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DSP56001A

 

Product Preview

 

24-BIT DIGITAL SIGNAL PROCESSOR

 

The DSP56001A is an MPU-style general purpose Digital Signal Processor (DSP) composed of an 
efficient 24-bit DSP core, program and data memories, various peripherals, and support 
circuitry. The DSP56000 core is fed by on-chip Program RAM, two independent data RAMs, and 
two data ROMs containing sine, A-law, and 

 

µ

 

-law tables. The DSP56001A contains a Serial 
Communication Interface (SCI), a Synchronous Serial Interface (SSI), and a parallel Host Interface 
(HI). This combination of features, illustrated in 

 

Figure 1

 

, makes the DSP56001A a cost-effective, 
high-performance solution for high-precision general purpose digital signal processing. The 
DSP56001A is intended as a replacement for the DSP56001. The DSP56002 should be considered for 
new designs.

 

Figure 1  
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Internet: http://www.motorola-dsp.com

Data Sheet Conventions

This data sheet uses the following conventions:

OVERBAR Used to indicate a signal that is active when pulled low; for example, the RESET 
pin is active when low

“asserted” Means that a high true (active high) signal is high or that a low true (active low) 
signal is low

“deasserted” Means that a high true (active high) signal is low or that a low true (active low) 
signal is high

Examples: Signal/Symbol Logic State Signal State Voltage

PIN True Asserted VIL/VOL

PIN False Deasserted VIH/VOH

PIN True Asserted VIH/VOH

PIN False Deasserted VIL/VOL

Note: Values for VIL, VOL, VIH, and VOH are defined by individual product specifications.
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DSP56001A FEATURES

Digital Signal Processing Core

• Efficient, object code compatible, 24-bit 56000 family DSP engine

• Up to 16.5 Million Instructions Per Second (MIPS)—60.6 ns instruction cycle at 33 MHz

• Up to 99 Million Operations Per Second (MOPS) at 33 MHz

• Executes a 1024-point complex Fast Fourier Transform (FFT) in 59,898 clocks

• Highly parallel instruction set with unique DSP addressing modes

• Two 56-bit accumulators including extension byte

• Parallel 24 × 24-bit multiply-accumulate in 1 instruction cycle (2 clock cycles)

• Double precision 48 × 48-bit multiply with 96-bit result in 6 instruction cycles

• 56-bit addition/subtraction in 1 instruction cycle

• Fractional arithmetic with support for multiprecision arithmetic 

• Hardware support for block-floating point FFT

• Hardware nested DO loops 

• Zero-overhead fast interrupts (2 instruction cycles)

• Four 24-bit internal data buses and three 16-bit internal address buses for maximum 
information transfer on-chip

Memory

• On-chip modified Harvard architecture permitting simultaneous accesses to program 
and two data memories

• 512 × 24-bit on-chip Program RAM and 64 × 24-bit bootstrap ROM

• Two 256 × 24-bit on-chip data RAMs

• Two 256 × 24-bit on-chip data ROMs containing sine, A-law and µ-law tables

• External memory expansion with 16-bit address and 24-bit data buses 

• Bootstrap loading from external data bus or Host Interface
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Peripheral and Support Circuits

• Byte-wide Host Interface (HI) with Direct Memory Access (DMA) support

• Synchronous Serial Interface (SSI) to communicate with codecs and synchronous serial 
devices

– 8-, 12-, 16-, and 24-bit word sizes

– Up to 32 software-selectable time slots in Network mode

• Serial Communication Interface (SCI) for full-duplex asynchronous communications

• On-chip peripheral registers memory mapped in data memory space

• Double-buffered peripherals

• Up to twenty-four General Purpose I/O (GPIO) pins

• Two external interrupt request pins

Miscellaneous Features

• Power-saving Wait and Stop modes

• Fully static, HCMOS design for operating frequencies from 33 MHz down to 4 MHz

• 88-pin Ceramic Pin Grid Array (PGA) package; 13 × 13 array

• 132-pin Plastic Quad Flat Pack (PQFP) surface-mount package; 24 × 24 × 4 mm 

• 132-pin Ceramic Quad Flat Pack (CQFP) surface-mount package; 22 × 22 × 4 mm 

• 5 V power supply

PRODUCT DOCUMENTATION

The three documents listed in Table 1 are required for a complete description of the DSP56001A 
and are necessary to design properly with the part. Documentation is available from one of the 
following locations (see back cover for detailed information):

• A local Motorola distributor

• A Motorola semiconductor sales office

• A Motorola Literature Distribution Center

• The World Wide Web (WWW) 
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Related Documentation

Table 2 lists additional documentation relevant to the DSP56001A. 

Table 1 DSP56001A Documentation 

Topic Description Order Number

DSP56001 
User’s Manual

Detailed description of the 56001 architecture, 24-bit 
DSP, memory, peripherals, and instruction set 

DSP56001UM/AD

DSP56001A 
Data Sheet

Pin and package descriptions, and electrical and timing 
specifications

DSP56001A/D

Table 2 DSP56001A Related Documentation   

Document Name Description Order Number

Digital Sine-Wave Synthesis Application Report; uses the DSP56001 
look-up table

APR1/D

Digital Stereo 10-band Graphic 
Equalizer

Application Report; includes code and 
circuitry; features the DSP56001

APR2/D

Fractional and Integer Arithmetic Application Report; includes code APR3/D

Implementation of Fast Fourier 
Transforms

Application Report; comprehensive FFT 
algorithms and code for DSP56001, 
DSP56156, and DSP96002

APR4/D

Implementation of PID Controllers Application Report; PWM using the SCI 
timer and three phase output using 
modulo addressing

APR5/D

Convolutional Encoding and 
Viterbi Decoding with a V.32 
Modem Trellis Example

Application Report; theory and code; 
features the DSP56001

APR6/D

Implementing IIR/FIR Filters Application Report; comprehensive 
example using the DSP56001

APR7/D

Principles of Sigma-Delta 
Modulation for A-to-D Converters

Application Report; features the 
DSP56ADC16; improving resolution with 
half-band filters

APR8/D

Full-Duplex 32-kbit/s CCITT 
ADPCM Speech Coding

Application Report; features the DSP56001 APR9/D

DSP56001 Interface Techniques 
and Examples

Application Report; interfaces for pseudo 
Static RAM, Dynamic RAM, ISA bus, Host 
Interface

APR11/D
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Twin CODEC Expansion Board for 
the DSP56000 ADS

Application Report; circuit, code, FIR filter 
design for two voice band codecs 
connecting to the SSI

APR12/D

Conference Bridging in the Digital 
Telecommunications Environment

Application Report; theory and code; 
features the DSP56001/002

APR14/D

Implementation of Adaptive 
Controllers

Application Report; adaptive control 
using reference models; generalized 
predictive control; includes code

APR15/D

Calculating Timing Requirements 
of External SRAM

Application Report; determination of 
SRAM speed for optimum performance

APR16/D

Low Cost Controller for DSP56001 Application Report; circuit and code to 
connect two DSP56001s to an MC68008

APR402/D

G.722 Audio Processing Application Report; theory and code using 
SB-ADPCM

APR404/D

Minimal Logic DRAM Interface Application Report; 1M x 480 ns DRAM, 1 
PAL, code

APR405/D

Logarithmic/Linear Conversion 
Routines

Application Report; µ-law and A-law 
companding routines for PCM mono-
circuits

ANE408/D

Third Party Compendium Brochures from companies selling 
hardware and software that supports 
Motorola DSPs

DSP3RDPTYPAK/D

University Support Program Flyer; Motorola’s program supporting 
Universities in DSP research and 
education

BR382/D

Technical Training Schedule Technical Training Schedule BR348AD/D

Audio Course Information Audio Course Information BR928/D

Real Time Signal Processing 
Applications with Motorola’s 
DSP56000 Family

Textbook by Mohamed El-Sharkawy; 
398+ pages. (This is a charge item.)

Prentice-Hall, 
1990; ISBN 0-13-
767138-5

Table 2 DSP56001A Related Documentation  (Continued) 

Document Name Description Order Number
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SECTION 1

SIGNAL/PIN DESCRIPTIONS

INTRODUCTION

DSP56001A signals are organized into twelve functional groups as summarized in Table 1-1. 

Figure 1-1 is a diagram of DSP56001A signals by functional group.

Table 1-1   Signal Functional Group Allocations

Functional Group
Number 

of 
Signals

Detailed 
Description 

Power (VCCX) 5 Table 1-2

Ground (GNDX) 7 Table 1-3

Clock 2 Table 1-4

Address Bus

Port A1

16 Table 1-5

Data Bus 24 Table 1-6

Bus Control 7 Table 1-7

Interrupt and Mode Control 3 Table 1-8

Host Interface (HI) Port Port B2 15 Table 1-9

Serial Communications Interface (SCI) Port
Port C3

3 Table 1-10

Synchronous Serial Interface (SSI) Port 6 Table 1-11

Note: 1. Port A signals define the External Memory Interface port.
2. Port B signals are GPIO signals multiplexed on the external pins also used with the HI signals. 
3. Port C signals are GPIO signals multiplexed on the external pins also used by the SCI and SSI ports. 
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Figure 1-1  Signals Identified by Functional Group
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POWER

GROUND

Table 1-2   Power Connections 

Power Names  Description

VCCQ (2) Internal Logic Power—These lines supply a quiet power source to the oscillator 
circuits and the mode control and interrupt lines. Ensure that the input voltage to 
this line is well-regulated and uses an extremely low impedance path to tie to the 
VCC power rail. Use a 0.1 µF bypass capacitor located as close as possible to the chip 
package to connect between the VCCQ lines and the GNDQ lines.

VCCA (3) Address Bus Power—These lines supply power to the address bus.

VCCD (3) Data Bus Power—These lines supply power to the data bus.

VCCC Bus Control Power—This line supplies power to the bus control logic.

VCCH (2) Host Interface Power—These lines supply power to the Host Interface logic.

VCCS Serial Interface Power—This line supplies power to the serial interface logic (SCI 
and SSI).

Table 1-3   Ground Connections 

Ground Names Description

GNDQ (2) Internal Logic Ground—These lines supply a quiet ground connection for the 
oscillator circuits and the mode control and interrupt lines. Ensure that this line 
connects through an extremely low impedance path to ground. Use a 0.1 µF bypass 
capacitor located as close as possible to the chip package to connect between the 
VCCQ line and the GNDQ line.

GNDA (2) Address Bus Ground—These lines connect system ground to the address bus.

GNDD (2) Data Bus Ground—These lines connect system ground to the data bus.

GNDΗ (1) Host Interface Ground—These lines supply ground connections for the Host 
Interface logic.
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CLOCK

ADDRESS BUS

DATA BUS

Table 1-4   Clock Signals  

Signal 
Name

Signal 
Type

State 
during 
Reset

Signal Description

EXTAL Input Input External Clock/Crystal Input—This input should be connected to an 
external crystal or to an external oscillator. 

XTAL Output Chip-
driven

Crystal Output—This output connects the internal crystal oscillator 
output to an external crystal. If an external oscillator is used, XTAL 
should be left unconnected.

Table 1-5   Address Bus Signals

Signal 
Names

Signal 
Type

State 
during 
Reset

Signal Description

A0–A15 Output Tri-
stated

Address Bus—These signals specify the address for external 
program and data memory accesses. If there is no external bus 
activity, A0–A15 remain at their previous values to reduce power 
consumption. A0–A15 are tri-stated when the bus grant signal is 
asserted.

Table 1-6   Data Bus Signals

Signal 
Names

Signal 
Type

State 
during 
Reset

Signal Description

D0–D23 Input/
Output

Tri-
stated

Data Bus—These signals provide the bidirectional data bus for 
external program and data memory accesses. D0–D23 are tri-stated 
when the BG or RESET signal is asserted. 
 

1-4 DSP56001A/D, Rev. 1 MOTOROLA  
For More Information On This Product,

  Go to: www.freescale.com



DSP56001A

Bus Control

 

    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

 

BUS CONTROL 

Table 1-7   Bus Control Signals  

Signal 
Name

Signal 
Type

State 
during 
Reset

Signal Description

PS Output Tri-stated Program Memory Select—PS is asserted low for external program 
memory access. PS is tri-stated when the BG or RESET signal is asserted. 

DS Output Tri-stated Data Memory Select—DS is asserted low for external data memory 
access. DS is tri-stated when the BG or RESET signal is asserted.

X/Y Output Tri-stated X/Y External Memory Select—This output is driven low during external 
Y data memory accesses. It is also driven low during external exception 
vector fetches when operating in the Development mode. X/Y is tri-stated 
when the BG or RESET signal is asserted.

BR

WT

Input/ 
Output

Tri-stated Bus Request/Wait—The bus request input BR allows another device such 
as a processor or DMA controller to become master of the external data 
bus D0–D23 and external address bus a0–a15. When operating mode 
register (OMR) bit 7 is clear and BR is asserted, the DSP56001A will 
always release the external data bus D0–D23, address bus A0–A15, and 
bus control signals PS, DS, X/Y, RD, and WR (i.e. Port A), by tri-stating 
these pins after execution of the current instruction has been completed.

If OMR bit 7 is set, this pin is an input that allows an external device to 
force wait states during an external Port A operation for as long as WT is 
asserted.

Note: To prevent erroneous operation, pull up the BR/WT signal when 
it is not in use.

BG

BS

Input/ 
Output

Tri-stated Bus Grant/Bus Select—If OMR Bit 7 is clear, this output is asserted to 
acknowledge an external bus request after Port A has been released.

If OMR Bit 7 is set, this signal is bus strobe, and is asserted when the DSP 
accesses Port A.

WR Output Tri-stated Write Enable—WR is asserted during external memory write cycles. WR 
is tri-stated when the BG or RESET signal is asserted.

RD Output Tri-stated Read Enable—RD is asserted during external memory read cycles. RD is 
tri-stated when the BG or RESET signal is asserted.
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INTERRUPT AND MODE CONTROL

Table 1-8   Interrupt and Mode Control Signals  

Signal Name
Signal
 Type

State 
during 
Reset

Signal Description

MODA

IRQA

Input Input Mode Select A/External Interrupt Request A—This input has two 
functions: 

1. to select the initial chip operating mode, and 

2. after synchronization, to allow an external device to 
request a DSP interrupt. 

MODA is read and internally latched in the DSP on exit from 
Reset. MODA and MODB select the initial chip operating mode. 
After leaving the Reset state, the MODA signal changes to external 
interrupt request IRQA. The chip operating mode can be changed 
by software after reset. The IRQA input is a synchronized external 
interrupt request that indicates that an external device is 
requesting service. It may be programmed to be level-sensitive or 
negative-edge-triggered. If level-sensitive triggering is selected, an 
external pull up resistor is required for wired-OR operation. If the 
processor is in the Stop state and IRQA is asserted, the processor 
will exit the Stop state.

MODB

IRQB 

Input Input Mode Select B/External Interrupt Request B—This input has two 
functions: 

1. to select the initial chip operating mode, and

2. after internal synchronization, to allow an external device 
to request a DSP interrupt. 

MODB is read and internally latched in the DSP on exit from 
Reset. MODA and MODB select the initial chip operating mode. 
After leaving the Reset state, the MODB signal changes to external 
interrupt request IRQB. After reset, the chip operating mode can 
be changed by software. The IRQB input is an external interrupt 
request that indicates that an external device is requesting service. 
It may be programmed to be level sensitive or negative-edge-
triggered. If level-sensitive triggering is selected, an external pull 
up resistor is required for wired-OR operation.

RESET Input Input Reset—This input is a direct hardware reset on the processor. 
When RESET is asserted low, the DSP is initialized and placed in 
the Reset state. A Schmitt trigger input is used for noise immunity. 
When the RESET signal is deasserted, the initial chip operating 
mode is latched from MODA and MODB. The internal reset signal 
is deasserted synchronously with the internal clocks.
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CAUTION

DO NOT APPLY 10 VOLTS TO ANY PIN OF
THE DSP56001A (including MODB)!
Subjecting any pin of the DSP56001A to
voltages in excess of the specified TTL/CMOS
levels will permanently damage the device.
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HOST INTERFACE (HI) PORT 

Table 1-9   HI Signals  

Signal 
Name

Signal 
Type

State 
during 
Reset

Signal Description

H0–H7

PB0–PB7

Input/
Output

Input or 
Output

Tri-stated Host Data Bus (H0–H7)—This data bus transfers data between the 
host processor and the DSP56001A. When configured as a Host 
Interface port, the H0–H7 signals are tri-stated as long as HEN is 
deasserted. The signals are inputs unless HR/W is high and HEN is 
asserted, in which case H0–H7 become outputs, allowing the host 
processor to read the DSP56001A data. H0–H7 become outputs when 
HACK is asserted during HREQ assertion. 

Port B GPIO 0–7 (PB0–PB7)—These signals are GPIO signals (PB0–
PB7) when the Host Interface is not selected. 

After reset, the default state for these signals is GPIO input.

HA0–HA2 

PB8–PB10

Input 

Input or 
Output

Tri-stated Host Address 0 – Host Address 2 (HA0–HA2)—These inputs 
provide the address selection for each Host Interface register. 

Port B GPIO 8–10 (PB8–PB10)—These signals are GPIO signals (PB8–
PB10) when the Host Interface is not selected. 

After reset, the default state for these signals is GPIO input.

HR/W

PB11

Input

Input or 
Output

Tri-stated Host Read/Write—This input selects the direction of data transfer for 
each host processor access. If HR/W is high and HEN is asserted, H0–
H7 are outputs and DSP data is transferred to the host processor. If 
HR/W is low and HEN is asserted, H0–H7 are inputs and host data is 
transferred to the DSP. HR/W must be stable when HEN is asserted. 

Port B GPIO 11 (PB11)—This signal is a GPIO signal called PB11 
when the Host Interface is not being used.

After reset, the default state for this signal is GPIO input.
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HEN

PB12

Input 

Input or 
Output

Tri-stated Host Enable—This input enables a data transfer on the host data bus. 
When HEN is asserted and HR/W is high, H0–H7 become outputs 
and the host processor may read DSP56001A data. When HEN is 
asserted and HR/W is low, H0–H7 become inputs. Host data is 
latched in the DSP on the rising edge of HEN. Normally, a chip select 
signal derived from host address decoding and an enable strobe are 
used to generate HEN. 

Port B GPIO 12 (PB12)—This signal is aGPIO signal called PB12 
when the Host Interface is not being used.

After reset, the default state for this signal is GPIO input.

HREQ

PB13

Open 
drain 

Output 

Input or 
Output

Tri-stated Host Request—This signal is used by the Host Interface to request 
service from the host processor, DMA controller, or a simple external 
controller. 

Note: HREQ should always be pulled high when it is not in use.

Port B GPIO 13 (PB13)—This signal is a GPIO (not open-drain) signal 
(PB13) when the Host Interface is not selected.

After reset, the default state for this signal is GPIO input.

HACK

PB14

Input 

Input or 
Output

Tri-stated Host Acknowledge—This input has two functions. It provides a host 
acknowledge handshake signal for DMA transfers and it receives a 
host interrupt acknowledge compatible with MC68000 family 
processors. 

Note: HACK should always be pulled high when it is not in use.

Port B GPIO 14 (PB14)—This signal is a GPIO signal (PB14) when the 
Host Interface is not selected, and may be programmed as a GPIO 
signal when the Host Interface is selected.

After reset, the default state for this signal is GPIO input.

Table 1-9   HI Signals  (Continued)

Signal 
Name

Signal 
Type

State 
during 
Reset

Signal Description
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 SERIAL COMMUNICATIONS INTERFACE PORT

Table 1-10   Serial Communications Interface (SCI) Signals  

Signal Name
Signal 
Type

State 
during 
Reset

Signal Description

RXD 

PC0

Input 

Input or 
Output

Tri-stated Receive Data (RXD)—This input receives byte-oriented data and 
transfers the data to the SCI receive shift register. Input data can be 
sampled on either the positive edge or on the negative edge of the 
receive clock, depending on how the SCI control register is 
programmed. 

Port C GPIO 0 (PC0)—This signal is a GPIO signal called PC0 when 
the SCI RXD function is not being used.

After reset, the default state is GPIO input.

TXD 

PC1

Output 

Input or 
Output

Tri-stated Transmit Data (TXD)—This output transmits serial data from the 
SCI transmit shift register. In the default configuration, the data 
changes on the positive clock edge and is valid on the negative clock 
edge. The user can reverse this clock polarity by programming the 
SCI control register appropriately.

Port C GPIO 1 (PC1)—This signal is a GPIO signal called PC1 when 
the SCI TXD function is not being used.

After reset, the default state is GPIO input.

SCLK 

PC2

Input/
Output

Input or 
Output

Tri-stated SCI Clock (SCLK)—This signal provides an input or output clock 
from which the transmit/receive baud rate is derived in the 
Asynchronous mode, and from which data is transferred in the 
Synchronous mode. The direction and function of the signal is 
defined by the RCM bit in the SCI Clock Control Register (SCCR).

Port C GPIO 2 (PC2)—This signal is a GPIO signal called PC2 when 
the SCI TCLK function is not being used.

After reset, the default state is GPIO input.
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SYNCHRONOUS SERIAL INTERFACE PORT

Table 1-11   Synchronous Serial Interface (SSI) Signals  

Signal Name
Signal 
Type

State 
during 
Reset

Signal Description

SC0 

PC3

Input or 
Output

Input or 
Output

Tri-stated Serial Clock 0 (SC0)—This signal’s function is determined by 
whether the SCLK is in Synchronous or Asynchronous mode.

• In Synchronous mode, this signal is used as a serial I/O flag.

• In Asynchronous mode, this signal receives clock I/O. 
Port C GPIO 3 (PC3)—This signal is GPIO signal PC3 when not 
configured as SCI signal SC0.

After reset, the default state is GPIO input.

SC1 

PC4

Input or 
Output

Input or 
Output

Tri-stated Serial Clock 1 (SC1)—The SSI uses this bidirectional signal to 
control flag or frame synchronization. This signal’s function is 
determined by whether the SCLK is in Synchronous or 
Asynchronous mode. 

• In Asynchronous mode, this signal is frame sync I/O. 

• For Synchronous mode with continuous clock, this signal is 
a serial I/O flag and operates like the SC0.

SC0 and SC1 are independent serial I/O flags, but may be used 
together for multiple serial device selection. 

Port C GPIO 4 (PC4)—This signal is GPIO signal PC4 when not 
configured as SSI function SC1.

After reset, the default state is GPIO input.

SC2 

PC5

Input or 
Output

Input or 
Output

Tri-stated Serial Clock 2 (SC2)—The SSI uses this bidirectional signal to 
control frame synchronization only. As with SC0 and SC1, its 
function is defined by the SSI operating mode. 

Port C GPIO 5 (PC5)—This signal is GPIO signal PC5 when not 
configured as SSI function SC1.

After reset, the default state is GPIO input.

SCK 

PC6

Input or 
Output

Input or 
Output

Tri-stated SSI Serial Receive Clock—This bidirectional signal provides the 
serial bit rate clock for the SSI when only one clock is being used. 

Port C GPIO 6 (PC6)—This signal is GPIO signal PC6 when the SSI 
function is not being used.

After reset, the default state is GPIO input.
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SRD 

PC7

Input 

Input or 
Output

Tri-stated SSI Receive Data—This input signal receives serial data and 
transfers the data to the SSI Receive Shift Register. 

Port C GPIO 7 (PC7)—This signal is GPIO signal PC7 when the SSI 
SRD function is not being used.

After reset, the default state is GPIO input.

STD 

PC8

Output 

Input or 
Output

Tri-stated SSI Transmit Data (STD)—This output signal transmits serial data 
from the SSI Transmitter Shift Register.

Port C GPIO 8 (PC8)—This signal is GPIO signal PC8 when the SSI 
STD function is not being used.

After reset, the default state is GPIO input.

Table 1-11   Synchronous Serial Interface (SSI) Signals  (Continued)

Signal Name
Signal 
Type

State 
during 
Reset

Signal Description
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SECTION 2

SPECIFICATIONS

GENERAL CHARACTERISTICS

The DSP56001A is fabricated in high-density HCMOS with TTL compatible inputs and outputs.

Note: This device contains circuitry protecting against damage due to 
high static voltage or electrical fields; however, it is advised that 
normal precautions be taken to avoid application of any voltages 
higher than maximum-rated voltages to this high-impedance 
circuit. Reliability of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e.g., either GND or VCC).

Table 2-1   Absolute Maximum Ratings (GND = 0 V)

Rating Symbol Value Unit

Supply Voltage VCC –0.3 to +7.0 V

All Input Voltages VIN (GND – 0.5) to (VCC + 0.5) V

Current Drain per Pin excluding VCC and GND I 10 mA

Storage Temperature Tstg –55 to +150 °C

Table 2-2   Recommended Operating Conditions

Rating Symbol Value Unit

Supply Voltage VCC 4.5 to 5.5 V

Operating Temperature Range (See Note 1) TA -40 to +105 °C

Table 2-3   Thermal Characteristics for 88-pin PGA Package

 Thermal Resistance Symbol Value Rating

 Junction to Ambient (See Note 2) RθJA 27 °C/W

 Junction to Case (estimated) (See Note 3) RθJC 6.5 °C/W
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Table 2-4   Thermal Characteristics for 132-pin CQFP/PQFP Packages

 Thermal Resistance Symbol Value Rating

 Junction to Ambient RθJA 40 (CQFP)
47 (PQFP)

°C/W

 Junction to Case (estimated) RθJC 7.0 (CQFP)
13.0 (PQFP)

°C/W

Note: 1. See discussion under Design Considerations, Heat Dissipation, page 4-1.
2. Junction-to-ambient thermal resistance is based on measurements on a horizontal single-sided 

Printed Circuit Board per SEMI G38-87 in natural convection. SEMI is Semiconductor Equipment 
and Materials International, 805 East Middlefield Road, Mountain View, CA 94043, 
(415) 964-5111.

3. Junction-to-case thermal resistance is based on measurements using a cold plate per SEMI G30-88 
with the exception that the cold plate temperature is used for the case temperature.
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DC ELECTRICAL CHARACTERISTICS

Table 2-5   DC Electrical Characteristics

Characteristics Symbol Min Typ Max Units

Supply Voltage 27 MHz
33 MHz

VCC 4.5
4.75

5.0
5.0

5.5
5.25

V
V

Input High Voltage
•EXTAL
•RESET
• MODA, MODB
• All other inputs

VIHC
VIHR
VIHM
VIH

4.0
2.5
3.5
2.0

—
—
—
—

VCC
VCC
VCC
VCC

V
V
V
V

Input Low Voltage
• EXTAL
• MODA, MODB
• All other inputs

VILC
VILM
VIL

–0.5
–0.5
–0.5

—
—
—

0.6
2.0
0.8

V
V
V

Input Leakage Current
EXTAL, RESET, MODA/IRQA, MODB/IRQB,
DR, BR/WT

IIN –1 — 1 µA

Tri-state (Off–state) Input Current (@ 2.4 V/0.4 V) ITSI –10 — 10 µA

Output High Voltage (IOH = –0.4 mA) VOH 2.4 — — V

Output Low Voltage (IOL = 1.6 mA)
HREQ IOL = 6.7 mA, TXD IOL = 6.7 mA

VOL — — 0.4 V

Internal Supply Current at 33 MHz (Note 1)
• In Wait mode (Note 2)
• In Stop mode (Note 2)

 ICCI
 ICCW
 ICCS 

—
—
—

80
10
2

115
25

2000

mA
mA
µA

Input Capacitance (Note 3) CIN — 10 — pF

Note: 1. Section 4 Design Considerations describes how to calculate the external supply current.
2. In order to obtain these results all inputs must be terminated (i.e., not allowed to float).
3. Periodically sampled and not 100% tested
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AC ELECTRICAL CHARACTERISTICS

The timing waveforms in the AC Electrical Characteristics are tested with a VIL maximum of 
0.5 V and a VIH minimum of 2.4 V for all pins, except EXTAL, RESET, MODA, and MODB. These 
pins are tested using the input levels set forth in the DC electrical characteristics. AC timing 
specifications that are referenced to a device input signal are measured in production with 
respect to the 50% point of the respective input signal’s transition. DSP56001A output levels are 
measured with the production test machine VOL and VOH reference levels set at 0.8 V and 2.0 V, 
respectively.

INTERNAL CLOCKS 

For each occurrence of TH, TL, TC or ICYC, substitute with the numbers in Table 2-6.

Figure 2-1  Signal Measurement Reference

Table 2-6   Internal Clocks

Characteristics Symbol Expression

 Internal Operation Frequency f

 Internal Clock High Period TH ETH

 Internal Clock Low Period TL ETL

 Internal Clock Cycle Time TC  ETC

 Instruction Cycle Time ICYC 2 × TC

VIH

VILFall Time

Input
Signal

Note: The midpoint is VIL + (VIH – VIL)/2.

Midpoint1

Low High

Pulse Width

90%
50%
10%

Rise Time

AA0179
 

2-4 DSP56001A/D, Rev. 1 MOTOROLA  
For More Information On This Product,

  Go to: www.freescale.com



DSP56001A

External Clock (EXTAL Pin)

 

    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

 

EXTERNAL CLOCK (EXTAL PIN)

The DSP56001A system clock may be derived from the on-chip crystal oscillator as shown in 
Figure 2-2, or it may be externally supplied. An externally supplied square wave voltage source 
should be connected to EXTAL, leaving XTAL physically unconnected to the board or socket. 
The rise and fall times of this external clock should be 4 ns maximum. 

Figure 2-2  Crystal Oscillator Circuits

Suggested Component 
Values
R = 680 kΩ ± 10%
C = 20 pf ± 20%

Fundamental Frequency
Crystal Oscillator

3rd Overtone
Crystal Oscillator

Suggested Component Values
R1 = 470 kΩ ± 10%
R2 = 330 Ω ± 10%
C1 = 0.1 µf ± 20%
C2 = 26 pf ± 20%
C3 = 20 pf ± 10%
L1 = 2.37 µH ± 10%
XTAL = 33 MHz, AT cut, 20 pf load, 
50 Ω max series resistance

Note: 1. The suggested crystal source is 
ICM, # 433163 – 4.00 
(4 MHz fundamental, 20 pf load) or 
# 436163 – 30.00 
(30 MHz fundamental, 20 pf load)

2. To reduce system cost, a ceramic 
resonator may be used instead of 
the crystal. Suggested source: 
Murata-Erie #CST4.00MGW040 
(4 MHz with built-in load capacitors)

Note: 1. 3rd overtone crystal
2. The suggested crystal source is 

ICM, # 471163 – 33.00 (33 MHz 
3rd overtone, 20 pf load)

3. R2 limits crystal current
4. Reference Benjamin Parzen, 

The Design of Crystal and 
Other Harmonic Oscillators, 
John Wiley & Sons, 1983

XTAL EXTAL

R

CC

XTAL1

R1

C3C2

XTAL11

C3

R2

EXTAL XTAL

AA0886

L1
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Figure 2-3  External Clock Timing

Table 2-7   Clock Operation

No Characteristics Symbol
27 MHz 33 MHz

Unit
Min Max Min Max

Frequency of Operation 
(EXTAL Pin)

Ef 4 27 4 33 MHz

1 Clock Input High 
(46.7% – 53.3% duty cycle)

ETH 17 150 13.5 150 ns

2 Clock Input Low
(46.7% – 53.3% duty cycle)

ETL 17 150 13.5 150 ns

3 Clock Cycle Time ETC 37 250 30 250 ns 

4 Instruction Cycle Time = 
ICYC = 2 × TC 

ICYC 74 500 60 500 ns

Note: External Clock Input High and External Clock Input Low are reserved at 50% of the input 
transition.

EXTAL

VILC

VIHC

Midpoint

NOTE: The midpoint is VILC + 0.5 (VIHC – VILC).

ETH ETL

ETC

1 2

3

4

AA0360
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RESET, STOP, MODE SELECT, AND INTERRUPT TIMING

VCC = 5.0 V ± 10% for 27 MHz; VCC = 5.0 V ± 5% for 33 MHz
TJ = -40 to +105 ˚C; CL = 50 pF + 1 TTL loads
WS = number of wait states programmed into the external bus access using BCR (WS = 0–15)

Table 2-8   Reset, Stop, Mode Select, and Interrupt Timing (27/33 MHz) 

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max

9 Delay from RESET Assertion to 
Address High Impedance 
(periodically sampled and not 
100% tested)

— 38 — 31 ns

10 Minimum Stabilization 
Duration

• Internal Oscillator (See 
Note 1)

• External clock (See 
Note 2)

75000 × TC
25 × TC

—
—

75000 × TC
25 × TC

—
—

ns
ns

11 Delay from Asynchronous 
RESET Deassertion to First 
External Address Output 
(Internal Reset Deassertion)

8 × TC 9 × TC + 31 8 × TC 9 × TC + 25 ns

12 Synchronous Reset Setup Time 
from RESET Deassertion to first 
CKOUT transition

15 TC - 8 13 TC - 7 ns

13 Synchronous Reset Delay Time 
from the first CKOUT 
transition to the First External 
Address Output

8 × TC + 5 8 × TC + 23 8 × TC + 5 8 × TC + 19 ns

14 Mode Select Setup Time 77 — 62 — ns

15 Mode Select Hold Time 0 — 0 — ns

16 Minimum Edge-Triggered 
Interrupt Request Assertion 
Width

17 — 16 — ns

16a Minimum Edge-Triggered 
Interrupt Request Deassertion 
Width

10 — 10 — ns
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17 Delay from IRQA, IRQB 
Assertion to External Memory 
Access Address Out Valid

• Caused by First 
Interrupt Instruction 
Fetch

• Caused by First 
Interrupt Instruction 
Execution

5 × TC + TH

9 × TC + TH

—

—

5 × TC + TH

9 × TC + TH

—

—

ns

ns

18 Delay from IRQA, IRQB 
Assertion to General Purpose 
Transfer Output Valid caused 
by First Interrupt Instruction 
Execution

11 × TC + TH — 11 × TC + TH — ns

19 Delay from Address Output 
Valid caused by First Interrupt 
Instruction Execute to Interrupt 
Request Deassertion for Level-
Sensitive Fast Interrupts (See 
Note 3)

— 2 × TC + TL + 
(TC × WS) – 

34

— 2 × TC + TL + 
(TC × WS) – 

27

ns

20 Delay from RD Assertion to 
Interrupt Request Deassertion 
for Level-Sensitive Fast 
Interrupts (See Note 3)

— 2 × TC + 
(TC × WS) – 

31

— 2 × TC + 
(TC × WS) – 

25

ns

21 Delay from WR Assertion to 
Interrupt Request Deassertion 
for Level-Sensitive Fast 
Interrupts (See Note 3)

• WS = 0

• WS > 0

—

—

2 × TC – 31

TC + TL + 
(TC × WS) – 

31

—

—

2 × TC – 25

TC + TL + 
(TC × WS) – 

25

ns

ns

Table 2-8   Reset, Stop, Mode Select, and Interrupt Timing (27/33 MHz) (Continued)

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max
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22 Delay from General-Purpose 
Output Valid to Interrupt 
Request Deassertion for Level-
Sensitive Fast Interrupts (See 
Note 3)—If Second Interrupt 
Instruction is:

• Single Cycle

• Two Cycles 

—

—

TL – 46

2 × TC + 
TL – 46

—

—

TL – 37

2 × TC + 
TL – 37

ns

ns

23 Synchronous Interrupt Setup 
Time from IRQA, IRQB 
Assertion to the second CKOUT 
transition

19 TC - 8 16 TC - 6 ns

24 Synchronous Interrupt Delay 
Time from the second CKOUT 
transition to the First External 
Address Output Valid caused 
by the First Instruction Fetch 
after coming out of Wait State

13 × TC + 
TH + 6

13 × TC + 
TH + 23

13 × TC + 
TH + 5

13 × TC + 
TH + 19

ns

25 Duration for IRQA Assertion to 
Recover from Stop State

19 — 16 — ns

26 Delay from IRQA Assertion to 
Fetch of First Interrupt 
Instruction (when exiting ‘Stop’) 
(See Note 1)

• Internal Crystal 
Oscillator Clock, OMR 
Bit 6 = 0

• Stable External Clock, 
OMR Bit 6 = 1

65548 × TC

20 × TC

—

—

65548 × TC

20 × TC

—

—

ns

ns

27 Duration of Level-Sensitive 
IRQA Assertion to ensure 
interrupt service (when exiting 
‘Stop’) (See Note 1)

• Internal Crystal 
Oscillator Clock, OMR 
Bit 6 = 0

• Stable External Clock, 
OMR Bit 6 = 1

65534 × TC + 
TL

6 × TC 
+ TL

—

—

65534 × TC + 
TL

6 × TC 
+ TL

—

—

ns

ns

Table 2-8   Reset, Stop, Mode Select, and Interrupt Timing (27/33 MHz) (Continued)

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max
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28 Delay from Level-Sensitive 
IRQA Assertion to Fetch of First 
Interrupt Instruction (when 
exiting ‘Stop’) 
(See Note 1)

• Internal Crystal 
Oscillator Clock, OMR 
Bit 6 = 0

• Stable External Clock, 
OMR Bit 6 = 1

65548 × TC

20 × TC

—

—

65548 × TC

20 × TC

—

—

ns

ns

Note: 1. A clock stabilization delay is required when using the on-chip crystal oscillator in two cases:
• after power-on reset, and
• when recovering from Stop mode.
During this stabilization period, TC, TH, and TL will not be constant. Since this stabilization period 
varies, a delay of 75,000 × TC is typically allowed to assure that the oscillator is stable before 
executing programs. 
While it is possible to set OMR Bit 6 = 1 when using the internal crystal oscillator, it is not 
recommended and these specifications do not guaraantee timings for that case.

2. Circuit stabilization delay is required during reset when using an external clock in two cases:
• after power-on reset, and
• when recovering from Stop mode.

3. When using fast interrupts and IRQA and IRQB are defined as level-sensitive, then timings 19 
through 22 apply to prevent multiple interrupt service. To avoid these timing restrictions, the 
deasserted Edge-Triggered mode is recommended when using fast interrupt. Long interrupts are 
recommended when using Level-Sensitive mode.

Table 2-8   Reset, Stop, Mode Select, and Interrupt Timing (27/33 MHz) (Continued)

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max
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Figure 2-4  Reset Timing

Figure 2-5  Synchronous Reset Timing

Figure 2-6  Operating Mode Select Timing
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Figure 2-7  External Level-Sensitive Fast Interrupt Timing

Figure 2-8  External Interrupt Timing (Negative Edge-Triggered)
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a) First Interrupt Instruction Execution

b) General Purpose I/O
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Figure 2-9  Synchronous Interrupt from Wait State Timing

Figure 2-10  Recovery from Stop State Using IRQA

Figure 2-11  Recovery from Stop State Using IRQA Interrupt Service
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HOST I/O (HI) TIMING

VCC = 5.0 V ± 10% for 27 MHz; 5.0 V ± 5% for 33 MHz;
TJ =-40 to 105 ˚C; CL = 50 pF + 1 TTL loads

Note: Active low lines should be pulled up in a manner consistent with the AC and 
DC specifications. 

Table 2-9   Host I/O Timing  (27/33 MHz)  

Num Characteristics
 27 MHz  33 MHz  

Unit Min Max Min Max

30 Host Synchronization Delay 
(see Note 1)

 TL TC + TL  TL TC + TL ns

31 HEN/HACK Assertion Width 
(See Note 2)

• CVR, ICR, ISR, RXL 
Read

• IVR, RXH/M Read
• Write

TC + 46

39
19

—

—
—

TC + 37

31
16

—

—
—

ns

ns
ns

32 HEN/HACK Deassertion 
Width (See Note 2)

• Between Two TXL 
Writes (See Note 3)

• Between Two CVR, 
ICR, ISR, RXL Reads 
(See Note 4)

19

2 × TC + 46

2 × TC + 46

—

—

—

16

2 × TC + 37

2 × TC + 37

—

—

—

ns

ns

ns

33 Host Data Input Setup Time 
Before HEN/HACK 
Deassertion

4 — 4 — ns

34 Host Data Input Hold Time 
After HEN/HACK Deassertion

4 — 4 — ns

35 HEN/HACK Assertion to 
Output Data Active from High 
Impedance

0 — 0 — ns

36 HEN/HACK Assertion to 
Output Data Valid

— 39 — 31 ns

37 HEN/HACK Deassertion to 
Output Data High Impedance 
(See Note 6)

— 27 — 22 ns

38 Output Data Hold Time After 
HEN/HACK Deassertion (See 
Note 7)

4 — 4 — ns
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39 HR/W Low Setup Time Before 
HEN Assertion

0 — 0 — ns

40 HR/W Low Hold Time After 
HEN Deassertion

4 — 4 — ns

41 HR/W High Setup Time to 
HEN Assertion

0 — 0 — ns

42 HR/W High Hold Time After 
HEN/HACK Deassertion

4 — 4 — ns

43 HA0-HA2 Setup Time Before 
HEN Assertion

0 — 0 — ns

44 HA0-HA2 Hold Time After 
HEN Deassertion

4 — 4 — ns

45 DMA HACK Assertion to 
HREQ Deassertion (See Note 5)

4 46 4 46 ns

46 DMA HACK Deassertion to 
HREQ Assertion (See Notes 5, 6)

• for DMA RXL Read

• for DMA TXL Write

• all other cases

tHSDL + TC + 
TH + 4

tHSDL + TC + 
4
4

—

—

—

tHSDL + TC + 
TH + 4

tHSDL + TC + 
4
4

—

—

—

ns

ns

ns

47 Delay from HEN Deassertion to 
HREQ Assertion for RXL Read 
(See Notes 5, 6)

tHSDL + TC + 
TH + 4

— tHSDL + TC + 
TH + 4

— ns

48 Delay from HEN Deassertion to 
HREQ Assertion for TXL Write 
(See Notes 5, 6)

tHSDL + TC + 
4

— tHSDL + TC + 
4

— ns

49 Delay from HEN Assertion to 
HREQDeassertion for RXL 
Read, TXL Write (See Notes 5, 6)

4 70 4 65 ns

Note: 1. Host synchronization delay (tHSDL) is the time period required for the DSP56001 to sample any 
external asynchronous input signal, determine whether it is high or low, and synchronize it to the 
DSP56001 internal clock.

2. See Host Port Considerations in the section on Design Considerations.
3. This timing must be adhered to only if two consecutive writes to the TXL are executed without 

polling TXDE or HREQ.
4. This timing must be adhered to only if two consecutive reads from one of these registers are executed 

without polling the corresponding status bits or HREQ.
5. HREQ is pulled up by a 1 kΩ resistor.
6. Specifications are periodically sampled and not 100% tested.
7. May decrease to 0 ns for future versions.

Table 2-9   Host I/O Timing  (Continued)(27/33 MHz)  (Continued)

Num Characteristics
 27 MHz  33 MHz  

Unit Min Max Min Max
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Figure 2-12  Host Interrupt Vector Register (IVR) Read

Figure 2-13  Host Read Cycle (Non-DMA Mode)
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Figure 2-14  Host Write Cycle (Non-DMA Mode)

Figure 2-15  Host DMA Read Cycle

Figure 2-16  Host DMA Write Cycle
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SERIAL COMMUNICATION INTERFACE (SCI) TIMING

VCC = 5.0 V ± 10% for 27 MHz; 5.0 V ± 5% for 33 MHz;
TJ =-40 to 105 ˚C; CL = 50 pF + 1 TTL loads
tSCC = Synchronous Clock Cycle Time (For internal clock, tSCC is determined by the SCI Clock 
Control Register and TC.) The minimum tSCC value is 8 × TC.

Table 2-10   SCI Synchronous Mode Timing (27/33 MHz)

Num Characteristics
 27 MHz  33 MHz

Unit 
Min Max Min Max

55 Synchronous Clock Cycle—tSCC 8 × TC — 8 × TC — ns

56 Clock Low Period 4 × TC– 15 — 4 × TC– 13 — ns

57 Clock High Period 4 × TC– 15 — 4 × TC– 13 — ns

58 < intentionally blank > — — — — —

59 Output Data Setup to Clock 
Falling Edge (Internal Clock)

2 × TC + TL – 
39

— 2 × TC + TL – 
31

— ns

60 Output Data Hold After Clock 
Rising Edge (Internal Clock)

2 × TC – TL – 
11

— 2 × TC – TL – 
9

— ns

61 Input Data Setup Time Before 
Clock 
Rising Edge (Internal Clock)

2 × TC + TL + 
35

— 2 × TC + TL + 
28

— ns

62 Input Data Not Valid Before 
Clock Rising Edge (Internal 
Clock)

— 2 × TC + TL –
8

— 2 × TC + TL – 
6

ns

63 Clock Falling Edge to Output 
Data Valid (External Clock)

— 48 — 39 ns

64 Output Data Hold After Clock 
Rising Edge (External Clock)

TC + 9 — TC + 8 — ns

65 Input Data Setup Time Before 
Clock 
Rising Edge (External Clock)

23 — 19 — ns

66 Input Data Hold Time After 
Clock Rising Edge (External 
Clock)

31 — 25 — ns
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Table 2-11   SCI Asynchronous Mode Timing — 1X Clock

Num Characteristics
27 MHz 33 MHz

Unit 
Min Max Min Max

67 Asynchronous Clock Cycle—
tACC

64 × TC — 64 × TC — ns

68 Clock Low Period 32 × TC – 15 — 32 × TC – 13 — ns

69 Clock High Period 32 × TC – 15 — 32 × TC – 13 — ns

70 < intentionally blank > — — — — —

71 Output Data Setup to Clock 
Rising Edge (Internal Clock)

32 × TC – 77 — 32 × TC – 61 — ns

72 Output Data Hold After Clock 
Rising Edge (Internal Clock)

32 × TC – 77 — 32 × TC – 61 — ns
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Figure 2-17  SCI Synchronous Mode Timing

Figure 2-18  SCI Asynchronous Mode Timing
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SYNCHRONOUS SERIAL INTERFACE (SSI) TIMING

VCC = 5.0 V ± 10% for 27 MHz; VCC = 5.0 V ± 5% for 33 MHz;
TJ = –40 to 105˚ C; CL = 50 pF + 2 TTL loads

tSSICC = SSI clock cycle time
TXC (SCK Pin) = Transmit Clock
RXC (SC0 or SCK Pin) = Receive Clock
FST (SC2 Pin) = Transmit Frame Sync
FSR (SC1 or SC2 Pin) = Receive Frame Sync
i ck = Internal Clock
x ck = External Clock
g ck = Gated Clock
i ck a = Internal Clock, Asynchronous mode (Asynchronous implies that 

STD and SRD are two different clocks)
i ck s = Internal Clock, Synchronous mode (Synchronous implies that 

STD and SRD are the same clock)
bl = bit length
wl = word length 

Table 2-12   SSI Timing 

Num Characteristics
27 MHz 33 MHz

Case Unit 
Min Max Min Max

80 Clock Cycle—tSSICC   (See 
Note 1)

4 × TC — 4 × TC — — ns

81 Clock High Period 4 × TC – 15 — 4 × TC – 13 — — ns

82 Clock Low Period 4 × TC – 15 — 4 × TC – 13 — — ns

84 SRD Rising Edge to FSR 
Out (bl) High

—
—

61
38

—
—

48
31

x ck
i ck a

ns
ns

85 SRD Rising Edge to FSR 
Out (bl) Low

—
—

54
31

—
—

43
25

xck
i ck a

ns
ns

86 SRD Rising Edge to FSR 
Out (wl) High

—
—

54
31

—
—

43
25

x ck
i ck a

ns
ns

87 RXC Rising Edge to FSR 
Out (wl) Low

—
—

54
31

—
—

43
25

x ck
i ck a

ns
ns

88 Data In Setup Time 
Before RXC (SCK in 
Synchronous Mode) 
Falling Edge

12
27

19

—
—

—

10
22

16

—
—

—

x ck
i ck a

i ck s

ns
ns

ns
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89 Data In Hold Time After 
RXC Falling Edge

27
4

—
—

22
4

—
—

x ck
i ck

ns
ns

90 FSR Input (bl) High 
Before RXC Falling Edge

12
27

—
—

10
23

—
—

x ck
i ck a

ns
ns

91 FSR Input (wl) High 
Before RXC Falling Edge

15
42

—
—

13
34

—
—

x ck
i ck a

ns
ns

92 FSR Input Hold Time 
After RXC Falling Edge

27
4

—
—

22
4

—
—

x ck
i ck

ns
ns

93 Flags Input Setup Before 
RXC Falling Edge

23
39

—
—

19
31

—
—

x ck
i ck s

ns
ns

94 Flags Input Hold Time 
After RXC Falling Edge

27
4

—
—

22
4

—
—

x ck
i ck s

ns
ns

95 TXC Rising Edge to FST 
Out (bl) High

—
—

54
23

—
—

43
19

x ck
i ck 

ns
ns

96 TXC Rising Edge to FST 
Out (bl) Low

—
—

50
27

—
—

40
22

x ck
i ck

ns
ns

97 TXC Rising Edge to FST 
Out (wl) High

—
—

50
27

—
—

40
22

x ck
i ck

ns
ns

98 TXC Rising Edge to FST 
Out (wl) Low

—
—

50
27

—
—

40
22

x ck
i ck

ns
ns

99 TXC Rising Edge to Data 
Out Enable from High 
Impedance

—
50
31 —

40
25

x ck
i ck

ns
ns

100 TXC Rising Edge to Data 
Out Valid —

50
31 —

40
25

x ck
i ck

ns
ns

101 TXC Rising Edge to Data 
Out High Impedance (See 
Note 2)

—
—

54
31

—
—

43
25

x ck
i ck

ns
ns

101A TXC Falling Edge to Data 
Out High Impedance (See 
Note 2)

— TC + TH — TC + TH g ck ns

Table 2-12   SSI Timing (Continued)

Num Characteristics
27 MHz 33 MHz

Case Unit 
Min Max Min Max
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102 FST Input (bl) Setup Time 
Before TXC Falling Edge

12
27 —

10
23 —

x ck
i ck

ns
ns

103 FST Input (wl) to Data 
Out Enable from High 
Impedance

— 46 — 37 ns

104 FST Input (wl) Setup 
Time Before TXC Falling 
Edge

15
42

—
—

13
34

—
—

x ck
i ck

ns
ns

105 FST Input Hold Time 
After TXC
Falling Edge

27
4

—
—

22
4

—
—

x ck
i ck

ns
ns

106 Flag Output Valid After 
TXC Rising Edge

—
—

54
31

—
—

43
25

x ck
i ck

ns
ns

Note: 1. For internal clock, External Clock Cycle is defined by Icyc and SSI control register.
2. Periodically sampled and not 100% tested

Table 2-12   SSI Timing (Continued)

Num Characteristics
27 MHz 33 MHz

Case Unit 
Min Max Min Max
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Figure 2-19  SSI Transmitter Timing
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Note: In the Network mode, output flag transitions can occur at the start of each time slot within the 
frame. In the Normal mode, the output flag state is asserted for the entire frame period.
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Figure 2-20  SSI Receiver Timing

Last Bit

See Note

Note: In the Network mode, output flag transitions can occur at the start of each time slot within the 
frame. In the Normal mode, the output flag state is asserted for the entire frame period.
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Flags Out

85

AA0895
 

MOTOROLA DSP56001A/D, Rev. 1 2-25  
For More Information On This Product,

  Go to: www.freescale.com



DSP56001A

External Bus Asynchronous Timing

 

    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

 

EXTERNAL BUS ASYNCHRONOUS TIMING

VCC = 5.0 V ± 10% for 27 MHz;VCC = 5.0 V ± 5% for 33 MHz; 
TJ = –40 to 105 ˚C; CL = 50 pF + 1 TTL loads
WS = Number of Wait States, as determined by BCR (WS = 0 to 15)

Capacitance Derating: The DSP56001A external bus timing specifications are designed and 
tested at the maximum capacitive load of 50 pF, including stray capacitance. Typically, the drive 
capability of the external bus pins (A0-A15, D0-D23, PS, DS, RD, WR, X/Y) derates linearly at 1 ns 
per 12 pF of additional capacitance from 50 pF to 250 pF of loading. Port B and C pins (HI, SCI, 
SSI) derate linearly at 1 ns per 5 pF of additional capacitance from 50 pF to 250 pF of loading. 
Active low lines should be pulled up in a manner consistent with the AC and DC specifications.

Table 2-13   External Bus Asynchronous Timing  

No. Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max

115 Delay from BR Assertion to BG 
Assertion

• With no external access 
from the DSP

• During external read or 
write access

• During external read-
modify-write access

• During Stop mode—
external bus will not be 
released and BG will 
not go low

• During Wait mode

2 × TC + TH

TC + TH

TC + TH

—

TH + 3

4 × TC + 
TH + 15

4 × TC + TH + 
TC × WS + 15

6 × TC + TH + 
2 × TC × WS + 

15

—

TC + TH + 23

2 × TC + TH

TC + TH

TC + TH

—

TH + 3

4 × TC + 
TH + 13

4 × TC + TH + 
TC × WS + 13

6 × TC + TH + 
2 × TC × WS + 

13

—

TC + TH + 19

ns

ns

ns

ns

ns

116 Delay from BR Deassertion to 
BG Deassertion

2 × TC 4 × TC + 15 2 × TC 4 × TC + 13 ns

117 BG Deassertion Duration 2 × TC + TH – 
8

— 2 × TC + TH – 
6

— ns

118 Delay from Address, Data, and 
Control Bus High Impedance to 
BG Assertion

0 — 0 — ns
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119 Delay from BG Deassertion to 
Address and Control Bus 
Enabled

0 TH-8 0 TH-6 ns

120 Address Valid to WR Assertion
• WS = 0

• WS > 0

TL - 7

TC - 7

TL + 5

TC + 5

TL - 5.5

TC - 5.5

TL + 5

TC + 5

ns

ns

121 WR Assertion Width 
• WS = 0

• WS > 0

TC - 7

WS × TC + TL 
- 7

—

—

TC - 5

WS × TC + TL 
- 5

—

—

ns

ns

122 WR Deassertion to Address 
Not Valid

TH - 9 — TH - 7.5 — ns

123 WR Assertion to Data Out 
Active From High Impedance

• WS = 0

• WS > 0

TH - 7

0

TH + 8

8

TH - 5.5

0

TH + 6.5

6.5

ns

ns

124 Data Out Hold Time from WR 
Deassertion (the maximum 
specification is periodically 
sampled, and not 100% tested)

TH - 7 TH + 6 TH - 5.5 TH + 4.5 ns

125 Data Out Setup Time to WR 
Deassertion

• WS = 0

• WS > 0

TL - 5

WS × TC + TL 
- 5

—

—

TL - 5

WS × TC + TL 
- 5

—

—

ns

ns

126 RD Deassertion to Address Not 
Valid

TH - 7 — TH - 5.5 — ns

127 Address Valid to RD 
Deassertion

• WS = 0

• WS > 0

TC + TL - 6

(WS + 1) × TC 
+ TL - 6

—

—

TC + TL - 6

(WS + 1) × TC 
+ TL - 6

—

—

ns

ns

Table 2-13   External Bus Asynchronous Timing  (Continued)

No. Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max
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128 Input Data Hold Time to RD 
Deassertion

0 — 0 — ns

129 RD Assertion Width 
• WS = 0

• WS > 0

TC - 7

(WS + 1) × TC 
- 7

—

—

TC - 5.5

(WS + 1) × TC 
- 5.5

—

—

ns

ns

130 Address Valid to Input Data 
Valid

• WS = 0

• WS > 0

—

—

TC + TL - 14

(WS + 1) × TC 
+ TL - 14

—

—

TC + TL - 11

(WS + 1) × TC 
+ TL - 11

ns

ns

131 Address Valid to RD Assertion TL - 7 TL + 5 TL - 5.5 TL + 5 ns

132 RD Assertion to Input Data 
Valid

• WS = 0

• WS > 0

—

—

TC - 11

(WS + 1) × TC 
- 11

—

—

TC - 9

(WS + 1) × TC 
- 9

ns

ns

133 WR Deassertion to RD 
Assertion

TC - 12 — TC - 10 — ns

134 RD Deassertion to RD Assertion TC - 8 — TC - 6.5 — ns

135 WR Deassertion to WR 
Assertion

• WS = 0

• WS > 0

TC - 12

TC + TH - 12

—

—

TC - 10

TC + TH - 10

—

—

ns

ns

136 RD Deassertion to WR 
Assertion

• WS = 0

• WS > 0

TC - 8

TC + TH - 8

—

—

TC - 6.5

TC + TH - 6.5

—

—

ns

ns

Table 2-13   External Bus Asynchronous Timing  (Continued)

No. Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max
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Figure 2-21  Bus Request / Bus Grant Timing

Figure 2-22  External Bus Asynchronous Timing

BR

BG

A0–A15, PS
DS, X/Y,
RD, WR

D0–D23

115 116

117
118

119

AA0896

Note: During Read-Modify-Write instructions, the address lines do not change state.

Data Out Data
In

A0–A15,

(See Note)

RD

WR

D0–D23

127 126

134129131

120 122

135 121 133 136

132

123 130 128

124125

AA0393

DS, PS,
X/Y

 (See Note)
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EXTERNAL BUS SYNCHRONOUS TIMING

VCC = 5.0 V ± 10% for 27 MHz, VCC = 5.0 Vdc ± 5% for 33 MHz, 
TJ = -40˚ to +105˚ C, CL = 50 pF + 1 TTL loads

Capacitance Derating: The DSP56001A external bus timing specifications are designed and 
tested at the maximum capacitive load of 50 pF, including stray capacitance. Typically, the drive 
capability of the external bus pins (A0–A15, D0–D23, PS, DS, RD, WR, X/Y) derates linearly at 1 
ns per 12 pF of additional capacitance from 50 pF to 250 pF of loading. Port B and C pins (HI, 
SCI, SSI) derate linearly at 1 ns per 5 pF of additional capacitance from 50 pF to 250 pF of loading. 
Active-low lines should be pulled up in a manner consistent with the AC and DC specifications.

Table 2-14   External Bus Synchronous Timing  

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max

140 Clk Low transition to 
Address Valid

— 19 — 19 ns

141 Clk High transition to WR 
Assertion(See Note 1, 2) 

• WS=0

• WS>0

0

0

17

TH + 17

0

0

17

TH + 17

ns

ns

142 Clk High transition to WR 
Deassertion

5 16 5 13 ns

143 Clk High transition to RD 
Assertion

0 16 0 16 ns

144 Clk High transition to RD 
Deassertion

3 13 3 10.5 ns

145 Clk Low transition to Data-
Out Valid

— 19 — 19 ns

146 Clk Low transition to Data-
Out Invalid (See Note 3)

4 — 3.5 — ns

147 Data-In Valid to Clk High 
transition (Setup)

4 — 4 — ns

148 Clk High transition to 
Data-In Invalid (Hold)

12 — 12 — ns

149 Clk Low transition to 
Address Invalid (See Note 3)

2 — 2 — ns
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Note: 1. AC timing specifications which are referenced to a device input signal are measured in 
production with respect to the 50% point of the respective input signal’s transition.

2. WS are wait state values specified in the BCR.
3. Clk Low transition to data-out invalid (specification # T146) and Clk Low transition to address 

invalid (specification # T149) indicate the time after which data/address are no longer 
guaranteed to be valid.

4. Timings are given from Clk midpoint to VOL or VOH of the corresponding signal(s).

Figure 2-23  Synchronous Bus Timing

Table 2-14   External Bus Synchronous Timing  (Continued)

Num Characteristics
27 MHz 33 MHz

Unit
Min Max Min Max

Note: During Read-Modify-Write Instructions, the address lines do not change states.

Data InData Out

CKOUT

A0–A15,
DS, PS,

X/Y

RD

WR

D0–D23

140 143 144 149

141 142

147 148

145 146

T0 T1 T2 T3 T0 T1 T2 T3 T0

AA0395
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BUS STROBE / WAIT TIMING

VCC = 5.0 V ± 10% for 27 MHz; VCC = 5.0 V ± 5% for 33 MHz;
TJ = –40 to 105˚ C; CL = 50 pF + 2 TTL loads

Table 2-15   Bus Strobe / Wait Timing 

No. Characteristics
27 MHz 33 MHz

Unit 
Min Max Min Max

150 First CKOUT transition to BS 
Assertion

3 19 2.5 19 ns

151 WT Assertion to first CKOUT 
transition (setup time)

3 — 2.5 — ns

152 First CKOUT transition to WT 
Deassertion for Minimum Timing

11 TC - 6 12 TC – 5 ns

153 WT Deassertion to first CKOUT 
transition for Maximum Timing 
(2 wait states)

6 — 5 — ns

154 Second CKOUT transition to 
BS Deassertion

3 20 3 19 ns

155 BS Assertion to Address Valid -2 8 -2 6.5 ns

156 BS Assertion to WT Assertion 
(See Note 1)

0 TC - 11 0 TC – 10 ns

157 BS Assertion to WT Deassertion 
(See Note 1 and Note 3)

• WS < 2

• WS > 2

TC

(WS - 1) × TC

2 × TC – 11

WS × TC - 11

TC + 4 

(WS - 1) × TC 
+ 4

2 × TC – 10

WS × TC - 10

ns

ns

158 WT Deassertion to BS 
Deassertion 

TC + TL 2 × TC + TL + 
17

TC + TL 2 × TC + TL + 
15

ns

159 Minimum BS Deassertion 
Width for Consecutive 
External Accesses

TH - 6 — TH - 4.5 — ns

160 BS Deassertion to Address 
Invalid (See Note 2)

TH - 8 TH - 6.5 — ns
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161 Data-In Valid to RD 
Deassertion (Set Up) 

12 — 10 — ns

Note: 1. If wait states are also inserted using the BCR and if the number of wait states is greater than two, 
then specification numbers T156 and T157 can be increased accordingly.

2. BS deassertion to address invalid indicates the time after which the address are no longer 
guaranteed to be valid.

3. The minimum number of wait states when using BS/WT is two (2).
4. For read-modify-write instructions, the address lines will not change states between the read and 

the write cycle. However, BS will deassert before asserting again for the write cycle. If wait states 
are desired for each of the read and write cycle, the WT pin must be asserted once for each cycle.

Figure 2-24  Asynchronous BS / WT Timings

Table 2-15   Bus Strobe / Wait Timing (Continued)

No. Characteristics
27 MHz 33 MHz

Unit 
Min Max Min Max

Note: During Read-Modify-Write instructions, the address lines do not change state. 
However, BS will deassert before asserting again for the write cycle.

Data In

Data Out

A0–A15,
PS, DS,

X/Y

BS

WT

RD

D0–D23

WR

D0–D23

155

157
156 158

131 126

128161

160

120 122

123 124

159

125

AA0398
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Figure 2-25  Synchronous BS / WT Timings

Data In

Data Out

T0 T1 T2 Tw T2 Tw T2 T3

CKOUT

A0–A15,
PS, DS,

X/Y

BS

WT

RD

D0–D23

WR

D0–D23

140 149

150

152
151 153

143 144

148147

154

141 142

145 146

T0

Note: During Read-Modify-Write Instructions, the address lines do not change state. However, 
BS will deassert before asserting again for the write cycle.

AA0397
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SECTION 3

PACKAGING

PIN-OUT AND PACKAGE INFORMATION

This section supplies information about the packages which are available for this product. 
Diagrams of the pinouts of each package are included, and tables describing the pins allocated to 
each of the signals described in Table 3-1 through Table 3-5.

The DSP56001A is available in 3 packages:

• 132-pin plastic quad flat pack (PQFP), type ‘FC’

• 132-pin ceramic quad flat pack (CQFP), type ‘FE’

• 88-pin Pin Grid Array (PGA), type ‘RC’

Top and bottom views of the each package are shown, together with their pin-outs.
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Figure 3-1  Top View of the 132-pin Plastic (FC) Quad Flat Package

Note: 1. “nc” are no connection pins that are reserved for possible future enhancements.  Do not 
connect these pins to any power, ground, signal traces, or vias. 

2. An OVERBAR indicates the signal is asserted when the voltage = ground (active low).
3. To simplify locating the pins, each fifth pin is shaded in the illustration.

(Top View)
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Figure 3-2  Bottom View of the 132-pin Plastic (FC) Quad Flat Package

(Bottom View)
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2. An OVERBAR indicates the signal is asserted when the voltage = ground (active low).
3. To simplify locating the pins, each fifth pin is shaded in the illustration.
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Figure 3-3  Top View of the 132-pin Ceramic (FE) Quad Flat Package

(Top View)
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Orientation Mark

Note: 1. “nc” are no connection pins that are reserved for possible future enhancements.  Do not 
connect these pins to any power, ground, signal traces, or vias. 

2. An OVERBAR indicates the signal is asserted when the voltage = ground (active low).
3. To simplify locating the pins, each fifth pin is shaded in the illustration.
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Figure 3-4  Bottom View of the 132-pin Ceramic (FE) Quad Flat Package

(Bottom View)

nc
H3/PB3
H2/PB2
nc
H1/PB1
GNDH
GNDH
H0/PB0
nc
RXD/PC0
TXD/PC1
SCLK/PC2
nc
SC0/PC3
SCK/PC6
GNDQ
GNDQ
VCCQ
VCCQ
SC2/PC5
nc
STD/PC8
SC1/PC4
nc
SRD/PC7
BG/BS
nc
BR/WT
WR
RD
X/Y
DS
nc

nc
PS
A0
A1

GNDN
GNDN

A2
A3
nc
A4
A5
nc

VCCN
VCCN

A6
nc
A7
A8
nc
A9

A10
nc

GNDN
GNDN

A11
A12
A13

nc
A14
A15
D0
D1
nc

1

84

nc D
2

D
3

D
4

D
5 nc

G
N

D
D

G
N

D
D D
6

D
7

D
8 nc D
9

D
10 nc

D
11

V
C

C
D

V
C

C
D

D
12 nc

D
13

D
14

D
15 nc

D
16

D
17 nc

G
N

D
D

G
N

D
D

D
18

D
19

D
20 nc

nc D
21

D
22

D
23

M
O

D
B

/IR
Q

B
nc M

O
D

A
/IR

Q
A

R
E

S
E

T
nc X

T
A

L
E

X
T

A
L

V
C

C
Q

V
C

C
Q

G
N

D
Q

G
N

D
Q

nc H
A

2/
P

B
10

H
A

1/
P

B
9

nc nc H
A

0/
P

B
8

H
A

C
K

/P
B

14
nc H

E
N

/P
B

12
H

R
/W

/P
B

11
H

R
E

Q
/P

B
13

H
7/

P
B

7
V

C
C

H
V

C
C

H
H

6/
P

B
6

H
5/

P
B

5
H

4/
P

B
4

nc
51

18

  1
17

Orientation Mark

Note: 1. “nc” are no connection pins that are reserved for possible future enhancements.  Do not 
connect these pins to any power, ground, signal traces, or vias. 

2. An OVERBAR indicates the signal is asserted when the voltage = ground (active low).
3. To simplify locating the pins, each fifth pin is shaded in the illustration.
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Figure 3-5  Top View of the 88-pin Ceramic (RC) Pin Grid Array Package
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Note: 1. “nc” are no connection pins that are reserved for possible future enhancements.  Do 
not connect these pins to any power, ground, signal traces, or vias. 

2. An OVERBAR indicates the signal is asserted when the voltage = ground (active low).
3. To simplify locating the pins, each fifth pin is shaded in the illustration.
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