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1 - Personal Background

I graduated from UCD with a Mechanical Engineering degree in 1994. I worked for the next year in the Advanced Manufacturing Technology Centre (AMT) in UCD, where I was involved in writing an expert system for an EU funded project. Later in the year I looked at setting up and running a simple web server for the AMT Centre. In September 1995 I joined Procter and Gamble in Tipperary as a Process Engineer. I was working on high volume production lines making skin care products. From January 1997 to September 1998 I was a Production Manager for 3 of the packing lines. There was little computer work though I did have some responsibility for a range of software packages involved in information collection and analysis. Over the last summer I supervised a project to set up a data acquisition system to pass information from PLCs controlling the machines on the packing lines to a windows environment via the PLC network. I resigned my position in September to start in UL on the Grad Dip course.

2 - Motorola 6800 Microprocessor

The M6800 is a general purpose microprocessor which was introduced by Motorola in August 1974. It was initially developed as an enhancement of Intel's 8008 but is comparable to Intel's 8080 microprocessor which had been launched in early 1974. Both were 8 bit microprocessors with 16 bit address buses. The 6800 and its follow-ons have proved to be quite popular and continue to be used is a variety of applications.

3 - System and CPU Architecture

The 6800 is a basic general purpose microprocessor. It comes in a 40-pin package that requires additional elements to make up a useful circuit. The normal clock signal speed is 1MHz, though the 6800 does not have an internal clock, ROM or RAM. These must be supplied together with any I/O circuits to use it in a practical application. A range of support devices have been developed by Motorola for the 6800 family of microprocessors, including clocks, interrupt controllers, I/O adapters, etc. The 6800 has no I/O capability within itself, this must be provided by I/O chips.

The 6800 has an 8-bit word size for instructions and data. The data bus is bi-directional. The address bus is 16-bit allowing the microprocessor to access 64k 8-bit words in memory (Locations from 0000 to FFFF). A single power supply level is used: +5V. Access time to memory is on the order of 500 nanoseconds and most instructions will execute in 2 to 12 microseconds depending on the instruction and addressing mode used. The stack is part of the main memory (RAM) which must be supplied.

The 6800 requires a two phase clock to operate. One feature of the 6800 series is that a single clock cycle is used to generate timing for four internal execution stages. Most other CPUs of the time, like the 8080, use the external clock directly. The result of this is an instruction taking one cycle on the 6800 would take up to four cycles to execute on an 8080.

In comparison to the 8080, the 6800 is a simpler microprocessor with one level of power supply, simpler control signals, fewer basic instruction types and more addressing options.

4 - Register Set and Programmers Model

The 6800 has six internaly accessible registers. These are two 8-bit accumulators or general purpose register (A and B), three 16-bit registers PC, SP, and Index register - X) and an 8-bit condition code or status register which has 6 flags in total. These can be viewed as follows:
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The function of the registers is as follows.

The Accumulators A and B:

Each stores and manipulates one 8-bit word under program control.

The Index register - X

Is a 2-byte register. It holds memory addresses when using indexed-addressing mode instructions. 

The Program Counter - PC

Is a 2-byte register which contains the address of the next byte of the instruction to be fetched from memory (instructions can be from one to 3 bytes in length). When the current value of the program counter is placed on the address bus, the PC is updated to the value of the next instruction for execution.

Stack pointer - SP

A 2-byte register which holds the starting address of sequential memory locations in RAM where the contents of the CPU registers may be stored and retrieved. The 6800 uses RAM for its stack, this has some advantages that are outlined in the section of the 6800 Instruction set.

Status Register or Condition Codes Register
This final register contains six flags which are set or cleared in response to how the program executes. These flags are:

· C - Carry, for arithmetic operations which result in a carry.

· V - Overflow, set to 1 when a 2's complement overflow results from an arithmetic operation.

· Z - Zero, set to 1 if result of an operation is 0, otherwise is set to 0.

· N - Negative, is set to indicate a negative number

· I - Interrupt mask, when this bit is set then interrupts are inhibited. Otherwise set to 0 and the processor may be interrupted by IRQ (the Interrupt Request Pin) being in a low state.

· H - Half carry auxiliary flag, set when there is a carry from bit 3 to 4 in some of the arithmetic operations.

· The two remaining bits 7 and 8 are permanently set to 1.

5 - Addressing Modes

The 6800 uses a 16-bit address bus allowing access to 65,536 8-bit words within memory. The 16-bit address can be split into a most significant (MS) byte, the first 8-bits of the address and the Least Significant (LS) byte the second 8-bits. For Input Output I/O a portion of memory space is used to access I/O ports.

There are six addressing modes available to a 6800 programmer.

Inherent (accumulator) addressing:

Here the address of the register is specified as part of the code. An example is the ADDA instruction. This adds a value which is specified to the A accumulator or general purpose register. ('General purpose register' will be used for the rest of this paper). The ADDB instruction puts the value in the B general purpose register.

Immediate Mode:

The operand immediately following the op-code (description of op-codes given in the section on the Instruction set) contains the data to be operated on as opposed to a location to operate on.

Direct Mode:

In direct mode addressing the byte following the op-code contains the address in memory where the operand can be found. This is a 2-byte instruction mode. Normally this would limit the amount of memory accessible to an instruction to the first 256 bytes. The first byte is used for the op-code and the second for the address. But use of this mode implies a memory address where the most significant 8-bits are all zero. Therefore the memory location can only be from 0000 to 00FF, and a one-byte address is sufficient.

Extended Mode:

This addressing mode is the same as direct mode but allows access to all the memory. It requires a 3-byte instruction, the first byte for the op-code and the other two bytes for the memory address. This allows access to all of the memory from 0000 to FFFF. 

Direct addressing is generally preferred as the extended mode requires an extra byte and therefore an extra machine cycle so the instruction takes longer to execute. For this reason RAM is generally found in the address range 0000 to 00FF. At the time 6800 was designed RAM was faster then the microprocessor and it made sense to optimise for speed of memory access.

Relative Mode:

Addressing is done relative to the program counter. It is done in range -125 to + 129 from the position of the JMP (jump or branching) instruction program counter where the jump occurs. The instruction is a 2 byte one, the first byte the instruction and the second a 2's complement, 8 bit number which acts as an offset from the original JMP instruction.

There is no indirect memory addressing in the 6800.

6 - Instruction Set

The 6800 has 72 documented instruction commands and a number of additional undocumented instructions. When all the available valid addressing modes are considered there are a total of 197 valid op-codes for the 6800. Motorola refers to the MS byte of the instruction as the op-code. In general instruction execution time is in the range of 2-12 microseconds, depending on instruction and addressing mode used. The 6800 uses internal execution stages to complete instructions in less cycles.

The instruction can be 8, 16, or 24 bits in length depending on the op-code and type of addressing used/needed. There are no I/O instructions in the 6800 as all I/O devices are mapped to the memory and so reside in memory space.

The instructions can be grouped into several areas:

Memory reference instructions

Are used for data transfers between either of the two GP registers and the memory. Instructions between the general purpose registers and memory are used for arithmetic and logical instructions. There are some single address instructions which are used to operate on data in memory only.

Arithmetic and logic operations
These instructions can be carried out between memory and a general purpose register, or between two general purpose registers. The arithmetic operations supported are add, subtract, increment and decrement. Logical operations which are supported are AND, OR, NOT and XOR.

Jumps

Instructions are provided for fourteen conditional jumps and two unconditional jumps. These are single address memory reference instructions, almost all use relative addressing i.e. the jump is to an address given relative to a pointer, usually the index pointer.

Subroutine Entry and Exit 

The subroutine entry instruction is a single address, memory reference instruction. When used the subroutine entry instruction causes the content of the program counter to be pushed onto the stack. On return from the sub-routine the program counter is popped from the stack back to the SP register.

As the stack is held in memory it can be as large as the memory itself. Then using the STS (store stack pointer) and LDS (load stack pointer) instructions a program can have multiple stacks. As the stack is used to store the program counter during sub routine calls, this allows almost unlimited subroutine nesting. Push and Pull instructions are provided for both A and B accumulators. 

Register-Register instructions

There are a limited number of instructions that operate on the contents of the general purpose registers. These allow for movement of the contents of the stack pointer and index pointer registers, and incrementing and decrementing of these as well.

Shift instructions

Right, left and circular shifts are provided. These are of one position only.

Flag instructions

There a series of instructions provided to set or clear flags. Flag values can be moved to the GP registers for program analysis or alteration. The branch instructions can test four of the flags; carry, sign, overflow and zero.

Other Instructions

The 6800 also has a 'no-operation' instruction which advances the program counter and a wait instruction which works by extending the length of the clock pulses.

7 - Other chips in the 6800 family 


The 6800 family has proved to be with popular with over 2 Billion of it and its variants sold to date. A range of improved or modified 6800 microprocessors has been produced that have enhanced functions or lower cost. In addition there are a range of compatible support devices to assist a developer building a system with the 6800.

Support Devices

6870 Microprocessor Clocks, these are a range of 2 phase clocks for use in 6800 systems for timing control of internal operations. Speeds vary for these devices, but the 6800 will generally operate at around 1 MHz.

6810 RAM. The 6810 provides 128 bytes of RAM on a single chip. This usually is used for Stack memory, but rarely is enough so the 2114 device is used instead.

2114 RAM. An Intel device, this chip is organised in 1024 nibble (4-bit) sized words. As the 6800 word size is 8-bits two 2114s are paired to provide a total of 1k Byte of memory. 

The 6820/6821 peripheral interface adapters (PIA) provide a means of parallel interfacing peripheral equipment with the 6800.

The 6850 ACIA (Asynchronous Communications Interface Adapter) is used for serial communication to peripheral equipment.

2716 EPROM. This was the standard ROM chip for use with the 6800 and other microprocessor systems. Its use was to hold the program for the microprocessor. The 2716 EPROM has 2048 bytes of memory.

Other Microprocessors in the 6800 Family

6802

The 6802 contains the 6800 CPU with the addition of 128 bytes of RAM for real time scratch pad operations. The RAM is given the addresses 0000 to 007F so direct addressing can be used on it. There are 2048 bytes of ROM for program storage and an on-board clock. The 6802 uses the same instruction set as he 6800.

It has a companion the 6846 which has 2k bytes of ROM, 10 I/O lines and a 16 bit timer. Together the 6802 and 6846 form a small system which was intended as a low cost replacement for the 6800 in standard multi-chip designs.

6801/3

The aim of the 6801 (launched in 1978) was to reduce the cost of 6800 systems. 6800 programs will run on the 6801, though the 6801 instruction set had ten new instructions and shortens the execution time of many instructions.

The 6801 is a single chip microcomputer. It combines nearly all the functions of the previous seven chip 6800. (CPU, RAM, ROM, timer, I/O requirements) on the one chip. Its features include 2k bytes of mask programmable ROM, 128 bytes of RAM, three 16-bit timer functions and thirty one parallel programmable I/O lines for peripheral control. The address, control and data buses are compatible with the 6800 system so the 6801 can be directly attached to 6800 family peripheral and memory ports.

The improved instruction set has the capability for six 16-bit operations, including an 8-bit by 8-bit multiplication in 10 microseconds (twenty times faster than in the 6800) that gives a 16-bit result.

6805

The 6805 was a cheaper version of the 6803. It dropped some of the less used instructions to simplify operation.

6809

The 6809 extended the 6800 capability into 16-bit applications, but it wasn't a true 16-bit microprocessor. The additional functionality was achieved by including extra registers, addressing facilities and instructions. The internal data buses were expanded to 16-bits. The 6809 carries out all the 6800 instructions and had an additional group of instructions that link the two 8-bit accumulators to form a 16-bit register for 16-bit operations. The number of cycles required for equivalent 6800 instructions was reduced, giving more efficient execution, and high level language orientated facilities were provided as well.

Overall, the 6809 was a faster and more flexible chip. This also was despite having fewer instructions (59 vs. 78). Some instructions were replaced by more general ones which the assembler would translate, and some were replaced by addressing modes. The 6809 had more addressing modes than the 6800, and it supported indirect addressing.

8 - A Typical System

Because of the limitations of the 6800 microprocessor a basic system requires some additional elements. The diagram below shows what a typical system would look like.
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A 2 phase clock provides timing logic for the microprocessor. Memory is provided in ROM and RAM devices. And to form a practical connection to the world outside the microprocessor I/O circuits devices such as the peripheral interface adapter. A basic system in use in an embedded application will require the following:


Device
Quantity


Microprocessor
1


RAM
2


PIA
2


EPROM
1


Clock
1

The 8-bit data bus is bi-directional and is be connected between the 6800 microprocessor, the memory and the I/O as shown above. Data from the memory or peripheral devices (which have addresses that are mapped to memory locations) can be passed to the microprocessor or program output can be sent from the microprocessor on the same bus.

The 16-bit address bus runs from the microprocessor. All add on devices are connected to the address bus. When the address of the device is put on the bus by the 6800 it prompts the device to accept or give data depending on the instruction being executed. 

The control bus has been omitted from the diagram as there are too many connections to show at once. But it includes unidirectional connections from the microprocessor to the RAM, ROM and PIAs. There also are unidirectional connections from the clock to the different elements of the system to synchronise their operation with the 6800.

9 - Overview of System Development Tools

To develop a system for the 6800 or any microprocessor in an embedded system, a program or application has to be developed and loaded into an EPROM. There it can be used by the 6800 to control its actions. In the early days of microprocessors, most program development was done using purpose built development systems. These could be split into those that can be used with one microprocessor only and universal systems that can be used a variety of microprocessors from several manufacturers

For the 6800, Motorola brought out development units such as the MEK6800D2 Evaluation System. This unit can only be used with the 6800 chip. It forms a single board microcomputer with all the facilities needed to program EPROM chips.

The system consists of a CPU board with a 6800 CPU, a 6871 clock generator, two 6821 PIAs, a 6850 ACIA, 256 bytes of RAM in two 6810, and 1k byte of ROM in a 6830. Attached to this is a twenty four key keyboard (hex characters included) and a display unit. The ROM contains Motorola's JBUG monitor program for programming the 6800. It can be connected to storage devices such as magnetic tape to provide access to a large number of programs.

When a program is being worked on it is held in RAM. The program is entered directly using the numerical keys. Once entered the developer can use the JBUG program and the evaluation unit to debug it. The JBUG program offers features such as single step operation, breakpoints, display of registers etc. which assist the developer in monitoring how the program runs on the microprocessor. 

The completed program is can then be transferred to an EPROM. In its erased state all the bits in the EPROM are in state 1. The 0s must be programmed to the desired locations. This is done using the development unit. The desired address on the EPROM is applied to it, the data byte is applied and then the voltage to the EPROM is raised to +25V (from the normal 5V). After several microseconds the data will be stable in the EPROM and if it needs to be changed the whole unit will have to be erased again.

The more common method of developing microprocessor applications today is using PC based tools. Typically four pieces of software are required, an editor, a assembler, a linker and a debugger to test the final program. 
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The editor is used to write the program in Assembly language. Assembly uses mnemonics to represent the instruction set op-codes. This is easier to use than the developer system above where the op-codes are entered as hexadecimal numbers. When the program is written the assembler converts it machine code in an object file. Several object files can then be linked together to make the final program which is loaded into memory to be run. The debugger program is used to test and monitor he operation of the program. Typical functions of a debugger would be to run the program one step at a time. Monitor and/or change values in registers etc. The final working program can be stored then or uploaded to an EPROM for use in the application.

10 - Sample Application

Applications which use an 8-bit microprocessor would not be excessively complex, but the microprocessor has been used in personal computer. A simple example system is given below for a microprocessor in a traffic light system. 
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In this application the microprocessor takes inputs from its own clock, sensors to monitor the traffic flow and buttons at pedestrian crossings. From these and its program the microprocessor outputs the timing control for the traffic lights and pedestrian crossing.

Expertise from traffic engineers would be built into the program. The system would start into one of several modes of operation depending on the time of day i.e. normal, rush hour and night. Then depending on inputs from the traffic sensors (volume and speed of traffic) the timing sequence for the lights would be set. The microprocessor would monitor the input from the sensors to make changes are needed to the light sequence. As the time of day changed it would move to new programs for the different traffic volumes.

The other main function would be handling requests from pedestrians to cross the road. When the pedestrian button is pressed an interrupt would be generated. Depending on the program being run the pedestrian would be given greater of less priority to cross. The microprocessor would decide when they could cross the road and put a software interrupt in place to tell it to stop the traffic at that time.

The advantage of a microprocessor controlled system is mainly that the program is adaptable. Updates can be made by changing the program rather than replacing expensive hardware. The system also has greater flexibility to make changes to the timing while the program is running depending on the inputs it receives. If no pedestrians want to cross it doesn't have to stop the traffic, whereas a hardwired system would stop every 5 minutes regardless.
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