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Figure 1 ADSP-21160 Functional Block Diagram
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FEATURES (CONTINUED)

Single Instruction Multiple Data (SIMD) architecture provides:

. Two computational processing elements

Concurrent execution--Each processing element executes the same 1nstruct10n, but oper-
ates on different data

Code compatibility--At assembly level, uses thc same instruction set as the ADSP-2106x
SHARC:

Parallelism in busses and computational units allows:

Slngle cycle execution (with or without SIMD) of: a multiply operation, an ALU opera-
tion, 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
pet cycle

o Accelerated FFT butterfly computation through a multiply w1th add and subtract

4 Mbit on-chip dual-ported SRAM for independent access by core processor, host, and DMA

DMA Controller supports:

. 14 zero-overhead DMA channels for transfer
and external memory, external peripher

+ 64-bit background DMA transfe
sor execution

. 700 Mbytes/s transfer rateso ,
Host processor inte

4 Gigaword Addr

Memory interface

ory

Multiprocessing support provides:

Glueless connection for scalable DSP multiprocessing architecture

Distributed on-chip bus arbitration for parallel bus connect of up to six ADSP 21160s

plus host .

. Six link ports for point-to-point connectivity and array multiprocessing

. 400 Mbytes/s transfer rate over parallel bus

. 600 Mbytes/s transfer rate over link ports

Serial Ports provide:

Two 50 Mbit/s synchronous serial ports with companding hardware

. Independent transmit and receive functions

« TDM support for T1 and E1 interfaces

64-bit wide synchronous External Port provides:

« Glueless connection to asynéhtonous and SBSRAM external memories

. Up to 50 MHz operation

*

ADSP-21160 internal memory
ocessor, serial ports, or link ports

eed, in parallel with full-speed proces-

oprocessors

ation and page-mode for off-chip mem-
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GENERAL DESCRIPTION

The ADSP-21160 SHARC DSP is the first processor in a new family featuring Analog Devices’ Super
Harvard Architecture. Easing portability, the ADSP-21160 is application source code compatible with
first generation ADSP-2106x SHARC:s in SISD (Single Instruction, Single Data) mode. To take
advantage of the processor’s SIMD (Single Instruction, Multiple Data) capability, some code changes
are needed. Like other SHARC:s, the ADSP-21160 is a 32-bit processor that is optimized for high
petformance DSP applications. The ADSP-21160 includes a 80 or 100 MHz core, a dual-ported
on-chip SRAM, an integrated I/O processor with multiprocessing support, and multiple internal busses
to eliminate I/O bottlenecks.

The ADSP-21160 introduces Single-Instruction-Multiple-Data (SIMD) processing. Using two
computational units (ADSP-2106x SHARC:s have one), the ADSP-21160 can double 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-21160 has a 10 ns (or
12.5 ns) instruction cycle time. With its SIMD computational hardware running at 100 MHz, the

21160 can perform 600 million math operations per second. Table 1 shows performance benchmarks
for the ADSP-21160.

Table 1 ADSP-21160 Benchmarks (at 100 MHz and 80 MH:

Benchmark Algorithm 00 MHz) | Speed (at 80 MHz)
1024 Point Complex FFT (Radix 4, with rev 115 us
FIR Filter (per tap) 6.25 ns
IIR Filter (per biquad) 25 ns
Matrix Multiply (pipelined) [3x3] é.%ifgx ¥ n 56.25 ns
[4x4] * [4x1 , 80 ns 100 ns
Divide (y/x) 30 ns 37.5ns
Inverse Square Root 45 ns 56.25 ns
DMA Transfer Rate 700 Mbytes/s 560 Mbytes/s

The ADSP-21160 continues SHARC’s industry leading standards of integration for DSPs, combining
a high performance 32-bit DSP core with integrated, on-chip system features. These features include a
4 Mbit dual ported SRAM memory, host processor interface, I/O processor that supports 14 DMA
channels, two serial ports, six link ports, external parallel bus, and glueless multiprocessing.

Figure 1 shows a block diagram of the ADSP-21160, illustrating the following architectural features:
. Two processing elements, each made up of an ALU, Multiplier, Shifter and Data Register File

« Data Address Generators (DAG1, DAG2) '

. 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

REV PrE This information applies to a product under development. Its characteristics and specifications are subject to change with- 3
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On-Chip SRAM (4 Mbit)
External port that supports:

. Interfacing to off-chip memory peripherals
Glueless multiprocessing support for six ADSP-21160 SHARC:s

« Host port

DMA controller
Serial ports and link ports
JTAG test access port
Figure 2 shows a typical single-processor system. A multi-processing system appears in Figure 5.
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Figure 2 ADSP-21160 System

ADSP-21160 Family Core Architecture

The ADSP-21160 includes the following architectural features of the ADSP-21100 famlly core. The
ADSP-21160 is code compatible at the assembly level with the ADSP-21060, ADSP-21061, and

ADSP-21062.

SIMD Computational Engine

The ADSP-21160 contains two computational processing 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 MODEI register. When this mode is enabled, the same instruction
is executed in both processing elements, but each processing element operates on different data. This
architecture is efficient at executing math intensive DSP algorithms.

This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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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 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
arithmetic/logic unit (ALU), multiplier and shifter. These units perform single-cycle instructions. The
three units within in each processing element are arranged in parallel, maximizing computational
throughput. Single multi-function instructions execute parallel ALU and multiplier operations. In
SIMD mode, the parallel ALU and multiplier operations occur in both processing elements. These
computation units support IEEE 32-bit single-precision floating-point, 40-bit extended precision
floating-point, and 32-bit fixed-point data formats.

Data Register File

A general purpose data register file is contained in each processi
data between the computation units and the data buses, and st
32-register (16 primary, 16 secondary) register files, comb
Harvard architecture, allows unconstrained data fl
The registers in PEX are referred to as RO-R15

ent. The register files transfer

pmediate results. These 10-port,
the ADSP-21100 enhanced
omputation units and internal memory.
Y as SO

pstructions and data (see Figure 1).
».buses and on-chip instruction cache, the
nstruction (from the cache), all in a single

processor can simultaneously fetch
cycle.

Instruction Cache

The ADSP-21160 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 darta accesses are cached. This cache allows full-speed execution of core, looped operations
such as digital filter multiply-accumulates and FFT butterfly processing.

Data Address Generators With Hardware Circular Buffers

The ADSP-21160’s two data address generators (DAGs) are used for indirect addressing and let you
implement 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 in digital filters
and Foutier transforms. The two DAGs of the ADSP-21160 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, reducing overhead, increasing performance, and simplifying
implementation. Circular buffers can start and end at any memory location.

R EV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 5
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Flexible Instruction Set

The 48-bit instruction word accommodates a variety of parallel operations, for concise programming.
For example, the ADSP-21160 can conditionally execute a multiply, an add, and subtract, in both
processing elements, while branching, all in a single instruction.

ADSP-21160 Memory and 1/O Interface Features
Augmenting the ADSP-21100 family core, the ADSP-21160 adds the followmg architectural features:

Dual-Ported On-Chip Memory

The ADSP-21160 contains four megabits of on-chip SRAM, organized as two blocks of 2 Mbits each,
which can be configured for different combinations of code and data storage. Each memory block is
dual-ported for single-cycle, independent accesses by the core processor and I/O processor. The
dual-ported memory in combination with 3 separate on-chip buses allow two data transfers from the
core and one from I/O processor, in a single cycle. On the ADSP-21160, the memory can be configured
as a maximum of 128K words of 32-bit data, 256K words of 16-bit data, 85K words of 48-bit
instructions (or 40-bit data), or combinations of different word sizes up to four megabits. All of the
memory can be accessed as 16-bit, 32-bit, 48-bit, or 64-bi . A 16-bit floating-point storage
format is supported that effectively doubles the amount o may be stored on-chip. Conversion
between the 32-bit floating-point and 16-bit floati rmats is done in a single instruction.
While each memory block can store combinatiot data, accesses are most efficient when
one block stores data, using the DM bu block stores instructions and data,
using the PM bus for transfers. Using his way, with one dedicated to each
memory block, assures single-cycle exe ransfers. In this case, the instruction must

be available in the cache.

r's interface to off-chip memory and peripherals.
n the ADSP-21160’s unified address space. The
separatc on-chip buses—for PM addresses, PM data, DM addresses, DM data, I/O addresses, and I/O
data—are multiplexed at the external port to create an external system bus with a single 32-bit address
bus and a single 64-bit data bus. The lower 32 bits of the external data bus connect to even addresses
and the upper 32 bits of the 64 connect to odd addresses. Every access to external memory is based on
an address that fetches a 32 bit word, and with the 64 bit bus, two address locations can be accessed at
once. When fetching an instruction from external memory, two 32 bit data locations are being accessed
(16 bits are unused). Figure 4 shows the alignment of various accesses to external memory.

The external port supports asynchronous, synchronous, and synchronous burst accesses. ZBT
synchronous burst SRAM can be interfaced gluelessly. Addressing of external memory devices is
facilitated by on-chip decoding of high-order address lines to generate memory bank select signals.
Separate control lines are also generated for simplified addressing of page-mode DRAM. The
ADSP-21160 provides programmable memory wait states and external memory acknowledge controls
to allow interfacing to DRAM and peripherals with variable access, hold, and disable time requirements

6 This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Figure 3 ADSP-21160 Memory Map
DMA Controller

The ADSP-21160’s on-chip DMA controller allows zero-overhead data transfers without processor
intervention. The DMA controller operates independently and invisibly to the processor core, allowing
DMA operations to occur while the core is simultaneously executing its program instructions. DMA
transfers can occur between the ADSP-21160’s internal memory and external memory, external
peripherals, or a host processor. DMA transfers can also occur between the ADSP-21160s internal
memory and its serial ports or link ports. External bus packing to 16-, 32-, 48-, or 64- bit words is
performed during DMA transfers. Fourteen channels of DMA are available on the ADSP-21160—six
via the link ports, four via the serial ports, and four via the processor’s external port (for either host
processor, other ADSP-21160s, memory or I/O transfers). Programs can be downloaded to the
ADSP-21160 using DMA transfers. Asynchronous off-chip peripherals can control two DMA channels
using DMA Request/Grant lines (DMARI-2, DMAG1-2). Other DMA features include interrupt
generation upon completion of DMA transfers, two-dimensional DMA, and DMA chaining for
automatic linked DMA transfers.

R EV P rE This information applies to a product under development. its characteristics and specifications are subject to change with- 7
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DATA63-0
43 55 47 39 31 23 15 7 0
[ BYTE 7 v ' BYTE O
<«——FOW/WRA > ROUWR ———»

| 64-BITLONG WORD, SIMD, DMA, IOP REGISTER TRANSFERS |

l 64-BITTRANSFER FOR 48-BIT INSTRUCTION FETCH

I 54-BITTRANSFER FOR 40-BIT EXT. PREC.

32-BITNORMAL WORD (sven acow) |

|32-BI'I' NORMAL WORD (opp abor)

RESTRICTED DMA, HOST, EPROM DATA ALIGNMENTS

32-BIT PACKED

Multiprocessing
The ADSP-21160 offet

The external port supports a un -
accesses of each ADSP-21160’s . Distributed bus arbitration logic is included on-chip
for simple, glueless connection of systems containing up to six ADSP-21160s 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-modify-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. Broadcast writes allow simultaneous transmission
of data to all ADSP-21160s and can be used to implement reflective semaphores.

Six link ports provide for a second method of multiprocessing communications. Each link port can
support communications to another 21160. Using the links a large multiprocessor system can be
constructed in a 2D or 3D fashion. The ADSP-21160 at 100 MHz has a maximum throughput for
interprocessor communications over the links of 600 Mbytes per sccond You can use the link ports and
cluster multiprocessing concurrently or independently. : :

8 ' This information applies to a product under development. Its characteristics and specifications are subject to change with- REV PrE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. -
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Figure 5 ADSP-21160 Shared Memory Multiprocessing System
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Link Ports

The ADSP-21160 features six 8-bit link ports that provide additional I/O capabilities. With the
capability of running at 100 MHz rates, each link port can support 100 Mbytes/s. Link port 1/O is
especially useful for point-to-point interprocessor communication in multiprocessing systems. The link
ports can operate independently and simultaneously, with a maximum data throughput of 600
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 lmk port transfers. Transfers are
programmable as either transmit or receive.

Serial Ports

The ADSP-21160 features two synchronous serial ports that provide an inexpensive interface to a wide
variety of digital and mixed-signal peripheral devices. The serial ports can operate up to half the clock
rate of the core, providing each with a maximum data rate of 50 Mbit/s. Independent transmit and
receive functions provide 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
offers a TDM multichannel mode. The serial ports can operate with little-endian or big-endian
transmission formats, with word lengths selectable from 3 b b 32 bits. They offer selectable
synchronization and transmit modes as well as optio ‘A-law companding. Serial port clocks
and frame syncs can be internally or externally

Host Processor Interface

The ADSP-21160 host interface
and 32-bit, with little additio;
ADSP-21160’s external p
DMA are available for ]
overhead. The host processor %gﬁ

andard microprocessor buses, both 16-bit
ost interface is accessed through the

the unified address space. Four channels of
ers are accomplished with low software
xternal bus with the host bus request (HBR),
host bus grant (HBG), and rea s e host can directly read and write the internal
memory of the ADSP-21160, and can acce MA channel setup and mailbox registers. Vector
interrupt support provides efficient execution of host commands. :

Program Booting

The internal memory of the ADSP-21160 can be booted at system power-up from either an 8-bit
EPROM, a host processor, or through one of the link ports. Selection of the boot source is controlled
by the BMS (Boot Memory Select), EBOOT (EPROM Boot), and LBOOT (Link/Host Boot) pins.
32-bit and 16-bit host processors can be used for booting.

Phased Locked Loop

The ADSP-21160 uses an on chip PLL to generate the internal clock for the core. Ratios of 2:1, 3:1,
and 4:1 between the core and CLKIN are supported. The CLK_CFG pins are used to select the ratio.
The CLKIN rate is the rate at which the synchronous external port operates.

Power Supplies

The ADSP-21160 has separate power supply connections for the internal (Vppnt)» external
(VppEexT)> and analog (AVHp/AGND) power supplies. The internal and analog supplies must meet
the 2.5V requirement. The external supply must meet the 3.3V requirement. All external supply pins
must be connected to the same supply.

1 0 This information applies to a product under development. Its characteristics and specifications are subject to changé with- R EV P rE
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Note that the analog supply (AVpp) powers the ADSP-21160’s clock generator PLL. To produce a
stable clock, you must provide an external circuit to filter the power input to the AVpp pin. Place the
filter as close as possible to the pin. For an example circuit, see Figure 6. 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.

10 Q

V o—AAMA AV
DDINT T T O AVpDp

AGND

Figure 6 Analog Power (AVpp) Filter Circuit

Development Tools

The ADSP-21160 is supported with a complete set of Visuall
tools, including the EZ-ICE® In-Circuit Emulator
hardware that you use for the ADSP-21060/62

Software and hardware development
t software. The same EZ-ICE
the ADSP-21160.

Both the SHARC Development Tools fami 3t integrated project management and
debugging environment support the J . P project management environment
enables you to develop and deb ti 1in g single integrated program.

The SHARC Development T | at is based on an algebraic syntax;
an Assembly library/librarian; % linkeg cUtate, instruction-level simulator; a C
compiler; and a C run-time library t » d"mathematical functions.

Debugging both C and Assembly programs with thé Visual DSP debugger, you can:

. View mixed C and Assembly code
« Insert break points
. Set conditional breakpoints on registers, memory, and stacks
« Trace instruction execution
. Profile program execution
. Fill and dump memory
« Source level debugging
Create custom debugger windows

The VisualDSP IDE lets you define and manage DSP software development. Its dialog boxes and

property pages enable you to configure and manage all of the SHARC Development Tools, including
the syntax highlighting in the VisualDSP editor. This capability lets you:

. Control how the development tools process inputs and generate outputs.
. Maintain a one-to-one correspondence with the tool’s command line switches.

The EZ-ICE Emulator uses the IEEE 1149.1 JTAG test access port of the ADSP-21160 processor to
monitor and control the target board processor during emulation. The EZ-ICE provides full-speed

REV P rE This information applies to a product under development. its characteristics and specifications are subject to change with- 1 1
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emulation, allowing inspection and modification of memory, registers, and processor stacks.
Non-intrusive 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 SHARC processor family. Hardware tools include
SHARC PC plug-in cards, multiprocessor SHARC VME boards, and daughter and modules with
multiple SHARCs’ and additional memory. These modules are based on the SHARCPAC™ module
specification. Third Party software tools include DSP libraries, real-time operating systems, and block

diagram design tools.

ADDITIONAL INFORMATION

This data sheet provides a general overview of the ADSP-21160 architecture and functionality. For
detailed information on the ADSP-21100 Family core architecture and instruction set, refer to the
ADSP-21160 Technical Specification, Revision 3.0.

PIN FUNCTION DESCRIPTIONS

ADSP-21160 pin definitions are listed below. Inputs identj
requirements with respect to CLKIN (or with respe
asynchronous (A) can be asserted asynchronousl

synchronous (S) must meet timing
TMS, TDI). Inputs identified as
(or to TCK for TRST).

for ADDR31-0, DATA63-0,

stors (PA, ACK, BRST, PAGE,

, TCLKx, RCLKx, LxDAT7-0, LxCLK,
ating. These pins have a logic-level hold

%) that prevents input from floating -

Unused inputs should be tied or pulled t
FLAG3-0, and inputs that have intern
CLKOUT, MS3-0, RDx, WRx A
LxACK, TMS, TRST and Tk '
circuit (only enabled
internally.

The following symbols apea f able 2: A = Asynchronous, G = Ground,

I = Input, O = Output, P = Powet Supply, S; chronous, (A/D) = Active Drive, (O/D) = Open
Drain, and T = Three-State (when SBTS is asserted, or when the ADSP-21160 is a bus slave).

Table 2 Pin Descriptions

Pin Type Function

ADDR31-0 I/O/T External Bus Address. The ADSP-21160 outputs addresses for external
memory and peripherals on these pins. In a multiprocessor system the bus
master outputs addresses for read/writes of the internal memory or IOP
registers of other ADSP-21160s. The ADSP-21160 inputs addresses
when a host processor or multiprocessing bus master is reading or writing
its internal memory or IOP registers. A keeper latch on the DSP’s
ADDR31-0 pins maintains the input at the level it was last driven (only
enabled on the ADSP-21160 with ID2-0=00x). »

DATA63-0 I/O/T External Bus Data. The ADSP-21160 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 DATAG63-0 pins maintains the
input at the level it was last driven (only enabled on the ADSP-21160
with ID2-0=00x).

1 2 This information applies to a product under development, Its characteristics and specifications are subject to change with- R EV PrE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. *
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Table 2 Pin Descriptions (Continued)

Pin

Type

Function

Oo/T

Memory Select Lines. These outputs are asserted (low) as chip selects for
the corresponding banks of external memory. Memory bank size must be
defined in the SYSCON control register. 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
assetted.

I/O/T

Memory Read Low Strobe. RDL is asserted whenever ADSP-21160
reads from the low word of external memory or from the internal mem-
ory of other ADSP-21160s. External devices, including other
ADSP-21160s, must assert RDL for reading from the low word of
ADSP-21160 internal memory. In a multiprocessing system, RDL is
driven by the bus master.

I/O/T

erted whenever ADSP-21160
memory or from the internal mem-
cinal devices, including other

H for reading from the high word of
rocessing system, RDH is

Memory Read High Strobe.
reads from the higﬁ word of &
ory of other ADSP-2
ADSP-21160s,
ADSP-21160 it

I/O/T

is asserted when ADSP-21160 writes
r internal memory of other

pust assert WRL for writing to

internal memory. In a multiprocessing sys-

bus master.

WRH

I/O/T

Memory Write High Strobe. WRH is asserted when ADSP-21160
writes to the high word of external memory or internal memory of other
ADSP-21160s. External devices must assert WRH for writing to
ADSP-21160's high word of internal memory. In a multiprocessing sys-
tem, WRH is driven by the bus master.

BRST

I/0/T

Sequential burst access. BRST is asserted by ADSP-21160 or a host 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. If the burst access is a read from host to
ADSP-21160, ADSP-21160 increments the address automatically as long
as BRST is asserted. BRST is asserted after the initial access of a burst
transfer. It is asserted for every cycle after that, except for the last data
request cycle (denoted by RDx or WRx asserted and BRST negated). A
keeper latch on the DSP’s BRST pin maintains the input at the level it
was last driven (only enabled on the ADSP-21160 with ID2-0=00x).

REV. PrE

This information applies to a product under development. Its characteristics and specifications are subject to change with- 1 3
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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Table 2 Pin Descriptions (Continued)

Pin

Type

Function

PAGE

O/T

DRAM Page Boundary. The ADSP-21160 asserts this pin to signal that
an external DRAM page boundary has been crossed. DRAM page size
must be defined in the ADSP-21160's memory control register (WAIT).
DRAM can only be implemented in external memory Bank 0; the PAGE
signal can only be activated for Bank 0 accesses. In a multiprocessing sys-
tem PAGE is output by the bus master. A keeper latch on the DSP’s
PAGE pin maintains the output at the level it was last driven (only
enableg on the ADSP-21160 with ID2-0=00x).

ACK

I/O/S

Memory Acknowledge. External devices can de-assert ACK (low) to add
wait states to an external memory access. ACK is used by I/O devices,
memory controllers, or other petipherals to hold off completion of an
external memory access. The ADSP-21160 deasserts ACK as an output to
add wait states to a synchronous access of its internal memory. A keeper
latch on the DSP’s ACK pin maintains the input at the level it was last
driven (only enabled on the -21160 with ID2-0=00x).

/S

TRQ2-0

I/A

ternal devices can assert SBTS (low) to

Suspend Bus & Three4
data, selects, and strobes in a high imped-

place the externa

ance state for
€rted, the processor will halt and the
F eted until SBTS is deasserted. SBTS

er from host processor/ADSP-21160 dead-

controller.

f the ADSP-21160 attempts to access -

1ese are sampled on the rising edge of CLKIN
ggered or level-sensitive.

FLAG3-0

I/O/A

Flag Pins. Eaclyds 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.

TIMEXP

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

!
o
P!

/A

Host Bus Request. Must be asserted by a host_processor to request con-
trol of the ADSP-21160's external bus. When HBR is asserted in 2 multi-
processing system, the ADSP-21160 that is bus master will relinquish the
bus and assert HBG. To relinquish the bus, the ADSP-21160 places the
address, data, select, and strobe lines in a high impedance state. HBR has
priority over all ADSP-21160 bus requests (BR6-1) in a multiprocessing
system.

/0

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-21160 until HBR is released. In a multiprocess-
ing system, HBG is output by the ADSP-21160 bus master and is moni-
tored by all others.

I/A

Chip Select. Asserted by host processor to select the ADSP-21160.

1 4 This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Table 2 Pin Descriptions (Continued)

Pin | Type Function

REDY O (O/D) | Host Bus Acknowledge. The ADSP-21160 deasserts REDY (low) to add
waitstates to a host access when CS and HBR inputs are asserted.

DMAR1 I/A DMA Request 1 (DMA Channel 11). Asserted by external port devices
to request DMA services.

DMAR2 I/A DMA Request 2 (DMA Channel 12). Asserted by external port devices
to request DMA setvices.

DMAGI1 Oo/T DMA Grant 1 (DMA Channel 11). Asserted by ADSP-21160 to indicate
that the requested DMA starts on the next cycle. Driven by bus master
only.

DMAG2 o/T DMA Grant 2 (DMA Channel 12). Asserted by ADSP-21160 to indicate
that the requested DMA starts on the next cycle. Driven by bus master
only.

BR6-1 1/0O/S Multiprocessing Bus Requ ultiprocessing ADSP-21160s

to arbitrate for bus mastersh
line (corresponding te,
others. In a2 mulgiproce:

SP-21160 only drives its own BRx
4D2-0 inputs) and monitors all
ess than six ADSP-21160s, the

ID2-0 I ich multiprocessing bus request
% 0. ID = 001 corresponds to BRI,

o on. Use ID = 000 or ID =001 in
sing] . S ! s¢ lines are a system configuration selection
which should be 1}1’ rdwired or only changed at reset. '

RPBA /S Rotating Priority Bus Arbitration Select. When RPBA is high, rotating

riority for multiprocessor bus arbitration is selected. When RPBA is low,

ixed priority is selected. This signal is a system configuration selection
which must be set to the same value on every ADSP-21160. If the value
of RPBA is changed during system operation, it must be changed in the
same CLKIN cycle on every ADSP-21160.

PA I/o/T Priority Access. Asserting its PA pin allows an ADSP-21160 bus slave to
interrupt background DMA transfers and gain access to the external bus.
PA is connected to all ADSP-21160s in the system. If access priority is
not required in a system, the PA pin should be left unconnected.

DTx O Data Transmit (Serial Ports 0, 1). Each DT pin has a 50 kQ internal
pull-up resistor. -

DRx 1 Data Receive (Serial Ports 0, 1). Each DR pin has a 50 kQ internal
pull-up resistor. ’

TCLKx /O Transmit Clock (Serial Ports 0, 1). Each TCLK pin has a 50 kQ internal

pull-up resistor.

REV PrE This information applies to a product under development. Its characteristics and specifications are subject to change with- 1 5
* out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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Table 2 Pin Descriptions (Continued)

Pin Type Function

RCLKx /O Receive Clock (Serial Ports 0, 1). Each RCLK pin has a 50 kQ internal
pull-up resistor.

TFSx /0 * | Transmit Frame Sync (Serial Ports 0, 1).

RFSx I/0 Receive Frame Sync (Serial Ports 0, 1).

LxDAT7-0 /0 Link Port Data (Link Ports 0-5). Each LxDAT pin has a 50 kQ internal
pull-down resistor that is enabled or dlsabled by the LPDRD bit of the

LCTLO-1 register.

LxCLK /0 Link Port Clock (Link Ports 0-5). Each LxCLK pin has a 50 kQ internal
pull-down resistor that is enabled or disabled by the LPDRD bit of the

LCTLO-1 register.

LxACK /O Link Port Acknowledge (Link Poy
internal pull-down resisto
of the LCOM register.

0-5). Each LxACK pin hasa 50 kQ -
abled or disabled by the LPDRD bit

cription of how this pin operates, see the

EBOOT I
is signal is a system configuration

of how this pin operates, see the table in the

LBOOT I
nal is a system configuration selection that

s as an output or input as selected with the
ins; see table below. This input is a system con-

0 that should be hardwired.

BMS I/O/T
ﬁguranon selec

EBOOT LBOOT BMS Booting Mode

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

0 1 (Input) Host Processor
1 (Input) Link Port

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

0 1 0 (Input)  Reserved
1 x (Input)  Reserved

CLKIN 11 Local Clock In. CLKIN is the ADSP-21160 clock input. The
ADSP-21160 external port cycles at the frequency of CLKIN. The
instruction cycle rate is a multiple of the CLKIN frequency; it is pro-

rammable at powerup. CLKIN may not be halted, changed, or operated
Eelow the specified frequency.

1 6 This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV PrE
~ out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Table 2 Pin Descriptions (Continued)

January 2000

Pin Type Function

CLK_CFG3-0 | I Core/CLKIN Ratio Control. ADSP-21160 core clock (instruction cycle)
rate is equal to n x CLKIN where n is user selectable to 2, 3, or 4, using
the CLK_CFG3-0 inputs.

CLKOUT Oo/T Local Clock Out. CLKOUT is driven at the CLKIN frequency by the
current bus master. This output is three-stated when the ADSP-21160 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 (only enabled on the ADSP-21160 with
1D2-0=00x).

RESET /A Processor Reset. Resets the ADSP-21160 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 I Test Clock (JTAG). Provides a ¢l . JTAG boundary scan.

TMS I/s Test Mode Select (JTA! . control the test state machine. TMS
has 2 20 kQ intern:

TDI /S Test Data Inpty | ata for the boundary scan
logic. T -up resistor

TDO O output of the boundary scan path.

TRST /A est'state machine. TRST must be asserted

. r held low for proper operation of the
ADSP-21160. TR 20 k€ internal pull-up resistor.

EMU O (O/D) | Emulation Status. Must be connected to the ADSP-21160 EZ-ICE tar-
get board connector only. EMU has a 50 k€ internal pullup resistor.

CIF 0O Core Instruction Fetch. Signal is active low when an external instruction
fetch is performed. Driven by bus master only. Three-state when host is
bus master.

VDDINT P Core Power Supply. Nominally +2.5 V dc and supplies the DSP’s core
processor. (40 pins).

VDDEXT P I/O Power Supply; Nominally +3.3 V dc. (46 pins).

AVDD P Analog Power Supply; Nominally +2.5 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 10.

AGND G Analog Power Supply Return.

GND G Power Supply Return. (83 pins).

REV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 1 7

out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.

B8 081800 DObLLLSS 1LY ER



January 2000 ADSP-21160 Preliminary Data Sheet
For current information contact Analog Devices at (781) 461-3881

Table 2 Pin Descriptions (Continued)

Pin Type Function

NC Do Not Connect. Reserved pins which must be left open and uncon-
nected. (5 pins).

Target Board Connector For EZ-ICE Probe

The ADSP-21160 EZ-ICE Emulator uses the IEEE 1149.1 JTAG test access port of the ADSP-21160
to monitor and control the target board processor during emulation. The EZ-ICE probe requires the
ADSP-21160's CLKIN, TMS, TCK, TRST, TDI, TDO, EMU, and GND signals be made accessible
on the target system via a 14-pin connector (a 2 row x 7 pin strip header) such as that shown in Figure
5. The EZ-ICE probe plugs directly onto this connector for chip-on-board emulation. You must add
this connector to your target board design if you intend to use the ADSP-21160 EZ-ICE. The total
trace length between the EZ-ICE connector and the furthest device sharing the EZ-ICE JTAG pins
should be limited to 15 inches maximum for guaranteed operation. This length restriction must include
EZ-ICE JTAG signals which are routed to one or more ADSP-21160 devices, or a combination of
ADSP-21160 devices and other JTAG devices on the chain.

The 14-pin, 2-row pin strip header is keyed at the Pi [
header. The pins must be 0.025 inch square and inch in length. Pin spacing should be 0.1
x 0.1 inches. Pin strip headers are available fas 3M, McKenzie and Samtec.

The BTMS, BTCK, BTRST and BTD _ e test access port can also be used for
* board-level testing. When the co c or emulation, place jumpers between the
Bxxx pins and the xxx pins_Jf St ; not be used for board testing, tie BTRST and
BTCK pins to GND. ; e wer-up (through BTRST on the
connector) or held low! 60. None of the Bxxx pins (Pins 5,7, 9,
11) are connected on the'EZ-]

off --Pin 3 must be removed from the

EMU

GND

KEY (NO PIN) CLKIN {OPTIONAL)

o Ko
- i~ H~

)
O

BIMS ™S

~
@

o
)
O

BTCK TCK

<
=3

BTRST TRST

a
)
.

=
i

B1DI L] ama || QESY:
13 14

ono | K N |wo
TOP VIEW

Figure 7 Target Board Connector For ADSP-21160 EZ-ICE Emulator (Jumpers in Place)

1 8 This information applies to a product under development. Its characteristics and specifications are subject to change with- REV PrE
out notice, Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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The JTAG signals are terminated on the EZ-ICE probe as follows:

January 2000

Table 3 EZ-ICE Emulator Probe Terminations

Signal Termination ,

TMS Driven through 22 Q Resistor (16 mA Driver)

TCK Driven at 10 MHz through 22 Q Resistor (16 mA Driver)

TRST Active Low Driven through 22 Q Resistor (16 mA Driver) (Pulled Up by On-Chi
20 kQ Resistor); TRST is driven low until the EZ-ICE probe is turned on by the
emulator at software start-up. After software start-up, TRST is driven high.

TDI Driven by 22 Q Resistor (16 mA Driver)

TDO One TTL Load, Split (160/220)

CLKIN One TTL Load, Split (160/220)

EMU Acive Low 47 142 Pull-Up Resisor, One TTL Loge Open-Drain Output from the

Figure 8 shows JTAG scan path connections for s
Connecting CLKIN to Pin 4 of the EZ-ICE hé,

directed to perform operations such

need these operations to occur
EZ-ICE header to ground.

REV. PrE

ble processors, simply tie Pin 4 of the

ADSP-21160 JTAG ADSP-21140
" DEVICE N
(OPTIONAL)
Y
! ot 1411 ™o ™1D) ™o L 8 1] O ]

EZ-ICE
JTAG

K
™s
EMU

5
3
=]

RST
TCK
> TMS

TCK
TMS
MU
| TRET

CONNECTOR F T A J 3 ) S
OTHER 3
1CK
JTAG ~——> o
CONTROLLER TMS <«
MU | 2
TRST 3

™o

CLKIN
OPTIONAL

Figure 8 JTAG Scan Path Connections for Multiple ADSP-21160 Systems

This information applies to a product under development. Its characteristics and specifications are subject to change with-
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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00 -1 SYSTEM
CLKIN ~ cLKm

EMU
*OPEN DRAIN DRIVER OR EQUIVALENT, LE., %

Lénit as short as possible on your board. If
- -21 161 (more than eight) in your system,

CLKIN is not connected), just use
O, EMU and TRST are not critical

If synchronous multipré
appropriate parallel ter
signals in terms of skew.

For complete information on the SHARC E CE, see the ADSP-21000 Family JTAG EZ-ICE User's

Guide and Reference.

20 This information applies 1o a product under development. Its characteristics and specifications are subject to change with-
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ADSP-21160-SPECIFICATIONS

Note that component specifications are subject to change without notice.

Table 4 Recommended Operating Conditions

January 2000

Signal K Grade Parameter Min | Max Units
Vbt Internal (Core) Supply Voltage, 80 MHz | 2.37 2.63 v
VobNt Internal (Core) Supply Voltage, 100 MHz | TBD TBD A%
AVpp Analog (PLL) Supply Voltage, 80 MHz | 2.37 2.63 \%
AVpp Analog (PLL) Supply Voltage, 100 MHz | TBD TBD \%
Vippexr External (1/O) Supply Voltage 3.13 3.47 v
Vi High Level Input Voltagel, @ Vpppxr = max 2.0 Vopexr+0.5 |V
Vi High Level Input Voltage?, @ Vpppyr = max Vopexr+0.5 |V
A\ Low Level Input Voltage "2, @ Vpppyr = mi 0.8 v
Tease Case Operating Temperature® +85 °C

1. Applies to input and bidirectional pins: DATAS
DMAR?2, BR6-1, ID2-0, RPBA, PA,
TDI, TCK, HBR, DRO, DR1, TC

Table 5 Electrical Characteristics

K, SBTS, IRQ2-0, FLAG3-0, HBG, CS, DMAR],
xCLK, LxACK, EBOOT, LBOOT, BMS, TMS,

Parameter Test Conditions Min Max Units

Von :';ﬁh Level Output Volt- @ Vppexr = min, Loy = -2.0 mA2 2.4 A"

Vo Q,fj;:gfge‘ Output @ Voprxr= min, Lor = 4.0 mA? 0.4 v

Iy High Level Input Cur- @ Vpppxt = max, Vi = Vpp max 10 p.A
rent™

I]l, Low Level Input Current® @ VbpexT = Max, V=0V 10 pA

Inp Low Level Input Current? | @ Vippexr= max, V=0V 150 pA

Loz 3:‘;‘;"6'57‘3“ Leakage Cur- | @ Vipppyy= max, Viy = Vi max 10 A

Toz Three-State Leakage @ Vpppxr=max, Viy =0V 10 pA
Current”

REV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 2 1
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Table 5 Electrical Characteristics (Continued)

Parameter Test Conditions Min Max Units

IOZHP Three-State Iga.kagc @ VDDEXT = max, VIN = VDD max - | 350 }lA
Current’

IOZL AR Three-State Leakage @ VDDEXT = max, VI'N =0V } 4.2 mA
Current®

Toza ThriS-State Leakage Cur- | @ Vppeyr= max, Vpy=1.5V 350 pA
rent :

I ozLs Three-State Leakage @ Vppexr = max, V=0V 150 p.A
Current®

Inp. Supi)lly Current (Inter- tecrk = 12.5 ns, Vppyr = max 1410 mA

INPEAK | nal) ’

IDD— Sup{azly Current (Inter- teclk = 12.5 ns, VDDINT = max 940 mA

INHIGH | nal) .

IDD- Supg)ly Current (Inter- teolk = 12.5 ns, VDDINT = ma TBD mA

INLOW nal)3 "y

IDD- Supply Current (Idle)14 VDDINT = max 90 mA

IDLE

AIDD Supply Current (A112=11(>g)15 @AVD % 10 mA

Cn Input Capacitancew’w K Z, Y ,‘ ;:2,5\7 4.7 pF

1. Applies to éutput and bidir alirn. TAG WRx, PAGE, CLKOUT, ACK, FLAG3-0, TIMEXP,

HBG, REDY, DMAG1, DMAG2, BR6- K0, TCLK1, RCLKO, RCLK1, TFS0, TFS1, RFS0,
RFS1, LxDAT3-0, LxCLK, LxACK, B

2. See “Output Drive Currents” on page 53for typical dr it cipabilities.

3. Applies to input pins: ACK, SBTS, IRQZZ%, HBR, CS, DMARIT, DMARZ, ID2-0, RPBA, EBOOT, LBOOT, CLKIN, RESET, TCK.

4. Applies to input pins with internal pull-ups: DRO, DR1, TRST, TMS, TDL

5. Applies to three-statable pins: DATA63-0, ADDR31-0, MS83-0, RDx, WRx, PAGE, CLKOUT, ACK, FLAG3-0, REDY, HBG,
DMAGI, DMAG2, BMS, BR6-1, TFSX, RFSX, TDO, EMU. (Note that ACK is pulled up internally with 2 kQ during reset in a
multiprocessor system, when ID2-0 = 001 and another ADSP-21160 is not requesting bus mastership.)

6. Applies to three-statable pins with internal pull-ups: DT0, DT1, TCLKO, TCLK1, RCLK0, RCLK1.

7. Applies to PA pin. » :

8. Applies to ACK pin when pulled up. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when
ID2-0 = 001 and another ADSP-21160 is not requesting bus mastership).

9. Applies to three-statable pins with internal pull-downs: LxDAT7-0, LxCLK, LxACK.

10.Applies to ACK and CIF pins when keeper latch enabled.

11.The test program used to measure InpnpEAK Tepresents 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 53.

12.IppiNmicr is a composite average based on a range of high activity code. For more information, see “Power Dissipation” on page 53.

13.Inpmrow is 2 composite average based on a range of low activity code. For more information, see “Power Dissipation” on page 53.

14.Idle denotes ADSP-21160 state during execution of IDLE instruction. For more information, see “Power Dissipation” on page 53.

15.Characterized, but not tested.

16.Applies to all signal pins.

17.Guaranteed, but not tested.

2 2 This information applies to a product under development. lts characteristics and specifications are subject to change with- R EV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Table 6 ABSOLUTE MAXIMUM RATINGS!

Parameter Absolute Maximum Rating
Internal (Core) Supply Voltage (Vo) 03Vwo+3.0V
Analog (PLL) Supply Voltage (AVpp) -03Vto+3.0V
External (I/O) Supply Voltage (Vppext) 03Vt +4.6V
Input Voltage -0.5 V to Vppexr + 0.5V
Output Voltage Swing -0.5 V to Vppexr + 0.5V
Load Capacitance 200 pF
Storage Temperature Range -65°C to +150°C
Lead Temperature (5 seconds) +185°C
1. Stresses greater than those listed above may cause permanent damage to the devi are stress ratings only, and functional oper-
ation of the device at these or any other conditions greater than those indica kational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended perf affect device reliability.

ESD Sensitivity

TIMING SPECIFICATIONS

The ADSP-21160’s internal clock switches at higher frequencies 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 I/O pads).

The ADSP-21160’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_CFG3-0 pins. Even though the
internal clock is the clock source for the external port, the external port clock always switches at the
CLKIN frequency. To determine switching frequencies for the serial and link ports, divide down the
internal clock, using the programmable divider control of each port (TDIVx/RDIVx for the serial ports
and LxCLKD1-0 for the link ports).

R EV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 2 3
b out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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Note the following definitions of various clock periods that are a function of CLKIN and the
appropriate ratio control:

tocrk = (te) / CR
trcik = (teaw) * LR
tscik = (toag) * SR
where:
LCLK = Link port clock
SCLK = Serial port clock
tex = CLKIN clock period
tocrx = (processor) core clock period
trcix = link port clock period
tscrk = setial port clock period
CR = core/CLKIN ratio (2, 3, ot 4:1, determined by CLK_CFG3-0 at reset)
LR = link port/core clock ratio (1, 2, 3, or 4:1, determined by LxCLKD)
SR = serial port/core clock ratio (wide range, determined by xCLKDIV)

Use the exact timing information given. Do not attempt to derive parameters from the addition or
subtraction of others. While addition or subtraction would yield meaningful results for an individual
device, the values given in this data sheet reflect statistical variations and worst cases. Consequently, it
is not meaningful to add parameters to derive longer times.

See ~ 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 characteristics. Switching characteristics
describe what the processor will do in a given circumstance. Use switching characteristics to ensure that
any timing requirement of a device connected to the processor (such as memory) is satisfied.

Timing Requirements apply to signals that are controlled by 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.

2 4 This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV PrE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Table 7 Clock Input

100 MHz 80 MHz Units
Parameter
Min Max Min Max

Timing Requirements

tek CLKIN Period 20 - | 100 25 100 ns
oKL CLKIN Width Low 8 40 10.5 40 ns
tekn CLKIN Width High 8 40 10.5 40 ns
teKRF CLKIN Rise/Fall (0.4V-2.0V) | 3 3 ns

tex —’—.F—

CLKIN . ;

Table 8 Reset

e Units

Timing Requirements

twrsT RESET Pulse Width Low! ) %ﬁiﬂ —
tsrsT RESET Setup Before CLKIN High? 5 —

1. Applies 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).

2. Only required if multiple ADSP-21160s must come out of reset synchronous to CLKIN with program counters (PC) equal. Not re-
quired for multiple ADSP-21160s communicating over the shared bus (through the external port), because the bus arbitration logic
synchronizes itself automatically after reset.

Y ). t iSi!S'I‘

* W WRST >
| .4

)
«

20|
b
pui

Figure 11 Reset

R EV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 2 5
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Table 9 Interrupts

Parameter -Min : Max Units -

Timing Requirements

tom TRQZ-0 Setup Before CLKIN High! 6 ' ns
- TRQZ-0 Hold After CLKIN High! 0o : : s
tpw TRQZ-0 Pulse Width? 2+ teg ‘ ns

1. Only required for IRQx recognition in the following cycle.
2. Applies only if tgig and tyg requirements are not met.

Table 10 Timer

Parameter Units
Switching Characteristic
T— CLKIN High to TIMEXP 11 7 ns
tDTEX 'DTEX
TIMEXP ’
Figure 13 Timer
26 . This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV P rE
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Table 11 Flags

Parameter ’ Min Max Units

Timing Requirement

tsy FLAG3-0IN Setup Before CLKIN High! 4 ns

tir FLAG3-0IN Hold After CLKIN High! 1 ns

tOWRET FLAG3-0IN Delay After RDx/WRx Low! TBD ns

T— FLAG3-0IN Hold After RDx/WRx TBD ns
Deasserted!

Switching Characteristics

BFLAG3-00UT Delay After CLKIN High 9

tbro ns
turo FLAG3-00UT Hold After CLKIN High 1 ns
toroR CLKIN High to FLAG3-00UT Enable 1 ns
tbrop CLKIN High to FLAG3-00UT Disable 5 ns

1. Flag inputs meeting these setup and hold times for instrug hal instructions in instruction cycle N+2.

CLKIN
t
pFo toron—>
o501y ————( R XA XA KR L
N \
FLAG OUTPUT
CLKIN
— e &
v TXTXAAEE X
towrn | fyrwe
RDX.
WERX
FLAG INPUT
Figure 14 Flags
REV P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 27
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Memory Read--Bus Master

Use these specifications for asynchronous interfacing to memories (and memory-mapped peripherals)
without reference to CLKIN. These specifications apply when the ADSP-21160 is the bus master
accessing external memory space in asynchronous access mode. Note that timing for ACK, DATA,
RDx, WRx, and DMAG strobe timing parameters only apply to asynchronous access mode.

Table 12 Memory Read--Bus Master

Parameter ' Min Max Units
Timing Requirements:

tpAD Address, CIF, Selects Delay to Data Valid! teg—-25tcox—11+W | ns
toriD RDx Low to Data Valid!3 : T5te—11+W ns
thpa Data Hold from Address, Selects? 0 ' ns
tsps Data Setup to RDx High 2 ns
typRE Data Hold from RDx Hig.hé’4 ns
toanx ACK Delay from Address, Selects23 AT to—5tecx=12+W | ns
tpsak ACK Delay from RDx Lg# : - tex—7Stoex—11+W | ns
tsakc ns
thakc ns
Switching Characteristics

tDRHA Address, CIF, Selects Hold After RDx High? 25teex—1+H ns
tpARL Address, CIF, Selects to RDx Low? 25tcerx—1 ' . ns
trw RDx Pulse Wideh? tex—-Stecux=1+W | ns
tRWR RDx High to WRx, RDx, DMAGx Low® Steax—1+HI ' v ns
W = (number of wait states specified in WAIT register) X tcg.

HI = t¢x (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

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

1. Data Delay/Setup: User must meet tpap, tprLDs OF tgps,

2. The falling edge of MSx, BMS is referenced.

3. Note thac timing for ACK, DATA, RDx, WRx, and DMAG strobe timing patameters only apply to asynchronous access mode.

4. Dara Hold: User must meet typa or typRry in asynchronous access mode. See “Example System Hold Time Calculation” on page 56
for the calculation of hold times given capacitive and dc loads.

5. ACK Delay/Setup: User must meet tDAAK, tDSAR, OF tsagc for deassertion of ACK (Low), all three specifications must be met for

assertion of ACK (High).

2 8 This information applies to a product under development. its characteristics and specifications are subject to change with- R EV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Figure 15 Memory Read--Bus)
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Memory Write--Bus Master

Use these specifications for asynchronous interfacing to memories (and memory-mapped peripherals)
without reference to. CLKIN. These specifications apply when the ADSP-21160 is the bus master
accessing external memory space in asynchronous access mode. Note that timing for ACK, DATA,
RDx, WRx, and DMAG strobe timing parameters only apply to asynchronous access mode.

Table 13 Memory Write--Bus Master

Parameter Min Max Units
Timing Requirements
tDAAK ACK Delay from Address, Selects' tex—Stecix—12+W ns
tDSAK ACK Delay from WRx Low!? ' tex—7 Steerx—11+W | ns
tsakc ACK Setup to CLKIN'3 Stecxt3 : as
tHAKC ACK Hold Afrer CLKIN1:3 1 ns
Switching Characteristics
thAWH g‘::::::;e%’ Selects to WRx ns
tDAWL Address, CIF, Selects ns .
tyw WRx Puls W . ns
tppwH Data Setup ck—12.5+W . ns
tOWHA Address Hold after WRx Heasserted? " v_2 Steer—1+H ‘ ns
tOwHD Data Hold after WRx Deasserted? 25tor—1+H ns
tpATRWH Data Disable after WRx Deasserted™* 25tea—1+H 1 .25tcq+2+H ns
twwr WRx High to WRx, RDx, DMAGx Low® | 5tcey—1+HI ns
tDDWR Data Disable before WRx or RDx Low 25tccik—1+1 ns
twhE WRx Low to Data Enabled —25tcqx—1 ns .
W = (number of wait states specified in WAIT register) X teg.
H = tcg (if an address hold cycle occuts, as specified in WAIT register; otherwise H = 0).
HI = t¢g (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
I = tog (if a bus idle cycle occurs, as specified in WAIT register; otherwise I = 0).

1. ACK Delay/Setup: User must meet tppax OF tpsak Of tsakc for deassertion of ACK (Low), all three specifications must be mert for
assertion of ACK (ngh)

2. The falling edge of MSx, BMS is referenced.

3. Note that timing for ACK, DATA, RDx, WRx, and DMAG strobe timing parameters only apply to asynchronous access mode.

4. See “Example System Hold Time Calculation” on page 56 for calculation of hold times given capacitive and dc loads.

30 This information applies to a product under development. its characteristics and specifications are subject to change with- REV P rE
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Synchronous Read/Write--Bus Master

Use these specifications for interfacing to external memory systems that require CLKIN--relative
timing or for accessing a slave ADSP-21160 (in multiprocessor memory space). These synchronous
switching characteristics are also valid during asynchronous memory reads and writes except where
noted (see “Memory Read--Bus Master” on page 28 and “Memory Write--Bus Mastet” on page 30).
When accessing a slave ADSP-21160, these switching characteristics must meet the slave's timing
requitements for synchronous read/writes (see “Synchronous Read/Write--Bus Slave” on page 34). The
slave ADSP-21160 must also meet these (bus master) timing requlrcmcnts for data and acknowledge

setup and hold times.
Table 14 Synchronous Read/Write--Bus Master

Parameter ~ Min Max Units
Timing Requirements

tesDATI Data Setup Before CLKIN! 4.5 ns
tHSDATI Data Hold After CLKIN! 1 _ ns
tsackC ACK Setup Before CLKIN! ns
tHACKC ACK Hold After CLKIN! as
Switching Characteristics

toADDO éicllcrﬁs\;, MSx, BMS, BRST, CIF E 10 | s
oro | AT =
topGo PAGE Delay _ 11 ns
tORDO RDx High Delay After kI 25tccrk+9 ns
tbwro WRx High Delay Afrer CLKIN' 25tecrx—1 25teerk+9 ns
tDRWL RDx/WRx Low Delay After CLKIN 25tcorx—1 25tccrx+9 ns
tDDATO Data Delay After CLKIN 12.5 ns
tapATO Data Hold After CLKIN 1.5 ns
D ACKMO ACK Delay After CLKIN? 25tecrkt3 25tecixt? ns
EACKMIR ACK Disable Before CLKIN? 25tcorx=3 as
thckoo CLKOUT Delay After CLKIN TBD TBD ns
tckop CLKOUT Period tex tCKS v ns
tekwH CLKOUT Width High tex/2 - 2 a2 + 23 s
toRWL CLKOUT Width Low - tel? - 2 2+ 2 s

1. Note that timing for ACK, DATA, RDx, WRx, and DMAG strobe timing parameters only apphes to synchronous access mode.

2. Applies to broadcast write, master precharge of ACK.
3. Applies 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 SHARC DSP Technical Refcrence

32 This information applies to a product under developmerit. Its characteristics and specifications are subject to change with- R EV PrE
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Synchronous Read/Write--Bus Slave

Use these specifications for ADSP-21160 bus master accesses of a slave's IOP registers or internal
memory (in multiprocessor memory space). The bus master must meet these (bus slave) timing

requirements.

Table 15 Synchronous Read/Write--Bus Slave

Parameter - Min - Max Units
Timing Requirements:
tSADDI Address, BRST Setup Before CLKIN 5 ns
tHADDI Address, BRST Hold After CLKIN 1 ns
tsrwi RDx/WRx Setup Before CLKIN 5 ns
tHRWI D=/ Wi Hold Afier CLKIN ns
tSSDATI Data Setup Before CLKIN ns
tSDATI Data Hold After CLKIN ns
Switching Characteristics
tbpaTO Data Delay Afte 12.5 ns
S

tHDATO Data Hold N 1. ns
TDACKC ACK Delay After CL] : 10 ns
tyACKO ACK Hold After CLKIN ns

3 4 This information applies to a product under development. Its characteristics and specifications are subject to change with- R EV P rE

aut notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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Use these specifications for passing of bus mastership between multiprocessing ADSP-21160s (BRx) or
a host processor (HBR, HBG).

Table 16 Multiprocessor Bus Request and Host Bus Request

Parameter Min Max Units
Timing Requirements:
tHBGRCSY HBG Low to RDx/WRx/CS Valid! TBD TBD ns
TSHBRI HBR Setup Before CLKIN? 6 ns
tHHBRI HBR Hold After CLKIN? 1 ns
tsuRGI HBG Setup Before CLKIN 6 ns
—— HBG Hold Afrer CLKIN High 1 ns
tsgRI BRx, PA Setup Before CLKIN 9 ns
tHBRI BRx, PA Hold After CLKIN High 1 ns
tspal PA Setup Before CLKIN ns
typAl PA Hold After CLKIN High ns
tSRPBAI RPBA Setup Before CLK&@@@ ns
tHRPBAI RPBA Hold ns
Switching Characteristic B
tbuBGO HBG Delay After CLKI TBD ns
tHHBGO HBG Hold After CLKIN TBD ns
tbERO BRX Delay After CLKIN 8 ns
taBRO BRx Hold After CLKIN 1.5 s
tDPASO PA Delay After CLKIN, Slave 8 as
UIRPAS PA Disable After CLKIN, Slave 1.5 ns
thPAMO PA Delay After CLKIN, Master 25tcorxt9 s
tpATR PA Disable Before CLKIN, Master 25tcok—1 ns
tORDYCS %Y Li(“);ém or (A/D) Low from CS and TBD ns
tIRDYHG EOEIE%—(]';O'CL;'D’D) Disable or REDY (A/D) High | TBD ns
TARDYTR REDY (A/D) Disable from CS or HBR High® TBD ns
See notes on page 37
B0 e e el roiecto e REV. PrE
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1. For first asynchronous access after HBR and CS asserted, ADDR31-0 must be 2 non-MMS value (TBD) before RDx or Wix goes low
or by typgresy after HBG goes low. This is easily accomplished by driving an upper address signal high when FBG is asserted. See
the “Host Processor Control of the ADSP-21160" section in the ADSP-2116x SHARC Technical Specification.

2. Only required for recognition in the current cycle.

3. (O/D}) = open drain, (A/D) = active drive.
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O/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 19 Multiprocessor Bus Request and Host Bus Request
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Asynchronous Read/Write--Host to ADSP-21160

Use these specifications (continues on page 39 and page 40) for asynchronous host processor accesses
of an ADSP-21160, after the host has asserted CS | CS and HBR (low). After HBG is returned by the
ADSP-21160, the host can drive the RDx and WRx pins to access the ADSP-21160's internal memory
or IOP registers. HBR and HBG are assumed low for this timing.

Table 17 Write Cycle (Synchronous REDY)

Parameter Min Max Units

Switching Characteristics

tSRDYCK REDY (O/D) or {A/D) Disable to CLKIN TBD TBD as
CLKIN / \ f
“—tsrovek
REDY (O/D)
REDY (A/D) }{
O/D = OPEN DRAIN, A/D = ACTIVE DRIVE
ww L ¥
3 8 This information applies to a product under development, its characteristics and specifications are subject to change with- REV PrE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. .
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Table 18 Read Cycle

Parameter Min Max Units
Timing Requirements

tSADRDL Address Setup/CS Low Before RDx Low! 0 ns
tHADRDH Address Hold/CS Hold Low After RDx 0 ns
twrRwH RDx/WRx High Width 5 ns
{DRDHRDY RDx High Delay After REDY (O/D) Disable | ¢ ns
{DRDERDY RDx High Delay After REDY (A/D) Disable | ns

Switching Characteristics

tSDATRDY Data Valid Before REDY Disable from Low 2 s
IDRDYRDL %)LSO/ D) or (A/D) Low Delay After s
x Low
tRDYPRD gEng (O/D) or (A/D) Low Pulse Width for s
ea
CHDARWH Data Disable After RDx High “TBD ns

1. Not required if RDx and address are valid tgp
non-MMS value (TBD) before RDx
upper address signal high when H
SHARC Technical Specification.

READ CYCLE
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Figure 21 Asynchronous Read--Host to ADSP-21160
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Table 19 Write Cycle

Parameter Min Max Units
Timing Requirements
tSCSWRL CS Low Setup Before WRx Low 0 ns
tHCSWRH CS Low Hold After WRx High 0 ns
tSADWRH Address Setup Before WRx High 5 ns
tHADWRH Address Hold After WRx High 2 ns
tWWRL WRx Low Width 7 ns
twRwH RDx/WRx High Widch 5 ns
tp " | WRx High Delay After REDY (O/D) or 0 ns
WRHRDY | (A/D) Disable
tSDATWH Data Setup Before WRx High 5 ns
tHDATWH Data Hold After WRx High ns
Switching Characteristics
tn REDY (O/D) or (A/D) 10 ns
ROYWRL | WRG/CS Low :
tRDYPWR REDY (O ns
Write
WRITE CYCLE
Feapwan T > tiaowrn
amml iscswﬂl. fHCSWRH lm
i T
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— | /
. WRX \ A k
tsoarwn “ ™14
HDATWH
"_'Dnovwm._’L"levrwu > towrnroy
REDY (O /D) A8 ¥
REDY {A/D) / x; ;[ \
O/D = OPEN DRAIN, A/D = ACTIVE DRIVE
Figure 22 Asynchronous Write--Host to ADSP-21160
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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 applicable to bus master transition cycles
(BTC) and host transition cycles (HTC) as well as the SBTS pin.

Table 20 Three-State Timing--Bus Slave, HBR, SBTS

Parameter Min ’ Max Units
Timing Requirements
tsTSCK SBTS Serue Berore CLKIN 6 ns
tuTSCK SBTS HoLD AFTER CLKIN 1 ns
Switching Characteristics
CMIENA ADDRESS/SELECT ENABLE AFTER CLKIN 1.5 9 ns
UMIENS STROBES ENABLE AFTER CLKIN ns
CMIENHG HBG Byt ApTer CLKIN 9 ns
TMITRA ADDRESS/SELECT DISABLE AFTER CLKIN . 5tCK +5 ns
EvITRS STROBES DISABLE AFTER CLK tek—25teeLk+d ns
UMITRHG HBG DISABLE AFTER 5 ns
tDATEN DATA ENABLE AFTER CLKIN- 9 ns
tpATTR DATA DISABLE AFTER CLKIN L5 5 ns
tACKEN ACK ENABLE AFTER CLKIN L5 9 ns
TACKTR ACK DISABLE AFTER CLKIN” 1.5 5 ns
teDCEN CLKOUT ENABLE AFTER CLKIN 1.5 9 ns
tepetR CLKOUT DISABLE AFTER CLKIN ‘ . StCK +1 . StCK + 5 ns
(MTRHEG MEMORY INTERFACE DIsABLE Berore FIBG Low3 . StCK—4 TBD ns
CMENHBG MEMORY INTERFACE ENABLE AFTER HBG HIGH3 tCK"5 TBD | ns

1. Strobes = RDx, WRx, DMAGx.

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

3. Memory Interface = Address, RDx, WRx, MSx, PAGE, DMAGx, BMS (in EPROM boot mode).

R EV . P rE This information applies to a product under development. Its characteristics and specifications are subject to change with- 4 1
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MEMORY INTERFACE = ADDRESS, RDX, WRX. M5x, CIF, HBG, PAGE DMAGX. BMS (IN EPROM BOOT MODE)

iming

DMA Handshake

These specifications des

: miodes. In all three modes DMAR is used to
initiate transfers. For handsha

trolled by the ADDR31-0, RDx, WRx, PAGE,
MS3-0, ACK, and DMAG signals. For Paced Master mode, the data transfer is controlled by
ADDR31-0, RDx, WRx, 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 -
specifications for ADDR31-0, RDx, WRx, MS3-0, PAGE, DATA63-0, and ACK also apply.

Table 21 DMA Handshake

the latching or enabling of data externally. For -

Parameter Min Max Units
Timing Requirements
g 1eq

tspRC DMARx Setup Before CLKIN? 3 ns

twbr DMARx Width Low (Nonsynchronous) Steg+1 N ns
tSDATDGL Data Setup After DMAGx Low? 75tex—7 ns
tHDATIDG Data Hold After DMAGx High 2 » ns

42 This information applies to a product under development. Its characteristics and specifications are subject to change with- REV P rE
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Table 21 DMA Handshake (Continued)

January 2000

Parameter Min Max Units
tDATDRH Data Valid After DMARx High? TBD ns
tDMARLL DMARx Low Edge to Low Edge® tek ns
toMARK DMARx Width High Stegr] ns
Switching Characteristics

thpaL DMAGx Low Delay After CLKIN 25tce g+l 25tee 9 ns
twpGH DMAGx High Width Steax—~1+HI ns
twpaL DMAGx Low Width tog—Stocrx—1 as
tupoe DMAGx High Delay After CLKIN teg—25teorg+1.5 tex—25tec k+9 ns
typarpey | Data Valid Before DMAGK Hight tox—25 o8 tee-25tocx+S ns
{DATRDGH Dara Disable After DMAGx High® 25t¢ 25teqxtl.5 s
tDGWRL WRx Low Before DMAGx Low ns
thGWRH DMAGx Low Before WRx High ) ns
thGWRR WRx High Before DMA! 1 ns
tDGRDL RDx Low Before D : 1 ns
toRDGH RDx Low Before DMAGx Hg ns
tDGROR RDx High Before DMAGx High® 1 ns
thGwR DMAGx High to WRx, RDx, DMAGx Low | _ Steepr—1+HI ns
tDADGH Address/Select Valid to DMAGx High TBD ns
tHDGHA Address/Select Hold after DMAGx High TBD ns
W = (number of wait states specified in WAIT register) X tc.

HI = tcx (if data bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

1. Only required for recognition in the current cycle.

2. tgpaTDGL 18 the data setup requirement if DMARx is not being used to hold off completlon of a write. Otherwise, if DMARx low holds

off completion of the write, the data can be driven tpsrpry aftert DMARx is brought high.
3. Use tppary L if DMARX transitions synchronous with CLKIN. Otherwise, use typg and ! tpMARE-
4. typatpoy is valid if DMARX is not being used to hold off completion of a read. If DMARx is used to prolong the read, then
tYDATDGH = tcK — 25tcerk — 8 + (n X tog) where n equals the number of extra cycles that the access is prolonged.
5. See “Example System Hold Time Calculacion” on page 56 for calculation of hold rimes given capacitive and dc loads.
6. This parameter applies for synchronous access mode only.

REV. PrE
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* MEMORY READ BUS MASTER, MEMORY WRITE BUS MASTER, OR SYNCHRONOUS READ/WRITEBUS MASTER

TIMING SPECIFICATIONS FOR ADDR31-0, RDX. WRX, MS3-0 AND ACK ALSO APPLY HERE.

Figure 24 DMA Handshake Timing

4 4 This information applies to a product under development. Its characteristics and specifications are subject to change with-
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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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 =
ty ckrwa Min = tprpey — tseper). Hold skew is the maximum delay that can be introduced in LCLK
relative to LDATA, (hold skew = ti cixrwr min — tyypey — turpey)- Calculations made directly from speed
specifications will 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-21160 Setup Skew = TBD ns max
ADSP-21160 Hold Skew = TBD ns max

Note that there is a 2 cycle effect latency between the link port enable instruction and the DSP enabling
the link port.

Table 22 Link Ports Receive

Parameter Max Units
Timing Requirements

tsLpeL Data Setup Before LCLK Low ns
YpeL Data Hold After LCLK Low ns
tLoLKw LCLK Period s
tLCIKRWL LCLK Width Low ns
ticixrwn | LCLK Width High o
Switching Characteristics

tpLALC LACK Low Delay Afrer LCLK High' TBD TBD ns

1. LACK goes low with tpy a1 ¢ 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 t
B LCLKIw g
| D — PP > LT L A——
———
LeLk Y i 1L 7
la—n] ¢
L et
wwarzor OOO000CCO0CK w RUROOCOON

toacc |
LACK (OUT)

Figure 25 Link Ports—Receive

REV PrE This information applies to a product under development. Its characteristics and specifications are subject to change with- 45
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Table 23 Link Ports Transmit

Parameter ' Min Max Units

Timing Requirements

LACK Setup Before LCLK High 15 : ns

tsLacH

THLACH LACK Hold After LCLK High ) s

Switching Characteristics

torLpCH Data Delay After LCLK High 2 ns

turpen Data Hold After LCLK High -2 ns

fLCLRTWL LCLK Width Low Strerk-l Styextl ns

tLCLKTWH LCLK Width High ' Stk Strerxt] ns

tDLACLE LCLK Low Delay After LACK High Btrax+ll ns
%

TRANSMIT
hewkrm ! ficukwy ] LAST NIBBLE/BYTE FIRST NIBBLE/BYTE LCLK INACTIVE _

TRANSMITTED

e 7 . * : * é_\_“
1o
tiocn 1 >

LDAT(7:0) out ){X)OO(X

tiacu furac - tacuc
LACK (IN} .

REGQUIREMENT APPLIES TO THE RISING EDGE OF LCLK ONLf FOR THE FIRST NIBBLE TRANSMITIED. -

A

LLLI AR

Figure 26 Link Ports—Transmit

46 This information applies to a product under development, Its characteristics and specifications are subject to change with- REV P rE
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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 & frame sync setup and hold, 2) data delay &
data setup and hold, and 3) SCLK width.

Table 24 Serial Ports—External Clock

Parameter Min Max Units
Timing Requirements

tspsE TFS/REFS Setup Before TCLK/RCLK! 3.5 ns
a— TES/RFS Hold After TCLK/RCLK!2 4 as
tSpRE Receive Data Setup Before RCLK! 1.5 ns
tHDRE Receive Data Hold After RCLK! 4 ns
T TCLK/RCLK Width 9 ‘ ns
tseik TCLK/RCLK Period ns

1. Referenced to sample edge.
2. RFS hold after RCK when MCE = 1, MFD

minimum from drive edge.

FS hold after TCK for late external TFS is O ns

Table 25 Serial Ports—Internal Clock,

Parameter Min Max Units

Timing Requirements

torsr if_‘i ieltup Before TCLK'; RFS Setup Before | § ns
tirst TES/RFS Hold After TCLK/RCLK'? 1 ns
tsnRI Receive Data Setup Before RCLK! 3 ns
tHDRI Receive Data Hold After RCLK! 3 ns

1. Referenced to sample edge.
2. RFS hold after RCK when MCE = 1, MFD = 0 is 0 ns minimum from drive edge. TES hold after TCK for late external TES is 0 ns

minimum from drive edge.

REV PrE This information applies to a product under development. Its characteristics and specifications are subject to change with- 47
: out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.
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Table 26 Serial Ports—External or Internal Clock

Parameter Min ' Max Units

Switching Characteristics

ns

tppsp RFS Delay After RCLK (Internally Generated 13
RES)!
tHOFSE RFS Hold After RCLK (Internally Generated | 3 ns
RES)!
1. Referenced to drive edge.
Table 27 - Serial Ports—External Clock
Parameter Min Max Units
Switching Characteristics
thrse TFES Delay After TCLK (Internally Gen 13 ns-
ated TFS)! .
t TFS Hold After TCLK (In ns
HOFSE Tr9)!
tppTE Transmit D 16 ‘ns
tHODTE Transmit DataHold ns
1. Referenced to drive edge.
Table 28 Serial Ports—Internal Clock
Parameter Min Max Units
Switching Characteristics
topsy TES Delay After TCLK (Internally Gener- 4.5 ns
ated TFS)!
tHOFSI TFS Hold After TCLK (Internally Generated | -1.5 ns
TES)!
topTI Transmit Data Delay Afrer TCLK! 7.5 ns
tupTr Transmit Data Hold After TCLK! 0 ns
CscLxaw TCLK/RCLK Width . Sts LK—Z' 5 . St +2 ns
C. C SCLK
1. Referenced to drive edge.
4 8 This information applies to a product under development. Its characteristics and specifications are subject to change with- REV P rE
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Table 29 Serial Ports—Enable and Three-State

January 2000

Parameter Min Max Units
Switching Characteristics
tDDTEN Data Enable from External TCLK! 4 ns
tODTTE Data Disable from External TCLK! 10 ns
tpDTIN Data Enable from Internal TCLK! 0 ns
tODTTI Data Disable from Internal TCLK! 3 as

1. Referenced to drive edge.

Table 30 Serial Ports—External Late Frame Sync
Parameter Mi Max Units
Switching Characteristics . |
{DDTLESE Data Dela)" from Late External’ %;33‘0 & te\%% o 13 ns

nal RES with MCE = 1, MER= @) 1 K\
topraes | Data Ensbl rom I Ej oA - 1, ME »7 ns
Ay

1. MCE = 1, TFS enable and TFS valid follow tpiy raifand tpy3

REV. PrE
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DATA RECEIVE— INTERNAL CLOCK

DATA RECEIVE— EXTERNAL CLOCK
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e X X e _ X X
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Table 31 JTAG Test Access Port and Emulation

Parameter Min Max Units

Timing Requirements

trex TCK Period _ tex ) ns
tgTap TDI, TMS Setup Before TCK High 15 ' ns
tyTap TDI, TMS Hold After TCK High 6 ns
tssys System Inputs Setup Before TCK Low! 7 ' ‘ ns
tysys System Inputs Hold After TCK Low! 18 C v ns
trRSTW TRST Pulse Width 4tCK ns
Switching Characteristics
topo TDO Delay from TCK Low 13 _ ns
t System Outputs Delay After TCK Low? 18

DSYS % P y ns

, CS, DMART, DMARZ, BR6-1, ID2-0, RPBA,

1. System Inputs = DATA63-0, ADDR31-0, RDx,
%0, TES1, RFS0, RES1, LxDAT7-0, LxCLK, Lx-

IRQ2-0, FLAG3-0, PA, BRST, DRO, DR1, TCLK
ACK, EBOOT, LBOOT, BMS, CLKIN,
2. System Qutputs = DATA63-0, ADD
PA, BRST, CIF, FLAG3-0, TIME
CLK, LxACK, BMS.

GE, CLKOUT, HBG, REDY, DMAG1, DMAG2, BR6-1,
RCLKO, RCLK1, TFS0, TFS1, RFS0, RFS1, LxDAT7-0, Lx-

iDI‘D < >
o ){
'S $YS i |H SYS
pid A r
I fosvs
e CRXXXXXXXXXXXXXXXXORXXXXKKNK (AXXXO0OX

Figure 29 IEEE 11499.1 JTAG Test Access Port
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OUTPUT DRIVE CURRENTS

Figure 33 shows typical I-V characteristics for the output drivers of the ADSP-21160. The curves
represent the current drive capability of the output drivers as a function of output voltage.

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 is dependent on the instruction execution sequence and the data operands
involved. USil’lg the current speciﬁcations (IDDINPEAK’ IDDINHIGH’ IDDINLOW’ IDDIDLE) from Table
5 and the current-versus-operation information in Table 32, you can estimate the ADSP-21160’s
internal power supply (Vppint) input current for a specific application, according to the following
formula:

%Peak XIDDINPEAK
%High XIppinmicH

%Low XIppmniow
+ %Idle XIDDIDLE

Operation Low Activity'
(IbpiNLOw)
| Instruction Type Multifurgtion tifunction Single Function
Instruction Fetch Cache Internal Memory Internal Memory
Core Memory Access? 2 per teg cycle 1 per tex cycle None

(DMx64 and PMx64) | (DMx64)

Internal Memory DMA 1 per 2 teerk cycles 1 per 2 teerg cycles 1 per 2 toepx cycles

External Memory DMA 1 per external port 1 per external port 1 per external port
cycle (x64) cycle (x64) cycle (x64)

Data bit pattern for core . | Worst case Random Random

memory access and DMA

1. The state of the PEYEN bit (SIMD versus SISD mode) does not influence these calculations.
2. These assume a 2:1 core clock ratio. For more information on ratios and clocks (tcy and teepg), see the timing ratio definitions
on page 24.

The external component of total power dissipation is caused by the switching of output pins. Its
magnitude depends on:

. the number of outpurt pins that switch during each cycle (O)
. the maximum frequency at which they can switch (f)

REV P rE This information applies to a product under development. its characteristics and specifications are subject to change with- 53
: out notice. Analog Devices assumes no obiigation regarding future manufacturing unless otherwise agreed to in writing.
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. their load capacitance (C)
. their voltage swing (VDD)
and is calculated by:

PEXT = O x C x VDD? x f
The load capacitance should include the processor's package capacitance (CIN). 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/(2tcg). The write strobe can switch every cycle at a frequency of 1/tc. Select
pins switch at 1/(2tcg), but selects can switch on each cycle.

Example:

Estimate PEXT with the following assumptions:

A system with one bank of external data memory—asynchronous RAM (64-bit)

Four 64K x 16 RAM chips are used, each with a load of 10 pF

External data memory writes occur every other cycle, a rate of 1/(4tcx), with 50% of the pins switch-
ing

The bus cycle time is 50 MHz (tck = 20 ns).
The PEXT equation is calculated for each class of p

drive:

Table 33 External Power Calculations®

Pin Type # of Pins _ xf x VDD? = Pexr-
Address 15 50,¢% % [ 44798, <125 MHz | x 109V - 0.046 W
MSO |1 0" <447 pF | x 125 MHz | x 10.9V =0.000 W
WRx 2 - x447pF | x25MHz |x109V =0.024 W
Data 64 50 x147pF | x12.5MHz | x 109V = 0.064 W
CLKOUT |1 . x47pF | x25MHz [x109V =0.001 W

Pexr = 0.135 W

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

Prorar = Pexr + Pvr + Prr
Where:
Pgxr is from Table 33
Pt is Ippivr x 2.5V, using the calculation Iy listed in “Power Dissipation” on page 53
Ppyy is Alpp x 2.5V, using the value for Alpy, listed in Table 5 on page 21

Note that the conditions causing a worst-case PEXT are different from those causing a worst-case
PINT. Maximum PINT cannot occur while 100% of the output pins are switching from all ones to all

5 4 This information applies to a product under development. Its characteristics and specifications are subject to change with- REV P rE
out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. °
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zeros. Note also that it is not commeon for an application to have 100% or even 50% of the outputs

switching simultaneously.

REV P rE This information applies to a product under development, its characteristics and specifications are subject to change with-
* out notice. Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing.

B 0816800 DObbLLAL T?5 HR

55



January 2000 ~ ADSP-21160 Preliminary Data Sheet
For current information contact Analog Devices at (781) 461-3881

TEST CONDITIONS

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 capacitive load, CL and the load current, IL. This decay time can be
approximated by the following equation:

tpecay = (CLAV)/IT,

The output disable time tpyg is the difference between tygagurep and tppcay as shown in Figure 25. The
time tygpasurep 1S the interval from when the reference signal switches to when the output voltage decays
-V from the measured output high or t output low voltage. topcay is calculated with test loads CL and
IL, and with -V equal to 0.5 V.

Output Enable Time

transition from a high impedance

interval from when a reference signal
el a specified high or low trip point, as
multiple pins (such as the dara bus) are

Output pins are considered to be enabled when they have mad
state to when they start driving. The output enable time tgy, i
reaches a high or low voltage level to when the output hasg
shown in the Output Enable/Disable diagram (Figuré
enabled, the measurement value is that of th

Example System Hold Time Calc

To determine the data out ' ; system first calculate tpecay using the equatxon ‘
given above. Choose —

time will be tppcay plus the minitgum disal (L.e., tparrwr for the write cycle).

REFEREN CE
SIGNAL
TMEASURED

tois fENA

"

VOH (MEASURED) .
YOH (MEASURED) - OV 2.0V OH (MEASURED)

VoL (MEASURED) * PVT v
VOL (MEASURED) ToecA YOL (MEASURED)
— Y
4
OUTPUT STOPS OUTPUT STARTS
DRIVING DRIVING

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

Figure 30 Output Enable/Disable
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Figure 31 Equivalent Device Loading for AC Measurements (Includes All Fixtures)
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OR 1.5v
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Figure 32 Voltage Reference Levels for AC Measurer cept Output Enable/Disable)

Capacitive Loading

on all pins (see Figure 31). The
of 1.5 ns/50 pF for loads other than
ut rise time varies with capacitance.
»with load capacitance (Note that
__ Output Disable Time” on page 56.)
eside the ranges shown.

Output delays and holds are based on st
delay and hold specifications given s
the nominal value of 50 pF. Figy
Figures 31, 35 show graphic
this graph or derating does notiap
The graphs of Figures 29, 30 and 3
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Figure 33 ADSP-21160 Typical Drive Currents
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ENVIRONMENTAL CONDITIONS

Thermal Characteristics

The ADSP-21160 is packaged in a 400-lead Plastic Ball Grid Array (PBGA). The ADSP-21160 is
specified for a case temperature (Tpgg). To ensure that the Tagp data sheet specification is not
exceeded, a heatsink and/or an air flow source may be used. Use the center block of ground pins (PBGA
balls: H8-13, J8-13, K8-13,1.8-13, M8-13, and N8-13) to provide thermal pathways to your 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 = TAMB + (PD X BCA)
Tcasg = 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).

Oca=  Value from table below.

Airflow (Linear Ft./Min.) 0 100 ‘g 400 600
Airflow (Meters/Second) 7 2 3
Bcp (°CIW)! 12.9 10.5

1. These ate preliminary estimates.

Op= 56°C/W

NOTES

. This represents thermal resistance at total power of 5 W.
. With air flow, no variance is seen in Oca with power.

« 0Oca at 0 LFM varies with power: At 2W, 8¢5 = 14 °C/W, at 3 W 0y = 11 °C/W.
. Gc=17°CIW

REV PrE This information applies to a product under development. its characteristics and specifications are subject to change with- 59
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400-BALL METRIC PBGA PIN CONFIGURATIONS
Table 34 400-Lead Metric PBGA Pin Aésignments

Pin Name PBGAPin# || Pin Name PBGAPin# || Pin Name PBGA Pin# || Pin Name PBGA Pin#
DATA[14] A01 DATA[22] B01 DATA[24] co1 DATA([28] Do1
DATA[13] A02 DATA[16] BOZ DATA[18] co2 DATA[25] D02
DATA([10] A03 DATA]15] B03 DATA[17] Co3 DATA[20] D03
DATA[S] A04 DATA[9] B0O4 DATAI11] Co4 DATA[19] D04
DATA[4] A05 DATA6] BOS DATA[7] Co5 DATA[12] D05
DATA[2] A06 DATA[3] B06 DATAJ[5] Co6 VDDEXT D06
TDI A07 DATA[0] BO7 DATA[1] Co7 VDDINT D07
TRST A0S TCK BO8 TMS Co08 VDDEXT Dog
RESET A09 EMU B09 TDO C09 VDDEXT D09
RPBA Al0 RQ2 B10 1RQ1 Cl10 VDDEXT D10
RQO All FLAG3 Bll e VDDEXT D11
FLAGL A12 FLAGO Bl WDD 12 VDDEXT | D12
TIMEXP Al3 VDDEXT ., | Bi%: , C13 VDDINT D13
VDDEXT Al4 N ; 14 ( 1 Cl4 VDDEXT D14
NC Al i € 1 B cis TFS0 D15
TFS1 Al6 RCLEF® WD Cl6 L1DATI7] D16
RFS1 Al7 RESO | B17 ) LODATI7] C17 LOCLK D17
RCLKO Al8 TCLKO B18 LODATI6] C18 LODATI3] D18
DTO Al9 |} LODATI5) B19 LOACK C19 LODATI1] D19
LODAT(4] A20 LODATI[2] B20 LODAT0] C20 LICLK D20
DATA[30] Eo1 DATA[34] FoO1 DATA[38] Go1 DATA[40] Ho1
DATA[29] E02 DATA[33] F02 DATAJ35] G02 DATA[39] Ho2
DATA[23] E03 DATA[27] FO3 DATA[32] GOo3 DATAI[37] Ho3
DATA[21] E04 DATA[26] F04 DATA[31] GO4 DATA[36] Ho04
VDDEXT E05 VDDEXT FO5 VDDEXT GO5 VDDEXT H05
VDDINT E06 VDDINT F06 VDDINT G06 VDDINT H06
VDDINT E07 GND F07 GND Go7 GND Ho7
VDDINT E08 GND Fo8 GND Go8 GND Ho8
VDDINT E09 GND F09 GND G09 GND HO09
VDDINT E10 GND F10 GND G10 GND H10
B0 S e TR e ey REV. PrE
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Table 34 400-Lead Metric PBGA Pin Assignments (Continued)

Pin Name PBGA Pin# Pin Name PBGA Pin# Pin Name PBGA Pin# Pin Name PBGA Pin#
GND Ell GND F11 GND Gl11 GND H11
VDDINT E12 GND F12 GND G12 GND HI2
VDDINT E13 GND F13 GND G13 GND H13
VDDINT E14 GND F14 GND Gl4 GND Hi4
VDDINT E15 VDDINT F15 VDDINT G15 VDDINT H15
VDDEXT | E16 VDDEXT | F16 VDDEXT | G16 VDDEXT | H16
LIDAT[6] | E17 LIDAT[4] | F17 LIDAT[2] | G17 L2DATIS] | H17
LIDAT(5] | Ei18 LIDAT[3] | F18 12DAT[6] | G18 L2ACK H18
LIACK E19 LIDAT[0] | F19 L2DAT[4] | G19 L2DAT[3] | H19
LIDAT{1] | E20 L2DAT[7] | F20 L2CLK G20 L2DAT[1] | H20
DATA[44] | Jo1 CLK_CFG_0 | K01 CLKIN AVDD Mol
DATA[43] | Jo2 DATA[46] | K02 CLK_ CLK_CFG_3 | Mo2
DATA[42] | Jo3 DATA[45) | K03 : CLKOUT | Mo3
DATA[41] | Jo4 DATA[47] GND Mo4
VDDEXT | Jos VDDEXT L05 VDDEXT | Mos

VDDINT Jo6 VD, VDDINT M06
GND Jo7 G GND Mo7
GND Jo8 GND U Ko§ e GND Mo8
GND Jo9 GND GND M09
GND J10 GND K10 GND L10 GND M10
GND 1 GND K11 GND Li1 GND Mi1
GND J12 GND K12 GND L12 GND M12
GND 713 GND K13 GND L13 GND M13
GND J14 GND K14 GND L14 GND M14
VDDINT J15 VDDINT K15 VDDINT L15 VDDINT M15
VDDEXT J16 VDDEXT K16 VDDEXT L16 VDDEXT M16
L2DAT[2] J17 BRG K17 BR2 L17 PAGE M17
L2DAT(0] J18 BR5 1 K18 BRT L18 SBTS M18
HBG 119 BR4 K19 ACK L19 PA M19
HBR J20 BR3 K20 REDY L20 L3DATI[7] M20
NC NO1 DATA49] Po1 DATA[53] RO1 DATA[56] To1
NC NO2 DATA{50] Po2 DATA[54] ROZ DATA[58] TO2
REV PI'E This information applies to a product under development, lts characteristics and specifications are subject to change with- 6 1
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Table 34 400-Lead Metric PBGA Pin Assignments (Continued)

ADSP-21160 Preliminary Data Sheet
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Pin Name PBGAPin# || Pin Name PBGAPin# || Pin Name PBGA Pin# || Pin Name PBGA Pin#
DATA[48] | N03 DATA[52) | P03 DATA[57] | R03 DATA[59] | To3
DATA[S1] | No4 DATA[55] | Po4 DATA[60] | RoO4 DATA[63] | To4
VDDEXT | No5 VDDEXT P05 VDDEXT RO5 VDDEXT | Tos
VDDINT NO06 VDDINT P06 VDDINT RO6 VDDINT T06
GND NoO7 GND P07 GND RO7 VDDINT TO7
GND No8 GND Po8 GND RO8 VDDINT T08
GND N09 GND P09 GND RO9 VDDINT T09
GND N10 GND P10 GND R10 VDDINT T10
GND N11 GND P11 GND Ril VDDINT T11
GND N12 GND P12 GND R12 VDDINT T12
GND N13 GND P13 GND R13 VDDINT T13
GND N14 GND P14 R14 VDDINT T14
VDDINT Ni5 VDDINT P15 RIS VDDINT T15
VDDEXT | N16 VDDEXT 6 VDDEXT | T16
L3DAT[5] | N17 R17 L4DAT[3] | T17
L3DAT[6] | N18 RIS L4ACK T18
L3DAT[4] | N19 R19 L4CLK T19
L3CLK | N20 R20 L4DATI[4] T20
DATA[61] | U0l ADDR{4] Vo1 ADDRJ[5] Wo1 ADDR8] Yol
DATA[62] | Uo2 ADDR[6] Vo2 ADDR(9] W02 ADDR[11] | Yo2
ADDR[3] U3 ADDR[7] V03 ADDR[12] | Wo3 ADDR[13] | Y03
ADDR[2] Uo4 ADDR{10] | V04 ADDR[15] | Wo4 ADDR[16] | Yo4
VDDEXT | U05 ADDR[14] | Vo5 ADDR[17] | W05 ADDR{19] [ Y05
VDDEXT | U06 ADDR[18] | V06 ADDR[20) | Wo06 ADDR[21] | Yo6
VDDEXT | Uo7 ADDR[22] | Vo7 ADDR[23]. | Wo7 ADDR[24] | Yo7
VDDEXT | U08 ADDR[25] | vos ADDR[26] | ‘W08 ADDR[27] | Yo8
VDDEXT U09 ADDR[28] | V09 ADDR[29] | W09 ADDR[30] | Y09
VDDEXT | U10 DO V10 ID1 W10 ADDR[31] | Y10
VDDEXT U1l ADDR{1] Vi1 ADDR{[0] w11 D2 Y11
VDDEXT | Uiz MST Vi2 BMS w12 BRST Y12
VDDEXT U13 [ V13 MS2 W13 - MS0 Y13
VDDEXT Ul4 RDL V14 CIF W14 MS3 Y14
This information applies to a product under development. Its characteristics and specifications are subject to change with- REV P rE
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Table 34 400-Lead Metric PBGA Pin Assignments (Continued)

Pin Name PBGAPin# || Pin Name PBGAPin# || Pin Name PBGA Pin# || Pin Name PBGA Pin#
VDDEXT Ul DMARZ V15 RDH W15 WRH Y15
VDDEXT U16 L5DATI[0] V16 DMAG2 Wwi6 WRL | Y16
L5DATI7] U17 L5DATI[2] V17 LBOOT Wi7 DMAGT Y17
L4DATI0] U18 L5ACK Vi8 L5DAT{1] W18 DMART Y18
L4ADATI(1] U19 L5DATI4] V19 L5DAT(3) W19 EBOOT Y19
L4DAT[2] U20 L5DATI6] V20 L5DAT(5] W20 L5CLK Y20

20 18 14 14 12 10 8 6 4 2
19 17 15§ 13 11 9 7 5 3 1
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* Use the centerblock of ground pins (PBGA balls: H8-13,
J8-13,K8-13,18-13, M8-13, and N8-13) to provide thermal
pathways to your printed circuit board’s ground plane.

Figure 37 400-Lead Metric PBGA Pin Assignments (Bottom View, Summary)
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PACKAGE DIMENSIONS
The ADSP-21160 comes in a 27mm x 27mm, 400 ball PBGA package with 20 rows of balls. All

dimensions in Figure 38 are in millimeters (mm).
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POSITION RELATIVE TO THE PACKAGE EDGES. )
THE ACTUAL POSITION OF EACH BALL IS WITHIN 0.10mm OF ITS IDEAL 0.60
POSITION RELATIVE TO THE BALL GRID. .

Figure 38 Package Dimensio

ORDERING GUIDE

0.55

0.50 T

SEATING 0.90
PLANE 0.75 0.20 MAX

BALL DIAMETER

Metric 27mm x 27mm, 400 ball PBGA

1.17
115

0.60
0.50

1.19

- 0.70

Case Temperature

On-Chip

Part Numberll Range2 Instruction Rate SRAM Opetafing Voltage
ADSP-21160MKB-80 | 0°C to +85°C 80 MHz 4 Mbit | 2.5INT/3.3EXTV
ADSP-21160MKB-100 | 0°C to +85°C 100 MHz 4 Mbit | TBDINT/3.3EXTV

1. These patts are packaged in a 400-lead Plastic Ball Grid Artay (PBGA).
2. Parts for the industrial temperature ranges will be available in 2000.
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