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ADSP-2191M

Three programmable interval timers generate periodic inter-
rupts. Each timer can be independently set to operate in one of
three modes:

o Pulse Waveform Generation mode
e Pulsewidth Count/Capture mode
o External Event Watchdog mode

Each timer has one bidirectional pin and four registers that
implement its mode of operation: A 7-bit configuration register,
a 32-bit count register, a 32-bit period register, and a 32-bit

pulsewidth register. A single status register supports all three
timers. A bit in each timer’s configuration register enables or
disables the corresponding timer independently of the others.

Memory Architecture

The ADSP-2191M DSP provides 64K words of on-chip SRAM
memory. This memory is divided into four 16K blocks located
on memory Page 0 in the DSP’s memory map. In addition to the
internal and external memory space, the ADSP-2191M can
address two additional and separate off-chip memory spaces: I/O
space and boot space.
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Figure 2. Memory Map

As shown in Figure 2, the DSP’s two internal memory blocks
populate all of Page 0. The entire DSP memory map consists of
256 pages (Pages 0-255), and each page is 64K words long.
External memory space consists of four memory banks (banks
0-3) and supports a wide variety of SRAM memory devices. Each
bank is selectable using the memory select pins (MS3-0) and has
configurable page boundaries, waitstates, and waitstate modes.
The 1K word of on-chip boot-ROM populates the top of

Page 255 while the remaining 254 pages are addressable off-chip.
I/O memory pages differ from external memory pages in that I/O
pages are 1K word long, and the external I/O pages have their
own select pin (IOMS). Pages 0-7 of /O memory space reside
on-chip and contain the configuration registers for the peripher-
als. Both the core and DMA-capable peripherals can access the
DSP’s entire memory map.

Internal (On-Chip) Memory

The ADSP-2191M’s unified program and data memory space
consists of 16M locations that are accessible through two 24-bit
address buses, the PMA and DMA buses. The DSP uses slightly
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different mechanisms to generate a 24-bit address for each bus.
The DSP has three functions that support access to the full
memory map.

e The DAGs generate 24-bit addresses for data fetches from
the entire DSP memory address range. Because DAG
index (address) registers are 16 bits wide and hold the
lower 16 bits of the address, each of the DAGs has its own
8-bit page register (DMPGgx) to hold the most significant
eight address bits. Before a DAG generates an address,
the program must set the DAG’s DMPGx register to the
appropriate memory page.

e The Program Sequencer generates the addresses for
instruction fetches. For relative addressing instructions,
the program sequencer bases addresses for relative jumps,
calls, and loops on the 24-bit Program Counter (PC). In
direct addressing instructions (two-word instructions),
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the instruction provides an immediate 24-bit address
value. The PC allows linear addressing of the full 24-bit
address range.

For indirect jumps and calls that use a 16-bit DAG
address register for part of the branch address, the
Program Sequencer relies on an 8-bit Indirect Jump page
(IJPG) register to supply the most significant eight
address bits. Before a cross page jump or call, the program
must set the program sequencer’s IJPG register to the
appropriate memory page.

The ADSP-2191M has 1K word of on-chip ROM that holds
boot routines. If peripheral booting is selected, the DSP starts
executing instructions from the on-chip boot ROM, which starts
the boot process from the selected peripheral. For more informa-
tion, see “Booting Modes” on Page 11. The on-chip boot ROM
is located on Page 255 in the DSP’s memory space map.

External (Off-Chip) Memory

Each of the ADSP-2191M’s off-chip memory spaces has a
separate control register, so applications can configure unique
access parameters for each space. The access parameters include
read and write wait counts, waitstate completion mode, I/O clock
divide ratio, write hold time extension, strobe polarity, and data
bus width. The core clock and peripheral clock ratios influence
the external memory access strobe widths. For more information,
see “Clock Signals” on Page 11. The off-chip memory

spaces are:

e External memory space (MS3-0 pins)
e I/O memory space (IOMS pin)
e Boot memory space (BMS pin)

All of these off-chip memory spaces are accessible through the
External Port, which can be configured for data widths of
8 or 16 bits.

External Memory Space

External memory space consists of four memory banks. These
banks can contain a configurable number of 64K word pages. At
reset, the page boundaries for external memory have Bank0
containing Pages 1-63, Bankl1 containing Pages 64—127, Bank2
containing Pages 128-191, and Bank3 that contains Pages
192-254. The MS3-0 memory bank pins select Banks 3-0,
respectively. The external memory interface is byte-addressable
and decodes the 8 MSBs of the DSP program address to select
one of the four banks. Both the ADSP-219x core and DMA-capa-
ble peripherals can access the DSP’s external memory space.

110 Memory Space

The ADSP-2191M supports an additional external memory
called I/O memory space. This space is designed to support
simple connections to peripherals (such as data converters and
external registers) or to bus interface ASIC data registers. [/O
space supports a total of 256K locations. The first 8K addresses
are reserved for on-chip peripherals. The upper 248K addresses
are available for external peripheral devices. The DSP’s instruc-
tion set provides instructions for accessing I/O space. These
instructions use an 18-bit address that is assembled from an

8-bit I/O page (IOPG) register and a 10-bit immediate value
supplied in the instruction. Both the ADSP-219x core and a Host
(through the Host Port Interface) can access I/O memory space.

Boot Memory Space

Boot memory space consists of one off-chip bank with 63 pages.
The BMS memory bank pin selects boot memory space. Both
the ADSP-219x core and DMA-capable peripherals can access
the DSP’s off-chip boot memory space. After reset, the DSP
always starts executing instructions from the on-chip boot ROM.
Depending on the boot configuration, the boot ROM code can
start booting the DSP from boot memory. For more information,
see “Booting Modes” on Page 11.

Interrupts

The interrupt controller lets the DSP respond to 17 interrupts
with minimum overhead. The controllerimplements an interrupt
priority scheme as shown in Table 1. Applications can use the
unassigned slots for software and peripheral interrupts.

Table 2 shows the ID and priority at reset of each of the periph-
eral interrupts. To assign the peripheral interrupts a different
priority, applications write the new priority to their correspond-
ing control bits (determined by their ID) in the Interrupt Priority
Control register. The peripheral interrupt’s position in the
IMASK and IRPTL register and its vector address depend on its
priority level, as shown in Table 1. Because the IMASK and
IRPTL registers are limited to 16 bits, any peripheral interrupts
assigned a priority level of 11 are aliased to the lowest priority bit
position (15) in these registers and share vector address

0x00 01EO0.

Table 1. Interrupt Priorities/Addresses

IMASK/ |Vector
Interrupt IRPTL Address!
Emulator (NMI)— NA NA
Highest Priority
Reset (NMI) 0 0x00 0000
Power-Down (NMI) 1 0x00 0020
Loop and PC Stack 2 0x00 0040
Emulation Kernel 3 0x00 0060
User Assigned Interrupt 4 0x00 0080
User Assigned Interrupt 5 0x00 00A0
User Assigned Interrupt 6 0x00 00CO
User Assigned Interrupt 7 0x00 00EO
User Assigned Interrupt 8 0x00 0100
User Assigned Interrupt 9 0x00 0120
User Assigned Interrupt 10 0x00 0140
User Assigned Interrupt 11 0x00 0160
User Assigned Interrupt 12 0x00 0180
User Assigned Interrupt 13 0x00 01A0
User Assigned Interrupt 14 0x00 01CO
User Assigned Interrupt— 15 0x00 01E0
Lowest Priority

IThese interrupt vectors start at address 0x10000 when the DSP is in
“no-boot,” run from external memory mode.
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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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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.

-12- REV. A
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Table 7. Pin Function Descriptions (continued)

Pin Type Function

PF5 I/O/T | Programmable Flags 5/SPI1 Slave Select output 2 (when SPIO enabled)/Multiplier Select 5
/SPI1SEL2 1 (during boot)
/MSELS5 I

PF4 I/O/T |Programmable Flags 4/SPI0 Slave Select output 2 (when SPIO enabled)/Multiplier Select 4
/SPIOSEL2 I (during boot)
/MSEL4 I

PF3 I/O/T |Programmable Flags 3/SPI1 Slave Select output 1 (when SPIO enabled)/Multiplier Select 3
/SPI1SEL1 I (during boot)
/MSELS3 1

PF2 I/O/T | Programmable Flags 2/SPI0 Slave Select output 1 (when SPIO enabled)/Multiplier Select 2
/SPIOSEL1 1 (during boot)
/MSEL2 I

PF1 I/O/T | Programmable Flags 1/SPI1 Slave Select input (when SPI1 enabled)/Multiplier Select 1
/SPISS1 1 (during boot)
/MSELI1 I

PFO I/O/T |Programmable Flags 0/SPIO Slave Select input (when SPI0 enabled)/Multiplier Select 0
/SPISSO I (during boot)
/MSELO I

RD O/T External Port Read Strobe

WR O/T External Port Write Strobe

ACK I External Port Access Ready Acknowledge

BMS O/T External Port Boot Space Select

IOMS O/T External Port IO Space Select

MS3-0 O/T External Port Memory Space Selects

BR I External Port Bus Request

BG O External Port Bus Grant

BGH (¢ External Port Bus Grant Hang

HAD15-0 I/O/T | Host Port Multiplexed Address and Data Bus

HA1l6 I Host Port MSB of Address Bus

HACK_P 1 Host Port ACK Polarity

HRD I Host Port Read Strobe

HWR I Host Port Write Strobe

HACK O Host Port Access Ready Acknowledge

HALE I Host Port Address Latch Strobe or Address Cycle Control

HCMS I Host Port Internal Memory-Internal I/O Memory-Boot Memory Select

HCIOMS I Host Port Internal I/O Memory Select

CLKIN I Clock Input/Oscillator Input

XTAL O Oscillator Output

BMODEI1-0 I Boot Mode 1-0. The BMODEI1 and BMODEDQO pins have 85 kQ internal pull-up resistors.

OPMODE I Operating Mode. The OPMODE pin has a 85 kQ internal pull-up resistor.

CLKOUT O Clock Output

BYPASS I Phase-Lock-Loop (PLL) Bypass Mode. The BYPASS pin has a 85 kQ internal pull-up resistor.

RCLK1-0 I/O/T |SPORT1-0 Receive Clock

RCLK2/SCK1 |I/O/T |SPORT?2 Receive Clock/SPI1 Serial Clock

RFS1-0 I/O/T |SPORT1-0 Receive Frame Sync

RFS2/MOSI1 I/O/T |SPORT?2 Receive Frame Sync/SPI1 Master-Output, Slave-Input Data

TCLK1-0 I/O/T |SPORT1-0 Transmit Clock

TCLK2/SCKO |I/O/T |SPORT2 Transmit Clock/SPIO Serial Clock

TFS1-0 I/O/T |SPORT1-0 Transmit Frame Sync

TFS2/MOSI0 |I/O/T |SPORT?2 Transmit Frame Sync/SPI0 Master-Output, Slave-Input Data

DRI1-0 T SPORT1-0 Serial Data Receive

DR2/MISO1 I/O/T |SPORT?2 Serial Data Receive/SPI1 Master-Input, Slave-Output Data

DT1-0 O/T SPORT1-0 Serial Data Transmit

DT2/MISOO0 I/O/T |SPORT?2 Serial Data Transmit/SPI0 Master-Input, Slave-Output Data
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Table 7. Pin Function Descriptions (continued)

Pin Type Function

TMR2-0 I/O/T | Timer Output or Capture

RXD I UART Serial Receive Data

TXD o UART Serial Transmit Data

RESET I Processor Reset. Resets the ADSP-2191M 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 powerup. The RESET pin has an 85 kQ internal pull-up resistor.

TCK I Test Clock (JTAG). Provides a clock for JTAG boundary scan. The TCK pin has an 85 kQ
internal pull-up resistor.

TMS I Test Mode Select (JTAG). Used to control the test state machine. The TMS pin has an 85 kQ
internal pull-up resistor.

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

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

TRST I Test Reset JTAG). Resets the test state machine. TRST must be asserted (pulsed low) after
powerup or held low for proper operation of the ADSP-2191M. The TRST pin has a 65 kQ
internal pull-down resistor.

EMU O Emulation Status (JTAG). Must be connected to the ADSP-2191M emulator target board
connector only.

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

VDbDEXT P I/O Power Supply. Nominally 3.3 V dc. (nine pins)

GND G Power Supply Return. (twelve pins)

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

REV. A

-17-




ADSP-2191M
SPECIFICATIONS

RECOMMENDED OPERATING CONDITIONS

K Grade (Commercial) | B Grade (Industrial)
Parameter Test Conditions | Min Max Min Max Unit
VbpINT Internal (Core) Supply 2.37 2.63 2.37 2.63 A%
Voltage
VbbEXT External (I/O) Supply 2.97 3.6 2.97 3.6 \%
Voltage
Viu High Level Input Voltage | @ Vppmwr = max, |2.0 Vppexr+0.3 |2.0 Vopext+0.3 |V
Vppexr = max
VL Low Level Input Voltage |@ Vppr = min, |—0.3 +0.8 -0.3 +0.8 A%
Vppexr = min
T ams Ambient Operating 0 70 -40 +85 °C
Temperature
Specifications subject to change without notice.
ELECTRICAL CHARACTERISTICS
K and B Grades
Parameter Test Conditions Min Max Unit
Vou High Level Output Voltage! @ Vppgxt = min, 2.4 \Y%
Iog =-0.5 mA
VoL Low Level Output Voltagel @ VppexT = min, 0.4 \Y
Iop = 2.0 mA
Iy High Level Input Current® > @ Vppgxt = max, 10 pHA
Vin = Vpp max
I Low Level Input Current> 4 @ VppexT = max, 10 pHA
V=0V
I High Level Input Current’ @ VppexT = max, 30 100 pA
Vi = Vpp max
Inp Low Level Input Current? @ VppexT = max, 20 70 A
V=0V
Tozu Three-State Leakage Current’ @ VppexT = Max, 10 A
Vin = Vpp max
Ioz Three-State Leakage Current® @ VppexT = Max, 10 pA
V=0V
Cin Input Capacitance6’ 7 fix = 1 MHz, 8 pF
Tease = 25°C,
Vin=2.5V

Specifications subject to change without notice.

L Applies to output and bidirectional pins: DATA15-0, ADDR21-0, HAD15-0, MS3-0, IOMS, RD, WR, CLKOUT, HACK, PF7-0, TMR2-0, BGH,
BG, DT0, DT1, DT2/MISO0, TCLKO0, TCLK1, TCLK2/SCK0, RCLKO0, RCLK1, RCLK2/SCK1, TFS0, TFS1, TFS2/MOSI0, RFS0, RFS1,
RFS2/MOSI1, BMS, TDO, TXD, EMU, DR2/MISO1.

2Applies to input pins: ACK, BR, HCMS, HCIOMS, HA16, HALE, HRD, HWR, CLKIN, DR0, DR1, RXD, HACK_P.
3Applies to input pins with internal pull-ups: BMODEO, BMODE1, OPMODE, BYPASS, TCK, TMS, TDI, RESET.

4Applies to input pin with internal pull-down: TRST.
5Applies to three-statable pins: DATA15-0, ADDR21-0, MS3-0, RD, WR, PF7-0, BMS, IOMS, TFSx, RFSx, TDO, EMU, TCLKx, RCLKx, DTx,
HAD15-0, TMR2-0.
6App1ies to all signal pins.
7Guaranteed, but not tested.

-18-
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Programmable Flags Cycle Timing
Table 10 and Figure 9 describe Programmable Flag operations.

Table 10. Programmable Flags Cycle Timing

Parameter

Min

Max

Unit

Switching Characteristics
toro Flag Output Delay with Respect to CLKOUT
turo Flag Output Hold After CLKOUT High

Timing Requirement
tyrr Flag Input Hold is Asynchronous

N

ns
ns

ns

CLKOUT

toro thro —™
PF /
(OUTPUT) \

FLAG OUTPUT

< tur

PF

(INPUT) FLAG INPUT

Figure 9. Programmable Flags Cycle Timing

Timer PWM_OUT Cycle Timing

Table 11 and Figure 10 describe timer expired operations. The
input signal is asynchronous in “width capture mode” and has
an absolute maximum input frequency of 40 MHz.

Table 11. Timer PWM_OUT Cycle Timing

Parameter

Min

Max

Unit

Switching Characteristic
tuto Timer Pulsewidth Output1

12.5

(232— 1) cycles

ns

I'The minimum time for tgTo is one cycle, and the maximum time for tyyo equals (23271) cycles.

PWM_OUT

Figure 10. Timer PWM_OUT Cycle Timing
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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

REV. A -23-




ADSP-2191M

External Port Bus Request and Grant Cycle Timing
Table 14 and Figure 13 describe external port bus request and
bus grant operations.

Table 14. External Port Bus Request and Grant Cycle Timing

Parameter!s 2 Min Max Unit
Switching Characteristics

tsp CLKOUT High to xMS, Address, and RD/WR Disable 0.5tycrx+1 ns
tsg CLKOUT Low to xMS, Address, and RD/WR Enable 0 4 ns
oG CLKOUT High to BG Asserted Setup 0 4 ns
tssG CLKOUT High to BG Deasserted Hold Time 0 4 ns
toRH CLKOUT High to BGH Asserted Setup 0 4 ns
tERH CLKOUT High to BGH Deasserted Hold Time 0 4 ns
Timing Requirements

tgs BR Asserted to CLKOUT High Setup 4.6 ns
tey CLKOUT High to BR Deasserted Hold Time 0 ns

ltHCLK is the peripheral clock period.
2These are timing parameters that are based on worst-case operating conditions.

CLKOUT _\_/_\_

— tgs --— tgy
BR
—> <—tsp —>| |t
MS3--0
IOMS
BMS
—> la—tsp — -t
A21-0 X
> —tgp — - tse
R
RD
—p —tppg la—tepg
BG
> “—tpeH a— tepy
BGH

Figure 13. External Port Bus Request and Grant Cycle Timing
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ACMS N N \
HIOWS ) \ ) \ \
P ‘7‘\ P
g —»| |tacsw
ALPW
tesaL - twesw
HALE m
o
L
taw | [— twcs —|
AWR \
tHKWD
twhks [ > -t wHKH
HACK
(ACK HACK EACH BYTE
MODE)
tWHH
twus —|
HACK «
(READY HACK FIRST BYTE
MODE)
taLan -
tows
taaLs - <+ 1 twou
HAD15-0 ADDRESS DATA DATA \ ADDRESS
HA16 VALID VALID VALID / VALID
START
START ARST LAST
FIRST WORD BYTE BYTE NEXTRWORD

Figure 14. Host Port ALE Mode Write Cycle Timing
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— tycs — P

tukw AL le— tkwo ] g
t ] | WHKH
HACK WSHKS _\ twuks™
(ACK HACK EACH BYTE
MO DE)
twhrkH [ <> twun
twus —™
n
HACK (s
(READY HACK ARST BYTE
MODE)
twap |<i—
tapw > bws[+—> [—twon
HAD15-0 ADDRESS DATA paTA \ \ ADDRESS
HA16 VALID VALID vAUD / / VALID
START FIRST LAST START
FIRST WORD BYTE BYTE NEXT WORD

Figure 15. Host Port ACC Mode Write Cycle Timing
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Host Port ALE Mode Read Cycle Timing

Table 17 and Figure 16 describe Host port read 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 17. Host Port ALE Mode Read Cycle Timing

Parameter Min Max Unit

Switching Characteristics

tRHKS1 HRD Asserted to HACK Asserted (ACK Mode) First Byte 12tgcik 15tHCLK+tNH1 ns

tREKS2 HRD Asserted to HACK Asserted (Setup, ACK Mode)? 12 ns

tRHKH HRD Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns

trus HRD Asserted to HACK Asserted (Setup, Ready Mode) 10 ns

tRUH HRD Asserted to HACK Deasserted (Hold, Ready Mode) 12tycik 15tHCLK+tNH1 ns
First Byte

trRDH HRD Deasserted to Data Invalid (Hold) 1 ns

tRDD HRD Deasserted to Data Disable 10 ns

Timing Requirements

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

taLcs HALE Deasserted to Optional HCMS or HCIOMS 1 ns
Deasserted

trRCSW HRD Deasserted to HCMS or HCIOMS Deasserted 0 ns

tAlR HALE Deasserted to HRD Asserted 5 ns

tres HRD Deasserted (After Last Byte) to HCMS or 0 ns
HCIOMS Deasserted (Ready for Next Read)

taLpw HALE Asserted Pulsewidth 4 ns

THKRD HACK Asserted to HRD 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

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

2Measurement is for the second, third, or fourth byte of a host read transaction. The quantity of bytes to complete a host read transaction is dependent on
the data bus size (8 or 16 bits) and the data type (16 or 24 bits).
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DATA RECEIVE-INTERNAL CLOCK DATA RECEIVE-EXTERNAL CLOCK
DRIVE SAMPLE DRIVE SAMPLE
EDGE EDGE EDGE EDGE
tscLkw  tsclkw ™
RCLK ) RCLK >
<t— torse —* —tprse —™
HOFSE t

- > [ tsps) — % tyes) ™ HOFSS *—tspse —>1* thrse >

w VA < w T X

[— tgpr — [ typr ™ |¢—— tspre —— 14 tHpRE

DR > 1 }’ < DR > N

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK OR TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DATA TRANSMIT-INTERNAL CLOCK DATA TRANSMIT-EXTERNAL CLOCK

DRIVE SAMPLE DRIVE SAMPLE

EDGE EDGE EDGE EDGE
> > -~ —_—

tscLaw tscLkw
TCLK ) TCLK >
— tprse | T ——
thorse
- ¢ tsps) —> % tups ™ _torse ——tspse —> 1% turse
s I r { s r X r

— tpp —™ — tppre ™
tiomi tupTe

SP— T X SO )

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK OR TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DRIVE DRIVE
EDGE EDGE
TCLK (EXT) TCLK/RCLK
TFS (“LATE,” EXT.) CLK/RC
g topTen toorte [*
DT
DRIVE DRIVE
EDGE EDGE
TCLK (INT)
TFS (“LATE,” INT.) TCLK/RCLK
tooTin
toorm [+

DT

g

Figure 18. Serial Ports
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REV. A

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

DRIVE SAMPLE DRIVE
RCLK \ /
e—— tsesen <« thorse/
RFS
- < torEnLFsE —topreEN
HDTE/I
DT —_ 1ST BIT 2ND BIT
toorirse
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK \ /
— tsesen = tyorse/ >
TFS
> toTenLFsE < tooren——*
< typre/ >
DT —_ 1STBIT 2ND BIT
tooTLrse

Figure 20. Serial Ports—External Late Frame Sync (Frame Sync Setup < 0.5tyc k)
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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

REV. A

Figure 22. Serial Peripheral Interface (SPI) Port—Slave Timing
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Universal Asynchronous Receiver-Transmitter (UART)
Port—Receive and Transmit Timing

Figure 23 describes UART port receive and transmit operations.
The maximum baud rate is HCLK/16. As shown in Figure 23
there is some latency between the generation internal UART
interrupts and the external data operations. These latencies are
negligible at the data transmission rates for the UART.

HCLK
(SAMPLE
CLOCK) N

RECEIVE

INTERNAL
UART RECEIVE
INTERRUPT N

149
RXD DATA(5-8)
N STOP

/

13

UART RECEIVE BIT SET BY DATA STOP;
CLEARED BY FIFO READ

AS DATA (S
WRITTEN TO
BUFFER

INTERNAL \
UART TRANSMIT
INTERRUPT

TRANSMIT

START @
TXD DATA(5-8) STOP (1-2)

UART TRANSMIT BIT SET BY PROGRAM;

CLEARED BY WRITE TO TRANSMIT

53
153

Figure 23. UART Port—Receive and Transmit Timing
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144-Lead Mini-BGA Pinout
Table 27 lists the mini-BGA pinout by signal name. Table 28
lists the mini-BGA pinout by ball number.

Table 27. 144-Lead Mini-BGA Pins (Alphabetically by Signal)

Ball Ball Ball Ball Ball
Signal No. |Signal No. Signal No. Signal No. Signal No.
A0 J11 |BYPASS M1l |GND F7 |HALE J1 TCLKO J6
Al H9 |CLKIN A5 |GND F8 |HCIOMS 13 TCLK1 M9
A2 H10 |CLKOUT C6 |GND F9 |HCMS Hl |TCLK2 K5
A3 Gl12 |Do D7 |GND G4 |HRD ]2 TDI K12
A4 H11 |D1 A7 |GND G5 |HWR K2 |TDO L11
A5 G10 |D2 C7 |GND G6 |IOMS E8 |TFSO M8
A6 F12 |D3 A6 |GND H5 |MSO0 D9 |TFS1 78
A7 Gl1 |D4 B7 GND L6 |MS1 A9 |TFS2 M5
A8 F10 |D5 A4 |GND M1 |MS2 C9 |TMRO K4
A9 F11 |D6 C5 |GND M12 |MS3 D8 |TMRI1 L4
Al0 El12 |D7 B5 |HACK H3 |OPMODE H12 |TMR2 T4
All Ell |D8 D5 |HACK P Gl |PFo0 K1 |TMS K10
Al2 E10 |D9 A3 |HADO Cl |PFI1 L1 |TRST J12
Al3 E9 |DI10 C4 |HADI1 B3 |PF2 M2 |TXD M7
Al4 D11 |D11 B4 |HAD2 C2 |PF3 L2 | Vppexr E5
Al5 D10 |DI12 C3 |HAD3 D1 |PF4 M3 | Vppexr E6
Al6 D12 |D13 A2 |HAD4 D4 |PF5 L3 | Vppexr F5
Al7 Cl1 |D14 B1 HADS5 D3 |PF6 K3 | Vppexr F6
Al8 C12 |D15 B2 |HAD6 D2 |PF7 M4 | Vppexr G7
Al9 B12 |DRO L7 |HAD7 El1 |RCLKO K7 | Vppext G8
A20 Bl1l |DRI K9 |HADS E4 |RCLKI1 J9 VoDEXT H7
A21 All |DR2 L5 |HAD9 E2 |RCLK2 J5 VoDEXT HS8
ACK A8 |DTO H6 |HADIO F1 |RD B8 | Vppmnr D6
BG C10 |DTI L8 |HADI11 E3 |RESET L12 | Vppmr F4
BGH B10 |DT2 H4 |HADI2 F2 |RFSO K8 |Vppinr G9
BMODEO0 L10 |EMU J10 |HADI13 G2 |RFS1 M10 | Voot 77
BMODE1 L9 |GND Al |HAD14 F3 |RFS2 M6 |WR Cs8
BMS Al10 |GND Al2 |HADI15 G3 |RXD K6 |XTAL B6
BR B9 |GND E7 |HAle6 H2 |TCK K11

REV. A -45-



ADSP-2191M

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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ORDERING GUIDE

Instruction Package
Part Number!> 2 Ambient Temperature Range |Rate (MHz) Description Operating Voltage
ADSP-2191MKST-160 0°C to 70°C 160 144-Lead LQFP 2.5 Int./3.3 Ext. V
ADSP-2191MBST-140 —40°C to +85°C 140 144-Lead LQFP 2.5Int./3.3 Ext. V
ADSP-2191MKCA-160 |0°C to 70°C 160 144-Ball Mini-BGA (2.5 Int./3.3 Ext. V
ADSP-2191MBCA-140 |-40°C to +85°C 140 144-Ball Mini-BGA |2.5 Int./3.3 Ext. V
IST = Plastic Thin Quad Flatpack (LQFP).
2CA = Mini Ball Grid Array (PBGA)
Revision History
Location Page
7/02—Changed from Rev. 0 to Rev. A
Changes to formatting Only . . . . .. ..ttt e e et e e e e e e Global
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