CHAPTER 1

1. INTRODUCTION TO THE MC6800 MICROPROCESSOR

Motorola has elected to provide a microprocessor family of parts headed by the MC6800
Microprocessing Unit (MPU). The MC6800 MPU is an eight-bit parallel microprocessor with addressing
capability of up to 65,536 words. It is TTL compatible requiring only a single five-volt supply and no external
TTL devices for bus interface in small systems.

In support of the MPU are several memory and I/O interface devices. To date, the family consists of
a 128 X 8 RAM (MCM6810), a 1024 X 8 ROM (MCM6830), a parallel /O interface (MC6820 PIA), and an
asynchronous serial 1/O interface (MC6850 ACIA). In keeping with the family concept, each operates on a
single five-volt power supply and is compatible with the system bus signals. The family of parts is not a chip set
in the sense that the MPU operation is dependent upon other family elements; the MC6800 is a self-contained
microprocessor capable of operating with virtually any MOS or standard TTL device. The significant point is
that the other family members merely add additional capability and/or flexibility. They provide excellent tools
in configuring a full microprocessor operating system.

1-1 SYSTEM ORGANIZATION

Before describing the individual parts in any detail, an explanation of the MPU bus and control
structure will serve to demonstrate how a system is brought together. Figure 1-1-1 is organized to show the
processor’s inputs and outputs in four functional categories; data, address, control, and supervisory.

The width and drive capability of the Data Bus has become a standard means of measuring
microprocessors. The MC6800 has an 8-bit bidirectional bus to facilitate data flow throughout the system. The
MPU Data Bus will drive up to 130 pf and one standard TTL load. As a result of the load characteristics of the
RAM, ROM, ACIA, and PIA, the MPU can drive from 7 to 10 family devices without buffering.

Using the family /O interface devices allows the 16-bit Address Bus to assume additional
responsibility in the M6800 system. Not only does the Address Bus specify memory, but it becomes a tool to
specify 1/O devices. By means of its connections to the Data Bus, Control Bus, and selected address lines, the
I/O interface is allocated an area of memory. As a result, the user may converse with /O using any of the
memory reference instructions, selecting the desired peripheral with a memory address.

In addition to the Data and Address Bus, a Control Bus is provided for the memory and
interface devices. The Control Bus consists of a heterogeneous mix of signals to regulate system opera-
tion. Following is a brief review of the designated Control Bus signals shown in Figure 1-1-1. ¢2 is one
phase of the system clock applied to the MPU. It is applied to the enable or chip select inputs of the
family parts to insure that the devices are enabled only when the address bus and VMA are stable. Reset
is used to reset and start the MPU from a power down condition. It is also routed to the Reset inputs
of the PIAs for use during power on initialization. Interrupt Request is generated by the PIA, ACIA, or
user defined hardware to notify the MPU of a request for service.
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Read/Write (R/W) and Valid Memory Address (VMA) are MPU outputs characterizing the Data
Bus and Address Bus, respectively. R/W designates whether the MPU is in a Read or Write mode for each
cycle. VMA indicates to memory and 1/O that the MPU is performing a read or write operation in a given cycle.
This signal is applied to the enable or chip select inputs of each family device in order to disable data transfer
when VMA is low.

The last set of signals in Figure 1-1-1, the MPU Supervisory, is used for timing and control of the
MC6800 itself. Note that three of the Supervisory signals are shared with the control bus and affect the memory
and J/O devices as well.

¢1 is one of the two clock phases to the MPU. Non-Maskable Interrupt (m) is similar to the
interrupt request input mentioned earlier, except that NMI will always be serviced regardless of the state of a

programmable interrupt mask contained within the processor. Data Bus Enable (DBE) is the three-state control
signal for the MPU data bus. Normally, this signal will be $2, derived from the clock. Three-State Control
(TSC) affects the address bus and the R/W line in the same manner that DBE controls the data bus. This signal
can be used, for example, to accomplish a direct memory access by putting the Address Bus and the R/W line in
the high impedance state. The last supervisory input is the Halt signal. When Halt is low, the MPU will stop
processing. In the Halt mode, all three-state signals willbeina high impedance state (address, data and R/W),
VMA will be low, and Bus Available will be high.

The Bus Available supervisory output from the MPU is normally in an inactive low state. It is
brought high by the occurrence of the Halt input low or by execution of a WAIT instruction. In either case, the
MPU stops program execution and sets Bus Available high, indicating that all the three-state buffers are in the
high impedance state. If the MPU has stopped as a result of the Halt signal, Bus Available will remain high until
the Haltinput is again taken high. If the MPU has stopped as a result of the WAIT instruction, it is waiting for an
interrupt and Bus Available will remain active until a non-maskable interrupt or interrupt request OCcurs. Bus
Available may be used to signal external hardware that the MPU is off the bus for multiprocessor or direct

memory access applications.
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1-1.1 M6800 FAMILY ELEMENTS

With the MC6800 as the focal point, a variety of memory and I/O devices may be tied onto the bus
network. The busses will provide TTL compatible voltage levels (Vou = 2.4 volts, VoL = 0.4 volts) while
driving capacitive loads up to 130 picofarads with current loads of up to 1.6 ma sink current and 100 pa source
current.
1-1.1.1 Memory On The Bus

Memory is connected in a straightforward fashion by tieing directly to the MC6800 busses.
Motorola currently provides two word oriented memory devices as part of the microprocessor family: The 128
X 8 RAM (MCM6810) and the 1024 X 8 ROM (MCO06830). Block diagrams of the RAM and ROM are shown
in Figures 1-1.1.1-1 and 1-1.1.1-2, respectively. Notice that the data lines have three-state buffers permitting
the memory data signals to wire-OR directly onto the system data bus. Address decoding is minimized by
providing multiple enable (E) inputs. The enable inputs, when active, select the specified device as defined by
the address inputs. For a small to medium size system, no additional address decoding is necessary. The
memories operate from a single 5V power supply and are TTL compatible. Static operation eliminates the need
for clocks or refresh.
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1-1.1.2 1/O On The Bus

The family /O devices arealso tied directly to the bus network. In the M6800 architecture, 1/O is
configured to respond to MPU instructions in the same fashion as memory. This is accomplished by tapping off
the MPU busses such that I/O has a ‘‘memory’’ address that the MPU references. Two devices available for
interfacing the microprocessor with the outside world are the MC6820, Peripheral Interface Adapter (PIA), for
parallel interface, and the MC6850, Asynchronous Communication Interface Adapter (ACIA), for serial
interface. Both are designed to tie directly to the MPU busses and transfer signals between peripherals and the
MPU under program control.

Interfacing the MPU to a variety of I/O devices is straightforward with the Peripheral Interface
Adapter (PIA). It is a programmable general purpose parallel interface device designed to interface the MPU to
peripherals through two 8-bit bidirectional peripheral data busses and four control lines as shown in Figure
1-1.1.2-1.

The MPU/PIA interface consists of three elements: 8 data lines, S address lines, and 5 control lines
(see Figure 1-1.1.2-2). The data lines are bidirectional common to the MPU data bus. The PIA taps off 5 bits
from the 16-bit MPU address bus. These 5 inputs are utilized to select the PIA (CSO, CS1, Cﬁ) as well as
registers within the PIA (RSO and RS1).

The PIA uses all of the signals on the MPU Control Bus. The R/W input ties directly to the MPU
R/W output to control direction of data flow. The PIA has two independent Interrupt Request outputs that may
be wire-ORed together and tied to the IRQ line of the Control Bus or applied separately to prioritizing circuitry.
The Reset input may be tied directly to the MPU control bus to initialize the PIA to an all zero condition when
required. Finally, the Enable input is the timing signal to be supplied to the P
A. This input is typically the ¢2 clock.

The PIA is programmable in the sense that the MPU can Read and/or Write into its internal registers.
There are a total of six 8-bit registers in the PIA. They are separated into an A and B side, each side containing a
Control Register, Data Direction Register, and an Output Data Register (Figure 1-1.1.2-3). To define operation
of the PIA control lines, an 8-bit word is loaded into the Control Register. Likewise, to define the
PIA/peripheral data lines to be inputs or outputs, an 8-bit word is loaded into the Data Direction Register.
Finally, data being transferred to peripherals may be saved in the PIA Output Data Register.

Motorola has also made available a serial interface device to accommodate asynchronous data
transfer. The MC6850 Asynchronous Communications Interface Adapter (ACIA) is a general purpose
programmable interface for use between the MPU and asynchronous I/O as shown in Figure 1-1.1.2-4. The
ACIA ties into the MPU Address, Data, and Control Busses enabling the MPU to handle the serial /O using
memory reference instructions.



The MPU/ACIA interface consists of three elements (see Figure 1-1.1.2-5): 8 data lines, 4 address
lines, and 3 control lines. The data lines are bidirectional common to the MPU data bus. Four of the sixteen
MPU address signals are used to select a particular ACIA (CS0, CS1, CS2), and to select registers within the
ACIA (RS).

The control signals shown are Read/Write (R/W) and Enable (E). The R/W input is common to the
MPU control bus R/W signal and the E input in a typical application is the $2 clock.

The internal structure of the ACIA is centered around four registers (Figure 1-1.1.2-6): Control,
Status, Transmit Data, and Receive Data. The ACIA is programmed by storing an 8-bit word into the write only
Control Register. This register controls the function of the receiver, transmitter, interrupt enables, and the
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modem control signals. ACIA status and error conditions are monitored by reading the 8-bit Satus Register.

The ACIA also has independent transmit and receive data buffers to save data and perform serial/parallel
transformation.

1-1.2 TYPICAL SYSTEM CONFIGURATION

With the preceding material as background, the family devices and bus structure can be combined in
a system configuration. Figure 1-1.2-1 shows a system controlled by the MC6800 containing one each RAM,
ROM, PIA, and ACIA. With the exception of suitable peripherals, this block diagram represents all of the
hardware required for a fully operational MPU system. The family of parts represents 5 devices, clock circuitry
can be designed with 2 devices, and start-up can be accomplished with one device'. Therefore, a functional
system can be configured with as few as eight devices and have both parallel and serial I/O capability.

The configuration of Figure 1-1.2-1 represents typical interconnections regardless of the size of the
system. The data bus is shared fully between all devices in the system. The control bus is shared by all devices,
with each tapping off signals as required. The I/O devices wire-OR all interrupt request signals to the MPU RQ
input. The PIA has two interrupts and the ACIA, one. VMA and ¢2 are both required inputs to the family
devices and are, therefore, applied to the inputs as shown. ¢2 guarantees that all busses are stable and VMA
designates a valid memory cycle whenever a memory or I/O device is enabled.

1-1.2.1 Memory Allocation

The Address Bus lends itself to very flexible memory allocation. Different combinations of signals
may be tapped off the Address Bus to define where in ‘‘memory’’ each device is located. The chip select signals
(CS0, CS1, CS2) of the PIA/ACIA and the enable inputs of the RAM/ROM are used to select specific

devices. In Figure 1-1.2-1, for example, A2, A14, and AlS, are used to enable the PIA for MPU data
transfer. The least significant address bits (AO, A1) are then utilized to select a memory word or I/O
register within the selected device. Therefore, a given address will specify the device, and a location

within the device.
Table 1-1.2.1-1 shows the ‘‘memory map’’ of the example system. This map represents the area in

memory where each device is located, including I/O. For example, address bits A14 and A15 are both tied to
the E inputs of the RAM. Therefore, whenever both of these address signals are low, the RAM will be
conversing with the MPU on the data bus. It should be noted that without address decoding, the devices will be
allocated a block of memory because the ‘‘don’t care’’ address bits may be either logical *‘0’* or *‘1°", thereby
widening the devices apparent address band. Having defined the memory map, the user may then determine the
address of registers in a specific I/O device. Table 1-1.2.1-2 shows the corresponding register addresses for
each ACIA and PIA register. Notice that bit 2 of the control registers (CRAb2 and CRBb2) and R/W are used to
assist the address signals to select PIA and ACIA registers, respectively.

1-1.2.2 Hardware Requirements

The final point to consider is that the example configuration represents a minimum system. To
expand the system, the user need only make further use of the bus network. If, for example, an additional PIA is
required, A4, Al4, and A15 may be tied to CSO, CS1, and CSZ, respectively. This procedure could be
continued to add multiple memory and /O devices without address decoding.

'See Chapter 4 for typical clock and start-up circuits.
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The MC6800 microprocessor complemented by its family of parts was designed with ease of use in
mind. Interfacing peripherals to the microprocessor with PIAs and ACIAs eases the burden of hardware design
and minimizes software requirements by distributing intelligence to these interfaces. Power supply
requirements are uncomplicated: one five-volt supply throughout the family. Neither decode nor buffering
circuitry is required in systems containing less than 7 to 10 family devices. As the system grows, the design may
require buffers to prevent overloading or address decoders to more precisely define memory blocks. Be that as
it may, the rules don’t change and bussing continues to be straightforward.

ADDRESS DEVICE MEMORY MAP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 X X XX X XX RAM 0000-007F HEX
11 XX XXX XX X XX ROM C000-C3FF HEX
0 1 . 1 X X PIA 4004-4007 HEX
0 1 1 X ACIA 4008-4009 HEX
X = Variable address 0 = Logical zero
- =Don’t care 1 = Logical one
TABLE 1-1.2.1-1
ADDRESS(HEX) VO REGISTER
(4004-4007) RS1 RSO (PI1A)
4004 0 0 Data direction register A (CRAb2 =0)
4004 0 0 Peripheral interface register A (CRAb2 = 1)
4005 0 1 Control register A
4006 1 0 Data direction register B (CRBb2 = 0)
4006 1 0 Peripheral interface register B (CRBb2 = 1)
4007 1 1 Control register B
(4008-4009) RS (ACIA)
4008 0 Control register (write only)
4008 0 Status register (read only)
4009 1 Transmit data register (write only)
4009 1 Receiver data register (read only)

TABLE 1-1.2.1-2

19



1-2 SOURCE STATEMENTS AND ADDRESSING MODES

A hardware configuration similar to that described in the preceding Section provides the nucleus for
a system based on the M6800 Microprocessor Family. Three additional elements are required to complete a
typical system design: (1) the actual peripheral equipment that is dictated by the system specification; (2) any
auxiliary electronics required to control the peripherals; (3) the *“intelligence’’ that enables the MPU to perform
the required control and data processing functions.

In an MPU based design, ““intelligence’’ refers t0 the control program, a sequence of instructions
that will guide the MPU through the various operations it must perform. During development, the designer uses
the MC6800’s predefined instruction set to prepare a control program that will satisfy the system requirements.
The program, usually called <ssoftware’” at this point, is then stored in ROM memory that can be accessed by
the MPU during operation, thus becoming the system’s intelligence. Once in ROM, the program is often called
«firmware’’, however, it is common to find the terms software and firmware used interchangeably in this
context.

Definition of suitable peripheral interfaces is discussed in detail in Chapter 5. The remainder of this
Chapter provides the background information necessary for generation of the control program. Source
statement format and the MPU’s addressing modes are introduced in this section. The instruction set is
described in Section 1-3.

The MPU operates on 8-bit binary numbers presented to it via the Data Bus. A given number (byte)
may represent either data or an instruction to be executed, depending on where it is encountered in the control
program. The M6800 has 72 unique instructions, however, it recognizes and takes action on 197 of the 256
possibilities that can occur using an 8-bit word length. This larger pumber of instructions results from the fact
that many of the executive instructions have more than one addressing mode.

These addressing modes refer to the manner in which the program causes the MPU to obtain its
instructions and data. The programmer must have a method for addressing the MPU’s internal registers and all
of the external memory Jocations. The complete executive instruction set and the applicable addressing modes
are summarized in Figure 1-3-1, however, the addressing modes will be described in greater detail prior to
introducing the instruction set later in this chapter. A programming model of the MC6800 is shown in Figure
1-2-1. The programmable registers consist of: two 8-bit Accumulators; a 6-bit Condition Code Register; a
Program Counter, a Stack Pointer, and an Index Register, each 16 bits long.
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FIGURE 1-2-1. Programming Model of MC6800
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1-2.1 SOURCE STATEMENTS

While programs can be written in the MPU’s language, that is, binary numbers, there is no easy way
for the programmer to remember the particular word that corresponds to a given operation. For this reason,
instructions are assigned a three letter mnemonic symbol that suggests the definition of the instruction. The
program is written as a series of source statements using this symbolic language and then translated into
machine language. The translation can be done manually using an alphabetic listing of the symbolic instruction
set such as that shown in Appendix A1. More often, the translation is accomplished by means of a special
computer program referred to as a cross-assembler. The cross-assembler and other ““software’’ design aids
available to the user are described in Chapter 7.

During assembly, each source statement or executive instruction is converted to from one to three
bytes of operating code (opcode), depending on the addressing mode used. The term *‘executive instruction’’ is
used here to distinguish between statements that generate machine code and ‘‘assembly directives’’ that are
useful in controlling and documenting the source program but generate no code. The Assembly Directives are
described in Section 7-1.1.

Each statement in the source program prepared by the user may have from one to four fields: a label,
a mnemonic operator (instruction), an operand, and a comment. The four fields are illustrated in the following

typical source statement:

Label Operator Operand Comment
BEGIN1 TST DATAIB TEST CONTENTS OF DATAIB

(This instruction causes the MPU to test the contents of the memory location labeled DATA1B and set the
Condition Code Register bits accordingly.)

Each source statement must have at least the mnemonic operator field. An operand may or may not
be required, depending on the nature of the instruction. The comment ficld is optional, at the programmer’s
convenience, for describing and documenting the program.

1-2.2 LABELS

Labels and their use are described in greater detail in Chapter 7. In general, they may correspond to
either a numerical value or a memory location. This use of symbolic references to memory permits
programming without using specific numerical memory addresses. For instance, the operand label ‘‘DAA1B”’
in the example may be anywhere in memory. Labels are required for source statements that are the destination
of jump and branch instructions. In the example, “‘BEGIN1’’ identifies the statement as the destination of a
branch or jump instruction located elsewhere in the control program. That instruction will, in turn, have
“BEGINI"" as its operand.

Labels may be up to six characters long and use any alphanumeric combination of the character set
shown in Appendix A2 with the restriction that the first character be alphabetic. Three single character labels,
A,B,and X, are reserved for referring to accumulator A, accumulator B, and the Index Register, respectively.



1-2.3 ADDRESSING MODES

1-2.3.1 Inherent (Includes ‘‘Accumulator Addressing’’ Mode)

The successive fields in a statement are normally separated by one or more spaces. An exception to
this rule occurs for instructions that use dual addressing in the operand field and for instructions that must
distinguish between the two accumulators. In these cases, A and B are ““operands’’ but the space between them
and the operator may be omitted. This is commonly done, resulting in apparent four character mnemonics for
those instructions.

The addition instruction, ADD, provides an example of dual addressing in the operand field:

Operator Operand Comment
ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA
or ADDB MEM12 ADD CONTENTS OF MEMI12TO ACCB

The example used earlier for the test instruction, TST, also applies to the accumulators and uses the

“accumulator addressing mode’” to designate which of the two accumulators is being tested:

Operator Comment
TSTB TEST CONTENTS OF ACCB
or TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with an accumulator operand contain all of the
address information that is required, thatis, the address is **inherent’” in the instruction itself. For instance, the
instruction ABA causes the MPU to add the contents of accumulators A and B together and place the result in
accumulator A. The instruction INCB, another example of “‘accumulator addressing’’, causes the contents of
accumulator B to be increased by one. Similarly, INX, increment the Index Register, causes the contents of the
Index Register to be increased by one.

Program flow for instructions of this type is illustrated in Figures 1-2.3.1-1 and 1-2.3.1-2. In these
figures, the general case is shown on the left and a specific example is shown on the right. Numerical examples

are in decimal notation. Instructions of this type require only one byte of opcode.

MPY MPU
mMPU MPU
INDEX
199 -+ 200 AccB
15 —»16
RAM
RAM RAM RAM
AM
P;SSSRV PROGRAM PROGRAM PROGRAM
MEMORY MEMORY MEMORY
pc| nsTR K PC - 5000 mwx K
—_ | LA J
ec| mstr K PC = 5001 wce K
GENERAL FLOW EXAMPLE

GENERAL FLOW EXAMPLE

FIGURE 1-2.3.1-1. Inherent Addressing FIGURE 1-2.3.1-2. Accumulator Addressing
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1-2.3.2 Immediate Addressing Mode

In the Immediate addressing mode, the operand is the value that is to be operated on. For instance,
the instruction

Operator Operand Comment
LDAA #25 LOAD 25 INTO ACCA

causes the MPU to ‘‘immediately load accumulator A with the value 25; no further address reference is
required. The Immediate mode is selected by preceding the operand value with the **#’’ symbol. Program flow
for this addressing mode is illustrated in Figure 1-2.3.2-1.

The operand format allows either properly defined symbols or numerical values. Except for the instructions
CPX, LDX, and LDS, the operand may be any value in the range 0 to 255. Since Compare Index Register
(CPX), Load Index Register (LDX), and Load Stack Pointer (LDS), require 16-bit values, the immediate mode
for these three instructions require two-byte operands. In the Immediate addressing mode, the ‘‘address”” of the
operand is effectively the memory location immediately following the instruction itself.

1-2.3.3 Direct and Extended Addressing Modes

In the Direct and Extended modes of addressing, the operand field of the source statement is the
address of the value that is to be operated on. The Direct and Extended modes differ only in the range of
memory locations to which they can direct the MPU. Direct addressing generates a single 8-bit operand and,
hence, can address only memory locations O through 255; a two byte operand is generated for Extended
addressing, enabling the MPU to reach the remaining memory locations, 256 through 65535. An example of
Direct addressing and its effect on program flow is illustrated in Figure 1-2.3.3-1.

The MPU, after encountering the opcode for the instruction LDAA (Direct) at memory location
5004 (Program Counter = 5004), looks in the next location, 5005, for the address of the operand. It then sets
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the program counter equal to the value found there (100 in the example) and fetches the operand, in this case a
value to be loaded into accumulator A, from that location. For instructions requiring a two-byte operand such as
LDX (load the Index Register), the operand bytes would be retrieved from locations 100 and 101.

Extended addressing, Figure 1-2.3.3-2, is similar except that a two-byte address is obtained from
locations 5007 and 5008 after the LDAB (Extended) opcode shows up in location 5006. Extended addressing
can be thought of as the “*standard’’ addressing mode, that is, it is a method of reaching anyplace in memory.
Direct addressing, since only one address byte is required, provides a faster method of processing data and
generates fewer bytes of control code. In most applications, the direct addressing range, memory locations
0-255, are reserved for RAM. They are used for data buffering and temporary storage of system variables, the
area in which faster addressing is of most value.

MPU MPU
: ACCB
RAM RAM
aobR | DATA K ADDR = 300 45 K
T — \,-\€ FIGURE 1-2.3-3-2. Extended Addressing Mode
PROGRAM PROGRAM
MEMORY MEMORY
INSTR PC=5006[ LDAB
e [aoon K <:_
300
ADDR ]
5009 V-\q
ADDR > 256
GENERAL FLOW EXAMPLE

1-2.3.4 Relative Addressing Mode

In both the Direct and Extended modes, the address obtained by the MPU is an absolute numerical
address. The Relative addressing mode, implemented for the MPU’s branch instructions, specifies a memory
location relative to the Program Counter’s current location. Branch instructions generate two bytes of machine
code, one for the instruction opcode and one for the “‘relative’’ address (see Figure 1-2.3.4-1). Since it is
desirable to be able to branch in either direction, the 8-bit address byte is interpreted as a signed 7-bit value; the
8th bit of the operand is treated as a sign bit, **0”’ = plus and *‘1"” = minus. The remaining seven bits represent
the numerical value. This results in a relative addressing range of +127 with respect to the location of the
branch instruction itself. However, the branch range is computed with respect to the next instruction that would
be executed if the branch conditions are not satisfied. Since two bytes are generated, the next instruction is
located at PC + 2. If D is defined as the address of the branch destination, the range is then:

(PC +2)— 127=D =< (PC + 2) + 127
or PC—125<D=<PC + 129

that is, the destination of the branch instruction must be within — 125 to +129 memory locations of the branch
instruction itself. For transferring control beyond this range, the unconditional jump (JMP), jump to subroutine
(JSR), and return from subroutine (RTS) are used.
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In Figure 1-2.3.4-1, when the MPU encounters the opcode for BEQ (Branch if result of last
instruction was zero), it tests the Zero bit in the Condition Code Register. If that bit is **0’’, indicating a
non-zero result, the MPU continues execution with the next instruction (in location 5010 in Figure 1-2.3.4-1).
If the previous result was zero, the branch condition is satisfied and the MPU adds the offset, 15 in this case, to
PC + 2 and branches to location 5025 for the next instruction.

The branch instructions allow the programmer to efficiently direct the MPU to one point or another
in the control program depending on the outcome of test results. Since the control program is normally in
read-only memory and cannot be changed, the relative address used in execution of branch instructions is a
constant numerical value.

MPU MPU

RAM

—_

RAM

V_\’

Program Program
Memory Memory
PC Instr,
Offset PC 5008 BEQ
(PC +2) Next Instr. 15
PC 5010 Next Instr,
(PC + 2) + (Offset) Next instr. PC 5026 Next lnstr.

FIGURE 1-2.3.4-1. Relative Addrsssing Mode




1-2.3.5 Indexed Addressing Mode

With Indexed addressing, the numerical address is variable and depends on the current contents of

the Index Register. A source statement such as

Operator Operand Comment
STAA X PUT A IN INDEXED LOCATION

causes the MPU to store the contents of accumulator A in the memory location specified by the contents of the
Index Register (recall that the label ‘X'’ is reserved to designate the Index Register). Since there are
instructions for manipulating X during program execution (LDX, INX, DEX, etc.), the Indexed addressing
mode provides a dynamic *‘on the fly’’ way to modify program activity.

The operand field can also contain a numerical value that will be automatically added to X during

execution. This format is illustrated in Figure 1-2.3.5-1.

When the MPU encounters the LDAB (Indexed) opcode in location 5006, it looks in the next
memory location for the value to be added to X (5inthe example) and calculates the required address by adding
5 to the present Index Register value of 400. In the operand format, the offset may be represented by a
label or a numerical value in the range 0-255 as in the example. In the carlier example, STAA X, the operand is
equivalent to 0,X, that is, the 0 may be omitted when the desired address is equal to X.

1-2.3.6 Mode Selection

Selection of the desired addressing mode is made by the user as the source statements are written.
Translation into appropriate opcode then depends on the method used. If manual translation is used, the
addressing mode is inherent in the opcode. For example, the Immediate, Direct, Indexed, and Extended modes
may all be used with the ADD instruction. The proper mode is determined by selecting (hexidecimal notation)
8B, 9B, AB, or BB, respectively (see Figure 1-3-1).

The source statement format includes adequate information for the selection if an assembler
program is used to generate the opcode. For instance, the Immediate mode is selected by the Assembler
whenever it encounters the ** #°* symbolin the operand field. Similarly, an **X’’ in the operand field causes the
Indexed mode to be selected. Only the Relative mode applies to the branch instructions, therefore, the

mnemonic instruction itself is enough for the Assembler to determine addressing mode.

MPU wPU
ACCE
| 69 |
NDE
| 400 |
RAM RAM
ADDR = INDX I™"5n ADDR = 405
+ OFFSET TA 59
PROGRAM PROGRAM
MEMORY MEMORY
ec| INSTR pc=5006 | LDAB
OFFSET 3 <
OFFSET < 256
GENERAL FLOW EXAMPLE

FIGURE 1-2.3.5-1. Indexed Addressing Mode
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For the instructions that use both Direct and Extended modes , the Assembler selects the Direct mode
if the operand value is in the range 0-255 and Extended otherwise. There are a number of instructions for which
the Extended mode is valid but the Direct is not. For these instructions, the Assembler automatically selects the
Extended mode even if the operand is in the 0-255 range. The addressing modes are summarized in Figure
1-2.3.6-1.

Direct: n DO Instruction Immediate: n Instruction
Example: SUBB Z E :
- +1 - xample: LDAA #K +1 -
A&lr. Range = 0—255 n Z = Oprnd Address (K = One-Byte Oprnd) n K = Operand
n+2 Next instr, n+2 Next Inst.
[ ] OR
(K = Two-Byte Oprnd) n .
* (CPX, LDX, and LDS) Instruction
L] n+1 Ky = Operand
(K = One-Byte Oprnd) z L K = Operand 1 n+2 K| = Operand
OR n+3 Next tnstr.
{K = Two-Byte Oprnd) z K = Operand
Z+1 K| = Operand
Relative: n Instruction
A\ 1£ 2 $255, Assembler Select Direct Mode Example: BNE K n+1 +K = Brnch Offset
ifz >255, Extended Mode is selected
(K = Signed 7-Bit Value) n+2 Next Instr. é
Addr. Range: ®
—125 to +129
Relative to n.
[ ]
*
Extended: n FO Instruction
I3 . (n+2)£K Next instr. & I
xampte: CMPA Z n+1 Zy = Oprnd Address

Addr. Range: é If Brnch Tst Faise & If Brnch Tst True.
n+2 Z| = .
256—65535 L = Oprnd Address
n+3 Next Instr.
° Indexed: n Instruction
PS Example: ADDA Z, X n+1 2 = Offset
L Addr. Range: n+2 Next Instr.
0-255 Relative to
(K = One-Byte Oprnd) 2 L K = Operand I Index Register, X °
OR ]
(K = Two-Byte Oprnd) z K = Operand L)
= (Z = 8-Bit Unsigned X+ 2 K = Operand
Z+1 K = Operand Value) pe

FIGURE 1-2.3.6-1. Addressing Mode Summary
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INDEX REGISTER AND STACK IMMED DIRECY INDEX EXTND 1NHER 5{aj3]2]1]0
POINTER OPERATIONS MNEMONIC| OP | ~ J # | OP |~ [ # |OP )~ | # jOP |~ | #|OP |~ | # | BOOLEAN/ARITHMETIC OPERATION | W |1 [N |2 |V |C
Compare tndex Reg oPx sc|3|ajesc|4}2]ac|e|2]Bc|s]3 (Xu/XL) - (MM + 1) o|e ||t |@]e
Dscramant Index Reg DEX 08 |4 | X-1-X olelejt|e]e
Decrement Stack Pntr DES u |4 SP—1-8p sjo|ejele o
Increment Index Rag INX 08 | 4 1 X+1-+X e|lo|ojt|o|e
Increment Stack Pntr INS [ N ] SP+1-+SP eje|ofo|eje
Load Index Reg LoXx CEf 3 3 |DEjA4 |2 |EE|6 |2 ([FE|[5 |3 M=Xy (M+1)=>X) ele|®]t]|r]e
Load Stack Potr LDs§ 8E} 3 | 3|96} 42 JAE|6 |2 |BE]S5 |3 M—>SPy, (M+1) +5P o|o|@|t|n]e
Store Index Reg sTX DF |5 |2 |[EF | 7 | 2 |FF |6 |3 Xy =M X~ (M+1) e|le|®|t|r]|e
Store Stack Pntr §TS 9F |5 2 [AF| 7 |2 |6F |8 |3 SPy -+ M, SP) ~(M+ 1} ole|@|t]r]e
Indx Reg = Stack Pntr TXS 3 | 4 1 X-1-+SP s|loeje|s|e]e
Stack Potr — [ndx Reg TSX 30 {4 |1 SP+1—+X e|le|o|ole]e
JUMP AND BRANCH RELATIVE INDEX EXTND INHER s{aj3j2]t]o
OPERATIONS MNEMONIC JOP | ~| = JoOP[ ~| = |OP|~]| #]|OP| ~ |# BRANCH TEST Hil|N]Z]V|C
Branch Always BRA 0|4 2 None elo|e]eje]e
Branch # Carry Clear BCC 4|4 2 c=0 ojoje|ea|o|e
Branch tf Carry Set BCS 25 | 4 2 c=1 ojoje|o|o|e
Branch if = Zero BEQ a]412 Z=1 elele|o|ole
Branch If > Zero BGE |42 NaV=0 eolo|o|e|o]e
Branch If > Zero BGT €| 4 2 Z4+(NBVI=0 e|lo|o|o|oje
Branch It Higher BHI 22 |4 2 c+z=0 o|lo|o|o|oie
Branch If < Zero BLE 2F [ 4 2 Z4+(N®V)=1 oje|e|e|o|e
Branch If Lower Or Same 8LS 23142 C+2Z=1 ejlo|o|elo]e
Branch If < Zero BLT w|as] 2 NevV=1 o|o|ofofo]e
Branch If Minus Ml 28| 4 2 N= o|lo|o|o|e}e
Branch if Not Equatl Zero BNE %42 Z=0 o|e|eje|o]e
Branch If Overflow Clear BVC 8|42 v=0 eje|o|o]|ele
Branch if Overflow Set BVS 2 |4])2 V=1 olojofofofe
Branch If Plus BPL A 4 2 N=0 LALA RS RN R
Branch To Subroutine BSR so| 8y 2 LA KA R R R
Jump JMP GE } 4 2 |17} 3 3 See Special Operations LALA LA Bd Rd Rd
Jump To Subroutine JSR AD| 8 218D 8 3 ele|s|ojaie
No Operation NOP 0t | 2 | Advances Prog. Cotr. Only ojo|ojs]e]e
Return From Interrupt RTI 3Bj1wo|
Return From Subroutine RTS /s X X
Software tnterrupt swi F 112} See special Operations sfe|eje|e
Wait for Interrupt WA 3E | 9 1 el@)|e]e]e]e
CONDITIONS CODE REGISTER INHER BOOLEAN s [a]s 2|1 [0 ] onomioncooe RegisTER NOTES:
OPERATIONS MNEMONIC | OP | ~ [ = | OPERATION { H |} |N]Z |V |C {Bit set if test is true and cleared otherwise)
Clear Carry cLe 0c 2 1 [ g e |e|oe|e|e |R @ (BitV) Test: Result = 100000007
Clear interrupt Mask cu 0E 2 1 0~ o|r|e]|o|[e e | @ Bite) Tes: Result - 000000007
Clear Overflow cLw 0A 2 1 (1Y) o|la|ole|R e | @ (BitC) Test: Decimal value of most significant BCD Character greater than nine?
Set Carry SEC o0 2 1 1-¢ eflo|lo|o]lels {Not cieared if previously set.)
Set intesrupt Mask SEI OF 2 1 1-1 o|s|e|e]e|e] @ Bitv) Test: Operand = 10000000 prior to execution?
Set Overflow SEV 08 2 1 1-v eloe]|o|e]ls |e (® (BitV) Test: Operand = 01111111 prior to execution?
Acmitr A ~ CCR TAP 6 | 2| A ~CCR (® (Bt V) Test: Set equal to resutt of N ® C after shift has occurred.
CCA ~ Acmitr A TPA o L2114 coRa e joqere @  (BitN} Test: Sign hit of most significant (MS) byte of result = 17
@ {BitV} Tesu:2s overflow from of LS bytes?
(® (BitN) Test: Result less than zero? (Bit 15= 1)
LEGEND: 00  Byte = Zero; @ (AN Losd Condition Code Register from Stack. {See Special Operations)
OP  Operation Code (Hexadecimal); H  Half-carry from bit 3; @ (Bit1)  Set when interrupt occurs. Hf previously set, a Non-Maskable Interrupt is
-~ Number of MPU Cyclss; I Interrupt mask required to exit the wait state.
= Number of Program Bytes; N Negative {sign bit) @ (ALL) Setaccording to the contents of Accumuiator A.
+ Arithmatic Plus; r4 Zero {byte}
~  Avithmetic Minus; v Overflow, 2's complement
«  Boolean AND; C Carry from bit 7
Mgp Contents of memary location R Reset Always
pointed to be Stack Pointer; s Set Always
+ Boolsan Inclusive OR; 3 Test and set if true, cleared otherwise
® Boolean Exclusive OR; . Not Affected
M Complement of M; CCR Condition Code Register
= Transfer into; LS  Least Significant
0 Bit = 2er0; MS  Most Significent

FIGURE 1-3-1 (continued)



1-3 INSTRUCTION SET

The MC6800 instructions are described in detail in the M6800 Programming Manual. This Section
will provide a brief introduction and discuss their use in developing MC6800 control programs.

The instruction set is shown in summary form in Figure 1-3-1. Microprocessor instructions are often
divided into three general classifications: (1) memory reference, so called because they operate on specific
memory locations; (2) operating instructions that function without needing a memory reference; (3) /o
instructions for transferring data between the microprocessor and peripheral devices.

In many instances, the MC6800 performs the same operation on both its internal accumulators and
the external memory locations. In addition, the M6800 interfaces adapters (P1IA and ACIA) allow the MPU to
treat peripheral devices exactly like other memory locations, hence, no 1/O instructions as such are required.
Because of these features, other classifications are more suitable for introducing the MC6800’s instruction set:
(1) Accumulator and memory operations; (2) Program control operations; (3) Condition Code Register

operations.

1-3.1 CONDITION CODE REGISTER OPERATIONS

The Condition Code Register (CCR), also called the Program Status Byte, will be described first
since it is affected by many of the other instructions as well as the specific operations shown in Figure 1-3.1-2.
The CCR is a 6-bit register within the MPU that is useful in controlling program flow during system operation.
The bits are defined in Figure 1-3.1-1.

The instructions shown in Figure 1-3.1-2 are available to the user for direct manipulation of the
CCR. In addition, the MPU automatically sets or clears the appropriate status bits as many of the other
instructions are executed. The effect of those instructions on the condition code register will be indicated as
they are introduced and is also included in the Instruction Set Summary of Figure 1-3-1.

bs bs bz b2 by bp

hlr[n]z]vic]

H = Half-carry; set whenever a carry from b3 to bg of the result is generated
by ADD, ABA, ADC; cleared if no b3 to bg carry; not affected by other
instructions.

I = Interrupt Mask; set by hardware or software interrupt or SEl instruction;
cleared by CLI instruction. (Normally not used in arithmetic operations.)
Restored to a zero as a result of an RT1 instruction if Im stored on the
stacked is low.

N = Negative; set if high order bit {(b7) of result is set; cleared otherwise.
Z = Zero; set if result = 0; cleared otherwise.

V = Overlow; set if there was arithmetic overflow as a result of the operation;
cleared otherwise.

C = Carry; set if there was a carry from the most significant bit (b7) of the
result; cleared otherwise.

FIGURE 1-3.1-1. Condition Code Register Bit Definition
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CONDITIONS CODE REGISTER 514131211 0
BOOLEAN

OPERATIONS MNEMONIC OPERATION |H |1 N ] 2|V |C

Clear Carry cLe 0—-C o e leoe|eoie R

Clear Interrupt Mask cui 01 ® IR |o|oje |o

Clear Overflow CLV 0-v o |eo o |e|R .

Set Carry SEC 1-C o |o e e |e S

Set Interrupt Mask SEI 11 e |S o |oje |e

Set Overflow SEV 1>V o || o | e ]S °

Acmitr A > CCR TAP A—->CCR

CCR = Acmitr A TPA CCR—>A L] Io I oJo I ° Io

R = Reset

$ = Set

o = Not affected

(D (ALL} Set according to the contents of Accumuiator A.

FIGURE 1-3.1-2. Condition Code Register Instructions

1-3.2 NUMBER SYSTEMS

Effective use of many of the instructions depends on the interpretation given to numerical data, that
is, what number system is being used? For example, the ALU always performs standard binary addition of two
eight bit numbers using the 2’s complement number system to represent both positive and negative numbers.

However, the MPU instruction set and hardware flags permit arithmetic operation using any of four different

representations for the numbers:

(1) Each byte can be interpreted as a signed 2’s complement number in the range — 128 to +127:

bz bs bs bs bs bz b

(=R =

1-21

(—128 in 2’s complement)
(~1 in 2’s complement)
(0 in 2’s complement)
(+1 in 2’s complement)
(+127 in 2’s complement)



(2) Each byte can be interpreted as a signed binary number in the range —127 to +127:

g8 25 24 28 2° 2t 20
br be bs bs bs bz b1 be

1 1 1 1 1 1 1 1 (—127 in signed binary)
1 0 0o 0 O 0o 0 1 (—1 in signed binary)

o 0 o 0 O 0o 0 O (0 in signed binary)

o 0 O O O o 0 1 (+1 in signed binary)

0 1 1 1 1 1 1 1 (+127 in signed binary)

(3) Each byte can be interpreted as an unsigned binary number in the range 0 to 255:

gt 28 28 24 28 2° 2t 20

br bs bs bs bs bz b1 bo
o 0 0 0 O 0o 0 O O in unsigned binary)

1 1 1 1 1 1 1 1 (255 in unsigned binary)
(4) Eachbytecanbe thought of as containing two 4-bit binary coded decimal (BCD) numbers. With
this interpretation, each byte can represent numbers in the range 0 to 99:
28 9z 2t 20 2% 2° 21 2°
by bs bs by bs bz b1 be

o 0 0o 0 O O 0 0 (BCD 0)
o 0 1 0 0 1 t 1 (BCD 27)
i1 o o 1 1 0 0 1 (BCD 99)

The two’s complement representation for positive numbers is obtained simply by adding a zero (sign

bit) as the next higher significant bit position:
21 26 25 24 23 22 21 20
a7 as as a4 as az ai ao

1 1 1 1 1 1 1 (binary 127)
0 1 1 1 1 1 1 1 (+127 in 2’s complement representation)

o 0 0 O O 0 1 (binary 1)
(+1in2’s complement representation)

122



When the negative of a number is required for an arithmetic operation, it is formed by first
complementing cach bit position of the positive representation and then adding one.

64 32 16 8 4 2 1
az as as a« as ax a1 a0
o 1t 1 1 1 1 1 1 (+127 in 2’s complement representation)
1 0 0 0 0o O O O (1's complement)
1 (add one)
1 0 0 0 0 0 O 1 (—127 in 2’s complement representation)

0o 0 0 0 O o0 o0 O (0 in 2’s complement representation)
1 1 1 1 1 1 1 1 (1’s complement)
1 (add one)
O 0 0 0 O 0 O o (**0”* is same in either notation)
o 0 0 O 0 0 o0 1 (+1 in 2’s complement representation)
1 1 1 1 1 1 1 0 (1’s complement)
1 (add one)
1 1 1 1 1 1 1 1 (-1 in 2’s complement representation)

Note that while +127 is the largest positive two’s complement number that can be formed with 8
digits, the largest negative two’s complement number is 10000000 or —128. Hence, with this number system,
an eight bit byte can represent integers on the real number line between — 128 and +127 and a7 can be regarded
as a sign bit; if a7 is zero the number is positive, if a is one the number is negative:

10000000 11111111 00000000 00000001 01111111
b —F : : : S —
-128 -1 0 +1 +127

Since much of the literature on arithmetic operations presents the information in terms of signed
binary numbers, the difference between 2’s complement and signed binary notation is of interest. Signed binary
number notation also uses the most significant digit as a sign bit (0 for positive, 1 for negative). The remaining
bits represent the magnitude as a binary number.

+ 64 32 16
az as as a4

2 1

ai ao

(—127 in signed binary)
(—1 in signed binary)
(0 in signed binary)
(+1 in signed binary)
(+127 in signed binary)

©C OO = -
- 0 O =~
-0 0 0 -
-0 0 o = B o
-0 0O O =R &
-0 0 O ~
—— ) =t

An 8-bit byte in this notation represents integers on the real number line between — 127 and +127:

11111111 10000001 00000000 00000001 01111111
- —(C + ' e 1

L

-127 7 -1 0 +1 7 +127




Comparing this to the 2’s complement representation, the positive numbers are identical and the negative
numbers are reversed, i.e., —127 in 2’s complement is —1 in signed binary and vice versa. In normal
programming of the MPU, the difference causes no particular problem since numerical data is automatically
converted to the correct format during assembly of the program source statements. However, if during system
operation, incoming data is in signed binary format, the program should provide for conversion. This is easily
done by first complementing each bit of the signed binary number except the sign bit and then adding one:

+ 64 32 16 8 4 2 1

a7 as as a4 as az ai ao

(—127 in signed binary)

(1’s complement except for sign bit)
(add 1)

(—127 in 2’s complement)

[= R = R
OO O -
e

1
0
0
0

— D
[ e R
OO -
OO O -

The MPU instruction set provides for a simple conversion routine. For example, the following

program steps can be used:

10 CONVRT TSTA Test sign bit, a7, and set Nifaz = 1
20 BPL NEXT Go to NEXTif N =0

30 NEGA Form 2’s complement of A

40 ORAA %10000000 Restore sign bit

50 NEXT STAA DATAL Store data in DATAL1

This routine assumes that the signed binary data is stored in accumulator A (ACCA). The program tests the sign
bit and if the number is negative (N= 1) performs the required conversion. The contents of ACCA and the N bit
of the Condition Code Register would be as follows after each step of a typical conversion:

Instr N ar a as as« as a a1 ao

TSTA 1 1 1 1 1 o 0 O 1 (—113 in signed binary)
BPL NEXT 1 1 1 1 1 0 0 0 1

NEGA 0 0 o0 0 0 1 1 1 1 (2’s complement of ACCA)
ORAA #%10000000 1 0 0 0 0 1 1 1 1 (—113 in 2’s complement)

Note that the sign bit status, N, is updated as the NEG and ORA instructions are executed. This is typical for
many of the instructions; the Condition Code Register is automatically updated as the instruction is executed.
1-3.3 ACCUMULATOR AND MEMORY OPERATIONS

For familiarization purposes, the Accumulator and Memory operations can be further subdivided
into four categories: (1) Arithmetic Operations; (2) Logic Operations; (3) Data Testing; and (4) Data Handling.
1-3.3.1  Arithmetic Operations

The Arithmetic Instructions and their effect on the CCR are shown in Figure 1-3.3.1-1. The use of
these instructions in performing arithmetic operations is discussed in Section 2-1.
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BOOLEAN/ARITHMETIC OPERATION

COND. CODE REG.

ACCUMULATOR AND MEMORY (Al register labels 5(413[2]1]¢0
OPERATIONS MNEMONIC refer to contents) HilI|[NjZ]|V]C
Add ADDA A+M—A 3 IR O B I

ADDB B+M—8 O3 IR I B B

Add Acmlitrs ABA A+B—A tle st
Add with Carry ADBCA A+M+C—>A tlel t ¢ttt
ADCB B+M+C—B tle] s 8|t
Complement, 2's NEG 00 —M->M o|e|t|2O®
(Negate ) NEGA |00 -A-A ele| 1| 1|®I®
NEGB 00 -B—B ole| 1|2 ODI®

Decimal Adjust, A DAA ?nci:v;ré:]B;::ga:\*dd. of BCD Characters olo|tlt]2 @
Subtract SUBA A-M—>A o|lol 2|ttt
SUBB B-M—B o|lel t12121|2

Subract Acmltrs. SBA A-B—A L I I B B
Subtr. with Carry SBCA A-M-C—A ele|lt]l2it]t
SBCB B-M-C—8 L BN R Bl

*Used after ABA, ADC, and ADD in 8CD arithmetic operation; each 8-bit byte regarded as containing two 4-bit
BCD numbers. DAA adds 0110 to lower half-byte if least significant number >>1001 or if preceding instruction
caused a Half-carry. Adds 0110 to upper half-byte if most significant number >1001 or if preceding instruction
caused a Carry. Also adds 0110 to upper haif-byte if least significant number >1001 and most significant num-

ber = 9.

(Bit set if test is true and cleared otherwise)

@® (BitV) Test: Result = 100000007
@ (BitC) Test: Result = 000000007

@ (Bit C) Test: Decimal value of most significant BCD Character greater than nine?

(Not cleared if previously set.)

FIGURE 1-3.3.1-1. Arithmetic Instructions
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1-3.3.2 Logic Operations

The Logic Instructions and their effect on the CCR are shown in Figure 1-3.3.2-1. Note that the
Complement (COM) instruction applies to memory locations as well as both accumulators.

1-3.3.3 Data Test Operations

The Data Test instructions are shown in Figure 1-3.3.3-1. Bit Test (BIT) is useful for updating the
CCR as if the AND function was executed but does not change the contents of the accumulator. The Test (TST)
instruction also operates directly on memory and updates the CCR as if a comparison (CMP) to zero had been
executed.

1-3.3.4 Data Handling Operations

The Data Handling instructions are summarized in Figure 1-3.3.4-1. Note that the Clear (CLR),
Decrement (DEC), Increment (INC), and Shift/Rotate instructions all operate directly on memory and update
the CCR accordingly.

1-3.4 PROGRAM CONTROL OPERATIONS

Program Control operation can be subdivided into two categories: (1) Index Register/Stack Pointer
instructions; (2) Jump and Branch operations.

1-3.4.1 Index Register/Stack Pointer Operations

The instructions for direct operation on the MPU’’s Index Register and Stack Pointer are summarized
in Figure 1-3.4.1-1 Decrement (DEX, DES), increment (INX, INS), load (LDX, LDS), and store (STX, STS)
instructions are provided for both. The Compare instruction, CPX, can be used to compare the Index Register
to a 16-bit value and update the Condition Code Register accordingly.

The TSX instruction causes the Index Register to be loaded with the address of the last data byte put
onto the “‘stack’’. The TXS instruction loads the Stack Pointer with a value equal to one less than the current
contents of the Index Register. This causes the next byte to be pulled from the *‘stack’ to come from the
location indicated by the Index Register. The utility of these two instructions can be clarified by describing the
“‘stack’” concept relative to the M6800 system.

The **stack’’ can be thought of as a sequential list of data stored in the MPU’s read/write memory.
The Stack Pointer contains a 16-bit memory address that is used to access the list from one end on a
last-in-first-out (LIFO) basis in contrast to the random access mode used by the MPU’s other addressing modes.

The M6800 instruction set and interrupt structure allow extensive use of the stack concept for
efficient handling of data movement, subroutines and interrupts. The instructions can be used to establish one
or more ‘‘stacks’’ anywhere in read/write memory. Stack length is limited only by the amount of memory that is
made available.
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COND. CODE REG.
BOOLEAN/ARITHMETIC OPERATION

ACCUMULATOR AND MEMORY (All register labels 5141 3|2}1]0
OPERATIONS MNEMONIC refer to contents) HIl1|N]Z{V]C
And ANDA AeM—A ole|t[t|R|e®

ANDB BeM—B ejeii|[t|R|e
Complement, 1's COM M-M o|o|t|L|IR}S
COMA | A-A olo|t|t[R]|S
coms B8 o|lo[tft[R!S
Exclusive OR EORA AdM-A o|le| t]|3|R|e
EORB BaM—>B ool t|3|R|e®
Or, Inclusive ORA A+M-A oo t(sIR|o®
ORB B+M-—B o|le|t|t|R]e®

FIGURE 1-3.3.2-1. Logic Instructions

COND. CODE REG.

BOOLEAN/ARITHMETIC OPERATION

ACCUMULATOR AND MEMORY (All registor labels 5/4|3]2]1]0
OPERATIONS MNEMONIC refer to contents) HiI|N|Z|V]C
Bit Test BITA AeM eojo|l t|SiR|e®
BITB BeM e|le| | t|R|e®

Compare CMPA A-M olo| ¢t t|t]|t
cMPB B-M ejlo| ]|ttt

Compare Acmitrs CBA A-B elel $(31¢]8
Test, Zero or Minus TST M- 00 olelt[L]IR|R
TSTA A-00 ole|l t|I|R|R

TSTB B-00 ele|t|t|R]|R

FIGURE 1-3.3.3-1. Data Test Instructions
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COND. CODE REG.

BOOLEAN/ARITHMETIC OPERATION

ACCUMULATOR AND MEMORY (Al register labels 5|al3|z2|1]0
OPERATIONS MNEMONIC refer to contents) Hlt|INfZiV]C
Clear CLR 00 >M elo|RIS|R|R
CLRA 00 >A e|leiRIS|R|R
CLRB 00 8B e|le|R|S|RI[R
Decrement DEC M-1->M eieo|t]|3|@]e
DECA A-1-A ool t| @]
, DECB B—1-8 sleltitl@| e
Increment INC M+1—->M o|lel 1]|2[B]*
INCA A+1-A ololt[t|®]e
INCB B+1->B ejelt]|t|®]e
Load Acmitr LDAA M->A o|le|lt|t|R|®
LDAB M-8 ele|t]|t(R|e
Push Data PSHA A~ Mgp, SP—1-SP ejelelojo|e
PSHB B > Mgp, SP—1~>SP ejejojojo|0®
Puil Data PULA SP+1->SP, Mgp—>A o|lelo|ojo]|e
PULB SP+1->SP,Mgp—>8 o|olejojole
Rotate Left ROL M ool tis|®|¢
ROLA A[—E«LIDEIED«—J olel t|3|®]?
ROLB B 7 0 elelt|t|@]?
Rotate Right ROR M ole|t|{2|®]?
RORA I BRI EEDIEEI;I ele|tlti®|?

C by = bg
RORAB B oot |t |®]¢
Shift Left, Arithmetic ASL M - ool t|t|®]Y
ASLA A %14—97:1:111:[3904—0 elelt|t|®)t
ASLB B eje| 12 @®]Y
Shift Right, Arithmetic ASR M N ool 3| 2|®]Y
ASRA A:&EEDIED—»D elelsltl®}?

67 b0 c
ASRB B eie|t1t|®|Y
Shift Right, Logic. LSR M N e|o|lR||®}¢
LSRA A 0*5]1[[13%»%1 o|e|R| B}
LSRB B elo|[R[|®]?
Store Acmitr. STAA A->M ejo|t|tIR|@®
STAB B—>M elejtjd|R]|®
Transfer Acmitrs TAB A—-B e|lelt|t|R]e®
TBA B—>A ele|t|tIR|®

@ (Bit V) Test: Operand = 10000000 prior to execution?
@ (Bit V) Test: Operand = 01111111 prior to execution?
(@ (BitV) Test: Setequal to result of N ® C after shift has occurred.

FIGURE 1-3.3.4-1. Data Handling instructions
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INDEX REGISTER AND STACK 5|4|3|2]1}0
POINTER OPERATIONS MNEMONIC BOOLEAN/ARITHMETIC OPERATION [ H| 1 [N |2 v ]C
Compare Index Reg CPX (XH/XL) — (M/M + 1) oot |@fe
Decrement Index Reg DEX X-1-X ejlejoe|lie]e
Decrement Stack Pntr DES SP—-1->8P Sloejeo oo e
Increment Index Reg INX X+1->X ejele|le e
Increment Stack Pntr INS SP+1->SP AR A RA LA LS R
Load Index Reg LDX M= Xy, (M+1) > X oje ||t r]e
Load Stack Pntr LDS M- SPy, (M + 1) >SP e|o|@®|t[R|o
Store Index Reg 8TX Xg=M, X > (M+1) ole|@ft[R|e
Store Stack Pntr STS SPy >M, SP_ > (M +1) ole|®|t|r|e
Indx Reg — Stack Pntr TXS X—1->8P AR ALA RS LARS
Stack Pntr - indx Reg TSX SP+1->X elojojeje e

@@ (BitN) Test: Sign bit of most significant (MS) byte of result = 1?
@ (Bit V) Test: 2's complement overflow from subtraction of LS bytes?
®  (BitN) Test: Result less than zero? (Bit 15=1)

FIGURE 1-3.4.1-1. Index Register and Stack Pointer Instructions
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Operation of the Stack Pointer with the Push and Pull instructions is illustrated in Figures 1-3.4.1-2
& 1-3.4.1-3. The Push instruction (PSHA) causes the contents of the indicated accumulator (A in this example)
to be stored in memory at the location indicated by the Stack Pointer. The Stack Pointer is automatically
decremented by one following the storage operation and is ‘‘pointing’’ to the next empty stack location. The

MPU MPU

(—

i

acca  [r3] ACCA IE

m-2 m~—2

m—1 SP —— m — 1
o |

GP - m 3 New Data m F3

2

m+1 7F a m+1 7F

Previously Previously
Stacked m+2 63 Stacked m+ 2 63 L
Data Data
m+3 FD m+3 FD
PC——> PSHA PSHA
FEE——
Next Instr. PC —> Next Instr.
(a) Before PSHA (b) After PSHA

FIGURE 1-3.4.1-2. Stack Operation, Push Instruction
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MPU

ACCA

m+1 1A
Previously
Stacked m+ 2 3C
Data
m+3 D5
| e
PC —» PULA
Next Instr.

/

(a) Before PULA

MPU

ACCA

m-—2
m—1
m

SP—» m +1 1A
m+ 2 3C
Previously
Stacked m+3 D5
Data
|
PULA
PC ——» Next Instr.

FIGURE 1-3.4.1-3. Stack Operation, Pull Instruction

\_/_— ‘

(b) After PULA




JUMP AND BRANCH slalafz2j1]0
OPERATIONS MNEMONIC BRANCH TEST nlrimjzivic
Branch Always BRA None oloejojojeo]®
Branch |f Carry Clear BCC c=0 ejlojeleo]|o}®
Branch If Carry Set BCS c=1 eloeloejojeole
Branch \f = Zero BEQ 2=1 elolo]o|el®
Branch If > Zero BGE NeV=0 ololelojeo]e
Branch If > Zero BGT Z4 (NeV)=0 elololol®|®
Branch If Higher BHI c+z-=0 elelojo|o]|®
Branch If < Zero BLE Z+(NeV)I=1 eleloleol®o)®
Branch 1f Lower Or Same BLS c+z=1 eolo|ol®|®]®
Branch If < Zero BLT NeV= oe|lolojole]e®
Branch {f Minus BMI N= olololel®}®
Branch |f Not Equal Zero BNE Z=0 oloejojolo]e®
Branch 1f Overflow Clear BVC v=0 eolojoje|®]|®
Branch If Overflow Set BVS V=1 elelojojeo]®
Branch If Plus BPL N=0 o|oj|ejojele
Branch To Subroutine BSR ojo|ejeleje
Jump Jwp See Special Operations olojolejele®
Jump To Subroutine JSR elo|oloje]®
No Operation NOP Advances Prag. Cntr. Only oloelelolele
Return From Interrupt RT! —_— @ —_—
Return From Subroutine RTS . . ejojojeje
Software interrupt SWI See special Operations Sle ofle
Wait for Interrupt WAI o |@]* ele

@ (AW

@ (Bitl) Set when interrupt occurs. I pr

required to exit the wait state.

Load Condition Code Register from Stack. (See Special Operations)

eviously set, 3 Non-Maskable interrupt is

FIGURE 1-3.4.2-1. Jump and Branch Instructions
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Pull instruction (PULA or PULB) causes the last byte stacked to be loaded into the appropriate accumulator.
The Stack Pointer is automatically incremented by one just prior to the data transfer so that it will point to the
last byte stacked rather than the next empty location. Note that the PULL instruction does not *‘remove”’ the
data from memory; in the example, 1A is still in location (m+ 1) following execution of PULA. A subsequent
PUSH instruction would overwrite that location with the new *‘pushed’’ data.

Execution of the Branch to Subroutine (BSR) and Jump to Subroutine (JSR) instructions cause a
return address to be saved on the stack as shown in Figures 1-3.4.2-3 through 1-3.4.2-5. The stack is
decremented after each byte of the return address is pushed onto the stack. For both of these instructions, the
return address is the memory location following the bytes of code that correspond to the BSR and JSR
instruction. The code required for BSR or JSR may be either two or three bytes, depending on whether the JSR
is in the indexed (two bytes) or the extended (three bytes) addressing mode. Before it is stacked, the Program
Counter is automatically incremented the correct number of times to be pointing at the location of the next
instruction. The Return from Subroutine instruction, RTS, causes the return address to be retrieved and loaded
into the Program Counter as shown in Figure 1-3.4.2-6.

There are several operations that cause the status of the MPU to be saved on the stack. The Software
Interrupt (SWI) and Wait for Interrupt (WAI) instructions as well as the maskable (IRQ) and non-maskable
(NMI) hardware interrupts all cause the MPU’s internal registers (except for the Stack Pointer itself) to be
stacked as shown in Figure 1-3.4.2-7. MPU status is restored by the Return from Interrupt, RTI, as shown in
Figure 1-3.4.2-8.

1-3.4.2  Jump and Branch Operations

The Jump and Branch instructions are summarized in Figure 1-3.4.2-1. These instructions are used
to control the transfer of operation from one point to another in the control program.

The No Operation instruction, NOP, while included here, is a jump operation in a very limited sense.
Its only effect is to increment the Program Counter by one. It is useful during program development as a
“stand-in’’ for some other instruction that is to be determined during debug. It is also used for equalizing the
execution time through alternate paths in a control program.

Execution of the Jump Instruction, JMP, and Branch Always, BRA, effects program flow as shown
in Figure 1-3.4.2-2. When the MPU encounters the Jump (Indexed) instruction, it adds the offset to the value
in the Index Register and uses the result as the address of the next instruction to be executed. In the extended
addressing mode, the address of the next instruction to be executed is fetched from the two locations
immediately following the JMP instruction. The Branch Always (BRA) instruction is similar to the JMP
(extended) instruction except that the relative addressing mode applies and the branch is limited to the range
within —125 or +127 bytes of the branch instruction itself (see Section 1-2.3.4 for a description of the
addressing modes). The opcode for the BRA instruction requires one less byte than JMP (extended) but takes
one more cycle to execute.

The effect on program flow for the Jump to Subroutine (JSR) and Branch to Subroutine (BSR) is
shown in Figures 1-3.4.2-3 through 1-3.4.2-5. Note that the Program Counter is properly incremented to be
pointing at the correct return address before it is stacked. Operation of the Branch to Subroutine and Jump to
Subroutine (extended) instruction is similar except for the range. The BSR instruction requires less opcode than
JSR (2 bytes versus 3 bytes) and also executes one cycle faster than JSR. The Return from Subroutine, RTS, is
used at the end of a subroutine to return to the main program as indicated in Figure 1-3.4.2-6.

The effect of executing the Software Interrupt, SWI, and the Wait for Interrupt, WAI, and their
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PC Main Program

PG Main Program Main Program
n | 6E=JMP n 2¢=BRA
= + = Offset*
INDXD n+t ] K Offfet EXTND n+1 K 9 set
0+ 215K
*K = Signed 7-bit value
{a) Jump {b) Branch

FIGURE 1-3.4.2-2. Program Flow for Jump and Branch Instructions

m—2 SPp—>m — 2
m-1 m -1 (n +2)H
Sp— m m (n+2)L
m+1 7E m+1 7€
L_)—'
PC —— 1 BSR n BSR
n+1 +K = Offset® n+1 1K = Offset
n+2 Next Main Instr. n+2 Next Main Instr.

K = B
K = Signed 7-Bit Value PC—(n + 2) K 1st Subr. Instr.

(s) Before Exscution (b) After Execution

FIGURE 1-3.4.2-3. Program Flow for BSR
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m+2 7A

n+1 Si = Subr. Addr.
n+2 S = Subr. Addr.

n+3 Next Main instr.

SP —— m

m+1

PC——» n

n+1

7E

——
—_—/

JSR = BD

/—

(a) Before Execution

m—1 {n+3)H
m {n+31L
m+1 7€
m+ 2 7A
7C
7
n JSR

n+t Sy = Subr. Addr.

n+2 Si_ = Subr. Addr.

n+3 Next Main Instr.

—

PC—+S 1st Subr, instr.

(S formed from
Sy and Sy )

L

{b) After Execution

FIGURE 1-3.4.2-4. Program Flow for JSR (Extended)

7€

7A

L

JSR = AD

K = Offsetr*

Next Main Instr.

*K = 8-8Bit Unsigned Valus

{s) Bafora Execution

SP—wm — 2
m—1 (n+2)H
m (n+2)L
m+ 1 7€
7A
n JSR = AD
n+1 K = Offset
n+2 Next Main instr.
PC ——p- X* + K 1st Subr. Instr.

*Contents of index Register

(b) After Execution

FIGURE 1-3.4.2-5. Program Flow for JSR (Indexed)



pc — Sn

(n +3)H

(n+3)L

7€

7A

JSR = BD

Spy = Subr. Addr.

Sy = Subr. Addr.

Next Main Instr.

Last Subr. Instr.

RTS

(a) Before Execution

L/——'

gp—— m

m+1

n+1
n+2

pc—»n+3

Sn

FIGURE 1-3.4.2-6. Program Flow for RTS
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Wit For

Hardware Interrupt or

Softv!are interrupt Interrupt Non-Maskable Interrupt (NMI1)
Main Program Main Program Main Program
n 3F=SWi n 3E =WAI
n+1 Next Main Instr. n+i Next Main Instr. n Last Prog. Byte
- —~ J (. -~ J - J
Continue Main Prog.
n+1 { Next Main Instr
\ | B | L
Stack
SP—> m-—7
Stack MPU m — 6 | Condition Code

Register Contents :: m—5| Acmitr 8
m—4] Acmitr. A
m — 3| Index Register (Xy)
m — 2| Index Register (X )
m—1 PC(n + 1)H

m PC(n + 1)L
SWI qurWR WAl NMI ‘ Restart ’
Int.
{CCR4) ait Loop
FFFA FFF8 FFFC FFFE
FFFB ¥ FFF9 FreD Y FEre §

Interrupt Memory Assignment1

FFF8 Constant, Hdware
FFFS Constant, Hdware
FFFA | Software

FFFB Software

FFFC Non-Maskable Int.
FFFD Non-Maskable Int.
FFFE Restart

FFFF Restart

MS
LS
Ms

S >
MS

Ls
MS
LS

NOTE: MS = Most Significant Address Byte;
LS = Least Significant Address Byte;

First Instr.
By Fetching

Per. Mem.
Assign.
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2-Bytes From

-

Set Interrupt
Mask (CCR 4)

Y

Load Interrupt
Vector Into
Program Counter

Interrupt Program

1st Interrupt Instr.

FIGURE 1-3.4.2-7. Program Flow for Interrupts



relationship to the hardware interrupts is shown in Figure 1-3.4.2-7. SWI causes the MPU contents to be
stacked and then fetches the starting address of the interrupt routine from the memory locations that respond to
the addresses FFFA and FFFB. Note that as in the case of the subroutine instructions, the Program Counter is
incremented to point at the correct return address before being stacked. The Return from Interrupt instruction,
RTI, (Figure 1-3.4.2-8) is used at the end of an interrupt routine to restore control to the main program. The
SWI instruction is useful for inserting break points in the control program, that is, it can be used to stop

operation and put the MPU registers in memory where they can be examined. The WAI instruction is used to
decrease the time required to service a hardware interrupt; it stacks the MPU contents and then waits for the
interrupt to occur, effectively removing the stacking time from a hardware interrupt sequence.

SP—m= m — 7 m-—7
m—6 CCR m -6 cCR
m—~5 ACCB m—5 ACCB
m-—4 ACCA m—4 ACCA
m-—3 Xy (Index Reg) m -3 XH
m—2 X {Index Reg) m—2 X
m—1 PC(n+1H m—1 PCH
m PC(n+1)L SP—m— m PCL
7E d 7E
n+1 Next Main Instr. PC—=— n+1 Next Main: Instr.
Sn Last inter, Instr. Last Subr. instr.
PC —— RTI Sn RT)
(a) Before Execution {b) After £xecution

FIGURE 1-3.4.2-8. Program Flow for RTI
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1ction,
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to stop
used to
for the

BMI : N=1; BEQ : Z2=1 ;
BPL : N=g ; BNE Z=¢ ;
BVC : V=¢ ; BCC : C=¢ ;
BVS : v=1; BCS : c=1 ;
BHI : C+2Z=¢ ; BLT : N®V=1 ;
BLS : C+2=1; BGE : NdV=¢ ;

BLE : Z+(N®V)=1 ;

BGT : Z+(N®V)=9¢ :
FIGURE 1-3.4.2-9. Conditional B h Instr

The conditional branch instructions, Figure 1-3.4.2-9, consist of seven pairs of complementary

instructions. They are used to test the results of the preceding operation and either continue with the next

instruction in sequence (test fails) or cause a branch to another point in the program (test succeeds).
Four of the pairs are used for simple tests of status bits N, Z, V, and C:

1)

1¢)]

3

C)

Branch On Minus (BMI) and Branch On Plus (BPL) tests the sign bit, N, to determine if the
previous result was negative or positive, respectively.

Branch On Equal (BEQ) and Branch On Not Equal (BNE) are used to test the zero status bit, Z,
to determine whether or not the result of the previous operation was equal to zero. These two
instructions are useful following a Compare (CMP) instruction to test for equality between an
accumulator and the operand. They are also used following the Bit Test (BIT) to determine
whether or not the same bit positions are set in an accumulator and the operand.

Branch On Overflow Clear (BVC) and Branch On Overflow Set (BVS) tests the state of the V
bit to determine if the previous operation caused an arithmetic overflow.

Branch On Carry Clear (BCC) and Branch On Carry Set (BCS) tests the state of the C bit to
determine if the previous operation caused a carry to occur. BCC and BCS are useful for testing
relative magnitude when the values being tested are regarded as unsi gned binary numbers, that
is, the values are in the range 00 (lowest) to FF (highest). BCC following a comparison (CMP)
will cause a branch if the (unsigned) value in the accumulator is higher than or the same as the
value of the operand. Conversely, BCS will cause a branch if the accumulator value is lower
than the operand.

The fifth complementary pair, Branch On Higher (BHI) and Branch On Lower or Same (BLS) are in
asense complements to BCC and BCS. BHI tests for both C and Z = 0; if used following a CMP, it will cause a
branch if the value in the accumulator is higher than the operand. Conversely, BLS will cause a branch if the
unsigned binary value in the accumulator is lower than or the same as the operand.

The remaining two pairs are useful in testing results of operations in which the values are regarded as

signed two’s complement numbers. This differs from the unsigned binary case in the following sense: In

unsigned, the orientation is higher or lower; in signed two’s complement, the comparison is between larger or
smaller where the range of values is between —128 and +127 (see Section 1-3.2 for a review of number

systems).

Branch On Less Than Zero (BLT) and Branch On Greater Than Or Equal Zero (BGE) test the status
bits for N® V = 1 and N@® V = 0, respectively. BLT will always cause a branch following an operation in
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which two negative numbers were added. In addition, it will cause a branch following a CMP in which the value
in the accumulator was negative and the operand was positive. BLT will never cause abranch following a CMP
in which the accumulator value was positive and the operand negative. BGE, the complement to BLT, will
cause a branch following operations in which two positive values were added or in which the result was zero.
The last pair, Branch On Less Than Or Equal Zero (BLE) and Branch On Greater Than Zero (BGT)
test the status bits for Z + (N @®Vy=1landZ + NOV)=0, respectively. The action of BLE is identical to
that for BLT except thata branch will also occur if the result of the previous result was zero. Conversely, BGT is

similar to BGE except that no branch will occur following a zero result.
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