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$EVWUDFW�
�
This thesis describes the VHDL behavioral model design of a DSP On Chip 
Emulation Unit. The prototype of this design is the OnCE port of the 
Motorola DSP56002.  
 
Capabilities of this On Chip Emulation Unit are accessible through four pins, 
which allows the user to step through a program, to set the breakpoint that 
stop program execution at a specific address, and to examine the contents of 
registers, memory, and pipeline information. The detailed design that 
includes input/output signals and sub blocks is presented in this thesis.  
 
The user will interact with the DSP through a GUI on the host computer via 
the RS232 port. An interface between the RS232 and On Chip Emulation 
Unit is therefore designed as well.   
 
The functionality is designed to be same as described by Motorola and it is 
verified by a test bench. The writing of the test bench, test sequence and 
results is presented also.  
�
�
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Chapter  

1 
Introduction 

 
 
1.1 Background  
 
The Division of Electronics Systems (ES) at Linköping University is 
currently running a project aiming at creating a synthesizable and instruction 
compatible version of the Motorola DSP56002 for research and education 
purposes. The project has been divided into several individual functional 
blocks. One of the well-defined blocks is the on chip emulation unit, denoted 
as “OnCE” by Motorola. The OnCE gives the user a powerful debugging 
facility, which makes it possible to non-intrusively examine all internal 
registers, memories, buses and even the last five instructions that were 
executed.  

 
The project described in this thesis is mainly focusing on the design of a 
synthesizable VHDL behavioral model of an on chip emulation unit, which 
is functional compatible with Motorola’s OnCE port. 
 
  
1.2 Design Overview  
 
Figure 1-1 on the next page gives the reader a more clear illustration about 
this project. The whole project will be implemented on Memec Virtex-II 
V2MB1000 development board. As shown in the diagram, this development 
board provides a RS232 DB-9 connector and a RS232 driver (MAX3221) for 
driving the RS232 UART signals between the host computer and functional 
blocks in the Virtex-II FPGA. For more details about the Memec 
development board, please refer to [4]. 
 
The user can monitor and control the OnCE port through a GUI  (A Graphic 
User Interface named “ Debugger for DSP56K”, please refer to [7]) on a PC 
or workstation (Host Computer). The command or data is sent/received 
to/from the OnCE port using a RS232 serial protocol. A serial interface is 
implemented in between the host computer and OnCE port. It is used to 
decode the host commands, to convert the OnCE commands and data from 
RS232 protocol to OnCE serial protocol and then send them to OnCE port or 
the other way back.  
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Figure 1-1 Overview of Design Block 
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1.3 Design Tools 
 
The design is entered using the graphical entry tool HDL Designer from 
Mentor Graphics Inc. This design interface allows the designer to use a 
hierarchical design methodology to build a design using both graphical 
methods as well as VHDL code entry.  
 
The design is simulated (tested) using Modelsim (the simulator), and the 
synthesis tool used is called Leonardo Spectrum. They are also from Mentor 
Graphics. For detailed information about those tools please refer to [9], [10]. 
 
 
1.4 Reading guidelines  
 
Chapter 2 will give some background knowledge about on chip emulation, 
the architecture of the emulator, and the characteristics of the OnCE port of 
the Motorola DSP56K. 
 
In chapter 3, the design of the OnCE port is presented, which include the four 
dedicated OnCE pins, the five functional blocks, and the signals inside and 
between those blocks. 
 
The design of the RS232-OnCE interface is described in chapter 4. Three 
functional blocks are introduced, and the RS232 and OnCE serial protocols 
are defined here. 
 
In chapter 5, the implementation of the test bench is introduced, and test 
sequences are described.  The simulation result and proposals for further 
development is also discussed.  
 
The reference material listed in the last part of this report gives more 
information for the interested reader. 
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1.5 Abbreviations 
  
The following abbreviations are frequently used in this thesis: 
 
ACK  Acknowledge 
BC0-3 Memory Breakpoint Control Bits 0-3 (bit 0-3 of the OnCE 

Status and Control Register); for details, see 10.3.4.1 in [3]. 
CLK  Clock 
DSCK  Debug Serial Clock  
DSI   Debug Serial Input 
DSO  Debug Serial Output 
DSP  Digital Signal Processor 
DR   Debug Request 
EX Bit 5 of the OnCE Command Register. When set, the chip will 

leave the debug mode and resume normal operation; for more 
details, see 10.3.1.2 in [3]. 

FIFO  First In First Out Buffer 
GDB  Global Data Bus 
GO Bit 6 of OnCE Command Register. When set, the chip will 

execute the instruction that resides in the PIL register; for more 
details, see 10.3.1.3 in [3]. 

ICE   In Circuit Emulator 
ISBKPT  Is Breakpoint (Breakpoint Occurred) 
ISDEBUG Is Debug (Debug Occurred) 
ISSWDBG Is Software Debug (Software Debug Occurred) 
ISTRACE Is Trace (Trace Occurred) 
JTAG IEEE 1149.1 (boundary-scan) standard taken from the name of 

the committee “Joint Test Action Group” who devised the 
standard. 

MBO  Memory Breakpoint Occurrence 
MSB  Most Significant Bit 
OBC  OnCE Bit Counter 
OCR  OnCE Command Register 
OE   Output Enable 
OGDBR  OnCE GDB Register (also see GDB) 
OMAL  OnCE Memory Address Latch 
OMBC   OnCE Memory Breakpoint Counter 
OMHC  OnCE Memory High address Comparator 
OMLC  OnCE Memory Low address Comparator 
OMLLR  OnCE Memory Lower Limit Register 
OMULR OnCE Memory Upper Limit Register 
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OnCE On-chip Emulation  
OPABDR OnCE PAB Register for Decode (also see PAB) 
OPABFR OnCE PAB Register for Fetch (also see PAB) 
OPDBR  OnCE PDB Register (also see PDB) 
OPILR  OnCE PIL Register  (also see PIL) 
OSCR  OnCE Status and Control Register 
OS0  Chip Status 0 
OS1  Chip Status 1 
OTC  OnCE Trace Counter 
PAB  Program Address Bus 
PC   Personal Computer 
PDB  Program Data Bus 
PIL   Pipeline Instruction Latch 
SWO  Software Debug Occurrence 
TME  Trace Mode Enable 
TO   Trace Occurrence 
UART  Universal Asynchronous Receiver/Transmitter 
VHDL Very high-speed integrated circuit Hardware Description 

Language 
XAB  X Memory Address Bus 
YAB  Y Memory Address Bus 
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Chapter  

2  
On Chip Emulation  

 
 
2.1 Overview 
 
Debugging/Emulation is a very important activity in the development 
process of a DSP application. Many recently designed DSPs all provide an 
on chip emulation unit, which combined with external hardware and 
software on a PC or workstation facilitate the user to monitor and control the 
processor in the target system as it executes application programs. 
 
With the emulation unit, the user is able to step through a program, to set the 
breakpoints that stop program execution at a specified program address, and 
to view and edit the contents of registers or memories.  
 
 
2.2 Emulator architecture  
 
The features and capabilities of an on chip emulator are largely determined 
by the basic architecture of the emulator.  Emulator architectures can be 
divided into three categories: Pod-based emulation, Monitor-based 
emulation and Scan-based emulation [1]. The following paragraphs will give 
a brief description on each of the architectures and their advantages and 
disadvantages. For a more detailed description, please refer to  [1]. 
 
 
2.2.1 Pod-based emulation 
 
With this architecture, the DSP in the target system is replaced by a special 
version of the processor, which has a connector whose pin-out is identical to 
the DSP’s pin-out. The connector connects to the host computer via an ICE 
adapter (In Circuit Emulation adapter, also called Pod).  
 
Advantage:   Able to provide real-time traces of program execution and 

processor pin activity. 
 
Disadvantage:  Expensive and easy to cause the electrical timing problem 

due to changes of electrical drive and loading 
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characteristics of the circuit when replace the DSP in the 
target system. 

 
 
2.2.2 Monitor-based emulation 
 
In this type of emulation, actually, no emulation hardware exists. Instead, a 
special supervisory program (called a monitor) is used to run on the 
processor.  It communicates with the host debugger program through 
conventional I/O interface of the processor to monitor and control the DSP.  
 
Advantages:    

1) No special emulation hardware (either on chip or 
external) is required; 

2) Supports full-speed processor operation. 
 
Disadvantages:  

1) Limited debugging capability compared to Pod-based 
and Scan-based emulation; 

2) When the monitor program is called, the state of the 
processor’s pipeline is changed before the user can 
examine it. 

 
 
2.2.3 Scan-based emulation 
 
With this architecture, the debugging circuitry is built into the processor as a 
logic block with a serial port. As few as four pins of the processor are used 
for serial communication with the outside of the chip. The debugging feature 
can be accessed from a PC or workstation via some kind of interface 
(software or hardware). 
 
Advantages:  

1) With dedicated on-chip debugging circuitry provide 
visibility into aspects of the processor’s execution that 
are not available with conventional pod-based 
techniques; 

2) Less intrusive than pod-based emulation, i.e. it does not 
require the processor to be physically removed from the 
target system; 

3) Fewer connections (4 or 5 pins), resulting in far fewer 
physical and electrical problems; 

4) Debugging port signal can be operated at a different 
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speed with the other part of chip, and it support 
full-speed processor operation. 

 
Disadvantages:   

1) More limited capabilities (such as real-time program 
flow and pin tracing) than pod-based emulation due to 
cost constraints; 

2) Limited bandwidth due to serial connection between 
target processor and host. 

 
 

2.3 The Characteristics of Motorola OnCE port 
  
The Motorola OnCE port can be classified as a scan-based on chip 
debugging facility, which uses a proprietary serial protocol that is similar to 
JTAG. (JTAG is the most popular interface to boundary-scan implementation. 
It defines a four-wire serial interface to dedicated on-chip test circuitry. For 
more details on JTAG, please refer to [2].) The serial protocol of OnCE port 
will be described in Chapter 4.  
 
OnCE capabilities are accessible through a set of four pins, which allows the 
user to insert the DSP into its target system and retain debug control without 
sacrificing other user accessible on-chip resources. OnCE circuitry allows 
the user to interact with the processor and its peripherals non-intrusively to 
examine registers, memories, or on-chip peripherals. It also allows the user 
to examine the contents of the processor’s pipeline after reaching a 
breakpoint.  
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Chapter 

3 
Design of the OnCE Port 

 
 
3.1  Overview of the OnCE Port 
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Figure 3-1 OnCE Overview 
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Figure 3-1 shows an overview of the design of the OnCE port. 
 
The OnCE circuitry has been divided into five functional blocks: OnCE 
Controller and Serial Interface, Memory Breakpoint Logic, Trace Logic, 
Pipeline Information and Global Data Bus Register (OGDBR), Program 
Address Bus History Buffer (PAB FIFO). These functional blocks interact 
with other parts of the DSP core under the control of external command 
controller to facilitate the debug activity.  
 
The signals between each block are indicated in the diagram. Besides the 
Address and Data buses, there are also some other control signals needed 
from the DSP core (most of them should be generated by the Program 
Control Unit) to support the OnCE logic. The design details of each block 
will be described in the following paragraphs. 
 
 
3.2  The dedicated OnCE pins 
 
There are four pins dedicated for the use of the OnCE port on the Motorola 
DSP56002. The following paragraphs will give out some description of those 
OnCE pins. Since the design of the VHDL model will have the same function 
as Motorola described in its manual, the description can just be considered as 
the design specification. 
 
3.1.1 Debug serial input / chip status0 (DSI/OS0) 
 
Specifications: 

1) As a bidirectional pin, it is an input when in debug mode and 
otherwise an output; 

2) When as an input, serial data (or command) shift in on the 
falling edge of the serial clock (DSCK), MSB first; 

3) When as an output, it works in conjunction with OS1 pin to 
provide chip status information; 

4) During hardware reset, the pin is driven low; 
5) An external pull-down resister should be attached to this pin 

to avoid possible glitches. 
 
3.1.2 Debug serial clock / chip status1 (DSCK/OS1) 
 
Specifications: 

1) As a bidirectional pin, it is an input when in debug mode and 
otherwise an output; 

2) When as an input, it provides pulses required to shift data 
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in/out to/from OnCE; 
3) When as an output, it works in conjunction with OS0 pin to 

provide chip status information; 
4) During hardware reset, the pin is driven low; 
5) An external pull-down resister should be attached to this pin 

to avoid possible glitches. 
 

3.1.3 Debug serial output (DSO) 
 
Specifications: 

1) This is an output pin, serial data is read from OnCE through 
this pin; 

2) Data shift out on the rising edge of DSCK, MSB first; 
3) The pin will be held high in following conditions: 

a)   During hardware reset; 
b)   When the processor is idle; 

4) The pin will pulse low in following conditions: 
a)   When the chip enter the debug mode, a pulse 

indicates that OnCE is waiting for commands 
from the external command controller; 

b)   After receiving a read command, a pulse 
indicates that the requested data is available and 
the OnCE serial port is ready to receive the 
clocks in order to deliver the data; 

c)   After receiving a write command, a pulse 
indicates that the OnCE serial port is ready to 
receive the data to be written; 

d)   After the data is written, a pulse provides an 
ACK.  

 
3.1.4 Debug request input ( DR ) 
 
Specifications: 

1) The Debug mode operation can be entered by asserting this 
pin from the external command controller; 

2) If already in Debug mode, the OnCE controller can be reset 
by asserting this pin and de-asserting it after receiving an 
ACK. 

 
All those four pins are designed according to the specification. DSI/OS0 and 
DSCK/OS1 are designed as bidirectional ports. When switching from output 
to input, the pins are three-stated.  
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3.3  OnCE Functional Blocks 
 
3.3.1  OnCE Controller and Serial Interface 
 
The OnCE Controller and Serial Interface is the key block in the OnCE port. It 
interfaces the OnCE port with the outside of the chip, interprets the OnCE 
commands and generates the related control signals to read/write registers or 
memory locations, to set or clear the trace or breakpoint and to monitor and control 
the whole debug activity.  Figure 3-2 below shows the input and output signals for 
this block and the sub blocks.  
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Figure 3-2 OnCE Serial Interface and Controller  
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Input Signals:   
 
-From internal OnCE blocks:  

1) Read buses of OnCE registers, which include read bus of OSCR, 
OMBC, OTC, OMULR, OMLLR, OGDBR, OPDBR, OPABFR, 
OPABDR, OPILR, PAB FIFO and Increment Counter. For 
details about these registers, please see Table 10-2 in [3]; 

2) ISBKPT, which indicates the memory breakpoint is occurred; 
3) ISTRACE, which indicates the trace is occurred; 

-From internal DSP core blocks: 
4) ISSWDBG, which indicates that the processor entered debug 

mode as a result of the DEBUG or DEBUGcc instruction with 
condition true; 

5) “End of Instruction” signal, which is sent to the OnCE decoder 
after running an instruction in debug mode to indicate that the 
DSP has finished the work and is ready to handover the control to 
the OnCE port again, the decoder will generate the ISRETURN 
signal to indicate the debug mode is returned; 

-From external:  
6) DSI, see 3.1.1 for details; 
7) DSCK, see 3.1.2 for details; 
8) DR , see 3.1.4 for details. 
 

 
Output Signals: 
 
-To internal OnCE blocks: 

1) Write buses of the OnCE registers with related write enable 
signals; 

2) “Break point mode selection” (bit 0-4 of OnCE Status and 
Control Register (OSCR)), which will tell the memory 
breakpoint logic which kind of memory address it should be 
taking care of, see 3.3.2 for details; 

3) TME (bit 4 of OSCR), which will enable the trace mode of 
operation when set; 

4) MBO (bit 9 of OSCR), which indicates a memory breakpoint has 
occurred; 

5) TO (bit 10 of OSCR), which indicates a trace has occurred; 
6) “FIFO read enable”, which will enable the read of PAB FIFO and 

increment the Increment Counter; 
7) ISDEBUG, which indicates the debug mode is entered whenever 

the DR , ISSWDBG, ISBKPT, ISTRACE or ISRETURN pins 
has asserted; 
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8) “Exit Debug”, which indicates the leaving of the debug mode; 
-To internal DSP core blocks: 

9) ISDEBUG, which tells the DSP that the chip is under the control 
of the OnCE port; 

10) “Exit Debug”, which tells the control is handover to the DSP, the 
DSP can start to execute the instruction in the PIL; 

-To external: 
11) DSO, see 3.1.3 for details; 
12) OS0, Chip status output pin 0, see 3.1.1 for details; 
13) OS1, Chip status output pin 1, see 3.1.2 for details. 
 

 
The Sub blocks: 
 

1) Shift in/out Registers: 
The OnCE command (8 bits) or data (24 bits) is shifted in from 
the DSI pin on the falling edge of DSCK.  The data is shifted out 
from DSO on the rising edge of DSCK. 

2) Bit Counter (OBC): 
OBC is counting the number of bits shifted in. It supplies two 
signals: one indicates that a new OnCE command is available (8 
bits shifted in), and the command will be loaded into OCR 
(Command Register) for decode; the other indicates that the data 
associated with that command is available (24 bits were shifted 
in), and the data will be sent to the related destination according 
to the decode of the command. 

3) OnCE Command Register (OCR): 
OCR is an 8-bit register, which holds the OnCE command for the 
input of the decoder. For details, see 10.3.1 in [3]. 

4) OnCE Status and Control Register (OSCR) 
OSCR is a 16-bit register, which includes 5 read/write control 
bits used to select the events that will put the chip in debug mode 
or to enable the trace mode, 3 read only status bits to indicate the 
reason for entering debug mode. For details, see 10.3.4 in [3]. 

5) OnCE Decoder 
This sub block decodes the OnCE command stored in the OCR 
and generates related register read/write control signals or 
signals indicating exit or return of the debug mode.  
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Memory breakpoints can be set on either program memory location (P 
memory space) or data memory location (X memory space or Y memory 
space). It does not have to be a specific memory address but within an 
address range of where the program may be accessing. Figure 3-3 below 
shows the input and output signals for this block and the sub blocks.�
 

0HPRU\�%UHDNSRLQW
/RJLF

Breakpoint
Mode

Selection

MBO

ISBKPT

XAB

YAB

PAB

Memory
Access
Event

20$/

208/5

20//5

OMHC

OMLC

Memory
Breakpoint
Selection

Lower
or

Equal

Higher
or

Equal

Read Bus

Read Bus

Write Bus

Write Bus

Write Enable

Write Enable

M
em

ory A
ccess

E
vent S

elect

Memory Bus
Select

20%&

Read Bus

Write Bus

Write Enable

Decrement

Count=0

�
�

)LJXUH�����0HPRU\�%UHDNSRLQW�/RJLF�
 
 



 18 

Input Signals: 
   
-From internal OnCE blocks:  

1) Write buses and write enable signals for OMULR, OMLLR, 
OMBC generated from the OnCE decoder;  

2) MBO, an one bit signal from OSCR indicating that the memory 
breakpoint has occurred when set. If not set, the memory 
breakpoint logic is enabled to work; 

3) “Breakpoint Mode Selection”, 4 bits signal, the 2 MSB can be 
used for memory bus selection and the whole 4 bits used for 
Memory access event selection; 

 
-From internal DSP core blocks: 

4) “Memory Access Event” pulses, which should be generated from 
the Program Control Unit to indicate which type of memory 
access has occurred. There are 13 types of memory access which 
include “any fetch”, “any P read”, “any P access”, “executed 
fetch”, “P space write”, “P space read”, “P space read or write”, 
“X space read”, “X space write”, “X space read or write”, “Y 
space read”,  “Y space write”, “Y space read or write”. For more 
details, please see 10.3.4.1 in [3]; 

5) X/Y/P memory address buses, 16 bits address buses. The address 
will be latched into the OMAL according to the memory bus 
selection signal; 

-From external:  
6) None. 
 

 
Output Signals: 
 
-To internal OnCE blocks: 

1) Read buses of OMULR, OMLLR, OMBC to Shift Out register 
of the OnCE serial interface; 

2) ISBKPT, one bit signal send to the OnCE controller to indicate 
that a breakpoint has occurred; 

-To internal DSP core blocks: 
3) None;  

-To external:  
4) None.  
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Sub blocks: 
 
There are seven sub-blocks in the Memory Breakpoint Logic: 

1) Memory Address Latch (OMAL); 
2) Memory Upper Limit Register (OMULR); 
3) Memory Lower Limit Register (OMLLR); 
4) Memory High Address Comparator (OMHC); 
5) Memory Low Address Comparator (OMLC); 
6) Memory Breakpoint Counter (OMBC); 
 
For details about these sub-blocks, please see 10.4 in [3]. 
 
7) Memory Breakpoint Selection block: if one of the memory 

access event signals (from DSP core, for example “X space 
read”) is asserted, the selection logic will determine if this event 
meets the “memory access event selection” criteria, and if so 
determine if the latched address is within the address limit 
(indicated by the “ lower or equal” or “higher or equal” signal).  
If both criteria are meet, a memory access event will occur and 
the breakpoint counter will be decremented by one. Then 
another memory access event after OMBC reach to zero will 
trigger the ISBKPT signal, indicating that the debug mode is 
entered. 

 
 
3.3.3 Trace logic 
 
The Trace Logic allows the user to execute instructions in single or multiple 
steps before the chip returns to the debug mode. For details, please see 10.5 
in [3]. Figure 3-4 on next page shows the input and output signals for this 
block. The whole trace logic will work if the TME bit is set and TO is not set.  
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Figure 3-4 Trace Logic 
 
Input Signals: 
   
-From internal OnCE blocks:  

1) TME, an one bit signal from OSCR to enable the trace mode 
when set; 

2) TO, an one bit signal from OSCR indicating that a trace has 
occurred and the trace logic is disabled when set; 

3) OTC Write Bus and Write Enable signal from OnCE decoder; 
-From internal DSP core blocks: 

4) “End of Instruction”, which indicates that an instruction has 
finished executing and the OTC is decremented by one; 

-From external: 
5) None.  
 

Output Signals: 
 
-To internal OnCE blocks: 

1) OTC Read Bus to Shift Out Register of OnCE serial interface; 
2) ISTRACE signal, which indicates that a trace has occurred and 

the chip has entered debug mode again; The TO bit in OSCR 
will be set when ISTRACE asserted; 

-To internal DSP core blocks:  
3) None;  

-To external:   
4) None.  
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Sub block: 
There is only one sub block: OTC, for details, see 10.5 in [3]. 
 
 
3.3.4 Pipeline Information and GDB Register 
 
The Pipeline Information and Global Data Bus Registers are used to store the 
chip pipeline status, to restore the pipeline and resume the normal chip 
activity upon return from the debug mode. Figure 3-5 below shows the input 
and output signals for this block and the sub blocks.  
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Figure 3-5 Pipeline Information and OGDBR 
 
 
Input Signals:   
  
-From internal OnCE blocks:  

1) Write bus of OPDBR and write enable signal; 
2) Write enable signal for PIL; 
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-From internal DSP core blocks: 
3) “DSP takeover” signal, which indicates that the DSP takeover 

the control of the chip; 
4) PDB, program data bus. The value on it was generated by the 

last program memory access before the chip entered the debug 
mode, and it will be latched by OPDBR; 

5) PIL, pipeline instruction latch, which stores the instruction to be 
executed if not going into the debug mode, it latched by OPILR; 

6) GDB, global data bus. Whenever the external command 
controller needs the contents of a DSP register or memory 
location, it will force the chip to execute an instruction that 
brings the information to OGDBR through this bus; 

-From external: 
7) None. 
 

 
Output Signals:  
 
-To internal OnCE blocks: 

1) Read buses of OGDBR, OPDBR, and OPIL;  
-To internal DSP core blocks: 

2) PDB. OPDBR drive PDB when exit debug return to normal 
mode or execute a instruction in debug mode; 

3) PIL. Since there is no direct write access to OPIL, the PIL will 
be driven by OPDBR also when PIL write enable signal is 
asserted and DSP takeover signal is not asserted;  

-To external:  
4) None. 
 
 

Sub blocks: 
 

1) OGDBR, 24-bit register, which will latch the value of GDB. 
According to Motorola’s description, this register is mapped on 
the X internal I/O space at address $FFFC. In this design, it just 
be considered as a normal register; 

2) OPDBR, 24-bit register, which will latch the value of PDB; 
With “Exit Debug” signal asserted, OPDBR will drive PDB 
until “DSP takeover” is asserted; 

3) OPIL, 24-bit register, which will latch the value of PIL; With 
“Exit Debug” and “PIL Write enable” asserted, OPDBR will 
drive PIL also until the “DSP takeover “ signal is asserted; (This 
is different from Motorola’s design which use PDB to drive 
PIL.) 



 23 

For more detailed descriptions, please see 10.7 in [3]. 
 
3.3.5 PAB FIFO 
  
The Program Address History Buffer (PAB FIFO) provides the pipeline 
information when the debug mode is entered. The information includes the 
opcode address in the fetch stage and decodes stage, the addresses of the last 
five instructions that were executed. Figure 3-6 below shows the input and 
output signals for this block and the sub blocks. 
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Figure 3-6 PAB FIFO 
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Input Signals: 
   
-From internal OnCE blocks:  

1) ISDEBUG, which indicates that the debug mode has entered, 
and OPABFR has stopped to be updated; 

2) “Exit Debug” signal, which indicates the leaving of debug 
mode; 

3) “FIFO read enable” signal, which enables the reading of the 
PAB FIFO registers and incrementing of the circular buffer 
pointer counter; 

-From internal DSP core blocks: 
4) PAB, the address on this bus will be latched by the OPABFR; 
5) “End of Fetch” signal, which indicates that the opcode has been 

fetched and ready to be decoded, and the opcode address is 
moved to OPABDR when it asserted. 

6) “Start of Execution” signal, which indicates that the decode 
stage has finished and the instruction is starting to be executed. 
(Here assume once the “Start of Execution” is asserted the 
instruction will be executed.) The address in OPABDR will be 
written into one of the PAB FIFO registers according to the 
value of write pointer; 

-From external:  
7) None. 
 

Output Signals: 
 
-To internal OnCE blocks: 

1) Read bus of OPABDR;  
2) Read bus of OPABFR; 
3) Read bus of FIFO and Increment Counter; 

-To internal DSP core blocks: 
4) PAB, this is a bidirectional bus. When “exit debug” is asserted, 

OPABFR will drive PAB;  
-To external:  

5) None. 
 
Sub blocks: 
 

1) OPABFR  
2) OPABDR 
3) PAB FIFO registers 
4) Circular Buffer Pointer Counter 
 

For details, please see 10.8 in [3]. 
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Chapter 

4 
Design of the RS232-OnCE Interface 

 
 

4.1 Overview  
 
As Described in Chapter 1, RS232-OnCE interface is working as a bridge 
between the host computer and the OnCE port. The host computer 
sends/receives the commands or data using a RS232 protocol, and the OnCE 
port is working using OnCE special serial protocol. In this interface, a 
“RS232 serial port” is needed to communicate with the host, and a “OnCE 
serial port” is needed to communicate with the OnCE port. In between them, 
an “RS232-OnCE Command Converter” is used to decode the host 
commands and convert the RS232 data to OnCE data or the other way back.   
Figure 4-1 below shows the functional blocks of this interface and 
input/output signals.  The detailed design of these blocks will be described in 
following paragraphs. 
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Figure 4-1 RS232-OnCE Interface 
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4.2 RS232 Serial Port 
 
4.2.1 RS232 Serial Protocol 
 
The RS232 serial protocol used in this design is adopted from the description 
of the serial interface of the DSP56002 Evaluation Module (See [6]). The 
length of data-frame is 11 bit, which includes 1 start bit in the space state, 8 
data bits, 1 even parity bit, and 1 stop bit in the marking state. The least 
significant bit is transmitted first and the baud rate is 19200 bits per second. 
 
 
4.2.2 Detail Design 
 
Figure 4-2 below shows the inputs/outputs and sub blocks of the RS232 
serial port.  The whole functional block can be divided into four main parts: 
Receiver (including the Even Parity Generator), Transmitter, Sample Clock 
and Counters.  
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Figure 4-2 RS232 Serial Port 
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A sample clock is used in order to sample the data in, and control the baud 
rate of the transmission. In this design it use the DSP main clock frequency, 
40MHz.  The sample clock has been programmed in a way to be easily 
adjusted for later modifications. 
 
The receiver will always sample the “RS232 in” port on the rising edge of the 
sample clock. When the start bit has been detected, after one and half bit time 
(making sure to sample on the middle of the data pulse) the sampled data is 
shifted into the “Shift in register”. See Figure 4-3 below for a clear 
illustration. 
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Figure 4-3 Illustration on RS232 data sampling 

 
Counters are used to generate the control signals for data bit shifted in or 
shifted out. When the bit counter detected that 9 bits (8 data bits and 1 even 
parity bit) have been sampled, it will give a strobe “ready in ” indicating that 
the data is ready for the converter.  At the same time, the data is valid on the 
“Data in” bus and the “even parity bit” is available. 
 
The Even Parity Generator will generate the even parity bit basing on the 
received 8 data bits. The generated parity bit will then be compared with the 
received parity bit in the RS232-OnCE command converter block. 
 
In the transmitter part, when the “ready out” signal is set, the data on the 
“Byte out” bus will be loaded into the Shift Out Register. And then the data is 
shifted out to the “RS232 out” port in the predefined baud rate under the 
control signal from the bit counter.  
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4.3 OnCE Serial Port  
 
4.3.1 OnCE Serial Protocol 
 
The OnCE serial protocol is a proprietary protocol defined by Motorola for 
communication between the DSP56K OnCE port and the external command 
controller (in this design the GUI and RS232-OnCE interface together can be 
considered as the external command controller).  
 
The protocol is described as following: 

1) Before starting any debugging activity, the external command 
controller must wait for an acknowledge on the DSO line (a low 
pulse), indicating that the chip has entered the debug mode; 

2) After sending a command or data, the external command 
controller must wait for the processor to acknowledge execution 
of the command before sending a new command or data; 

3) Both commands and data are sent or received with most 
significant bit first;  

4) Commands/data are sent on the rising edge of DSCK (received 
on the falling edge of DSCK by DSP OnCE port), received on 
the falling edge of DSCK (sent on the rising edge of DSCK by 
DSP OnCE port).  

5) The Frequency of DSCK is 5MHz (1/8 of the DSP frequency, 
upper timing limit according to Motorola’s specification, see 
[3]). 

 
 

4.3.2 Detail Design 
 
Figure 4-4 on next page shows the input/output signals and sub blocks of the 
OnCE serial port. The whole structure is similar to the RS232 serial port, and 
it can also be divided into four main parts: Receiver, Transmitter, DSCK 
Generator and Bit Counter. 
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Figure 4-4 OnCE Serial Port 
 
The DSCK will start generating a pulse whenever there is a request to send 
out command/data to the OnCE port (the “byte in ready” signal generated by 
the Command Converter indicates that the data is ready to be transmitted 
from the external command controller to the OnCE port) or receive data from 
the OnCE port (the “ACK” signal generated by the Command Converter 
indicates that the data is ready to be received from the OnCE port). 
 
 
In the receiver, on the falling edge of DSCK, the data will be shifted into the  
“shift in register” through the DSO line.  
 
Bit counter will generate the “byte out ready” signal indicating that the one 
byte data is ready for the RS232 serial port whenever 8 bits have been 
received by the OnCE serial port. At the same time, data is valid on the “Byte 
from OnCE” bus and ready to be sent out to the host sequentially through the 
RS232 serial port. 
 
In the transmitter, after command/data have been loaded into the “shift out 
register” from the “Byte to OnCE” bus, the command/data will be sent to the 
OnCE port on the rising edge of DSCK through the DSI line. 
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4.4 RS232-OnCE Command Converter 
 
Figure 4-5 on next page shows the input/output signals and sub blocks of the 
OnCE serial port. 
 
In the Motorola Evaluation Module this functional block is realized by a 
68HC705 microcontroller. The interested reader can refer to the EVM 
documentation of DSP56002 and [6].  
 
In this VHDL version design, the RS232-OnCE Command Converter has 
adopted most of the host commands defined by Motorola. For differences, 
please see the comments in the source code. 
 
The following functions has been realized in this design: 

1) Parity bit check for the received data; 
2) Decode the host command and generate related signals to the 

processor or OnCE port. For the definition of host commands, 
please refer to [6]; 

3) Control the transmission of the OnCE commands and data; 
4) Reply to the host with different acknowledge byte such as 

“Parity_Error”, “ACK_GOOD”, “ACK_BAD”, etc. For the 
detailed definition of the ACK byte, please refer to [6]; 

5) Reply to the host with OnCE data upon user request; 
6) Reply to the host with Chip status upon user request. 
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Figure 4-5 RS232-OnCE Command Converter 
 
 
The “Parity Bit Check” block will compare bit 8 of “data in” with the “even 
parity bit” when “ready in” is asserted.  If they are same, bit 0 to 7 of “data 
in” (denoted as “ byte to decoder” in the diagram) will be sent to “Command 
Decoder”. Otherwise, an ACK byte will be generated which indicates the 
parity error.  The byte with a “ready out” pulse will be sent out to the RS232 
serial port and finally will be shifted out to the host computer. 
 
The “Command Decoder” block will identify the received byte as a host 
command or the associated OnCE command/data.  Host commands can be 
classified into 3 categories:  

1) Commands without associated OnCE command/data; 
2) Commands with associated OnCE command/data and request 

OnCE data back;  
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3) Commands with associated OnCE command/data but not 
request OnCE data back; 

If the received byte is a host command, the “Command Decoder” will 
generate related control signals according to the predefined rules. If the byte 
is data, it will set the “byte in ready” signal to ‘1’. At the same time, data is 
valid on “byte to OnCE” bus for the OnCE serial port to pick up the data and 
finally shift it out to OnCE port through DSI on the rising edge of DSCK. 
 
The “Command Decoder” will sense the DSO line before it sends/receives a 
command/data to/from the OnCE port. When a low pulse of DSO is detected 
after above situation, an “ACK” signal will be generated to trigger the DSCK 
generator as mention in 4.3.2.  
 
The “Command Decoder” will also sense the DSO line after it sends/receives 
a command/data to/from OnCE port. When a low pulse of DSO is detected 
after above situation, an ACK byte (for example “ACK_GOOD”) is 
generated to reflect the response of the OnCE to the command/data sent to it. 
 
Another signal worth mentioning is “Status OE” (status output enable). This 
signal controls the bidirectional ports as illustrated in Figure 4-1. When the 
host requests the chip to enter debug mode, the “Status OE” will be 
de-asserted and the DSCK/OS1 and DSI/OS0 will be output ports for the 
RS232-OnCE interface (the DSCK and DSI will be inputs to OnCE port). 
Otherwise it will be input ports for the RS232-OnCE interface. The chip 
status will be sent to “Status out register” upon the request from the host 
through the OS1 and OS0 lines, and finally be sent out to the host through the 
RS232 serial port.   
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Chapter 

5 
Simulation and Results 

 
 

5.1  Design of Test Bench 
 
A test bench can be used to verify a design’s functionality. It allows input test 
vectors to be applied to a design and output test vectors to be either observed 
by waveform, recorded in an output vector file, or compared within the test 
bench against the expected values [2]. There are different approaches to 
write a Test Bench, such as Tabular Approach, File I/O approach and 
Procedural Approach. For a detailed description on the writing of a Test 
bench, please refer to [2].  
 
Figure 5-1 on the next page shows a schematic illustration of the test bench 
for this design. Besides the OnCE port and RS232-OnCE Interface, there are 
another two blocks to support the testing. One is the “Input/Output 
controller” block; the other is the “DSP signal generator” block. The writing 
of this test bench is a mix of the File I/O approach and Procedural Approach.  
 
The “Input/Output Controller” block takes the File I/O approach, which read 
the test vectors (the input to the “RS232 IN”) from a file and records the 
output vectors (the output from “RS232 OUT”). The input test vector is 
either a host command, OnCE command or data. The output vector is either 
the acknowledge byte or the OnCE registers data. They will be compared 
with the expected result file.  
 
Since the OnCE port cannot work without the DSP core, and therefore a 
“DSP signal generator” block works here to generate the signals at specified 
times to support the test of the OnCE port.  Concurrent signal assignment 
statements are used to schedule the signals according to the timing of the test 
sequence. Three processes corresponding with the “Exit Debug”, “OPDBR 
write enable”, “PIL write enable” signals define the control of the PAB, PDB 
and PIL buses respectively.  The control of these buses is verified by 
inspecting the output waveform.  
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Figure 5-1 Overview of Test Bench 
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5.2  Test Sequence and Results 
 
The design is verified against the specification using the test sequence 
described in following paragraphs. All the required functions are correctly 
implemented. 
 
 
5.2.1 Initialization of the DSP and OnCE port 
 
Steps and expected results: 
 
1) DSP (DSP signal generator and OnCE port in this design) is initialized by 

sending a “reset DSP” command from the Host;  
The initial values of the DSPs signals can be verified by inspecting the 
output waveform.  

2) Send command to read chip status (test the bidirectional pin: DSI/OS0 
and DSCK/OS1);  
The output, which includes one “ACK” byte and one data byte (2 Least 
Significant Bits of data byte indicates the chip status), should be written 
into the output file.  

3) Send command to request on OnCE port ( DR );  
One ACK byte indicating “in debug” should be written into the output 
file.  

 
 
5.2.2 Begin the debug Activity 
 
The OnCE port debug activity usually starts with saving the pipeline 
information by reading out the contents of PDB and PIL. Reading the PAB 
FIFO (for the addresses of the last 5 instructions that have been executed 
before entering the debug mode) and fetch/decode information (OPABFR, 
OPABDR) is optional, but it was verified in this project. 
 
Steps and expected results: 
 
1) Send command to read OPDBR with a wrong parity bit to check the 

“parity bit check” function;  
One ACK byte indicating the wrong parity bit should be written into 
output file.  

2) Send command to read OPDBR;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits) 
should be written into the output file.  
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3) Send command to read OPIL;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits) 
should be written into the output file.  

4) Send command to read OPABFR;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the address, the other bits are zeroed) should be 
written into the output file.  

5) Send command to read OPABDR;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the address, the other bits are zeroed) should be 
written into the output file. 

6) Send 5 consecutive commands to read the “PAB FIFO and Increment 
Counter”;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the address, bit 7 to bit 5 is the counter value, 
the other bits are zeroed) for each command should be written into the 
output file.  

 
 
5.2.3 Display contents of a specific register or memory location 
 
According to Motorola’s specification, whenever the external command 
controller needs the contents of a register or memory location, it will force 
the chip to execute an instruction (MOVE reg, x:OGDB) that brings that 
information to OGDBR. Because the DSP core is not finished at this point, it 
is not possible to verify the real instruction execution. Therefore it just writes 
the opcode of the MOVE instruction to OPDBR, and with the input of the 
corresponding DSP signals generated by the  “DSP signal generator”, 
verifies the outputs of the OnCE against the specification.  
 
Steps and expected results: 
 
1) Send command to write OPDBR with GO, no EX (see 1.5, 

“Abbreviations”);  
Two “ACK” bytes (One before write and the other after write to OPDBR) 
should be written into output file indicating functional communication; 
The output waveform will be inspected to verify that the debug mode 
exited, and then returned after one instruction executed (“end of 
instruction” signal asserted);  
OPDBR drive PDB after 2 clock cycles delay until “DSP takeover” 
asserted.   
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2) Send command to read out the content of OGDBR (Dummy value 
assigned in DSP signal generator);  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits) 
should be written into the output file.  

 
This test also verified the function of executing a single-word instruction 
while in debug mode. 
 
 
5.2.4 Trace Logic test 
 
Steps and expected results: 
 
1) Send command to load/write OTC with a number N to initiate the trace 

mode of operation;  
Two “ACK_GOOD” bytes (one before and the other after write into OTC) 
should be written into the output file.  

2) Send command to set TME bit in OSCR;  
Two “ACK_GOOD” bytes (one before and the other after write into 
OSCR) should be written into the output file.  

3) Send command to write to no register and GO, no EX;  
The output waveform will be inspected to verify that after N+1 “end of 
instruction” signals, the chip return to debug mode; 
One “ACK_GOOD” byte should be written into the output file after 
executing the write to no register command.  

4) Send command to read OSCR after trace occurred; 
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the content of OSCR, the other bits are zeroed) 
should be written into the output file;  
The TO bit should be set.  

5) Send command to read OPABFR;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the content of OPABFR, the other bits are 
zeroed) should be written into the output file.  

 
5.2.5 Reset the OnCE port 
 
This is a test for external debug request during normal activity. 
 
Steps and expected results: 
 
1) Send command to reset OnCE port ( DR );  

One “ACK” byte indicating “in debug” should be written into the output 
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file.  
2) Send command to read OSCR; 

One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the content of OSCR, the other bits are zeroed) 
should be written into the output file; 
All OSCR bits should be cleared. 

 
 
5.2.6 Memory Breakpoint Logic test 
 
Steps and expected results: 
 
1) Send command to load/write OMBC with a number N;  

Two “ACK_GOOD” bytes (one before and the other after write into 
OMBC) should be written into output file.  

2) Send command to set BC3 to BC0 in OSCR (for example '1011' means 
“break on x space write or read”);  
Two “ACK_GOOD” bytes (one before and the other after write into 
OSCR) should be written into output file.  

3) Send command to write OMULR (set address upper limit);  
Two “ACK_GOOD” bytes (one before and the other after write into 
OMULR) should be written into output file.  

4) Send command to write OMLLR (set address lower limit);  
Two “ACK_GOOD” bytes (one before and the other after write into 
OMLLR) should be written into output file.  

5) Send command to write to no register and GO, no EX;  
The output waveform will be inspected to verify that the memory 
breakpoint occurred after N+1 memory access events, and the debug 
mode returned;  
One “ACK_GOOD” byte should be written into output file after 
executing the write to no register command.  

6) Send command to read OSCR; 
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the content of OSCR, the other bits are zeroed) 
should be written into the output file; 
The MBO bit should be set. 
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5.2.7 Returning from debug mode to normal mode 
 
This test also verified the function of executing a Two-word instruction 
while in debug mode. 
 
Steps and expected results: 
 
1) Send command to write OPDBR (no GO, no EX) with the saved 24 bits 

PIL value or opcode of the 1st word of the jump instruction;  
The waveform will be inspected to verify that the OPDBR drives PIL;  
Two “ACK_GOOD” bytes (one before the other after write to OPDBR) 
should be written into output file.  

2) Send command to write OPDBR (GO, EX) with the saved 24 bits PDB 
value or opcode of the 2nd word of the jump instruction (jump target 
absolute address);  
The waveform will be inspected to verify that OPDBR drives PDB until 
“DSP takeover” is set to ‘1’;  
One “ACK_GOOD” before the command and one “out of debug” ACK 
byte after command should be written into output file.  

3) Send command to release the OnCE port; 
The waveform will be inspected to verify that the “status output enable” 
is asserted;  
One ACK byte indicating “out of debug” should be written into output 
file.  

 
 
5.2.8 Entering software debug mode 
 
Steps and expected results: 
 
1) The ISSWDBG is asserted in the DSP signal generator at a specific time; 

the chip should enter the debug mode, which can be verified by 
inspecting the waveform.  

2) Send command to read OSCR;  
One ACK byte indicating “here is some data” and 3 data bytes (24 bits, 
16 most significant bits is the content of OSCR) should be written into 
the output file;  
All OSCR bits except SWO should be cleared. 
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5.2.9 Reset the DSP and holding it in Debug Mode 
 
This is a test for external Debug request during RESET. 
 
Steps and expected results: 
 
1) Send command to request OnCE during a reset of the DSP;  

All registers and signals should be reset, which can be verified by 
inspecting the waveform;  
One ACK byte indicating “in debug” should be written into the output 
file.  

 
 
5.3 Running on Leonardo Spectrum 
 
One of the requirements of this project is to write a synthesizable VHDL 
model. The code was run through the Leonardo synthesis tool (see1.3, 
page3), and it passed the synthesis. 
 
 
5.4  Suggestions on further work  
 
5.4.1  Suggestions on the possible modifications on this design 
 
1) The frequency of DSCK is chosen with the upper limit of Motorola’s 

specification (1/8 of the DSP’s main frequency). This can easily be 
modified in the source code of the OnCE Serial Port according to the real 
timing constraints during the implementation of the whole DSP. 

2) In the second category of host commands, there are fixed 3 bytes long (24 
bits) associated OnCE data defined. When accessing the OnCE 16-bit 
registers, the register contents appear in the 16 MSB in the 24-bit data 
field, and the 8 least significant bits are zeroed. Here it is possible to 
define more types of host commands such as read or write 16-bit register 
command. Only 2 bytes needed to be written in or read out, hence the 
serial communication speed can be increased.  

 
 
5.4.2  Suggestions on the design of other DSP Functional Blocks 
 
There are many signals needed for supporting the On Chip Emulation Unit. 
The Program Control Unit (PCU) of the DSP core generates some of them. 
When designing the PCU, please refer to this thesis for the signals as 
described in previous paragraphs.  
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