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ADSP-21065L

544 Kbits Configurable On-Chip SRAM

Dual-Ported for Independent Access by Core Processor
and DMA

Configurable in Combinations of 16-, 32-, 48-Bit Data and
Program Words in Block 0 and Block 1

DMA Controller

Ten DMA Channels—Two Dedicated to the External Port
and Eight Dedicated to the Serial Ports

Background DMA Transfers at up to 66 MHz, in Parallel
with Full Speed Processor Execution

Performs Transfers Between:
Internal RAM and Host
Internal RAM and Serial Ports
Internal RAM and Master or Slave SHARC
Internal RAM and External Memory or I/0 Devices
External Memory and External Devices

Host Processor Interface
Efficient Interface to 8-, 16-, and 32-Bit Microprocessors
Host Can Directly Read/Write ADSP-21065L IOP Registers

Multiprocessing

Distributed On-Chip Bus Arbitration for Glueless, Parallel
Bus Connect Between Two ADSP-21065Ls Plus Host

132 Mbytes/s Transfer Rate Over Parallel Bus

Serial Ports

Independent Transmit and Receive Functions

Programmable 3-Bit to 32-Bit Serial Word Width

IS Support Allowing Eight Transmit and Eight Receive
Channels

Glueless Interface to Industry Standard Codecs

TDM Multichannel Mode with p-Law/A-Law Hardware
Companding

Multichannel Signaling Protocol
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structures required in digital signal processing, and are com-
monly used in digital filters and Fourier transforms. The
ADSP-21065L’s two DAGs 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 wraparound, reducing overhead, increasing perfor-
mance, and simplifying implementation. Circular buffers can
start and end at any memory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of parallel

operations, for concise programming. For example, the ADSP-

21065L can conditionally execute a multiply, an add, a subtract
and a branch, all in a single instruction.

ADSP-21065L FEATURES

The ADSP-21065L is designed to achieve the highest system
throughput to enable maximum system performance. It can be
clocked by either a crystal or a TTL-compatible clock signal.
The ADSP-21065L uses an input clock with a frequency equal
to half the instruction rate—a 33 MHz input clock yields a

15 ns processor cycle (which is equivalent to 66 MHz). Inter-
faces on the ADSP-21065L operate as shown below. Hereafter
in this document, 1x = input clock frequency, and 2x = processor’s
instruction rate.

The following clock operation ratings are based on 1x = 33 MHz
(instruction rate/core = 66 MHz):

SDRAM 66 MHz
External SRAM 33 MHz
Serial Ports 33 MHz
Multiprocessing 33 MHz
Host (Asynchronous) 33 MHz

Augmenting the ADSP-21000 family core, the ADSP-21065L
adds the following architectural features:

Dual-Ported On-Chip Memory

The ADSP-21065L contains 544 Kbits of on-chip SRAM,
organized into two banks: Bank 0 has 288 Kbits, and Bank 1 has
256 Kbits. Bank 0 is configured with 9 columns of 2K X 16 bits,
and Bank 1 is configured with 8 columns of 2K x 16 bits. Each
memory block is dual-ported for single-cycle, independent accesses
by the core processor and I/O processor or DMA controller.
The dual-ported memory and separate on-chip buses allow two
data transfers from the core and one from I/O, all in a single
cycle (see Figure 4 for the ADSP-21065L Memory Map).

On the ADSP-21065L, the memory can be configured as a
maximum of 16K words of 32-bit data, 34K words for 16-bit
data, 10K words of 48-bit instructions (and 40-bit data) or
combinations of different word sizes up to 544 Kbits. All the
memory can be accessed as 16-bit, 32-bit or 48-bit.

While each memory block can store combinations of code and
data, accesses are most efficient when one block stores data,
using the DM bus for transfers, and the other block stores
instructions and data, using the PM bus for transfers. Using the
DM and PM busses in this way, with one dedicated to each
memory block, assures single-cycle execution with two data
transfers. In this case, the instruction must be available in the
cache. Single-cycle execution is also maintained when one of
the data operands is transferred to or from off-chip, via the
ADSP-21065L’s external port.

Off-Chip Memory and Peripherals Interface

The ADSP-21065L’s external port provides the processor’s
interface to off-chip memory and peripherals. The 64M words,
off-chip address space is included in the ADSP-21065L’s
unified address space. The separate on-chip buses—for program
memory, data memory and I/O—are multiplexed at the external
port to create an external system bus with a single 24-bit
address bus, four memory selects, and a single 32-bit data bus.
The on-chip Super Harvard Architecture provides three bus
performance, while the off-chip unified address space gives
flexibility to the designer.

SDRAM Interface

The SDRAM interface enables the ADSP-21065L to transfer
data to and from synchronous DRAM (SDRAM) at 2x clock
frequency. The synchronous approach coupled with 2x clock
frequency supports data transfer at a high throughput—up to
220 Mbytes/sec.

The SDRAM interface provides a glueless interface with stan-
dard SDRAMs—16 Mb, 64 Mb, and 128 Mb—and includes
options to support additional buffers between the ADSP-21065L
and SDRAM. The SDRAM interface is extremely flexible and
provides capability for connecting SDRAMs to any one of the
ADSP-21065L’s four external memory banks.

Systems with several SDRAM devices connected in parallel may
require buffering to meet overall system timing requirements.
The ADSP-21065L supports pipelining of the address and
control signals to enable such buffering between itself and
multiple SDRAM devices.

Host Processor Interface

The ADSP-21065L"s host interface provides easy connection to
standard microprocessor buses—8-, 16-, and 32-bit—requiring
little additional hardware. Supporting asynchronous transfers at
speeds up to 1x clock frequency, the host interface is accessed
through the ADSP-21065L’s external port. Two channels of
DMA are available for the host interface; code and data trans-
fers are accomplished with low software overhead.

The host processor requests the ADSP-21065Ls external bus
with the host bus request (HBR), host bus grant (HBG), and
ready (REDY) signals. The host can directly read and write the
IOP registers of the ADSP-21065L and can access the DMA
channel setup and mailbox registers. Vector interrupt support
enables efficient execution of host commands.

DMA Controller

The ADSP-21065L’s on-chip DMA controller allows zero-
overhead, nonintrusive data transfers without processor inter-
vention. 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-21065Ls internal
memory and either external memory, external peripherals, or a
host processor. DMA transfers can also occur between the
ADSP-21065L’s internal memory and its serial ports. DMA
transfers between external memory and external peripheral
devices are another option. External bus packing to 16-, 32-, or
48-bit internal words is performed during DMA transfers.

Ten channels of DMA are available on the ADSP-21065L—
eight via the serial ports, and two via the processor’s external
port (for either host processor, other ADSP-21065L, memory or
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T/O transfers). Programs can be downloaded to the ADSP-21065L
using DMA transfers. Asynchronous off-chip peripherals can
control two DMA channels using DMA Request/Grant lines
(DMAR,,, DMAG; ;). Other DMA features include interrupt
generation on completion of DMA transfers and DMA chaining
for automatically linked DMA transfers.

Serial Ports

The ADSP-21065L 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 at
1x clock frequency, providing each with a maximum data rate of
33 Mbit/s. Each serial port has a primary and a secondary set of
transmit and receive channels. 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 DMA. Each of the serial ports supports
three operation modes: DSP serial port mode, I?S mode (an
interface commonly used by audio codecs), and TDM (Time
Division Multiplex) multichannel mode.

The serial ports can operate with little-endian or big-endian
transmission formats, with selectable word lengths of 3 bits to
32 bits. They offer selectable synchronization and transmit
modes and optional p-law or A-law companding. Serial port
clocks and frame syncs can be internally or externally generated.
The serial ports also include keyword and keymask features to
enhance interprocessor communication.

Programmable Timers and General-Purpose I/O Ports

The ADSP-21065L has two independent timer blocks, each of
which performs two functions—Pulsewidth Generation and
Pulse Count and Capture.

In Pulsewidth Generation mode, the ADSP-21065L can gener-
ate a modulated waveform with an arbitrary pulsewidth within
a maximum period of 71.5 secs.

In Pulse Counter mode, the ADSP-21065L can measure either
the high or low pulsewidth and the period of an input waveform.

The ADSP-21065L also contains twelve programmable, general
purpose I/O pins that can function as either input or output. As
output, these pins can signal peripheral devices; as input, these
pins can provide the test for conditional branching.

Program Booting

The internal memory of the ADSP-21065L can be booted at
system power-up from an 8-bit EPROM, a host processor, or
external memory. Selection of the boot source is controlled by
the BMS (Boot Memory Select) and BSEL (EPROM Boot)
pins. Either 8-, 16-, or 32-bit host processors can be used for
booting. For details, see the descriptions of the BMS and BSEL
pins in the Pin Descriptions section of this data sheet.

Multiprocessing

The ADSP-21065L offers powerful features tailored to multi-
processing DSP systems. The unified address space allows
direct interprocessor accesses of both ADSP-21065L’s IOP
registers. Distributed bus arbitration logic is included on-chip
for simple, glueless connection of systems containing a maximum
of two ADSP-21065Ls and a host processor. Master processor
changeover incurs only one cycle of overhead. 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
132 Mbytes/sec over the external port.
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DEVELOPMENT TOOLS

The ADSP-21065L is supported with a complete set of software
and hardware development tools, including the EZ-ICE® In-
Circuit Emulator and development software.

The same EZ-ICE hardware that you use for the ADSP-21060/
ADSP-21062 also fully emulates the ADSP-21065L.

Both the SHARC Development Tools family and the VisualDSP®
integrated project management and debugging environment
support the ADSP-21065L. The VisualDSP project management
environment enables you to develop and debug an application
from within a single integrated program.

The SHARC Development Tools include an easy to use Assem-
bler that is based on an algebraic syntax; an Assembly library/
librarian; a linker; a loader; a cycle-accurate, instruction-level
simulator; a C compiler; and a C run-time library that includes
DSP and mathematical functions.

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

* View Mixed C and Assembly Code
* Insert Break Points

* Set Watch Points

* Trace Bus Activity

® Profile Program Execution

* Fill and Dump Memory

* Create Custom Debugger Windows

The Visual IDE enables you to define and manage multiuser
projects. Its dialog boxes and property pages enable you to
configure and manage all of the SHARC Development Tools.
This capability enables you to:

* Control how the development tools process inputs and gen-
erate outputs.

* Maintain a one-to-one correspondence with the tool’s com-
mand line switches.

The EZ-ICE Emulator uses the IEEE 1149.1 JTAG test access
port of the ADSP-21065L processor to monitor and control the
target board processor during emulation. The EZ-ICE provides
full-speed emulation, allowing inspection and modification of

memory, registers, and processor stacks. Nonintrusive in-circuit
emulation is assured by the use of the processor’s JTAG inter-

face—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. Hard-
ware 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 an Ada compiler, DSP libraries, operating systems,
and block diagram design tools.

Additional Information

For detailed information on the ADSP-21065L instruction set
and architecture, see the ADSP-21065L SHARC User’s Manual,
Third Edition, and the ADSP-21065L SHARC Technical Reference.

EZ-ICE and VisualDSP are registered trademarks of Analog Devices, Inc.
SHARCPAC is a trademark of Analog Devices, Inc.
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PIN DESCRIPTIONS
ADSP-21065L pin definitions are listed below. Inputs identified as synchronous (S) must meet timing requirements with respect to
CLKIN (or with respect to TCK for TMS, TDI). Inputs identified as asynchronous (A) can be asserted asynchronously to CLKIN
(or to TCK for TRST).

Unused inputs should be tied or pulled to VDD or GND, except for ADDRy3 o DATA3; o, FLAGq ., SW, and inputs that have
internal pull-up or pull-down resistors (CPA, ACK, DTxX, DRxX, TCLKx, RCLKx, TMS, and TDI)—these pins can be left float-
ing. These pins have a logic-level hold circuit that prevents the input from floating internally.

I = Input S = Synchronous P = Power Supply (O/D) = Open Drain

O = Output A = Asynchronous G = Ground (A/D) = Active Drive

T = Three-state (when SBTS is asserted, or when the ADSP-2106x is a bus slave)

Pin Type Function

ADDR;;, I/O/T External Bus Address. The ADSP-21065L outputs addresses for external memory and

peripherals on these pins. In a multiprocessor system the bus master outputs addresses for read/
writes of the IOP registers of the other ADSP-21065L. The ADSP-21065L inputs addresses
when a host processor or multiprocessing bus master is reading or writing its IOP registers.

DATA;,, I/O/T External Bus Data. The ADSP-21065L inputs and outputs data and instructions on these
pins. The external data bus transfers 32-bit single-precision floating-point data and 32-bit fixed-
point data over bits 31-0. 16-bit short word data is transferred over bits 15-0 of the bus. Pull-up
resistors on unused DATA pins are not necessary.

MS;, I/0/T Memory Select Lines. These lines are asserted as chip selects for the corresponding banks of
external memory. Internal ADDRys_,4 are decoded into MS;. The MS;_, lines are decoded
memory address lines that change at the same time as the other address lines. When no external
memory access is occurring the MSs_, lines are inactive; they are active, however, when a condi-
tional memory access instruction is executed, whether or not the condition is true. Additionally,
an MS;_g line which is mapped to SDRAM may be asserted even when no SDRAM access is
active. In a multiprocessor system, the MS5_, lines are output by the bus master.

RD I/O/T Memory Read Strobe. This pin is asserted when the ADSP-21065L reads from external memory
devices or from the IOP register of another ADSP-21065L. External devices (including another
ADSP-21065L) must assert RD to read from the ADSP-21065L’s IOP registers. In a multipro-
cessor system, RD is output by the bus master and is input by another ADSP-21065L.

WR I/O/T Memory Write Strobe. This pin is asserted when the ADSP-21065L writes to external memory
devices or to the IOP register of another ADSP-21065L. External devices must assert WR to
write to the ADSP-21065L’s IOP registers. In a multiprocessor system, WR is output by the bus
master and is input by the other ADSP-21065L.

SW I/O/T Synchronous Write Select. This signal interfaces the ADSP-21065L to synchronous memory
devices (including another ADSP-21065L). The ADSP-21065L asserts SW to provide an early
indication of an impending write cycle, which can be aborted if WR is not later asserted (e.g., in
a conditional write instruction). In a multiprocessor system, SW is output by the bus master and
is input by the other ADSP-21065L to determine if the multiprocessor access is a read or write.
SW is asserted at the same time as the address output.

ACK I/0/8 Memory Acknowledge. External devices can deassert ACK to add wait states to an external
memory access. ACK is used by I/O devices, memory controllers, or other peripherals to hold
off completion of an external memory access. The ADSP-21065L deasserts ACK as an output
to add wait states to a synchronous access of its IOP registers. In a multiprocessor system, a
slave ADSP-21065L deasserts the bus master’s ACK input to add wait state(s) to an access of
its IOP registers. The bus master has a keeper latch on its ACK pin that maintains the input at
the level to which it was last driven.

SBTS /S Suspend Bus Three-State. External devices can assert SBTS to place the external bus address,
data, selects, and strobes—but not SDRAM control pins—in a high impedance state for the
following cycle. If the ADSP-21065L attempts to access external memory while SBTS is as-
serted, the processor will halt and the memory access will not finish until SBTS is deasserted.
SBTS should only be used to recover from host processor/ADSP-21065L deadlock.

IRQ,. /A Interrupt Request Lines. May be either edge-triggered or level-sensitive.

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

Type

Function

BMS

CLKIN

RESET
TCK

TMS

TDI

TDO
TRST
EMU (O/D)

BMSTR

CAS
RAS
SDWE
DQM

SDCLK,,

SDCKE

I/0/T*

/A

I/S

I/S

/A

I/0/T

I/0/T

I/0/T

o/T

I/O/S/T

I/0/T

Boot Memory Select. Output: used as chip select for boot EPROM devices (when BSEL = 1).
In a multiprocessor system, BMS is output by the bus master. Input: When low, indicates that
no booting will occur and that the ADSP-21065L will begin executing instructions from exter-
nal memory. See following table. This input is a system configuration selection which should be
hardwired.

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

BSEL BMS

1 Output

0 1 (Input)
0 0 (Input)

Booting Mode

EPROM (connect BMS to EPROM chip select).
Host processor (HBW [SYSCON] bit selects host bus width).
No booting. Processor executes from external memory.

Clock In. Used in conjunction with XTAL, configures the ADSP-21065L to use either its
internal clock generator or an external clock source. The external crystal should be rated at 1x
frequency.

Connecting the necessary components to CLKIN and XTAL enables the internal clock genera-
tor. The ADSP-21065L"s internal clock generator multiplies the 1x clock to generate 2x clock
for its core and SDRAM. It drives 2x clock out on the SDCLKX pins for the SDRAM interface
to use. See also SDCLKXx.

Connecting the 1x external clock to CLKIN while leaving XTAL unconnected configures the
ADSP-21065L to use the external clock source. The instruction cycle rate is equal to 2x CLKIN.
CLKIN may not be halted, changed, or operated below the specified frequency.

Processor Reset. Resets the ADSP-21065L to a known state and begins execution at the
program memory location specified by the hardware reset vector address. This input must be
asserted at power-up.

Test Clock (JTAG). Provides an asynchronous clock for JTAG boundary scan.

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

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

Test Data OQutput (JTAG). Serial scan output of the boundary scan path.

Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed low) after
power-up or held low for proper operation of the ADSP-21065L. TRST has a 20 kQ internal
pull-up resistor.

Emulation Status. Must be connected to the ADSP-21065L EZ-ICE target board connector
only.

Bus Master OQutput. In a multiprocessor system, indicates whether the ADSP-21065L is cur-
rent bus master of the shared external bus. The ADSP-21065L drives BMSTR high only while

it is the bus master. In a single-processor system (ID = 00), the processor drives this pin high.

QRAM Column Access Strobe. Provides the column address. In conjunction with RAS,
MSx, SDWE, SDCLKX, and sometimes SDA10, defines the operation for the SDRAM to perform.

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

SDRAM Write Enable. In conjunction with CAS, RAS, MSx, SDCLKx, and sometimes
SDA10, defines the operation for the SDRAM to perform.

SDRAM Data Mask. In write mode, DQM has a latency of zero and is used to block write
operations.

SDRAM 2x Clock Output. In systems with multiple SDRAM devices connected in parallel,
supports the corresponding increased clock load requirements, eliminating need of off-chip
clock buffers. Either SDCLK; or both SDCLKXx pins can be three-stated.

SDRAM Clock Enable. Enables and disables the CLK signal. For details, see the data sheet
supplied with your SDRAM device.
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Figure 9. Interrupts

Parameter Min Max Unit
Timer

Timing Requirements:

tSTI Timer Setup Before SDCLK High 0.0 ns
tHTI Timer Hold After SDCLK High 6.0 ns
Switching Characteristics:

tDTEX Timer Delay After SDCLK High 1.0 ns
tHTEX Timer Hold After SDCLK High -5.0 ns
Parameter Min Max Unit
Flags

Timing Requirements:

tSET FLAG;,IN Setup Before SDCLK High' -2.0 ns
tHFI FLAG;,.,IN Hold After SDCLK High! 6.0 ns
Switching Characteristics:

tpro FLAG;,(OUT Delay After SDCLK High 1.0 ns
tHFO FLAG;;,OUT Hold After SDCLK High -4.0 ns
tDFOE SDCLK High to FLAG;,.,OUT Enable -4.0 ns
tprOD SDCLK High to FLAG,;.(,OUT Disable -1.75 ns
NOTE

'Flag inputs meeting these setup and hold times will affect conditional instructions in the following instruction cycle.

SDCLK
toroe
la——t —
toro —» thro bFo torop —»|

o ——— (O, T

FLAG OUTPUT

SDCLK

thr
— tsp —»

Figure 10. Flags
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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-21065L is the bus master when accessing external memory space. These switching
characteristics also apply for bus master synchronous read/write timing (see Synchronous Read/Write—Bus Master below). If these
timing requirements are met, the synchronous read/write timing can be ignored (and vice versa). An exception to this is the ACK pin

timing requirements as described in the note below.

Parameter

Min

Max Unit

Timing Requirements:
ACK Delay from Address" >
ACK Delay from WR Low!

tpAAK
Ipsak

Switching Characteristics: L
Address, Selects to WR Deasserted?

24.0+30 DT +W | ns
195+24 DT +W | ns

tpawH 20.0+31DT+W ns
tDAWL Address, Selects to WR Low? 35+ 6DT ns
tww WR Pulsewidth 245+25DT+W ns
tpDWH Data Setup Before WR High 155+ 19DT+W ns
tDWHA Address Hold After WR Deasserted 00+1DT+H ns
tDATRWH Data Disable After WR Deasserted’ 1.0+1DT+H 40+1DT+H ns
twwR WR High to WR, RD Low 45+7DT+H ns
tWRDGL WR High to DMAGx Low 11.0+ 13 DT+ H ns
tDDWR Data Disable Before WR or RD Low 35+6DT+1 ns
twDE WR Low to Data Enabled 45+ 6 DT ns

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

H = tck (if an address hold cycle occurs, as specified in WAIT register; otherwise H = 0).
I = tck (if a bus idle cycle occurs, as specified in WAIT register; otherwise I = 0).

NOTES

'ACK is not sampled on external memory accesses that use the Inzernal wait state mode. For the first CLKIN cycle of a new external memory access, ACK must be
valid by tpaak Or tpsak Or synchronous specification tsyckc for wait state modes Exzernal, Either, or Both (Both, if the internal wait state is zero). For the second and
subsequent cycles of a wait stated external memory access, synchronous specifications tgacgc and tyackc must be met for wait state modes External, Either, or Both

(Both, after internal ﬂit states have completed).
’The falling edge of MSx, SW, and BMS is referenced.

3See System Hold Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads.

ADDRESS
K, 5W XK RX
BMS
- toawn > towHa
<— tpawL - tww >
WA X / !
- twwr >
- t > - t >
WPE poiH >4 tppwr |
toaTrRwH
DATA u E—
— tpsak —*

I E—— tDAAK —_—

ack OOORICOOOCOCOCOOUXNNN JOOOO000OCUNKK
RD %R
|
DMAG o
N

W

Figure 12. Memory Write—Bus Master
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CLKIN

tsueri >
| ¢——— tygr ——
HBR

S U W

- > tpueGo
tuHsGo —»
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(OUT)
- »| tpero
tuero |
= i
(ouT)
» tocrao <—> trrcpa
CPAOUT) — - -~ -~ - - — -~~~ — === === =7 e e - |- === ===
(0/D)

tsupa —™
tuHgar [+

le
BRx (IN)

tseri >
‘; tueri [+
CPA (IN) (O/D)
HBR
CS
toroves —™ - trrovHG >

o~

L

REDY (O/D)

"l taroyTR [*

REDY (A/D) £ —

[ tuegrRcsy — ™

HBG (0UT) X

QO

HEE

O/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 15. Multiprocessor Bus Request and Host Bus Request
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READ CYCLE

soness YRR

RGN

l4—— tsaprOL ——>] *— tyapron —™
[e——————— tygwn ———>
-~ \ ](
thpaRwH
—— oy
toroHRDY
| tspaTRDY > >
«—— tprovRDL—{*— trpypRD —™
REDY (O/D) \ !
REDY (A/D) / \ 7( \
WRITE CYCLE

oo T,

tscswhL tsapwhH [«—s| tHADWRH
tucswrH
& JOOOOK XOOOQUOOOCK
] 1
-« twwrL > twrwn ———
WR \- -[
tupaTwH
- tspatwh > >
DATA (IN ‘
m {00
towRHRDY
*— toroywrL — < troypwr P >
REDY (O/D
(0/D) Y P4
REDY (A/D) / \; 7{ \

0O/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 16. Asynchronous Read/Write—Host to ADSP-21065L
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SDRAM Interface—Bus Master

Use these specifications for ADSP-21065L bus master accesses of SDRAM.

Parameter Min Max Unit
Timing Requirements:

tSDSDK Data Setup Before SDCLK 2.0 ns
tHDSDK Data Hold After SDCLK 1.25 ns
Switching Characteristics:

tDSDK1 First SDCLK Rise Delay After CLKIN 9.0+ 6 DT 12.75+ 6 DT ns
tpsDK2 Second SDCLK Rise Delay After CLKIN 25.5+22DT 29.25 + 22 DT ns
tspDK SDCLK Period 16.67 ter/2 ns
TSDKH SDCLK Width ngh 75+ 8 DT ns
tSDKL SDCLK Width Low 6.5+ 8 DT ns
tDCADSDK Command, Address, Data, Delay After SDCLK! 10.0 +5 DT ns
tHCADSDK Command, Address, Data, Hold After SDCLK! 45+5DT ns
tSDTRSDK Data Three-State After SDCLK 9.5+5DT ns
tSDENSDK Data Enable After SDCLK? 6.0+5DT ns
tSDCTR SDCLK, Command Three-State After CLKIN! 5.0+3DT 9.75 +3 DT ns
tSDCEN SDCLK, Command Enable After CLKIN! 50+2DT 10.0 +2 DT ns
tSDATR Address Three-State After CLKIN -1.0-4DT 3.0-4DT ns
tSDAEN Address Enable After CLKIN 1.0-2DT 7.0-2DT ns
NOTES

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

2SDRAM controller adds one SDRAM CLK three-stated cycle delay (tcx/2) on a Read followed by a Write.

SDRAM Interface—Bus Slave

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

Parameter Min Max Unit
Timing Requirements:
tsSDKC!1 First SDCLK Rise After CLKIN 6.50 + 16 DT 175+ 16 DT ns
tsSDKC2 Second SDCLK Rise After CLKIN 23.25 34.25 ns
tSCSDK Command Setup Before SDCLK* 0.0 ns
tHCSDK Command Hold After SDCLK* 2.0 ns
NOTE
*Command = SDCKE, RAS, CAS, and SDWE.
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CLKIN
l—— tpgpko ——— ™
tospk1 —| — ¢
— tspg ——> SO
SDCLK
tspspk —* l— - >
—» le— typspk tspkL
DATA
(IN)
] *— tspTrspk
tocapspk — —
tspensok — > <+ thcapsok
DATA
(ouT) |\
tocapspk —»
CMND'
ADDR
(oum)
>t
tspcen —» |-— HCA{?SDK le— tspctr
»
CMND'
(ouT) « / |
»
{){)
ADDR \|
(ouT) " {J
»
tspaen — [ <— tspatr
CLKIN
- tsspkez2 >
+— tsspkc1 —
SDCLK
(IN)
e tscsDK -
CMND?
(IN)
* thcspk ™
NOTES

1COMMAND = SDCKE, MSy, RAS, CAS, SDWE, DQM, AND SDA10.
2SDRAM CONTROLLER ADDS ONE SDRAM CLK THREE-STATED CYCLE DELAY (tci/2) ON A READ FOLLOWED BY A WRITE.

Figure 19. SDRAM Interface
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Serial Ports

Parameter Min Max Unit

External Clock
Timing Requirements:

tSFSE TFS/RFS Setup Before TCLK/RCLK! 4.0 ns
THFSE TFS/RFS Hold After TCLK/RCLK! 4.0 ns
tSDRE Receive Data Setup Before RCLK! 1.5 ns
tHDRE Receive Data Hold After RCLK! 4.0 ns
tSCLKW TCLK/RCLK Width 9.0 ns
tSCLK TCLK/RCLK Period tck ns

Internal Clock
Timing Requirements:

tsEsI TFS Setup Before TCLK?; RFS Setup Before RCLK! 8.0 ns
tHFSI TFS/RFS Hold After TCLK/RCLK! 1.0 ns
tSDRI Receive Data Setup Before RCLK! 3.0 ns
tHDRI Receive Data Hold After RCLK! 3.0 ns

External or Internal Clock
Switching Characteristics:

tDFSE RFS Delay After RCLK (Internally Generated RFS)? 13.0 ns
tHOFSE RFS Hold After RCLK (Internally Generated RFS)? 3.0 ns

External Clock
Switching Characteristics:

tDFSE TFS Delay After TCLK (Internally Generated TES)? 13.0 ns
tHOFSE TFS Hold After TCLK (Internally Generated TFS)? 3.0 ns
tDDTE Transmit Data Delay After TCLK? 12.5 ns
tHDTE Transmit Data Hold After TCLK? 4.0 ns

Internal Clock
Switching Characteristics:

tDFSI TFS Delay After TCLK (Internally Generated TES)? 4.5 ns
tHOFSI TFS Hold After TCLK (Internally Generated TES)? -1.5 ns
tDDTI Transmit Data Delay After TCLK? 7.5 ns
tuDTI Transmit Data Hold After TCLK? 0.0 ns
TSCLKIW TCLK/RCLK Width (tscrx/2) — 2.5 (tscrx/2) + 2.5 ns

Enable and Three-State
Switching Characteristics:

tDTENE Data Enable from External TCLK? 5.0 ns
tDDTTE Data Disable from External RCLK? 10.0 ns
tDTENI Data Enable from Internal TCLK? 0.0 ns
tDDTTI Data Disable from Internal TCLK? 3.0 ns
tpcLk TCLK/RCLK Delay from CLKIN 18.0+ 6 DT ns
tDPTR SPORT Disable After CLKIN 14.0 ns
External Late Frame Sync
tDDTLESE Data Delay from Late External TFES or External RFS

with MCE = 1, MFD = 0>* 10.5 ns
{DTENLESE Data Enable from late FS or MCE = 1, MFD = 0> 3.5 ns
tDDTLSCK Data Delay from TCLK/RCLK for Late External

TFS or External RFS with MCE = 1, MFD = 0>* 12.0 ns
tDTENLSCK Data Enable from RCLK/TCLK for Late External FS or

MCE = 1, MFD = 0** 4.5 ns
NOTES

To determine whether communication is possible between two devices at clock speed n, the following specifications must be confirmed: 1) frame sync delay and frame
sync setup-and-hold, 2) data delay and data setup-and-hold, and 3) SCLK width.

Referenced to sample edge.

2Referenced to drive edge.

3MCE = 1, TFS enable and TFS valid follow tpprexes and tpprirs.

*If external RES/TFS setup to RCLK/TCLK > tgcr/2 then tpprrsck and tpTeNLsCK apply; otherwise tpprrrse and tpTENLES apply

*Word selected timing for I°S mode is the same as TFS/RFS timing (normal framing only).
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DATA RECEIVE- INTERNAL CLOCK

DATA RECEIVE- EXTERNAL CLOCK

REV. C
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Figure 20. Serial Ports
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EXTERNAL RFS with MCE = 1, MFD = 0
DRIVE SAMPLE DRIVE

RCLK \ @ /
la— tsrsen <« tyorsen
ws X
> toTENLFSE <— tppTEN
< typren
DT - 1STBIT 2ND BIT
topTLFsE
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK \ (« /
[—— tsEsen -« thorsen
Tes X
> toTENLFSE <— topTen
<« typTten
DT —_ 1ST BIT 2ND BIT
topTLFSE

Figure 21. External Late Frame Sync (Frame Sync Setup < tsc;x/2)

EXTERNAL RFS with MCE = 1, MFD = 0

DRIVE SAMPLE  DRIVE
RCLK \ /
- tsrsen thorsen

+— topTeEn
toreNLsck

thoTEn

DT — 1ST BIT 2ND BIT
topTLsck
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK \ /
T e tsesen thorsen
- X
r+— topTEN
> thpTEn
DT — 1ST BIT 2ND BIT

topTisck

Figure 22. External Late Frame Sync (Frame Sync Setup > tsc;«/2)
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OUTPUT DRIVE CURRENT
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Figure 24. Typical Drive Currents
TEST CONDITIONS

Output Disable Time

Output pins are considered to be disabled when they stop driv-
ing, 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 AV is dependent on the capacitive load, C; and
the load current, I;. This decay time can be approximated by
the following equation:

Crp XAV
I

IpECAY =

The output disable time tpyg is the difference between tymasurep
and tpgcay as shown in Figure 26. The time typasurep 18 the
interval from when the reference signal switches to when the
output voltage decays AV from the measured output high or
output low voltage. tpgcay is calculated with test loads C; and
I;, and with AV equal to 0.5 V.

Output Enable Time

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

To determine the data output hold time in a particular system,
first calculate tpgcay using the equation given above. Choose AV
to be the difference between the ADSP-21065L"s output voltage
and the input threshold for the device requiring the hold time. A
typical AV will be 0.4 V. C_ is the total bus capacitance (per
data line), and I is the total leakage or three-state current (per
data line). The hold time will be tpgcay plus the minimum
disable time (i.e., tpaTrwy for the write cycle).

REFERENCE
SIGNAL

tmEASURED tena

tois

VOH (MEASURED) v
VoH (MEASURED) ~ AV 2.0V OH (MEASURED)
OUTPUT

VoL (MEASURED) + AV 4 oqov v
VoL (MEASURED) OL (MEASURED)

toecay

A

OUTPUT STOPS OUTPUT STARTS
DRIVING DRIVING

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

Figure 25. Output Enable

loL

TO
OUTPUT +1.5V

50pF

i

lon

Figure 26. Equivalent Device Loading for AC Measure-
ments (Includes All Fixtures)

INPUT OR 1.5V 1.5V
OUTPUT

Figure 27. Voltage Reference Levels for AC Measure-
ments (Except Output Enable/Disable)
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Capacitive Loading

Output delays and holds are based on standard capacitive loads:

50 pF on all pins. The delay and hold specifications given
should be derated by a factor of 1.8 ns/50 pF for loads other
than the nominal value of 50 pF. Figure 28 and Figure 29 show
how output rise time varies with capacitance. Figure 30 shows
graphically how output delays and hold vary with load capaci-

tance. (Note that this graph or derating does not apply to output

disable delays; see the previous section Output Disable time
under Test Conditions.) The graphs of Figure 28, Figure 29,
and Figure 30 may not be linear outside the ranges shown.

18

16
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7] //
o
.‘..”IJ 12 pd
g RISE TIME / T
- 10 /
-
T s //
[=]
Z 6 / FALL TIME
o 4 //

2 e

v

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

Figure 28. Typical Rise and Fall Time (10%-90% Vpp)
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Figure 29. Typical Rise and Fall Time (0.8 V-2.0 V)
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208-LEAD MQFP PIN

8 858 SEf PEP 8F® PFE EEE EEE_ _Eks BRI
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vDD[1|Ye [156] VDD
RSFO[ 2] | PNt [155] GND
GND I IDENTIFIER EGND
RCLKO [4] 153| BMS
DROA [ 5| [152] BSEL
DROB [ 6| [151] TCK
TFS0 [ 7| [150] GND
TCLKO [ 8] [129] TMS
vDD [9] [128] TDI
GND [10] 147 TRST
DTOA [11] [126] TDO
pTOB [12] [145] EMU
RFS1[13] [124] IDO
GND [14] [123] ID1
RCLK1 [15]] [122] NC
DR1A [16] [141] vDD
DR1B [17] [140] vDD
TFS1 [18] [139] GND
TCLK1 [19] [138] FLAG4
VDD [20] 137 FLAGS
VDD [21} [136] FLAGS
DT1A [22] [135]GND
DT1B [23] [134] FLAG?
PWM_EVENT1 [24] 133 DATA31
GND [25] %DATA:&O
PWM_EVENTO [26] 131VvDD
Bt 7] ADSP-21065L 53 VD
BR2[ 28] (NL??OVSIE:\I’e) 129]GND
vDD [29] [128] DATA29
CLKIN [30] [127] DATA28
XTAL [31] [126] DATA27
VDD [32] [125]GND
GND [33] [124]vDD
SDCLK1 [34] [123| DATA26
GND [35] [122] DATA25
VDD [36] [121] DATA24
SDCLKO [37] [120] vDD
DMAR1 [38] [119]GND
DMAR2 [39] 18] DATA23
HBR 40 [117| DATA22
GND [41] [116| DATA21
RAS [42] [115|NC
CAS [43] [114] GND
SDWE [44] [113]DATA20
vDD [45] [112] DATA19
DQM [46 [111]DATA18
SDCKE [47] 10| vDD
SDA10 [48 | [109] DATA17
GND [49] [108] DATA16
DMAG1 [5] [107] DATA15
DMAG2 [51] [106] GND
HBG [52] [105] VDD
B || || BEEEEEEEEEEREEEEEREEEEEREEEEEEEEEEEEEEEEEREEBEREE
o> Koo AXeraQN®O rgeXACC N ATV CREIQO0Q22 - N® o«
GeBpgERE8 2P R a3 ERsgEEsE88aR s 82 832 283822 85243
= e z dﬁi 0o0oo ooo oaoo ogg 23 g
NC = NO CONNECT
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OUTLINE DIMENSIONS

208-Lead Metric Quad Flat Package [MQFP]
(S-208-2)

Dimensions shown in millimeters

30.85
075 30605 ———»|
050 - ;\‘/i}\ (;( 30.35
0.45 08 157
2
f J 156
SE;{I:AIN(E; S PIN 1 INDICATOR %
28.20
TOP VIEW 28.00 SQ
(PINS DOWN) 27.80
3.60 VIEW A
3.40 t % "
m w 53 104
TR i o
"I 0.50 0.27
0.50 0 OZ—MAX (LEAD T o
0.50 | LEAD PITCH -
0.25 COPLANARITY) ( )
_— (LEAD WIDTH)
ROTATED 90° CCW NOTES:

1. THE ACTUAL POSITION OF EACH LEAD IS WITHIN 0.08 FROM ITS IDEAL
POSITION WHEN MEASURED IN THE LATERAL DIRECTION.

2. CENTER DIMENSIONS ARE NOMINAL.

3. DIMENSIONS ARE IN MILLIMETERS AND COMPLY WITH
JEDEC STANDARD MS-029, FA-1.
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196-BALL MINI-BGA PIN CONFIGURATION

14 13 12 11 10 9 8 7 6 5 4 3 2 1
NC7 NC8 ADDR18 | ADDR17 | ADDR14 | ADDR11 | ADDR8 | ADDR7 | ADDR6 | ADDR3 | ADDRO | FLAG2 NC2 NC1 A
TCK GND | ADDR23 | ADDR21 | ADDR19 | ADDR15 | ADDR12 | ADDR9 | ADDR5 | ADDR2 | FLAGO TRQO0 RFS0 DROA | B
TDO BSEL RESET | ADDR22 | ADDR20 | ADDR16 | ADDR13 | ADDR10 | ADDR4 | ADDR1 | FLAG3 RQ2 RCLKO | TCLKO C
EMU TRST T™MS BMS VvDD VvDD VvDD VvDD VvDD FLAG1 Ra1 DROB TFSO RcLk1 | D
FLAG4 ID1 TDI IDO vDD GND GND GND GND vDD RFS1 DTOA DTOB TFS1 E
FLAG7 | FLAG5 | FLAG6 vDD GND GND GND GND GND GND VDD DR1A DR1B Tck1 | F
DATA29 | DATA30 | DATAS1 vDD GND GND GND GND GND GND vDD DT1A DT1B EF\,IVEI:\‘Inﬁ G
DATA26 | DATA27 | DATA28 vDD GND GND GND GND GND GND VvDD BR2 BRT E':,‘gxfo H
DATA23 | DATA25 | DATA24 VvDD GND GND GND GND GND GND VvDD SDCLK1| XTAL CLKIN |J
DATA22 | DATA20 | DATA21 | DATA19 VvDD GND GND GND GND vDD SDWE ABR | sbcrko | omaRT | K
DATA18 | DATA17 | DATA16 | DATA13 | DATAS VvDD VvDD VvDD VvDD VDD DMAG2 | SDA10 CAS pwARz | L
DATA15 | DATA14 | DATA12 | DATA9 | DATA5 | DATA2 | FLAG10 ACK CPA RD cs DMAGT | SDCKE RAS M
NCé6 DATA11 | DATA10 | DATA7 | DATA4 | DATA1 | FLAG11 MST GND REDY SBTS BMSTR HBG Dam N
NC5 DATA6 | DATA3 | DATAO | FLAG8 | FLAGY MS3 mS2 MS0 SwW WR GND NC4 NC3 P
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