






















































































































































































































































































































































































































































































































































































































































































































































































































·ilil· 

I·bit (Interrupt Mask Bit) Bit 4 of the Condition Code Register (CCR). It is used to enable (if clear) 
or mask (if set) IRQl and IRQ2 interrupts. It does not affect NMI interrupts or the SWI instruction 
and is set during Reset and all interrupt sequences. 

ICF anput Capture Flag) Bit 7 of the Timer Control and Status Register which is used to indicate 
that a proper transition has occurred on the P20 pin. The Counter Register is also transferred to the 
Input Capture Register when this occurs. Which transition is proper is defined by the IEDO bit. 

idle bus cycle A bus cycle during which the MCU performs internal operations. Externally, most 
idle bus cycles appear as an MPU read of the LSB of the Reset Vector ($FFFF). Data obtained from 
an idle bus cycle is ignored. 

IEDG (Input Edge) Bit 1 of the Timer Control and Status Register. IEDO is used to define which 
edge of a signal present at P20 initiates the input capture function. 

lin anput Load Current) anput Leakage Cu"ent) The maximum input or output current when 
configured as an input. The input load current applies to Port 4 pins and IS3 which have internal 
pullup resistors. The input leakage current applies to NMI, IRQl and RESET which are always con­
figured as inputs. 

immediate addressing mode An MC6801 addressing mode in which the value of the operand - as 
opposed to the address - is explicitly contained in the byte(s) which follow the opcode. The size of 
the operand matches the size of the register specified as the destination. 

inclusive OR A Boolean function in which the result is a "I" if any of the inputs is a "I"; other­
wise, the result is "0". The ORAA and ORAB instructions implement this function in the MC6801. 

. index register A register used primarily to contain the address of (Le., point to) another location. In 
the MC6801, the X (or IX) Register is used for this purpose. 

indexed addressing mode An addressing mode which contains an unsigned offset byte in the second 
byte of the instruction. The most significant byte of the offset is zero. The effective address of an in­
dexed instruction is computed by adding the offset to the current value of the index register. The in­
dex register remains unchanged during this operation. 

indexing An addressing technique which uses a pointer to locate a memory operand. The pointer 
address can be biased by an offset as an extension to this technique. See indexed addressing mode. 

indirection A referencing technique which uses a pointer address to locate either (a) the address of 
an operand or (b) another pointer address. Each pointer address in a path to the operand represents 
a "level of indirection." 

inherent addressing mode An addressing mode which does not require a memory operand and, 
therefore, requires no bus access. Only internal register operands are specified by inherent address­
ing using single byte instructions. TSX, ABA, COMA, and NOP are examples of MC6801 inherent 
instructions. 
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input capture junction A programmable timer function which transfers the current contents of the 
Counter Register to the Input Capture Register in response to a proper level transition at P20. 
Which transition is "proper" is controlled by the IE DO bit in the TCSR. The purpose of the input . 
capture function is to facilitate measurement of elapsed time between external level transitions using 
software. 

input/output Data entered (input) or data received (output) from a computer. 

instruction An MC6801 machine instruction consists of one to three consecutive bytes which define 
a single operation. An instruction consists of an opcode byte and may be followed by one or two 
bytes which define a memory-resident or immediate operand. 

internal address space The set of addresses to which MC6801 internal devices respond. Internal ad­
dresses are a function of the operating mode and, in some cases, the RAME bit in the RAM Control 
Register. 

interrupt A control mechanism which suspends execution of a program, saves certain registers, and 
transfers control to an interrupt routine. The suspended program can be resumed by restoring the 
saved registers. 

interrupt-driven A program control structure utilizing interrupts (as opposed to polling) to initiate 
service to a device. 

interrupt mask bit (See I-bit) 

interrupt response time The elapsed time from assertion of the interrupt until the device is serviced. 
The response time includes recognition of the interrupt and stacking the registers. 

interrupt vector An address obtained during the eleventh and twelfth cycle of the MC6801 interrupt 
sequence which is subsequently transferred to the Program Counter. Hence, instruction execution is 
resumed at this address. Interrupt vectors are obtained from fixed addresses in either the internal or 
external memory space depending upon the operating mode. 

I/O (See Input/Output) 

I/O Port One of four MC6801 ports which is controlled by a Data Direction Register and provides 
direct access to the port pins using the Data Register. Ports 1 and 2 are always available as 1/0 
ports. Ports 3 and 4 can be used as I/O ports in some operating modes. 

IDS (Input/Output Select) The configuration of the SCI pin in Mode 5. lOS is an active low output 
signal which is asserted whenever an address from $100 to $lFF (inclusive) appears on the internal 
address bus. It should be used as an input to a chip select circuit for devices residing in the Mode 5 
external address space. Note that internal addresses will also appear on the address bus. 

IRQ} One of two types of maskable interrupts in the MC6801. IRQ 1 is an active low, level-sensitive 
interrupt. 
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IRQ2 One of two types of MC6801 maskable interrupts. IRQ2 is an internal active low, level­
sensitive interrupt which is asserted internally by a certain combination of active high flags and in­
terrupt enable bits. This is indicated in the following Boolean equation where IRQ2 is active low: 

IRQ2 = [(TOF.ETOI) + (OCF.EOCI) + (ICF.EICI)) + [(ORFE + RORF).RIE + (TORE.TIE)] 

ISBB (Standby Cu"ent) The current consumption at" the maximum supply voltage (VSB) for VCC 
Standby. The current will not exceed this value in the powerdown state (V CC Standby = V SBB). 

IS3 (Input Strobe 3) The configuration of the SCI pin in the single chip modes (4 and 7). An IS3 
negative edge always sets the IS3 FLAG bit as a response and can also be used to (a) latch data into 
Port 3 if the LATCH ENABLE bit is set and/or (b) assert IRQl if the IS3 IRQl ENABLE bit is set. 

IS3 FLA G (Input Strobe 3 Flag) Bit 7 of the Port 3 Control and Status Register. IS3 FLAG is set in 
response to a negative edge on IS3. It is active only in Modes 4 and 7 and is cleared by a proper ac­
cess of the Port 3 Data Register ° 

IS3 IRQl ENABLE (Input Strobe 3 IRQl Interrupt Enable) Bit 6 of the Port 3 Control and Status 
Register. If set, IRQl is asserted whenever IS3 FLAG is also set. It is active only in Modes 4 and 7. 

ITSI (Three-state Input Cu"ent) The maximum allowable current (either as a source or a sink) 
when the pin is configured as a high impedance input. This parameter applies to Ports 1, 2 and 3. 

IX (See Index Register) 

°wO -J -

jump To cause execution of aQ instruction other than the next sequential one. This is implemented 
by loading the Program Counter with the address of the jump destination. This is very similar to a 
branch operation. See branch for differences. 

-kkkk-

K When referring to memory sizes, K is an abbreviation for 1024 decimal. The number of bits in a 
64K bit RAM, therefore, is 65,536 decimal bits. It is also used here as an abbreviation for "kilo" or 
1 ()()() decimal. 

-1111-

label In the MC6801 Macroassembler, a label is a symbol which appears in the label field of an 
assembly language statement. A label consists of one to six alphanumeric characters (upper case let­
ters A-Z, digits 0-9) and the three special characters, period (.), dollar ($) and underscore (_). A 
label must begin with either a letter or period (.). 
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LA TeH ENABLE Bit 3 of the Port 3 Control and Status Register. It can be used to cause input 
data to be latched into the Port 3 Data Register in Modes 4 and 7 in response to an IS3 negative 
edge. 

level-sensitive An attribute of an input circuit which results in a response to a level. If the level is not 
removed or masked, it can cause continuous responses. IRQl and RESET are level-sensitive signals 
in the MC6801. 

LILbug™ The name of the firmware monitor mask programmed into the ROM of the MC6801Ll. 
Commands and a source listing are included in the LILbug Manual. lie / 

local variable A variable which can be accessed only by a given subroutine. 

logic analyzer A device capable of capturing and displaying the bus signals for a given processor. 

loop A control mechanism which causes a sequence of instructions to be repeated. 

LSB (Least Significant Byte/Bit) That portion of a multi-byte/bit value which contains the least 
arithmetic significance. Double byte values used in MC6801 instructions are situated in/memory 
with the MSB having the lower address. / 

LSI (Large Scale Integration) A term used to describe integrated circuits having an arbitrarily large 
number of gates. LSI is the third category of four types of integrated circuits consisting of SSI 
(Small scale integration), MSI (Medium Scale integration), LSI, and VLSI (Very Large Scale In­
tegration). 

-mmmm-

machine code A sequence of one or more bytes which defines a single operation. MC6801 machine 
codes consist of one to three bytes. Machine code is typically shown in hexadecimal format. 

machine state A term used to describe the; contents of the MPU registers at a specified time. With 
respect to the MC6801, the term usually eX:cludes the stack pointer (SP) and consists of: CCR, AC­
CA, ACCB, X, and PC. These registers are stacked during an interrupt sequence to save the 
machine state. The stack pointer then points to where the machine state is saved. This procedure 
allows a program to be interrupted and resumed. 

macro In software, it defines a sequence of characters which is substituted into the program each 
time it is invoked by a macroinstruction. The sequence can typically accept argument substitutions. 
The purpose of a macro is to reduce the amount of programming effort required to generate similar 
sequences of instructions. 

*Motorola Semiconductor Products, Inc., Box 20912, Phoenix, Arizona 85036 
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macroinstruction A source language statement which causes a sequence of instructions defined by a 
macro to be substituted into a program. 

macroprocessor A program which is typically a module of an assembler and can be used to expand 
macroinstructions into sequences of assembly language instructions. An assembler having this 
capability is usually called a macroassembler. 

mask A sequence of bits used as an operand in a Boolean operation. Mask is also sometimes used as 
a synonym for "inhibit." When an IRQl interrupt is masked, for instance, it is inhibited. Mask is 
also used to identify a photographic plate used in the manufacture of integrated circuits. 

mask option Certain configuration options which may be chosen during specification of the 
MC680l masked ROM. 

MCU (Microcomputer Unit) A microcomputer implemented as a monolithic chip. It typically con­
sists of at least an MPU, ROM, RAM, and some form of 1/0. 

MC6801Ll An MC680l which has the LILbug monitor mask programmed into the ROM. See the 
LILbug manual for details. 

MC6803 A microcomputer equivalent to an MC680l operating in Modes 2 or 3. 

MC6803NR A microcomputer equivalent to an MC680l operating in Mode 3. 

MC68701 A microcomputer which is nearly identical to the MC680l. The MC6870l includes a 
2048-byte EPROM instead of a masked ROM which provides a method for debugging software. 

memory mapA graphical illustration of the available addressable areas including annotations 
which describe subareas of the space. 

memory space The set of addresses which can be directly accessed by the address bus. This is 
sometimes also referred to as the "physical' 'memory space. 

Microcomputer Unit (See MCU) 

Microcroprocessor (See MPU) 

mnemonic An abbreviation for an operation which, by its appearance, makes details of the opera­
tion easier to remember. LDAA, for example, is the assembler mnemonic for "load accumulator 
A." 

monitor A collection of routines which typically provide a uniform method of inputloutput and 
certain debugging functions. 

MPU (Microprocessor Unit) A Central Processing Unit (CPU) implemented with LSI technology. 

MPU Read Any bus cycle during which the RIW line is high. MC680l instructions LDAA and TST 
both perform MPU reads. 
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MPU Write Any bus cycle during which the R/W line is low. MC6801 instructions ST AA and COM 
both perform MPU writes. 

MOS (Metal Oxide Semiconductors) An integrated circuit technology characterized by its high den­
sity and low power consumption. Subcategories of MOS include CMOS, HMOS, NMOS and 
PMOS. 

MSB (Most Significant Byte/Bit) That portion of a multi-byte/bit value which contains the most 
arithmetic significance. The MSB of values used in MC6801 double byte instructions are situated in 
memory witH the MSB having the lower address. 

multiplex To use the same set of lines to carry more than one signal. In the MC6801 expanded 
multiplexed modes, eight Port 3 pins are used for both address (AO-A7) and data (00-07). 

-0000-

N-bit Bit 3 of the Condition Code Register. The N-bit is set according to the most significant bit of 
the result in certain operations. Operation of the BPL and BMI instructions is controlled by the 
N-bit. 

negate To form the two's complement of a value. The MC6801 NEG instruction performs this 
operation. Negate is also used to indicate the inactive state of a signal independent of whether the 
voltage is high or low. 

negative edge A high-to-Iow level transition. 

nested An operation which is repeated while performing a similar operation. For example, a nested 
interrupt is an interrupt taken while servicing a prior interrupt. A nested loop isa loop within a loop. 

nibble A quantity consisting of a half-byte, or 4 bits. 

NMI (Non-Maskable Interrupt) An MC6801 edge-sensitive non-maskable interrupt input. 

NMOS (N-channel Metal Oxide Semiconductor) An integrated circuit technology noted for its high 
density. 

NRZ (Non-Retum to Zero) Oile of two MC6801 serial communications formats. IN NRZ format, 
the level throughout each bit time represents the value of the data. 

-0000-

object code An output of an assembler or compiler. Typically, it contains information pertaining to 
where the program is to reside in memory along with some representation of the machine code. 

OCF (Output Compare Flag) Bit 6 of the Timer Control and Status Register. OCF is set when the 
contents of the Output Compare Register matches the Counter Register. 
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offset byte The second byte of machine code in all instructions which use either the indexed or 
relative addressing modes. The offset byte is added to the current value of the index register (indexed 
addressing mode) or program counter (relative addressing mode) to obtain the effective address of 
the instruction. 

OL VL (Output Level) Bit 0 of the Timer Control and Status Register. OL VL is used with the output 
compare function to control an output waveform. 

"1" In a binary system, a "I" refers to one of two possible states where "0" is the other state. In 
positive logic, it refers to a logic high or "true" condition. 

operand That which is operated on. In an assembly language statement, the operand field follows 
the operation field, and defines both the addressing mode and the effective address. With respect to 
machine language, it is those byte(s) which follow the opcode byte and specifies an immediate value, 
offset, or an address. 

operating mode One of eight possible MC680I configurations which is defined by the levels on P20, 
P2I, and P22 on the positive transition of RESET. 

opcode (operation code) The first byte of machine code in any MC680I instruction. The opcode 
defines the type of operation, the register(s) involved, and the addressing mode. 

ORFE (Overrun or Framing E"or) Bit 6 of the Transmit/Receive Control and Status Register. 
ORFE is set by the SCI receiver to indicate either a receiver overrun or framing error. The type of er­
ror can be distinguished by noting the RDRF bit: if RDRF and ORFE are set, it indicates an over­
run. If ORFE is set and RDRF is not set, a framing error or break condition has occurred. 

OS3 (Output Strobe 3) SC2 is configured as OS3 in Modes 4 and 7. It is an active low output which 
is asserted by a proper access of the Port 3 Data Register. Which access is "proper" is defined by the 
OSS bit. 

OSS (Output Strobe Select) Bit 4 of the Port 3 Control and Status Register. OSS is active only in 
Modes 4 and 7 and is used to define whether an OS3 output signal is to be generated by an MPU 
write or an MPU read of the Port 3 Data Register. 

Output Compare Register A I6-bit read/write register which is compared with the Counter Register 
during each E-cycle. If a match is found between the two registers, the OCF bit is set. The Output 
Compare Register can be used (1) with the OLVL bit to generate an output waveform or (2) without 
regard to the OL VL bit to generate an interrupt after an elapsed time. 

output level register A 0 flip-flop in the MC680I Programmable Timer for which the OLVL bit is 
an input (D) and the clock (CLK) is an output compare pulse. Providing P2I is configured as an out­
put, the output of the flip-flop (Q) will appear at the pin. Note that the level of P2I reflects the value 
of theOL VL bit during the last successful output compare. 

overrun error An error which occurs due to a delayed response to the RDRF flag. An overrun error 
occurs whenever a byte is ready to be transferred from the Receive Shift Register to the Receive Data 
Register and RDRF is still set. 
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parasitic capacitance The capacitance inherent in a device by virtue of its fabrication. 

PC (Program Counter) A 16-bit counter which alw~ys points to the first byte of the next instruction 
to be executed. The register is incremented once for each instruction byte fetched. 

PCO-PC2 (Program Control bits) Bits 5.;.7 of the Port 2 Data Register. These three bits reflect the 
current operating mode of the MC6801 where PCO is the value latched from P20 on the positive 
edge of RESET. The bits are read-only with one exception: Mode 5 can be irreversibly entered from 
Mode 4 without going through Reset by writing a "1" to PCO in Mode 4. 

PD (Power Dissipation) The maximum power required for powerup operation of the MC6801 in­
chiding both VCC and VCC Standby at maximum supply voltage and lowest temperature. 

PDB (Peripheral Data Bus) The internal segment of the MC6801 Data Bus. 

Peripheral Device A device which can be interfaced with a computer to provide some function. 

Pij (Port i, bit j) A notational convention whereby an MC6801 pin is referred to by its port number 
and bit position. P24, for example, indicates Port 2 bit 4. 

PLC (Program Latch Control) Bit 0 of the MC68701 RAM/EPROM Control Register which is us­
ed to enable latching the EPROM address during programming. 

polling A software technique involving a loop which checks (i.e., polls) the status bits of devices to 
determine if service is required. 

Port 3 Control and Status Register An 8-bit register which is active only in Modes 4 and 7. The bits 
provide control and status information for Port 3 including operation of the IS3 and OS3 lines. 

positive edge A low-to-high level transition. 

PPC (Program Power Control) Bit 1 of the MC68701 RAM/EPROM Control Register which is 
used to enable power from the RESET/Vpp pin to the EPROM during programming. 

precharge The act of charging the capacitance of an internal node to a logic high during a particular 
time interval. The output is then generated by discharge paths of those nodes whose values are to be 
"0" . This technique is used to improve the speed at high capacitance nodes and decrease power con­
sumption. 

priority encoder A device in which the output is based on a hierarchical order of inputs. The output 
is the identity of the active input with the highest priority. A 74LS147 is an example of a priority en­
coder. 

PRObug™ The name of an MC68701 monitor available in a masked ROM which can be used for 
system development and EPROM programming. Consult the PRObug manual for details.· 

·Motorola Microsystems, 3102 N. 56th st., Phoenix, Arizona 85018 
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program counter (See PC) 

Programmable Timer One of the major modules of the MC6801 consisting of registers which imple­
ment the output compare function, input capture function, and the free running counter. 

pullup resistor A resistor which connects a line to V CC. Its purpose is to provide a logic high when 
no other device is driving the line. The value of the resistor is determined by the current capacity of 
each device connected to the line. Values between 3K and 10K ohms are tyically used in MC6801 
systems. Wire-OR configurations always require a pullup resistor and the value of the resistor must 
be determined from the number and type of devices sharing the line. 

push-pull driver A circuit which includes two transistors, a pullup resistor (which could have the 
value zero), and a connection to ground. If the output is a "I", one of the two transistors conducts 
and connects the output through a pullup resistor to VCC. If the output is a "0", the opposite tran­
sistor conducts and connects the output to VSS. Most of the MC6801 data port output drivers 
employ this type of device. 

PW ASH (Pulse Width Address Strobe High) Applies in Modes 0, I, 2, 3 and 6. It is the minimum 
width of the logic high portion of the Address Strobe signal. 

PWEH (Pulse Width E High) The minimum width of the logic high portion of E. 

PWEL (Pulse Width E Low) The minimum width of the logic low portion of E. 

PWRSTL (RESET Low Pulse Width) The minimum number of E-cycles for which the RESET line 
must be held low during a Reset when operating in a powerup state. During initial powerup (from a 
powerdown condition), however, RESET must be held low for tRC to provide time for the 
oscillator to stabilize. 

-rrrr-

RAM (Random Access Memory) A memory in which each location can be individually read or writ­
ten in any order. 

RAM Control Register An MC6801 register used for controlling and determining the status of the 
RAM. It includes the RAME and STBY PWR bits. 

RAM/EPROM Control Register An MC68701 register used for controlling and determining the 
status of the RAM and for programming the EPROM. It includes the RAME, STBY PWR, PPC, 
and PLC bits. 

RAME (RAM Enable bit) Bit 6 of the RAM Control Register. RAME defines whether the RAM is 
included in the internal memory space of the MC6801. When set (and not in Mode 3), the RAM is 
included in the internal memory space. When clear, the address space of the RAM is considered to 
be external. The purpose of the bit is to inhibit undesirable accesses to the RAM during transition to 
powerdown operation. 
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Rate and Mode Control Register (See RMCR) 

RDRF (Receive Data Register Full) Bit 7 of the Transmit/Receive Control and Status Register. 
When set, RDRF indicates that a byte has been transferred from the receive shift register to the 
Receive Data Register. 

RE (Receiver Enable) Bit 3 of the Transmit/Receive Control and Status Register. Setting RE 
enables operation of the receiver section of the SCI. 

read-modify-write instruction An instruction which fetches data from a memory location or 
register, modifies it, and writes the modified version back. This type of instruction performs both an 
MPU read and write to the same location. LSL, COM, and NEG are examples of MC6801 read­
modify-write instructions. These instructions have opcodes which range from $40 to $7F, inclusive­
ly, excepting JMP (see Appendix B). 

read-only A property of a memory element which is to be read but not modified. Writes to the loca­
tion are allowed but have no affect on the value. 

Read/Write (See R/W) 

Receive Data Register An 8-bit read-only register which is used by the MPU to obtain data from the 
SCI receiver after it has been converted to parallel format. 

receive shift register An 8-bit shift register which is clocked by the bit rate clock and is used to con­
vert a serial data stream to parallel. The receive shift register is not directly addressable. 

recursion A software technique which uses a procedure that invokes itself. For example, the follow­
ing instructions implement a recursive software delay loop: 

LDAA 
JSR 
• 
• 

TIMOUT DECA 
BEQ 
BSR 

OUT RTS 

#VALUE 
TIMOUT 

OUT 
TIMOUT 

re-entrant routine A routine which is written in such a manner as to allow execution of it to be inter­
rupted, executed again by the interrupt service routine, and then be resumed without ill effects. Re­
entrant routines modify no local variables with absolute. addressing. 

relative addressing mode An addressing mode in which the effective address is obtained by adding 
an 8-bit signed offset byte to the current value of the Program Counter. This addressing mode is 
used only for branches in the MC6801. 

Reset To return a device or system to a defined state. 

RESET An MC6801 active low level-sensitive input which causes a Reset sequence to be executed. 
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RESET/Vpp An MC68701 active low level-sensitive input which (1) resets the microcomputer 
when the pin voltage falls below VIL, (2) is used as a control signal to capture the operating mode of 
the MCU, and (3) provides an input for an EPROM programming voltage (VPP) at a maximum cur­
rent of Ipp. 

Reset vector A 16-bit address which is loaded into the Program Counter in response to addresses 
$FFFE and $FFFF in the first two E-cycles after RESET goes high. Hence, instruction execution 
begins at the address obtained from $FFFE:FFFF. 

RIE (Receiver Interrupt Enable) Bit 5 of the Transmit/Receive Control and Status Register. When 
set, IRQ2 is asserted whenever RDRF and/or ORFE are set. 

rise time The time required for a voltage level change from VIL to VIH (an input) or from VOL to 
VOH (an output). 

rising edge A low-to-high level transition. 

RMCR (Rate and Mode Control Register) A 4-bit write-only register. It is used by the SCI to define 
(a) the source of the serial bit rate clock, (b) the serial data format, (c) whether the internal bit rate 
clock is to be provided as an output, and (d) if the internal clock is selected, the serial bit rate. 

ROM (Read-Only Memory) A memory in which each location can be individually read in a random 
order but not altered. Note that a RAM can be temporarily converted to a ROM by tieing the R/W 
input line to a logic high through a switch. Typically, a ROM will retain its data in the absence of 
power. 

RX (Receiver Data) Serial data intended for the input to a receiver or the receiver, itself. 

R/W (Read/Write) The configuration of SC2 in all operating modes except Modes 4 and 7. It is 
used in MC6801 systems to control the direction of data bus transfers. When the level is high, it in­
dicates a memory-to-MPU transfer (MPU read) whereas a low level indicates an MPU-to-memory 
(MPU write) transfer. 

-ssss-

SCLK (Serial Clock) A bi-directionalline to the SCI (P22) which can be used to input an external 
clock at eight times the desired bit rate or provide the internal bit rate clock as an output. Both func­
tions are controlled by the RMCR. 

SCI (Serial Communications Interface) A major module of the MC6801 which provides the 
capability to transmit and receive serial data in one of two formats, using several bit rates. 

self-modifying instructions An instruction sequence which modifies itself as it executes. Such a se­
quence cannot be stored in ROM. Its use is generally considered poor programming practice due to 
debugging and modification difficulties. 

Serial Communications Interface (See SCI) 
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set To change the value of a bit or device to a "1" (logic high). 

serial data Data presented one bit-at-a-time in sequence. The LSB is typically transmitted first. 

setup time The minimum time that the correct logic level must be present prior to a clock transition 
in order for it to be correctly recognized. 

sligned A notational scheme which provides a numbering system that extends in both positive and 
negative directions from zero. MC6801 signed values uses two's complement format. A negative 
value is indicated by a "1" in the most significant position whereas a positive value contains a "0" 
in this position. Note that a signed single byte can have a value from -128 to + 127 while a signed 
double byte value has a range from - 32,768 to + 32,767. 

single chip mode One of two operating modes (4 and 7) of the MC6801. Mode 4 is used for testing 
while Mode 7 is used in single chip applications. Note that no external bus is provided in this mode. 

source code The input to an assembler or compiler consisting of statements in the language being 
assembled or compiled. 

SP (Stack Pointer) A 16-bit register which always points to the next available location in a last-in­
first-out queue. The initial value of the stack pointer must be specified by the programmer. The 
stack pointer is automatically decremented as data is pushed onto the stack and incremented as data 
is pulled from it. 

SCl (Strobe Controll) An MC6801 pin which is configured as an output in all modes except modes 
4 and 7. In modes 0, 1, 2, 3, and 6, SCI provides Address Strobe (AS). In mode 5, it provides the 
lOS signal. In modes 4 and 7, however, it is an input signal configured as IS3. 

SCl (Strobe Control 1) An MC6801 pin which is configured as an output in all modes. In all modes 
except 4 and 7, it provides the Read/Write (R/W) signal. In modes 4 and 7, it is configured as OS3. 

SR flip-flop (Set/Reset flip-flop) A device having two inputs and a single output where only logic 
high inputs affect the output. A logic high at the "set" input provides a logic high at the output 
whereas a logic high at the "reset" input provides a logic low at the output. A logic low at both in­
puts produces no change in the output. However, if a logic high is presented to both inputs 
simultaneously, the output state is undefined. 

SSl :SSO (Speed Select bits) Bits 1 and 0 of the SCI Rate and Mode Control Register. They are write­
only bits which control the SCI bit rate only when using the internal bit rate clock. 

stack A linear list in which all additions and deletions are made at one end of the list. This is 
sometimes referred to as a last-in-first-out (LIFO) discipline. A stack is managed in hardware by the 
MC6801 16-bit stack pointer (SP). 

Stack Pointer (See SP) 
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standby RAM That portion of the RAM which is addressed from $80 through $BF. During a 
powerdown state, data in this portion of the RAM can be kept valid by providing power to the V CC 
Standby pin. 

start bit With respect to asynchronous serial communications, it is the first negative transition 
following an idle (mark) period. Following a framing error, however, a start bit is recognized 
without the transition if the following bit is also a zero (space). The start bit is used to synchronize a 
serial receiver with the data and is, by convention, always a "0". In SCI serial data transition, it is 
followed by eight data bits and a single stop bit (" 1 "). 

STBY PWR (Standby Power) Bit 7 of the RAM Control Register. The STBY PWR bit is used to 
determine whether the power source to the standby portion of the RAM was sufficient to maintain 
the data. 

stop bit The last element using serial asynchronous protocol. The stop bit occurs during the tenth 
bit time and is always a "1" . If the stop bit is not detected, a framing error or break condition exists. 

subroutine linkage A scheme used to (a) transfer control to a subroutine, (b) transmit arguments to 
the subroutine, (c) transmit the results to the caller, and (d) transfer control back to the caller. With 
respect to the MC6801, the JSR and BSR instructions push the return address onto the stack and 
pass control to a subroutine. The programmer must adopt a convention for argument passing in the 
absence of a specified convention. Control can be returned to the caller by using the RTS instruction 
to pull the return address from the stack into the Program Counter. 

symbolic addressing A programming technique which utilizes symbols or labels to define addresses 
as opposed to their actual value. 

symbol With respect to the MC6801 Macroassembler, a symbol is used as a substitute for a specific 
value. A symbol consists of from one to six alphanumeric characters (upper case letters A-Z, digits 

. 0-9), and the special characters period (.), dollar sign ($), and underscore (_). A symbol must begin 
with a letter or period (.). 

-tttt-

tACCM (Expanded Multiplexed Read Access Time) During an MPU read, tACCM is the maximum 
time from when the address bus is valid (AO-A15) to when data is required to be valid. 

tACCN (Expanded Non-Multiplexed Read Access Time) During an MPU read, it is the maximum 
time from when the address bus is valid (AO-A7) to when data is required to be valid. 

tAD (Address Delay Time) The maximum time following the negative edge of E until R/W and 
either A8-A15 (Expanded Multiplexed) or AO-A7 (Expanded Non-multiplexed) are valid. 

tAH (Address Hold Time) The minimum time that the address bus remains valid after the negative 
edge of E. Because addresses are typically used to generate external system chip selects, these signals 
would also be affected at this time. 
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tAHL (Address Hold Timefor Latch) The minimum hold time for AO-A7 after the negative edge of 
AS. This provides a hold time for latching AO-A 7 in the expanded multiplexed modes. 

tAS (Address, RIW Setup Time before E) The minimum setup time before the positive edge of E 
for RIW and either A8-A15 (Expanded Multiplexed) or AO-A7 (Expanded Non-multiplexed). 

tASD (Address Strobe Delay Time) The time between the negative edge of E and the positive edge 
of AS. This value represents the amount of time a peripheral device has to vacate the multiplexed 
data bus before the MCV will begin to drive it with AO-A 7. This parameter is affected by the duty 
cycle of the MCV input clock (4fo or fXTAL). (See Appendix I). The minimum value listed in the 
Data Sheet for tASD corresponds to a 60070 duty cycle. 

tASED (Address Strobe to Enable Delay Time) The time between a negative edge of AS and the 
positive edge of E. This parameter is affected by the duty cycle of the MCV input clock (4fo or 
fXTAL). (See Appendix I.) The minimum value given in the Data Sheet for tASED corresponds 

. to a 40070 duty cycle. 

tASF (Address Strobe Fall Time) The time required for AS to change from a logic high to a logic 
low. 

tASL (Address Setup Time for Latch) The minimum setup time for AO-A 7 to be valid before the 
negative edge of AS. This provides a setup time for latching AO-A7. 

tASM (AO-A 7 Setup Time before E) With respect to the Multiplexed Bus, it is the minimum setup 
time before the positive edge of E that address lines AO-A7 are valid. Because A8-A15 are always 
valid before this time, this represents the minimum setup time for the entire bus. 

tASR (Address Strobe Rise Time) The time required for AS to change from a logic low to a logic 
high. 

tCMOS (Delay, E to Data Valid) Applies to Ports 1, 2, 3, and 4 Data Registers (except for P21) 
only when configured as output data ports. During MPV writes, tCMOS is the time from the 
negative edge of E to when the level reaches 70070 of the CMOS supply voltage. It should also be 
noted that (a) Port 4 outputs cannot be pulled above the MC6801 supply voltage, and (b) a 10k ohm 
pullup resistor is required for Port 2 when interfacing with CMOS. 

TCSR (Timer Control and Status Regiser) An 8-bit register used to control and determine the status 
of the MC6801 Programmable Timer. 

tcyc (Bus Cycle Time) The period of an MCV bus cycle. It is equivalent to 4/fXTAL, 4/4fo, lifo or 
liE. 

tDD W (Data Delay Write Time) The maximum time after the positive edge of E until data is valid 
during an MPV write cycle. 

TDRE (Transmitter Data Register Empty) Bit 5 of the TransmitlReceive Control and Status 
Register. When set, it indicates that the SCI transmitter is ready for more data. TDRE is cleared 
by reading TDRE and writing a byte to the Transmit Data Register. 
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tDSR (Data Setup Time for Read) The minimum MCU data setup time for an MPU read that must 
be provided by a peripheral device before the negative edge of E. 

TE (Transmit Enable) Bit 1 of the Transmit/Receive Control and Status Register. When set, it in­
itializes the SCI transmitter and enables operation of the transmitter. 

tEF (Enable Fall Time) The time required for E to change from a logic high to a logic low. 

tER (Enable Rise Time) The time required for E to change from a logic low to a logic high. 

t HR (Data Hold Time for Read) During an MPU read, it is the minimum time following the 
negative edge of E during which a peripheral is expected to hold the data valid. 

tHw(Data Hold Tlmefor Write) For an MPU write, it is the minimum time following the negative 
edge of E during which the MCU will keep the data valid. 

TIE (Transmit Interrupt Enable) Bit 3 of the Transmit Receive Control and Status Register. When 
set, it asserts IRQ2 whenever the TDRE bit is set; otherwise, the interrupt is inhibited. 

tIH (Input Data Hold Time) Applies only in Modes 4 and 7 when port 3 is configured as a latched 
input data port (LATCH ENABLE bit is set). It is the minimum time after the negative edge of IS3 
that data must remain valid to insure latching the correct logic levels into the Port 3 data register. 

timer overflow Timer overflow occurs when the I6-bit Counter Register contains $FFFF. The TOF 
bit is set to reflect this condition. 

TIN (Timer Input) An input to P20 which is connected to the MCU input capture edge detector. 

tIS (Input Data Setup Time) Applies only in Modes 4 and 7 when Port 3 is configured as a latched 
input data port (LATCH ENABLE bit is set). It is the minimum time prior to the negative edge of 
IS3 that data must be held valid to insure latching the correct logic levels into the Port 3 data 
register. 

tMPH (Mode Programming Hold Time) The minimum time after the positive edge of RESET that 
the mode programming levels must remain valid to insure correct recognition. 

tMPS (Mode Programming Setup Time) The minimum time before the positive edge of RESET 
that the mode programming levels must remain valid to insure correct recognition. 

TOF (Timer Overflow Flag) Bit 5 of the Timer Control and Status Register. TOF is set when the 
I6-bit Counter· Register contains $FFFF. 

toggle To change the value of a bit or byte to its opposite state. 

TOUT (Timer Output) An output from the output level register to P2I. The value of the OL VL bit 
is clocked to this unaddressable register during a successful output compare. It is provided as an 
MCU output if P2I is defined as an output by bit 1 of the Port 2 Data Direction Register. 
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tpcs (Processor Control Setup Time) The minimum time prior to the negative edge ofE that inter~ 
rupts and RESET must be valid to be recognized during that E-cycle. 

Transmit Data Register An 8-bit write-only register used to provide data to the SCI transmitter. 

tRC (Oscillator Stabilization Time) The minimum time which RESET must be held low from a 
powerdown state (initial startup). This provides time for the MC6801 internal oscillator to stabilize. 
After a powerup condition has been established, RESET must be held low for a minimum . of 
PWRSTL cycles. 

tOSDl (First Edge Delay Time, E to OS3) A timing parameter associated with OS3 (Modes 4 and 
7). It is the delay time between the first positive edge of E following a proper access of the Port 3 
Data Register and the negative edge of OS3. Which access (read or write) is proper is. defined by the 
OSS bit. 

tOSD2 (Second Edge Delay Time, E to OS3) A timing parameter associated with OS3 (Modes 4 and 
7). It is the delay time between the second positive edge of E following a proper access of the Port 3 
Data Register and the positive edge of OS3.Which access (read or write) is proper is defined by the 
OSS bit. 

tPDH (Peripheral Data Hold Time) Applies to Ports 1, 2, 3, and 4 only when configured as input 
data ports. With respect to Ports 1, 2, and 4, it is the required hold time after the positive edge of E 
during the MPU read of the port Data Register. With respect to Port 3, it applies only to unlatched 
operation in Modes 4 or 7 (LATCH ENABLE bit = 0) and is the required hold time after the nega­
tive edge of E with respect to the end of an MPU read cycle of the Port 3 Data Register. 

tPDSU (Peripheral Data Setup Time) Applies to Ports 1,2, 3, and 4 only when configured as input 
data ports. With respect to Ports 1,2, and 4, it is the required setup time before the positive edge of 
E during an MPU read of the port Data Register. With respect to Port 3, it applies only to unlatched 
operation in Modes 4 or 7 (the LATCH ENABLE bit is clear) and is the required setup time prior to 
the negative edge of E at the end of an MPU read of the Port 3 Data Register. 

tpp (Programming Time) The minimum interval during which the address, data, and programming 
power (Vpp) must remain constant when programming the MC68701 EPROM. 

t PWD (Delay Time, E to Data Valid) Applies to Ports 1, 2, 3, and 4 when configured as output data 
ports. tpWD is specified as the delay from the negative edge of E at the end of the port MPU write 
cycle to' when the data is valid at the output pins of the port. 

tPWIS (IS3 Pulse Width) Applies only in Modes 4 and 7. It refers to the minimum width of an ac­
tive low IS3 input pulse to insure recognition. 

transmit shift register An 8-bit shift register which converts parallel data from the Transmit Data 
Register into serial format. This register is not addressable. 

transparentiatch A device in which the outputs are the same as the inputs (i.e., transparent) until 
the latching feature is activated. When this occurs, the outputs will remain fixed to the value of the 
inputs. The MC6882 and 74LS373 are representative of this type of latch. 
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TRCSR (Transmit/Receive Control and Status Register) An 8-bit register used to control and deter­
mine the status of the MC6801 Serial Communications Interface. 

two's complement A scheme for which negative values are formed from their corresponding 
positive values by complementing every bit and then adding one to the result. MC6801 instructions 
use this form of representing numbers. 

TX (Transmit) A transmitter or serial data which is the output of a transmitter. 

-uuuu-

unsigned A numbering scheme which contains no negative value and extends from 0 to a positive 
number limited by the number of bits used to represent the number. Note a single byte can represent 
any unsigned integer from 0 to 255 while a double byte can range from 0 to 65,535. 

upward compatible Compatibility which implements all features of its predecessor. The MC6801 is 
upward compatible with the MC6800 with respect to both source and object code. However, the 
MC6801 executes some instructions with fewer cycles which may require some MC6800 execution 
time-dependent sequences (e.g., software timing loops) to be modified. 

-vvvv-

VCC (MCU Supply Voltage) One of two MC6801 power supply pins. The VCC pin provides all 
MC6801 power except to the standby portion of the RAM and RAM Control Register. In the 
MC68701 V CC does not furnish power to the EPROM control circuits or to the EPROM itself (this 
voltage is furnished by the RESET /Vpp pin). V CC is a traditional term for the supply voltage 
which has been borrowed from TTL terminology. With respect to MC6801 documentation, it is 
synonomous with the MOS term, VOO. 

V CC Standby (Standby Power Supply Voltage) Power to the MC6801 standby portion of the RAM 
and RAM Control Register is connected to the VCC Standby pin. (See VCC.) 

VDD (Supply Voltage) An MOS term which specifies the supply voltage. In MC6801 documenta­
tion it can be considered as synonomous with the TTL term Vce. 

V-Bit (Overflow bit) Bit 1 of the Condition Code Register. When set, it indicates that a two's com­
plement overflow has occurred during a preceding operation. 

vector An address stored in memory which is transferred to the Program Counter in response to 
either an interrupt or Reset. The vector is usually named after the condition which causes it to be 
loaded (e.g., a Reset vector). 

V 1H (Input Voltage for a Logic High) The minimum input voltage which will be recognized as a 
logic high. The maximum voltage should not exceed V CC to prevent potential damage to the MCU. 
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VIL (Input Voltage for a Logic Low) The maximum input voltage which will be recognized as a 
logic low. The minimum voltage should not be less than V SS to prevent potential damage to the 
MCU. 

VLSI (Very Large Scale Integration) An integrated circuit containing a very large number of gates 
as opposed to a circuit using smaller scale technology (LSI, MSI, or SSI). 

VMPDD (Mode Programming Diode Differential) Applies when programming the mode with 
diodes. VMPDD is the minimum voltage difference between a Port 2 logic low for mode program­
ming (VMPL) and the RESET voltage level at the point when the mode logic level is latched. The di­
ode forward voltage cannot exceed VMPDD minimum. 

VMPL (Mode Programming Input Voltage Low) The maximum input voltage to P20, P21, and/or 
P22 which will be recognized as a logic low when programming the MC6801 operating mode. Note 
that this value is not identical to VIL. 

VMPH (Mode Programming Input Voltage High) The minimum input voltage to P20, P21, and 
P22 which will be recognized as a logic high when programming the MC6801 operating mode.·Note 
that this value is not identical to VIH. 

VOH (Output Voltage for a Logic High) The minimum output voltage provided for a logic high. 
This value is specified for a corresponding maximum output load current as shown in the Data 
Sheet. 

VOL (Output Voltage for a Logic Low) The maximum output voltage provided for a logic low. 
This value is specified for a corresponding maximum input current as shown in the Data Sheet. 

VPP (Programming Power) The power applied to the MC68701 RESET /VPP pin which is used in 
Mode 0 to provide power to the EPROM for programming. 

VSS The return path for the power supply. The Ground reference. 

V SB (Powerup Standby Voltage) The range of voltage required to insure reliable operation of the 
standby portion of the RAM in a powerup state. 

V SBB (Powerdown Standby Voltage) The range of voltage required to insure adequate power to the 
standby portion of the RAM in a powerdown state. 

-wwww-

Wake-up feature A feature of the SCI which allows the receiver to ignore the remaining characters 
in the current message. 

"who-done-it" routine Upon interrupt, it is a routine which polls the status flags of candidates in 
order to determine the interrupt source. Note this is a consequence of using a single vector for multi­
ple interrupt sources. 
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wire-OR A configuration in which two or more open collector (TTL) or open drain (MOS) devices 
are connected to a common line which is tied to a logic high using an external pullup resistor. When 
an open collector device is in an inactive state, it has no effect on the common line. When the device 
is active, however, it sinks current causing a logic low on the line. Note that the line is pulled low 
unless all devices are inactive. 

WU (Wake-up bit) Bit 0 of the Transmit/Receive Control and Status Register. WU can be set to in­
hibit the SCI receiver during data reception until a sequence of ten consecutive l' s is sensed by the 
receiver. WU is cleared by the SCI when this occurs. 

-xxsx-

X Register (See Index Register) 

XTALI One of a pair of MC6801 pins which interface with either a quartz crystal resonator or a 
TTL-compatible clock. If a crystal is used, it is connected beween XT AL 1 and EXT AL2. For an ex­
ternal clock, XTALl is connected to ground. 

-zzzz-

Z-Blt (Zero bit) Bit 2 of the Condition Code Register which is set when the result of certain opera­
tions is zero. A branch based on the value of this bit is obtained with the BEQ or BNE instructions. 

"0" In a binary system, a "0" refers to one of two possible states where" 1" is the other state. In 
positive logic, it refers to a logic low or "false" condition. 
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APPENDIX H 
SUMMARY OF INSTRUCTION E-CYCLE COUNTS 
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APPENDIX I 
EXPANDED MULTIPLEXED BUS CLOCKING 

The principal clocking source for the MC6801 is the MCU input clock. Either a TTL compatible 
clock or a crystal can be used to control the MCU internal clock generator, which includes a divide­
by-four circuit in the output. In the expanded multiplexed modes, two clocks, which are derived 
from the MCU input clock, provide synchronization for all external bus activity. This appendix 
describes the relationship of these two clocks - E (Enable) and AS (Address Strobe) - to the clock 
from which both are derived - the MCU input clock. 

E is generated from the MCU input clock by toggling the level on alternating negative clock edges. 
AS is generated by toggling the level on every positive clock edge provided that E is low. 

Two properties of the MCU input clock affect E and AS: the period and duty cycle. The affect of 
these two parameters on E and AS is illustrated in Figure 1-1. The input clock period determines the 
period of E and the widths of the active and inactive portions of AS. Note that (1) E always has a 
50010 duty cycle while AS does not and (2) a slight skew (delay) exists between the MCU input clock 
and both E and AS. 

While the duty cycle does not affect the widths of E or AS, it doe's determine the position of AS with 
respect to the negative half-cycle ofE as indicated by the values specified for tASD and tASED. The 
effect of increasing tASD is to increase the amount of time a peripheral device has to vacate the 
multiplexed data bus before the MCU will begin to drive it with address (AO-A 7). However, this in­
crease is accompanied by a corresponding decrease in the address setup time. A duty cycle of 50010, 
therefore, is considered ideal although a tolerance of 10010 is acceptable with respect to MCU opera­
tion. 

The effects of duty cycle on E and AS are shown in Figure 1-1. While the duty cycle for the MCU in­
put clock is specified not to exceed 50010 (± 10010), the duty cycle shown in the figure admittedly ex­
ceeds this value for illustrative purposes. Note that if the duty cycle is 50010, tASD and tASED are 
equal. However, if the input clock high time is increased, tASD decreases while tASED increases. 
The opposite is true if the input clock low time increases. 

In Figure 1-1, it should be noted that a TTL compatible clock is shown as the MCU input clock. The 
output of a quartz crystal resonator, however, is not a square wave. The waveform produced by the 
clock generator for this sinusoidal input depends upon the particular threshold voltage of the clock 
generator level detector. Note that a 50010 duty cycle will be produced only if the threshold is at the 
mid-point of the voltage range of the sinusoidal input. If it is at a lower voltage, a longer high time 
will result; if it is above the mid-voltage point, a longer low time will result. 
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The exact threshold voltage is affected by the manufacturing process and typically the resut(ant duty 
cycle is not precisely 50070. However, for a sinusoidal input, the output waveform of the clock 
generator will conform to the duty cycle specified in the·Data Sheet .. Because one cannot precisely 
predict the duty cycle produced by a crystal input, the values specified fot tASD and tASED both 
represent minimum values. In practice, however, the two minimum values are mutually exclusive: 
achieving minimum values for tASD and tASEDsimultaneously is not physically possible. The 
values specified, therefore, represent worst case situations. ., 
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APPENDIX J 
RESET VECTOR CHIP SELECT CIRCUIT FOR MODE 0 

Mode 0 is an expanded multiplexed mode with two characteristics which are not present in other ex­
panded multiplexed modes. These characteristics are incorporated to facilitate testing and include: 

1. the external data bus is also driven during MPU reads of internallocationst and 
2. the Reset vector is treated as external within two E-cycles after RESET goes high but subse­

quent MPU reads of the vector area are read from internal locations $FFFE:FFFF*. 

A consequence of the first characteristic is that no memory map overlap can be allowed to occur, 
when using Mode Ot in order to avoid bus contention during MPU reads of internal locations. For 
examplet if it is desired to include a monitor in a Mode 0 test systemt the monitor cannot be located 
at any address which is defined as a Mode 0 internal address. 

A consequence of the second characteristic is that the chip select circuit for the device which pro­
vides the Reset vector must be active when within two E-cycles after the last positive edge of 
RESET. This characteristic makes it possible to obtain control of the MC6801 with an external 
Reset vector yet retain the capability of reading the entire internal ROM including the vector area. 

The circuit shown in Figure J-l can be used to implement a Reset vector chip select circuit for Mode 
o. Note that the asynchronous reset signal is first synchronized with E using a D-type flip-flop. 

After RESET has remained low for two E-cycles t the chip select signal (SEL) for the Reset vector 
will be active for as long as RESET remains low. When RESET returns hight the chip select signal 
will remain asserted until the RESET signal is clocked to the last D-type flip-flop which requires two 
E-cycles. It is not necessary to decode the address as part of the vector select circuit because only two 
addresses are possible after RESET goes high: $FFFE followed by $FFFF. 

Note that the chip select circuit will not respond again until two E-cycles after RESET is asserted. If 
the Reset vector is read using an MPU instruction (such as LDX $FFFF)t the chip select will remain 
negated and only the contents of the internal location will be driven onto the data bus. 

·It should be noted that this Reset vector chip select circuit is not applicable to the MC68701. The Mode 0 chip select circuit for the 
MC68701 should be designed to trap SBFFE:BFFF on the address bus. 
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APPENDIX K 
MC6801 SYSTEM DEVELOPMENT TOOLS 
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® MOTOROLA 

MEX6801EVM 

Advance Information 

MICROSYSTEMS 

MC6801 Microcomputer 
Evaluation Module 

• Single Module - EXORciser-Bus Compatible 

• Incorporates an MC6801 DEbug Monitor 

• Provides RS-232C Interface 

• Sockets Can Be Added to Incorporate Optional 
ACIA, PTM, 2K EPROM, and 4K Bytes 
of Static RAM 

• Address Map Established by Programmable Gate 
Array to Permit Reconfiguration 

• Additional Decoding Provided for 8K of 
Off-Board Memory 

• Large Wirewrap Area 
• Two Modes of Operation: Single-Chip or E>:panded 

• Low Cost 

The MEX6801 EVM Microcomputer E·"aidation Module is a completely self-contained microcomputer 
on a single printed circuit card, providing the user with the means of evaluating the 
MC6801 microcomputer. 

The system allows the user to easily evaluate the MC6801 microcomputer. As configured, the 
MC6801 may be evaluated in the Single-Chip mode by attaching an RS-232C-compatible terminal to the 
serial port of the module. Thus, the minimum functioning system consists of only the MC6801 and an 
MC 1488 and MC1489. 

In the Expanded mode, the customer may add an ACIA, PTM, 4K bytes RAM or 2K EPROM and a 
programmable gate array for address configuration. 

The Evaluation Module provides the user with the ability to evaluate the MC6801 microcomputer using 
the DEbug monitor via the serial 1/0 port and RS-232C interface. Refer to Table A for a description of the 
DEbug commands. A 4.9 MHz crystal is used to generate the standard baud rates of 300, 1200, and 9600 
baud. Sufficient space remains within the on-chip RAM for the user towrite a small 1/0 program towork in 
conjunction with the DEbug monitor. The DEbug monitor program (ULbug) uses a patch table established 
within RAM for all 110. Thus, the DEbug program's 1/0 routines can be readily modified by the user for the 
purpose of evaluation. Since the DEbug monitor uses the timer output and the serial 1/0 port, these 
resources are not available to the user in the Single-Chip mode. However, by uSing the Expanded mode, the 
user has the choice of adding an ACIA or PTM, thereby freeing more of the on-chip resources. The 
Evaluation Module has provisions for adding 4K bytes of static RAM and a 2K byte EPROM. This permits the 
user to develop his programs if desired. In addition, the Expanded mode allocates 8K bytes of off-board 
program space for further programming flexibility. 

A wirewrap area is provided to permit the user to interface other peripheral devices or special interface 
circuits to the MC6801. 

This is advance information and specifications are subject to change without notice. 
DEbug and LlLbug are trademarks of Motorola Inc. 
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TABLE A. MEX6801 EVM DEbug COMMANDS (continued) 

Command 

o <ADDR1> <ADDR2> 

B 

B 

B 

B 

G 

G 

R 

<ADDR> 

-<ADDR> 

<ADDR> 

<DATA> 

SP 

T <HEX NUMBER> 

C <ADDR> 

C 

LO 

HI 

Explanation 

Calculate the relative offset of a branch instruction from ADDRl 
to ADDR2. 

Display all breakpoints. 

Delete all breakpoints. 

Enter a breakpoint at the specified address. 

Remove a breakpoint at the specified address. 

Start program exe.;ution at the specified address. 

Start program execution at the current program counter setting. 

Display/change the contents of the program registers and counter. 
Register contents are displayed using the following format: 

P-XXXX X-XXXX A-XX B-XX C-XX S-XX 
P-

where: P = Program Counter 
X = Index Register 
A = Accumulator A 
B = Accumulator B 
C = Condition Code Register 
S = Stack Pointer . 
XXXX = Current 16-bit Value 
XX = Current 8-bit Value 

Replace current register value with new DATA. 

Display current register value (unless changed by the <DATA> com­
mand). Close the current register and display the next register 
mnerr.onic and dash. The R command terminates after examining/ 
changing the stf!ck pointer or whenever any character other than 
<DATA> or SP is entered (SP = SPace). 

Trace O!le instruction. 

-:-race the number of instructions specified in hexadecimal. 

(,,,II and execute a user routine as a subroutine starting at the specified 
address. A return address to the DEbug program is stored in the user's 
f.,laCK. When the user's RTS instruction is executed (at the end of the 
usar's routi!1e), the DEbug program regains program control and the 
current contents of the register are displayed. 

Same as the C <ADDR> command except that the execution begins 
from the current address in the program counter. 

Set low speed - 30/15 characters per second for on-chip clock. 

Set high speed - 120/60 characters per second for on-chip clock. 
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® MOTOROLA 

EXORciser II 
Development 
Systems 

• Versatile and easily expandable design development 
tool, used to develop, evaluate, and debug the user's 
system hardware and software 

• Reduces system development time and cost 

• Emulates final system architecture and performance 
through modular building block concept 

• Permits debugging of final system design through built­
in diagnostic firmware 

• Facilitates program development using separately avail-
able Resident Software 

• Dual Memory Map mode of operation 

• Selectable clock speeds of 1.0, 1.5, and 2.0 MHz 

• 8 selectable baud rates from 110 to 9600 baud 

• A single RS-232C compatible serial communications 
interface 

• A chassis containing a 14-card motherboard and the 
necessary +5 Vdc and ±12 Vdc power supplies 

The EXORciser II Development System is the basic tool 
for designing and developing microprocessor-based 
systems using any of Motorola's families of micropro­
cessor and microprogram mabie parts. It is an extremely 
powerful and easy-to-use development system that ilas 
been designed to be highly user-oriented in order to 
reduce system development time and cost. The EXORciser 
is a modularized, expandable instrument that permits 
"instant breadboarding" and evaluation of any M6800 or 
M6809-based microcomputer system. It consists of a 
prewired, bus-oriented chassis and power supply, 
together with two basic modules - an MPU Module and a 
Debug Module. These provide the basic control and inter­
face functions of a microcomputer, and house the system 
development and diagnostic programs. A number of 
separately available, optional memory modules and 
additional interface modules (up to twelve) may be added, 
simply by plugging them into existing prewired sockets, 
to convert the basic system into an exact prototype of a 
desired end system. Thus, the EXORciser, with its 
built-in EXbug Firmware, enables the designer to con­
figure, evaluate and debug his final system hardware 
and software. The EXORciser II incorporates several 
advanced features, i'lcluding Dual Memory Map mode of 
operation and the ability to develop high performance 
systems using the M6800 and M6809 parts (1.0to 2.0 MHz). 
It also adapts for use with the single chip M3870, M6801, 
M6805 and M146805 devices. 

MICROSYSTEMS _ 

M6800EXOR 
M6800EXORU 
M6809EXOR 

DESCRIPTION AND OPERATION 
The basic EXORciser II contains the common ingre­

dient!:; vf a microcomputer, and offers the system designer 
a low-cost, versatile means of achieving unique final­
system performance through the selective addition of 
separalely available, optional modules. These separate 
dssernblies plug directly into the EXORciser's bus so that 
system expansion becomes quick, easy, and essentially 
error-proof. With provisions for up to 12 add-on assem­
bl,es, a system of almost any complexity can rapidly be 
assembled. 

Supplied with the basic EXORciser II are the MPU II 
Module and DEbug II Module. The DEbug II Module sup­
plies eight selectable baud rates, and serves as a com­
munication link between the terminal and the EXbug 2 
Firmware on the DEbug II Module. 

The MPU II Module provides the 1.0, 1.5, or 2.0 MHz 
clock timing for the microprocessor system under devel­
opment, as well as for the rest of the EXORciser II. In 
addition, this module houses the 6800 or 6809 Micro­
processing Unit, which imparts to the EXORciser its 
computation and control capabilities. Also included with 
the 6800 EXORciser are a Timer, MC6840, and Priority 
Interrupt Controller, MC6828. 

The DEbug II module is a system development tool 
which provides the user with instant capability to com­
municate with his system, load programs, monitor the 
execution of his program in real time, and to isolate and 
analyze hardware and software problems. The DEbug II 
module places no restrictions upon the user's system 
design since al164K bytes of memory space are available 
to the user. 

These functional subsystems of the basic EXORciser 
are supplemented by a power supply and a bus-oriented 
distribution system. This bus system transfers the power 
supply voltage (as well as the data, address, and control 
signals) to the optional modules. Overall, the EXORCiser 
can address up to 64K bytes of memory, and addresses 
the input/output modules (as well as the memory modules) 
as memory. 

BASIC-M. EXORciser'~. EXbug. EXORdisk. EXORterm and Micromodule are trademarks of Motorola Inc. 
ISSUE B 

~~MOTOROLA INC., 1980 

K-4 



In order to provide the user additional flexibility, the 
appropriate EXORciser II modules have a 20-pin con­
nector available for implementation of such system cap­
abilities as priority interrupts, multi-paged memory and 
I/O systems, parity error detection, and power down/ 
restart features. 

Furthermore, the modules will have a standard jumper­
ing arrangement for assigning memory and peripherals to 
either map in the dual map mode or to any page-extended 
memory systems. 

MICROCOMPUTER DESIGN WITH EXORciser II 
A design normally begins by defining the functions to be 

performed by the proposed system. This is followed by 
design of both hardware and software and trade-off 
decisions between them. 

Using the appropriate memory and input/output modules, 
such as Micromodules, the designer now emulates his 
proposed system in the EXORciser. Recognizing that some 
systems may require special interface circuitry and cus­
tomized circuitry, provisions have been made on input! 
output modules for the designer to insert wirewrap sockets 
and construct the special interface circuitry. Also, the 
designer can construct any customized circuitry on the 
Wirewrap Module. 

The resident software provides the designer with a powE?r­
ful software development tool. Using the Resident CRT 
Editor, which is supplied with the floppy disk system, the 
designer enters a source program via the terminal key­
board. The user now can modify and change his source 
program as required to meet his proposed systems require­
ments. This includes: 

• Printing out all or any part of the program for detailed 
examination 

• Changing any characters or string of characters in the 
source program 

• Deleting or adding instruction lines or characters any­
where in the program 

At the end of the editing process, the Resident Editnt wi!1 
provide a source program that may be stored on diskettE'!. 
This source program may be used in subsequent assef'Y'.blv 
or compilation operations on any of the compatible 
Motorola assemblers or compilers. The Resident Macro 
Assembler which is supplied with the floppy disk system 
can be used to translate the source program to produce: 

• A printed assembly listing of the source program 

• An object program on diskette 

• A machine file, consisting of the machine-coded 
program stored directly into the EXORciser II memory. 
This option permits the program to be executed immedi­
ately after assembly with no need for subsequent loading 

During the assembly process, the Macro Assembler 
allows the assignment of relocatable memory addresses 
which are assigned by the Linking Loader at load time, 
rather than fixed during the assembly operation. 

Once the designer has configured the EXORciser II to 
emulate his hardware uSing Micromodules and memory or 
other I/O modules and has developed his software, he is 
ready to debug hiS system. The EXORciser II, with its 
EXbug 2 system development firmware, permits the user to 
debug both his system hardware and his system software, 
as required, until he has his system operating correctly. 

The EXORciser with USE (User System Evaluator) option 
can test and evaluate equipment external to its chassis. By 
removing the microprocessing unit from the user's system 
and connecting the USE cable from the EXORciser into 
the MPU socket, the EXORciser with its EXbug Firmware 
can debug and troubleshoot microprocessor systems. 
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USE not only extends all of the development system 

EXbug functions into the user's system, but also all of the 
optional Systems Analyzer functions. The USE-equipped 
development system provides the designer with the 
capability of configuring an emulation of his M6800-family 
microprocessor system in the EXORciser, external to the 
EXORciser, or a combination of EXORciser-mounted 
modules working with the user's external system. 

The designer can develop his system software and firm­
ware on the development system and can use the USE­
equipped development system to debug his system hard­
ware and software. The USE EXORciser can also be used 
as a production tool in testing and evaluating the user's 
production systems. 

USE consists of two assemblies: The USE Processor 
Module, and the USE Cable and Buffer Assembly which 
connects it into the user's system. A 40-pin connector 
on this assembly plugs into the MPU socket in the user's 
system permitting the USE Processor Module's MPU to 
control the operation of the user's system. In addition, the 
USE Cable and Buffer Assembly buffers the transferred 
signals. In this application, everything within the EXORciser 
appears to be within the MPU in the user's system. 

MODULES 
(Included with the EXORciser II) 

MPU II Module 
• M6800 or M6809-Based 

• 1.0, 1.5, 2.0 MHz Clock Speeds 

• Triple Programmable Timer (on M6800 Module only) 

• Priority Interrupt Controller (on M6800 Module only) 

• Refresh Control 

• Go/Halt Control 

• user-Controlled Three-State Logic 

• Internal or External Clock Option 

4 Interrupt Control 

• Generation of ¢1, ¢2 and Memory Clock 

The MPU Module includes both the system clock and 
the Micropocessor Unit (MPU). The MPU Module also 
automatically initiates an EXORciser or user RESTART 
when power is first applied to the EXORciser. 

The clock circuit generates 1.0, 1.5 or 2.0 MHz clock 
signals. The system may be operated with an external 
clock over the range 800 kHz to 2.0 MHz. 

In addition to generating the basic EXORbus timing 
signals, the clock circuit provides the EXORciser with 
the capability of refreshing dynamic memories and work­
ing with slow memories. The dynamic memories are 
refreshed on a cycle-stealing basis. In working with 
slow memories, the MPU Module stretches the clock 
pulse to give the memory sufficient time to complete its 
assigned operation. 

Debug Module 
• EXbug 2 System Monitor Firmware (3K bytes) 

• System Console Interface 

• Dual Map Address Control 

• STOP-ON-ADDRESS/SYNC ENABLE 

• Power Up/Restart Control 

• Load, Verify, Search Tape 

• Display, Change Memory and MPU Registers 

• Trace Instruction(s) 

• Set Up to 8 Software Breakpoints 

• Search Memory 

• Line Printer Echo Option 

• Parity Detect 



The DEbug II Module, through its EXbug 2 firmware and 
associated hardware, provides the EXORciser II with its 
powerful hardware/software debug capability. 

Using the EXbug routines provides the designer 
virtually unlimited freedom in examining and debugging 
his proposed system hardware and software, He can, for 
example, search the input medium for a file,load a file into 
EXORciser memory, verify the contents in the EXORciser 
memory, print out the contents of the EXORci3er memory, 
and record the memory contents on the selected medium. 
In between these input/output functions, the user can 
examine and, if required, change the memory contents. 
He can insert and remove one hardware breakpoint and 
up to eight software breakpoints. He also can run in real 
time or trace through the user's program or a selected 
portion of the user's program. While using these routines, 
the user modifies his hardware and software, as required, 
until he has his system operating to specifications. 

The STOP-ON-ADDRESS/SYNC ENABLE switch on 
the DEbug Module is used to generate a sync pulse at a 
preselected address or to enable the hardware breakpoint 
function. 

The DEbug Ii Module provides the EXORciser II with 
the ability to address two separate 64K memory maps 
(Dual Map mode). To accomplish this, the DEbug II 
Module takes the Valid Memory Address (VMA) signal 
from the MPU II Module and converts it to two other 
signals: Valid User Address (VUA) and Valid Executive 
Address (VXA). All EXORciser II hardware modules may 
be configured to respond to one of these enabling signals. 
As a result, two complete maps of 64K bytes are address­
able for either random access data storage or for data I/O. 

A serial I/O port allows interfacing with any RS-232C 
compatible terminal. Baud rates are selectable from 110 
baud to 9600 baud. The module also interfaces to the 
EXORciser's front panel RESTART and ABORT switches. 

The RESTART and ABORT push-button switches allow 
manual termination of program execution. 

MICROSYSTEMS _ 

RESTART initializes the EXORciser II system and, 
depending upon the EXbug/USER toggle switch setting, 
forces program execution to start at either the EXbug 2 
or the user's restart vector address. 

ABORT generates a non-maskabie interrupt and returns 
program control to the EXbug firmware. 

OPTIONAL RANDOM ACCESS MEMORY 
Dynamic RAM 
• 1.0, 1.5, 2.0 MHz Clock Speeds 

• I"dividual Address and Enable for Each 16K Block 

• System Cycle Stealing Refresh 

• 16,32,48, 56/64K Single Board Versions 

• Dual Map and Page Control 

• Standard Parity 

Static RAM 
• Clock Speed Independent to 2.0 MHz 

• RAM/ROM Mode Selection 

• 8, 16K Single Board Versions 

• Up to 64K-Byte per EXORciser 

• Individual Address and Enable for Each 8K Block 

• Dual Map and Page Control 

• Standard Parity 

Hidden Refresh RAM 
• 1.0 MHz Clock Speed 

• Individual Address and Enable for each 16K Block 

• Memory Refresh Without Processor Interruption 

• 16, 32, 48, 56/64K Single Board Version 

• Dual Map and Page Control 

• Standard Parity 

SPECIFICATIONS 

Power Requirements 95-135/205-250 Vac 
47-420 Hz 
250W 

Word Size 
Data: 8-bits 
Address: 16-bits 
Instruction: 8, 16, and 24-bits 

Memory Capability 65,536 bytes (maximum) 

Instructions 72, variable length 

Clock Signal Crystal controlled with logic for generating 
2-phase non-overlapping signal to MPU 
and system bus 

Memory Speed Jumper selectable 1.0, 1.5, or 2.0 MHz 

Interrupt Maskable and nonmaskable 

Data Terminal Interface 
Characteristics 

Baud Rates 110,150,300,600,1200,2400,4800, 
(Jumper Selectable) and 9600 

Signal Characteristic EIA RS-232C compatible 

Operating Temperatures o to 55°C 
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ORDERING INFORMATION 
The following table identifies the options of the EXORciser II Development System. For further 

information contact your local sales office. 

Part Number Description 

M6800EXOR EXORciser II Development System with chassis, 
6800 MPU II Module and DEbug II Module. 110 V, 60 Hz 

M6809EXOR EXORciser II Development System with chassis, 
6809 MPU Module and DEbug II Module. 110 V, 60 Hz 

M6800EXORU EXORciser II Development System with 6800 USE 
Module and DEbug II Module. 110 V, 60 Hz 

RECOMMENDED CONFIGURATION GUIDE 

6800-Based 6809-Based 

A. EXORciser M6800EXOR M6809EXOR 

B. EXORterm 155 Terminal M68SXD10155 M68SXD10155 

C. 48K RAM (2 MHz Dyn) MEX6848-22 MEX6848-22 

D. EXORdisk II M68DSK2 M68DSK2 

E. 781 Printer M68SP781C1A M68SP781C1A 

Recommended Options: 
System Analyzer MEX68SA2 M6809SA 

PROM Programmer M68PP3 M68PP3 

USE MEX68USEC M6809USE 
(see Alternatives A) 

M6801 USE MEX6801 MEX6801 

M6805 USE MEX6805 MEX6805 

M146805 USE MEX146805 MEX146805 

M3870 USE MEX31370M N/A 

M68000 Development Module MEX68KDM MEX68KDM 

BASIC/BASIC-M M688ASR010M M6809BASICM 

FORTRAN M68FTNR012M M6809FORTRN 

COBOL M68COBOL010M N/A 

PASCAL Interpreter' WA M6809PASCLI 

MPL* M68MPLR020M M6809MPL 

M68000 Cross Macro Assembler' M68KOXASMBLO M68KOXASMBL 1 

M68000 Cross PASCAL Compiler' N/A M68KOXPASCL 1 

Alternatives: 
A. EXORciser with USE M6800EXORU N/A (see options) 

C. 48K RAM 1 MHz HR MEX6848-1 HR M EX6848-1 H R 

56/64K RAM 1 MHz HR MEX6864-1 HR MEX6864-1HR 

56/64K RAM 2 MHz Dyn MEX6864-22 MEX6864-22 

16K Static RAM (2 MHz) MEX6816-22S MEX6816-22S 

8K Static RAM (2 MHz) MEX6808-22 MEX6808-22 

D. EXORdisk III M68DSK3 M68DSK3 

E. 702 Printer M68SP702C10 M68SP702C10 

703 Printer MPRINT703 MPRINT703 

*Note: Requires 56K bytes of RAM, minimum. 

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 

_ @ MOTOROLA Semiconductor Products Inc .•••••••••• 
"CY po. BOX 20912 • PHOENIX, ARIZONA 85036. A SUBSIDIARY OF MOTOROLA INC. 
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TABLE A. MEX8801EVM DEbug COMMANDS 

Command 

L 

L <OFFSET> 

v 
v <OFFSET> 

D <ADDR1>, 

P <ADDR1> 

M <ADDR> 

<DATA> 

L F 

S P 

UA 

/ 

CR 

<ADDR>/ 

/ 

<ADDR·2;> 

<ADDR2> 

Explanation 

Load a program from tape. 

Load a program from tape with an offset. 

Verify that a program was properly loaded. 

Verify that a program was properly loaded with an offset .• 

Display contents of memory from <ADDR1> to <ADDR2>. 

Punch/record on tape the contents of memory trom <ADDR1> to 
<ADDR2>. 

Examine/modify the contents of the specified address location. 

Enter one byte of data to repiace the value at the current address 
location. 

Display the contents of the next sequential memory location on the next 
line and enable the contents of this location to be changed 
(LF = Line Feed). 

Display the contents of the next sequential memory location on the 
same line and enable the contents of this location to be changed 
(SP = SPace). 

I ncrement the memory location poi nter, but do not display the address or 
data. The contents of this memory location may still be changed. This 
entry permits data to be entered at sequential memory locations with­
out displaying the current address or data. 

Display the contents of the previous memory location on the next line 
and enable the contents of this location to be changed (UA = Up Arrow). 

Display the current address. of the memory location pointer and the con­
tents of that location. 

Terminate the mzrnory examine/modify command and accept next 
command (CR = Carriage Return). 

UicOlily the contents of the specified address location and enable the 
Cllrn.ants of this location to be changed. 

Display the address and contents of the memory location last 
reh,·E'Pced b\' the memory examine/modify command. 
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MEX6801 
MC6801 EXORciser 
Support System 
• User System Evaluator (USE) Capability 
• Real-Time Emulation of MC6801 

Single-Chip Mode 
Multiplexed Mode 
Non-Multiplexed Mode 

• MC68701 Program Capability 
• Compatible with Current System 

Development Tools Including EXORciser/ 
EXORterm and all support modules 

Minimum System 
Requirements 
• EXORciser /EXORterm with 6800 MPU 

and DEbug Modules 
• EXORdisk" 
• 24K Memory 
• EXORterm 150 (EXORciser® system only) 

\ 

". 

'" \ 
\ 
\ 

The MC6801 Support System - MEX6801 - upgrades existing Motorola EXORciser development tools 
for development of MC6801 -based systems. All three modes of MC6801 operation; single-chip, expanded 
multiplexed and expanded non-multiplexed, are supported by MEX6801. 

MEX6801 is fully compatible with all current EXORciser/EXORterm M6800 supporting hardware and 
software and includes the USE (User System Evaluator) function to provide designers with the widest range 
of development capabilities. Used with an EXORciser I or "or an EXORterm 200 or 220, the support system 
fosters real-time emulation of the MC6801 application hardware and facilitates the debugging of software 
developed for use on the hardware. 

The MC6801 Support System comprises the following: three printed circuit boards including the Intercept 
Module, the Control Module and the Buffer Board and housing; four cable assemblies and an MOOS diskette 
containing the MC6801 monitor/debug program - ONEbug, and a Macro Assembler. 

MEX6801 utilizes a two processor technique in which the support system's MC6801 is slaved to the 
EXORciser IEXORterm's MC6800 with just one allowed control of the bus at anyone time. The MC6800 
executes its own instructions, controls disk operation and, in conjunction with EXbug 2, provides MC6800-
dependent monitoring and debugging capabilities. Additional capabilities for debugging code calling for 
execution of MC6801 instructions are provided by the ONEbug monitor which controls MC6801 operation. 
ONEbug also controls the MEX6801 provision for programming the 2K bytes of EPROM contained in 
MC68701, the EPROM version of MC6801 . 

For system emulation, MEX6801 provides the user with various options for structuring the address map, 
selection of MC6801 operating mode and a choice of several system clocks. The MEX6801 also permits 
MC6801 system emulation with its own control module completely isolated from the EXORciser bus 
signals to provide final assurance of correct design prior to mask commitment. 

EXORciser:~. EXORterm, EXORdisk, MOOS, EXbug and ONEbug are Motorola trademarks. 
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MEX8801 DEbug Functions 
• Load/verify object tape from/against memory 

• Search/punch object tape 

• Display/change terminal pad value 

• Abort current entry 

• Wait for character entry 

• Initialize memory 

• Move/display/change/print memory 

• Calculate relative offset 

• Display/change offset 

• Display/change search mask and memory range 

• Search memory and display location of match 

• Display/change MPU register(s) 

A accumulator 

B accumulator 

Index register 

Program (location) counter 

Stack pointer 

• Display/change program register(s) 

• Display/change second level SWI vector 

• Display/set/remove breakpoint(s) 

• Display/enable/change halt-on-address or scope sync 

• Display/enable/change trace to address 

• Trace n instruction(s) 

• Go to specified/restart program address 

• Execute program 

• Execute, pass breakpoint n times 

Ordering Information 
Part Number Description 

MEX6801 Me6801 Support System 
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Accumulator, 1-3, 4-10 
Address formats, A-91, A-92, A-93 
Addressing modes, 4-3 

direct, 4-5 
extended, 4-5 
inherent, 4-4 
immediate, 4-4 
indexed, 4-7 
relative, 4-6 

Applications, 8-1 
Arithmetic instructions, 4-11, 4-12, 4-34 
AS (Address Strobe), 3-37, 3-42, 8-1, 8-2, 1-1 
ASCII conversion table, C-l 
Assembler source statements, 4-2 
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Block diagram 
MC6801, 1-2, 3-2 
MC68701 EPROM programming circuit, 

E-ll 
Programmable Timer, 1-8, 7-1, 7-2 
SCI, 1-7, 6-3 

Bus 
Expanded multiplexed, 2-7, 3-42 
Expanded non-multiplexed, 2-5, 3-33 

BCD 1 (Routine), 4-28 
BLOCKC (Routine), 4-30 
BLOCKM (Routine), 4-31 
BCDADI (Routine), 4-39 
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Index-l 
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Condition code register, 1-3, 4-10, 4-11 
Configurations, 1-4 
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Crystal parameters, 3-5 
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Data direction register, 1-6, 3-16 
Data handling instructions, 4-14 
Data test instructions, 4-13 
Direct addressing mode, 4-5 
Division, 4-53 
DIV16B (Routine), 4-55 
Dual processor interface, 8-39 
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ECHO (Routine), 7-14 
E (Enable), 3-6 
EICI (bit), 1-8, 7-1, 7-5 
Enable (E), 3-6 See also Timing 
EOCI (bit), 1-8, 7-1, 7-5 
EPROM (Routine), E-12 
EPROM programming, E-9 
ETOI (bit), 1-8, 7-1, 7-5 
Expanded non-multiplexed mode, See Mode 
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Extended addressing mode, ·4-5 
Executable instructions (See Instruction Set) 
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Immediate addressing mode, 4-4 
Index register instructions, 4-16, 4-25, 5-25 
Indexed addressing mode, 4-7 
Inherent addressing mode, 4-4 
Input capture register, 1-8, 7-1, 7-5 
Instruction cycle count, H-l 
Instruction set, 4-7, 4-8, A-I 
Internal register area, 2-19 
Interrupt 

considerations, 5-1, 5-3 
flowchart, 5-10 
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instructions, 5-18 
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SCI, 6-12 
service, 5-21 
sequence, 5-14 
sources, 5-1 
vectors, 5-15, 5-17, E-6 
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lOS (Input/Output Select), 1-5, 3-29, 3-33 
3-34, 8-19, 8-20 

IRQl, 3-14, 5-6 
IRQ2, 1-2, 5-6 
IS3, 3-23 
IS3 FLAG (bit) 3-27 
IS3 IRQ 1 ENABLE (bit) 3-27 

-jjjj-

Jump and branch instructions, 4-9 

Index-2 
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Keyboard interface, 8-10 
KEYIN (Routine), 8-13 

Labels, 4-3 
Latch 

-1111-

Port 3, 3-24 
De-multiplexing, 3-43 

Line printer interface, 8-8 
Logic diagram 

Port 1, 3-16 
Port 2 bit 0, 3-20 
Port 2 bit 1, 3-20 
Port 2 bit 2, 3-21 
Port 2 bit 3, 3-22 
Port 2 bit 4, 3-23 
Port 3, 3-26, 3-31, 3-38 
Port 4, 3-29, 3-33, 3-41 

Logic instructions, 4-11 
LATCH ENABLE (bit), 3-27, 8-12 

-mmmm-

Mask option, 2-20, E-6 
MC6800, 2-21 
MC6803, 2-21 
MC68120, 2-22 
MC68701, 2-21, E-l 
Memory maps, 2-9, E-7 
Memory interface, 8-1 
Mode 

Characteristics, 2-2 
Expanded multiplexed, 1-1, 1-2, 1-5, 2-2, 

2-6,2-7,3-36,3-37,3-42,8-14 
Expanded non-multiplexed, 1-1, 1-2, 1-5, 

2-2, 2-4, 2-6, 3-29, 3-33, 8-19 
Fundamental modes, 2-3 
Levels and timing, 3-9 
Programming, 2-20, 3-8 
Select pins, 3-19 
Single chip, 1-1, 1-2, 1-4, 2-2, 2-4, 2-18 

3-23, 3-24, 8-8 
Test modes, 2-2, 2-8, 2-9, 2-14, 3-39, J-l 



MUL16 (Routine), 5-26 
MUL16A (Routine), 4-46 
MUL 16B (Routine), 4-48 
MULT16 (Routine), 4-52 
Multi-byte addition and subtraction, 4-36 
Multiplication 4-38 

Using MUL, 4-45 
Booth's Algorithm, 4-50 

-nnnn-

~MI, 3-7, 3-13, 5-3 
~umber systems, 4-29 

-0000-

OCF (bit), 1-8, 1-9, 7-1, 7-5 
OKBAD (Routine), 6-20 
OLVL (Bit), 1-8, 7-1, 7-5 
Opcode map, B-1 
Operating mode (See mode) 
ORFE (bit), 1-7, 6-2, 6-5 
OS3, 3-24 
OSS (bit), 3-27 
Output compare register, 1-8 
Overrun (SCI), 6-6 

-pppp­

PIO-P17 (Port 1), 3-14 
P20-P24 (Port 2), 3-18 
P30-P37 (Port 3), 3-25, 3-30, 3-37, 3-38 
P40-P47 (Port 4), 3-27, 3-32, 3-40 
PC0-2 (bits), 2-8, 2-14, 2-15, 2-20, 3-19 
Period measurement, 8-22 
Pin description, 3-4 
Pin diagram, 3-1 
PLC (bit), E-8 
Polling, 5-2 
Port 2 Data Register, 3-19 
Port 3 Control and Status Register, 3-27 
POUTCH (Routine), 8-11 
Powers of two, D-l 
PPC (bit), E-8 
Prioritized interrupts, 5-4, 5-15, 8-14 
Program control instructions, 4-16 
Program restartability, 5-23 

Index-3 

Programmable timer, 
Block diagram, 1-8, 7-1 
Counter register, 1-8, 7-1, 7-2 
Description, 1-8, 7-1 
Examples, 7-6 
Input capture register, 1-8, 7-1, 7-4 
Interface pins, 3-19 
Output compare register, 1-8, 7-1 
Output level register, 7-2, 7-3 
Timer control and status register (TCSR), 

1-8, 1-9, 7-1, 7-5 
Programming model, 1-3, 4-1 

-rrrr-

RAM Control Register, 3-13 
RAM/EPROM Control Register, E-8 
RAME (bit), 3-11 
Rate and Mode Control Register (See SCI) 
RDRF (bit), 1-7, 6-2, 6-5 
RE (bit), 1-7, 6-2, 6-5 
R/W (Read/Write), 3-9, 3-30, 3-34, 3-42. 

5-14, 5-20, 8-2, 8-19 
Re-entrant programming, 5-23 
Relative addressing mode, 4-6 
RESET, 3-7, E-3, J-l 
RESET /Vpp, E-l 
RIE (bit), 1-7, 6-2, 6-5 
RMCR (See SCI) 

SCI 
IS3, 3-23 
lOS, 3-29 
AS, 3-37 

SC2 
OS3, 3-24 
R/W, 3-30, 3-37 
AS, 3-37 

-ssss-

SCI (Serial Communications Interface) 
Baud Rates, 6-4 
Block diagram, 6-3 
Clocking options, 6-4, 6-6 
Data formats, 6-4, 6-8 
Examples, 6-13 
Framing error, 6-9 
Interface pins, 3-21 



Interrupts, 6-12 
Operations, 6-9 
Overrun, 6-9 
Parallel-to-Serial Interface, 8-33 

- Rate and mode control register (RMCR) 
1-7, 6-2, 6-3, 6-4 

Registers, 1-7, 6-2 
Serial-to-Parallel Interface, 8-36 
Transmit/Receive control and status 

(TRCS) register, 1-7, 6-2, 6-3, 6-5 
Wake-up, 6-10 

SERIAL (Routine), 6-15 
Single chip mode, See Mode 
SKPWAI (Routine), 5-22 
Stack pointer instructions, 4-17 
Standby power operation, 3-11 
SSI:SS0 (bits), 1-7, 6-2, 6-4 
STBY PWR (bit), 3-12 
SYNLUP (Routine), 7-11 

-tttt-

TCSR (See Programmable Timer) 
TORE (bit), 1-7, 6-2, 6-5 
TE (bit), 1-7, 6-2, 6-5 
TIE (bit), 1-7, 6-2, 6-5 
Timer (See Programmable Timer) 
Timing 

Counter register, 7-7 
Data Ports, 3-15 
Expanded non-multiplexed bus, 3-33, 

3-34, 8-19 
Expanded multiplexed bus, 3-42, 8-1, 8-2, 

1-1 
Input capture register, 7-4 
Interrupt sequence, 5-14 

Index-4 

Interrupt window, 5-9 
Keyboard, 8-12 
Line Printer, 8-10 
Mode Programming, 3-9 
OS3, 3-25 
Port 3 latch, 3-24 
Priority encoder, 8-18 
RESET, 3-9 
W AI sequence, 5-20 

TIM16 (Routine), 8-34 
TIM24 (Routine), 8-27 
TOF (bit), 1-9, 7-1, 7-5 
Transmit/Receive Control and Status Regi­

ster, 1-7, 6-2, 6-5 
Transmit Data Register, 6-6 
TRCS (Transmit/Receive Control and Status) 

Register, See SCI 
Two's complement overflow, 4-32 

-vvvv-

VCC, 3-4, 3-11 
V CC Standby, 3-4, 3-11 
Vpp, E-l 
VSS, 3-4, 3-11 

-wwww-

WAVGEN (Routine), 7-8 
WU (bit), 1-7, 6-2, 6-5 

-xxxx-

XTAL1, 3-4 
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