






































































































































































































































































































































timer, however, it is very useful in many applications. When 
the 8-bit ripple counter overflows from $FF to $00, a timer 
overflow flag (TOF) status bit in the timer control and status 
register (TCSR) is set to a one. The state of this status flag 
may be tested at any time by any of several CPU instructions. 
Optionally, if the timer overflow interrupt enable (TOlE) bit 
in the timer control and status register is set, the ripple counter 
overflow will generate a CPU interrupt. Therefore, the timer 
overflow function allows a potential interrupt to be generated. 
The timer overflows every 1024 E-clock cycles (+4 prescaler 
followed by an 8-bit +256 ripple counter). 

Besides providing a potential periodic interrupt, the output of 
the 8-bit ripple counter drives the input of an additional 7 -bit 
ripple counter. The output from any of the last four bits of this 
counter may be used to generate an additional periodic 
interrupt. One of four rates may be selected by using a l-of-4 
selector controlled by two bits, RTI and RTO, in the timer 
control and status register. Table 8-1 shows the four real-time 
interrupt rates available when operating the microcontroller at 
an E-clock frequency of 2.0 MHz. 

Table 8-1. 
RTI and COP Timer Rates (E-clock = 2.0 MHz) 

RTI RTO RTIRate Minimum COP Reset Period 
0 0 8.2ms 57.3 ms 
0 1 16.4 ms 114.7 ms 
1 0 32.8 ms 229.4ms 
1 1 65.5 ms 458.8 ms 

The final stage of the multifunction timer system has a 3-bit 
counter that forms the computer operating properly (COP) 
watchdog system. The COP system is meant to protect against 
software failures. When enabled, a COP reset sequence must 
be performed before the time-out period expires so that the 
COP does not time out and initiate an MCU reset. To prevent 
the COP from timing out and generating an MCU reset, bit 0 
at memory location $03FO (COPR) must be written to zero 
before the COP reset period has expired. Because the input of 
the COP watchdog timer is clocked by the output of the real­
time interrupt circuit, changing the R TI rate will affect the 
minimum COP reset period. Table 8-1 shows the four COP 
reset periods available for corresponding RTI rates. 
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A Timer Example 

In this section we will develop software that uses both the real 
time interrupt and the timer overflow interrupt to produce a 
low-frequency pulse width modulated (PWM) signal on a 
general purpose I/O pin. PWM signals are useful for a variety 
of control functions. They may be used to control the speed of 
a motor or can be easily converted to a dc level to drive an 
analog output device or to form part of an A-to-D converter. 

A PWM signal, as the name implies, has a fixed frequency but 
varies the width of the on and off times. Figure 8-2 shows 
several PWM signals with different duty cycles. For each 
signal, the wave form period Tl is constant but the on time 
varies (the period of time shown by T2). Duty cycle is usually 
expressed as a percentage (the ratio of T2 to Tl). 

~I: -T2=T~1-~I--~~1 

I .... 1 ____ ----II DUTY CYCLE = T2IT1 = 50% 

~T1 ~I 
I .... 1 ________ ..... 1 DUTY CYCLE = T2IT1 =20% 

t~ -T1-~~1 
/'E1OIIE,.-----T2----~~1 

I I I DUTY CYCLE = T2IT1 = 80% 

Figure 8-2. 
PWM Wave Forms With Various Duty Cycles 

To generate an accurate PWM signal, two timing references 
are required. One timing reference sets the constant frequency 
of the PWM signal while the second determines the amount of 
time that the PWM output remains high. The basic strategy for 
the PWM software we will develop is as follows. A real time 
interrupt (RTIF) will be used to generate the PWM period, 
and the timer overflow (TOF) will be used to determine the 
PWM high time. The rest of this chapter is a detailed 
development of this basic idea into a working application. 

On-Chip Peripheral Systems 



Begin by taking a closer look at the MC68HC705Kl's timer. 
Figure 8-3 shows the timer redrawn to emphasize the portion 
that we are interested in. Conceptually, the eight counter 
stages surrounded by the gray box form the timer that we will 
use to generate our PWM signal. 

MSB LSB 

TIMER COUNT REGISTER 

FigureS-3. 
Portion of the MC68HC705K1 Timer 

Examination of Figure 8-3 shows four counter stages between 
the timer overflow interrupt output and the first input to the 
RTI rate select multiplexer. This indicates that timer overflow 
interrupts will occur at a rate 16 times faster than the fastest 
selectable real time interrupt. Using the RTI to generate the 
base frequency of a PWM signal and the TOF interrupt to 
determine the duty cycle, we would be able to generate a 
PWM output with 16 discrete duty cycles (including 100%) as 
shown in Figure 8-4. The numbers down the left hand side of 
the figure indicate the number of TOF interrupts that will 
occur before the PWM output is set low. The numbers down 
the right hand side of the figure indicate the duty cycle of the 
wave form. The alert reader will note that there is no TOF 
interrupt count associated with the 100% duty cycle wave 
form. As will be shown later, this is a special case that must 
be tested for in the R TI interrupt routine. 
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Figure 8-4. 
PWM With 16 Discrete Duty Cycle Outputs 
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While the software to implement the illustrated PWM output 
is very simple, having only 16 choices for pulse width, limits 
the usefulness of this PWM to a small number of applications 
(where accurate control is not necessary). For example, if a 
motor speed control system was built using this PWM, the 
target speed could only be controlled to ±6.25% (assuming 
that motor speed is directly proportional to the average 
applied voltage). For most motor speed control applications, a 
12.5% variation in rotation speed would be unacceptable. 

Obviously much finer control of the PWM duty cycle is 
desired. One approach might be to use a slower RTI rate .. 
Using a slower RTI rate would result in a greater number of 
TOF interrupts for each RTI. For some applications this may 
be an acceptable solution. However, for many applications the 
resulting frequency of the PWM wave form would be too low 
to be of practical use. Table 8-2 shows, the four available RTI 
rates and the corresponding PWM frequency, the number of 
TOF interrupts between RTIs, and the minimum variation in 
duty cycle that is possible. 
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Table 8·2. 
PWM Characteristics for Various RTI Rates 

RTIRate PWM Frequency TOF Minimum 
Interrupts Duty Cycle 

8.2ms 122Hz 16 6.25% 
16.4ms 61.0 Hz 32 3.125% 
32.8ms 30.5 Hz 64 1.56% 
65.5 ms 15.3 Hz 128 0.78% 

Table 8-2 seems to suggest that we are stuck trading off PWM 
frequency for duty cycle accuracy. However, the following 
software program can deliver much better results than 
expected. 

Reexamining the portion of the timer in Figure 8-3 surrounded 
by the gray box shows 8 bits of the 15-bit timer chain. Four of 
the bits are accessible to the CPU as the upper four bits of the 
TCR. The other four bits form a divide by 16 counter chain 
whose value is not directly accessible. However, by counting 
the number of TOF interrupts that occur after each RTI, we 
can always know the state of these four counter bits. By using 
an 8-bit number to represent the PWM duty cycle, we can 
achieve a duty cycle accuracy of 1+255 or 0.4%. 

To get this level of control with the MC68HC705Kl timer, we 
cannot use an 8-bit duty cycle value directly. The 8-bit 
number must be separated into two components. One 
component will represent the value of the inaccessible 4 bits 
of the 'counter' (the number of TOF interrupts that occur after 
each RTI). The other component will represent the value of 
the upper 4 bits of the TCR (the lower 4 bits of our 'counter' 
that are directly accessible to the CPU). 

To make these two components easy for the software to use, 
the upper 4 bits of the desired PWM duty cycle must be 
placed in the lower 4 bits of a variable we will call 
PWMCoarse. This value will be used to determine during 
which TOF interrupt the PWM output should be set low. The 
lower four bits of the desired PWM duty cycle will be placed 
in the upper 4 bits of a variable we will call PWMFine. This 
value is used within the TOF interrupt to determine precisely 
when during the TOF interrupt the PWM output should be set 
low. By comparing the value in PWMFine to the upper four 
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bits of the TCR we can effectively divide each TOF interrupt 
into 16 separate time intervals as shown in Figure 8-5. 

FlgureS-5. 

RTiINTERRUPTSffim 
TOF INTERRUPTS ~ 

l l l l l l l l t 
I I I I I I I I I I 

RTI 

/ TOF INTERRUPTS 

I""""""",(""",,~ 

Each TOF Interrupt Sliced Into 16 Separate Time Intervals 

Now that we have described the theory involved in generating 
an accurate PWM wave form using the MC68HC05Kl's 
timer, the next step is to write the software. We will begin by 
generating flowcharts to describe the actions necessary to 
produce the PWM wave form and finish by translating the 
flowcharts into M68HC05 assembly language. 

The flowcharts in Figures 8-6, 8-7, and 8-8 describe the PWM 
software. The flowchart in Figure 8-6, although very simple, 
is included for completeness and clarity. Because the 
MC68HC05Kl contains only one timer interrupt vector, a 
small routine must determine whether a timer interrupt was 
caused by a TOF or RTIF interrupt and then branch to the 
appropriate service routine. 
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___ L..-_~ YES 

YES 

Figure 8-6. 
Timer Interrupt Service Routine 

GO EXECUTE TOF 
INTERRUPT ROUTINE 

(Figure 8-8) 

GO EXECUTE RTIF 
INTERRUPT ROUTINE 

(Figure 8-7) 

As shown in Figure 8-7, the R TIP interrupt routine checks for 
two special conditions, 0% and 100% duty cycle. It then sets 
up the PWMFine and PWMCoarse variables for use by the 
TOF interrupt service routine. If a 0% duty cycle is desired, 
the PWM output is set low and the R TIF interrupt service 
routine immediately returns. If a 100% duty cycle is desired, 
the PWM output is set high and the R TIP interrupt service 
routine will immediately return. If a duty cycle between 0% 
and 100% is desired, the variable DesiredPWM is split into 
the two components, PWMFine and PWMCoarse. If the 
resulting value of PWMCoarse is zero the program will jump 
to the second part of the TOF interrupt routine, which 
continually compares the value in PWMFine to the upper four 
bits of the TCR. If the value of PWMCoarse is not zero, TOF 
interrupts are enabled and the R TIP interrupt routine returns. 
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see Figure 8-8 

Figure 8·7_ 

RETURN FROM 
INTERRUPT 

Real Time Interrupt Routine Flowchart 

~~~ PWM OUTPUT = 0 

The flowchart in Figure 8-8 describes the actions required for 
the TOF interrupt routine. The first action is to decrement the 
value of PWMCoarse. When PWMCoarse becomes zero, it 
means that the value in the upper 4 bits of our 'counter' is 
equal to the upper 4 bits of DesiredPWM. Next, we 
continually compare the upper 4 bits of the TCR with the 
value of PWMFine (which is the lower 4 bits of 
DesiredPWM). When these two values match, the PWM 
output is set low, the TOF interrupt is reset and disabled, and 
the TOF interrupt returns. 
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FigureS-7 A r----.... ~---_, 

Figure 8-8. 

RETURN FROM 
INTERRUPT 

Timer Overflow Interrupt Flowchart 

RESETTOF 
INTERRUPT FLAG 

Listing 8-1 shows the assembly language listing for the three 
routines described by the flowcharts in Figures 8-6, 8-7, and 
8-8. The translation of the flow charts into assembly language 
is fairly straight forward. The possible exception is the 
assembly code in the RTIF interrupt routine that splits the 
DesiredPWM variable into the PWMCoarse and PWMFine 
components. This routine works by using a combination of 
shift left and rotate left instructions that operate on the A and 
the X registers. The LSLA instruction shifts the most 
significant bit of the A register into the carry and a zero into 
the least significant bit of A. The ROLX instruction places the 
carry (from the previous LSLA instruction) into the least 
significant bit of the X register. After the execution of four of 
these instruction pairs, the four most significant bits of the A 
register (DesiredPWM) will end up in the least significant 4 
bits of the X register (PWMCoarse). The least significant 4 
bits of the A register will end up in the most significant 4 bits 
of the A register (pWMFine). 
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Using The PWM Software 

In normal circumstances, the PWM software of Listing 8-1 
would be used as a part of a larger program. The value of 
DesiredPWM would be generated by some other part of the 
main program. To demonstrate the PWM software, the value 
of DesiredPWM was arbitrarily set to $80 (12810) by program 
instructions. If a simulator or emulator is used to study this 
program, you can change the value of DesiredPWM and 
observe the effect. 

The PWM program is interrupt driven. This means that the 
timer generates interrupt requests for the CPU to stop 
processing the main program and respond to the interrupt 
request. Since the demonstration version of this program in 
Listing 8-1 has no other main program to perform, a "branch 
to here" instruction was included after the clear interrupt mask 
(CLI) instruction. This instruction is an infinite loop. Timer 
interrupts will cause the CPU to periodically leave this infinite 
loop to respond to the timer requests, and then return to 
executing the infinite loop. 
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Listing 8-1. 
PWM Program Listing (Sheet 1 of 2) 

OOFF 
0007 

OOEO 

OOEO 

00E1 

00E2 

00E3 

0200 

0200 
0200 9C 
0201 3F 00 
0203 A6 FF 
0205 B7 04 

0207 AE EO 
0209 7F 
020A 5C 

020B 26 FC 

020D A6 80 
020F B7 EO 
0211 A6 1C 
0213 B7 08 
0215 9A 
0216 20 FE 

0218 
0218 
021B 
021E 

OE 08 04 
OC 08 12 
80 

;Equates for all 705K1 are included but not shown 
; in this listing 

Percent100 EQU 
PWM EQU 

ORG 

$FF 
PA7 

RAMS tart 

;DesiredPWM value for 100% duty 
;PWM output on port A bit 7 

DesiredPWM RMB 1 ;Desired PWM duty cycle ... 
expressed as the numerator of DesiredPWM/255. 

; 0 = continuous low 255 = continuous high. 

PWMCoarse RMB 1 ;Number of TOF interrupts ... 
; before we start to compare PWMFine to value in the TCR. 

PWMFine RMB 1 ;When TCR matches PWMFine, ... 
; the PWM is set low. 

PWMFine is derived from the lower 4 bits of DesiredPWM. 
These 4 bits are placed in the upper 4 bits of PWMFine. 

VarEnd EQU * 

i***************************************************** *** 

Start 

ClrLoop 

ORG 

EQU 
RSP 
CLR 
LDA 
STA 

LDX 
CLR 
INCX 

BNE 

LDA 
STA 
LDA 
STA 
CLI 
BRA 

ROMS tart 

* 

PORTA 
#$FF 
DDRA 

;Reset the stack pointer 
;Set Port A outputs to all O's 
;Make all Port A's pins outputs 

Clear out all of RAM 
#RAMStart ;Point to the start of RAM 
O,X ;C1ear a byte 

;Point to the next location 
;Cleared the last location? 

ClrLoop ;No, Continue to clear RAM 

#$80 ;Corresponds to 50% (128/255) 
DesiredPWM ;Establish a PWM duty cycle 
#$lC ;Clear timer ints ... 
TCSR ;and enable RTIF interrupt 

;Enable interrupts 

* ;Infinite loop, PWM uses ints 

.******************************************************** , 
;RTI sets 
;or about 
Timerlnt 

period. 
122 Hz 

EQU 
BRSET 
BRSET 
RTI 

@2MHz & RT1:RTO = 0:0, period = 8.192ms 

* 
TOF,TCSR,TOFlnt 
RTIF,TCSR,RTllnt 

On-Chip Peripheral Systems 
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Listing 8-1. 
PWM Program Listing (Sheet 2 of 2) 

021F 
021F 3A E1 
0221 26 OA 
0223 B6 E2 
0225 B1 09 
0227 22 FC 
0229 1F 00 
022B 1B 08 
022D 16 08 
022F 80 

0230 
0230 14 08 
0232 B6 EO 
0234 27 19 
0236 1E 00 
0238 A1 FF 
023A 27 13 
023C SF 
023D 48 
023E 59 
023F 48 
0240 59 
0241 48 
0242 59 
0243 48 
0244 59 
0245 B7 E2 
0247 BF E1 
0249 27 D8 

024B 16 08 
024D 1A 08 
024F 80 

03F8 

03F8 02 18 
03FA 02 00 
03FC 02 00 
03FE 02 00 

.******************************************************** , 
;TOF interrupt response - Decrement PWMCoarse, when 0 ... 
;Compare PWMFine to TCR. When TCR passes PWMFine clear 
;PWM output pin and disable further TOF. RTI re-enables. 

TOFInt EQU * 
DEC PWMCoarse ;Is PWMCoarse=O? 
BNE ExitTOF ;No. Clear TOF and return 

TOFInt1 LDA PWMFine ;To compare to upper 4 of TCR 
CmpMore CMPA TCR 

BHI CmpMore ;Loop till PWMFine <= TCR 
BCLR PWM,PortA ;Set the PWM output low (OV) 
BCLR TOIE,TCSR ;Disab1e the TOF Interrupt 

ExitTOF BSET TOFR,TCSR ;Reset the TOF Interrupt Flag 
RTI ;Return to the main program 

.******************************************************** , 
;RTIF interrupt response - Set PWM out pin high, and 
;enab1e TOF. Make PWMCoarse & PWMFine from DesiredPWM 

RTIInt EQU * 
BSET RTIFR,TCSR ;Clear the RT Interrupt Flag 
LDA DesiredPWM ;Get desired PWM level. =O? 
BEQ RTIInt2 ;Yes. Leave PWM output low 
BSET PWM,PORTA ;No. Set PWM output high 
CMPA #Percent100 ;Desired PWM level 100%? 
BEQ RTIInt2 ;Yes. Leave PWM output high 
CLRX ;No. Put upper 4 bits of 
LSLA ;DesiredPWM into lower 4 bits 
ROLX ;of A and the lower 4 bits of 
LSLA ;DesiredPWM into the upper 
ROLX ;4 bits of X. 
LSLA 
ROLX 
LSLA 
ROLX 
STA PWMFine ;Save result into PWMFine. 

RTIInt1 STX PWMCoarse ;Save result into PWMCoarse. 
BEQ TOFInt1 ;If PWMCoarse=O, go to 2nd 

;half of the TOF routine 
BSET TOFR,TCSR ;Clear Timer Overflow Flag 
BSET TOIE,TCSR ire-enable the TOF interrupt 

RTIInt2 RTI ;return from RTIF interrupt 

ORG Vectors ; interrupt/reset vectors. 

FDB TimerInt ;timer interrupt routine. 
FDB Start ;IRQ vector (not used) 
FDB Start ;SWI vector (not used) 
FDB Start ;Reset vector. 
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Chapter 8 Review 

A peripheral is a specialized piece of computer hardware that 
allows the CPU to gather information about and affect change 
on the system that a micro controller is part of. 

General purpose I/O ports may be programmed to act as either 
inputs or outputs. When a port pin is configured to act as an 
input, the CPU may read the logic level that is present on the 
port pin. When configured as an output, the CPU may set the 
port pin's output level to a logic one or logic zero. 

Although all microcontrollers contain some general purpose 
I/O ports as peripherals, they also contain additional 
peripherals that perform more specific tasks. 

Other Kinds Of Peripherals 

Timers - Timers are peripherals that are used to measure or 
generate time related events in a micro controller system. 
Timers are capable of performing frequency measurements or 
generating variable width pulse trains. Timers can be very 
sophisticated or very simple. 

Serial Ports - Sometimes microcontrollers need to 
communicate with specialized external peripherals or with 
another computer system. The communication is usually 
performed bit-serially (one bit of information at a time). The 
two most common types of serial ports are the Serial 
Communications Interface (SCI) and the Serial Peripheral 
Interface (SPI). The SCI communicates asynchronously with 
other devices and is usually used to exchange data between 
two computer systems. The SPI communicates synchronously 
with other devices and is usually used to control peripheral 
devices that are external to the microcontroller. 
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Analog to Digital Converters - Many signals that exist 
outside the microcontroller are continuously varying analog 
signals. An Analog to Digital (A-to-D) converter is a 
peripheral that is used to convert these signals into a binary 
number that the microcontroller can use. 

Digital to Analog Converters - A digital to analog (D-to­
A) converter performs the opposite function of an A-to-D 
converter. It allows the microcontroller to convert a digital 
number into a proportional analog voltage or current that can 
be used to control various output devices· in a microcontroller 
system. 

EEPROM - Although EEPROM is a type of non-volatile 
memory it is considered by many to be a peripheral. 
EEPROM is unique because its contents may be erased and 
rewritten under program control. Some EEPROM devices 
exist as a separate device that may be connected to an SPI 
port. 
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M68HC05 Instruction Set Details 

This appendix contains complete detailed information for all M68HC05 
instructions. The instructions are arranged in alphabetical order with the instruction 
mnemonic set in larger type for easy reference. 
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Operators 

The nomenclature listed below is used in the instruction 
description sheets throughout this appendix. 

( ) = Contents of register or memory location shown inside 
parentheses 

~ = Is loaded with (read: "gets") 
i = Is pulled from stack 
..l- = Is pushed onto stack 
• = Boolean AND 
+ = Arithmetic addition (except where used as inclusive-OR in 

Boolean formula) 
Ee = Boolean exclusive-OR 
x = Multiply 

= Concatenate 
= Negate (twos complement) 

CPU Registers 

ACCA = Accumulator 
CCR = Condition Code register 

X = Index register 
PC = Program Counter 

PCH = Program Counter, Higher order (most significant) 8 bits 
PCL = Program Counter, Lower order (least significant) 8 bits 

SP = Stack Pointer 

Memory and Addressing 

M = A memory location or absolute data, depending on 
addressing mode 

ReI = Relative offset (Le., the twos-complement number stored 
in the last byte of machine code corresponding to a branch 
instruction) 

Condition Code Register (CCR) bits 

A-2 

H = Half carry, bit 4 
I 

N 
C 
Z 

= 
= 
= 
= 

Interrupt mask, bit 3 
Negative indicator, bit 2 
Carry/borrow, bit 1 
Zero indicator, bit 0 
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Bit status BEFORE execution 

An = Bitn of ACCA (n = 7, 6, 5, ... 0) 
Xn = BitnofX(n=7,6,5, ... 0) 
Mn = Bit n of M (n = 7, 6, 5, ... 0) 

Bit status AFTER execution 
Rn = bit n of the result (n = 7,6,5, ... 0) 

CCR activity figure notation 

= Bit not affected 
o = Bit forced to zero 
I = Bit forced to one 

A = Bit set or cleared according to results of operation 

Machine coding notation 

dd = Low-order 8 bits of a direct address $0000 - $OOFF (high 

ee 
ff 
11 

hh 
11 
IT 

= 
= 
= 
= 
= 
= 

byte assumed to be $00) 
Upper 8 bits of 16-bit offset 
Lower 8 bits of 16-bit offset or 8-bit offset 
One byte of immediate data 
High-order byte of 16-bit extended address 
Low-order byte of 16-bit extended address 
Relative offset 

Source form notation 

(opr) = Operand (one or two bytes depending on address mode) 
(reI) = Relative offset used in branch and bit manipulation 

instructions 
,X = Indexed addressing mode 

Address modes 
INH = Inherent 

IMM = Immediate 
DIR = Direct 
EXT = Extended 

IX = Indexed - No offset 
IXI = Indexed - 8-bit offset 
IX2 = Indexed - 16-bit offset 

REL = Relative 
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ADC 
Operation: 

Add with Carry 

ACCA t- (ACCA) + (M) + (C) 

ADC 

Description: Adds the contents of the C bit to the sum of the contents of 
ACCA and M and places the result in ACCA. 

Condition Codes and Boolean Formulae: 

H I N Z C 

H: A3.M3 + M3.R3 + R3.A3 
Set if there was a carry from bit 3; cleared otherwise. 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: A7.M7 + M7.R7 + R7.A7 
Set if there was a carry from the MSB of the result; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

ADC (opr) IMM A9 ii 2 
ADC (opr) DIR B9 dd 3 
ADC (opr) EXT C9 hh 11 4 
ADC ,X IX F9 3 
ADC (opr),X IXI E9 ff 4 
ADC (opr),X IX2 D9 ee ff 5 
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ADD 
Operation: 

Description: 

Add without Carry ADD 
ACCA f- (ACCA) + (M) 

Adds the contents of M to the contents of ACCA and places 
the result in ACCA. 

Condition Codes and Boolean Formulae: 

H I N Z C 

H: A3.M3 + M3.R3 + R3.A3 
Set if there was a carry from bit 3; cleared otherwise. 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: A7.M7 + M7.R7 + R7.A7 
Set if there was a carry from the MSB of the result; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 

Forms Mode Opcode Operand(s) Cycles 

ADD (opr) IMM AB 11 2 
ADD (opr) DIR BB dd 3 
ADD (opr) EXT CB hh 11 4 
ADD ,X IX FB 3 
ADD (opr),X IXI EB ff 4 
ADD (opr),X IX2 DB ee ff 5 
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AND 
Operation: 

Logical AND 

ACCA f- (ACCA). (M) 

AND 

Description: Performs the logical AND between the contents of ACCA and 
the contents of M and places the result in ACCA. (Each bit of 
ACCA after the operation will be the logical AND of the 
corresponding bits of M and of ACCA before the operation.) 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

AND (opr) IMM A4 ii 2 
AND (opr) DIR B4 dd 3 
AND (opr) EXT C4 hh 11 4 
AND ,X IX F4 3 
AND (opr),X IXI E4 ff 4 
AND (opr),X IX2 D4 ee ff 5 
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ASL 

Operation: 

Arithmetic Shift Left 
(Same as LSL) 

0( 

bol~ 0 

ASL 

Description: Shifts all bits of the ACCA, X, or M one place to the left. Bit 
o is loaded with a zero. The C bit in the CCR is loaded from 
the most significant bit of ACCA, X, or M. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: b7 
Set if, before the shift, the MSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

ASLA INH (A) 48 3 
ASLX INH (X) 58 3 

ASL (opr) DIR 38 dd 5 
ASL ,X IX 78 5 
ASL (opr),X IXI 68 ff 6 
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ASR 

Operation: 

Description: 

Arithmetic Shift Right ASR 

Y17 --
Shifts all bits of ACCA, X, or M one place to the right. Bit 7 
is held constant. Bit 0 is loaded into the C bit of the CCR. 
This operation effectively divides a twos complement value 
by two without changing its sign. The carry bit can be used to 
round the result. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I I I I I I I - I - I A I A A 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: bO 
Set if, before the shift, the LSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

ASRA INH(A) 47 3 
ASRX INH (X) 57 3 

ASR (opr) DIR 37 dd 5 
ASR ,x IX 77 5 
ASR (opr),X IXI 67 ff 6 
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Bee 
Operation: 

Description: 

Branch if Carry Clear 
(Same as BHS) 

PC f- (PC) + $0002 + ReI if (C) = 0 

Bee 

Tests the state of the C bit in the CCR and causes a branch if 
C is clear. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code "CMOS 
Forms Mode Opcode I Operand(s) Cycles 

BCC (reI) REL 24 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 r:S;m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;tom BNE 26 Unsigned 

r:S;m C+Z=I BLS 23 r>m BHI 22 Unsigned 

r<m C=I BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=I BCS 25 No Carry BCC 24 Simple 

r= $00 Z=I BEQ 27 r;to$OO BNE 26 Simple 

Negative N= I BMI 2B Plus BPL 2A Simple 

I Mask I = I BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= I BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BCLRn Clear Bit in Memory BCLRn 
Operation: Mn~O 

Description: Clear bit n (n = 7, 6, 5, ... 0) in location M. All other bits in M 
are unaffected. M can be any RAM or I/O register address in 
the $0000 to $OOFF area of memory (i.e., direct addressing 
mode is used to specify the address of the operand). 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

BCLR O,(opr) DIRbO 11 dd 5 
BCLR 1,(opr) DIRbl 13 dd 5 
BCLR 2,(opr) DIRb2 15 dd 5 
BCLR 3,(opr) DIRb3 17 dd 5 
BCLR 4,(opr) DIRb4 19 dd 5 
BCLR 5,(opr) DIRb5 1B dd 5 
BCLR 6,(opr) DIRb6 ID dd 5 
BCLR 7,(opr) DIRb7 IF dd 5 
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Bes 

Operation: 

Description: 

Branch if Carry Set B es 
(Same as BlO) 

PC f- (PC) + $0002 + ReI if (C) = 1 

Tests the state of the C bit in the CCR and causes a branch if 
C is set. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BCS (reI) REL 25 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BRI 22 r~m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;!:m BNE 26 Unsigned 

r~m C+Z=l BLS 23 r>m BRI 22 Unsigned 

r<m C=l BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r;!:$OO BNE 26 Simple 

Negative N=l BMI 2B Plus BPL 2A Simple 

I Mask 1=1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H=l BHCS 29 ' H=O BHCC 28 Simple 

IRQ High - BIR 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BEQ 
Operation: 

Description: 

Branch if Equal B EQ 
PC ~ (PC) + $0002 + ReI if (Z) = 1 

Tests the state of the Z bit in the CCR and causes a branch if Z 
is set. After a CMP or SUB instruction, BEQ will cause a 
branch if the arguments were equal. See BRA instruction for 
further details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BEQ (reI) REL 27 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 rSm BLS 23 Unsigned 

r;;::m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;tm BNE 26 UnsiBned 

rSm C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C=l BLO 25 r;;::m BHS 24 Unsigned 
(BCS) (BCC)-

Carry C= 1 BCS 25 No Carry BCC 24 Simple 

r=$oo Z=l BEQ 27 r;t $00 BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask 1=1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= I BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BHCC 
Operation: 

Description: 

Branch if Half Carry Clear BHCC 
PC ~ (PC) + $0002 + ReI if (H) = 0 

Tests the state of the H bit in the CCR and causes a branch if 
H is clear. This instruction is used in algorithms involving 
BCD numbers. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1 1 1 1 1 1 1 - 1 - 1 - 1 - 1- 1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BHCC (reI) REL 28 I rr 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BIll 22 r:5:m BLS 23 Unsigned 
r~m C=O BHS 24 r<m BLO 25 Unsigned 

(BCC) (BCS) 

r=m Z=l BEQ 27 r~m BNE 26 Unsigned 
r:5:m C+Z=1 BLS 23 r>m BIll 22 Unsigned 
r<m C= I BLO 25 r~m BHS 24 Unsigned 

(BCS) (BCC) 
Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r~$OO BNE 26 Simple 
Negative N= I BMI 2B Plus BPL 2A Simple 
I Mask 1=1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H=l BHCS 29 H=O BHCC 28 Simple 
IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BHCS 
Operation: 

Description: 

Branch if Half Carry Set BHCS 
PC f- (PC) + $0002 + ReI if (H) = 1 

Tests the state of the H bit in the CCR and causes a branch if 
H is set. This instruction is used in algorithms involving BCD 
numbers. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BHCS (reI) REL 29 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 

Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O Bill 22 r~m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;tm BNE 26 Unsigned 

r~m C+Z=l BLS 23 r>m Bill 22 Unsigned 

r<m C=l BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r;t $00 BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask I = I BMS 2D lMask=O BMC 2C Simple 

H-Bit H=l BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BHI 
Operation: 

Description: 

Branch if Higher 

PC ~ (PC) + $0002 + ReI 
i.e., if (ACCA) > (M) 

BHI 
if (C) + (Z) = 0 
(unsigned binary numbers) 

Causes a branch if both C and Z are cleared. If the BHI 
instruction is executed immediately after execution of a CMP 
or SUB instruction, the branch will occur if the unsigned 
binary number in ACCA was greater than the unsigned binary 
number in M. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1 1 1 - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BHI (reI) REL 22 I rr 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 

Test Boolean Mnemonic: Opc:ode Test Mnemonic: Opc:ode 

r>m C+Z=O BHI 22 rS; m BLS 23 Unsigned 
r~m C=O BHS 24 r<m BW 25 Unsigned 

(BCC) (BCS) 

r=m Z=1 BEQ 27 r*m BNE 26 Unsigned 
rS;m C+Z=1 BLS 23 r>m BHl 22 Unsigned 

r<m C=1 BW 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=1 BCS 25 No Carry BCC 24 Simple 

r == $00 Z=1 BEQ 27 r*$oo BNE 26 Simple 
Negative N==1 BMI 2B Plus BPL 2A Simple 
I Mask 1==1 BMS 2D I Mask = 0 BMC 2C Simple 
H-Bit H== 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 
r = register (ACCA or X) m == memory operand 

M68HC05 Instruction Set Details A·IS 



BHS 

Operation: 

Description: 

Branch if Higher or Same 
(Same as BCC) 

if (C) = 0 

BHS 

PC f- (PC) + $0002 + ReI 
i.e., if (ACCA) ~ (M) (unsigned binary numbers) 

If the BHS instruction is executed immediately after execution 
of a CMP or SUB instruction, the branch will occur if the 
unsigned binary number in ACCA was greater than or equal to 
the unsigned binary number in M. See BRA instruction for 
further details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BHS (reI) REL 24 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 r$; m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r*m BNE 26 Unsigned 

r$;m C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C=l BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$oo Z=l BEQ 27 r*$oo BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Si11lple 

I Mask 1= 1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 

A.16 M68HC05 Instruction Set Details 



BIH 
Operation: 

Description: 

Branch if Interrupt Pin is High BIH 
PC ~ (PC) + $0002 + ReI if IRQ = 1 

Tests the state of the external interrupt pin and causes a 
branch if the pin is high. See BRA instruction for further 
details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BIH (reI) REL 2F I IT 3 

The following is a summary of all branch instructions.-

Branch Opposite Branch Type 

Test Boolean Mnemonic: Opcode Test Mnemonic: Opcode 

r>m C+Z=O BID 22 r~m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BW 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;tm BNE 26 Unsigned 

r~m C+Z=1 BLS 23 r>m BID 22 Unsigned 

r<m C=l BW 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r;t $00 BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask 1=1 BMS 2D I Mask = 0 BMC 2C Sim~le 

H-Bit H=l BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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Bil 
Operation: 

Description: 

Branch if Interrupt Pin is Low Bil 
PC ~ (PC) + $0002 + Rei if IRQ = 0 

Tests the state of the external interrupt pin and causes a 
branch if the pin is low. See BRA instruction for further 
details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BIL (reI) REL 2E I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 

Test Boolean Mnemonic Opcode Test Mnemonic Opcocle 

r>m C+Z=O BHI 22 r~m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r.e:m BNE 26 Unsigned 

rSm C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C=l BW 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=I BEQ 27 f.e:$OO BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask 1= I BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BIT 
Operation: 

Description: 

Bit Test Memory with Accumulator BIT 
(ACCA). (M) 

Performs the logical AND comparison of the contents of 
ACCA and the contents of M, and modifies the condition 
codes accordingly. Neither the contents of ACCA or Mare 
altered. (Each bit of the result of the AND would be the 
logical AND of the corresponding bits of ACCA and M.) 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

BIT (opr) IMM A5 ii 2 
BIT (opr) DIR B5 dd 3 
BIT (opr) EXT C5 hh 11 4 
BIT ,X IX F5 3 
BIT (opr),X IXI E5 ff 4 
BIT (opr),X IX2 D5 ee ff 5 
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BlO 

Operation: 

Description: 

Branch if Lower 
(Same as BCS) 

PC ~ (PC) + $0002 + ReI 
Le.; if (ACCA) < (M) 

BlO 

if (C) = 1 
(unsigned binary numbers) 

If the BLO instruction is executed immediately after execution 
of a CMP or SUB instruction, the branch will occur if the 
unsigned binary number in ACCA was less than the unsigned 
binary number in M. See BRA instruction for further details 
of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BLO (reI) REL 25 l IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BID 22 r::;;m BLS 23 Unsigned 

r~m C=O BRS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r~m BNE 26 Unsigned 

r::;;m C+Z=l BLS 23 r>m BRI 22 Unsigned 

r<m C= 1 BLO 25 r<!:m BRS 24 Unsigned 
(BCS) (BCC) 

Carry C= 1 BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r~$OO BNE 26 Siml!le 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask 1= 1 BMS 2D I Mask = 0 BMC 2C Simple 

R-Bit R= 1 BRCS 29 R=O BRCC 28 Simple 

IRQ High - BIR 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BLS 
Operation: 

Description: 

Branch if Lower or Same BLS 
if [(C) + (Z)] = 1 PC f- (PC) + $0002 + ReI 

Le.; if (ACCA) :5 (M) (unsigned binary numbers) 

Causes a branch if (C is set) or (Z is set). If the BLS 
instruction is executed immediately after execution of a CMP 
or SUB instruction, the branch will occur if the unsigned 
binary number in ACCA was less than or equal to the 
unsigned binary number in M. See BRA instruction for further 
details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BLS (reI) REL 23 I rr 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opeode 

r>m C+Z=O BHI 22 r~m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r*m BNE 26 Unsigned 

r~m C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C= 1 BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=l BEQ 27 r*$OO BNE 26 Simple 

Negative N= 1 BM! 2B Plus BPL 2A Simple 

1 Mask 1=1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIR 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BMC 
Operation: 

Description: 

Branch if Interrupt Mask is Clear BMC 
PC f- (PC) + $0002 + ReI if 1=0 

Tests the state of the I bit in the CCR and causes a branch if I 
is clear (Le., if interrupts are enabled). See BRA instruction 
for further details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BMC (reI) REL 2C I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 

Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BID 22 rSm BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=1 BEQ 27 r¢m BNE 26 Unsigned 

rSm C+Z=1 BLS 23 r>m BID 22 Unsigned 

r<m C=1 BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$OO Z=1 BEQ 27 r¢$OO BNE 26 Sill!ple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

I Mask 1=1 BMS 2D I Mask = 0 BMC 2C SimJ'le 

H·Bit H=1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BMI 
Operation: 

Description: 

Branch if Minus BMI 
PC ~ (PC) + $0002 + ReI if(N) = 1 

Tests the state of the N bit in the CCR and causes a branch if 
N is set. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 
1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BMI (reI) REL 2B I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 

Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BIll 22 r:S:m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;tm BNE 26 Unsigned 

r:S:m C+Z=1 BLS 23 r>m BIll 22 Unsigned 

r<m C=l BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r= $00 Z=l BEQ 27 r;t $00 BNE 26 Simple 

Negative N=l BMI 2B Plus BPL 2A Simple 

I Mask 1= 1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H=l BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BMS 
Operation: 

Description: 

Branch if Interrupt Mask is Set BMS 
PC t- (PC) + $0002 + ReI if I = 1 

Tests the state of the I bit in the CCR and causes a branch if I 
is set (Le., if interrupts are disabled). See BRA instruction for 
further details of the execution of the branch. 

Conditi()n Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BMS (reI) REL 2D I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 r:!>m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r;1l:m BNE 26 Unsigned 

r:!>m C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C= 1 BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C= 1 BCS 25 No Carry BCC 24 Simple 

r=$OO Z=I BEQ 27 r;1l:$OO BNE 26 Simple 

Negative N=I BMI 2B Plus BPL 2A Simple 

I Mask I = I BMS 2D lMask=O BMC 2C Simple 

H-Bit H= 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIR 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BNE 
Operation: 

Description: 

Branch if Not Equal BNE 
PC ~ (PC) + $0002 + ReI if (Z) = 0 

Tests the state of the Z bit in the CCR and causes a branch if Z 
is clear. If the BNE instruction is executed immediately after 
execution of a CMP or SUB instruction, the branch will occur 
if the arguments were not equal. See BRA instruction for 
further details of the execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BNE (reI) REL 26 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 r::;;m BLS 23 Unsigned 

r~m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 r*m BNE 26 Unsigned 
r::;;m C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C= 1 BLO 25 r~m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C= 1 BCS 25 No Carry BCC 24 Simple 

r= $00 Z=l BEQ 27 r*$OO BNE 26 Simple 

Negative N=1 BMI 2B Plus BPL 2A Simple 

I Mask 1= 1 BMS 2D I Mask = 0 BMC 2C Simple 

H-Bit H= 1 BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BPL 
Operation: 

Description: 

Branch if Plus B P L 
PC f- (PC) + $0002 + ReI if (N) = 0 

Tests the state of the N bit in the CCR and causes a branch if 
N is clear. See BRA instruction for further details of the 
execution of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BPL (reI) REL 2A 1 IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BIll 22 r~m BLS 23 Unsigned 

r;;:m C=O BHS 24 r<m BLO 25 Unsigned 
(BCC) (BCS) 

r=m Z=l BEQ 27 rotm BNE 26 Unsigned 

r~m C+Z=l BLS 23 r>m BHI 22 Unsigned 

r<m C= 1 BLO 25 r:<?:m BHS 24 Unsigned 
(BCS) (BCC) 

Carry C= 1 BCS 25 No Carry BCC 24 Simple 

r= $00 Z=l BEQ 27 £*$00 BNE 26 Simple 

Negative N= 1 BMI 2B Plus BPL 2A Simple 

1 Mask 1=1 BMS 2D IMask=O BMC 2C Simple 

H-Bit H=l BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 

r = register (ACCA or X) m = memory operand 
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BRA 
Operation: 

Description: 

Branch BRA 
PC ~ (PC) + $0002 + ReI 

Unconditional branch to the address given in the foregoing 
formula, in which "ReI" is the twos-complement relative 
offset in the last byte of machine code for the instruction and 
(PC) is the address of the opcode for the branch instruction. 

A source program specifies the destination of a branch 
instruction by its absolute address, either as a numerical value 
or as a symbol or expression which can be numerically 
evaluated by the assembler. The assembler calculates the 
relative offset (ReI) from this absolute address and the current 
value of the location counter. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BRA (reI) REL 20 I rr 3 

The table on the facing page is a summary of all branch 
instructions. 
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BRCLR n 
Operation: 

Description: 

Branch if Bit n is Clear BRCLR n 
PC ~ (PC) + $0003 + ReI if bit n of M = 0 

Tests bit n (n = 7, 6, 5, ... 0) of location M and branches if the 
bit is clear. M can be any RAM or I/O register address in the 
$0000 to $ooFF area of memory (i.e., direct addressing mode 
is used to specify the address of the operand). 

The C bit is set to the state of the tested bit. When used with 
an appropriate rotate instruction, BRCLR n provides an easy 
method for perfonning serial to parallel conversions. 

Condition Codes and Boolean 'Formulae: 

H I N Z C 

1111111-1-1-1-111 
C: Set if Mn = 1; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operands Cycles 

BRCLR O,(opr),(rel) DIRbO 01 dd IT 5 
BRCLR l,(opr),(rel) DIRbl 03 dd IT 5 
BRCLR 2,(opr),(rel) DIRb2 OS dd IT 5 
BRCLR 3,(opr),(rel) DIRb3 07 dd IT 5 
BRCLR 4,(opr),(rel) DIRb4 09 dd IT 5 
BRCLR 5,(opr),(rel) DIRb5 OB dd IT 5 
BRCLR 6,(opr),(rel) DIRb6 OD dd IT 5 
BRCLR 7,(opr),(rel) DIRb7 OF dd IT 5 
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BRN Branch Never BRN 
Operation: PC f- (PC) + $0002 

Description: Never branches. In effect, this instruction can be considered as 
a two-byte NOP (no operation) requiring three cycles for 
execution. Its inclusion in the instruction set is to provide a 
complement for the BRA instruction. The BRN instruction is 
useful during program debug to negate the effect of another 
branch instruction without disturbing the offset byte. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code DCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BRN (reI) REL 21 I IT 3 

The following is a summary of all branch instructions. 

Branch Opposite Branch Type 
Test Boolean Mnemonic Opcode Test Mnemonic Opcode 

r>m C+Z=O BHI 22 r~m BLS 23 Unsigned 
r~m C=O BHS 24 r<m BLO 25 Unsigned 

(BCC) (BCS) 

r=m Z=1 BEQ 27 r;tm BNE 26 Unsigned 
r~m C+Z=1 BLS 23 r>m BHI 22 Unsigned 
r<m C=l BLO 25 r~m BHS 24 Unsigned 

(BCS) (BCC) 

Carry C=l BCS 25 No Carry BCC 24 Simple 

r=$oo Z=l BEQ 27 r;t$oo BNE 26 Simj)le 

Negative N=l BMI 2B Plus BPL 2A Simple 
I Mask 1= 1 BMS 2D I Mask=O BMC 2C Simple 
H-Bit H=l BHCS 29 H=O BHCC 28 Simple 

IRQ High - BIH 2F IRQ Low BIL 2E Simple 

Always - BRA 20 Never BRN 21 Uncond. 
r = register (ACCA or X) m = memory operand 

M68HC05 Instruction Set Details A-29 



BRSET n 
Operation: 

Description: 

Branch if Bit n is Set BRSET n 
PC ~ (PC) + $0003 + ReI if bit n of M = 1 

Tests bit n (n = 7, 6, 5, ... 0) of location M and branches if the 
bit is set. M can be any RAM or I/O register address in the 
$0000 to $OOFF area of memory (i.e., direct addressing mode 
is used to specify the address of the operand). 

The C bit is set to the state of the tested bit. When used with 
an appropriate rotate instruction, BRSET n provides an easy 
method for perfonning serial to parallel conversions. 

Condition Codes and Boolean Formulae: 

H I N Z C 

IIIIIII-I-I-I-It1 
C: Set if Mn = 1; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operands Cycles 

BRSET O,(opr),(rel) DIRbO 00 dd IT 5 
BRSET l,(opr),(rel) DIRbl 02 dd IT 5 
BRSET 2,(opr),(rel) DIRb2 04 dd IT 5 
BRSET 3,( opr),(rel) DIRb3 06 dd IT 5 
BRSET 4,(opr),(rel) DIRb4 08 dd IT 5 
BRSET 5,( opr),(rel) DIRb5 OA dd IT 5 
BRSET 6,(opr),(rel) DIRb6 OC dd IT 5 
BRSET 7,(opr),(rel) DIRb7 OE dd IT 5 
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BSETn Set Bit in Memory BSETn 
Operation: Mnf-l 

Description: Set bit n (n = 7, 6, 5, ... 0) in location M. All other bits in M 
are unaffected. M can be any RAM or I/O register address in 
the $0000 to $OOFF area of memory (i.e., direct addressing 
mode is used to specify the address of the operand). 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

BSET O,(opr) DIRbO 10 dd 5 
BSET 1,(opr) DIRbl 12 dd 5 
BSET 2,(opr) DIRb2 14 dd 5 
BSET 3,(opr) DIRb3 16 dd 5 
BSET 4,(opr) DIRb4 18 dd 5 
BSET 5,(opr) DIRb5 lA dd 5 
BSET 6,(opr) DIRb6 lC dd 5 
BSET 7,(opr) DIRb7 IE dd 5 
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BSR 
Operation: 

Description: 

Branch to Subroutine BSR 
PC f- (PC) + $0002 
..!.(PCL); SP f- (SP) - $0001 
..!.(PCH); SP f- (SP) - $0001 
PC f- (PC) + ReI 

Advance PC to return address 
Push low half of return addr 
Push high half of return addr 
Load PC with start address of 
requested subroutine 

The program counter is incremented by 2 from the opcode 
address. (Le., so it points to the opcode of the next instruction 
which will be the return address). The least significant byte of 
the contents of the program counter (low order return address) 
is pushed onto the stack. The stack pointer is then 
decremented (by 1). The most significant byte of the contents 
of the program counter (high order return address) is pushed 
onto the stack. The stack pointer is then decremented (by 1). 
A branch then occurs to the location specified by the branch 
offset. See BRA instruction for further details of the execution 
of the branch. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode I Operand(s) Cycles 

BSR (reI) REL AD I rr 6 
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CLC Clear Carry Bit CLC 
Operation: Cbit ~ 0 

Description: Clears the C bit in the CCR. CLC may be used to setup the C 
bit prior to a shift or rotate instruction that involves the C bit. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 - I - I - I - I 0 

C: 0 (cleared) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 
CLC INH 98 2 
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Cli Clear Interrupt Mask Bit Cli 
Operation: I bit t- 0 

Description: Clears the interrupt mask bit in the CCR. When the I bit is 
clear, interrupts are enabled. There is a one E-clock cycle 
delay in the clearing mechanism for the I bit such that if 
interrupts were previously disabled, then the next instruction 
after a CLI will always be executed even if there was an 
interrupt pending prior to execution of the CLI instruction. 

Condition Codes and Boolean Formulae: 

H I N Z C 

111111 -10 -1-1-1 
I: 0 (cleared) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

CLI INH 9A 2 
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CLR 
Operation: ACCA~$OO 

or: X~ $00 
or: M~ $00 

Clear CLR 

Description: The contents of ACCA, X, or M are replaced with zeros. 

Condition Codes and Boolean Formulae: 

H I N Z C 

[ 1 I 1 I 1 - I - I 0 1 - I 
N: o (cleared) 

Z: 1 (set) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

CLRA INH (A) 4F 3 
CLRX INH (X) 5F 3 

CLR (opr) DIR 3F dd 5 
CLR ,X IX 7F 5 
CLR (opr),X IXl 6F ff 6 
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CMP Compare Accumulator with Memory CMP 
Operation: (ACCA)-(M) 

Description: Compares the contents of ACCA to the contents of M and sets 
the condition codes, which may then be used for arithmetic 
and logical conditional branching. The contents of both 
ACCA and M are unchanged. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I I I I I - I - I A A A 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: A7.M7 + M7.R7 + R7.A7 
Set if the unsigned contents of memory is larger than the unsigned 
value in the accumulator; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

CMP (opr) IMM Al ii 2 
CMP (opr) DIR BI dd 3 
CMP (opr) EXT CI hh 11 4 
CMP ,X IX FI 3 
CMP (opr),X IXI EI ff 4 
CMP (opr),X IX2 DI ee ff 5 
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COM 
Operation: 

Complement 

ACCA ~_ACCA = $FF - (ACCA) 
or: X ~ X = $FF - (X) 
or: M~ M=$FF-(M) 

COM 

Description: Replace the contents of ACCA, X, or M with the ones 
complement. (Each bit of ACCA, X, or M is replaced with the 
complement of that bit). 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: I (set) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

COMA INH (A) 43 3 
COMX INH (X) 53 3 

COM (opr) DIR 33 dd 5 
COM ,X IX 73 5 
COM (opr),X IXI 63 ff 6 
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CPX 
Operation: 

Description: 

Compare Index Register with Memory CPX 
(X)-(M) 

Compares the contents of X to the contents of M and sets the 
condition codes, which may then be used for arithmetic and 
logical conditional branching. The contents of both X and M 
are unchanged. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I 1 I 1 1 - I - I ~ ~ ~ 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: X7.M7 + M7.R7 + R7.X7 
Set if the unsigned contents of memory is larger than the unsigned 
value in the accumulator; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 

Forms Mode Opcode Operand(s) Cycles 
CPX (opr) IMM A3 ii 2 
CPX (opr) DIR B3 dd 3 
CPX (opr) EXT C3 hh 11 4 
CPX ,X IX F3 3 
CPX (opr),X IXI E3 ff 4 
CPX (opr),X IX2 D3 ee ff 5 
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DEC 
Operation: 

Description: 

Decrement 

ACCA f- (ACCA) - $01 
or: X f- (X) - $01 
or: M f- (M) - $01 

DEC 

Subtract one from the contents of ACCA, X, or M. The N and 
Z bits in the CCR are set or cleared according to the results of 
this operation. The C bit in the CCR is not affected, therefore 
the BLS, BLO, BHS, and BHI branch instructions are not 
useful following a DEC instruction. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.RS.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

DECA INH (A) 4A 3 
DECX INH (X) SA 3 

DEC (opr) DIR 3A dd 5 
DEC ,X IX 7A 5 
DEC (opr),X IXI 6A ff 6 

(DEX is recognized by assemblers as being equivalent to DECX) 
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EOR Exclusive-OR Accumulator with Memory EOR 
Operation: ACCA f- (ACCA) Ee (M) 

Description: Perfonns the logical exclusive-OR between the contents of 
ACCA and the contents of M, and places the result in ACCA. 
(Each bit of ACCA after the operation will be the logical 
exclusive-OR of the corresponding bits of M and ACCA 
before the operation.) 

Condition Codes and Boolean Formulae: 

H I N Z C 

I I I I I I I - I - I A I A - I 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl,.RO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

EaR (opr) IMM A8 ii 2 
EaR (opr) DIR B8 dd 3 
EaR (opr) EXT C8 hh 11 4 
EaR ,x IX F8 3 
EaR (opr),X IXI E8 ff 4 
EaR (opr),X IX2 D8 ee ff 5 
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INC 
Operation: 

Description: 

Increment 

ACCA ~ (ACCA) + $01 
or: X ~ (X) + $01 
or: M ~ (M) + $01 

INC 

Add one to the contents of ACCA, X, or M. The Nand Z bits 
in the CCR are set or cleared according to the results of this 
operation. The C bit in the CCR is not affected, therefore the 
BLS, BLO, BHS, and BHI branch instructions are not useful 
following an INC instruction. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

INCA INH (A) 4C 3 

INCX INH (X) 5C 3 
INC (opr) DIR 3C dd 5 
INC ,X IX 7C 5 

INC (opr),X IXI 6C ff 6 

(INX is recognized by assemblers as being equivalent to INCX) 
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JMP Jump JMP 
Operation: PC ~ Effective Address 

Description: A jump occurs to the instruction stored at the effective 
address. The effective address is obtained according to the 
rules for extended, direct, or indexed addressing. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 I I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

JMP (opr) DIR BC dd 2 
JMP (opr) EXT CC hh 11 3 
JMP ,X IX FC 2 
JMP (opr),x IXI EC ff 3 
JMP (opr),X !X2 DC ee ff 4 
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JSR 
Operation: 

Jump to Subroutine JSR 
PC f- (PC) +n 

..l-(PCL); SP f- (SP) - $0001 

..l-(pCH); SP f- (SP) - $0001 
PC f- Effective Address 

n = 1, 2, or 3 depending on 
address mode 
Push low half of return addr 
Push high half of return addr 
Load PC with start address of 
requested subroutine 

Description: The program counter is incremented by n so that it points to 
the opcode of the next instruction that follows the JSR 
instruction (n = 1, 2, or 3 depending on the addressing mode). 
The PC is then pushed onto the stack, eight bits at a time, least 
significant byte first. Unused bits in the program counter high 
byte are stored as Is on the stack. The stack pointer points to 
the next empty location on the stack. A jump occurs to the 
instruction stored at the effective address. The effective 
address is obtained according to the rules for extended, direct, 
or indexed addressing. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

JSR (opr) DIR BD dd 5 
JSR (opr) EXT CD hh 11 6 
JSR ,X IX FD 5 
JSR (opr),X IXl ED ff 6 
JSR (opr),X IX2 DD ee ff 7 
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LOA Load Accumulator from Memory LOA 
Operation: ACCA~(M) 

Description: Loads the contents of the specified memory location into the 
accumulator. The Nand Z condition codes are set or cleared 
according to the loaded data. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.RS.R4eR3.R2.RleRO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

LOA (opr) IMM A6 ii 2 
LOA (opr) DIR B6 dd 3 
LOA (opr) EXT C6 hh 11 4 
LOA ,X IX F6 3 
LOA (opr),x IXl E6 ff 4 
LOA (opr),x IX2 06 ee ff 5 
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LOX Load Index Register from Memory LOX 
Operation: X~(M) 

Description: Loads the contents of the specified memory location into the 
index register. The Nand Z condition codes are set or cleared 
according to the loaded data. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I 1 I 1 1 Ll - I 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RleRO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 

Forms Mode Opcode Operand(s) Cycles 

LDX (opr) IMM AE 11 2 

LDX (opr) DIR BE dd 3 
LDX (opr) EXT CE hh 11 4 

LDX ,X IX FE 3 
LDX (opr),X IXl EE ff 4 

LDX (opr),X IX2 DE ee ff 5 
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LSL Logical Shift Left LS L 
(Same as ASL) 

• 
Operation: 

Description: Shifts all bits of the ACCA, X, or M one place to the left. Bit 
o is loaded with a zero. The C bit in the CCR is loaded from 
the most significant bit of ACCA, X, or M. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: b7 
Set if, before the shift, the MSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

LSLA INH (A) 48 3 
LSLX INH (X) 58 3 

LSL (opr) DIR 38 dd 5 
LSL ,X IX 78 5 
LSL (opr),x IXI 68 ff 6 
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LSR 

Operation: 

Description: 

Logical Shift Right LSR 

o ~ I b7 - - --bol~@] 

Shifts all bits of ACCA, X, or M one place to the right. Bit 7 
is loaded with a zero. Bit 0 is shifted into the C bit. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I 1 I 1 I 1 - I - I 0 ~ ~ 

N: 0 (cleared) 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: bO 
Set if, before the shift, the LSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

LSRA INH (A) 44 3 
LSRX INH (X) 54 3 

LSR (opr) DIR 34 dd 5 
LSR ,X IX 74 5 

LSR (opr),X IXl 64 ff 6 
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MUL 
Operation: 

Description: 

Multiply Unsigned MUL 
X:ACCA f-- X x ACCA 

Multiplies the eight bit value in the index register by the eight 
bit value in the accumulator to obtain a 16 bit unsigned result 
in the concatenated index register and accumulator. After the 
operation, X contains the upper 8 bits of the l6-bit result and 
ACCA contains the lower 8 bits of the result. 

Condition Codes and Boolean Formulae: 

H: 0 (cleared) 

C: 0 (cleared) 

H I N Z C 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code 
Forms Mode Opcode 
MUL INH 42 
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NEG 
Operation: 

Negate (Twos Complement) 

ACCA ~ - (ACCA) = $00 - (ACCA) 
or: X ~ - (X) = $00 - (X) 
or: M ~ - (M) = $00 - (M) 

NEG 

Description: Replaces the contents of ACCA, X, or M with its twos 
complement. Note that the value $80 is left unchanged. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: R7+R6+R5+R4+R3+R2+RI+RO 
Set if there is a borrow in the implied subtraction from zero; cleared 
otherwise. The C bit will be set in all cases except when the 
contents of ACCA, X, or M was $00 prior to the NEG operation. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

NEGA INH (A) 40 3 
NEGX INH (X) 50 3 

NEG (opr) DIR 30 dd 5 
NEG ,x IX 70 5 
NEG (opr),X IXI 60 ff 6 
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NOP 
Operation: 

Description: 

No Operation NOP 
None 

This is a single byte instruction which does nothing except to 
consume 2 CPU clock cycles while the program counter is 
advanced to the next instruction. No register or memory 
contents are affected by this instruction. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 
NOP INH 90 2 
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ORA Inclusive-OR ORA 
Operation: ACCA f- (ACCA) + (M) 

Description: Perfonns the logical inclusive-OR between the contents of 
ACCA and the contents of M and places the result in ACCA. 
Each bit of ACCA after the operation will be the logical 
inclusive-OR of the corresponding bits of M and ACCA 
before the operation. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RleRO 
Set if the result is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

ORA (opr) IMM AA ii 2 
ORA (opr) DIR BA dd 3 
ORA (opr) EXT CA hh 11 4 
ORA ,X IX FA 3 
ORA (opr),x IXI EA ff 4 
ORA (opr),X IX2 DA ee ff 5 
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ROL Rotate Left thru Carry ROL 

Operation: - - bol~@] 

Description: Shifts all bits of ACCA, X, or M one place to the left. Bit 0 is 
loaded from the C bit. Bit 7 is shifted into the C bit. The rotate 
instructions include the carry bit to allow extension of the shift 
and rotate instl1Ictions to multiple bytes. For example, to shift 
a 24-bit value left one bit, the sequence {ASL LOW, 
ROL MID, ROL HIGH} could be used, where LOW, MID, 
and HIGH refer to the low-order, middle, and high-order bytes 
of the 24-bit value, respectively. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: b7 
Set if, before the shift, the MSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

ROLA INH (A) 49 3 
ROLX INH (X) 59 3 

ROL (opr) DIR 39 dd 5 
ROL ,X IX 79 5 
ROL (opr),X IXl 69 ff 6 
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ROR Rotate Right thru Carry ROR 

Operation: 

Description: Shifts all bits of ACCA, X, or M one place to the right. Bit 7 
is loaded from the C bit. Bit 0 is shifted into the C bit. The 
rotate instructions include the carry bit to allow extension of 
the shift and rotate instructions to multiple bytes. For 
example, to shift a 24-bit value left one bit, the sequence 
{LSR HIGH, ROR MID, ROR LOW} could be used, where 
LOW, MID, and HIGH refer to the low-order, middle, and 
high-order bytes of the 24-bit value, respectively. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: bO 
Set if, before the shift, the LSB of the shifted value was set; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

RORA INH (A) 46 3 
RORX INH (X) 56 3 

ROR (opr) DIR 36 dd 5 
ROR ,x IX 76 5 
ROR (opr),X IXI 66 ff 6 
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RSP Reset Stack Pointer RSP 
Operation: SP~$OOFF 

Description: Resets the stack pointer to the top of the stack (address 
$OOFF). 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

RSP INH 9C 2 
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RTI 
Operation: 

Description: 

Return from Interrupt 

SP ~ SP + $0001; t CCR 
SP ~ SP + $0001; t ACCA 
SP~SP+$0001; iX 
SP ~ SP + $0001; i PCH 
SP ~ SP + $0001; t PCL 

RTI 
Restore CCR from stack 
Restore ACCA from stack 
Restore X from stack 
Restore PCH from stack 
Restore PCL from stack 

The condition codes, the accumulator, the index register, and 
the program counter are restored to the state previously saved 
on the stack. The I bit will be cleared if the corresponding bit 
stored on the stack is zero (this is the normal case). 

Condition Codes and Boolean Formulae: 

H I N Z C 

Set or cleared according to the byte pulled from the stack into CCR. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

RTI INH 80 9 
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RTS 
Operation: 

Description: 

Return from Subroutine RTS 
SP t- SP + $0001; i PCH 
SP t- SP + $0001; i PCL 

Restore PCH from stack 
Restore PCL from stack 

The stack pointer is incremented (by 1). The contents of the 
byte of memory that is pointed to by the stack pointer is 
loaded into the high-order byte of the program counter. The 
stack pointer is again incremented (by 1). The contents of the 
byte of memory that is pointed to by the stack pointer is 
loaded into the low-order 8 bits of the program counter. 
Program execution resumes at the address that was just 
restored from the stack. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

RTS INH 81 6 
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SBC 
Operation: 

Description: 

Subtract with Carry SBC 
ACCA f-- (ACCA) - (M) - (C) 

Subtracts the contents of M and the contents of the C bit of the 
CCR from the contents of ACCA and places the result in 
ACCA. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.R5.R4.R3.R2.Rl.RO 
Set if the result is $00; cleared otherwise. 

C: A7.M7 + M7.R7 + R7.A7 
Set if the unsigned contents of memory plus the previous carry is 
larger than the unsigned value in the accumulator; cleared 
otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

SBC (opr) IMM A2 ii 2 
SBC (opr) DIR B2 dd 3 
SBC (opr) EXT C2 hh 11 4 
SBC ,X IX F2 3 
SBC (opr),X IXl E2 ff 4 
SBC (opr),X IX2 D2 ee ff 5 
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SEC 
Operation: 

Description: 

Set Carry Bit SEC 
C bit f- 1 

Sets the C bit in the CCR. SEC may be used to setup the C bit 
prior to a shift or rotate instruction that involves the C bit. 

Condition Codes and Boolean Formulae: 

H I N Z C 

C: 1 (set) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

SEC INH 99 2 
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SEI Set Interrupt Mask Bit SEI 
Operation: I bit ~ 1 

Description: Sets the interrupt mask bit in the CCR. The microprocessor is 
inhibited from responding to interrupts while the I bit is set. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I: 1 (set) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code DCMOS 
Forms Mode Opcode Cycles 

SEI INH 9B 2 
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STA Store Accumulator in Memory STA 
Operation: M~(ACCA) 

Description: Stores the contents of ACCA in memory. The contents of 
ACCA remain unchanged. The Nand Z condition codes are 
set or cleared according to the value stored. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: A7 
Set if MSB of result is one; cleared otherwise. 

Z: A7.A6.A5.A4.A3.A2.AI.AO 
Set if ACCA is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

STA (opr) DIR B7 dd 4 
STA (opr) EXT C7 hh 11 5 
STA ,x IX F7 4 
STA (opr),X IXI E7 ff 5 
STA (opr),X IX2 D7 ee ff 6 
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STOP 
Operation: 

Description: 

Enable IRQ, Stop Oscillator STOP 
I bit f- 0; Stop Oscillator 

Reduces power consumption by eliminating all dynamic 
power dissipation. Timer interrupts are disabled and any 
existing timer interrupt flag is cleared. The external interrupt 
pin is enabled and the I bit in the CCR is cleared to enable the 
external interrupt. Finally the oscillator is inhibited to put the 
MCV into the STOP condition. 

When either the RESET or IRQ pin goes low, the oscillator is 
enabled. A delay of 1920 processor clock cycles is imposed 
allowing the oscillator to stabilize. The reset vector or 
interrupt request vector is fetched, and the associated service 
routine is executed. 

External interrupts are enabled after a STOP command. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 - I 0 - I - I - I 
I: 0 (cleared) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 
STOP INH 8E 2 
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STX Store Index Register in Memory STX 
Operation: Mf- (X) 

Description: Stores the contents of X in memory. The contents of X remain 
unchanged. The Nand Z condition codes are set or cleared 
according to the value stored. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: X7 
Set if MSB of result is one; cleared otherwise. 

Z: X7.X6.X5.X4.X3.X2.XI.XO 
Set if X is $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code 
Forms Mode Opcode Operand(s) 

STX (opr) DIR BF dd 

STX (opr) EXT CF hh 11 

STX ,X IX FF 
STX (opr),X IXI EF ff 
STX (opr),X IX2 DF ee ff 
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SUB 
Operation: 

Description: 

Subtract SUB 
ACCA ~ (ACCA) - (M) 

Subtracts the contents of M from ACCA and places the result 
in ACCA. 

Condition Codes and Boolean Formulae: 

H I N Z C 

N: R7 
Set if MSB of result is one; cleared otherwise. 

Z: R7.R6.RS.R4.R3.R2.RI.RO 
Set if the result is $00; cleared otherwise. 

C: A7.M7 + M7.R7 + R7.A7 
Set if the unsigned contents of memory is larger than the unsigned 
value in the accumulator; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Operand(s) Cycles 

SUB (opr) IMM AO 11 2 
SUB (opr) DIR BO dd 3 
SUB (opr) EXT CO hh 11 4 
SUB ,X IX FO 3 
SUB (opr),X IXI EO ff 4 
SUB (opr),x IX2 DO ee ff S 
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SWI 
Operation: 

Software Interrupt 

PC (- (PC) + $0001 
,j,(PCL); SP (- (SP) - $0001 
,j,(PCH); SP (- (SP) - $0001 

,j,(X); SP (- (SP) - $0001 
,j,(ACCA); SP (- (SP) - $0001 
,j,(CCR); SP (- (SP) - $0001 
I bit (- 1 
PCH (- ($xxFC) 
PCL (- ($xxFD) 

SWI 
Move PC to return address 
Push low half of return addr 
Push high half of return 
address 
Push index register on stack 
Push ACCA on stack 
Push CCR on stack 
Mask further interrupts 
Vector fetch 
(xx=03, IF, or 3F depending 
on M68HC05 device) 

Description: The program counter is incremented (by 1). The program 
counter, index register, accumulator, and condition code 
register are pushed onto the stack. The stack pointer is 
decremented (by 1) after each byte of data is stored on the 
stack. The interrupt mask bit is then set. The program counter 
is then loaded with the address stored in the SWI vector 
(located at memory locations n-0002 and n-0003, where n is 
the address corresponding to a high state on all implemented 
lines of the address bus). The address of the SWI vector can 
be expressed as $xxFC:$xxFD, where xx is 03, IF, or 3F 
depending on the M68HC05 device being used. This 
instruction is not maskable by the I bit. 

Condition Codes and Boolean Formulae: 

H I N Z C 

I: 1 (set) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 

SWI INH 83 10 
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TAX Transfer Accumulator to Index Register TAX 
Operation: X~(ACCA) 

Description: Loads the index register with the contents of the accumulator. 
The contents of the accumulator are unchanged. 

Condition Codes and Boolean Formulae: 

H I N Z C 

1111111-1-1-1-1-1 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code DCMOS 
Forms Mode Opcode Cycles 
TAX INH 97 2 
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TST 
Operation: 

Test for Negative or Zero 

(ACCA)-$OO 
or: (X) -$00 
or: (M) -$00 

TST 

Description: Sets the N and Z condition codes according to the contents of 
ACCA, X, or M. The contents of the tested register or 
memory location are not altered. 

Condition Codes and Boolean Formulae: 
H I N Z C 

11111 1 I - I ~ I ~ I ~ - I 
N: M7 

Set if MSB of the tested value is one; cleared othelWise. 

Z: M7.M6.M5.M4.M3.M2.Ml.MO 
Set if ACCA, X, or M contains $00; cleared otherwise. 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 

Forms Mode Opcode Operand(s) Cycles 
TSTA INH (A) 40 3 
TSTX INH (X) 50 3 

TST (opr) DIR 30 dd 4 

TST ,X IX 70 4 

TST (opr),X IXl 6D ff 5 
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TXA Transfer Index Register to Accumulator TXA 
Operation: ACCA~(X) 

Description: Loads the accumulator with the contents of the index register. 
The contents of the index register are not altered. 

Condition Codes and Boolean Formulae: 

H I N Z C 

11111 1 I - I - I - I - I - I 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 
TXA INH 9F 2 
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WAIT 
Operation: 

Description: 

Wait for Interrupt WAIT 
I bit f- 0; Inhibit CPV clocking until interrupted 

Reduces power consumption by eliminating dynamic power 
dissipation in some portions of the MCV. The timer,the timer 
prescaler, and the on-chip peripherals continue to operate 
because they are potential sources of an interrupt. Wait causes 
enabling of interrupts by clearing the I bit in the CCR, and 
stops clocking of processor circuits. 

Interrupts from on-chip peripherals may be enabled or 
disabled by local control bits prior to execution of the WAIT 
instruction. 

When either the RESET or IRQ pin goes low, or when any 
on-chip system requests interrupt service, the processor clocks 
are enabled, and the reset, IRQ, or other interrupt service 
request is processed. 

Condition Codes and Boolean Formulae: 

H I N Z C 

111111 -10 -1-1-1 
I: 0 (cleared) 

Source Forms, Addressing Modes, Machine Code, and Cycles: 

Source Addr Machine Code HCMOS 
Forms Mode Opcode Cycles 
WAIT INH 8F 2 
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Reference Tables 

This appendix includes the following conversion lookup tables ... 

• Hexadecimal to ASCII 

• Hexadecimal to Decimal 

• Hexadecimal to M68HC05 Instruction Mnemonics 
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ASCII to Hexadecimal Conversion 

B-2 

The American Standard Code for Infonnation Interchange 
(ASCII) provides a widely accepted standard for encoding 
alphanumeric infonnation as binary numbers. The original 
code was designed as a 7 -bit code with an additional parity 
bit. Since most modem computers work best with 8-bit values, 
the code has been adapted slightly such that it is expressed as 
8-bit values. The low order seven bits are the original ASCII 
code and the eighth bit is zero. 

The first 32 codes contain device control codes such as 
carriage return and the audible bell code. Many of these are 
special codes for old teletype transmissions which have 
similar meanings on a modem tenninal or have slipped into 
disuse. 
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Table B·1. 
Hexadecimal to ASCII 

Hex I ASCII 
$00 NUL 

$01 SOH 
$02 STX 
$03 ETX 
$04 EOT 
$05 ENQ 
$06 ACK 
$07 BEL 

beep 
$08 BS 

back sp 
$09 HT 

tab 
$OA LF 

linefeed 
SOB VT 
SOC FF 

SOD CR 
return 

$OE SO 

$OF SI 
$10 DLE 
$11 DC1 
$12 DC2 
$13 DC3 
$14 DC4 
$15 NAK 
$16 SYN 
$17 ETB 
$18 CAN 
$19 EM 
$lA SUB 
$~B ESC 
$lC FS 
$ID GS 
$lE RS 
$lF US 

Hex I ASCII 
$20 SP 

space 
$21 ! 
$22 " 
$23 # 
$24 $ 
$25 % 
$26 & 
$27 , 

apost. 
$28 ( 

$29 ) 

$2A * 
$2B + 
$2C , 

comma 
$2D -

dash 
$2E 

period 
$2F / 
$30 0 
$31 1 
$32 2 
$33 3 
$34 4 
$35 5 
$36 6 
$37 7 
$38 8 
$39 9 
$3A 
$3B . , 
$3C < 
$3D = 
$3E > 
$3F ? 

Reference Tables 

Hex I ASCII Hex I ASCII 
$40 @ $60 " 

grave 
$41 A $61 a 
$42 B $62 b 
$43 C $63 c 
$44 D $64 d 
$45 E $65 e 
$46 F $66 f 
$47 G $67 g 

$48 H $68 h 

$49 I $69 i 

$4A J $6A j 

$4B K $6B k 
$4C L $6C 1 

$4D M $6D rn 

$4E N $6E n 

$4F 0 $6F 0 

$50 P $70 p 
$51 Q $71 q 
$52 R $72 r 
$53 S $73 s 
$54 T $74 t 

$55 U $75 u 
$56 V $76 v 
$57 W $77 w 
$58 X $78 x 
$59 Y $79 y 
$5A Z $7A z 
$5B [ $7B { 

$5C \ $7C I 
$5D ] $7D } 
$5E A $7E -
$5F $7F DEL -

under delete 
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Hexadecimal to Decimal Conversion 

B-4 

To convert a hexadecimal number (up to four hexadecimal 
digits) to decimal, look up the decimal equivalent of each 
hexadecimal digit in table B-2. The decimal equivalent of the 
original hexadecimal number is the sum of the weights found 
in the table for all hexadecimal digits. 

Example: Find the decimal equivalent of $3E7. 

The decimal equivalent of the 3 in the 3rd hex digit is 768. 
The decimal equivalent of the E in the 2nd hex digit is 224. 
The decimal equivalent of the 7 in the 1st hex digit is 7. 

768 
224 

+ ---.1. 
= 999 

Table B-2. 

$3E7 = 99910 

Hexadecimal to Decimal Conversion 

15 Bit 8 7 
15 12 11 8 7 

Bit 
4 3 

0 
0 

4th Hex Digit 3rd HexDigit 2nd Hex Digit 1st Hex Digit 
Hex I Decimal Hex I Decimal Hex I Decimal Hex I Decimal 

0 0 0 0 0 0 0 0 
1 4,096 1 256 1 16 1 1 
2 8,192 2 512 2 32 2 2 
3 12,288 3 768 3 48 3 3 
4 16,384 4 1,024 4 64 4 4 
5 20,480 5 1,280 5 80 5 5 
6 24,576 6 1,536 6 96 6 6 
7 28,672 7 1,792 7 112 7 7 
8 32,768 8 2,048 8 128 8 8 
9 36,864 9 2,304 9 144 9 9 
A 40,960 A 2,560 A 160 A 10 
B 45,056 B 2,816 B 176 B 11 

C 49,152 C 3,072 C 192 C 12 
D 53,248 D 3,328 D 208 D 13 
E 57,344 E 3,484 E 224 E 14 
F 61,440 F 3,840 F 240 F 15 
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Decimal to Hexadecimal Conversion 

To convert a decimal number (up to 65,53510) to hexadecimal, 
find the largest decimal number in table B-2 that is less than 
or equal to the number you are converting. The corresponding 
hexadecimal digit is the most significant hexadecimal digit of 
the result. Subtract the decimal number found from the 
original decimal number to get the remaining decimal value. 
Repeat the procedure using the remaining decimal value for 
each subsequent hexadecimal digit. 

Example: Find the hexadecimal equivalent of 77710. 

The largest decimal number from table B-2, that is less than or 
equal to 77710, is 76810. This corresponds to a $3 in the third 
hexadecimal digit. 

Subtract this 76810 from 77710 to get the remaining decimal 
value 910. 

Next look in the column for the next lower order hexadecimal 
digit (2nd hex digit in this case). Find the largest decimal 
value that is less than or equal to the remaining decimal value. 
The largest decimal value in this column that is less than or 
equal to 910 is 0 so you would place a zero in the second hex 
digit of your result. 

910 minus 0 is the remaining decimal value 910. 

Next look in the column for the next lower order hexadecimal 
digit (1st hex digit in this case). Find the largest decimal value 
that is less than or equal to the remaining decimal value. The 
largest decimal value in this column that is less than or equal 
to 910 is 9 so you would place a 9 in the first hex digit of your 
result. 

77710 = $309 
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Hexadecimal Values vs. M68HC05 Instructions 

B·6 

Table B-3 lists all hexadecimal values from $00 to $FF and 
the equivalent M68HC05 instructions with their addressing 
modes. Since there are only 210 M68HC05 instructions, 46 of 
the hexadecimal values do not correspond to a legal 
instruction. 

Table B·3. (1 of 4) 
Hexadecimal to M68HC05 Instruction Mnemonics 

I I Address 
Op Instruc Mode 

I I Address 
Op Instruc . Mode 

$00 BRSETO direct $20 BRA relative 
$01 BRCLRO direct $21 BRN relative 
$02 BRSETl direct $22 BHI relative 
$03 BRCLR1 direct $23 BLS relative 
$04 BRSET2 direct $24 BCC relative 
$05 BRCLR2 direct $25 BCS relative 
$06 BRSET3 direct $26 BNE relative 
$07 BRCLR3 direct $27 BEQ relative 

$08 BRSET4 direct $28 BHCC relative 
$09 BRCLR4 direct $29 BHCS relative 
$OA BRSET5 direct $2A BPL relative 
SOB BRCLR5 direct $2B BMI relative 
SOC BRSET6 direct $2C BMC relative 
SOD BRCLR6 direct $2D BMS relative 
$OE BRSET7 direct $2E BIL relative 
$OF BRCLR7 direct $2F BIH relative 
$10 BSETO direct $30 NEG direct 
$11 BCLRO direct $31 - -
$12 BSET1 direct $32 - -
$13 BCLR1 direct $33 COM direct 
$14 BSETI direct $34 LSR direct 
$15 BCLR2 direct $35 - -
$16 BSET3 direct $36 ROR direct 
$17 BCLR3 direct $37 ASR direct 
$18 BSET4 direct $38 LSL direct 
$19 BCLR4 direct $39 ROL direct 
$IA BSET5 direct $3A DEC direct 
$IB BCLR5 direct $3B - -
$lC BSET6 direct $3C INC direct 
$ID BCLR6 direct $3D TST direct 
$1E BSETI direct $3E - -
$lF BCLR7 direct $3F CLR direct 
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Table B-3. (2 of 4) 
Hexadecimal to M68HC051nstruction Mnemonics 

I I Address 
Op Instruc Mode 

I I Address 
Op Instruc Mode 

$40 NEGA inherent $60 NEG indexed 1 
$41 - - $61 - -
$42 - - $62 - -
$43 COMA inherent $63 COM indexed 1 
$44 LSRA inherent $64 LSR indexed 1 
$45 - - $65 - -
$46 RORA inherent $66 ROR indexed 1 
$47 ASRA inherent $67 ASR indexed 1 
$48 LSLA inherent $68 LSL indexed 1 
$49 ROLA inherent $69 ROL indexed 1 
$4A DECA inherent $6A DEC indexed 1 
$4B - - $6B - -
$4C INCA inherent $6C INC indexed 1 
$4D TSTA inherent $6D TST indexed 1 
$4E - - $6E - -
$4F CLRA inherent $6F CLR indexed 1 
$50 NEGX inherent $70 NEG indexed 0 
$51 - - $71 - -
$52 - - $72 - -

$53 COMX inherent $73 COM indexed 0 
$54 LSRX inherent $74 LSR indexed 0 
$55 - - $75 - -
$56 RORX inherent $76 ROR indexed 0 
$57 ASRX inherent $77 ASR indexed 0 
$58 LSLX inherent $78 LSL indexed 0 
$59 ROLX inherent $79 ROL indexed 0 
$5A DECX inherent $7A DEC indexed 0 
$5B - - $7B - -

$5C INCX inherent $7C INC indexed 0 
$5D TSTX inherent $7D TST indexed 0 
$5E - - $7E - -
$5F CLRX inherent $7F CLR indexed 0 
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Table B·3. (3 of 4) 
Hexadecimal to M68HC05 Instruction Mnemonics 

I I Address 
Op Instruc Mode 

I I Address 
Op Instruc Mode 

$80 RTI inherent $AO SUB immediate 
$81 RTS inherent $Al CMP immediate 
$82 - - $A2 SBC immediate 
$83 SWI inherent $A3 CPX immediate 
$84 - - $A4 AND immediate 
$85 - - $A5 BIT immediate 
$86 - - $A6 LDA immediate 
$87 - - $A7 - -
$88 - - $A8 EOR immediate 
$89 - - $A9 ADC immediate 
$8A - - $AA ORA immediate 
$8B - - $AB ADD immediate 
$8C - - $AC - -
$8D - - $AD BSR relative 
$8E STOP inherent $AE LDX immediate 
$8F WAIT inherent $AF - -

$90 - - $BO SUB direct 
$91 - - $Bl CMP direct 
$92 - - $B2 SBC direct 
$93 - - $B3 CPX direct 
$94 - - $B4 AND direct 
$95 - - $B5 BIT direct 
$96 - - $B6 LDA direct 
$97 TAX inherent $B7 STA direct 
$98 CLC inherent $B8 EOR direct 
$99 SEC inherent $B9 ADC direct 
$9A CLI inherent $BA ORA direct 
$9B SEI inherent $BB ADD direct 
$9C RSP inherent $BC JMP direct 
$9D NOP inherent $BD JSR direct 
$9E - - $BE LDX direct 
$9F TXA inherent $BF STX direct 
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Table B-3. (4 of 4) 
Hexadecimal to M68HC05 Instruction Mnemonics 

I I Address Op Instruc Mode I I Address Op Instruc Mode 
$CO SUB extended $EO SUB indexed 1 
$Cl CMP extended $El CMP indexed 1 
$C2 SBC extended $E2 SBC indexed 1 
$C3 CPX extended $E3 CPX indexed 1 
$C4 AND extended $E4 AND indexed 1 
$C5 BIT extended $E5 BIT indexed 1 
$C6 LOA extended $E6 LOA indexed 1 
$C7 STA extended $E7 STA indexed 1 
$C8 EOR extended $E8 EOR indexed 1 
$C9 AOC extended $E9 ADC indexed 1 
$CA ORA extended $EA ORA indexed 1 
$CB AOO extended $EB ADO indexed 1 
$CC JMP extended $EC JMP indexed 1 
$CO JSR extended $EO JSR indexed 1 
$CE LOX extended $EE LOX indexed 1 
$CF STX extended $EF STX indexed 1 
$00 SUB indexed 2 $FO SUB indexed 0 
$01 CMP indexed 2 $Fl CMP indexed 0 
$02 SBC indexed 2 $F2 SBC indexed 0 
$03 CPX indexed 2 $F3 CPX indexed 0 
$04 AND indexed 2 $F4 ANO indexed 0 
$05 BIT indexed 2 $F5 BIT indexed 0 
$06 LOA indexed 2 $F6 LOA indexed 0 
$07 STA indexed 2 $F7 STA indexed 0 
$08 EOR indexed 2 $F8 EOR indexed 0 
$09 ADC indexed 2 $F9 AOC indexed 0 
$OA ORA indexed 2 $FA ORA indexed 0 
$OB AOO indexed 2 $FB AOO indexed 0 
$OC JMP indexed 2 $FC JMP indexed 0 
$00 JSR indexed 2 $FD JSR indexed 0 
$OE LOX indexed 2 $FE LOX indexed 0 
$OF STX indexed 2 $FF STX indexed 0 
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Glossary 

lK - One kilobyte or 102410 bytes. Similar to the use of the prefix in kilogram, 
which means 1000 grams in the decimal numbering system. 1024 is 210. 

8-bit MeV - A microcontroller where data is communicated over a data bus made 
up of 8 separate data conductors. Members of the M68HC05 family of 
microcontrollers are 8-bit MCUs. 

A - Abbreviation for "accumulator" in the M68HC05 MCU. 

accumulator - An 8-bit register in the CPU of the M68HC05. The contents of 
this register may be used as an operand of an arithmetic or logical 
instruction. 

addressing mode - The way that the CPU obtains (addresses) the information 
needed to complete an instruction. The M68HC05 CPU has six addressing 
modes ... 
• Inherent - The CPU needs no additional information from memory, to 

complete the instruction. 
• Immediate - The information needed to complete the instruction is located 

in the next memory location(s) after the opcode. 
• Direct - The low-order byte of the address of the operand is located in the 

next memory location after the opcode, and the high-order byte of the 
operand address is assumed to be $00. 

• Extended - The high-order byte of the address of the operand is located in 
the next memory location after the opcode, and the low-order byte of the 
operand address is located in the next memory location after that. 

• Indexed - The address of the operand depends upon the current value in 
the X index register and a 0-,8-, or 16-bit, instruction-provided value. 

• Relative - Used for branch instructions to specify the destination address 
where processing will continue if the branch condition is true. 

address bus - The set of conductors that are used to select a specific memory 
location so the CPU can write information into the memory location or read 
its contents. If a computer has 10 wires in its address bus it can address 210 
or 102410 memory locations. In most M68HC05 MCUs, the address bus is 
not accessible on external pins. 

ALV - Arithmetic logic unit. This is the portion of the CPU of a computer, where 
mathematical and logical operations take place. Other circuitry decodes each 
instruction and configures the ALU to perform the necessary arithmetic or 
logical operations at each step of an instruction. 
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ASCII - American Standard Code for Information Interchange. A widely 
accepted correlation between alphabetic and numeric characters and specific 
7 -bit binary numbers. Refer to Table B-1 in Appendix B. 

analog - A signal that can have voltage level values that are neither the V ss level 
or the V DD level. In order for a computer to use such signals, they must be 
converted into a binary number that corresponds to the voltage level of the 
signal. An analog to digital converter can be used to perform this conversion. 
By contrast, a digital signal has only two possible values, one (=::: V DD) or zero 
(=:::Vss). 

application programs - Software programs that instruct a computer to solve an 
application problem. 

arithmetic logic unit - This is the portion of the CPU of a computer, where 
mathematical and logical operations take place. Other circuitry decodes each 
instruction and configures the ALU to perform the necessary arithmetic or 
logical operations at each step of an instruction. 

assembler - A software program that translates source code mnemonics into 
opcodes that can then be loaded into the memory of a microcontroller. 

assembly language - Instruction mnemonics and assembler directives that are 
meaningful to programmers and can be translated into an object code 
program that a microcontroller understands. The CPU uses opcodes and 
binary numbers to specify the operations that make up a computer program. 
These numbers are not meaningful to people so they use assembly language 
mnemonics to represent instructions. Assembler directives provide 
additional infonnation such as the starting memory location for a program. 
Labels are used to mean an address or binary value. 

base 2 - Binary numbers that use only the two digits, zero and one. Base 2 is the 
numbering system used by computers. 

base 10 - Decimal numbers that use the ten digits, zero through nine. This is the 
customary numbering system used by people. 

base 16 - The hexadecimal numbering system. The sixteen characters (0 through 
9 and the letters A through F), are used to represent hexadecimal values. One 
hexadecimal digit can exactly represent a 4-bit binary value. Hexadecimal is 
used by people to represent binary values because it is easier to use a two 
digit number than the equivalent 8-digit binary number. Refer to Table 2-l. 

BCD - Binary Coded Decimal is a notation that uses binary values to represent 
decimal quantities. Each BCD digit uses 4 binary bits. Six of the possible 16 
binary combinations are considered illegal. 
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binary - The numbering system used by computers because any quantity can be 
represented by a series of ones and zeros. Electrically, these ones and zeros 
are represented by voltage levels of approximately VDD and Vs s 
respectively. 

bit - A single binary digit. A bit can hold a single value of zero or one. 

black box - A hypothetical block of logic or circuitry that performs some input to 
output transformation. A black box is used when the input to output 
relationship is known but the means to achieve this transformation is not 
known or is not important to the discussion. 

branch instructions - Computer instructions that cause the CPU to continue 
processing at a memory location other than the next sequential address. Most 
branch instructions are conditional. That is, the CPU will continue to the 
next sequential address (no branch) if a condition is false, or continue to 
some other address (branch) if the condition is true. 

breakpoint - During debugging of a program, it is useful to run instructions until 
the CPU gets to a specific place in the program, and then enter a debugger 
program. A breakpoint is established at the desired address by temporarily 
substituting a software interrupt (SWI) instruction for the instruction at that 
address. In response to the SWI, control is passed to a debugging program. 

byte - A set of exactly eight binary bits. 

C - Abbreviation for "carry/borrow" in the condition codes register of the 
M68HC05. When adding two unsigned 8-bit numbers, the C bit is set if the 
result is greater than 255 ($FF). 

CCR - Abbreviation for "condition codes register" in the M68HC05. The CCR 
has five bits (H, I, N, Z, and C) that can be used to control conditional 
branch instructions. The values of the bits in the CCR are determined by the 
results of previous operations. For example, after a load accumulator (LDA) 
instruction, Z will be set if the loaded value was $00. 

central processor unit - The part of a computer that controls execution of 
instructions. 

checksum - A value that results from adding a series of binary numbers. When 
exchanging information between computers, a checksum gives an indication 
about the integrity of the data transfer. If values were transferred incorrectly, 
it is very unlikely that the checksum would match the value that was 
expected. 

clock - A square wave signal that is used to sequence events in a computer. 
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computer program - A series of instructions that cause a computer to do 
something. 

computer system - A CPU plus other components needed to perform a useful 
function. A minimum computer system includes a CPU, a clock, memory, a 
program, and input/output interfaces. 

condition codes register - The CCR has five bits (H, I, N, Z, and C) that can be 
used to control conditional branch instructions. The values of the bits in the 
CCR are determined by the results of previous operations. For example, after 
a load accumulator (LDA) instruction, Z will be set if the loaded value was 
$00. 

CPU - Central Processor Unit. The part of a computer that controls execution of 
instructions. 

CPU cycles - A CPU clock cycle is one period of the internal bus-rate clock. 
Normally this clock is derived by dividing a crystal oscillator source by two 
or more so the high and low times will be equal. The length of time required 
to execute an instruction is measured in CPU clock cycles. 

CPU registers - Memory locations that are wired directly into the CPU logic 
instead of being part of the addressable memory map. The CPU always has 
direct access to the information in these registers. The CPU registers in an 
M68HC05 are ... 
• A - 8-bit accumulator 
• X - 8-bit index register 
• CCR - condition codes register containing the H, I, N, Z, and C bits 
• SP - stack pointer 
• PC - program counter 

CRT - Cathode Ray Tube. Also used as an informal expression to refer to a 
complete communication terminal that has a keyboard and a video display. 

cycles - See CPU cycles. 

data bus - A set of conductors that are used to convey binary information from a 
CPU to a memory location or from a memory location to a CPU. In the 
M68HC05, the data bus is eight bits. 

decimal - Base ten numbers use the digits, zero through nine. This is the 
numbering system normally used by humans. 

development tools - Software or hardware devices that are used to develop 
computer programs and application hardware. Examples of software 
development tools include text editors, assemblers, debug monitors, and 

G-4 Glossary 



simulators. Examples of hardware development tools include emulators, 
logic analyzers, and prom programmers. An in-circuit simulator combines a 
software simulator with hardware interfaces. 

digital - A binary logic system where signals can have only two states - zero 
(==Vss) or one (==VDD). 

direct address - Any address within the first 256 addresses of memory ($0000 
through $OOFF). The high order byte of these addresses is always $00. 
Special instructions allow these addresses to be accessed using only the low­
order byte of their address. These instructions automatically fill in the 
assumed $00 value for the high-order byte of the address. 

direct addressing mode - Direct addressing mode uses a program-supplied value 
for the low-order byte of the address of an operand. The high-order byte of 
the operand's address is assumed to be $00 so it does not have to be 
explicitly specified. 

direct page - The first 256 bytes of memory ($0000 through $OOFF). 

EEPROM - Electrically Erasable, Programmable Read-Only Memory. A non­
volatile type of memory that can be erased and reprogrammed by program 
instructions. Since no special power supplies or ultra-violet light source is 
needed, the contents of this kind of memory can be changed without 
removing the MCV from the application system. 

effective address - The address where an instruction operand is located. The 
addressing mode of an instruction determines how the CPV calculates the 
effective address of the operand. 

embedded - When an appliance contains a microcontroller, the MCV is said to be 
an "embedded controller". Often, the end user of the appliance is not aware 
(or does not care) that there is a computer inside. 

EPROM - Erasable, Programmable Read-Only Memory. A non-volatile type of 
memory that can be erased by exposure to an ultra-violet light source. MCVs 
that have EPROM are easily recognized because the package has a quartz 
window to allow exposure to the u-v light. If an EPROM MCV is packaged 
in an opaque plastic package, it is called a "one-time-programmable" OTP 
MCV because there is no way to expose the EPROM to a u-v light. 

extended addressing mode - In this addressing mode the high-order byte of the 
address of the operand is located in the next memory location after the 
opcode. The low-order byte of the operand's address is located in the second 
memory location after the opcode. 
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fetching a vector - When the CPU is reset or responds to an interrupt, the 
contents of a specific pair of memory locations is loaded into the program 
counter and processing continues from the loaded address. The process of 
reading these two locations is called "fetching the vector". 

flowchart - A symbolic means to show the sequence of steps required to perform 
an operation. A flowchart not only tells what needs to be done, but also the 
order that the steps should be done in. 

H - Abbreviation for "half-carry" in the condition codes register of the 
M68HC05. This bit indicates a carry from the low-order four bits of an 8-bit 
value to the high-order four bits. This status indicator is used during BCD 
calculations. 

hexadecimal- The base 16 numbering system. The sixteen characters (0 through 
9 and the letters A through F), are used to represent hexadecimal values. One 
hexadecimal digit can exactly represent a 4-bit binary value. Hexadecimal is 
used by people to represent binary values because it is easier to use a two 
digit number than the equivalent 8-digit binary number. Refer to Table 2-1. 

high order - The leftmost digit(s) of a number. Five is the high-order digit of the 
number 57. 

I - Abbreviation for "interrupt mask bit" in the condition codes register of the 
M68HC05. 

immediate addressing mode - In immediate addressing mode, the operand is 
located in the next memory location(s) after the opcode. 

inherent addressing mode - In inherent addressing mode, the CPU already 
inherently knows everything it needs to know to complete the instruction. 
The operands (if there are any) are in the CPU registers. 

in-circuit simulator - A simulator with hardware interfaces that allows 
connection into an application circuit. The in-circuit simulator replaces the 
MCU and behaves as a real MCU would. The developer has greater control 
and visibility of internal MCU operations because they are being simulated 
by instructions in the host computer. An in-circuit simulator, like other 
simulators, is not as fast as a real MCU. 

indexed addressing mode - In indexed addressing mode, the current value of the 
index register is added to a 0-,8-, or 16-bit value in the instruction, to get the 
effective address of the operand. There are separate opcodes for 0-, 8-, and 
16-bit variations of indexed mode instructions, so the CPU knows how many 
additional memory locations to read after the opcode. 
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index register - An 8-bit CPU register in the M68HC05 that is used in indexed 
addressing mode. X can also be used as a general purpose 8-bit register (in 
addition to the 8-bit accumulator). 

input-output - Interfaces between a computer system and the external world. A 
CPU reads an input to sense the level of an external signal and writes to an 
output to change the level on an external signal. 

instruction decoder - The portion of a CPU that receives an instruction opcode 
and produces the necessary control signals so that the rest of the CPU will 
perform the desired operations. 

instructions - Instructions are operations that a CPU can perform. Instructions are 
expressed by programmers as assembly language mnemonics. A CPU 
interprets an opcode and its associated operand(s) as and instruction. 

instruction set - The instruction set of a CPU is the set of all operations that the 
CPU knows how to perform. One way to represent an instruction set is with 
a set of shorthand mnemonics such as LDA meaning "load A". Another 
representation of an instruction set is the set of opcodes that are recognized 
by the CPU. 

lID - Input/output interfaces between a computer system and the external world. 
A CPU reads an input to sense the level of an external signal and writes to an 
output to change the level on an external signal. 

kilobyte - One kilobyte is 102410 bytes. Similar to the use of the prefix in 
kilogram, which means 1000 grams in the decimal numbering system. 1024 
is 210. 

least significant bit - The rightmost digit of a binary value. 

listing - A program listing shows the binary numbers that the CPU needs 
alongside the assembly language statements that the programmer wrote. The 
listing is generated by an assembler in the process of translating assembly 
language source statements into the binary information that the CPU needs. 

logic one - A voltage level approximately equal to the VDD power supply. 

logic zero - A voltage level approximately equal to V ss (ground). 

low order - The rightmost digit(s) of a number. Seven is the low-order digit of the 
number 57. 

LSB - Least Significant Bit. The rightmost digit of a binary value. 
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machine codes - The binary codes that are processed by the CPU as instructions. 
Machine code includes both opcodes and 'Operand data. 

mainframe computer - A large computer system that is usually confined to a 
special room. Mainframe computers are used for large information 
processing jobs like checking the tax returns for all taxpayers in a region. 

mass storage - A very large capacity storage device such as a magnetic disk. 
Information in a mass storage device takes longer to access than information 
in the memory map of a CPU. 

MeU - Microcontroller Unit. A complete computer system, including a CPU, 
memory, a clock oscillator, and I/O on a single integrated circuit. 

memory location - In the M68HC05, each memory location holds one byte of 
data and has a unique address. To store information into a memory location 
the CPU places the address of the location on the address bus, the data 
information on the data bus, and asserts the write signal. To read information 
from a memory location the CPU places the address of the location on the 
address bus and asserts the read signal. In response to the read signal, the 
selected memory location places its data onto the data bus. 

memory map - A pictorial representation of all memory locations in a computer 
system. A memory map is similar to a city street map in that it shows where 
things are located. 

memory-mapped 110 - In this type of system, I/O and control registers are 
accessed in the same way as RAM or ROM memory locations. Any 
instruction that can be used to access memory can also be used to access I/O 
registers. 

microcontroller - A complete computer system, including a CPU, memory, a 
clock oscillator, and I/O on a single integrated circuit. 

microprocessor - A microprocessor is similar to a micro controller except that one 
or more of the subsystems needed to make a complete computer system is 
not included on the same chip with the CPU. A microprocessor typically 
includes a CPU and a clock oscillator but does not include program memory 
or I/O registers. 

monitor program - A software program that is intended to assist in system 
development. A typical monitor program allows a user the examine and 
change memory or CPU register contents, set breakpoints, and selectively 
execute application programs. 

most significant bit - The leftmost digit of a binary value. 
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mnemonic - Three to five letters that represent a computer operation. For 
example, the mnemonic fonn of the "load accumulator" instruction is LDA. 

MSB - Most Significant Bit. The leftmost digit of a binary value. 

N - Abbreviation for "negative", a bit in the condition codes register of the 
M68HC05. In twos-complement computer notation, positive signed numbers 
have a zero in their MSB and negative numbers have a one in their MSB. 
The N condition code bit reflects the sign of the result of an operation. After 
a load accumulator instruction, the N bit will be set if the MSB of the loaded 
value was a one. 

non-volatile - A type of memory that does not forget its contents when power is 
turned off. ROM, EPROM, and EEPROM are all non-volatile memories. 

object code file - A text file containing numbers that represent the binary opcodes 
and data of a computer program. An object code file can be used to load 
binary infonnation into a computer system. Motorola uses the S-record file 
fonnat for object code files. See Figure 6-5. 

octal - Base 8 numbers that use the characters zero through seven to represent 
sets of three binary bits. Octal is seldom used in modem computer work. 

one - A logic high level (=VDD). 

ones-complement - To get the logical ones-complement of a binary value, invert 
each bit. 

operand - An input value to a logical or mathematical operation. 

opcode - A binary code that instructs the CPU to do a specific operation in a 
specific way. The M68HC05 CPU recognizes 210 unique 8-bit opcodes that 
represent addressing mode variations of 62 basic instructions. 

oscillator - A circuit that produces a constant frequency square-wave that is used 
by the computer as a timing and sequencing reference. A microcontroller 
typically includes all elements of this circuit except the frequency­
detennining component(s) (the crystal or R-C components). 

OTP - See OTPROM. 

OTPROM - A non-volatile type of memory that can be programmed but cannot 
be erased. An OTPROM is an EPROM MCU that is packaged in an opaque 
plastic package, it is called a "one-time-programmable" MCU because there 
is no way to expose the EPROM to a u-v light. 
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parity - An extra bit in a binary word that is intended to indicate the validity of 
the remaining bits in the word. In "even" parity, the parity bit is set or 
cleared as needed to make the total number of logic ones in the word 
(including the parity bit) equal to an even number (0, 2, 4, etc.). 

PC - Abbreviation for "program counter", a CPU register in the M68HC05 MeU. 

personal computer - A small computer system that is normally used by a single 
person to process information. 

playing computer - A learning technique in which you pretend to be a CPU that 
is executing the instructions of a program. 

pointer register - An index register is sometimes called a pointer register because 
its contents are used in the calculation of the address of an operand. A 
straightforward example is an indexed-no offset instruction where the X 
register contains the direct address of (points to) the operand. 

program - A set of computer instructions that cause a computer to perform an 
application task. 

program counter - The program counter (PC) is the CPU register that holds the 
address of the next instruction or operand that the CPU will use. 

programming model - The registers of a particular CPU. The programming 
model of the M68HC05 CPU is shown in Figure 5-2. 

PROM - Programmable Read-Only Memory. A non-volatile type of memory that 
can be programmed after it is manufactured. EPROM and EEPROM are two 
types of PROM memory. 

pulled - The act of reading a value from the stack. In the M68HC05, a value is 
pulled by the following sequence of operations. First, the stack pointer 
register is incremented so that it points at the last value that was saved on the 
stack. Next the value, that is at the address contained in the stack pointer 
register, is read into the CPU. 

pushed - The act of storing a value at the address contained in the stack pointer 
register and then decrementing the stack pointer so it points at the next 
available stack location. 

RAM - Random Access Memory. Any RAM location can be read or written by 
the CPU. The contents of a RAM memory location remain valid until the 
CPU writes a different value or until power is turned off. 

read - Transfer the contents of a memory location to the CPU. 
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record - One line of an object code text file. 

registers - Memory locations that are wired directly into the CPU logic instead of 
being part of the addressable memory map. The CPU always has direct 
access to the information in these registers. The CPU registers in an 
M68HC05 are ... 
• A - 8-bit accumulator 
• X - 8-bit index register 
• CCR - condition codes register containing the H, I, N, Z, and C bits 
• SP - stack pointer 
• PC - program counter 

Memory locations that hold status and control information for on-chip 
peripherals are called I/O and control registers. 

relative addressing mode - Relative addressing mode is used to calculate the 
destination address for branch instructions. If the branch condition is true, 
the signed 8-bit value after the opcode is added to the current value of the 
program counter to get the address where the CPU will fetch the next 
instruction. 

relative offset - An 8-bit signed twos-complement value that is added to the 
program counter when a branch condition is true. The relative offset is 
located in the byte after a branch opcode. 

reset - Reset is used to force a computer system to a known starting point and to 
force on-chip peripherals to known starting conditions. 

reset vector - The contents of the last two memory locations in an M68HC05 
MCV are called the reset vector. As the MCV leaves reset, the program 
counter is loaded with the contents of these two locations so the first 
instruction after reset will be fetched from that address. 

ROM - Read-Only Memory. A type of memory that can be read but cannot be 
changed (written). The contents of ROM must be specified before 
manufacturing the MCV. 

S-record - A Motorola standard format used for object code files. See Figure 6-5. 

simulator - A computer program that copies the behavior of a real MCV. 

source code - See source program. 
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source program - A text file containing instruction mnemonics, labels, 
comments, and assembler directives. The source file is processed by an 
assembler to produce a composite listing and an object file representation of 
the program. 

SP - Abbreviation for "stack pointer", a CPU register in the M68HC05 MCU. 

stack - A mechanism for temporarily saving CPU register values during 
interrupts and subroutines. The CPU maintains this structure with the stack 
pointer register which contains the address of the next available storage 
location on the stack. When a subroutine is called, the CPU pushes (stores) 
the low-order and high-order bytes of the return address on the stack before 
starting the subroutine instructions. When the subroutine is done, a return 
from subroutine (RTS) instruction causes the CPU to recover the return 
address from the stack and continue processing where it left off before the 
subroutine. Interrupts work in the same way except all CPU registers are 
saved on the stack instead of just the program counter. 

stack pointer - A CPU register that holds the address of the next available storage 
location on the stack. 

subroutine - A sequence of instructions that need to be used more than once in 
the course of a program. The last instruction in a subroutine is a return from 
subroutine (RTS) instruction. Each place in the main program where the 
subroutine instructions are needed, a jump or branch to subroutine (JSR or 
BSR) instruction is used to call the subroutine. The CPU leaves the flow of 
the main program to execute the instructions in the subroutine. When the 
RTS instruction is executed, the CPU returns to the main program where it 
left off. 

transducer - A device that converts some physical property such as pressure, into 
electrical signals that can be used by a computer. 

twos-complement - A means of performing binary subtraction using addition 
techniques. The most significant bit of a twos complement number indicates 
the sign of the number (1 indicates negative). The twos complement negative 
of a number is obtained by inverting each bit in the number and then adding 
1 to the result. For example, the twos complement negative of 0000 0011 
(310) is 1111 1100 + 0000 0001 = 1111 1101. 

variable - A value that changes during the course of executing a program. 

VDD - The positive power supply to a microcontroller (typically 5 volts dc). 

V ss - The 0 volt dc power supply return for a microcontroller. 
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volatile - A type of memory that forgets its contents when power is turned off. 
RAM is a type of volatile memory. In modem microcontrollers, it takes very 
little power to maintain the contents of a RAM under good conditions. In 
some cases the contents of RAM and registers may appear to be unchanged 
after a short interruption of power. 

word - A group of binary bits. Some larger computers consider a set of 16 bits to 
be a word but this is not a universal standard. 

write - The transfer of a byte of data from the CPU to a memory location. 

X - Abbreviation for "index register", a CPU register in the M68HC05 MCU. 

Z - Abbreviation for "zero", a bit in the condition codes register of the 
M68HC05. A compare instruction subtracts the contents of the tested value 
from a register. If the values were equal, the result of this subtraction would 
be zero so the Z bit would be set. After a load accumulator instruction, the Z 
bit will be set if the loaded value was $00. 

zero - A logic low level (:=V ss). 

zero crossings - When an alternating current signal goes from a positive to a 
negative or from a negative to a positive value, it is called a zero crossing. 
the 60 Hz ac power line crosses zero every 8.33 milliseconds. 
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