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Abstract -  This paper demonstrates a low cost development system for digital signal processors intended for use in the 

academic environment for student exercises or small-scale projects based on Freescale’s MC56F8322 DSP. Designed 
primarily as a low-cost DSP development system its PCB board comes in the shape of a standard 2.54 mm pitch DIL-48 
adapter capable of easy integration on standard prototyping boards. A handful of options and interfaces such as USB to serial 
UART, CAN bus and SPI are offered onboard at a reasonably low bill-of-materials packed at high density. JTAG access is 
provided on a standard header connector and an additional external adapter for a parallel port connection to be used as a low 
cost solution for programming the DSP. The development environment consists of CodeWarrior & Processor Expert offered by 
the DSP’s vendor. Debugging can be done in two ways: through JTAG or serially over the FT232 (USB) using the software 
PC Master. Software examples have also been developed to demonstrate the operation of MC56F8322’s modules and system 
capabilities.  

 
 

1. INTRODUCTION 
 
DSP application development can present a tedious and 

time consuming task for students, especially when it comes to 
implementing algorithms in a real hardware environment. 
Therefore it is essential to provide them with a powerful 
kickstart development system for their DSP based projects. 
DSP manufacturers offer a variety of Development Starter 
Kits (DSK) and Evaluation Modules (EVM) but often in the 
higher price range and complexity rendering them unpractical 
for educational purposes. On the other hand, a low-cost, 
compact and yet flexible development board would provide a 
DSP course with great support for lab exercises and       
small-scale projects such as motor control, audio processing, 
networking etc. 

 
 The DSP development board’s design presented in this 

paper was inspired by an older version of a DSP development 
system used for our DSP lab exercises, shown in figure 1. 

 

 
Figure 1. Motor control application 

 
Our primary goal was to create a new user-friendly DSP 

development board based on Freescale’s MC56F8322, which 
would offer the developer a handful of onboard interfaces, 

prototyping and debugging options. Freescale’s 
MC56F8323EVM evaluation module [1] was used as a 
reference during the design phase, one of the rare EVMs 
available for the MC56F83xxx DSP family on the market, as 
a solid foundation for the development board. A selection of 
interfaces was implemented into the development board,  
designed to be compact enough to fit in a standard DIL-48 
adapter and thus require a minimal bill-of-materials for cost 
reduction. Such a development system would enable students 
to become familiar with the DSP concept, by quickly setting 
up a test environment on a standard prototyping board, 
developing and debugging DSP applications.  

 
2 THE DIGITAL SIGNAL PROCESSOR 
 
2.1 MC56F8322 

 
At the heart of the development system lies MC56F8322, 

Freescale’s 16-bit digital signal processor with a 56800 
family controller engine in a 48-pin LQFP package [2]. 
Because of its low cost and flexible set of peripherals the 
MC56F8322 is well-suited for many applications including 
motion control, networking, industrial control etc. Combining 
the processing power of a DSP and functionality of a 
microcontroller, it is capable of  up to 60 Million Instructions 
Per Second (MIPS) when running at 60 MHz core frequency. 
On chip memory includes 32kB of program flash and 8kB of 
data flash, as well as 4kB of program RAM and 8kB of data 
RAM. The peripheral-rich MC56F8322 incorporates: 

 
 - 1 Pulse Width Modulator with 6 PWM outputs 
 - 2 12-bit A/D conversion modules (6 channels) 
 - Temp. sensor for on-chip temperature monitoring 
 - 2 16-bit Quad Timer modules (TMR) 
 - 1 Quadrature decoder 
 - 1 FlexCAN (CAN v2.0B compliant) module 
 - 2 Serial Communication Interfaces (SCI) 
 - 2 Serial Peripheral Interfaces (SPI) 
 - Software-programmable Phase Lock Loop (PLL) 
 - On-chip relaxation oscillator 
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The development board was practically built around this 
digital signal processor to provide seamless access to its’ 
peripherals in a user-friendly DIL-48 adapter shown in fig.2.  

 
2.2 USB POWER SUPPLY 

 
The development board is powered from the USB bus via 

the USB mini onboard connector (the only power source 
supported for this prototype) which is regulated down to 3.3V 
by a low-noise, LDO fixed voltage regulator REG104-3.3 
from Texas Instruments. This regulator is DMOS based and 
has a 230mV dropout voltage at full load, providing an 
accurate and efficient voltage regulation for our development 
system. A ferrite bead is added between the USB bus and the 
REG104-3.3 to serve as an EMI filter for compliance to the 
standards. The NR pin of the regulator is connected to ground 
through a 100nF ceramic capacitor to enhance noise 
reduction, and 47 uF tantalum capacitors at the input and 
output of the regulator provide us with a stable power supply. 
Clean analog power supply is implemented in the design by 
ferrite bead separation and capacitor filtering from the 3.3V 
power supply, reducing the noise which can appear at the 
analog inputs of the MC56F8322. 3.3V power is supplied to 
MC56F8322 through four pairs of VDD and VSS pins, each 
bypassed with a 100nF ceramic capacitor placed as close to 
the pins as possible. The core logic voltage regulator is 
bypassed with two 4.7uF tantalum capacitors at the VCAP1 
and VCAP2 pins for proper chip operation as recommended 
in the MC56F8322 datasheet [2]. Similarly, the VREFN, 
VREFMID and VREFP pins of the MC56F8322 which serve 
as an internal voltage reference need to be bypassed with 
100nF ceramic capacitors. 

 
2.3 USB COMMUNICATION INTERFACE 

 
Our development board besides being powered from the 

USB bus provides the DSP with USB communication using 
the same mini connector. FT232RL from FTDI Chip is 
chosen as the USB-to-UART bridge for the serial 
communication between the MC56F8322 and a personal 
computer (or another USB equipped device). It is a widely 
recognized solution in the industry, representing a single chip 
USB to asynchronous serial data transfer interface compatible 
to full-speed USB2.0. The entire USB protocol is handled  
on-chip with no external USB specific firmware 
programming needed. FT232RL is a convenient solution 
since it requires no external crystal for operation reducing the 
overall bill-of-materials, has an integrated level converter to 
easily interface the 3.3V UART of the MC56F8322, and is 
powered from the USB bus. The 3.3V level conversion is 
enabled by connecting the chip’s VCCIO and 3V3OUT pins 
together, where 100nF bypass ceramic capacitors are also 
needed for proper operation. FT232RL also offers a full 
modem interface (lines RTS, CTS, DTR, DSR, DCD and RI) 
brought to the external connectors of the development board 
in case it is required for some applications (we can even use 
the development board solely as a communication interface). 
The RX and TX lines are connected to the MC56F8322 via   
0 Ohm jumpers, and can be also used as GPIOs if needed by 
the application. LEDs are connected through current-limiting 
resistors to the pins CBUS0 and CBUS1 pre-configured as 
RX and TX activity indicators which further eases 
monitoring of the serial communication. 

 
Figure 2. DSP development board based on MC56F8322 
 

2.4 JTAG/EOnCE PORT 
 
JTAG/Enhanced On-Chip Emulation (EOnCE) access is 

provided on a standard onboard 2x7 2.54mm pitch header 
connector, for easy programming of the entire flash memory, 
and unobtrusive real-time debugging of the MC56F8322 
digital signal processor. The user is able to examine and 
modify all user-accessible registers, memory and peripherals 
through the EOnCE port, while having all processor memory 
available. The JTAG interface consists of TCK, TMS, TDI 
and TDO lines where nTRST is internally tied inactive in the 
MC56F8322 (clarification on this matter is provided in the 
MC56F8322’s datasheet [2]). 

 
 An additional external JTAG-to-PC printer port adapter 

which fits the JTAG onboard header connector (shown in 
figure 3) was built to enable programming and debugging for 
the development system under Windows OS. Freescale’s 
MC56F8323EVM User Manual [1] was used as a reference 
for the parallel port JTAG adapter with slight modifications 
in order to reduce component count. One 74HC244 is used as 
a line driver for the parallel port adapter providing the 3.3V 
to 5V and vice-versa level conversion needed for printer port 
communication, resulting in a low-cost solution. The printer 
port adapter was built with surface mount components, with 
its’ PCB designed to fit into the plastic casing of a standard 
DB-25M parallel port connector leaving only the flat cable 
and JTAG connector out of the casing. 

 

 
Figure 3. Parallel port JTAG adapter 
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2.5 CAN BUS INTERFACE 
 
A Controller Area Network (CAN) bus interface is 

provided on the development system for easy integration into 
a CAN network via two lines – CAN_TX for transmission 
and CAN_RX for reception. The MC56F8322 has an internal 
CAN v2.0 compliant FlexCAN module which serves as the 
communication controller and thus we only need to add an 
external CAN transceiver. We have implemented Texas 
Instruments’ SN65HVD231 CAN transceiver which has a 
convenient 3.3V operating voltage and supports serial 
communication speeds of up to 1 Mbps. Bus termination is 
allowed via a 120 Ohm 1/4W resistor enabled by a 0 Ohm 
jumper on the board. The CAN_TX and CAN_RX pins of the 
MC56F8322 are also connected to the transceiver via 0 Ohm 
jumpers in case physical separation is required, and both can 
function as general purpose inputs/outputs whenever CAN 
communication is not needed. 

 
2.6 SERIAL PERIPHERAL INTERFACES 

  
MC56F8322 provides two Serial Peripheral Interface 

channels. Both SPI channels are connected to the 
development board’s external connectors to ease application 
development. Slave select pins nSS0 and nSS1 are provided 
with a pull-down or pull-up selection jumper in case they 
need to be used as GPIOs tied to low or high logic level, or to 
be tied to high logic level when MC56F8322 is connected in 
SPI network with multiple nodes. 

 
2.7 ANALOG INPUTS 

 
MC56F8322 is equiped with two 12-bit resolution 

Analog-to-Digital Converters (ADCs), which support two 
simultaneous conversions with dual, 3-pin multiplexed 
inputs. A total of 6 analog inputs are available on the ANA0-
ANA2 and ANA4-ANA5 pins of the MC56F8322, and each 
of them is supplied with a RC input filter on the development 
board. Care was taken when designing the PCB layout to 
ensure a clean analog power supply and thus a low-noise 
environment. 

 
2.8 PWM MODULE 

 
Pulse width modulation (PWM) is one of the DSP’s most 

valued assets especially useful for motor control applications. 
The MC56F8322 has one internal PWM module with three 
complementary, individually programmable PWM signal 
output pairs (a total of 6 PWM outputs) and 1 fault input. The 
device is capable of controlling most motor types: ACIM 
(AC Induction Motors),  BDC and BLDC (Brush and 
Brushless DC motors), SRM and VRM (Switched and 
Variable Reluctance Motors) and stepper motors. Fault 
protection and cycle-by-cycle current limiting are 
incorporated with sufficient output drive capability to directly 
drive standard optoisolators. The PWM0 to PWM5 outputs 
and FAULT0 input are available on the external connectors 
for easy prototyping. PWM2 is also provided with a pull-
down or pull-up selection jumper which comes handy when 
the pin is configured as a slave select for the SPI1(nSS1) or 
GPIO. Application development and debugging is eased by a 
visual representantion of the PWM signals on 6 LED diodes 

through one 74HC04 hex-inverter IC and ofcourse, current 
limiting resistors. 

 
2.9 QUADRATURE DECODER 

  
One Quadrature Decoder is incorporated into 

MC56F8322, capable of capturing all four transitions on the 
two-phase inputs permitting generation of a number 
proportional to actual position. Additionally an integrated 
watchdog timer can be programmed with a timeout value to 
signalize when no shaft motion is detected. The quadrature 
decoder is available at pins PHASEA0, PHASEB0, INDEX0 
and HOME0, which are multiplexed with Timer A, available 
at the development board’s external connectors. 
 
2.10 CLOCK SOURCES 

 
MC56F8322 comes with an internal relaxation oscillator 

factory calibrated for 8MHz operation in case we do not want 
to use an external clock reference for reduced            
bill-of-materials. A standard configuration of a 8MHz crystal 
and 22pF load capacitors are planned onboard the 
development system if greater clock precision is required by 
the application. At system startup the on-chip oscillator is 
enabled by default, if an external clock is to be used the 
software must configure the PLLCR register accordingly. 
Pins EXTAL and XTAL used for connecting a crystal can be 
also configured as GPIOs and therefore they are extracted to 
the development board’s external connectors as well. If an 
external clock source on XTAL is used, the EXTAL pin must 
be grounded, which is provided by a onboard jumper. 

 
2.11 EXTERNAL INTERRUPTS 

 
External interrupts are a very efficient method, especially 

in low-power modes of operation, to initiate activity by the 
digital signal processor. An onboard push-button with a    
pull-up resistor and glitch-filtering capacitor is provided for 
manual generation of external interrupts to the nIRQA pin of  
the MC56F8322 which comes handy in many applications. 
The pin itself can be configured by software as level-sensitive 
or negative edge trigered. 
 
2.12 RESET LOGIC 

 
A manual hardware reset to the system is provided 

onboard by a push-button tied with a pull-up resistor to 3.3V 
when reset is inactive. One DS1818 (SOT-23 packaged) 
supervisory IC is monitoring the 3.3V power supply and is 
also able to properly reset the DSP after a power failure 
occurs, allowing to be overriden at any time by the push-
button reset. Reset lines from the onboard push-button circuit 
and the JTAG programmer are logically AND-ed by using 
two of 74HC04’s NAND ports with the resulting line being 
connected to the Schmitt triggered nRESET input of the 
MC56F8322. Whenever any (or both) of these two reset lines 
are asserted low, the nRESET becomes active and places the 
digital signal processor into the reset state until reset is 
deactivated. It is also worth noting that the nTRST reset input 
is internally pulled-up to VDD (tied inactive) in the 
MC56F8322 and not accessible externally. For more 
information please refer [2]. 
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3 APPLICATION DEVELOPMENT 
 
3.1 CODEWARRIOR DEVELOPMENT STUDIO 
 

The software examples created for demonstrating this 
development board’s capabilities were developed in 
CodeWarrior Development Studio for Freescale DSC, a 
complete Integrated Development Environment (IDE). 
Processor Expert was extensively used as one of the IDE’s 
integrated tools and proved itself as a valuable and rapid 
development platform. This tool provides an easy to use 
graphical user interface (GUI) and visual representation of 
the MC56F8322, block diagrams and overview of the CPU 
parameters. Configuration of the MC56F8322 can be done in 
a visual environment rather that writing C code making the 
development process easier and more intuitive for students. 
Each of the processor’s peripherals can be easily configured, 
initialized and used by adding the appropriate “beans” into 
the project. Ready-made algorithms and processing tools can 
also be added as beans offering great flexibility when 
designing. This significantly reduces time needed for 
application development and provides a rapid learning curve 
for begginers using the MC56F8322.  
 
3.2 SOFTWARE EXAMPLES 

 
Two software examples were developed in CodeWarrior 

Development Studio to test the development board’s 
performance, both of which demonstrate typical DSP 
applications – a FIR filter implementation and PWM motor 
control. 

 
The FIR filter was designed in QEDesign Lite, a 

CodeWarrior integrated tool for graphical digital filter 
design. After entering the desired filter type and parameters 
into the graphical user interface, QEDesign Lite is able to 
generate the filter’s coefficients in an output file which can 
be later included into an application project. Additionally the 
necessary beans were included in Processor Expert to 
complete the exercise. 

 
A motor control exercise was developed to demonstrate 

MC56F8322’s PWM generation capabilites, using one L6023 
as a full bridge motor driver in an environment similar to the 
one shown in figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3 PC MASTER 
 
PC Master is a PC Windows based application which 

offers an alternative way of acccessing MC56F8322 in real 
time other than using the JTAG port, and was used for testing 
the characteristics of our software examples. Connection 
between the target system and the PC is established via the 
RS-232 interface, or in our case, the USB port. Support is 
offered for various types of embedded systems in terms of 
debugging, monitoring and controlling the target application. 
Using PC Master MC56F8322’s registers can be read or 
written in real time, variable changes can be recorded and 
plotted for further analysis and commands can be passed to  
the application run by the DSP. PC Master can significantly 
speed up the application development process and give the 
developer an overview of the application’s behavior once it is 
finished. 
 
4. CONCLUSION 

 
The majority of the components used on the development 

board are surface-mount and predominantly in SMD sizes 
0603 and 0805 to save space and provide greater component 
density, thus more options to the user. This allowed a 
complete development system to be built on a small area the 
size of a standard DIL-48 package, which can be easily 
integrated into prototyping boards for building more complex 
systems around the MC56F8322. During the entire design 
process care was taken to reduce the overall bill-of-materials 
making the development board a low cost solution. This 
resulted in a compact and yet flexible system which offers 
easy access to the processor’s peripherals and interfaces, and 
rapid application development. The development board 
combined with the software examples presents an affordable 
and complete prototyping environment well suited for 
academic exercises or small-scale DSP projects.  

 
5. REFERENCES 

 
[1]    Freescale Semiconductor, 56F8323 Evaluation Module 
User Manual, Rev.2 07/2005. 
 
[2]    Freescale Semiconductor, 56F8322/56F8122 
Data Sheet, Rev.16 04/2007 


