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Understanding Embedded - DSP (Digital
Signal Processors)

Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
various forms, including audio, video, and communication
signals, ensuring that data is accurately interpreted and
utilized in embedded systems.

Applications of Embedded - DSP (Digital
Signal Processors)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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ADSP-2191M
GENERAL DESCRIPTION
The ADSP-2191M DSP is a single-chip microcomputer 
optimized for digital signal processing (DSP) and other high 
speed numeric processing applications.

The ADSP-2191M combines the ADSP-219x family base 
architecture (three computational units, two data address gener-
ators, and a program sequencer) with three serial ports, two 
SPI-compatible ports, one UART port, a DMA controller, three 
programmable timers, general-purpose Programmable Flag 
pins, extensive interrupt capabilities, and on-chip program and 
data memory spaces.

The ADSP-2191M architecture is code-compatible with DSPs 
of the ADSP-218x family. Although the architectures are 
compatible, the ADSP-2191M architecture has a number of 
enhancements over the ADSP-218x architecture. The enhance-
ments to computational units, data address generators, and 
program sequencer make the ADSP-2191M more flexible and 
even easier to program.

Indirect addressing options provide addressing flexibility—
premodify with no update, pre- and post-modify by an immediate 
8-bit, two’s-complement value and base address registers for 
easier implementation of circular buffering.

The ADSP-2191M integrates 64K words of on-chip memory 
configured as 32K words (24-bit) of program RAM, and 
32K words (16-bit) of data RAM. Power-down circuitry is also 
provided to reduce power consumption. The ADSP-2191M is 
available in 144-lead LQFP and 144-ball mini-BGA packages.

Fabricated in a high speed, low power, CMOS process, the 
ADSP-2191M operates with a 6.25 ns instruction cycle time 
(160 MIPS). All instructions, except single-word instructions, 
execute in one processor.

The ADSP-2191M’s flexible architecture and comprehensive 
instruction set support multiple operations in parallel. For 
example, in one processor cycle, the ADSP-2191M can:

• Generate an address for the next instruction fetch

• Fetch the next instruction

• Perform one or two data moves

• Update one or two data address pointers

• Perform a computational operation

These operations take place while the processor continues to:

• Receive and transmit data through two serial ports

• Receive and/or transmit data from a Host

• Receive or transmit data through the UART

• Receive or transmit data over two SPI ports

• Access external memory through the external memory 
interface

• Decrement the timers 

DSP Core Architecture
The ADSP-2191M instruction set provides flexible data moves 
and multifunction (one or two data moves with a computation) 
instructions. Every single-word instruction can be executed in a 
single processor cycle. The ADSP-2191M assembly language 

uses an algebraic syntax for ease of coding and readability. A 
comprehensive set of development tools supports program 
development.

The functional block diagram on Page 1 shows the architecture 
of the ADSP-219x core. It contains three independent compu-
tational units: the ALU, the multiplier/accumulator (MAC), and 
the shifter. The computational units process 16-bit data from the 
register file and have provisions to support multiprecision com-
putations. The ALU performs a standard set of arithmetic and 
logic operations; division primitives are also supported. The 
MAC performs single-cycle multiply, multiply/add, and multi-
ply/subtract operations. The MAC has two 40-bit accumulators, 
which help with overflow. The shifter performs logical and arith-
metic shifts, normalization, denormalization, and derive 
exponent operations. The shifter can be used to efficiently 
implement numeric format control, including multiword and 
block floating-point representations.

Register-usage rules influence placement of input and results 
within the computational units. For most operations, the com-
putational units’ data registers act as a data register file, 
permitting any input or result register to provide input to any unit 
for a computation. For feedback operations, the computational 
units let the output (result) of any unit be input to any unit on 
the next cycle. For conditional or multifunction instructions, 
there are restrictions on which data registers may provide inputs 
or receive results from each computational unit. For more infor-
mation, see the ADSP-219x DSP Instruction Set Reference.

A powerful program sequencer controls the flow of instruction 
execution. The sequencer supports conditional jumps, subrou-
tine calls, and low interrupt overhead. With internal loop 
counters and loop stacks, the ADSP-2191M executes looped 
code with zero overhead; no explicit jump instructions are 
required to maintain loops.

Two data address generators (DAGs) provide addresses for 
simultaneous dual operand fetches (from data memory and 
program memory). Each DAG maintains and updates four 
16-bit address pointers. Whenever the pointer is used to access 
data (indirect addressing), it is pre- or post-modified by the value 
of one of four possible modify registers. A length value and base 
address may be associated with each pointer to implement 
automatic modulo addressing for circular buffers. Page registers 
in the DAGs allow circular addressing within 64K-word bound-
aries of each of the 256 memory pages, but these buffers may not 
cross page boundaries. Secondary registers duplicate all the 
primary registers in the DAGs; switching between primary and 
secondary registers provides a fast context switch. 

Efficient data transfer in the core is achieved with the use of 
internal buses:

• Program Memory Address (PMA) Bus

• Program Memory Data (PMD) Bus

• Data Memory Address (DMA) Bus

• Data Memory Data (DMD) Bus

• DMA Address Bus

• DMA Data Bus
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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:

• Pulse Waveform Generation mode

• Pulsewidth Count/Capture mode

• 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. 

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 I/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 

different mechanisms to generate a 24-bit address for each bus. 
The DSP has three functions that support access to the full 
memory map.

• 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 (DMPGx) 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.

• 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), 

Figure 2. Memory Map
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Interface (SPI) Ports on Page 9 and Clock Signals on Page 11. 
Ten memory-mapped registers control operation of the Program-
mable Flag pins:

• Flag Direction register

Specifies the direction of each individual PFx pin as input 
or output. 

• Flag Control and Status registers

Specify the value to drive on each individual PFx output 
pin. As input, software can predicate instruction 
execution on the value of individual PFx input pins 
captured in this register. One register sets bits, and one 
register clears bits.

• Flag Interrupt Mask registers

Enable and disable each individual PFx pin to function 
as an interrupt to the DSP’s core. One register sets bits to 
enable interrupt function, and one register clears bits to 
disable interrupt function. Input PFx pins function as 
hardware interrupts, and output PFx pins function as 
software interrupts—latching in the IMASK and IRPTL 
registers.

• Flag Interrupt Polarity register

Specifies the polarity (active high or low) for interrupt 
sensitivity on each individual PFx pin. 

• Flag Sensitivity registers

Specify whether individual PFx pins are level- or 
edge-sensitive and specify—if edge-sensitive—whether 
just the rising edge or both the rising and falling edges of 
the signal are significant. One register selects the type of 
sensitivity, and one register selects which edges are signif-
icant for edge-sensitivity.

Low Power Operation
The ADSP-2191M has four low power options that significantly 
reduce the power dissipation when the device operates under 
standby conditions. To enter any of these modes, the DSP 
executes an IDLE instruction. The ADSP-2191M uses configu-
ration of the PDWN, STOPCK, and STOPALL bits in the 
PLLCTL register to select between the low power modes as the 
DSP executes the IDLE. Depending on the mode, an IDLE shuts 
off clocks to different parts of the DSP in the different modes. 
The low power modes are:

• Idle

• Power-Down Core

• Power-Down Core/Peripherals

• Power-Down All

Idle Mode
When the ADSP-2191M is in Idle mode, the DSP core stops 
executing instructions, retains the contents of the instruction 
pipeline, and waits for an interrupt. The core clock and peripheral 
clock continue running. 

To enter Idle mode, the DSP can execute the IDLE instruction 
anywhere in code. To exit Idle mode, the DSP responds to an 
interrupt and (after two cycles of latency) resumes executing 
instructions with the instruction after the IDLE.

Power-Down Core Mode
When the ADSP-2191M is in Power-Down Core mode, the DSP 
core clock is off, but the DSP retains the contents of the pipeline 
and keeps the PLL running. The peripheral bus keeps running, 
letting the peripherals receive data. 

To enter Power-Down Core mode, the DSP executes an IDLE 
instruction after performing the following tasks:

• Enter a power-down interrupt service routine

• Check for pending interrupts and I/O service routines

• Clear (= 0) the PDWN bit in the PLLCTL register

• Clear (= 0) the STOPALL bit in the PLLCTL register

• Set (= 1) the STOPCK bit in the PLLCTL register

To exit Power-Down Core mode, the DSP responds to an 
interrupt and (after two cycles of latency) resumes executing 
instructions with the instruction after the IDLE.

Power-Down Core/Peripherals Mode
When the ADSP-2191M is in Power-Down Core/Peripherals 
mode, the DSP core clock and peripheral bus clock are off, but 
the DSP keeps the PLL running. The DSP does not retain the 
contents of the instruction pipeline.The peripheral bus is 
stopped, so the peripherals cannot receive data.

To enter Power-Down Core/Peripherals mode, the DSP executes 
an IDLE instruction after performing the following tasks:

• Enter a power-down interrupt service routine

• Check for pending interrupts and I/O service routines

• Clear (= 0) the PDWN bit in the PLLCTL register

• Set (= 1) the STOPALL bit in the PLLCTL register

To exit Power-Down Core/Peripherals mode, the DSP responds 
to a wake-up event and (after five to six cycles of latency) resumes 
executing instructions with the instruction after the IDLE.

Power-Down All Mode
When the ADSP-2191M is in Power-Down All mode, the DSP 
core clock, the peripheral clock, and the PLL are all stopped. The 
DSP does not retain the contents of the instruction pipeline. The 
peripheral bus is stopped, so the peripherals cannot receive data.

To enter Power-Down All mode, the DSP executes an IDLE 
instruction after performing the following tasks:

• Enter a power-down interrupt service routine

• Check for pending interrupts and I/O service routines

• Set (= 1) the PDWN bit in the PLLCTL register

To exit Power-Down Core/Peripherals mode, the DSP responds 
to an interrupt and (after 500 cycles to restabilize the PLL) 
resumes executing instructions with the instruction after 
the IDLE.
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The OPMODE, BMODE1, and BMODE0 pins, sampled 
during hardware reset, and three bits in the Reset Configuration 
Register implement these modes:

• 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).

• 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).

• 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 IO register 
within the Host port) and then polls until the semaphore 
is reset. Once detected, the internal boot ROM will remap 
the interrupt vector table to Page 0 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.

• 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 0xAA 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.

• Boot from SPI, up to 4K bits—The SPI0 port uses the 
SPI0SEL1 (reconfigured PF2) output pin to select a 
single serial EEPROM device, submits a read command 
at address 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 SPIBAUD0=60 (decimal), CPHA=1, 
CPOL=1, 8-bit data, and MSB first.

• Boot from SPI, from >4K bits to 512K bits—The SPI0 
port uses the SPI0SEL1 (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 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.

As indicated in Table 6, the OPMODE pin has a dual role, 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. 

Table 6. Select Boot Mode (OPMODE, BMODE1, and 
BMODE0) 

O
P

M
O

D
E

B
M

O
D

E
1

B
M

O
D

E
0

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
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PF5
  /SPI1SEL2
  /MSEL5

I/O/T
I
I

Programmable Flags 5/SPI1 Slave Select output 2 (when SPI0 enabled)/Multiplier Select 5 
(during boot)

PF4
  /SPI0SEL2
  /MSEL4

I/O/T
I
I

Programmable Flags 4/SPI0 Slave Select output 2 (when SPI0 enabled)/Multiplier Select 4 
(during boot)

PF3
  /SPI1SEL1
  /MSEL3

I/O/T
I
I

Programmable Flags 3/SPI1 Slave Select output 1 (when SPI0 enabled)/Multiplier Select 3 
(during boot)

PF2
  /SPI0SEL1
  /MSEL2

I/O/T
I
I

Programmable Flags 2/SPI0 Slave Select output 1 (when SPI0 enabled)/Multiplier Select 2 
(during boot)

PF1
  /SPISS1
  /MSEL1

I/O/T
I
I

Programmable Flags 1/SPI1 Slave Select input (when SPI1 enabled)/Multiplier Select 1 
(during boot)

PF0
  /SPISS0
  /MSEL0

I/O/T
I
I

Programmable Flags 0/SPI0 Slave Select input (when SPI0 enabled)/Multiplier Select 0 
(during boot)

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 O External Port Bus Grant Hang
HAD15–0 I/O/T Host Port Multiplexed Address and Data Bus
HA16 I Host Port MSB of Address Bus
HACK_P I 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
BMODE1–0 I Boot Mode 1–0. The BMODE1 and BMODE0 pins have 85 kΩ internal pull-up resistors.
OPMODE I Operating Mode. The OPMODE pin has a 85 kΩ internal pull-up resistor.
CLKOUT O Clock Output
BYPASS I Phase-Lock-Loop (PLL) Bypass Mode. The BYPASS pin has a 85 kΩ internal pull-up resistor.
RCLK1–0 I/O/T SPORT1–0 Receive Clock
RCLK2/SCK1 I/O/T SPORT2 Receive Clock/SPI1 Serial Clock
RFS1–0 I/O/T SPORT1–0 Receive Frame Sync
RFS2/MOSI1 I/O/T SPORT2 Receive Frame Sync/SPI1 Master-Output, Slave-Input Data
TCLK1–0 I/O/T SPORT1–0 Transmit Clock
TCLK2/SCK0 I/O/T SPORT2 Transmit Clock/SPI0 Serial Clock
TFS1–0 I/O/T SPORT1–0 Transmit Frame Sync
TFS2/MOSI0 I/O/T SPORT2 Transmit Frame Sync/SPI0 Master-Output, Slave-Input Data
DR1–0 I/T SPORT1–0 Serial Data Receive
DR2/MISO1 I/O/T SPORT2 Serial Data Receive/SPI1 Master-Input, Slave-Output Data
DT1–0 O/T SPORT1–0 Serial Data Transmit
DT2/MISO0 I/O/T SPORT2 Serial Data Transmit/SPI0 Master-Input, Slave-Output Data

Table 7. Pin Function Descriptions  (continued)

Pin Type Function
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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 

Byte
10 5tHCLK+tNH

1 ns

tWHKS2 HWR Asserted to HACK Asserted (Setup, ACK Mode)2 10 ns
tWHKH HWR Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns
tWHS HWR Asserted to HACK Asserted (Setup, Ready Mode) 10 ns
tWHH HWR Asserted to HACK Deasserted (Hold, Ready Mode) 

First Byte
0 5tHCLK+tNH

1 ns

Timing Requirements
tCSAL 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
tWCSW HWR Deasserted to HCMS or HCIOMS Deasserted 0 ns
tALW HALE Deasserted to HWR Asserted 1 ns
tWCS HWR Deasserted (After Last Byte) to HCMS or 

HCIOMS Deasserted (Ready for Next Write)
0 ns

tHKWD 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
tDWS Data Valid to HWR Deasserted (Setup) 4 ns
tWDH HWR Deasserted to Data Invalid (Hold) 1 ns

1tNH are peripheral bus latencies (n�tHCLK); 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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Figure 14. Host Port ALE Mode Write Cycle Timing
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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 12tHCLK 15tHCLK+tNH

1 ns
tRHKS2 HRD Asserted to HACK Asserted (Setup, ACK Mode)2 12 ns
tRHKH HRD Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns
tRHS HRD Asserted to HACK Asserted (Setup, Ready Mode) 10 ns
tRHH HRD Asserted to HACK Deasserted (Hold, Ready Mode) 

First Byte
12tHCLK 15tHCLK+tNH

1 ns

tRDH HRD Deasserted to Data Invalid (Hold) 1 ns
tRDD HRD Deasserted to Data Disable 10 ns

Timing Requirements
tCSAL HCMS or HCIOMS Asserted to HALE Asserted (Delay) 0 ns
tALCS HALE Deasserted to Optional HCMS or HCIOMS 

Deasserted
1 ns

tRCSW HRD Deasserted to HCMS or HCIOMS Deasserted 0 ns
tALR HALE Deasserted to HRD Asserted 5 ns
tRCS HRD Deasserted (After Last Byte) to HCMS or 

HCIOMS Deasserted (Ready for Next Read)
0 ns

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

1tNH are peripheral bus latencies (n�tHCLK); 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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Figure 16. Host Port ALE Mode Read Cycle Timing
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Host Port ACC Mode Read Cycle Timing
Table 18 and Figure 17 describe Host port read 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 18. Host Port ACC Mode Read Cycle Timing

Parameter Min Max Unit

Switching Characteristics
tRHKS1 HRD Asserted to HACK Asserted (ACK Mode) First Byte 12tHCLK 15tHCLK+tNH

1 ns
tRHKS2 HRD Asserted to HACK Asserted (Setup, ACK Mode)2 10 ns
tRHKH HRD Deasserted to HACK Deasserted (Hold, ACK Mode) 10 ns
tRHS HRD Asserted to HACK Asserted (Setup, Ready Mode) 10 ns
tRHH HRD Asserted to HACK Deasserted (Hold, Ready Mode) 

First Byte
12tHCLK 15tHCLK+tNH

1 ns

tRDH HRD Deasserted to Data Invalid (Hold) 1 ns

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

10 ns

tWHHKH HWR Deasserted to HACK Deasserted (Hold) During 
Address Latch

10 ns

tRDD HRD Deasserted to Data Disable 10 ns

Timing Requirements
tCSAL HCMS or HCIOMS Asserted to HALE Asserted (Delay) 0 ns
tALCS HALE Deasserted to Optional HCMS or HCIOMS 

Deasserted
1 ns

tRCSW HRD Deasserted to HCMS or HCIOMS Deasserted 0 ns
tALW HALE Asserted to HWR Asserted 0.5 ns
tALER HALE Deasserted to HWR Asserted 1 ns
tCSR HCMS or HCIOMS Asserted to HRD Asserted 0 ns
tRCS HRD Deasserted (After Last Byte) to HCMS or 

HCIOMS Deasserted (Ready for Next Read)
0 ns

tWAL HWR Deasserted to HALE Deasserted (Delay) 2.5 ns
tHKRD HACK Asserted to HRD Deasserted (Hold, ACK Mode) 1.5 ns
tADW Address Valid to HWR Deasserted (Setup) 2 ns
tWAD HWR Deasserted to Address Invalid (Hold) 1 ns
tHKWAL HACK Asserted to HWR Deasserted (Hold) During Address 

Latch2
2 ns

1tNH are peripheral bus latencies (n�tHCLK); 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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Figure 17. Host Port ACC Mode Read Cycle Timing
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Figure 19. Serial Ports—External Late Frame Sync (Frame Sync Setup > 0.5tSCLK)

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

DRIVE SAMPLE DRIVE

tDTENLFSE

tDDTLFSE

EXTERNAL RFS WITH MCE = 1, MFD = 0

1ST BIT 2ND BITDT

RCLK

RFS

LATE EXTERNAL TFS

tHDTE/ I

tDDTE/ I

tSFSE / I

DRIVE SAMPLE DRIVE

tDTENLFSE

tDDTLFSE

1ST BIT 2ND BITDT

TCLK

TFS

tHDTE/ I

tDDTE/ I

tHOSFSE/ I

tHOSFSE/ I

tSFSE/ I

tDDTLFSE

DRIVE SAMPLE DRIVE

tDTENLFSE

tDDTLFSE

EXTERNAL RFS WITH MCE = 1, MFD = 0

1ST BIT 2ND BITDT

RCLK

RFS

LATE EXTERNAL TFS

tHDTE/ I

tDDTE/ I

tSFSE/ I

DRIVE SAMPLE DRIVE

tDTENLFSE

1ST BIT 2ND BITDT

TCLK

TFS

tHDTE/ I

tDDTE/ I

tHOFSE/ I

tHOFSE/ ItSFSE/ I



ADSP-2191M

–36– REV. A

Serial Peripheral Interface (SPI) Port—Master Timing
Table 20 and Figure 21 describe SPI port master operations. 

Table 20. Serial Peripheral Interface (SPI) Port—Master Timing

Parameter Min Max Unit

Switching Characteristics
tSDSCIM SPIxSEL Low to First SCLK edge (x=0 or 1) 2tHCLK–3 ns
tSPICHM Serial Clock High Period 2tHCLK–3 ns
tSPICLM Serial Clock Low Period 2tHCLK–3 ns
tSPICLK Serial Clock Period 4tHCLK–1 ns
tHDSM Last SCLK Edge to SPIxSEL High (x=0 or 1) 2tHCLK–3 ns
tSPITDM Sequential Transfer Delay 2tHCLK–2 ns
tDDSPID SCLK Edge to Data Output Valid (Data Out Delay) 0 6 ns
tHDSPID SCLK Edge to Data Output Invalid (Data Out Hold) 0 5 ns

Timing Requirements
tSSPID Data Input Valid to SCLK Edge (Data Input Setup) 8 ns
tHSPID SCLK Sampling Edge to Data Input Invalid (Data In Hold) 1 ns

Figure 21. Serial Peripheral Interface (SPI) Port—Master Timing
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Serial Peripheral Interface (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
tDSOE SPISS Assertion to Data Out Active 0 8 ns
tDSDHI 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 2tHCLK ns
tSPICLS Serial Clock Low Period 2tHCLK ns
tSPICLK Serial Clock Period 4tHCLK ns
tHDS Last SPICLK Edge to SPISS Not Asserted 2tHCLK ns
tSPITDS Sequential Transfer Delay 2tHCLK+4 ns
tSDSCI SPISS Assertion to First SPICLK Edge 2tHCLK 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

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.

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)

Signal
Ball 
No. Signal

Ball 
No. Signal

Ball 
No. Signal

Ball 
No. Signal

Ball 
No.

A0 J11 BYPASS M11 GND F7 HALE J1 TCLK0 J6
A1 H9 CLKIN A5 GND F8 HCIOMS J3 TCLK1 M9
A2 H10 CLKOUT C6 GND F9 HCMS H1 TCLK2 K5
A3 G12 D0 D7 GND G4 HRD J2 TDI K12
A4 H11 D1 A7 GND G5 HWR K2 TDO L11
A5 G10 D2 C7 GND G6 IOMS E8 TFS0 M8
A6 F12 D3 A6 GND H5 MS0 D9 TFS1 J8
A7 G11 D4 B7 GND L6 MS1 A9 TFS2 M5
A8 F10 D5 A4 GND M1 MS2 C9 TMR0 K4
A9 F11 D6 C5 GND M12 MS3 D8 TMR1 L4
A10 E12 D7 B5 HACK H3 OPMODE H12 TMR2 J4
A11 E11 D8 D5 HACK_P G1 PF0 K1 TMS K10
A12 E10 D9 A3 HAD0 C1 PF1 L1 TRST J12
A13 E9 D10 C4 HAD1 B3 PF2 M2 TXD M7
A14 D11 D11 B4 HAD2 C2 PF3 L2 VDDEXT E5
A15 D10 D12 C3 HAD3 D1 PF4 M3 VDDEXT E6
A16 D12 D13 A2 HAD4 D4 PF5 L3 VDDEXT F5
A17 C11 D14 B1 HAD5 D3 PF6 K3 VDDEXT F6
A18 C12 D15 B2 HAD6 D2 PF7 M4 VDDEXT G7
A19 B12 DR0 L7 HAD7 E1 RCLK0 K7 VDDEXT G8
A20 B11 DR1 K9 HAD8 E4 RCLK1 J9 VDDEXT H7
A21 A11 DR2 L5 HAD9 E2 RCLK2 J5 VDDEXT H8
ACK A8 DT0 H6 HAD10 F1 RD B8 VDDINT D6
BG C10 DT1 L8 HAD11 E3 RESET L12 VDDINT F4
BGH B10 DT2 H4 HAD12 F2 RFS0 K8 VDDINT G9
BMODE0 L10 EMU J10 HAD13 G2 RFS1 M10 VDDINT J7
BMODE1 L9 GND A1 HAD14 F3 RFS2 M6 WR C8
BMS A10 GND A12 HAD15 G3 RXD K6 XTAL B6
BR B9 GND E7 HA16 H2 TCK K11
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OUTLINE DIMENSIONS

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

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

Part Number1, 2 

1ST = Plastic Thin Quad Flatpack (LQFP).
2CA = Mini Ball Grid Array (PBGA)

Ambient Temperature Range
Instruction 
Rate (MHz)

Package 
Description Operating Voltage

ADSP-2191MKST-160 0ºC to 70ºC 160 144-Lead LQFP 2.5 Int./3.3 Ext. V
ADSP-2191MBST-140 –40ºC to +85ºC 140 144-Lead LQFP 2.5 Int./3.3 Ext. V
ADSP-2191MKCA-160 0ºC to 70ºC 160 144-Ball Mini-BGA 2.5 Int./3.3 Ext. V
ADSP-2191MBCA-140 –40ºC to +85ºC 140 144-Ball Mini-BGA 2.5 Int./3.3 Ext. V
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