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INTEGRATION FEATURES

160K Bytes On-Chip RAM Configured as 32K Words 24-Bit
Memory RAM and 32K Words 16-Bit Memory RAM

Dual-Purpose 24-Bit Memory for Both Instruction and
Data Storage

Independent ALU, Multiplier/Accumulator, and Barrel
Shifter Computational Units with Dual 40-Bit
Accumulators

Unified Memory Space Allows Flexible Address Genera-
tion, Using Two Independent DAG Units

Powerful Program Sequencer Provides Zero-Overhead
Looping and Conditional Instruction Execution

Enhanced Interrupt Controller Enables Programming of
Interrupt Priorities and Nesting Modes

SYSTEM INTERFACE FEATURES

Host Port with DMA Capability for Glueless 8- or 16-Bit
Host Interface

16-Bit External Memory Interface for up to 16M Words of
Addressable Memory Space

Three Full-Duplex Multichannel Serial Ports, with
Support for H.100 and up to 128 TDM Channels with
A-Law and p-Law Companding Optimized for Telecom-
munications Systems

Two SPI-Compatible Ports with DMA Support

UART Port with DMA Support

16 General-Purpose 1/0 Pins with Integrated Interrupt
Support

Three Programmable Interval Timers with PWM
Generation, PWM Capture/Pulsewidth Measurement,
and External Event Counter Capabilities

Up to 11 DMA Channels Can Be Active at Any Given Time
for High 1/0 Throughput

On-Chip Boot ROM for Automatic Booting from External
8- or 16-Bit Host Device, SPI ROM, or UART with
Autobaud Detection

Programmable PLL Supports 1x to 32x Input Frequency
Multiplication and Can Be Altered during Runtime

IEEE JTAG Standard 1149.1 Test Access Port Supports
On-Chip Emulation and System Debugging

2.5 V Internal Operation and 3.3 V I/0

144-Lead LQFP and 144-Ball Mini-BGA Packages
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Table 2. Peripheral Interrupts and Priority at Reset

Reset
Priority

et
o

Interrupt

Slave DMA/Host Port Interface
SPORTO0 Receive

SPORTO Transmit

SPORT1 Receive

SPORT1 Transmit

SPORT2 Receive/SPI0
SPORT2 Transmit/SPI1

00N O Ul W~ O
00N Ul Wi+~ O

UART Receive

UART Transmit

Timer 0 9 9
Timer 1 10 10
Timer 2 11 11

Programmable Flag A (any PFx) 12 11
Programmable Flag B (any PFx) 13 11
Memory DMA port 14 11

Interrupt routines can either be nested with higher priority inter-
rupts taking precedence or processed sequentially. Interrupts can
be masked or unmasked with the IMASK register. Individual
interrupt requests are logically ANDed with the bits in IMASK;
the highest priority unmasked interrupt is then selected. The
emulation, power-down, and reset interrupts are nonmaskable
with the IMASK register, but software can use the DIS INT
instruction to mask the power-down interrupt.

The Interrupt Control (ICNTL) register controls interrupt
nesting and enables or disables interrupts globally.

The general-purpose Programmable Flag (PFx) pins can be con-
figured as outputs, can implement software interrupts, and (as
inputs) can implement hardware interrupts. Programmable Flag
pin interrupts can be configured for level-sensitive, single
edge-sensitive, or dual edge-sensitive operation.

Table 3. Interrupt Control (ICNTL) Register Bits

Bit Description

0-3 Reserved

4 Interrupt Nesting Enable

5 Global Interrupt Enable

6 Reserved

7 MAC-Biased Rounding Enable
8-9 Reserved

10 PC Stack Interrupt Enable

11 Loop Stack Interrupt Enable
12-15 Reserved

The IRPTL register is used to force and clear interrupts. On-
chip stacks preserve the processor status and are automatically
maintained during interrupt handling. To support interrupt,
loop, and subroutine nesting, the PC stack is 33 levels deep, the
loop stack is eight levels deep, and the status stack is 16 levels
deep. To prevent stack overflow, the PC stack can generate a
stack-level interrupt if the PC stack falls below three locations full
or rises above 28 locations full.
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The following instructions globally enable or disable interrupt
servicing, regardless of the state of IMASK.

ENA INT;
DIS INT;

At reset, interrupt servicing is disabled.

For quick servicing of interrupts, a secondary set of DAG and
computational registers exist. Switching between the primary
and secondary registers lets programs quickly service interrupts,
while preserving the DSP’s state.

DMA Controller

The ADSP-2191M has a DMA controller that supports
automated data transfers with minimal overhead for the DSP
core. Cycle stealing DMA transfers can occur between the
ADSP-2191M’s internal memory and any of its DMA-capable
peripherals. Additionally, DMA transfers can be accomplished
between any of the DMA-capable peripherals and external
devices connected to the external memory interface. DMA-capa-
ble peripherals include the Host port, SPORTs, SPI ports, and
UART. Each individual DMA-capable peripheral has a dedicated
DMA channel. To describe each DMA sequence, the DMA con-
troller uses a set of parameters—called a DMA descriptor. When
successive DMA sequences are needed, these DMA descriptors
can be linked or chained together, so the completion of one DMA
sequence auto-initiates and starts the next sequence. DMA
sequences do not contend for bus access with the DSP core;
instead DMAs “steal” cycles to access memory.

All DMA transfers use the DMA bus shown in the functional
block diagram on Page 1. Because all of the peripherals use the
same bus, arbitration for DMA bus access is needed. The arbi-
tration for DMA bus access appears in Table 4.

Table 4. I/0 Bus Arbitration Priority

DMA Bus Master Arbitration Priority
SPORTO0 Receive DMA 0—Highest
SPORT1 Receive DMA 1

SPORT2 Receive DMA 2

SPORTO Transmit DMA 3

SPORT1 Transmit DMA 4

SPORT2 Transmit DMA 5

SPIO Receive/Transmit DMA |6

SPI1 Receive/Transmit DMA |7

UART Receive DMA 8

UART Transmit DMA 9

Host Port DMA 10

Memory DMA 11—Lowest
Host Port

The ADSP-2191M’s Host port functions as a slave on the
external bus of an external Host. The Host port interface lets a
Host read from or write to the DSP’s memory space, boot space,
or internal I/O space. Examples of Hosts include external micro-
controllers, microprocessors, or ASICs.

The Host port is a multiplexed address and data bus that provides
both an 8-bit and a 16-bit data path and operates using an asyn-
chronous transmission protocol. Through this port, an off-chip
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Host can directly access the DSP’s entire memory space map,
boot memory space, and internal I/O space. To access the DSP’s
internal memory space, a Host steals one cycle per access from
the DSP. A Host access to the DSP’s external memory uses the
external port interface and does not stall (or steal cycles from)
the DSP’s core. Because a Host can access internal I/O memory
space, a Host can control any of the DSP’s I/O mapped
peripherals.

The Host port is most efficient when using the DSP as a slave
and uses DMA to automate the incrementing of addresses for
these accesses. In this case, an address does not have to be trans-
ferred from the Host for every data transfer.

Host Port Acknowledge (HACK) Modes

The Host port supports a number of modes (or protocols) for
generating a HACK output for the host. The host selects ACK
or Ready modes using the HACK_P and HACK pins. The Host
port also supports two modes for address control: Address Latch
Enable (ALE) and Address Cycle Control (ACC) modes. The
DSP auto-detects ALE versus ACC mode from the HALE and
HWR inputs.

The Host port HACK signal polarity is selected (only at reset) as
active high or active low, depending on the value driven on the

HACK_P pin. The HACK polarity is stored into the Host port

configuration register as a read only bit.

The DSP uses HACK to indicate to the Host when to complete
an access. For a read transaction, a Host can proceed and
complete an access when valid data is present in the read buffer
and the Host port is not busy doing a write. For a write transac-
tions, a Host can complete an access when the write buffer is not
full and the Host port is not busy doing a write.

Two mode bits in the Host Port configuration register HPCR
[7:6] define the functionality of the HACK line. HPCR6 is ini-
tialized at reset based on the values driven on HACK and
HACK_P pins (shown in Table 5); HPCR?7 is always cleared (0)
atreset. HPCR [7:6] can be modified after reset by a write access
to the Host port configuration register.

Table 5. Host Port Acknowledge Mode Selection

Values Driven At HPCR [7:6]

Reset Initial Values Acknowledge
HACK P |[HACK |Bit7 |Bit6 |Mode

0 0 0 1 Ready Mode
0 1 0 0 ACK Mode

1 0 0 0 ACK Mode

1 1 0 1 Ready Mode

The functional modes selected by HPCR [7:6] are as follows
(assuming active high signal):

ACK Mode—Acknowledge is active on strobes; HACK
goes high from the leading edge of the strobe to indicate
when the access can complete. After the Host samples the
HACK active, it can complete the access by removing the
strobe. The Host port then removes the HACK.

Ready Mode—Ready active on strobes, goes low to insert
waitstate during the access.If the Host port cannot
complete the access, it deasserts the HACK/READY line.
In this case, the Host has to extend the access by keeping
the strobe asserted. When the Host samples the HACK
asserted, it can then proceed and complete the access by
deasserting the strobe.

While in Address Cycle Control (ACC) mode and the ACK or
Ready acknowledge modes, the HACK is returned active for any
address cycle.

Host Port Chip Selects

There are two chip-select signals associated with the Host port:
HCMS and HCIOMS. The Host Chip Memory Select (HCMS)
lets the Host select the DSP and directly access the DSP’s inter-
nal/external memory space or boot memory space. The Host
Chip I/O Memory Select (HCIOMS) lets the Host select the
DSP and directly access the DSP’s internal I/O memory space.

Before starting a direct access, the Host configures Host port
interface registers, specifying the width of external data bus

(8- or 16-bit) and the target address page (in the IJPG register).
The DSP generates the needed memory select signals during the
access, based on the target address. The Host port interface
combines the data from one, two, or three consecutive Host
accesses (up to one 24-bit value) into a single DMA bus access
to prefetch Host direct reads or to post direct writes. During
assembly of larger words, the Host port interface asserts ACK for
each byte access that does not start a read or complete a write.
Otherwise, the Host port interface asserts ACK when it has
completed the memory access successfully.

DSP Serial Ports (SPORTSs)

The ADSP-2191M incorporates three complete synchronous
serial ports (SPORTO0, SPORT1, and SPORT?2) for serial and
multiprocessor communications. The SPORT' support the
following features:

Bidirectional operation—each SPORT has independent
transmit and receive pins.

Double-buffered transmit and receive ports—each port
has a data register for transferring data words to and from
memory and shift registers for shifting data in and out of
the data registers.

Clocking—each transmit and receive port can either use
an external serial clock (40 MHz) or generate its own, in
frequencies ranging from 19 Hz to 40 MHz.

e Word length—each SPORT supports serial data words
from 3 to 16 bits in length transferred in Big Endian
(MSB) or Little Endian (LLSB) format.
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Clock Signals

The ADSP-2191M can be clocked by a crystal oscillator or a
buffered, shaped clock derived from an external clock oscillator.
If a crystal oscillator is used, the crystal should be connected
across the CLKIN and XTAL pins, with two capacitors and a
1 MQ shunt resistor connected as shown in Figure 3. Capacitor
values are dependent on crystal type and should be specified by
the crystal manufacturer. A parallel-resonant, fundamental fre-
quency, microprocessor-grade crystal should be used for this
configuration.

If a buffered, shaped clock is used, this external clock connects
to the DSP’s CLKIN pin. CLKIN input cannot be halted,
changed, or operated below the specified frequency during
normal operation. When an external clock is used, the XTAL
input must be left unconnected.

The DSP provides a user-programmable 1 X to 32X multiplica-
tion of the input clock, including some fractional values, to
support 128 external to internal (DSP core) clock ratios. The
MSEL6-0, BYPASS, and DF pins decide the PLL multiplication
factor at reset. At runtime, the multiplication factor can be con-
trolled in software. The combination of pullup and pull-down
resistors in Figure 3 sets up a core clock ratio of 6:1, which
produces a 150 MHz core clock from the 25 MHz input. For
other clock multiplier settings, see the ADSP-219x/ADSP-2191
DSP Hardware Reference.

The peripheral clock is supplied to the CLKOUT pin.

All on-chip peripherals for the ADSP-2191M operate at the rate
set by the peripheral clock. The peripheral clock is either equal
to the core clock rate or one-half the DSP core clock rate. This
selection is controlled by the IOSEL bit in the PLLCTL register.
The maximum core clockis 160 MHz and the maximum periph-
eral clock is 80 MHz—the combination of the input clock and
core/peripheral clock ratios may not exceed these limits.

Reset

The RESET signal initiates a master reset of the ADSP-2191M.
The RESET signal must be asserted during the powerup
sequence to assure proper initialization. RESET during initial
powerup must be held long enough to allow the internal clock to
stabilize.

The powerup sequence is defined as the total time required for
the crystal oscillator circuit to stabilize after a valid Vp is applied
to the processor, and for the internal phase-locked loop (PLL) to
lock onto the specific crystal frequency. A minimum of 100 ps
ensures that the PLL has locked, but does not include the crystal
oscillator start-up time. During this powerup sequence the
RESET signal should be held low. On any subsequent resets, the
RESET signal must meet the minimum pulsewidth specifica-

tiOn, TwRsT-

The RESET input contains some hysteresis. If using an RC
circuit to generate your RESET signal, the circuit should use an
external Schmidt trigger.
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MSEL2 (PF2)

RUNTIME

PE PIN IO MSELS3 (PF3)

MSEL4 (PF4)

MSELS5 (PF5)

THE PULL-UP/PULL-DOWN
RESISTORS ON THE MSEL,
DF, AND BYPASS PINS
SELECT THE CORE CLOCK
RATIO.

HERE, THE SELECTION (6:1)
AND 25MHz INPUT CLOCK
PRODUCE A 150MHz CORE
CLOCK.

MSELS (PF6)

DF (PF7)

BYPASS

RESET
SOURCE

Figure 3. External Crystal Connections

The master reset sets all internal stack pointers to the empty stack
condition, masks all interrupts, and resets all registers to their
default values (where applicable). When RESET is released, if
there is no pending bus request and the chip is configured for
booting, the boot-loading sequence is performed. Program
control jumps to the location of the on-chip boot ROM

(0xFF 0000).

Power Supplies

The ADSP-2191M has separate power supply connections for
the internal (Vppyr) and external (Vppex) power supplies. The
internal supply must meet the 2.5 V requirement. The external
supply must be connected to a 3.3 V supply. All external supply
pins must be connected to the same supply.

Power-Up Sequence

Power up together the two supplies Vpppxt and Vppnr- If they
cannot be powered up together, power up the internal (core)
supply first (powering up the core supply first reduces the risk of
latchup events.

Booting Modes

The ADSP-2191M has five mechanisms (listed in Table 6) for
automatically loading internal program memory after reset. Two
no-boot modes are also supported.
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Table 6. Select Boot Mode (OPMODE, BMODE]1, and
BMODEO0)

OPMODE
BMODEI1
BMODEO0

Function

0 0 0 Execute from external memory 16 bits
(No Boot)

0 0 1 Boot from EPROM

0 1 0 Boot from Host

0 1 1 Reserved

1 0 0 Execute from external memory 8 bits
(No Boot)

1 0 1 Boot from UART

1 1 0 Boot from SPI, up to 4K bits

1 1 1 Boot from SPI, >4K bits up to
512K bits

The OPMODE, BMODEI, and BMODEO pins, sampled
during hardware reset, and three bits in the Reset Configuration
Register implement these modes:

e Execute from memory external 16 bits—The memory
boot routine located in boot ROM memory space
executes a boot-stream-formatted program located at
address 0x010000 of boot memory space, packing 16-bit
external data into 24-bit internal data. The External Port
Interface is configured for the default clock multiplier
(128) and read waitstates (7).

e Boot from EPROM—The EPROM boot routine located

in boot ROM memory space fetches a boot-stream-for-
matted program located at physical address 0x00 0000 of
boot memory space, packing 8- or 16-bit external data
into 24-bit internal data. The External Port Interface is
configured for the default clock multiplier (32) and read
waitstates (7).

e Boot from Host—The (8- or 16-bit) Host downloads a
boot-stream-formatted program to internal or external
memory. The Host’s boot routine is located in internal
ROM memory space and uses the top 16 locations of
Page 0 program memory and the top 272 locations of
Page 0 data memory.

The internal boot ROM sets semaphore A (an 1O register
within the Host port) and then polls until the semaphore
isreset. Once detected, the internal boot ROM will remap
the interrupt vector table to Page O internal memory and
jump to address 0x00 0000 internal memory. From the
point of view of the host interface, an external host has
full control of the DSP’s memory map. The Host has the
freedom to directly write internal memory, external
memory, and internal I/O memory space. The DSP core
execution is held off until the Host clears the semaphore
register. This strategy allows the maximum flexibility for
the Host to boot in the program and data code, by leaving
it up to the programmer.

e Execute from memory external 8 bits (No Boot)—
Execution starts from Page 1 of external memory space,
packing either 8- or 16-bit external data into 24-bit
internal data. The External Port Interface is config-
ured for the default clock multiplier (128) and read
waitstates (7).

¢ Boot from UART—Using an autobaud handshake
sequence, a boot-stream-formatted program is down-
loaded by the Host. The Host agent selects a baud rate
within the UART’s clocking capabilities. After a hardware
reset, the DSP’s UART expects a OxAA character (eight
bits data, one start bit, one stop bit, no parity bit) on the
RXD pin to determine the bit rate; and then replies with
an OK string. Once the host receives this OK it downloads
the boot stream without further handshake. The UART
boot routine is located in internal ROM memory space
and uses the top 16 locations of Page 0 program memory
and the top 272 locations of Page 0 data memory.

e Boot from SPI, up to 4K bits—The SPIO port uses the
SPIOSELI1 (reconfigured PF2) output pin to select a
single serial EEPROM device, submits a read command
ataddress 0x00, and begins clocking consecutive data into
internal or external memory. Use only SPI-compatible
EEPROMs of < 4K bit (12-bit address range). The SPI0
boot routine located in internal ROM memory space
executes a boot-stream-formatted program, using the top
16 locations of Page 0 program memory and the top 272
locations of Page 0 data memory. The SPI boot configu-
ration is SPIBAUDO0=60 (decimal), CPHA=1,
CPOL=1, 8-bit data, and MSB first.

e Boot from SPI, from >4K bits to 512K bits—The SPI0
port uses the SPIOSEL1 (re-configured PF2) output pin
to select a single serial EEPROM device, submits a read
command at address 0x00, and begins clocking consecu-
tive data into internal or external memory. Use only
SPI-compatible EEPROMs of > 4K bit (16-bit address
range). The SPIO boot routine, located in internal ROM
memory space, executes a boot-stream-formatted
program, using the top 16 locations of Page 0 program
memory and the top 272 locations of Page 0 data memory.

Asindicated in Table 6, the OPMODE pin has a dualrole, acting
as a boot mode select during reset and determining SPORT or
SPI operation at runtime. If the OPMODE pin at reset is the
opposite of what is needed in an application during runtime, the
application needs to set the OPMODE bit appropriately during
runtime prior to using the corresponding peripheral.

Bus Request and Bus Grant

The ADSP-2191M can relinquish control of the data and ad-
dress buses to an external device. When the external device
requires access to the bus, it asserts the bus request (BR) signal.
The (BR) signal is arbitrated with core and peripheral requests.
External Bus requests have the lowest priority. If no other internal
request is pending, the external bus request will be granted.
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In addition to the software and hardware development tools
available from Analog Devices, third parties provide a wide range
of tools supporting the ADSP-219x processor family. Hardware
tools include ADSP-219x PC plug-in cards. Third party software
tools include DSP libraries, real-time operating systems, and
block diagram design tools.

Designing an Emulator-Compatible DSP Board
(Target)

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

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

Target Board Header

The emulator interface to an Analog Devices JTAG DSP is a
14-pin header, as shown in Figure 4. The customer must supply
this header on the target board in order to communicate with the
emulator. The interface consists of a standard dual row 0.025"
square post header, seton 0.1" X 0.1" spacing, with a minimum
post length of 0.235". Pin 3 is the key position used to prevent
the pod from being inserted backwards. This pin must be clipped
on the target board.

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

GND 1. ; EMU
3 4

KEY (NO PIN) X [ ] GND
5 6

~
-]

o
3
Ko
O
=
3
~

9 10
11 12

grol | [ MEF_WW] | o1
13 14

Gho | W B |Too
TOP VIEW

Figure 4. JTAG Target Board Connector for JTAG
Equipped Analog Devices DSP (Jumpers in Place)
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As can be seen in Figure 4, there are two sets of signals on the
header. There are the standard JTAG signals TMS, TCK, TDI,
TDO, TRST, and EMU used for emulation purposes (via an
emulator). There are also secondary JTAG signals BTMS,
BTCK, BTDI, and BTRST that are optionally used for
board-level (boundary scan) testing.

When the emulator is not connected to this header, place jumpers
across BTMS, BTCK, BTRST, and BTDI as shown in Figure 5.
This holds the JTAG signals in the correct state to allow the DSP
to run free. Remove all the jumpers when connecting the
emulator to the JTAG header.

1 2 |_
GND u B EMU
3 4
KEY (NOPIN) | X% m—|GND
5 6
e e
7 8
5TRST | e | TRST
11 12
o | FaPWm] o
13 14
L B 100
YV TOP VIEW

Figure 5. JTAG Target Board Connector with No Local
Boundary Scan

JTAG Emulator Pod Connector

Figure 6 details the dimensions of the JTAG pod connector at the
14-pin target end. Figure 7 displays the keep-out area for a target
board header. The keep-out area allows the pod connector to
properly seat onto the target board header. This board area
should contain no components (chips, resistors, capacitors, etc.).
The dimensions are referenced to the center of the 0.25" square
post pin.

Figure 6. JTAG Pod Connector Dimensions
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ABSOLUTE MAXIMUM RATINGS
Vppimnt Internal (Core) Supply Voltage1 ...—03Vto+3.0V
VppexT External (I/0) Supply Voltage . ... 0.3 Vto +4.6 V
Vii—Vig Input Voltage . . . ... .. .. —0.5 V to Vppexr+0.5V
Vor—Vou Output Voltage Swing. . . —0.5 V to Vppgxr+0.5V
Tstore Storage Temperature Range. . . . .. -65°C to +150°C
Tieap Lead Temperature of ST-144 (5 seconds) . ... 185°C
IStresses greater than those listed above may cause permanent damage to the
device. These are stress ratings only; functional operation of the device at these
or any other conditions greater than those indicated in the operational sections

of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

ESD SENSITIVITY

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V
readily accumulate on the human body and test equipment and can discharge without WARNI NGI ﬂ

detection. Although the ADSP-2191M features proprietary ESD protection circuitry,

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

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

Power Dissipation

Using the operation-versus-current information in Table 8, designers can estimate the ADSP-2191M’s internal power supply (Vppi~nt)
input current for a specific application, according to the formula for Iyt calculation beneath Table 8. For calculation of external
supply current and total supply current, see Power Dissipation on Page 40.

Table 8. Operation Types Versus Input Current

K-Grade B-Grade

Ippint(mA) CCLK = 160 MHz IDDINT(mA)1 CCLK = 140 MHz

Core Peripheral Core Peripheral
Activity Typ1 Max? Typ1 Max? Typ1 Max? Typ1 Max?
Power Down> 100 pA 600 pA 0 50 pA 100 pA 500 pA 0 50 pA
Idle 14 1 2 5 8 1 2 4 7
Idle 2° 1 2 60 70 1 2 55 62
Typical6 184 210 60 70 165 185 55 62
Peak’ 215 240 60 70 195 210 55 62

I Test conditions: Vppint= 2.50 V; HCLK (peripheral clock) frequency = CCLK/2 (core clock/2) frequency; Tapp = 25°C.

2Test conditions: Vppint= 2.65 V; HCLK (peripheral clock) frequency = CCLK/2 (core clock/2) frequency; Taymp = 25°C.

3PLL, Core, peripheral clocks, and CLKIN are disabled.

4PLL is enabled and Core and peripheral clocks are disabled.

5Core CLK is disabled and peripheral clock is enabled.

SAll instructions execute from internal memory. 50% of the instructions are repeat MACs with dual operand addressing, with changing data fetched using
a linear address sequence. 50% of the instructions are type 3 instructions.

7All instructions execute from internal memory. 100% of the instructions are MACs with dual operand addressing, with changing data fetched using a linear
address sequence.

Ippint = (% Typical X Inpinr-rypicar) + (Y0ldle X Iy prg) + (YoPower Down X Inp it prrpwn)
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External Port Read Cycle Timing

Table 13 and Figure 12 describe external port read operations.
For additional information on the ACK signal, see the discussion
on Page 22.

Table 13. External Port Read Cycle Timing

Parameter! 2 Min Max Unit
Switching Characteristics

tesrs Chip Select Asserted to RD Asserted Delay 0.5tycrx—3 ns
taRS Address Valid to RD Setup and Delay 0.5tycrx—3 ns
trscs RD Deasserted to Chip Select Deasserted Setup 0.5ty x—2 ns
trw RD Strobe Pulsewidth tycrx—2+ W ns
trsa RD Deasserted to Address Invalid Setup 0.5ty x—2 ns
trRWR RD Deasserted to WR, RD Asserted tHCLK

Timing Requirements

taAkw ACK Strobe Pulsewidth tHCLK ns
trDA RD Asserted to Data Access Setup tucik—4 +w3 ns
tapA Address Valid to Data Access Setup tHCLK+\W3 ns
tspa Chip Select Asserted to Data Access Setup tHCLK+W3 ns
tsp Data Valid to RD Deasserted Setup 7 ns
tHRD RD Deasserted to Data Invalid Hold 0 ns
IDRSAK ACK Delay from RD Low 0 ns

LthcLx is the peripheral clock period.
>These are timing parameters that are based on worst-case operating conditions.
3W = (number of waitstates specified in wait register) X tHCLK-

- > trscs
-t —
S350 CSRs
IOMS
BNS N
2
s
A21-0
)
2
- | trw > » trsa
tars
by}
RD
s
—p torsak < tawr »
—— tpyywy —————————>
ACK
s
— <a—tcpa l— tgp —»€—» tyrp
s
D15-0 |\
s
[ —— tgppp ———— >
- tapa ————»
- tspp —————»

Y
¢

Figure 12. External Port Read Cycle Timing
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Host Port ALE Mode Write Cycle Timing

Table 15 and Figure 14 describe Host port write operations in
Address Latch Enable (ALE) mode. For more information on
ACK, Ready, ALE, and ACC mode selection, see the Host port
modes description on Page 8.

Table 15. Host Port ALE Mode Write Cycle Timing

Parameter Min Max Unit

Switching Characteristics

twHKS1 HWR Asserted to HACK Asserted (Setup, ACK Mode) First | 10 5ty x ns
Byte

twHKS?2 HWR Asserted to HACK Asserted (Setup, ACK Mode)? 10 ns

tWHKH HWR Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns

twas HWR Asserted to HACK Asserted (Setup, Ready Mode) 10 ns

tWHH HWR Asserted to HACK Deasserted (Hold, Ready Mode) 0 StHCLK+tNH1 ns
First Byte

Timing Requirements

tesAL HCMS or HCIOMS Asserted to HALE Asserted 0 ns

taLPw HALE Asserted Pulsewidth 4 ns

tALCSW HALE Deasserted to HCMS or HCIOMS Deasserted 1 ns

twesw HWR Deasserted to HCMS or HCIOMS Deasserted 0 ns

Tarw HALE Deasserted to HWR Asserted 1 ns

twcs HWR Deasserted (After Last Byte) to HCMS or 0 ns
HCIOMS Deasserted (Ready for Next Write)

tHRWD HACK Asserted to HWR Deasserted (Hold, ACK Mode) 1.5 ns

TaALs Address Valid to HALE Deasserted (Setup) 2 ns

tALAH HALE Deasserted to Address Invalid (Hold) 4 ns

tows Data Valid to HWR Deasserted (Setup) 4 ns

twpH HWR Deasserted to Data Invalid (Hold) 1 ns

ltNH are peripheral bus latencies (n Xty g); these are internal DSP latencies related to the number of peripheral DMAs attempting to access DSP memory
at the same time.

2Measurement is for the second, third, or fourth byte of a host write transaction. The quantity of bytes to complete a host write transaction is dependent on
the data bus size (8 or 16 bits) and the data type (16 or 24 bits).
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Host Port ACC Mode Write Cycle Timing

Table 16 and Figure 15 describe Host port write operations in
Address Cycle Control (ACC) mode. For more information on
ACK, Ready, ALE, and ACC mode selection, see the Host port
modes description on Page 8.

Table 16. Host Port ACC Mode Write Cycle Timing

Parameter Min Max Unit

Switching Characteristics

tWHEKS!1 HWR Asserted to HACK Asserted (ACK Mode) First Byte 10 StHCLK+tNH1 ns

tWHKS2 HWR Asserted to HACK Asserted (Setup, ACK Mode)? 12 ns

tWHKH HWR Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns

tws HWR Asserted to HACK Asserted (Setup, Ready Mode) 10 ns

tWHEH HWR Asserted to HACK Deasserted (Hold, Ready Mode) 0 StHCLK+tNH1 ns
First Byte

tWSHKS HWR Asserted to HACK Asserted (Setup) During Address 10 ns
Latch

TWHHKH HWR Deasserted to HACK Deasserted (Hold) During 10 ns
Address Latch

Timing Requirements

TwAL HWR Asserted to HALE Deasserted (Delay) 1.5 ns

tesaL HCMS or HCIOMS Asserted to HALE Asserted (Delay) 0 ns

tarcs HALE Deasserted to Optional HCMS or HCIOMS 1 ns
Deasserted

twesw HWR Deasserted to HCMS or HCIOMS Deasserted 0 ns

tarw HALE Asserted to HWR Asserted 0.5 ns

tosw HCMS or HCIOMS Asserted to HWR Asserted 0 ns

twes HWR Deasserted (After Last Byte) to HCMS or 0 ns
HCIOMS Deasserted (Ready for Next Write)

tALEW HALE Deasserted to HWR Asserted 1 ns

tHRWD HACK Asserted to HWR Deasserted (Hold, ACK Mode) 1.5 ns

tADw Address Valid to HWR Asserted (Setup) 3 ns

twaD HWR Deasserted to Address Invalid (Hold) 3 ns

tows Data Valid to HWR Deasserted (Setup) 2 ns

twpH HWR Deasserted to Data Invalid (Hold) 2 ns

THKWAL HAC12< Asserted to HWR Deasserted (Hold) During Address | 2 ns
Latch

ltNH are peripheral bus latencies (n X tycp g); these are internal DSP latencies related to the number of peripheral DMAs attempting to access DSP memory

at the same time.
2 Measurement is for the second, third, or fourth byte of a host write transaction. The quantity of bytes to complete a host write transaction is dependent
on the data bus size (8 or 16 bits) and the data type (16 or 24 bits).
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Figure 15. Host Port ACC Mode Write Cycle Timing
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Figure 17. Host Port ACC Mode Read Cycle Timing
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DATA RECEIVE-INTERNAL CLOCK DATA RECEIVE-EXTERNAL CLOCK
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Figure 18. Serial Ports
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EXTERNAL RFS WITH MCE = 1, MFD = 0

DRIVE SAMPLE DRIVE
RCLK /
thosrsen
«—tsEsen
RFS
g toTenLFsE <— tppren
4 tupTten
bT — 1STBIT 2ND BIT
topTLrsE
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK ( /
thosFsen
——tsrsen
TFS
> toTenLFsE <+ toores
—tupTEN
oT — 1STBIT 2ND BIT
tooTLFSE

Figure 19. Serial Ports—External Late Frame Sync (Frame Sync Setup > 0.5tg¢c k)

EXTERNAL RFS WITH MCE = 1, MFD =0
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RCLK \ /
e—— tsesen <« thorse/
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DT —_ 1STBIT 2ND BIT
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Figure 20. Serial Ports—External Late Frame Sync (Frame Sync Setup < 0.5tyc k)

-35—




ADSP-2191M

Serial Peripheral Intevface (SPI) Port—Slave Timing
Table 21 and Figure 22 describe SPI port slave operations.

Table 21. Serial Peripheral Interface (SPI) Port—Slave Timing

Parameter Min Max Unit
Switching Characteristics
tpsOE SPISS Assertion to Data Out Active 0 8 ns
tpsDHI SPISS Deassertion to Data High Impedance 0 10 ns
tDDSPID SCLK Edge to Data Out Valid (Data Out Delay) 0 10 ns
tHDSPID SCLK Edge to Data Out Invalid (Data Out Hold) 0 10 ns
Timing Requirements
tspIcHS Serial Clock High Period 2tycix ns
tspIcLs Serial Clock Low Period 2tycix ns
tSPICLK Serial Clock Period 4tycik ns
tHDs Last SPICLK Edge to SPISS Not Asserted 2tycik ns
tsprTDs Sequential Transfer Delay 2ty t4 ns
tspscr SPISS Assertion to First SPICLK Edge 2tycik ns
tsspiD Data Input Valid to SCLK Edge (Data Input Setup) 1.6 ns
tHSPID SCLK Sampling Edge to Data Input Invalid (Data In Hold) 2.4 ns
SPISS _\
(INPUT)
tspichs [ >t > tspicLs tspicLk — > typs P 4—tspiTps—>
SCLK 2 ¢
(CPOL = 0)
(INPUT)
tspicLs [ >t » tspicus
[ tspsci P
SCLK
(CPOL =1)
(INPUT) 2 ./
tosoe —»| <> topspp  thpsPiD topspip [—> tospu (4>
MISO
(OUTPUT) — | uss LsB
CPHA =1 tsspip > >{tyspip tsspip | thspiD
MOosI MSB ) LSB
(INPUT) VALID VALID
- s
tosoe —» topspip [ tospni 4>
MISO
(OUTPUT) MSB ( >< Lse X
CEHAISI0 tsspip tuspip
)}
MOSI MSB LsB
(INPUT) )( VALID X X > VALID
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Figure 22. Serial Peripheral Interface (SPI) Port—Slave Timing
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3 Tymp=Tcasg—PDx 0y

Where:

e T,us =Ambient temperature (measured near top surface
of package)

N
o

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

e Oca = Value from Table 24.

e For the LQFP package: 6;c = 0.96°C/W
For the mini-BGA package: 6;c = 8.4°C/W

-
o

OUTPUT DELAY OR HOLD - ns
o

0 50 100 150 200 250
LOAD CAPACITANCE - pF Table 24. Oc, Values
Figure 30. Typical Output Delay or Hold vs. Load Airflow 0 100 |200 |400 |600
Capacitance (at Maximum Case Temperature) (Linear Ft./Min.)
Airflow 0 0.5 1 2 3
To ensure that the Ty, data sheet specification is not exceeded, (Meters/Second)
a heatsink and/or an air flow source may be used. A heatsink LQFP: 443 |41.4 |38.5 |35.3 |32.1
should be attached to the ground plane (as close as possible to Bca (CC/W)
the thermal pathways) with a thermal adhesive. Mini-BGA: 26 24 22 20.9 |19.8
Bca (°C/W)
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OUTLINE DIMENSIONS

144-Lead Metric Thin Plastic Quad Flatpack [LQFP]
(ST-144)

22,00 BSC SQ {

20.00 BSC SQ ——‘

144 109
1103 108
__PIN 1 INDICATOR
0.27 0.50
0.23 TYP 1 N BSC
e r : VP
0.17 = (LEAD
TF PITCH)
SEATING - F
PLANE
0.08 MAX (LEAD _J | T
COPLANARITY)
w — [-—
0.05
0.75 I g 145 &S
0.60 +—1.40 =
o 135 36 =7
le— 1.60 MAX &
\— DETAIL A
DETAIL A TOP VIEW (PINS DOWN)
NOTES:

1. DIMENSIONS ARE IN MILLIMETERS AND COMPLY WITH JEDEC STANDARD MS-026-BFB.

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

3. CENTER DIMENSIONS ARE NOMINAL.

144-Ball Mini-BGA [PBGA]
(CA-144-2)

|<— 10.00 BSC SQ —>|
21100987

654321
. FOO0OO0O000000D00ODO|A
X_PIN A1 INDICATOR 00000OO0OOCOOOOO]|B
00O0O0O0O0O0OCOOOOO|C
8.80 OOOOOOOOOOOOD
BSC OOOOOOOOOOOOE
sQ 0coooo0o0o0o0o0o00o0|F
FO 0O 0O 000000000 G
0.80 —OOOOOOOOOOOOH
BSC DOOOOOOODOODJ
(BALL OOOOOOOOOOOOK
PITCH) |ocoooooo0oono0o0o|L
FOOOOOOOODOOO M
TOP VIEW BOTTOM VIEW
1.70 DETAIL A
MAx_}_ 0.85
MIN
| [ ]
T 0.25
MIN ]
QO v
NOTES: 0.55 \____ SEATING
1. DIMENSIONS ARE IN MILLIMETERS AND COMPLY 0.50 PLANE
WITH JEDEC STANDARD MO-205-AC. 045
2. ACTUAL POSITION OF THE BALL GRID IS (BALL 0.10 MAX (BALL
" COPLANARITY)
WITHIN 0.15 OF ITS IDEAL POSITION, RELATIVE TO DIAMETER)

THE PACKAGE EDGES.

3. ACTUAL POSITION OF EACH BALL IS WITHIN 0.08 OF DETAIL A
ITS IDEAL POSITION, RELATIVE TO THE BALL GRID.

4. CENTER DIMENSIONS ARE NOMINAL.
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