= “WDATDGH - o
DATA <><><><>(
(FROM ADSP-2116X TO EXTERNAL DRIVE)
- tDATDRH >

+
"SDATDG tHDATIDG

— —

(FROM EXTERNAL DRIVE TO ADSP-21161N)

TRANSFERS BETWEEN EXTERNAL DEVICE AND
EXTERNAL MEMORY™ (EXTERNAL HANDSHAKE MODE)

et

- < + -
—_— tDGWRL il OGWRH "DGWRR
WR 2
(EXTERNAL DEVICE TO EXTERNAL MEMORY) \-
)
T
— t theror
RD 'Oa DGRDL
(EXTERNAL MEMORY TO EXTERNAL DEVICE) i
J)
«
-y k3 [
"DRDGH
- t > t
DADGH DDGHA

st TR KRR MUV

*MEMORY READ BUS MASTER, MEMORY WRITE BUS MASTER, OR SYNCHRONOUS READ/WRITE BUS MASTER
TIMING SPECIFICATIONS FOR ADDRy3_g, RD, WR, MS3_5 AND ACK ALSO APPLY HERE.

Figure 27. DMA Handshake Timing
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SDRAM Interface — Bus Master
Use these specifications for ADSP-21161N bus master
accesses of SDRAM:

Table 24. SDRAM Interface - Bus Master

For current information contact Analog Devices at (800) 262-5643
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Parameter Min Max Units

Timing Requirements:

tspsok Data Setup before SDCLK 2.0 ns

thpsok Data Hold after SDCLK 15 ns

Switching Characteristics:

tosok1 First SDCLK Rise Delay after CLKIN! | SDCKR X teeix SDCKR X teek ns

-0.25 X tee k- 0.4 -0.25 X tee i + 1.7

tspk SDCLK Period tecik 2 X teolk ns

tepn SDCLK Width High? 4.0 ns

toorl SDCLK Width Low 4.0 ns

tocapskD Command, Address, Data, Delay after 0.25 X teo k + 2.0 ns
SDCLK3

thcabspk Command, Address, Data, Hold after 1.3 ns
SDCLK?

tepTReDK Data Three-State after SDCLK? 0.5 X toe i + 2.0 ns

tspEnsDK Data Enable After SDCLK 0.75 X teeik ns

tspetr Command Three-State After CLKIN 05Xt k-0.4 0.5 X tee L + 1.7 ns

tspcen Command Enable After CLKIN -0.4 1.7 ns

tspsorTrR SDCLK Three-State after CLKIN -0.4 1.7 ns

tspsoken SDCLK Enable after CLKIN -0.4 1.7 ns

tspatr Address Three-State after CLKIN 0.5xte-0.9 0.5 Xt +3.2 ns

tspaen Address Enable after CLKIN -0.4 7.2 ns

LFor the second, third, and forth rising edges of SDCLK delay from CLKIN, add appropriate number of SDCLK period to the tpgpk; and tssprey values,

depending upon the SDCKR value and the Core clk to CLKIN ratio.

2SDRAM Controller adds one SDRAM CLK three-stated cycle delay on a read followed, by a write.

SDRAM Interface — Bus Slave

These timing requirements allow a bus slave to sample the
bus master’s SDRAM command and detect when a refresh
occurs:

Table 25. SDRAM Interface - Bus Slave

Parameter Min Max Units

Timing Requirements:

tsspket First SDCLK Rise after CLKOUT?!2 SDCKR X tecik SDCKR X tecik ns
-0.5Xteck - 1.4 -0.25 X teei + 2.7

tscspr Command Setup before SDCLK3 0 ns

thcspk Command Hold after SDCLK3 2.0 ns

LFor the second, third, and forth rising edges of SDCLK delay from CLKOUT, add appropriate number of SDCLK period to the tpspk; and tssprci
values, depending upon the SDCKR value and the Core clk to CLKOUT ratio.

2SDCKR =1 for SDCLK equal to core clock frequency and SDCKR = 2 for SDCLK equal to half core clock frequency.

3Command = SDCKE, MSx, DQM, RAS, CAS, SDA10,and SDWE.

50 This information applies to a product under development. Its characteristics and specifications are subject to
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
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CLKIN ¢
DSDK2
t
DSDK1
> < t
SDK tSokH
SDCLK .
SDSDK > - i
<_'THDSDK SDKL
DATA(N) HX) \X>
t
SDTRSDK
'DCADSDK > - -
'SDENSDK —> - —> <-tHEADSDK
DATA(OUT) \><
t
DCADSDK
CMNDIADDR —> <
(ouT) >< >
T
—>| "HCADSDK |<—
YSDCEN > < 'spcTr
CMNDL(OUT) <5
ADDR $S
(ouT) )
'SDAEN —» A $$
spATR
CLKOUT )
SSDKC2
'sspkc1
SDCLK (IN)
tscspk
CMND2 (IN)
<>
thespk
NOTES

! COMMAND = SDCKE, MSX, RAS, CAS, SDWE, DQM and SDA10.
2 .
SDRAM Controller adds one SDRAM clock three-stated cycle delay on a read followed by a write.

Figure 28. SDRAM Interface
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Link Ports

Calculation of link receiver data setup and hold relative to
link clock is required to determine the maximum allowable
skew that can be introduced in the transmission path
between LDATA and LCLK. Setup skew is the maximum
delay that can be introduced in LDATA relative to LCLK,
(setup skew = t, ¢\ krwi MiN = to pen — tsipel)- Hold skew is
the maximum delay that can be introduced in LCLK relative
to LDATA, (hold skew = t, ¢, k7w MiN =ty pen — tuioel)-
Calculations made directly from speed specifications will

Table 26. Link Ports Receive

For current information contact Analog Devices at (800) 262-5643
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result in unrealistically small skew times because they
include multiple tester guardbands. The setup and hold
skew times shown below are calculated to include only one
tester guardband.

ADSP-21161N Setup Skew = TBD ns max
ADSP-21161N Hold Skew = TBD ns max

Note that there is a two-cycle effect latency between the link
port enable instruction and the DSP enabling the link port.

Parameter Min Max Units
Timing Requirements
ts peL Data Setup Before LCLK Low 2.5 ns
thibcL Data Hold After LCLK Low 2.5 ns
tckw LCLK Period tick ns
T cikrwL LCLK Width Low 4.5 ns
1 cLkrwH LCLK Width High 4,5 ns
Switching Characteristics
toLaLc LACK Low Delay After LCLK High1 8 12 ns
LLACK goes low with tpLaLc relative to rise of LCLK after first nibble, but doesn’t go low if the receiver's link buffer is not about to fill.
RECEIVE - et .
——1 rwH > | ClkrwL ™1
LCLK _7£ )( 7[—
- tooeL w1 tiioct
tDLALC 1
LACK (OUT) 1
Figure 29. Link Ports—Receive
Table 27. Link Ports Transmit
Parameter Min Max Units
Timing Requirements
tsach LACK Setup Before LCLK High 14 ns
| LACK Hold After LCLK High -2 ns
52 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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Table 27. Link Ports Transmit (Continued)

Parameter Min Max Units
Switching Characteristics

toLben Data Delay After LCLK High 6.0 ns

tuiocH Data Hold After LCLK High -2 ns

tockTwi LCLK Width Low St k1.5 St ktl.5 ns

t cLkTwH LCLK Width High St ck-1.5 St o kt1.5 ns

toLacLk LCLK Low Delay After LACK High St cktb 3t ckt1l ns

TRANSMIT
] tLCLKTWH tLCLKTWL LAST NIBBLE/BYTE FIRST NIBBLE/BYTE LCLK INACTIVE
TRANSMITTED TRANSMITTED (HIGH)
re _7%)_\_&_/_\_7_ \—’ —
[—t —
DLDCH
Yoo I >
LDAT(7:0) ouT X<X>O<X}<
tsiack T bitach ™ torack
LACK (IN)
THE tSLACH REQUIREMENT APPLIES TO THE RISING EDGE OF LCLK ONLY FOR THE FIRST NIBBLE TRANSMITTED.
Figure 30. Link Ports—Transmit
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 53
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Serial Ports

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

3) SCLK width.

Table 28. Serial Ports—External Clock

For current information contact Analog Devices at (800) 262-5643
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Parameter Min Max Units

Timing Requirements

torse Transmit/Receive FS Setup Before Transmit/Receive 35 ns
scLk!

turse Transmit/Receive FS Hold After Transmit/Receive 4 ns
scLK! 2

tsore Receive Data Setup Before Receive SCLK® 3 15 ns

thore Receive Data Hold After SCLK! 4 4 ns

tscLkw SCLKXx Width 9 ns

tscik SCLKXx Period 2tccik ns

IReferenced to sample edge.

2ESx hold after Receive SCLK when MCE = 1, MFD = 0is 0 ns minimum from drive edge. Transmit FS hold after Transmit SCLK for late external
Transmit FS is 0 ns minimum from drive edge.

3SCLK/FS Configured as a receive clock/frame sync with the DDIR bit = 0 in SPCTLXx register.
4SCLK/FS Configured as a transmit clock/frame sync with the DDIR bit = 1 in SPCTLX register.

Table 29. Serial Ports—Internal Clock

Parameter Min Max Units
Timing Requirements

ters, FS Setup Time Before SCLK 2 8 ns
tors FS Hold After SCLK® 2 3 1 ns
tori Receive Data Setup Before SCLK? 3 ns
thor: Receive Data Hold After SCLK? 3 ns

1Referenced to sample edge.
23CLK/FS configured as a receive clock/frame sync with the DDIR bit = 0 in SPCTLXx register.

3ESx hold after Receive SCLK when MCE = 1, MFD = 0is 0 ns minimum from drive edge. Transmit FS hold after Transmit SCLK for late external
Transmit FS is 0 ns minimum from drive edge.

54 This information applies to a product under development. Its characteristics and specifications are subject to
change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
agreed to in writing.

REV. PrC



February 2002 For current information contact Analog Devices at (800) 262-5643 ADSP_2116 1N

Table 30. Serial Ports—External or Internal Clock

Parameter Min Max Units

Switching Characteristics

torse FS Delay After SCLK? 13 ns
(Internally Generated FS) 2

thorse FS I1—|old After Receive SCLK (Internally Generated 3 ns
FS)

1SCLK/FS Configured as a receive clock/frame sync with the DDIR bit = 0 in SPCTLX register.

2Referenced to drive edge.

Table 31. Serial Ports—External Clock

Parameter Min Max Units

Switching Characteristics

torse FS Delay After Transmit SCLK (Internally Generated 13 ns
Transmit FS) 12

thorse FS Hold After Transmit SCLK (Internally Generated 3 ns
Transmit FS) 12

tobTe Transmit Data Delay After Transmit SLCK 12 16 ns

thobTe Transmit Data Hold After Transmit SCLK 12 0 ns

IReferenced to drive edge.
23CLK/FS Configured as a transmit clock/frame sync with the DDIR bit = 1 in SPCTLXx register.

Table 32. Serial Ports—Internal Clock

Parameter Min Max Units

Switching Characteristics

tors Transmit FS Delay After SCLK (Internally Generated 4.5 ns
Transmit FS)* 2

thors: Transmit FS Hold After SCLK (Internally Generated -1.5 ns
Transmit FS)1 2

tooT Transmit Data Delay After scLK?! 2 7.5 ns

tuom Transmit Data Hold After SCLK 2 0 ns

tocLkiw Transmit or Receive SCLK Width? Sty 2.5 Sty +2 ns

IReferenced to drive edge.
23CLK/FS Configured as a transmit clock/frame sync with the DDIR bit = 1 in SPCTLXx register.

REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to 55
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Table 33. Serial Ports—Enable and Three-State
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Parameter Min Max Units
Switching Characteristics
tooTen Data Enable from External Transmit SCLK?® 2 4 ns
| P Data Disable from External Transmit SCLK?! 10 ns
tooTin Data Enable from Internal Transmit SCLK? 0 ns
oo Data Disable from Internal Transmit SCLK?! 3 ns
1Referenced to drive edge.
23CLK/FS Configured as a transmit clock/frame sync with the DDIR bit = 1 in SPCTLXx register.
Table 34. Serial Ports—External Late Frame Sync
Parameter Min Max Units
Switching Characteristics
tobTLESE Data Delay from Late External Transmit FS or External 13 ns
Receive FS with MCE = 1, MFD = 0!
tobTENES Data Enable from Late FS or MCE =1, MFD =01 35 ns
IMCE = 1, Transmit FS enable and Transmit FS valid follow tpp1 rse and topTeNFs-
56 This information applies to a product under development. Its characteristics and specifications are subject to REV. PrC
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DATA RECEIVE— INTERNAL CLOCK

DATA RECEIVE— EXTERNAL CLOCK

DRIVE SAMPLE DRIVE SAMPLE
EDGE EDGE EDGE t EDGE
~ teikw > - SCLKW -
SCLK SCLK
Corse Loese
torse [« > — Loeg ™ e tiorse > ™ CSese >l o >
: KA RXX s KALA RAAK
le—— > - — -
tsDR| o tHDRI tSDRE tHDRE
XOG MK XXX AKX

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF SCLK (EXTERNAL), SCLK (INTERNAL) CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DATA TRANSMIT — INTERNAL CLOCK

DATA TRANSMIT — EXTERNAL CLOCK

DRIVE SAMPLE DRIVE SAMPLE
EDGE EDGE EDGE EDGE
- tscikiw > - teikw >
SCLK SCLK
l-— t — t
DFSI DFSE
ioks: [« > - Csesi > ™ s tiorse [« > Csese > tiese
5 AKX AAX & AN RAXX
—— —] — ¢ —]
t DDTI t DDTE
HOTI = > HDTE >
KOG AAX KO MK

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF SCLK (EXTERNAL), SCLK (INTERNAL) CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DRIVE EDGE DRIVE EDGE
SCLK (EXT) * SCLK
tDDTEN tDDTTE =
DxA/DxB
DRIVE DRIVE
EDGE EDGE
SCLK (INT) SCLK
t = toomm
DDTIN
DxA/DxB 4[
Figure 31. Serial Ports
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EXTERNAL RECEIVE FS WITH MCE =1, MFD =0

DRIVE SAMPLE DRIVE

le——t > t

SFSE/I HOFSE/I (SEE NOTE 2)
ks :><

> tDDTEN FS tH DTE/I

DDTE/I

¥

DxA/DxB = 1ST BIT 2ND BIT

tD DTLFSE

LATE EXTERNAL TRANSMIT FS

DRIVE SAMPLE DRIVE

SCLK / \ /
e——tsese ) i Y orsesn (SEE NOTE 2)
s K

> tDDTE/I
> oprenes thomes ™
DxA/DxB — 1ST BIT 2ND BIT
Copriese
Figure 32. External Late Frame Sync
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SPI Interface Specifications

Table 35. SPI Interface Protocol — Master Switching and Timing Specifications

Name Parameter Min Max Units
Switching Characteristics
tspicLkm Serial clock cycle 8 X tecik ns
tspichm Serial clock high period 4 X tecik ns
tspicim Serial clock low period 4 X tecik ns
topspiDm SPICLK edge to data out valid (data out delay time) 0
thpspiom SPICLK edge to data out not valid (data out hold time) | O
tspscim FLAG3-0 (SPI device select) low to first SPICLK edge | 2 X tecik ns
thupsm Last SPICLK edge to FLAG3-0 high 1 Xteok ns
Timing Requirements
tsspiom Data input valid to SPICLK edge (data input set-up 0.5Xtec k+5.5 ns
time)
tuspiom SPICLK last sampling edge to data input not valid 0.5 X tee tl ns
tseirom Sequential transfer delay 2 X tecik ns
Table 36. SPI Interface Protocol —Slave Switching and Timing Specifications
Name Parameter Min Max Units
Switching Characteristics
tosor SPIDS assertion to data out active 5.5 0.5 x ns
tecck+5.5
tosom SPIDS deassertion to data high impedance 5.5 0.5 x ns
tecck+5.5
topspiDs SPICLK edge to data out valid (data out delay time) 0.5 X tee k6 | ns
thospios s SPICLK edge to data out not valid (data out hold time) | 0.5 X tec «+6 ns
tubLses SPICLK edge to last bit out not valid (data out hold -0.5tgpic kt ns
time)for LSB 4.5X tee k+5.5
tosoy SPIDS assertion to data out valid (CPHASE=0) 2.25 X tog k6 ns
Timing Requirements
tepicis Serial clock cycle 8 X teerk ns
tspichs Serial clock high period 4 X tec -4 ns
tspicLs Serial clock low period 4 X tec -4 ns
tspsco SPIDS assertion to first SPICLK edge ns
CPHASE =0 3.5 X tee k+1
CPHASE =1 1.5 X te 1
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Table 36. SPI Interface Protocol —Slave Switching and Timing Specifications (Continued)

Name Parameter Min Max Units
tuos Last SPICLK edge to SPIDS not asserted
CPHASE =0 0
tsspips Data input valid to SPICLK edge (data input set-up 0 ns
time)
tuspips SPICLK last sampling edge to data input not valid 1 Xteoktl ns
tsoppw SPIDS deassertion pulse width (CPHASE=0) 1 X teok ns
1When CPHASE = 0, t,,5, s affects the length of the last bit transmitted.
FLAG3-0
(OUTPUT)
Llsoscm‘N'tSPICHM‘N'ISPmLM » tspicLkm—P& thpswm -PL—tsplTDM—P
SPICLK %
(cP =0)
(OUTPUT)
¢tspicLmPtspicHvP
SPICLK
(cP=1)
(OUTPUT)
topspipm tHpspipm
MOSI
(OUTPUT) X MSB LSB
CREASESL tsspipm thsspiDm thspipm
MISO MSB
(INPUT) VALID
topspipm thpspiDm
MOSI
(OUTPUT) X MSB N X LS8
EREASES0 tsspipm tuspipm
MISO LSB
(INPUT) VALID
Figure 33. SPI Master Timing
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(INPUT)
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¢ tspichs P tspicLs P tspicLks— P& thps —P—tspppw—M
SPICLK —\ — —
(CPOL = 0)
(INPUT)
tspicLs
¢tspsco ¢tspicus P
SPICLK
(CPOL = 1)
(INPUT)
tops- %
thpspips tbpspips tospHI
b)Y
2
MSB LSB
b)Y
2
tyspips
thspips
1
(INPUT)
topspips
MISO —
(OUTPUT) sB
CPHA=0
MOSI
(INPUT)
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Figure 34. SPI Slave Timing
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JTAG Test Access Port and Emulation

Table 37. JTAG Test Access Port and Emulation

Parameter Min Max Units

Timing Requirements

trex TCK Period tex ns
tstap TDI, TMS Setup Before TCK High 5 ns
turap TDI, TMS Hold After TCK High 6 ns
tssvs System Inputs Setup Before TCK Low? 7 ns
thsvs System Inputs Hold After TCK Low?! 18 ns
trrsTw TRST Pulse Width Atey ns

Switching Characteristics
toroo TDO Delay from TCK Low 13 ns

tosys System Outputs Delay After TCK Low? 30 ns

1system Inputs = DATA47-16, ADDR23-0, RD, WR, ACK, RPBA, SPIDS, EBOOT, LBOOT, DMAR2-1, CLK_CFG1-0, CLKDBL, CS, HER,

SBTS, ID2-0, IRQ2-0, RESET, BMS, MISO, MOSI, SPICLK, DxA, DxB, SCLKXx, FSx, LXDAT7-0, LxCLK, LXACK, SDWE, HBG, RAS, CAS,
SDCLKO, SDCKE, BRST, BR6-1, PA, MS3-0, FLAG11-0

2System Outputs = BMS, MISO, MOSI, SPICLK, DxA, DxB, SCLKXx, FSx, LXDAT7-0, LXCLK, LXACK, DATAA47-16, SDWE, ACK, HBG, RAS,

CAS, SDCLK1-0, SDCKE, BRST,RD, WR, BR6-1, PA, MS3-0, ADDR23-0, FLAG11-0, DMAG2-1, DQM, REDY, CLKOUT, SDA10, TIMEXP,
EMU, BMSTR.

- t >
TCK
TCK 5( \K
‘ tsrap tirar ’
i AAUOXRKR XXX COOXXXXARN
DI
‘ t0
DO
- tSSYS T tHSYS ™
INPUTS N

tD SYS >
RO 00 RRERTTEEER

Figure 35. IEEE 11499.1 JTAG Test Access Port
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Output Drive Currents

Figure 36 shows typical I1-V characteristics for the output
drivers of the ADSP-21161N. The curves represent the
current drive capability of the output drivers as a function
of output voltage.

120
100
< 8
£ 3.47V, 0°C
. 60 f
= VoH 3.3V, +25°C
] 40 t
x 3.13V, +85°C
> 20
o
e 0
x
&
[a] -
2 .20
> 3.13V, +85°C
o -40 t
0 3.3V, +25°C VoL
Z 60 }
o 3.47V, 0°C
@ .80
-100
-120
0 0.5 1 15 2 25 3 35

SOURCE (VDDEXT) VOLTAGE - V

Figure 36. ADSP-21161N Typical Drive

Test Conditions

Output Enable Time

Output pins are considered to be enabled when they have
made a transition from a high impedance state to the point
when they start driving. The output enable time tgy, is the
interval from the point when a reference signal reaches a
high or low voltage level to the point when the output has
reached a specified high or low trip point, as shown in the
Output Enable/Disable diagram (Figure 37). If multiple
pins (such as the data bus) are enabled, the measurement
value is that of the first pin to start driving.

Output Disable Time

Output pins are considered to be disabled when they stop
driving, go into a high impedance state, and start to decay
from their output high or low voltage. The time for the
voltage on the bus to decay by -V is dependent on the capac-
itive load, C, and the load current, I,. This decay time can
be approximated by the following equation:

toecay = (CLAV)/IL

The output disable time tys is the difference between
tyeasurep and toecay @s shown in Figure 37. The time
tyveasuren 1S the interval from when the reference signal
switches to when the output voltage decays —V from the
measured output high or output low voltage. toecay IS cal-
culated with test loads C_and I, and with -V equal to 0.5 V.

REV. PrC

Example System Hold Time Calculation

To determine the data output hold time in a particular
system, first calculate tpecny USING the equation given above.
Choose -V to be the difference between the
ADSP-21161N's output voltage and the input threshold for
the device requiring the hold time. A typical -V will be 0.4
V. CL is the total bus capacitance (per data line), and IL is
the total leakage or three-state current (per data line). The
hold time will be tpecay plus the minimum disable time (i.e.,
toatrwh fOr the write cycle).

REFERENCE
SIGNAL

IMEASURED
pis

VOH (MEASURED)

VOH (MEASURED
VOH (MEASURED) - DV 2.0V ( )

VOL (MEASURED) * DV 1.0v

VoL (MEASURED) VoL (MEASURED)

A

DECAY

OUTPUT STOPS
DRIVING

OUTPUT STARTS
DRIVING

HIGH-IMPEDANCE STATE.
TEST CONDITIONS CAUSE THIS
VOLTAGE TO BE APPROXIMATELY 1.5V

Figure 37. Output Enable/Disable

50Q
TO
OUTPUT O
PIN

O 15V

12pF

2

Figure 38. Equivalent Device Loading for AC
Measurements (Includes All Fixtures)

INPUT
OR 1.5V 1.5V
OUTPUT

Figure 39. Voltage Reference Levels for AC
Measurements (Except Output Enable/Disable)
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Y =TBD
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-

NOMINAL

25 50 75 100 125 150 175 200
LOAD CAPACITANCE - pF

Figure 40. Typical Output Delay or Hold vs. Load
Capacitance (at Max Case Temperature)

Capacitive Loading

Output delays and holds are based on standard capacitive
loads: 12 pF on all pins (see Figure 38 on page 63).
Figure 40 shows graphically how output delays and holds
vary with load capacitance (Note that this graph or derating
does not apply to output disable delays; see Output Disable
Time on page 63). The graphs of Figure 40, Figure 41 and
Figure 42 may not be linear outside the ranges shown for-
Typical Output Delay vs. Load Capacitance and Typical
Output Rise Time (10%-90%, V=Min) vs. Load
Capacitance.
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RISE AND FALL

4.0

2.0 Y = TBD

0 20 40 60 80 100 120 140 160 180 200
LOAD CAPACITANCE - pF

Figure 41. Typical Output Rise Time (10%-90%, Vddext =
Max)
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RISE TIME

Y =TBD

FALLTIME
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20 40
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Figure 42. Typical Output Rise Time (10%-90%, Vddext =

Min)
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Environmental Conditions

Thermal Characteristics

The ADSP-21161N is packaged in a 225-lead Mini Ball
Grid Array (MBGA). The ADSP-21161N is specified for a
case temperature (TCASE). To ensure that the TCASE
data sheet specification is not exceeded, a heatsink and/or
an air flow source may be used. Use the center block of
ground pins (MBGA balls: F6-10, G6-10, H6-10, J6-10,
K6-10) to provide thermal pathways to the printed circuit
board’s ground plane. A heatsink should be attached to the
ground plane (as close as possible to the thermal pathways)
with a thermal adhesive.

Tcase = Tame T (PD x6¢,)
where:

e Tcase = Case temperature (measured on top surface
of package)

« PD = Power dissipation in W (this value depends upon
the specific application; a method for calculating PD is
shown under Power Dissipation).

¢ B., = Value from Table 38.
* 0 ,,=8.0°C/W

Table 38. Airflow Over Package Versus B¢,

Airflow (Linear Ft./Min.) 0 200 400
Bca (CCIW)L 17.82 | 15.2 | 13.68
10,c = 6.8 °C/W.
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225-BALL METRIC MBGA PIN CONFIGURATIONS

Table 39. 225-Lead Metric MBGA Pin Assignments

Pin Name E:?](;A Pin Name E:?](;A Pin Name E:?](;A Pin Name E:?](;A
NC A0l TRST BO1 TMS Cco1 TDO D01
BMSTR A02 TDI B02 EMU Co02 TCK D02
BMS A03 RPBA BO3 GND C03 FLAG11 D03
SPIDS A04 MOSI BO4 SPICLK Co4 MISO D04
EBOOT A05 FSO B0O5 DOB C05 SCLKO D05
LBOOT A06 SCLK1 B06 D1A C06 D1B D06
SCLK2 AO07 D2B BO7 D2A co7 FS1 D07
D3B A08 D3A B08 FS2 Co08 Vopint D08
LODAT[4] A09 LODAT[7] B09 FS3 C09 SCLK3 D09
LOACK Al0 LOCLK B10 LODAT([6] C10 LODATI[5] D10
LODATI[2] All LODATI[1] B11 L1DAT[7] Cl1 LODATI[3] D11
L1DAT[6] Al2 L1DAT[4] B12 L1DAT[3] C12 L1DATI[5] D12
L1CLK Al3 L1ACK B13 L1DAT[1] C13 DATA[42] D13
L1DAT[2] Al4 L1DATI[O0] B14 DATA[45] C14 DATA[46] D14
NC A15 NC B15 DATA[47] C15 DATA[44] D15
FLAG10 EO1 FLAGS FO1 FLAG1 GO01 FLAGO HO1
RESET EO02 FLAG7 F02 FLAG2 G02 IRQO HO02
FLAGS8 EO3 FLAGY FO3 FLAG4 GO03 VobinT HO03
DOA EO4 FLAG6 FO4 FLAG3 G04 1IRQ1 HO4
Vooext EOS Vooint FO5 Vooext GO05 Vooint HO5
VooinT EO06 GND FO6 GND GO06 GND HO6
VopexT EOQ7 GND FO7 GND GO07 GND HO7
Vooint EO8 GND FO8 GND GO08 GND HO08
VopexT E09 GND F09 GND GO09 GND HO09
VobinT E10 GND F10 GND G10 GND H10
Vopext Ell Vooint F1l Vopext Gi1 Voot H11l
LODATI[O0] E12 DATA[37] F12 DATA[34] G12 DATA[29] H12
DATA[39] E13 DATA[40] F13 DATA[35] G13 DATA[28] H13
DATA[43] El4 DATA[38] F14 DATA[33] Gl14 DATA[30] H14
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to
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Table 39. 225-Lead Metric MBGA Pin Assignments (Continued)
Pin Name g:?](;A Pin Name lzﬁ](;A Pin Name lzﬁ](;A Pin Name g:?](;A
DATA[41] E15 DATA[36] F15 DATA[32] G15 DATA[31] H15
IRQ2 Jo1 TIMEXP K01 ADDRJ[19] LO1 ADDR[16] MO01
ID1 Jo2 ADDR[22] KO02 ADDRJ[17] LO2 ADDR[12] MO02
ID2 Jo3 ADDR[20] KO3 ADDR[21] LO3 ADDR[18] MO03
IDO Jo4 ADDR[23] KO04 ADDR[2] LO4 ADDR[6] MO04
VopexT JO5 VobinT K05 VopexT LO5 ADDRI0] MO05
GND JO6 GND K06 VooinT LO6 MsS1 MO06
GND Jo7 GND K07 VopexT LO7 BR6 MO7
GND Jo8 GND K08 Vooint LO8 VpexT M08
GND Jo9 GND K09 VopexT LO9 WR M09
GND J10 GND K10 VooInT L10 SDA10 M10
VoopexT J11 Vobint K11 VopexT L11 RAS M11
DATA[26] J12 DATA[22] K12 CAS L12 ACK M12
DATA[24] J13 DATA[19] K13 DATA[20] L13 DATA[17] M13
DATA[25] J14 DATA[21] K14 DATA[16] L14 DMAG2 M14
DATA[27] J15 DATA[23] K15 DATA[18] L15 DMAG1 M15
ADDR[14] NO1 ADDR[13] PO1 NC RO1
ADDRJ15] NO02 ADDRJ9] P02 ADDR[11] RO02
ADDRJ10] NO3 ADDRI8] P03 ADDR[7] RO3
ADDR[5] NO4 ADDR[4] P04 ADDR[3] RO4
ADDR[1] NO5 MS2 P05 MS3 RO5
MSO0 NO6 SBTS P06 PA RO6
BR5 NO7 BR4 PO7 BR3 RO7
BR2 NO8 BR1 P08 RD RO8
BRST NO09 SDCLK1 P09 CLKOUT RO9
SDCKE N10 SDCLKO P10 HBR R10
Cs N11 REDY P11 HBG R11
CLK_CFG1 N12 CLKIN P12 CLKDBL R12
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to
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Table 39. 225-Lead Metric MBGA Pin Assignments (Continued)

Pin Name g:?](;A Pin Name lzﬁ](;A Pin Name lzﬁ](;A Pin Name g:?](;A
CLK_CFGO N13 DQM P13 XTAL R13
AVDD N14 AGND P14 SDWE R14
DMAR1 N15 DMAR2 P15 NC R15

14 12 10 8 6 4 2
15 13 11 9 7 5 3 1
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* Use the center block of ground pins
to provide thermal pathways to your
printed circuit board’s ground plane.

Figure 43. 225-Lead Metric MBGA Pin Assignments (Bottom View, Summary)
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PACKAGE DIMENSIONS

The ADSP-21161N comes in a 17mm x 17mm, 225 ball
MBGA package with 15 rows of balls. All dimensions in
Figure 44 are in millimeters (mm).

17.20
|<7 17.00 —>| 14 12 10 8 6 4 A1 BALL PAD
16.80 15 13 11 9 7 5 3 1 JCORNER
L 000000000000000 A
00000000000 0000 B
00000000000 0000 c
000000000000000 D
000000000000000 E
000000000000000 F
1400 000000000000000 G
- 000000000000000 H
1720 BSC 000000000000000 J
17.00 000000000000000 K
TOP VIEW YT ¥ ! 550000000000000 | &
: —000000000000000 M
1& 000000000000000 N
psc| ©000000000000000 P
-000000000000000 R
1,00 BSC
l&—  1400BSC = —
(BOTTOM VIEW)
DETAIL A DETAIL A o
1.70 (max) I 1.10 (min)
0.40 (min)
NOTE -.l
THE ACTUAL POSITION OF THE BALL GRID IS WITHIN 0.25mm OF ITS IDEAL SEATING 0.70
POSITION RELATIVE TO THE PACKAGE EDGES. PLANE 0.60 0.20 MAX
THE ACTUAL POSITION OF EACH BALL IS WITHIN 0.10mm OF ITS IDEAL 0.50
POSITION RELATIVE TO THE BALL GRID. BALL DIAMETER
Figure 44. Package Dimensions Metric 17mm x 17mm, 225 ball MBGA
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ORDERING GUIDE

1 Case Temperature . On-Chip .
Part Number Range Instruction Rate SRAM Operating Voltage
ADSP-21161NKCA100X 0°C to +85°C 100 MHz 1 Mbit 1.8 INT/3.3EXTV
ADSP-21161NCCA90X -40°C to +105°C 90 MHz 1 Mbit 1.8 INT/3.3EXTV
IThese parts are packaged in a 225-lead Mini Ball Grid Array (MBGA).
REV. PrC This information applies to a product under development. Its characteristics and specifications are subject to

change without notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise
agreed to in writing.

70




	Summary
	Key Features
	ADSP-21161N Functional Block Diagram

	Key Features (continued)
	General Description
	Table 1. ADSP-21161N Benchmarks (at 100 MHz)�
	Figure 1. ADSP-21161N System

	ADSP-21161N Family Core Architecture
	SIMD Computational Engine
	Independent, Parallel Computation Units
	Data Register File
	Single-Cycle Fetch of Instruction and Four Operands
	Instruction Cache
	Data Address Generators With Hardware Circular Buffers
	Flexible Instruction Set

	ADSP-21161N Memory and I/O Interface Features
	Dual-Ported On-Chip Memory
	Figure 2. ADSP-21161N Memory Map

	Off-Chip Memory and Peripherals Interface
	SDRAM Interface
	Target Board JTAG Emulator Connector
	DMA Controller
	Figure 3. ADSP-21161N External Data Alignment Options

	Multiprocessing
	Figure 4. ADSP-21161N Shared Memory Multiprocessing System

	Link Ports
	Serial Ports
	Serial Peripheral (Compatible) Interface
	Host Processor Interface
	General Purpose I/O Ports
	Program Booting
	Phased Locked Loop and Crystal Double Enable
	Power Supplies
	Figure 5. Analog Power (AVDD) Filter Circuit


	Development Tools
	Designing an Emulator-Compatible DSP Board (Target)
	Target Board Header
	Figure 6. JTAG Target Board Connector for JTAG Equipped Analog Devices DSP (Jumpers in Place)
	Figure 7. JTAG Target Board Connector with No Local Boundary Scan

	JTAG Emulator Pod Connector
	Figure 8. JTAG Pod Connector Dimensions
	Figure 9. JTAG Pod Connector Keep-Out Area

	Design-for-Emulation Circuit Information


	Additional Information

	Pin Function Descriptions
	Table 2. Pin Descriptions�
	Boot Modes
	Table 3. Boot Mode Selection


	ADSP-21161N-Specifications
	Recommended Operating Conditions
	Electrical Characteristics �
	Table 4. Absolute Maximum Ratings�

	ESD SENSITIVITY
	Timing Specifications
	Figure 10. Core Clock and System Clock Relationship to CLKIN
	Table 5. ADSP-21161N CLKOUT and CCLK Clock Generation Operation
	Power Dissipation
	Table 6. ADSP-21161N Operation Types Versus Input Current
	Table 7. External Power Calculations (3.3 V Device)

	Power up Sequencing
	Table 8. Power Up Sequencing Timing Requirements (DSP Startup)
	Figure 11. Power Up Sequencing for Revisions 0.3, 1.0, and 1.1

	Table 9. Power Up Sequencing Timing Requirements (DSP Startup)
	Figure 12. Power Up Sequencing for 1.2
	Figure 13. Dual Voltage Schottky Diode


	Clock Input
	Table 10. Clock Input
	Figure 14. Clock Input


	Clock Signals
	Figure 15. 100 MHz Operation (Fundamental Mode Crystal)

	Reset
	Table 11. Reset
	Figure 16. Reset

	Table 12. Interrupts
	Figure 17. Interrupts


	Timer
	Table 13. Timer
	Figure 18. Timer


	Flags
	Table 14. Flags
	Figure 19. Flags


	Memory Read--Bus Master
	Table 15. Memory Read--Bus Master
	Figure 20. Memory Read--Bus Master


	Memory Write--Bus Master
	Table 16. Memory Write--Bus Master
	Figure 21. Memory Write--Bus Master


	Synchronous Read/Write--Bus Master
	Table 17. Synchronous Read/Write--Bus Master
	Figure 22. Synchronous Read/Write--Bus Master


	Synchronous Read/Write--Bus Slave
	Table 18. Synchronous Read/Write--Bus Slave
	Figure 23. Synchronous Read/Write--Bus Slave


	Multiprocessor Bus Request and Host Bus Request
	Table 19. Multiprocessor Bus Request and Host Bus Request
	Figure 24. Multiprocessor Bus Request and Host Bus Request


	Asynchronous Read/Write--Host to ADSP-21161N
	Table 20. Read Cycle
	Table 21. Write Cycle
	Figure 25. Asynchronous Read/Write--Host to ADSP-21161N


	Three-State Timing--Bus Master, Bus Slave, HBR, SBTS
	Table 22. Three-State Timing--Bus Slave, HBR, SBTS
	Figure 26. Three-State Timing


	DMA Handshake
	Table 23. DMA Handshake �
	Figure 27. DMA Handshake Timing


	SDRAM Interface – Bus Master
	Table 24. SDRAM Interface - Bus Master
	SDRAM Interface – Bus Slave
	Table 25. SDRAM Interface - Bus Master
	Figure 28. SDRAM Interface



	Link Ports
	Table 26. Link Ports Receive
	Figure 29. Link Ports—Receive

	Table 27. Link Ports Transmit�
	Figure 30. Link Ports—Transmit


	Serial Ports
	Table 28. Serial Ports—External Clock
	Table 29. Serial Ports—Internal Clock
	Table 30. Serial Ports—External or Internal Clock
	Table 31. Serial Ports—External Clock
	Table 32. Serial Ports—Internal Clock
	Table 33. Serial Ports—Enable and Three-State
	Table 34. Serial Ports—External Late Frame Sync
	Figure 31. Serial Ports
	Figure 32. External Late Frame Sync


	SPI Interface Specifications
	Table 35. SPI Interface Protocol — Master Switching and Timing Specifications
	Table 36. SPI Interface Protocol —Slave Switching and Timing Specifications�
	Figure 33. SPI Master Timing
	Figure 34. SPI Slave Timing


	JTAG Test Access Port and Emulation
	Table 37. JTAG Test Access Port and Emulation
	Figure 35. IEEE 11499.1 JTAG Test Access Port



	Output Drive Currents
	Figure 36. ADSP-21161N Typical Drive

	Test Conditions
	Output Enable Time
	Output Disable Time

	Example System Hold Time Calculation
	Figure 37. Output Enable/Disable
	Figure 38. Equivalent Device Loading for AC Measurements (Includes All Fixtures)
	Figure 39. Voltage Reference Levels for AC Measurements (Except Output Enable/Disable)
	Figure 40. Typical Output Delay or Hold vs. Load Capacitance (at Max Case Temperature)
	Capacitive Loading
	Figure 41. Typical Output Rise Time (10%-90%, Vddext = Max)
	Figure 42. Typical Output Rise Time (10%-90%, Vddext = Min)

	Environmental Conditions
	Thermal Characteristics
	Table 38. Airflow Over Package Versus qCA




	225-ball Metric Mbga Pin Configurations
	Table 39. 225-Lead Metric MBGA Pin Assignments�
	Figure 43. 225-Lead Metric MBGA Pin Assignments (Bottom View, Summary)


	Package Dimensions
	Figure 44. Package Dimensions Metric 17mm ° 17mm, 225 ball MBGA

	Ordering Guide

