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1 Pin Assignment of the MC 68000 
and MC 68010 

TECHNICAL HISTORY 

The 16-bit MC 68000 microprocessor is the result of the 

MACSS project (Motorola Advanced Computer System on 

Silicon), which was begun in 1976 with the objective of 

developing a monolithic microprocessor whose 

performance would be based on the two main criteria of 

Simoltcitty and orthogonalaty “(“thatwas, the rmternal 

registers would be general purpose with regard to 

addressing modes and instructions). 

From the software point of view, the aim was to 

simplify programming by drawing upon the best of the 

modern programming techniques that enable the use of 

high-level languages, such as FORTRAN, Pascal, COBOL 

and Ada. 

The package would also need to be able to function 

in a multiprocessor configuration, while remaining 

hardware compatible with the 6800 family; eas 

requirement imposed serious constraints at the design 

stage. 

The HMOS technology used for its production was 

required to reduce by a factor of DR Sere) 3h wines felveteye\ (one eligl 

elementary cell, and divide by 4 the associated quality 

factor (that is, the result of the Produce HE OLeslic 

consumption times the speed), which in turn would give 

a consumption of 1 picojoule per (Qibik eye “Ch lullaws - 

The first samples were offered to industry high LYS) 

with the majority of these aims having been realised. 

PIN ASSIGNMENT OF THE MC 68000 AND THE MC 68010 

Data Bus (DO-D15) (Tristate logic) 

These 16 bidirectional lines, which are not 

multiplexed, can transfer two types of data 

16-bit word, or 

S-bits byte, -viatithe lower line DO=-D7, or via the 

upper line D8-D15. 

It was necessary to be able to transfer ~8=bit «data 

in order to be hardware compatible with the 6800 

family. Note also that on a vectored interrupt the 

lower line (DO-D7) is used to transfer a vectored 

number. 
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Address Bus (A1-A23) (Tristate logic) 

The non-multiplexed address bus allows direct 

addressing of 224 combinations; that is, 16 oes LO 

bytes or 8 388 608 words. We should note that the 68000 

does not have an AO output address line whose role 

would be to select an even address (AO = 0) or an odd 

address (AO = 1) for a byte data item. 

Such a single line would in fact be insuffrerent, Ee 

satisfy the following three combinations 

1. Selection of an exclusively even address for a 

word data item. 

2. Selection of an odd address for a byte data 

item. 

3. Selection of an even address for a byte data 

tet 

Upper Data Strobe UDS (Tristate logic) 

Lower Data Strobe LDS (Tristate logic) 

These two signals work in conjunction with the 

Read/Write liné (R/W) and control the different lines 

for word or byte read/write operations. Table 1.1 shows 

how they work. 

D4 1 D5 
D3 2 D6 
D2 3 D7 
D1 4 D8 
bo 5 bg 
AS 6 D10 

uDS i p11 
LDS 8 D12 
R/W 9 D13 

DTACK D14 
BG D15 

BR A23 
Vee A22 
CLK ee 
GND Ven 

HALT ee 
RESET ran 

VMA A18 
eae A17 
VPA A16 
pli A15 
re A14 
ua) A13 
IPLO 
FC2 ae 
FC1 an 
FCO re 
Al ee 
A2: & 
A3 ee 
A4 ne 

feral pbinates ihe Il 
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Table 1.1 
AO R/W LDS UDS_ Lower Upper Operation Address 

line line 

(DO-D7) (D8=+D15 ) 

1 0 0 1 En Dis Write Byte Odd 

il ue 0 uk En Dis Read Byte Odd 

0 0 1 0 Dis En Write Byte Even 

0 iL 1 0 Dis En Read Byte Even 

0 0 0 0 En En Write Word Even 

0 1 0 0 En En Read Word Even 

Read/Write R/W (Tristate logic) 

This signal determines the direction of the transfer on 

the data bus; that is, a read cycle (RYW 2:3.) oruhe 

write cycle (R/W = 0). 

Note the use of the line over the Win R/W. Here 

it indicates that when the voltage is low, the data bus 

is to be used for a write cycle. This convention is 

also used for all the other lines. 

Address Strobe AS (Tristate logic) 

The pulse along this line to the external hardware 

signals that the address currently present on the 

address bus is electrically stable. 

This signal is for example required by dynamic RAM 

systems. Some examples are RAS Row Address Strobe, 

MUX Multiplexors (type 74LS157 or PAL), and CAS 

Column Address Strobe. 

Data Transfer Acknowledge DTACK 

When this input line is asserted (DTACK = Om byara 

memory or peripheral device, the processor is informed 

that a data transfer is acknowledged. 

Recognition of the DTACK signal at low state 

during a read cycle indicates that the data transmitted 

on the data bus is latched, or that aie doles} Ietexeiol 

received during a write cycle. This feature, resulting 

from the asynchronous operation Of. the .68000,5 1S 208 

particular value for the synchronisation of slow memory 

or peripheral devices. 

Processor Status : Function Codes PCO; ECl, Aue 

(Tristate logic) 

These three fixed output lines are SSE DE RewDLOCeS SOE 

at the beginning of a _ bus cycle and indicate that 

status of the processor to the external hardware. 

In particular, they show whether the processor is 

operating in supervisor mode (ro? = 1) or in user mode 

(FC2 = 0), whether the information being executed 1s 
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"data" type or “program” 9 type; Or whether it has 

acknowledged an interrupt (table 1.2). 

Table 1.2 

FC2 FC1l FCO Status Mode 

0 0 0 Reserved User 

0 0 1 Data User 

0 1 0 Program User 

0 1 i Reserved wiser 

1 0 0) Reserved Supervisor 

il 0 M Data Supervisor 

ih il 0 Program Supervisor 

it i il Interrupt Supervisor 

These lines therefore constitute an additional 

security for the system, while also making it possible 

to increase the addressing capacity of the 68000 from 

16 megabytes to 64 «megabytes by using they noted 

reserved combinations. 

The timing diagram shown in figure 1.2 compares’ the 

electrical relationships between the AS signals, FCO, 

FCl, FC2 and the address bus. 

74 LS138 

Reserved FCO 
User program FC1 
Supervisor data FC2 
Reserved 
Reserved 
Supervisor program +5V 
Supervisor data AS 
Interrupt acknowledge 

Figure 122 
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BUS ARBITRATION CONTROL 

The three lines that ensure arbitration of the bus are 
described below. 

Bus Request BR 

Thwiseanpuc peat Low state, anftorms the processor that an 

external device requires the bus (for example, the DDMA 

68440, DMAC 68450 or SBC 68430). 

Bus Grant BG 

While authorising the calling circuit to take control 

of the bus, the 68000 alerts its surrounding circuitry 

that it will surrender the bus at the end of the 

current bus cycle. 

Bus Grant Acknowledge BGACK 

The input confirms to the processor that the calling 

GrECuiite hac taken control of thee bus. This. lanes ‘can 

only be enabled by the caller if the following four 

conditions are satisfied. 

1. BG asserted (BG = 0) 
222AS invalid (AS = 1) 

3. DTACK invalid (DTACK = 1) 
4. BGACK invalid (BGACK = 1) 

INTERRUPTS 

Interrupt Request : Interrupt Priority Level 

PT, ebPLL, EPLO 

The logical state of lines  IPL2, IPLl and 

IPLO indicates to the processor the level of the 

waiting interrupt request. IPLO represents the LSB 

and IPL2 the MSB. 

Level 7 codes the highest level priority while level 

0 indicates that there is no waiting interrupt request. 

If the logical state on these lines is greater than 

the level of the interrupt mask set by the programmer 

in the status register, the processor accepts the 

interrupt request. 

These lines must remain stable until the processor 

tere eCG to 6FC2 to | ana the addrese limes A%-A23 vo 

high. 

SYSTEM CONTROL 

Bus Error : BERR 

This input is controlled by external hardware, for 
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example by a memory management unit (MMU). It informs 

the processor that there is a hardware error in course 

of execution of the bus cycle. 

Example 

Absence of the DTACK signal during a reading or 

writing operation in working memory after a time: delay 

fixed by the designer. 

Enabling of the BERR input leads either Arco: a 

sequential rerouting, called a trap, or Coma Geeum 

cycle. 

Reset : Bidirectional Line 

Reset on input : Initialisation of the 68000 

When this line, which is set to input at power up, is 

held for 100 ms at the low state by means of the 

HALT line, the stack system and the program counter 

are loaded. This is the initialisation phase of the 

68000. 

Reset on output 

Execution by the processor of the RESET instruction 

sets the reset line to the low state for 1249 clock 

cycles. Handling this instruction does not affect the 

internal registers of the processor. 

For example, ‘this-instruction Zsiused=to Sinacialise 

@ system or to program a peripheral circuit (PIA, 

timer, etc). 

HALT : Bidirectional Line 

HALT on input 

1. Initialisation of the 68000 

2. Halting the processor 

1. On input the HALT line follows the state of the 

RESET line (on input) throughout the entire 

initialisation phase. 

2. When the HALT input is asserted, the processor 

terminates Lis bus cycle, then sets the three status 

lines at high impedance before moving to stop. 

HALT on output 

An example is the display of a double bus error. This 

follows a double error on the bus (for example, a 

hardware fault). 

if during the initialisation phase: (RESET and 

HALT on input at low state) a hardware or software 

anomaly occurs, the 68000 takes this to be catastrophic 
for the “remainder of the program. In such 4 case i+ 
places itself at the halt state and alerts the outside 
world via the HALT output line. 
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Only an action on the RESET and HALT pins will 
cause the 68000 to leave the HALT condition. 

6800 PERIPHERAL COMMANDS 

The three signals defined below allow a dialogue 

between an asynchronous processor like the MC 68000 and 

the synchronous peripherals of the 6800 family. 

Valid Peripheral Address : VPA 

1. When a 6800 family peripheral device . wishes to 

converse with the 68000, the request .circutt, enables 

the VPA signal (VPA = 0) in order to alert the 

(asynchronous) processor that it should now transfer 

data according to the clock Bis See 

synchronisation phase. 
2eetee VPAReiseeat) hehe) @lows State during the 

interrupt acknowledge phase, the 68000 will identify 

the interrupt as coming from a 6800 peripheral device. 

From then on, the processor will move to 

autovectorisation by distributing. a_ vector number 

Becording to “thes state of lines... pL2 to, IPLO 

(see chapter 4 on interrupts). 

Enable E 

This periodic signal, which is generated from a 

floating clock internal to the 68000, represents the 

time reference for all exchanges with the synchronous 

circuits of the 6800 family. 

The period of signal E is equal to 10 periods of the 

signal fed to the input clock of the 68000, and has the 

form of 6 low states and 4 high states, as shown in 

figure 1.3. 

CLOCK “1 2 3 fe 5 6 7 8 3 10 

Pigurer les 

Valid Memory Address : VMA ia 

On receiving the VPA signal (VPA = 0) the 68000 

synchronises itself before asserting the__address_ sent 

on the address bus, by setting the VMA output to 

zero, when the clock E is at the low state (two cycles 

before E moves to the high state). 
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The. VMA. signal is used in the logical equation 

which ensures selection of the 6800 peripheral circuits 

(chip select). 

Clock : CLK 

The 68000 is able to produce the different signals 

required to ~allow it to function (for example, the E 

clock of the 6800 family), beginning from the clock 

signal fed to the 68000 CLK input. 

The TTL compatible signal must be perfectly stable 

and adhere to the manufacturer ’s specifications as_ set 

@ute akin teelolke tase 

Table 1.3 

4 MHz 6 MHz 8 MHz 10) MH Ziel oe Miz 

68000L4 68000L6 68000L8 68000L10 68000L12 

Min Max Min Max Min Max Min Max Min Max 

Freq 2 4 2 6 2 8 2 0) 2112. 59Miz 

Prd SY Oey igh ‘soe Bea Sey TOG ‘svQ0) we) SG) as 

jor =ye lS 250 US Zou Bee Zot ASee2 5 Ons Sues 2 Seer 

ever LlSse25 0 US: ZG BiB) 2) 45g 2502 ae Sie? Seamer 

Period 

1/2 Period 
=_—_—_—_—_ 

Negative 

1/2 Period 

Positive: 

CLOCK 

Max transfer time = 10 ns 

Figure 1.4 



2 Internal Organisation of the 68000 

As shown in figure 2.1, the MC 68000 contains the 
following. 

8 "32-bit data registers (DO=Di-,) 

7 32-bit address registers (A0-Aé ) 

1 32-bit user stack pointer PI MOGe USP») 

1 32-bit supervisor stack pointer NG (ore SSP) 

1 16-bit status register (SR) 

1 24-bit program counter (PC) 

: DO 
| 

7; | Data 
> registers 

(Dn) 

LONG WORD 

Y LONG WORD 
Data 

SS idee 

—-— ae 

pat ye ee A6 

a A7 

- 
Stack 

a a ee pointers 

(USP - SSP) 

0 A7 

= SS. 
Program 

! fare Neo er DEORE A ie tec) 
: Status register 

ea es Se 
Supervisor User byte 

byte (CCR) 

Figure 2.1 Programmer ‘s model (68000 and 68008) 

9 
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STATUS REGISTER (SR) 

It is no coincidence that our description of the 68000 

programming model begins with a examination of the 

status register, since it is, as we shall see, the real 

heart of the microprocessor. 

As figure 2.2 shows, the WG lontes, iene ‘elie Biceuecl= 

register form the user and supervisor bytes. 

Supervisor byte User byte 

imalxe ees 7 a7 

The 68000°s method of operation is determined by the 

legical state of bit .S, which fixes the processor in 

supervisor mode when S = 1 and in user mode when S = 0. 

The availability of these modes facilitates the setting 

up of the operating system and makes multitasking and 

multi-user’ Operation possible. In this case, memory 

management and logical protection will need to be 

carried out by a type MC68451 memory management unit 

(see figure 2.3b), or by an electronic equivalent. 

"ADDRESS ENABLE 

SUPERVISOR 
DATA 

MEMORY SUPERVISOR | DATA DECODER 

SUPERVISOR 
PROGRAM 
MEMORY 

USER DATA 

USER 
DATA 

MEMORY 
USER 

PROGRAM 

USER 

PROGRAM 
ADDRESS BUS DECODER MEMORY 

Figure 2.3a Principles of memory organisation 

(without MMU) 
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DIR 

E 
2 

A 

AB 23 

s *SVv 
*5V 

4.S245 

PAI 23 

Memory 
Penpnerats 

To System 
PAB 23 PA) 23 OTACK 

74. S348 i on Co 
rT] vorty 

j Encoder i> 0 

=e 

d 
GaAadress 
Decoce 

System (SU cae RESET 

From System 

Figure 2.3b Memory organisation with MMU 

SUPERVISOR MODE S = 1 

Also called the security system, the supervisor mode 

(S = 1) allows the programmer access to all resources, 

both software and hardware. For example, he can choose 

from any of the following 

1. Use all the 68000 instructions 

2. Address the data, program, supervisor and user 

memory locations 

3. Access the complete status register (supervisor 

and user bytes) 

4, If required, select the supervisor stack (SSP) 

and user stack (USP) pointers (see section 2.4). 

The supervisor is a set of programs that allows the 

user program to be initialised and then chained with 

other user programs, all without the operator having to 

take any action. 

Figure 2.4 shows the supervisor byte that can only 

be accessed by the programmer when in supervisor mode. 
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if) 8 

ON 

fee Interrupt mask 

Status supervisor 

TRACE Mode 

Figure 2.4 

Trace Mode 

After each instruction the processor tests internally 

whether .bit T of ‘the status register is enabled 

(GE 
When T = 1, a program can be traced, instruction by 

instruction. It is the software) equivalent to the 

Single step operation carried out in eid abil (2 

microprocessors. The trace function, can be used te 

debug a program, whether in supervisor or user mode. 

Processor Status 

S = 1 fixes the processor in supervisor mode 

S = 0 fixes the processor in user mode 

Interrupt Mask 

The 68000 has seven interrupt levels that can be 

programmed by bits 12, Il and 10, as shown by the table 

ikipy aeskG Tce ass 

These three bits fix the interrupt mask, and also 

phew wprlerity = level = Of @itheminteacupe currently peums 

handled. 

ae En @——._ Highest priority level 

(NMI type interrupt) 

Increasing 

priorities 

<«—— Lowest priority level 

<—- _ Nopriority (no request) 

Figure 2.5 
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Prioraity.occurs in the increasing order, so that 
level 1 represents the lowest priority (levels 0 
corresponds to no priority) and level 7 the highest, 
being equivalent to a non-maskable interrupt. 

In order to understand how the interrupt is handled, 
let us assume that the interrupt mask is at level 5 
(the logical state of bits 12, Il and I0 represent the 
mask). 

Any interrupt request less than or equal to the mask 
(1 to 5 inclusive) is ignored, whereas a higher level 
request (6 or 7) will be accepted by the processor. 
Note, though, that level 7 is non-maskable. 

USER MODE S = 0 

The user ode (S = 0) is the lowest priority mode. This 

means that a program executei in this mode can only 

access the data and the user program memories. 

Those instructions that are able to change the 

functioning mode ORE the processor are called 

privileged. 

On executing a privileged instruction the 68000 also 

causes a trap which is called a privilege violation. It 

is therefore impossible, except in a manner controlled 

by the central unit, for a program executing in user 

mode to be able to change the functioning mode of the 

processor or address a data or supervisor program area. 

The latter would still require a memory management unit 

(MMU) circuit. 

Flag Identification 

Me Figure 2.6 shows, only the first five bits,of the 

user byte are of importance for the programmer. 

Supervisor byte User byte 

15 87 

Status 
register 

0 

Carry 

Overflow 

Zero 

Negative 

Extension 

Figure 2.6 
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These flags, which are 26nd? dm ithe magerine of 

8-bit microprocessors, inform the programmer of the 

status of the microprocessor after an arithmetical of 

logical instruction has been carried out. 

For example,  tlag =X is required by the processor 

when carrying out decimal addition and subtraction. 

Arithmetic processing 

instruction source Logical state of flags 

after instruction execution 

< I 
MOVE.B #SFF,D2 Na Sie baa arias 

@) 

Sig) (= ADDI.B #$01,D2 Ne 

Logical processing 

The instruction LSL.W #1,D4 causes a logical shift one 

position, to the lett. 

Figure 2/7 shows the flags requested by the 

instruction. 

31 15 0 = 
UNAFFECTED BY THE 

D4 1 INSTRUCTION 0 

Figure 2.7 

DATA REGISTERS 

Figure 2.8 illustrates how the eight data registers 

accept operands, whether of 8, 16 or 32 bits. 

31 1615 807 0 

1 BYTE = 8 bits 
<b 

1 WORD = 16 bits ——-» 

_——$_ ——_ ——_— 1 LONG WORD= 32 bits ——_—_—_————— 

Figure 2.8 

When a data register is used for a process 

(instruction) as the source or the destination, only 

the bits specified by the size are involved; the other 

bits are not affected. 
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Example 

The instruction CLR.B D2 resets bits 0-7 of register D2 
without altering bits 8-3l, as shown in figure, 2.0. 

31 87 

clo 

Destination 

Size (Byte) 

Mnemonic 

Figure 2.9 

The size is specified in the instruction source by 

EiemNetters! Bo foriByte (8 bits), WwW for Word (16, ~ bits), 

ends lk for Long Womd (32° bits )m 

Example 

Cis DA resetss bets 20-7. of D2 

CER .W D2 resets! Bivts™0=15 "or p2 

CiR-is DZ resets bits 0-31 of D2 

ADDRESS REGISTERS (A0-A6) 

The seven address registers (A0-A6) handle operands of 

MGmOrEooebitSeinmeract, they WoOnMnot accept mio-bit byte 

type operands. 

If an address register An is used as destination, 

the whole register is affected, even»-if the size 

specified by the instruction is a word type. 

Example 

MOVEA.W # $8000, A5 

Destination register 

Hexadecimal operand 

16-bit word size 

Mnemonic 

Since the operand is negative (bit 15 = ib)e, the 

32-bit sign extension sets register A5 to the value 

SFFFF8000 as shown in figure 2.10. 

ies bit = 1, operand is negative 

16 15 0 

Figure™ 2210 
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DATA re 

DATA HIGH ADDRESS 

DO ak = p2 <2 

Oa aya D4 <= 
Ds 

Be are D7 

o 

47 uF 22nF 

+5 

O-----------9 ~N 

47 uF 22nF 

+5 

D8 

D9 

D10 

D11 

D1i2 

D13 

D14 

D15 Cen 

AO 

Al 

A2 

A3 

A4 

Ad 

A6 

A7 

Oo z 3 3 BR £ 

—= = o 

~ 

er 
BREEEOEEES 

A8 
AQ 

A10 

All 

A12 

A13 

Al4 

A15 Soe eee Zz oO 

BLOCK 1 

BLOCK 2 

BLOCK 3 

BLOCK 4 

BLOCK 6 

BLOCK 7 

BLOCK 8 
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Figure 2.11 Shows the interface between the 68000 and 

MAKBUS. The 74LS244/5 devices buffer the 68000 signals, 

and the PALIOL8 acts as memory management unit (see 

also Appendix 5). Note that the availability of the 

MODE signal allows two possible configurations, such as 

MAKBUS and MAKBUS+. (Copyright Microprocess) 
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Problem 

What is the content of register A5 after the processor 
has executed the instruction MOVEA.W #$2A00,A5? Can you 
explain your answer? 

STACK POINTER (SP) 

All the rules explained in the previous section apply 
equally to the stack pointers. 

The CPU automatically uses address register A7 as 

stack pointer (SP) when subprograms are called, such as 

for exception handling..or—implicitly- for certain 

instructions (RTS, PEA, or RTD, for example). 

The system stack pointer can be one of the following 

1. The supervisor stack (SSP) when bit S of the 

status register has the value 1; 

2. The user stack pointer (USP) where S = 0. 

By convention, the user stack pointer (USP) is 

designated A7, while the supervisor stack pointer (SSP) 

mS AT. 
Note that this chapter is equally valid for the 

8-bit MC 68008. 



3 Bus Operation 

INTRODUCTION 

What follows is intended to show future designers of 

applications based on the Mc 68000 how its bus 

functions during such operations as the following 

data transfer 

rerun cycle 

bus allocation arbitration 

halt or single-step operation 

dialogue with synchronous circuits. 

DATA TRANSFER 

Figure 3.1 illustrates the different command and 

control signals that are requested during data transfer 

operations. 

1 Read Cycle 

During a read cycle the processor receives an item of 

data irom memory Or jperioheralx Circuzts.) The 63000 

always reads a byte type data item using an internal 

bit AO, in order to determine which line the data item 

should follow. eis 

If AO = l and the LDS signal is asserted, the 

data item can be read on the lower line DO-D7, to an 

Oddmadcmesist. ae ad 

If AO = 0 and the UDS signal is asserted, the 

data item can be read on the upper line D8-D15, to an 

even address. 

On the other hand, when the instruction code 

indicates reading of a word (or a long word), the 68000 

processor simultaneously enables LDS and UDS, 

while AO = 0, since in this case the specified address 

can only be even. 

The reader..is urged “to study closely the timings tor 

reading a word, as illustrated in figures, 3.2 and 3.3, 

referring where necessary to table 3.1 for further 

details. 

18 
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Ba 
+5V 

+5V 

4.7kQ BERR 
+5V Beet 

PAL 16 L8 

20 

| 

foaal 

a HLTH R/W 

RANIEIS TANS ALN EEX V 

ehhh 

MAKBUS® 

Figure 3. In ‘this CLrecuLe the PAL16L8 buffers 

microprocessor and bus signals. It also provides the 

control for multiprocessor configurations. (Copyright 

Microprocess) 
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Period 

60) |G) 6) G) 85 G8) G7) 80 

Ne (Sd ea li, 

ey 
ote xicaai 
RW pees 

My | 

D8-D15 

FCO-FC2 

Figure 3.2 Read bus cycle for a word 

Period 

Figure 3.3 Slow read bus cycle for a word 
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Table 3.1 Reading a Word Within the Bus Cycle 

State 0 

Stace = 1 

State 2 

State 3 

State 5 

State 6 

State 7 

(SO) 

od) 

(S2) 

(S3/4) 

(S5) 

(S6) 

(S7) 

Address lines Al-A23, the read/write 

line (R/W) and the processor. status 

outputs FCO, FCl and FC2, are all high. 

The processor places the address on its 

bus Al-A23 and reports its electronic 

Status externally, by means of lines 

BCO=FC2< 

Output AS is enabled from the 

beginning of S2, which allows a decoding 

caAccute | EO,uSe thas signal to latch the 

address. sent on the bus. 

UDS Sand’ LDS are, Val’sor “asserted 

durang S2% 

Wait for signal DTACK. 

leet OD PTACK Barri eseauainga Ss) aint 

will be recognised by the processor when 

Sad oe oli. 

Den fi DIACK 4s) snot PpLesent, | (tor 

example, on slow read), the processor 

SetsuwaLlt states UneLis ethe arrival or 

DTACK (see figure 3.3). 

Inactive in our example. 

The data are recognised and latched in 

the input register (DBIN) of the 

DLEOCESSOL. 

Signals «AS, UDS and) LDS are 

disabled causing the signal DTACK 

to be set high by an external electronic 

source. 

During the following state (SO) Ole, ee 

the end of S7, limes FCO to ~FC2,_ the 

address bus, the data bus and the R/W 

line are disabled. 
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2 Write Cycle 

For a write cycle, the MC 68000 processor places the 

data on the bus, to be sent to an addressable area 

(memories or peripherals). 

In a manner similar to the read operation, the data 

written by the processor is byte type. We therefore do 

not need to go into the conditions that leads aeOme ees 

being sent on the lower or upper line. OENCOUGESE, . Eu 

the operation code specifies a word or long word data 

item, the two lines are enabled by means of LDS and 

UDS signals (with AO = 0), as shown in table Bees 

Figure 3.4 shows the timing of a write cycle. 

Table 3.2 Writing a Word Within the Bus Cycle 

State 0. (180)) The address bus is high (Al1-A23). 
The read/write line (R/W)is at read 

(end of previous cycle). 

The processor status lines (HE COPe Cie. 

FC2) are enabled. 

Seaiee: 2 Sib) The current address is placed on the bus 

(A1-A23). 

Sivace ea (GS7)) Sampling of the address is asserted 

(AS = 0), line R/W is positioned at 

write while the data bus is disabled. 

Stacens. (Sey) The data is placed on the bus — (DO-D15) 

by the processor. 

State 4 (S4) Outputs UDS and LDS 

are asserted. 

ne SC alt Quel ct eked 

The processor recognises DTACK. 

State om (oa) Confirmation that _the write bus cycle is 
terminated as DTACK is present (in 
the opposite case, the processor 
introduces state waits). 

State 6 (S6) Inactive in our example. 

Sven 7 (si) Outputs AS, UDS and LDS are 

deactivated, bringing about an 

incrementation of the DTACK signal 

via an external electronic source. 
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so 

DTACK ) | 

v 

DO-D7 

ee Seay Valid data 

FCO-FC2 

Figure 3.4 Timing of a write cycle 

1/4 LSO3 

1/2 LSO3 

: Other sources 

Figure 3.5a Traditional method of producing DTACK signal 
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Memory 
Address selection 

Control 

Figure 3.5b Producing DTACK signal using PROM and/or PAL 

technologies 

3 Relationship Between DTACK and the Data Bus 

ii yOUmeWantesal SySteM — COM EUNnCELONe Gace en Maxaman 

permitted speed, using RAM memory locations, the 

relationships between DTACK and the data bus are 

important. 

Ne xe@@eUhil ieleyere 

1. DTACK, when Fécognised “by the.-processor 

during a’read cycle, indicates that the data-is latched 

and. ENaeeEne busme yeler ks ternmuna tea. 

2. DTACK, when recognised during a write cycle, 

indicates that the bus cycle is terminated. 
MOSt  =SVsrems= USE) Fal “Ciner= (counter) to derectra 

nonexistent addressable area (removed or damaged memory 
locations). I£ no DTACK signal has been received 
when the timer reaches a timeout value, a bus error 
signal is generated (see next section). 
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RAM SOMSEL 

SELECT LT L2 t3 t4 Hi A2 HB #4 

ROM 58167 
SELECT 

EXT a 

H3 

| ie 
a ; 

DTACK 

cr 

nN 

rc na 

22 
nF 

c—-4 r--- c--- 

(GRRE E aie 
* oa QH 2120S sy 16" s 15) 14 7 8 12 

74164 PAL 12L10~-20L 10 
Ds CLR Mise 14> 7 7M CS OCT ee GPS (fae ee wa). Se 27) 

5 
CLK 22nF 

RDY1 D = 
RDY2 ¢y (hy) 
RDY3 cay 

| soo}| |] Lt pO tn Tsay 20) aN 

SE 3 Lieto £. = 

ROM/RAM 

Figure 3.6 The PAL12L10 controls the decoding of the 8 

memory packages on the card. It can be reprogrammed to 

be used with memory packages of a different size. The 

PAL16L8 controls the memory DTACK signal(s), both on 

the CPU-M card and external to ,itsr (Copyright 

Microprocess) 

fF (i 

° x a xq te) 
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RDY2 

Ooranyto 
= 

Se Se 
aa 

oD 
fay lay (a) (=) (ea (ais) 

| oa ee ae ae ab Lets 

EERE Lilie 
a = 

as 

ASS (iE (GEE eC ee 

RAM/ROM 

N 
| 

(HIGH) (LOW) 

RDY1 
t+ 

eit pepe he [eb ee Te he ee fee 
Oranmntoon 
Cuararaceraia. = DATA BUS DATA BUS 

Fagure 3.7 Part of figure 3.6.. (Copyright Microprocess) 
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RERUN CYCLE 

If during execution of a bus cycle an external circuit 
activates lines BERR and HALT (BERR = 0 and HALT = 0), 
the processor is alerted that the current bus cycle will 
not be correctly completed or terminated, and that it 

must initiate the rerun cycle procedure. 

Figure 3.8 shows the timing of a rerun cycle whose 

different stages, set out in the flowchart of figure 

3.7, are described below. 

l. Inputs BERR and HALT are asserted during a bus 

cycle. 

2. The MC 68000 processor terminates its bus cycle 

before placing the address and data lines at high. 

While the HALT line is held at low by an external 

circuit, the processor is halted. 

End of bus cycle Beginning of rerun cycle 

: = S4S5 S6 SO $1S2 $3 S455S6 S7 LT. so 515283 $5 S6 $7 

CLK ES z 
A1-A23 Cael ca ioe el ke, 

AS 
— ——y 

LDS et UDS 

RW Se 
DTACK 

(eee, DO-D15 oe ee 
eres ye Fer) FCO-2 == laa 

= fp HALT 

-«—.Reading of word Processor at HALT————__»- ++ Rerun 
cycle 

Figure 3.8 Timing diagram of rerun cycle 

(Courtesy of Motorola) 

Rerun Condition 

Tf the aborted bus cycle is “not indivisible (TAS 

instruction : read/modify/write cycle) sue, ale cane 

BERR line is again positioned at high, a rerun 

cycle can be envisaged. 

3. As soon as the HALT line is disabled by the 

external circuitry (HALT = 1), the 68000 moves to the 

preceding rerun cycle using the address and data 

transmitted by their respective buses which have 

previously been set TOrhugin. 
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Start of a 
bus cycle 

BERR =0 Control lines 
and BERR and HALT 

HALT on start up =0 are activated 

Processor terminates 
current bus cycle 

Address and data 
lines set to 

high impedance 

Is 
Halt line 
at high? 

Is NO 

BERR at high? ERROR 

Bus error 
exception 
procedure 

Is 
this a real/ 

modify/write 
cycle? 

ERROR 

NO 

Rerun of 
previous cycle 

Figure 3.9 Rerun cycle 

Shareable 

RAM Lene cemisel MC 6809 
MC 68000 

S RAM 68000 

tbs 

Decoding 

HALT 

Figure 3.10 Simplified multiprocessor system 
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Example 

In the multiprocessor system shown in figure 3.10, the 
MC 6809 microprocessor uses RAM when the MC 68000 
processor wishes to access it (CS RAM 68000 enabled). 
While waiting for the memory to be available to the 
68000, the former executes n rerun cycles. 

BUS ALLOCATION ARBITRATION 

1 Bus Request 

When an external unit wishes to take control of the 

bus, whether in a multiprocessor context by means. of 

the BAM 68452 bus arbitration module or for a direct 

memory access via a DMA controller, it makes_ its 

request of the MC 68000 with the enabling signal BR 

(Bus Request). 
The 68000 then confirms_ that it has received the 

signal by replying with _BG (Bus Graney. The 

acknowledgement, that is, BG at low, occurs between 

135 and23..5..clock periods after the sequest-(BR 

at low), which will lead us quite naturally to propose 

several consequences. 

2 Agreement to Transfer Bus Control 

The transfer of the bus to the requesting circuit only 

becomes effective if the following four conditions are 

satisfied: the AS output of the 68000 is high, thus 

confirming the end of the current bus cycle; the 

DTACK input is high, indicating that no 

addressable circuit (peripherals, memories, etc) is 

communicating with the processor; the BGACK input 

is high, indicating that ‘the /bus _as) not being 

controlled by a main bus control circuit; BR remains 

low. 

If these four conditions are fulfilled, at the end 

of the current bus cycle the 68000 sets the address, 

data and exchange control lines to the high impedance 

state, and awaits confirmation of bus control from the 

requesting circuit (BGACK at low). 

3 Recognition of Bus Control by Requesting Circuit 

The reguesting circuit confirms that it has assumed 

control of the bus by enabling the BGACK signal, 

and this remains so for as long as BIGAG@IS as) She 

low. It therefore becomes superfluous for’ the “BR 

output to _remain low, and the 68000 accordingly 

repositions BG at the high impedance state. 
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4 Methods of Operation 

We shall examine three examples of requests that might 

OCCUm Im practices 

Bus request during bus cycle 

If the BR input is enabled after AS is at low, the 

68000 acknowledges receipt of the bus GOnerol Lequest 

by asserting BG? (at low) .1-5 Clock periods later. 

This is the optimum. 

If BR ois asserted before AS, ee gue, ielivucusete (50) 

or Sl (AS is asserted during $2), the 68000 decides 

that it has not advanced sufficiently far in its bus 

cycle to be able to respond as_ before, namely 1.5 

cycles aiter the BEGuUeS E. As a consequence, 

confirmation that the 68000 has received a bus request 

(BR =-ateclow) willsbe made«l clock period after AS 

has been set at low “(see figure 3.11). 

R/W. 

DTack —/ AN Wf \ / 

00.015 

Word read cycle ve Buses under DMA control . Processor has resumed bus control 

Figure 3.11 Timing of various signals when bus request 
arrives during execution of a bus cycle 

| 

Word read bus cycle ~--— de - Buses under DMA control plage Processor has resumed bus control 

Figure 3.12 Timing of various signals when the bus 
request arrives at the beginning of a bus cycle 
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Bus request at beginning of bus cycle 

If BR is asserted at the end of a bus cycle (S6 or 

during S6 or S7) and is therefore present at the 

beginning of the next bus cycle, the 68000 will 

position BG at low after AS is enabled by the 

processor (see figure 3.12). 

Bus request when not in use 

If BR is asserted when the 68000 is not using the bus 

(that is, when the 68000 is working internally), the 

processor will confirm receipt of the bus request by 

setting BG at low 2.5 periods after the request. 

Also, the bus control will only bereffective a” further 

i eperrody Tater, that is, 3.5 periods afkter BR as. set 

at low (see figure 3.13). 

Sh A 
R/W 

; 4 M | Processor has resumed 
Word read bus cycle Bus inactive — Buses under DMA control — inaeeonial 

Figure 3.13 Timing of various signals when bus request 

arrives while bus is inactive 

Bus Control Circuits 

There are at least three DMA controllers in the 68000 

family (to which new circuits are continually being 

added). These are as follows 

SBC 68430 (1 channel) from Philips/Signetics 

DDMAC 68440 (2 channels) from Motorola 

DMA 68450 (4 channels) from Hitachi 

Motorola have also produced a bus arbitration module 

BAM 68452 that is capable of handling eight bus 

requests via the device bus request lines DBRO to 

DBR7, where DBR7 carries the highest priority request 

and DBRO the lowest. This system oftpriority iseonly 

invoked if two or more requests arrive at the 68452 

simultaneously. 
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These eight inputs have assigned to them eight 

device bus grant outputs, DBGO to DBG7, whose role is 

to advise the requesting circuit that_the request has 

been received by the 68000 via the BR output of the 

68452. Once this has been done, the requesting CleeuLe 

positions the BGACK line connected to the BAM 68452 

and to the 68000 (see figure 3.14). 

18 ns min. 
52 ns max 

Figure 3.14 Communication between requesting circuit 

and processor via bus arbitration circuit 

HALT AND SINGLE STEP OPERATION 

1 Functions of the Bidirectional HALT Line 

shot (Oh), uiiayenone 

Keeping the RESET and HALT lines at low causes a 

processor RESET (initialisation phase of the 68000) or 
la ee EOuansSYScen rune tvon tol Lowingumas) coulb lenmerro 

us. 

If ane exiehnaly (Cl rCitemaGra vateom EhemHAlilmitive 
during handling» sor...a., bus cycle, the processor 
terminates:its cycle (AS»= 1 at the endef the cycle) 
before being stopped on these next bus «cycle to be 
executed. This next cycle places the address and data 
lines at the high impedance state. 
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DE puring ‘the: entire ~halt: period » the control lines 
UDS, LDS, AS and R/W are inactive while the bus 
arbitration lines, namely BR, BG and BGACK are 

available. 

The halt or single step mode allows the instruction 

executing program to be debugged, bus cycle by bus 

cycle. This function is complementary to the trace mode 

which authorises the processor to execute the program 

instruction by instruction. 

Qnce the HALE Wane (onvinput) is)again at high, two 

elock periods (Tl and T2) are necessary before the 

processor can resume the remainder of the program (see 

brgure..3.. 159). 

If an external circuit enables inputs BERR and 

HALT (BERR and HALT at low), the processor terminates 

LCs bus cycle before proceeding, subject to certain 

conditions (non-indivisible cycle and HALT line reset 

at high), to the rerun of the preceding cycle. 

Beginning End of bus cycle; Beginning of 
of bus cycle address and data next bus cycle 

buses set to high 
impedance 72 

SO S1S2S3S4S5S6S7 || S90 $1S2S3S4 S5 S6S7 

CLK 

8 yk 2 ED - eeepc ae ge 
AS N 

LDS/UDS 

RIW | 

DTACK AU Ll] UM1._ZF 

09-015 Se ee 
FCO-2 ee Seg ee ee er ee EY 

HALT 

le — Read -— >«— — — Halt— ——>}« — Read — > 

Figure 3.15 Timing diagram to show processor HALT 

(Courtesy of Motorola) 

2, On output 

when the HALT line:-is asserted on output (HALT at low), 

the outside world is alerted that the processor is 

halted, following _a_ hardware of software event. Only an 

action ona the RESET pin will cause it to leave this 

state. 
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INTERACTION WITH SYNCHRONOUS CIRCUITS (6800 FAMILY) 

Interfacing with 6800 Family 

1.1 Review 

Although synchronous, the 6800 family is hardware 

compatible with the MC 68000, something that was not 

easily achieved, as the reader may imagine. 

The solution adopted by Motorola of providing on the 

MC 68000 the means for the exchange of important 

signals with the MC 6800 is probably the most 

satisfactory. 

Three lines from the MC 68000 ensure interfacing 

with the peripheral circuits of the 6800 family 

clock E (Enable) 

validation of a peripheral address 

(VPA : Valid Peripheral Address) 
validation of an addressed position 

(VMA : Valid Memory Address). 

The clock signal E, which is equal to one-tenth of 

that fed to the clock input of the MC 68000, has a 

cyclic relationship of 60/40 (six periods of input 

clock at low and four clock periods at high). Note that 

this cyclic relationship for example avoids the need 

for the 68000 to have to resynchronise itself after 

each movement of bytes when handling such instructions 

as MOVEP.W (MOVEP.L). has feature allows two 

successive VPAs for consecutive E periods. 

It quickly occurs to the user that certain 6800 

applications may reguire a clock frequency greater than 

that available at the output E of the MC 68000 

(E = 1/10 of the frequency on ther Chkeanpuc Or the MC 

68000 ba scucheas® £0r example the advanced communications 

controller circuit, ADLC MC 6854, aewieley  aliay “epatclese 126 

effect a high speed data transfer, most usually 

requires a clock frequency of 2 MHz. 

In this case, the user will have to solve the 

problem by hardware means; for example, by 

"refabricating" the clock E. 

1.2 Exchange Protocol (MC 68000/MC 6800) 

We assume that the 6800 peripheral interacts Wail Tela 

68000 processor by means of the lower line DO-D7, 

enabled by LDS = 0 (or via the upper line D8-D15, 

enabled by UDS Oj. lI 

State 0 : SO ms 

line R/W is at read (preceding cycle) 

address lines are at high 

lines FCO-FC2 show the processor status. 
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Sitavem aaron 

address bus is freed from the high 

impedance state 

the processor places the current address 

on lines» Al —A2Z3. 

Siemee 2B SZ als 

the 68000 address Sie COD meASs mes 

asserted, indicating | that, there §as) fa 

valid address on the bus. 

Wee Read ee 

Line R/W Output LDS 

is set to low, enabling 

write (R/W = 0) channel DO-D7 
(Or sUDS or 

channel D8-D15) 

Sieiae S 2 1s) Sisateem Smee oo 

The processor presents 

the data item on channel DO-D7, 

ene Owe ineiie Cloci< exyelle 

aber, asserts LDS 

(LDSe— 20) conti rming, 

the validity of 

ElotS “Glens oie IDO IDs 

(IGS S EIN, Ole DENG jexy 

asserting UDS.) 

At this point, the processor waits for the VPA 

signal at low level, by inserting waits W. In fact, the 
VPA input informs the MC 68000 .that the current 
address belongs to a 6800 family circuit or to a memory 
field reserved..for the MC 6800. When the 68000 
recognises the VPA signal on the, low state of. B, it 
is aware that a synchronous peripheral wishes to 
interact at the E clock rate after synchronisation. The 
WANN orblicjolie, . \ydavielai aks) (Wisieyel Teepe decoding 6800 
peripheral) circuits ~ (sélection —or, .deselection), os 
asserted by the 68000 (VMA = 0), two clock periods 
before the E signal moves to high. 

Write Read 

Sedeeseomand: 6 States 5 and 6 
(SS and #Si6)) (S5 and S6) 
The data item is The processor 
latched when clock Carries out a read 
E moves from au, the thigh state 
high to low. of signal E. 



Bus Operation 37 

SEaker 77ers Si be 

Output LDS (or UDS) is disabled 

by the 68000... — 

Outputs AS and VMA are set _ high, 

which authorises the 6800 peripheral 

circuit to disable VPA(VPA = 1). 

Note that DTACK must on no account 

be enabled at the same time as VPA. 

so S2 S4 W W W W W W W W W W W W W W W S6 So 

DTACK 

pega: 840 /7s sean OEME is heme vers & 
VPA ee -——_ 

VMA BES ELT TL a ey 

Figure 3.17 "Worst" timing exchange with a synchronous 

peripheral (6800 family) 

DTACK 

TOL Solel ee STS ees Oa METS i eee 

Data in 
Caprese 

FCO-FC2 

epumpenee hes 1 pee 
Th ©, a aad oaths a a 
VMA “OSS Ee ge Ey ae 

Figure 3.18 "Best" timing with a synchronous peripheral 

(6800 family) 



4 Exception Procedures 

EXCEPTIONS 

1 Overview 

The name trap or exception is given to a change sleva 

routeing of the program which is generally the result 

of internal (software) or external (hardware) events. 

Fach trap or exception has a byte associated with ae 

that represents a vector number which, when multiplied 

by four, gives the offset of the corresponding vector. 

The 68000 microprocessor contains 255 vectors in 

memory, arranged in an exception table 512 words in 

length (1024 bytes), from address $000000 to address 

SOOO03FF. See table 4.1. 

Each exception. vector is 32 bits long,/ except for 

theminitralusaviom vector whitch as coded in964sbits- 

tt should also be noted that all the vectors in the 

exception table are located in the data supervisor 

memory area, except for the initialisation vector which 

resides in the program supervisor memory area, thus 

providing greater security. Table 4.1 shows how the 

exception table is organised. 

Before embarking on a detailed study of the 

different types of exception, it is valuable to have a 

knowledge of the general procedure followed by the 

processor when handling an exception. This may be 

summarised as follows 

1. A temporary copy of the status register is made 

in an internal register of the 68000. 

Po ne (Sr (Grea a)  sksy ) eltsrenteerel)  “Relalbicy “jelevenlietey ~ tee 

processor in supervisor mode. All exceptions will 

therefore be handled in supervisor mode. 

ge) brace, bat ~i(Tus.0). .of. the status / resister is 

disabled. 

4. The vector number is obtained. 

5. The program counter and the previously copied 

status register are saved to the supervisor stack. 

(Additional intormativoneeas “Stoned ane the ‘case “of 

address error or bus error exceptions. ) 

6. The table is consulted for the start address of 

the exception program. 

We shall see that only exceptions caused by an 
external event do not more or less exactly follow this 
procedure. 

38 
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Table 4.1 Exception Vector Assignment 
Vector Addresses Assignment 
Nos. Dec Hex Space 

0 0) 000 SP Reset supervisor stack 
= S 004 SP Reset program counter 
2 8 008 SD Bus error 

3 12 00C SD Address error 

4 16 010 SDUiivegalmanstructaions 
5 20 014 SD Division by zero 

6 24 018 SDISChkans crucevon 

ti 28 01C SD TRAPV instruction 

8 2 020 SD Privilege violation 

9 36 024 SD Trace 

10 40 028 SD Line 1010 emulator 

le 44 026 SD Line 1111 emulator 

1 48 030 SD Unassigned, reserved 

3 a 034 SD Unassigned, reserved 

14 56 038 SD Unassigned, reserved 

15 60 03C SD Uninitialised 
interrupt vector 

ho 2S 64 04C SD Unassigned, reserved 

= 35 O5F Unassigned, reserved 

24 96 060 SD Spurious interrupt 

25 100 064 SD Level 1 interrupt 

autovector 

26 104 068 SD Level 2 interrupt 

autovector 

24 108 06C SD Level 3 interrupt 

autovector 

28 iil 070 SD Level 4 interrupt 

autovector 

PRS 16 074 SD Level 5 interrupt 

autovector 

30 120 078 SD Level 6 interrupt 

autovector 

31 124 OV SD Level 7 interrupt 

autovector 

32-47 128 080 Sp TRAP instruction 

VECtors 

weil OBF SD TRAP instruction 
MeECGEOrS 

48-63 192 0CO SD Unassigned, reserved 

PAVE, OFF Unassigned, reserved 

64-255 256 100 SDe Uses Internupe 
vectors 

1023 3 FF 

Note: SP = Supervisor Program (FC2 = FCl = 1, FCO = 0) 

SD = Supervisor Data (FC2 = PCOR= te HCl. 0) 
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68000 
Exception 

processing 

External Internal 

(hardware) (software) 

Program 4 

Initialisation | | Interrupts 
Trace Instructions 

Vectored| | Auto- Address Invalid TRAP 0 
: 5 CHK 

(68000) vectored errors instructions TRAP 15 

nes Line 

Privilege emulator TRAPV or 
violation 1010,1111 

Non-initilisation 

vector 

Figure 4.1 

2 Internal Exceptions 

Internal exceptions or traps occur in the following 

instances 

l.when certain instructions are being carried out 

2. when there is a programming error 

3, when theetrace bit. ofthe statucs reqrster (re 

asserted. 

This new concept confirms the software bias of the 

/-MC 68000 and the considerable importance that the 

Manufacturer has attached to ensuring the security of 

the system. 

Handling Certain Instructions 

a) Division by zero : Vector number 5 

Division by zero is a typical example of the trap set 

by the MC 68000 for the programmer when executing the 

instructions DIVS and DIVU where the divisor is zero. 

When this occurs, the processor generates internally 

the vector number 5 (corresponding to trap division by 

zero) which when multiplied by four gives the address 

of the vector associated with the trap. The address, 

which is found in the exception table (5 x 4 = $14), 

will need to be loaded by the programmer with the start 

address of the division by zero program. 
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Of course, in practice it is up to the programmer to 
write a subroutine, for example to recalculate the 
divisor more accurately, send an error message or 
simply halt execution of the program. 

b) TRAP CHK : Vector number 6 

the CHK instruction allows one to test whether the 

operand contained ina data register lies between two 

values. If this is the case, the program continues: if 

not, the program is rerouted in the exception table to 

addresses. SiS, (6 x 4>= 24 =o) en OnderstOmrecove:s 

the start address of the exception program CHK. 

c) TRAPV : Vector number 7 

If the condition V = 1 is satisfied on execution of the 

instruction TRAPV, the program is branched to the 

associated vector to find the address of the trap 

exception procedure in the event of overflow. 

This "exceptional" instruction is completely 

tailored to ensure that the 68000 has satisfactorily 

carried out the division required by the DIVU or DIVS 

anstructions (see chapter 6). In fact, 1f the processor 

suspects that overflow will occur, it does not carry 

out the division but sets -V- "to 1. 

d) TRAPs available to the user: Vector numbers 32 to 47 

There are 16 TRAP instructions, called TRAP #0, TRAP #1 

to TRAP #15, which provide the programmer with the 

facility to reroute at will a program sequence to a 

resource systems type of exception procedure (for 

example, breakpoints). 

Program Error 

There are three types of exception or trap resulting 

from a programming error. 

a) Address error : Vector number 3 

Unfortunately, when the 68000 processor detects an 

address anomaly (for example, writing a word to an odd 

BadrTess), at is too late” to halt execution of the 

instruction, as the 68010 would. Figure 4.2 shows that 

the signals UDS and LDS are asserted by the 68000 (not 

by the 68010), which will execute, the procedure before 

being rerouted to the trap, address error, but aiver 

executing the following microprogram 

1. copy the status register (Ski an, en anternal 

register of the 68000 

2. enable the supervisor mode by S = 1 

3. disable the trace mode by T = 0. 
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SO) -S2. S4’ = SG) SO) S257 S45 56 

9001s) 
Read word Write word Detect Save to. 

a at even address to odd address error Supervisor stack 

Figure 4.2 Timing of an address error 

Since the 68000 processor has not been able to 

execute the current instruction, the contents of the 

program counter (PC) are incremented by between two and 

ten bytes in relation to the address of the first word 

of the instruction, before being saved EO the 

supervisor stack. This particular feature may cause 

problems for the programmer when It comes EG 

determining in the exception program what the main 

program return address should be (see figure 6.6). 

The following have to be saved 

1. the -.status,-register previously copied. in the 

internal register of the 68000 - to the \‘Supernvisoy 

stack. 

2. the instruction register containing the op-code 

of the aborted instruction. 

3. the current value of the address transmitted on 

lines Al to A23 - also saved to the supervisor stack. 

Finally,. the manufacturer offers the user a super 

status word consisting of information that indicates 

1. the status of the processor at the moment of the 

error by means of lines FCO to FC2; 

2. whether the processor was at read or write; 

3. whether the processor was handling an exception 

ong (MONE 5 

Although inadequate, compared with the 26 words 

stored by the 68010 in the same circumstances, the 

above information does allow the situation to be 

analysed quite precisely. 

b) Privilege violation : Vector number 8 

If the processor tries to execute a supervisor resource 

in user mode, the program is rerouted to a trap called 

"privilege violation". 
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In fact, as we have already noted, all functions are 
accessible to the programmer in Supervisor mode, 
whereas in user mode the resources capable of modifying 
the system state are said to be privileged. 

This concept of hierarchical levels, which exists 
already on some minicomputers, provides the system with 
a degree of security never achieved with 8-bit 
processors. For example, resource systems are protected 
in a multi-user configuration, such as the 0S9 68K from 
Microware and Motorola. 

The privileged instructions are 

STOP AND.W # data,SR 

RESET EOR.W # data,SR 

RTE OR.W # data,SR 

MOVE.W Source,SR MOVE.L An,USP 

MOVE.L USP,An 

c) Illegal instructions : Vector number 4 

Unimplemented instructions 

code 1010 vector number 10 

codes ta} vector number 11 

Pre instEuccion is 8 saidsjto be invalid af the 4=bit 

MSB of the instruction word is “not recognised by the 

processor. If such a combination is decoded by the 

instruction decoder register of the CPU, an invalid 

instruction trap is produced. 

Three op-codes, S4AFA, $4AFB and $4AFC, lead to an 

illegal procedure. The first two ($4AFA and $4AFB) are 

reserved by Motorola for the system; the third $4AFC 

can be used by the programmer to force the 68000 into 

an illegal instruction trap. 

Instructions whose binary combination of bits 15 to 

12 corresponds to code $A(1010) and $F(1111) are not 

implemented on the 68000, 68008 and 68010. However, 

they are assigned an emulation vector which allows’ the 

operating system to detect certain program errors or to 

emulate instructions unimplemented by the manufacturer 

but developed by the user. 

Note that the new 16/32-bit MC 68020 microprocessor 

recognises the binary combination 1111(F), which allows 

it to use the MC 68881 floating point co-processor. The 

MC 68020 has additional instructions (such as MOVE F, 

MOVE SB, PACK and UNPK), some of which manipulate 

strings of ASCII characters. 

Assertion of Trace Bit (T = 1) : Vector number 9 

After executing each instruction the processor tests 

internally the logical state of the status register 
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trace bit T. If this is asserted (pPe= a4) the preocesso 

obtains the start address of the trace program from the 

exception table. If on the other hand bit T is negated 

(T = 0), the processor moves on to execute the next 

instruction (see programming example in chapter 7). 

4 External Exceptions 

External exceptions can be generated by the following. 

leon start, keepingebotheeieeREoE. and HALT lines 

low for 100 ms, this being the initialisation phase: or 

again low for 10 clock cycles in order to> exit ie 

68000 from the HALT state following a double bus error. 

2. A bus error detected by an external device or by 

a MC 68451 MMU circuit, which asserts the input BERR of 

the 68000 processor low, following a hardware anomaly 

during execution of an instruction (protected segment 

on write). 

3. An interrupt request made to the processor; by 

means of lines IPLO, IPL] and IPL2. 

HALT 

TE ROOQOOVOD <> GaP HXSSPOC PCH KC PCL KO code 
LEAS GRSLAPEOIARG 

iP iniwernaletiart supp stimes 

2. Load 16 high order bits of the supervisor stack 

pointer. 

3; Load 16 low order bits .o@b theiysupervilsonm stacks 

pointer with the contents of addresses $000002 and 

$000003. 

4. Load 16 high order bits of program counter with the 

contents of addresses $000004 and S$000005. 

5s load 16 -loweerder bits off program: counter withebhe 

contents of addresses $000006 and S$000007. 

Os) HELChS Burstein cuctTom- 

Figure 4.3 Sequence of operations on RESET 

(Courtesy of Motorola) 
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(Copyright Microprocess) 
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Initialisation exception or reset : Vector number 0 

When requested by an external source, initialisation of 

the processor is carried out by holding low for 100 ms 

the bidirectional lines RESET and HALT that are fixed 

on entry (see figure 4.3). 

Initialisation consists of the following sequences 

a) Bit S of the status register is asserted (S =i1), 

thus placing the processor in supervisor mode. 

b) Bit T (trace) of the status register is negated 

(i =] O), Glhistiollaiete) “else! ieisekels Pileroiestojote 

c) The interrupt mask (12, Ti UO jms set mae level 

Y that 2a eee ay Lie ile ewes! 0) = ies 

d) Since the vector number is generated internally, 

the processor loads the supervisor stack pointer with 

the contents of addresses $000000 and $0000003 and the 

program counter with the contents of addresses $0000004 

and $0000007. We now understand why the initialisation 

vector is coded in 64 bits. The processor then executes 

the instructions located at the address initially 

loaded in the PC. 

Ie an anomaly occurs during recovery of the 

initialisation (reset) vector, the processor reacts as 

though there is a catastrophic error, called a double 

bus error, by placing itself at the halt state, so 

inhibiting all program execution. 

Control of the system can only be regained by action 

on the RESET and HALT line lasting 10 clock cycles. 

Bus error : Vector number 2 

A bus error may occur for example when the processor 

tries to access a nonexistent or protected work area, 

such asiimissing «or faulty peripheral devices Gs 

protected RAM memories. 

When an external electronic circuit recognises a bus 

error, it pulls the BERR line low, thus alerting the 

processor that there is/ a hardware anomaly during 

execution of the instruction. The timing diagram of 

figure 4.5 shows. the different stages that lead the 

68000 to handle the bus error exception. As in the case 

of the address error exception, this operation is 

preceded by saving on the supervisor stack any 

information that may help the user to identify the 

hardware error. Figures 4.6 and 4.7 show how the bus 

error is handled by the processor and how the 

information is stored in the supervisor stack. 

tt an anomaly “occurs = during handling of —chewbuc 

error exception, the processor goes to halt, which 

stops the exception handling. This is known as a double 

layohsis Cheratohans 

Once again, system control can only be regained by 

action on the reset and halt lines. 
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hd Nye HALT 

we Read mie — “as in Bus error ; Bus error 

operation pedis nes detection — — r+ recovery vector 
perhaps) after saving to 

supervisor stack 

Figure 4.5 Timing of a bus error 
(Courtesy of Motorola) 

Bus or address 
error 

Normal exception sequence 
internal copy of SR 
S bit enabled 
T bit disabled PC and SR saved 

to supervisor stack 

Instruction register 
saved 

Low order 
of address on bus saved 

High order 
of address on bus saved 

Super status word 
saved (informs 

programmer of nature 
of error) 

Start address of 
exception handling 
program fetched 

Program counter 
loaded with exception 

handling address. 
Exception program 

executed 

Return from 
exception program 

Figure 4.6 Bus error handling 
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Gass = 
High order of address on bus 

Supervisor stack 

pointer after 
—=— - 

exception 

Low order of address on bus 

Instruction register 

Status register 

Address 

error and 

bus error 

Increasing 

addresses 

Groups High order of program counter 
1 and 2 

Low order of program counter 

Supervisor stack 

pointer at moment 

of exception 

Figure 4.7 Information saved to the supervisor stack 

when a bUS eLber Obsan address ernOr OCeCUrS 

Definition of Status Super Word 

Function code : logical status of lines FC2, FCl, FCO 

(See sbefuies ie By 

Ls 2 0 instruction in course of execution 

Feat exception in course of execution 

(this was not an instruction) 

R/W : 0 the processor was at write 

sdk the processor was at read 

Interrupts 

The 68000 microprocessor possesses 192 usable vectors 

for peripherals that can provide a vector “number (fog 

example, MFP 68901, PI/T 68230, etc) and 7 autovectors 

allocated to 6800 family circuits (ACIA 6850, Timer 

6840 and PIAS 821) Mehate dome note Generatela ywector 

number. 

Seven levels of priority, fixed by the programming 

of the interrupt mask (see status register), can be 

assigned to these 199 vectors, as “shown an the 

following table. 



Exception Procedures 49 

Level 2s Fr AO 

Highest priority 

Lowest priority 

NO priori ty (no 

interrupt request) 

OrRPNwWRUD ~I oo 0:0”. 2 eee So oH = oS Oe = OrOr OF CO KH 

The levels of interrupt are numbered 1 to 7 (level 0 
indicating that there is no interrupt request), with 
level 1 being the lowest priority and level 7 the 
highest. 

Interrupt recognition 

When an interrupt request reaches the processor, it is 

first made to wait, before being interpreted by the 

BEeOcessOrm pate Sehne Mend’ Cf sthe anstructson cycle: (See 

figure 4.7 for timing diagram. ) 

ff the interrupt level present on lines IPLO, TPL1 

and) IPL2 sas» less than or equal to the interrupt 

mask, the processor executes the next instruction and 

ignores the request. However, if the request level is 

greater than that of the mask, the processor proceeds 

to the interrupt recognition described below. Note that 

Devel t7. priority) 1s" a “special “cases it cannot be 

inhibited by the interrupt mask. Level 7 interrupt thus 

provides a non-maskable interrupt capability. 

1. The contents of the status register (SR) are 

copied into an internal (non-programmable) register of 

the 68000. 
2. Bit S of the status register is asserted (S = 1), 

thus placing the 68000 in supervisor mode. 

Soe blieT ot EhesoReis megated (I —.0)) drsabiing -the 

trace function. 
4. The interrupt level present on lines IPLO _to 

IPL2 is recopied into the status register. Because 

eee this, tne processor willjyonlty™ be able ~to be 

interrupted by an interrupt level greater than the one 

currently being handled. 

GS. Address lines Al to A3 reflect the status of 

Sines IPLO to IPL2, so that an external decodirg 

logic can determine which” interrupt ‘request is 

currently being recognised. 

The remaining lines of the address bus (A4-A23) and 

the outputs FCO, FCl and Rel. apes ctet ou ds. 
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dee TUTE Te et sere 

Ad-A23 A4-A23 = 1 
A1-A3 COGS Bates Ai - A3 = IPLO - IPL2 

| Bus cycle of | | Interrupt acknowledge | high PC | 

an instruction (Vector number acquisition) saved to 

supervisor stack 

Figure 4.8 Interrupt from 68000 peripherals 

(Courtesy of Motorola) 

Problem 

Does the interrupt recognised by the processor come 

from a 6800 peripheral (figure 4.8) or from a 68000 

peripheral (figure 4.9)? 

CBs 
CB2 

DO-D7 
(or D8-D15) 

oes DO-D15 
Ll UDS}_ | CDSIA1-A23 

Data bus 

Al [a2 | a | @ 

Address bus 

Figure 4.9 

6a. 6800 peripheral 
The VPA line (valid peripheral address) at low 

alerts the 68000 processor that a 6800 peripheral (PIA, 

ACIA) requires its attention and that, in order to work 

with it, it mast synchronise itself with ~the “clock 
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AUTOVECTOR OPERATION TIMING DIAGRAM 
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Figure 4.10 Autovectorisation using programmable array 

logic 

(Courtesy of Monolithic Memories) 

SO $2 S4 S6 SO S2 S4 w w w w w w w w _w w S6 SO S2 

Normal ae 
b~«<- SAT eee Auto-vectorisation — — —>| 

Figure 4.11 Timing of interrupts from 6800 peripherals 

(Courtesy of Motorola) 

signal E, which is equivalent to the 02 of the 6800. On 

enabling VMA (valid memory address), the 68000 

addresses the peripheral and indicates that it is ready 

to interact in synchronisation with clock E (the 68000 

is synchronised). 

6800 peripherals do not generate vector numbers. The 
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_ aa MC 68000 Exception table 

$000 000 |_ Initialisation 

$000 100 
User 

$000 3 FF|__ interrupt 
vector 

v Q 

SS eee’ 

Address bus 

Figure 4.12 

68000 therefore uses the autovectorisation procedure 

that allows it to access the 7  autovectors of jthe 

exception table (numbers 25), to Sie: 

The vector number is determined from the priority 

level established by lines IPL2 to IPLO, remembering 

that these lines are enabled at low state. 

Example 

Interrupt mask: Foe] y-- Eb = Og L0.=- 1 

Interrupt request: IPL2 = 1; 1Phble= Le PLO = 0 

The 68000 “internally" supplies the vector number 30 

that corresponds to level 6 (vector address = 3056 x 4 

= 120), = $78). 

6b. 68000 peripheral 

When the decoding logic recognises the interrupting 

circuit, it places a vector number on lines DO-D/ of 

the data bus (LDS = UDS = 0) and sends the DTACK signal 

fo Confirm the transfer or es data aicem:. 

When the 68000 recognises DTACK (DTACK = 0) during a 

read cycle (R/W=1), the data are latched_and the 

read bus cycle is terminated, changing UDS and 

LDS to high, and disabling DTACK. 
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Interrupt Controller Logic Diagram 
External Vector Generation 

PAL20L10 ; PAL16R4 

| CLK 

ar 
—= DO 

Figure 3 

— | 

so $1 $2 $3 $4 ) S6 s7 so $1 $2 $3 S4 $5 sé S7 

CLK / \ | \ / \ / \ / 

Ai-23 

<3 
wv. 5 

AS 
4 

UDS 

7 

LD: 
g—>| }-*6—>| i<—16—> 

R/W 
|<— 9 

ee) 
17 

18 

12 S13 14 | —>|19 |=<—_ 
ae tee eee ee eee 

IPLO-2 eS ee ee a oe 

—+|+— Set ala - — 

WRITE MACHINE CYCLE STACK PCL INTERRUPT ACKNOWLEDGE CYCLE STACK 

1 CLOCK PERIOD (80 ns) 8 CLOCK HIGH TO R/W HIGH (60 ns) 15 DATA VALID TO Ds LOW (15 ns) 

2 CLOCK LOW TO ADDRESS (55 ns) 9 CLOCK HIGH TO R/W LOW (60 ns) 16 CLOCK HIGH TO AS, DS LOW (55 ns) 

3 CLOCK HIGH TO ADDRESS Hi-Z (60 ns) 10 CLOCK HIGH TO FC VALID (55 ns) 17 PAL's INPUT TO Hi-Z (25 ns) 

4 CLOCK HIGH TO AS LOW (55 ns) 11 CLOCK HIGH TO DATA Hi-Z (60 ns) 18 PAL's INPUT TO Hi-Z (25 ns) 

5 CLOCK LOW TO AS HIGH (50 ns) 12 AS HIGH TO DTACK HIGH (70 ns) 19 PAL's INPUT TO Hi-Z (25 ns) 

6 CLOCK HIGH TO DS LOW (55 ns) 13 PAL's CLOCK TO OUT (25 ns) 

| 7 CLOCK LOW TO DS HIGH (50 ns) 14 MINIMUM SETUP TIME (20 ns) 

| Figure 4.13 Interrupt vectorisation using programmable 

array logic (Courtesy of Monolithic Memories) 
| 

| 
Example 

| Suppose that the peripheral epremrt PI/T 68230 (see 

section 4.2) positions the vector number 64 in base 10 

| (equivalent to 40 in base 16). Figure 4.11 shows that 

| 

the address pointed to, equal to $40 x 4 = SOO, ats 

indeed the vector corresponding to the number 6456: 



54 The 68000 Hardware and Software 

Problem 
ode: 

What happens if during interrupt recognition no 

peripheral (whether 6800 Cig 68000) replies by 

maintaining at low the Signals °VPA ‘ (for =the 6800 

family) and DTACK (for the 68000)? 

Answer 

The explanations given so far would lead one to assume 

that the BERR line (bus error exception) would 

terminate the acquisition of the vector number. Now, 

the the program is rerouted by the 68000 towards’ the 

spurious interrupt vector number 24) 9- 

7. Saving the program counter to the supervisor 

stack. 

8. Saving the status register, previously copied in 

an internal 68000 register, to the supervisor stack. 

9. Retrieval of the begin address of the interrupt 

program in the specified vector. 

10. Execution of the interrupt program which, like 

every exception program, will have to terminate with 

the instruction RTE (Return from Exception). 

Uninitialised Interrupt Vectors : Vector number 15jQ 

Some 68000 peripherals have both vectored and 

autovectored interrupts; an example is the PLAT, =Mc 

68230 circuit (see section 4.2). 

This circuit has two interrupt vector registers; one 

is assigned to the ports (PIVR) and the other to the 

timer (TIVR). 

On interrupt vectorisation, the vector number placed 

On lines. D0-D7 -by the PI/T 68230 is the ~coperand 

previously loaded into these registers by the 

programmer. 

Example 

Suppose that the PI/T 68230 circuit generates a 

vectored interrupt after time out (that is, at the 

timer level), and that the timer interrupt vector 

register (TIVR) has not been initialised. In Cha secase, 

and in common with most of the 68000 peripherals that 

have interrupt vector registers, the MC 68230 

peripheral dispatches the uninitialised interrupe 

vector or vector number 15, 9(S0F). 

In fact, this number is automatically loaded into 

the interrupt vector registers (PIVR and TIVR) when 

there is a reset on the peripheral circuit. As a 

result, it is possible to recover in a uniform way from 

a programming error (by having the same number for all 

hiieror lke ss )) 
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Figure 4.14 Shows interrupt priority control and bus 

arbitration in a multiprocessor environment. (Copyright 

Microprocess ) 

5 Recognition and Exception Priority 

Overview 

Exceptions are classified by groups ACCOLGMNG ea a cOmmrene 

following two criteria (see table MN es PANE 

1. Recognition of the exception by the 68000 

processor. 

2. The consequential effects of the exception on the 

program or the system. 

Thus a bus error type of exception recognised during 

a clock cycle (1) with consequences that we know, is 

not of the same importance for the system as a division 

by zero type of exception recognised during an 

instruction cycle (3). This concept inevitably leads 

one to think in terms of group PreLrervitys and? tor 

hierarchy within the group. 

+5V 
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ADDRESS BUS 

DATA BUS 

PORTA 

H1 
H2 
H3 
H4 

= TB = POR 

FCO 
FCI 
FC2 
TROACK OUT 
TTROACK IN 

V322P nae 
“or PORTC 
ES) 

=a 

EY 

SYS 
=> TRO 
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DTACK Wf 

Figure 4.15:.Interrupt device interface.” The PALI6R4 

allows -priority encoding on’ 7 input’ signals i) to 17 

(Il highest, I7 lowest). The PAL16L8 decodes lines ECO? 

BC aLeCoemands AQ; “Al{) AZ som ecthat vec tonemEcanube 
generated in phase with the interrupt acknowledgement. 
(Copyright Microprocess) 

Group 0 

Group 0 consists of three exceptions - initialisation, 
bus error and address error - which are recognised by 
the 68000 at the end of a clock cycles These occupy the 
position of highest priority group. In addition, if 
during the handling of an address error exception the 
BERR (bus-errox),liné.ds »set-.to-«low; . the processor 
abandons handling the address error exception in order 
to execute the bus error exception. Thus, even at the 
heart of group 0 a hierarchy of exceptions is 
established. As a result, the initialisation exception 
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possesses the highest priority, while the lowest 

priority 1s assigned to the address error exception. 

Table 4.2 Priorities and Exception Groups 

Group Group Exceptions Hierarchy Recognition 

0 Reset End of 

Bus error | clock cycle 

Address error 

1 Trace 

interrupts 

Tllegal End of 

instructions inst ruciTon 

Privilege cycle 

violation 

2 TRAP # 0 to 

TRAP # 15 During an 

TRAPV CHK instruction 

DIVU,DLVS cycle 

fit 2ZeTrolduae) 

: Increasing priority 

I No priority 

Group 1 

Of lesser priority than group 0, the exceptions that 

make up group 1 include those recognised at the end of 

an instruction cycle (3), like tracing and interrupts, 

together with those recognised at _ the end of a bus 

cycle (2), namely illegal instructions and privilege 

violations. 

The different nature of the exceptions that go to 

make up group 1 explains the natural hierarchy between 

them, as can be seen from the following. 

Tracing ep HI Gnesi «priority 

Interrupts 

Illegal instructions 

(including invalid instructions - not implemented - as 

well as codes S4AFA, $4AFB and $4AFC) 

Privilege violation ———» Lowest jOIPILOE SEY 

Group 2 

Group 2 has the lowest group priority. It consists of 

instructions that eventually lead to a trap (exception) 

like CHK and TRAPV. 

Given that a single instruction cannot be executed 

at once, and that recognition takes place during an 

instruction cycle (3), no hierarchy is established 

between the instructions of group 26 iMable AD 

summarises the three groups. 
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Definitions 

GamGlockrey cle 

Clock period fed to the CLK input of the MC 68000. 

(T = 125 ns for a frequency of 8 MHz and 100 ns for a 

frequency of 10 MHz.) 

(2) eS SusE cycle 

Time sequence required to complete the following cycles 

byte read or write 

word read or write 

read, modify or write (TAS instruction) 

(Goeincstructerions cycle 

Time sequence necessary to execute a 68000 instruction. 

Exception Periods 

Address error 50 (4/7) 
BUS Sicieore 50 (4/7) 

Interrupt AWAY (5) 768) Ve 

Illegal instructions 34s (4739) 

Privileged instructions 34° C473) 

Trace Se Oey.) 

*Tt is accepted that the interrupt recognition cycle 

lasts four external ‘cllock” periods. ~The Ynumbers in 

brackets after the period numbers are the numbers of 

read and write bus cycles used in order to execute the 

exception. 

Example 

Bus error 50 periods made up 

of 4 read bus 

cycles and 7 write 

bus cycles. 

TECHNICAL FILE 

Parallel Interface/Timer MC 68230 

The PI/T MC 68230 peripheral circuit is constructed 

using HMOS technology and comes in a 48-pin plastic or 

ceramic package. It is compatible with the MC 68000, MC 

6809E and MC 6809. 

A Motorola design, this circuit allows one to expand 

considerably on both the hardware (number of circuits, 

PIA, timer) and the software of applications as varied 

as interfacing parallel printers, time measurement, 

burglar alarms, and so on. 
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Its asynchronous data bus DO0-D7 allows it to operate 
at speeds (clock frequencies) greater or less than its 
own, uSing bus master circuits such as the MC 68450 
direct memory access controller. 

DO-D7 PAO-7 

RS1-RS5 PBO-7 

RW H1 
TS H2 

H3 
DTACK —=— MC68230 H4 

PIT 
RESET PC7ITIACK* 

PC6/PIACK* 
PC5/PIRQ* 

CLK PC4/DMAREQ* 
r PC3/TOUT* 
ce PC2/TIN* 

GND PC1 
PCO 

* dual function lines 

Figure 4.16 MC 68230 pin assignment 

Pin Assignment 

The MC 68230 has an asynchronous data bus (DO0-D7), a 

read/write line (R/W)and a transfer recognition 

Sutput “{DTACK). There are five register selection 

lines (RS1-RS5) and one circuit selection line (CS). 

There are two concatenable ports (PAO-PA7 and PBO-PB7), 

a dual function port (PCO-PC7) consisting of the timer, 

input, output and interrupt “lines (TIN, TOUT and 

TIACK) and the port interrupt lines (PIACK and PIRQ). 

Finally, there is_the direct memory access (DMAREQ) and 

initialisation (RESET) line. 

The ~P1/T “MC °68230 ‘has three 8-bit ports Ar Bye) ir 

four handshake lines (H1-H4), a 24-bit timer and 

vectored or autovectored interrupts. Note that the port 

functions are independent of the timer functions. 

The 25 registers that are programmable by the data 

bus fix four operation modes at the port level. 

8-bit unidirectional operation 

16-bit unidirectional operation (ports A, 

PAO—PA7}.“and B, PBO-PB7, can be concatenated 

to make a 16-bit port) 

8-bit bidirectional operation 

16-bit bidirectional operation 

Each port a has double buffer, consisting of two 

8-bit static latches which, for example, allow the 
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throughput to be increased for applications such as the 

OQUEpUtHOL Characters eEOra pEiLnEer: 

mhesdirectionsofethe, port lines» is. ¢fixede ja), vby 

program in wunidirectionmal mode (8 and 16), and b) by 

pin Hl in bidirectional mode (8 and Gay 

Some of the lines*mof' portic, (PG2-to PC7) can be 

individually programmed to fulfil the following roles 

input timer (PC2/TIN) 

Timer output timer (PC3/TOUT) 

interrupt recognition timer 

(PC7/TIACK) 

autovectored interrupt request 

(PC5/PIRQ) 

Ports port interrupt recognition 

(PC6/PIACK) 

direct memory acces request 

(PC4/DMAREQ ) 

The PI/T 68230 timer, depending on how its control 

register is programmed, allows a) interrupts to be 

generated periodically, b) an interrupt to be generated 

after a programmable delay, ¢) time elapsed to be 

measured, and so on. Toy achteve this se hase three 

8-bit counter registers, each also assigned to three 

8-bit preloading registers. 

The timer wses, as its time weterence the Pis/T clock 

or an external clock fed to the timer input (TIN) with 

the (oossitbilaty of “dividang they glatcermebyis2 scar ve 

prescale bits). 

Table 4.3 68000/68008/68010/68020 Peripherals 

(Motorola,Mostek,Philips,Signetics, Hitachi, Rockwell ) 

PE 68120/1 DPLL 68459 

BIM Osis MP CCS 2 68561 

VME 68172 DUSCC 68562 

VMS 68173 SIO 68564 

VME 68174 LANCE 68590 

ae Mh 68230 MPCC 68652 

DDMA 68440 PGCl 68653 

DMAC 68450 EPC1L 68661 

MMU 68451 DUART 68681 

BAM 68452 PPCe 68881 

IMDC 68454 MFP 68901 



5 Addressing Modes of MC 68000, 
MC 68008 and MC 68010 

TYPES OF ADDRESS 

The 68000 has 14 addressing modes grouped into the 

following six categories. 

Address Register Direct 

Address Register Indirect 

Absolute Address 

Immediate Address 

Relative Program Counter Address 

Implicit Address 

DEFINITION 

Addressing mode is the name given to the different ways 

that an instruction can access an address in order to 

carry out an operation on it. 

1 Address Register Direct 

The direct addressing mode comprises two types 

direct data register address : EA = Dn 

(EA = Effective Address) 

direct address register address : EA = An 

Data Register Direct Address : EA = Dn 

Example 5.1 
MOVE.W DO,S1FFE 

\\os owen 

Effective 

address 

SOunce 

Effective address 

61 



62 The 68000 Hardware and Software 

MP 68000 Workspace 

| 1284— | $ 1 FFE (and $ 1 FFF) 
——— —_— D0 

Word Word’ 

MSB LSB 

Source Destination 

Role of the instruction 

The instruction MOVE.W D0O,S1FFE (or MOVE DO,$1FFE) 

gives the order to the processor to transfer the 16 low 

order bits of the data register DO to the destination 

ikeeeheston Silipinin (etal Sylinigia))- 

Details 

The size specified by the instruction can be 

S=bite byte (MOVE.B DO,S1FFE) 

16-bit word (MOVE.W DO,S1FFE) 

32-bit long word (MOVE.L DO,S1FFE) 

Et however the size is a word or a leng word, the 

destination address can only be even. Only a byte size 

allows the programmer to choose an even or an _— odd 

address. 

Address Register Direct Address : EA = An 

a) The source is specified by the address register 

Example 5.2 

MOVE.W A2,$4000 

MP 68000 Workspace 

1234 $ 4000 (and $ 4001) 

Source Destination 



Addressing Modes of MC 68000, MC 68008 and MC 68010 63 

Role of the instruction 

The instruction MOVE.W A2,$4000 directs the CPU to 

transfer the LSB word of the address register A2 (bits 

0 to 15) to the destination location $4000. 

Details 

The size specified by the instruction can be 

8-bit byte (MOVE.B A2,$4000) 

16-bit word (MOVE.W A2,$4000) 

32-bit long word (MOVE.L A2,$4000) 

The removal of the contents of an address register 

does not affect the condition code register (CCR). 

b) The address register specifies the destination 

Example 5.3 

MOVEA.W $5000,A2 

an es a eaetentine 

MP 68000 Workspace 

31 16 15 0 

[FFF [ 8000 $ 5000 (and $ 5001) 
4 A2 
| 

32 - bit 
extension 

Destination 
Source 

Role of the instruction 

The instruction MOVEA.WS5000,A2 (or MOVEA $5000,A2) 

transfers the contents of the source slecleass S000 ise 

the destination location, that is, address register A2. 

Details 
: 

The size specified by the instruction can be word or 

long word. 
. 

When a register An is used as destination, the 

transfer of an operand to it leads systematically toa 

32-bit sign extension. 
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Demonstration 

So 

ge 

» 2000 
>» 2000 
Ms 

SCI 

> SOs 

» TRAC 

> SC) 
> SOO) 

we ee 

i 

= oooododd 
ce Ooo400 # OBOK 

AFTER EXEC 

Ls 

ac) Of)-- 

OOOO 
NOOO) 

= OOOO 

OOOO Gage 

QOOO-j6 00 

4000-- 

= NOGODONO 
b4= oODOOo0N 
Ad= NONNN0N00 
ages COOOOORD 

Toe 
PCs 

DQ 
{3422 

Alls 
fy 4g se 

OOLON4 
HOOOIIOO 
OOOO 

OOOO 
OOOOOOOC 

LIT TON & 

4 C00 -- 0) 
ROOO- 

> JA = NOON4AOOG -- 
aye 

> ® 

> & 

> 

> SOodsT >4 

@ TRAC POs OOL20N4 # 

Os OOOOOO0 
Des OOOOOOOO 

AD= GOOO0000 

A4= OOOOOOO0 

WT LOM & 

Oe OE 

NOO4OO # Osc 

MOVE.W $5000,A2 

1) 

AE IA 

20) 

e OOOOOIO0 
NOOO 
DOOOBO00 

© OOOO 

= FREER RE EE 

Debs OOGGNOD0 

OS= OOOUOOOD 
ays OONOOOI0 

A= OOOOOOOD 

47 

Debs 

Sal) 
NOONO0ON00 

OS= OOOOOON0 

A= OOOD0000 

AS OOOO 

O04 20 44 \ 

§ OO 

Fee 

ef § OOO 

F NOOONON0 

HoOoOoOooog 
HOOBIO00 

OOoOOONN 

storing data at address $5000 

NOOOGGOH 

OOo00000 
aa sass 

f= OOOODO000 
= OOOO0000 

O0O04000 
OOOO 

HOODOO OD 

sean 

SE 

335 
(37 = 
A= 

AZ = 

D3= 

D7= 
A3= 
(fees 

storing data at address $5000 

loading of program 

= MOO00600 

HOOoO GO 
OoOoooo0a 
HOO 

gogddé00 

Pe OOOOOEOO 

HOOON GN 

= NOOONOOO 
DOONGBHON 

ooON00600 

SF= OO000600 
00000000 
oonooo0o0 

NH0000000 
OOo0Né600 

contents of A2 before program execution 

4E 7 f= § 
B= OQOO0DD000 
DS OOOOOOOO 

Al= OOO0000D 
Ase QOOO0OO00 

OO Cs 
HOONGHH0 

p= OOQOOO00 
= FFFF8000 
 aN000000 

(0.3 
Brae 

AQ 
AT = 

SP= OOO00600 
OOBD00000 
oo000000 
OO OO0BNN 
OOONN600 
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2 Address Register Indirect 

There are Six types of indirect address mode;'*as ~*~ set 

out below. 

Address Register Indirect 

Address Register Indirect with Postincrement 

Address Register Indirect with Predecrement 

Address Register Indirect with Displacement 

Address Register Indirect with Displacement 

ang) Short Index 

Address Register Indirect with Displacement 

and Long Index 

Address Register Indirect 

EA = (An) 

Example 5.4 

MOVE (Al),D1 

es ae Ra eo 

MP 68000 Workspace 

unaffected 

ey 
(and $ 2001) 

Role of the instruction 

The instruction MOVE (Al),Dl or MOVE.W (Al), Die antorms 

the CPU that the operand to be transferred to the 

destination register Dl is located at the address 

pointed to by the source register Al. 

Details i 

The size specified by the instruction can be byte, word 

or long word. However, if the size is word or long 

word, the address register indirect must point to an 

exclusively even address. CEs *cnLs wells is not 

respected, an exception rerouteing Called ‘an “illegal 

address will occur. . . 

Generally speaking, these details will apply 

whatever the type of indirect address. 
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Address Register Indirect with Postincrement 

EA = (An)+ 

Example 5.5 
MOVE.W (A5)+,$5000 

Instruction ey, 

Size 

Destination 

Source 

MP 68000 Workspace 

Before 

$ 5000 (and $ 5001) ABCD 
Destination 

0000 2000 

A5 

After 

0000 2002 Sourea 

AS 

$ 2000 (and $ 2001) 

Role of the instruction 

The INStEruceuon MOVE SW (A5)7's'5000) (or MOVE E(AS ja, 

$5000) transfers the contents of the address specified 

by the address register A5 to the destination location 

$5000. Address register A5 is then incremented by two. 

Details 

The address register used as indirection must without 

fail point to an even address, when the size specified 

by the “instruction is word or long word—On the, other 

hand, if the size is byte, the address pointed to can 

be even or odd. 

When requested with postincrement, the content of 

the address register is incremented by one, two or 

four, depending on whether the size specified is byte, 

word or long word. If the address register is the stack 

pointer and the size is byte, the increment*-of ‘the 

stack pointer is two and not one. 

Address Register Indirect with Predecrement 

EA = -(An) 

Example 5.6 

MOVE.W -(A5),$5000 

hin Site Ciedkot Bet aie 

Size 

Destination 

Source 
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MP 68000 Workspace 

Initial status of A5 

31 16 15 0 

AS 

Destination $ 5000 

(and $ 5001) 

Before processing 

(and $ 2001) 

Role of the instruction 

Once the effective address is obtained, and after the 

address register A5 is decremented by two, the contents 

of the address-pointed to by A5 is transferred to the 

destination location. 

Details 

The size specified by the instruction can be byte, word 

or long word. If the address register used as 

indirection is the stack pointer, and if the size is 

byte, the register An is always decremented by two in 

order to keep the size to word. 

Address Register Indirect with Displacement 

PAS— (An) 4.016 

Example 5.7 
MOVE.L $5000(Al1),D5 

16-bit signed 

displacement 
source 

Register (An) 

Destination 

Role of the instruction 

The instruction MOVE.L $5000(Al),D5 loads the 32 bits 

of destination register D5 with the contents of the 

effective address, whose value is equal to the sum of 

the contents of address register Al and the signed 

16-bit displacement $5000. 
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MP 68000 Workspace 

Al 

Destination Source 

Calculation of effective address (EA) 

Al ——__= 00072000 
+ 

16-bit signed ——® 0000 5000 

displacement 

Walieln 2S 

extension 

0000 7000 

Details 

For a word or long word operation, the effective 

address must be even. However, for a byte size the 

effective address can be even or odd. 

Address Register Indirect with 8-bit Signed 

Displacement and Short Index 

BA = (Am) + (xa swe- ds 

Example 5.8 

MOVE.W S08 (A2,D3.W), DO 

Instruction eel | 

Size 

8-bit signed 

displacement 

Register An 

Register Xi 

Index size 

Destination 
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MP 68000 Workspace 

Destination 

unaffected 

31 1615 

{AB $ 4008 
Source ea $ 4009 

x 

> * INSTRUCTION! MOVE.W $08(A2.D3.W)-00 OP CODE +4#3082 3008 
» * 
ox 
> 2000 3478-3082 5000-3008 4E71-- \ 194i f 
> 2000 3032- 3008 4E741- \ decdiuais cea 
5 
% 

> E 7 =z: 

> FR FPC= OO2004 # 4E74 Ss S$ OOO (iss Ay at SPs QOOONOG00 

Dt= 99000000 p2= DoNODN00 
N4= OOOO0000 Ds OONDN00 Dé= GODD000 b7= oONNANOO 
ao= 90000000 al= o9000000 A3= ON000000 
a4= oo000000 A= ooQQD000 Aé= DOOODODO A7= ONOODEOR 

>» .D03 = O0000000 -3000——contents of D3 

> .AP = FFFF SOOO --1000~—contents of A2 
> *& 

“> 3R PC= ao2004 # 4E74 S= S OOO Ge Tae waa SP= OOOONGOD 

DO= OOO0D0000) DIi= GOON00000 De= OOON000N [D3= ONN00300) 

O4= OOO0DD00 o5= OOOOON00 bé= OODND0O00 O7= OONNO0ND 

aO= 00000000 aAt= GOO000000 A= NOONOGMOH) 

A4= OOOODDO0O aAS= OOOOOOOO Ad= OOOONO00 A7= OOOONGOO 

> *% 

> 4008 O02A-ABCD ~—— contents of source address 
ae 

200037 >4 

# TRAC FC= 002004 4 4677 Se § OO (ree Nee. SP OOOOOEOC 

Dae OOOVOONO DS 
AO= DOGB0000 A 
Aa4= OOO0O000 

Destination 

~ 

a ed 

Role of the instruction 

The instruction MOVE.W $08(A2,D3), instructs 

processo 

address (source) to the destination register DO. 

Dl= GOOOGONO bes GCOOO0D0G0 D3 DO003000 

: OOOOOOOD Hé= ONODNOOOO O7= GOOOOOND 

O0000000 A= GOONIO00D A3= OOOOOlI 

ass OOOOOOOO Aas OOOOOQD0O A7= OOONdGEON 

the 

r to transfer the contents a the effective 
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Calculation of ~efiectrve address 

EFA = (An) + (Xi.W) + 8-bit sign-extended 

displacement 

where 

An represents an address register 

Xi determines the index register which can be a data 

register or an address register 

Xi.W means that when the size if the index register is 

word, there is 32-bit signed extension when EA is 

calculated. 

The source effective address is therefore 

Address register (An) 1000 
+ 

Index register (Xi.W) 0000 3000 

with extension 
+ 

8-bit sign-extended (d8) 0000 0008 

displacement 

EA 0000 4008 

Details 

See address register indirect with displacement. 

Address Register Indirect with 8-bit 

Signed Displacement and Long Index 

EA = (An) + (Xi.L) + d8 

Example 5.9 

MOVE.W $08 (A2,D3.L),D0 

ere en 

Size 

8-bit signed 

displacement 

Register An 

Register Xi 

Index size 

Destination 
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MP 68000 Workspace 

unaffected 

31 1615 0 

Dooo 

\[ 61s $ 01F 008 
00s $ 01F009 

Destination Source 

ae 
> * INSTRUCTION: MOVE .W #0E¢CAG-OS.L9-00 
* Sates ss 

Se 

>» 2000 O4A0-3032 OANS-3308 0420-4E71 
» 2000 3032- 3808- 4E741- } loading of program 
ae 
> # BEFORE EXECUTION 
Rs eens 

ae 

> FR PC= OO0400 # 4800 Ss=0 $ ooo 2S yAGad SP= OOODNGO0 

DO= 00000000) DOI= O0000000 b2= KNDB0000 
D4= OOON0000 DS= OODOO000 O6= OOD00000 b7= OOO0D0000 

AaO= OOD00000 Atl= OODO0000 AS OQOODODL Aa3= OOO000ND 

64= oo000000 aAS= OONODN0000 Aésé= OOOOQOONN A7= ooo000é600 

cae 
> .b3 = DoOoQo0000 -1bOOO +——loading of D3 

> .AP = OOOOOOOA -OLe000 «-——loading of A2 

> * 
> 1F008 6100- contents of source address 

> =R PCs OOO400 # 4800 $= $ O00 (ss Pal atari SPs QOO0OG00 

DO= 00000000 Di= 90000000 be= 00000000 3 O00 1DOON 

D4= O0000000 DS= GOD00000 Dé= OOODOO00 | D7= ooo0o0Nn 

ad= 00000000 aAt= 00000000 A3= OON0000D [A= OOOGZO000P A. 
a4: 90000000 AS= OO000000 As DN000000 A7= DOODDG0D 

> 20007T > 

* TRAC PC= 002004 # 4E71 S=0 §$ O00 C= Seis ors OOO 

D4= OOOON000 pe= OOOGONNON D3= OO00IDO00 

D4= OOOOO000 OS= OOONNN0D Dé= googo000 b7= A0000000 

AD= 00000000 Atl= OD000000 Az= 90002000 A3= DON00000 

A4= OOODDD00 A= OOOOODON AG= oooo0000 A7= OOOON600 

the contents of DO.W have been loaded with the contents of addresses 

AFTER EXECUTION ai vO0gvand 318007 

wee x Ke OR OR 

Role of the instruction 

71 

00 

The instruction MOVE.W $08(A2,D3.L),D0 instructs the 

cPuU to transfer the contents of the effective address 

(source) to the destination register DO. 
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Calculation of effective address 

FA = (An) + (Xi.L) + 8-bit sign-extended displacement 

which gives 

Address register (An) xxxx 2000 
+ 

Index register (XE. SO000RSDO00 
+ 

8-bit sign-extended 0000 0008 

displacement 
0001 FO08 3] > II 

Note that this addressing mode is equivalent to the 

record type in Pascal, since it allows addressing by 

base limit. 

Absolute Address 

There are two types of absolute address 

absolute short address : EA = 16-bit address 

absolute long address : EA = 24-bit address 

Absolute Short Address: EA = 16-bit address 

Example 5.10 

MOVE.W $2000,$5000 

or 

MOVE $2000,$5000 

Source Destination 

MP 68000 Workspace 

Destination -2— $ 6000 

| ABC $ 5001 

Be $ 2000 
[ab] $ 2001 

Role of the instruction 

The instruction MOVE.W $2000,$5000 tells the CPU to 

transfer the contents of the source address ($2000 and 

$2001) to the destination address ($5000 and $5001). 
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This instruction is especially interesting since it 

allows a movement from memory to memory without passing 

through a working register of the control unit. 

Details 

The size specified by the instruction can be 

8-bit byte with EA = even or odd 

16-bit word with EA = exclusively even 

32-bit long word with EA = exclusively even 

Absolute Long Address : EA = 24-bit address 

Example 5.11 

NOT.B SF4001 

Me Sey 

Size 

Effective 

address 

MP 68000 Workspace 

$ OF 4001 

a 

‘all 

Before instruction After instruction 

Rolle of the instruction 

The instruction NOT.B $0F4001 carries out a one’s 

complement on the contents of the effective address 

SOF4001. 

This type of address allows access to a memory 

position beyond 64K. 

Details 

The size specified by the instruction must be 

byte for an even or odd effective address 

word for an even effective address 

long word for an even effective address. 
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4 Immediate Address 

The immediate address mode allows an operand (data 

item), whether 8, 16 or 32 bits; to be sent*to” one of 

the following 

data register 

address register 

memory location 

Immediate Address with Address Register Destination 

Example 5.12 

MOVEA.W #$2000,A5 

or 

MOVEA #2000,A5 

31 16 15 0 

32-bit signed » 
extension # $ 2000 

The above instruction loads address register A5 with 

the immediate value #$2000. 

Details 

1. There is always a 32-bit extension when the 

destination is an address register (for a 16-bit source 

or data item). 

2. The size specified by the instruction —can ‘only be 

word or long word. Byte is forbidden. 

Example 5.13 

1. MOVE #$8000,A5 

Sign bie ers 

negative 

31 16 15 a) 

32-bit extension # $ ee 
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2.MOWE.B #$80,A5 This is forbidden. 

Immediate Address with Data Register Destination 

Example 5.14 

MOVE.B #$6A,D2 

Operand 

Destination 

3 16 15 C 1 8 0 

XX XX XX 6A |p2 

ee OOO 

unaffected - 

#ZS6A 

The instruction MOVE #S6A,D2 loads data register D2 

with operand #S6A. (Note that the # indicates the 

mode. ) 

Details 
1. The size specified by the instruction can be 

Byte MOVE.B #$80,D2 
Word MOVE  #$8000,D2 
Long word MOVE.L #$FFFFFFFF,D2 

2. There is no bit extension when the size stipulates a 

byte or a word. 

Immediate Rapid Address with Data Register Destination 

(MOVEQ instruction only) 

Example 5.15 

MOVEQ #$6A,D4 

This 16-bit instruction loads destination register 

D4 with operand #$6A. 

31 16,15 9817 0 

[wee | Jo 
# bess) 

32-bit signed 

extension 
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Details of MOVEQ ; 

1. The destination is always a data register. 

2. The size can only be byte. 

3. There is 32-bit sign extension (the only occurrence 

of sign extension on a data register). 

Special note 

The instructions ADDQ and SUBQ specify a 3-bit operand 

whose different combinations code values lying between 

Land @ inclusive 

000 represents value 8; 001 value 1; 010 value 2, 

and so on, with 111 representing value 7. 

Simulation 

Case 1 : Positive operand 

786A MOVEQ #S6A,D4 

> # 
me TIONS MOVER Hoar, D4 

a 
> 2000 3O3R2— Peary . 

> 2000 786Aa- \ loading of program 
ane 

# 

ee 

ya 

> eR PCs OOL2004 # 467" se § O00 Gas awn ate SP= OO000600 

bO= OOGDSTOOD Bl= OONO0000 De= OOOH0000 N3= ONO1DOND 

D4 OOOOOOO0  OOOOOIND O4= OOOOONOO b7= QAOOOON00 

AD= OOOOOOOO Aatl= OOOONGNO A= OOOHZO0O AB= OOOOOOOO 

a4 OOONOOON ase ONON0000 Aé= OODOOODOO aA7= QOO0OGOO 

POUR al 
» TRAC PCs OO2002 4 4674 set $ O00 (rs 

bO#= 09006100 

seen. SP= OOODOO6O0 

DOOOVDNO He= OHOONHOO O3B= ONOWOOO 
4s OOOOOOGA Se OOOOO000 e QOOOGOOO O7= AOOOOO00 
AD= OOOOON00 OOOVOO00 ‘ OO0G2000 aAS= OOOOGN0OD 
Ag= OOOOOOOO Asse OOOOOOOO Ads ANQOOOOQ A7= OODNOEO0 

EXECU TON 

wee we 

* 

Case 2 : Negative operand 

7880 MOVEQ #$80,D4 



Addressing Modes of MC 68000, MC 68008 and MC 68010 if 

oa 

2? * INSTRUCTYI ee MOVEQ #450) .D4 
> Ms ssenssssens — 

> * 

> 2000 786A-7880 4E74- \ loading of program 
> # 

> * BEFORE EXECUT LON 
> Moo sp aussssenenazssss 3 nes 

> & 

> 3R PC= 002002 # 4E74 $=0 $ 000 eo av cimcig Pee QOOOOE00) 
DbO= DOODE TON Dl= NOOOO00O b2= NN000000  b: OOO DOOD 

D4= OOOOOOSA) DS= OQOONOOO Dé= OOOOOOO0N o7= OODDO000 
AN= OOOOD000 At= OOO00000 Ae= NOGOZ00N As= NNNDOGON 
A4= OOOD0000 aAS= OOO00000 Aé= QOOON000 A7= OONON6OO 

> 2000FT >4 

* TRAC PC= O02002 # 46774 $=0 $ OOO Cs «Ne... SP= QOODOO0600 

BO= OD006100 Dl= DNOOOOO00 De= OOOO0GOO O3= O001D000 
FRFFFEF SO} DS= 0000000 bé= OOODN0000 b7= ONNN0000 

AD= OOONO00DO At= OOD00000N aAg= OOOOZ000 AS= OOODOHOIO 

A4= QOOOOO0O AS= OOOVODOO AG= DOOOOOOO A7= OOOONGOO 

AF TER & eel ak 

wus Me 

a a 

Immediate Address with Memory Location Destination 

Example 

ADDI.B #$80,$4000 

The above instruction tells the processor to add 

operand #$80 to the contents of destination address 

$4000, then store the result in destination address 

$4000. 

Example 5.16 

5 Address Relative to Program Counter 

This address mode consists of two types 

program counter with displacement 

program counter with index 

Basis ‘ 

The value contained in the program counter (PC) is used 

to calculate the effective address LOrMELMSizGuCceLon 

handling, with the knowledge that the PC value is equal 

to the current instruction address aeons 

All instructions using relative program counter 

addressing must be written An) laecection = of program 

called RORG. This special feature allows position 

independent programs to be written. 
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Program Counter Address with Displacement 

Example 

In the following we shall examine some program 

instructions defined in a RORG section. 

50 00002000 RORG £2000 

80 o001n 178 OUTMES Eau $1E178 

20 00000018 VECTCHK EQU $18 

100 OOOTE 2FE MONTT EQUI $I ECE E 

110 00000005 NUMBER EQU 5) 

1990 002000 4FFAODODA LIA © TECK, SP 

140 002004 41FAD0DTE LEA TRAPCHK , AOD 

150 g0200G 21CG0018 MOVEA.L AQ, VECTCHK 

140 OO200C 43FA00CE LEA TABLE, AT 

170 O02010 7205 MOVE @ fHNUMBER, D1 

180 002012 OCS27000F LOOF CMPI.W #SOD0F, CAT) + 

190 002016 S7C9FFFA DEL@ D1,L.00P 

200 GO2Z201A 43BCO005 (CHK HNUMBER , D1 

210 QOFZOIE 4EFSOQOTE SEE A MONT T 

220 Eas 

230 OQU0020a4 TKAPCHK Eau x 

240 002024 “AGE7 4040 MOVEM.L DI/A1,-CSF) 

250 002028 41FAGOOE LEA MESSAGE , AD 

260 ONZ02C 4UBSOQV0IE 1768 JIGIR OUTMES 

270 002032 4CDFO202 MOVEM@t CSP2+. 01787 

#280 O02036 41.73 Ke TE. Ketern 

220 x 

B00 002038 20 MESSAGE bC.U i MALE NO 

310 ON20462 O«* De .B O% 
se20 002064 ODOQO0078 DS iat: OU) 

330 DOGORODL STACK EQU * 

340 NOeObC HOnNoO00a TABLE DS .W st 

3350 END 

1. The instruction LEA TRAPCHK,AO located at address 

$2004, gives the order to the processor to 204d 

register AO with the effective address specified by the 

label TRAPCHK which is positioned at address $2024 

(LEA = Load Effective Address). 

Calculation of effective address 

Formula EA = (PG) ai do ks 

giving | | 

2024 = CACO, ap ey ae OW ah ap 

TRAPCHK Program Relative 

Label address counter +2 displacement 

shown by op-code 

(2024" —9 20006) = "0001 Ee) 
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Table 5.1 Summary of Addressing Modes 
Mode Notation 

Data register 
direct 

Address register 
direct 

Address register 
indirect 

Address register 
indirect with 
postincrement 
Cel 7 2 OETA 

Address register 
indirect with 
predecrement 
Oe ge FOr eA 

Address register 
indirect with 
displacement 

Address register 
indirect with 
displacement/index 

Address register 
indirect with 
displacement 
and long index 

Absolute short 

address 

Absolute long 

address 

Immediate address 

Relative program 
counter address 

with displacement 

Relative program 
counter address 

with displacement 

and index 

Implicit address 

Dn 

-—(An) 

(An) + dl6 

(ENGI peek ae xelts: 

(Any oe. )- ads 

Addr 16 

Addr 24 

# data 

madde= 6 

raddr 8 (Xi) 

Operation 

EA = Dn 

EA = An 

EBEA.= (An) 

BA = (An) then 

An os = Ani che 1,2 07 

depending on size 

An = "An = 172" 0r 
depending on size 
Ehenw AS = (Ans) 

aN SNe) ae INGeleyt 
Sign extended 
displacement 

HA =(An) + (aw) 
Wein (iene 
sign extended 
displacement 

EA = (An) + 
Wien 8—bilt 
sign extended 
displacement 

BA = (addr 16) 

Rie = addin 24)) 

item 

+ d 16 EA = (PC) 

(Xi) (XC) ae 

BA = SR,USP,SP,P 

(OE, cl) 

79 

4 

4 

1e 

+a 8 

ie 
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2. The instruction LEA TABLE, Al located at address 

$200C suggests the same handling as_ before, that 1s; 

loading address register Al with the effective address 

defined by the label TABLE. 

Calculation of the effective address 

Formula EA = (PC) + d 16 

20DC = (Q2iIE. ee) 42 00 CE 

TABLE Program Relative 

Label address counter +2 displacement 

shown by op-code 

(20 Ae = ZOO ia», 

Program Counter Address with Index 

The basis of operation is the same as for program 

counter with displacement except that for calculation 

of the effective address an index register has to be 

taken into account. 

Formula 
BA = (PC) + (Xi.W) + ds 

or 
BAT =) (PC) 2 (ay) ads 

Current mate ered register, 8-bit signed 
che WG a Z a iG sOr S22 —ln ant displacement 

data or address 

register 

Implicit Address 
Table 5.2 lists the instructions that make implicit 

reference to the following 

program counter (JMP, BRA) 
user stack pointer (MOVE USP) 
supervisor stack pointer (TRAP, DIV) 
status register (RTE, RTR). 
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Table 5.2 

Instruction 

Branch conditional (Bcc), 

branch always (BRA) 
Branch to subroutine (BSR) 

Check register against 
bounds (CHK) 

Test condition, decrement 

and branch (DBcc) 

Signed division (DIVS) 
Unsigned division (DIVU) 
Jump 

Jump 

Link 

Move 

Move 

Move 

( JMP ) 
to subroutine (JSR) 
and allocate (LINK) 
condition codes (MOVE CCR) 

status register (MOVE SR) 
user stack 

pointer (MOVE USP) 

Push effective address (PEA) 

Return from exception (RTE) 
Return and restore 

condition codes (RTR) 
Return from subroutine (RTS) 

Trap ( TRAP ) 

Trap on overflow (TRAPV) 

Unlink (UNLK) 

Each 68000 

PC 

PG SP 

SSE ge GIR 

PC 

Sic ao 

SOP, oR 

PC 

Xe Se! 

SP 

SR 

SUR 

USP 

Se 

ier He. 

PiCymro rs, 

PE Se 

SS, Sx 

SSP aio 

SPE 

instruction can broken down 

Implied registers 

SR 

SR 

into 

several microinstructions. An example is given below. 

Microinstruction l 

Microinstruction 2 

Microinstruction 3 

MOVE.W -(An),-(Am) 

Calculates source 

effective address 
(An-2), since word is 
the size specified. 

Retrieval of the op-code 

ie lessee alistserewKcheakeia ee) Joke 

executed (Prefetch) 

Calculate effective 

address destination (Am-2 

Write data a 

An Ge Am = 2 

Position condition code 
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DETAILS AND PROGRAMMING 

Motorola deliberately restricted the instruction set of 

the 16-bit MC 68000 (and 68008) microprocessors to 56 

instructions that offer extreme flexibility. (Note that 

the newer 67 32-bit MC 68010 “has’=S7 “types” ot 

instruction. ) 

BVen. Sit cals es number appears small (although 

programmers will probably not complain), some 

(nist EuCtl On St Omnen several thousand combinations 

because of the different address modes available and 

the type of data that they can manipulate. 

The five basic data types are 

bit 

IXeID) elation, (2. onhias\)) 

by cem(om in ts)) 

word (16 bits) 

hong worcdes (Sm bahesp) 

The 68000 instructions operate on byte, word and/or 

long word, which in assembly language need to be 

specified by ..B,...W and .L. 1m the size is word, the 

suffix .W is assumed by default. 

Example 

MOVE.B Source, destination 

MOVE.W Source, destination 

or MOVE Source, destination 

MOVE.L Source, destination 

82 
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The operation code (op-code) of all the 68000 
instructions is fixed in 16 bits (WOE) = bute an 
extension is required when the specified address mode 
uses constants, absolute addresses or displacements. 

AS a consequence, a 68000 instruction can be coded 
in from one to five words (2 to 10 bytes). 

We have arbitrarily classified the 56 instructions 
into three categories: memory reference and special, 

arithmetical and logical, and program control 

instructions (see also appendixes 1 to 8). 

In what follows we shall not be studying in detail 

all 56 of the 68000 instructions; we shall confine our 

examination to those that do not have an approximate 

8-bit equivalent. The reader is advised to study the 

three types of flowchart shown in figure 6.1, as well 

as the 68000 assembler directives listed in tables 6.1 

and 6.2, in order to be able to follow the discussion 

of this chapter without difficulty. 

Iteration with test Iteration with test 

before action after action 

ACTION ACTION 

In pseudo-code In pseudo-code 

WHILE CONDITION TRUE REPEAT 

ACTION ACTION 

UNTIL condition TRUE 

END 

Selection 

In pseudo-code 

IF condition TRUE THEN 

ACTION1 

| acTron2 
END 

Fagure’ 6.1 



84 The 68000 Hardware and Software 

Table 6.1 68000 Assembler Directives 

Directives Examples Role 

ORG ORG $4000 

ORG.L ORG.L $40000 

RORG RORG O 

RORG $1000 

Ori gin sin fabsoluce 

short of program 

Origin ineabsoluce 

long of program 

Relative origin 

of program 

BASE EQU $1000 

EQU PIACA EQU BASE + 1 

LF EQU SOA 

Symbol equivalence up 

to 32 bits maximum 

SET BASE SET BASE-1 Temporarily fixes the 

value of a symbol 

DGB TEXD DELB “HELLOS 

LFCR DC.B SOA,SO0D 

Byte constants stored at 

successive addresses 

DC.W WRITE DC.W SF000,TAB Word constants stored at 

DISPLAY DC.W-3000,SET successive addresses 

DC.L VAUE DC.L SABCDFFFF 

LINE DC.L VALUE +3 

Long word constants stored 

at successive addresses 

Doe Bago l ACKER DS Bye2 0 

DS.W BUFFER DS.W 2 

D Selina EXEL DS ylig aS. 

END END 

MACRO CALCULATE MACRO 

CAL1,CAL2 

ENDM ENDM 

Reserve memory (bytes) 

Reserve memory (words) 

Reserve memory (long words) 

End of assembly directive 

Definition of Macro 

instruction 

End of Macro 

Table 6.2 68000 Assembler Directives 

Directives Examples Role 

LLEN LLEN 120 

PLEN PLEN 40 

NOOBJ NOOBJ 

TEE) MULT1 EQUO 

IFEQ MULT1 

Fixes number of characters 

per line (here 120) 

Fixes number of lines 

per page (here 40) 

No object output 

Conditional assembly 

Assembles if equal to 0 
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IFNE MULT2 EQUI] Conditional assembly 
IFNE MULT2 Assembles if different 

ENDC ENDC End of conditional assembly 
SPC SPE 16 Line space 

ARTA: TTL MP 68000 Program title. Source 

with 60 characters max. 

Memory Reference and Special Instructions 

Table 6.3 lists these instructions. 

Loading Instructions 

LEA and PEA cause a pointer to be initialised (LEA 

Src,An means An := effective address) and saved to the 

stack (PEA Src means Src = effective address -> -(SP)). 

These two tnSeLuceLOns; which | share w-cthe. ssame 

addressing modes, are to some extent complementary. 

Table 6.3 Memory Reference and Special Instructions 

Mnemonic Operand Size Notes Description 

LEA Src,An L 1 Load An with Src 

PEA Spe L = Save Src -> -(SP) 

MOVE Src,Dst L,W,B = Gol ony Sse See IDiske 

MOVEP DM ore L,W 2 Stone sne—— Dsit 

MOVEP Dst,Dn L,W 2. Load Dn with Dst 

MOVEM Regs,Dst L,W 3,4 Store Regs -—> Dst 

MOVEM Sce,; Regs L,W 37D LOA aS Cea Regs 

BSET Numb,Dst B,L 178 Tests Numb and sets 

BCLR Numb,Dst By i Wore) Tests Numb and 

clears 

BCHG Numb,Dst B,L Tt ites Tests Numb and 

changes 

BST Numb,Dst Bye We Tests Numb in Dst 

CMPM SiC Sie L,W,B Dst-—<Sre 7) CCR Set 

CMP Sre ,Dst L,W,B 10 Dst-Sre; CCRset 

CMPT Src,Dst iy Wis 10 DsitsSucrr CeREsSee 

CHK Sree, Dn W 7 ie [Dyee X< 10) Yohe Diel > 

(Sige) p> RV! 

TAS Dst B Wf jie DSt=MSBy=— OF then 

MSB = l 

CLR Dst L,W,B 11 Clears Dst 

See Dst L,W,B jah Z and N set 

according, to DSt 
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Special instructions 

SWAP Dn L = Exchanges word MSB 

with word LSB 

EXT Dn L,W = Extends sign 

EXG Xn, Xm L = Exchanges Xn with Xm 

‘Shalel— eyoibhaler> W = Word 

Dst = Destination B = Byte 

Numb = Bit number Dn = Data registers 

Regs = Registers Xn = Data or address registers 

L = Long word Xm = Data or address registers 

Src can only use addressing modes 

),a(An) ,d(An,Xi) ,ABS:W,ABS.L,d(PC) ,d(PC,X1) 

Src and Dst can only use addressing mode d(An) 

AQ-A5/D1-D5 is equivalent to 

A1/A2/A3/A4/A5/D1/D2/D3/D4/D5 
A0/A3/A6/D1-D3 is equivalent to A0/A3/A6/D1/D2/D3 

) Dst can use the following addressing modes 

n),-(An),d(An) ,d(An,Xi),ABS.W,ABS.L 

) Src can use the following addressing modes 

nn), (An),d (An), d (An, xX?) ,ABS°W,ABS.l,,.d (PG), a( PG, x1) 

) 

) 

SS Se 

Src and Dst use addressing modes Dn and -(An) 

Src and Dst cannot be An registers 

) Numb can be an operand between 1 and 8 or the 

ontents of Dn register in 32 bits 

9) Seewand Dstt icanvonly be (An) 

10) For CMP, Dst can only be a Dn register. 

Memory/memory comparison only possible with (9). For 

CMPI, Src can only be an, operand 

(11) Sre and Dst cannot be An registers. 

The MOVE instruction, which is the most flexible of 

the 56, can be selected in 12 288 different ways. It 

would be wrong to: conclude from this that the structure 

of the 68000 is general purpose, but it should be noted 

that the following movements are possible with this 

instruction: memory to memory, memory to register, 

register to memory, operand to memory. 

The MOVEP instruction is particularly suitable for 

programming peripheral CUBGUR ES that occupy an 

alternate memory field, or are in other words 

addressable either via the lower line (odd address) or 

via the upper /line (even address). 

The two versions of the MOVEM instruction (load and 

_ store) are designed to move, in a predetermined order, 

a list of address or data registers from or to a block 

of memory. 
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Bit Manipulation Instructions 

The second group of table 6.3 comprises four bit 

manipulation instructions. For example, a bit can be 

POS Cen eno teasetsautO. J. (BSET) or to. 0 (BCLR) > it can 

also be changed (BCHG), or simply tested to establish 

its state (BTST). The bit number can be specified as 

static and immediate (modulo 8), or dynamically by the 

contents of a Dn register (modulo 32). 

Comparison Instructions 

The  £4FSt) two. instructions, of» the third group;are 

concerned with comparisons. This is one area where the 

PStelerrons eset coulda '*be’ Pcriticised.. Intact sthe 

memory to memory comparison (CMPM) is only possible 

with a source and destination having the addressing 

mode (An)+. As for the CMP instruction, the source can 

only be a Dn register. Finally, CMPI compares the 

destination with the source specified as immediate. 

(CMPI # Immediate, Dst.) 

The CHK instruction compares the word LSB of a 

register Dn with a bounded value, where the lower bound 

is 0 and the upper bound is a 16-bit signed operand. If 

the word LSB does not belong to the interval, the 

processor is Yerouted to the exception - procedure 

TRAPCHK whose vector number is $6. 

The TAS (test and set) instruction allows management 

of a resource that can be shared by several processors, 

since during a single bus cycle it executes the 

reading, testing and finally modifying of a destination 

byte (memory or register) called a semaphore. 

The next two instructions, CLR and TST, present 

little difficulty, save for the fact that the 

destination cannot be an An register. 

Special Instructions 

The fourth and last group in this category only affect 

An and Dn registers. The instruction SWAP exchanges 

bits 0-15 of a Dn register with bits 16-31. EXT carries 

but A signed’ 16-bit ‘or 32-bit extension in a Dn 

register. 

The last of the special instructions, EXG, TS teices 

the 68000 to exchange the 32 bits of a source register 

with the 32 bits of a destination register (register, = 

An and/@ryDn) - 

Arithmetic and Logical Instructions 

There are 34 arithmetic and logical instructions. They 

can be divided into four types: addition, subtraction 

and complementation; multiplication and division; 

logical instructions; shifts and rotations. Table 6.4 

lists the various instructions in this category. 
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Table 6.4 Arithmetic and Logical Instructions, 

Shifts and Rotations 

Mnemon Operand Size Notes Description 

ADDI Imm,Dst B,W,L i Dest + operand -> Dst 

SUBI Imm,Dst B,W,L 1 Dest - operand —> Dst 

ADDQ Imm, Dst B,W,L 1 Dest + operand -> Dst 

SUBQO Imm,Dst B,W,L ui Dest - operand -> Dst 

ADD Sie, Dstt B,W,L 1 Dest + sounce -—> Dst 

SUB Sis) i DShe B,W,L i Dest = source => Dstt 

ADDA An, Site W,L 1 AN@+"seurce™ —> An 

SUBA An, oe W,L a An - source -> An 

ADDX See, Sit B,W,L 2 Dest +) Ssrcest => DSt 

SUBX Suc, DSit B,W,L 2 PeSt-— SKLCe = Xow pss 

ABCD Srepose B 2 Dst(2o) + srcee( LO) + x 

=> Site 

SBCD Siew D Sic B 2 Bst (10) "= srce(10)) —"x 

— Se 

NBCD Dst B 3 V=DsS CL 0) — xX =—SpsSse 

NEG Dst B,W,L 3 Two’s complement of Dst 

NEGX Dst B,W,L 3 Two’ s complement with X 

Of Dst 

NOT DS B,W,L 3 Ones complement of Dst 

MULU Siee Dial W 3 Dn- * source -> Dn 

MULS Suge’ 5 Dial W 3 Dn * source => Dn 

DIVU SiC bm W 3 32° bres, Dnt 6, Srey 

DnCRST:QUT ] 

DIVS See,bm W 3 See bits DN/TOe Sree => 

DnCRST: QUT ] 

Logical Instructions 

AND Suc, pst B,W,L 1 DScey Cre => MSt 

ANDI Imm, Dst B,W,L i DSi jee a IS te 

OR SEC PD Sit B,W,L 1 DSi ete or ee oe Se 

ORI Imm,Dst B,W,L 1 Deke ee Shu eae 

EOR Sre,Dst B,W,L $ Dst + S¥c°--59Dst 
EORI Imm,Dst B,W,L 3 DStit= Imm => Dst 

Shifts and Rotations 

ASL CntDst Bay Wy Le - Arithmetic shift left 

ASR CmieD Sit B,W,L = Arithmetic shift right 

LSL CntDst B,W,L - Legical shift left 

LSR CntDst B,W,L = hog Ca lca fey ig inte 

ROL CntDst B,W,L a Rotate left 

ROR CntDst B,W,L = Rotate right 

ROXL CntDst By Weis - Rotate left with extend 

ROXR CntDst B,W,L = Rotate right with extend 
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Src = source An = address register 

Dst = destination Dn = data register 

Imm = immediate 

CntDst = counter (including destination when specified) 

(1) Memory to memory operations are not possible 

(2) Src can only use addressing modes Dn,-(An) 

(3) Sre and Dst cannot be an An register. 

Addition, Subtraction and Complement 

Mice Leo maeOusa ee TNS tC LONG . ADDI: "SUBL,.eADDO, SUBO, 

carry out the addition (or more correctly, 

incrementation, as such instructions do not exist), and 

the subtraction (decrementation) between the 

destination and the source, coded as immediate. If the 

immediate operand lies between 1 and 8 inclusive, it 

will be preferable to choose the instructions ADDQ and 

SUBQ which are more efficient in code and execution 

time, as can be seen from the following 

ADDE:B #3,54000°is coded in 6 bytes and requires) 21 

clock cycles; 

ADDQ.B #3,$4000 is coded in 4 bytes, with an execution 

timesor Ly cycles; 

Note that a good assembler will, if you are not’ too 

rigorous in your requirements, look after coding the 

instruction as it should. The ADD and SUB instructions 

add and subtract in binary the source and destination 

before storing the result in the destination. When the 

destination is a Dn register, we have available in the 

source all the addressing modes. On the other hand, 

when the source is a Dn register, the addressing modes 

making reference to the program Counters ace not 

allowed. The next two instructions, ADDA and SUBA, only 

concern the An registers as destination. 

The ADDX and SUBX instructions allow 

multiple-precision calculations to bew*carrred “out, 

where source and destinatiom scan = only euse “thie 

addressing modes Dn and -(An); this appears quite 

fooieai fin view of the method of calculation (low bit 

to high bit, or predecrement mode). 

It is also possible to write directly IB eD) ae Cwiaken 

eliminates the well-known DAA of the 6800 and 6809). 

Here the 68000 has three instructions available: ABCD 

(addition in BCD); SBCD (subtraction in BCD); and NBCD 

(complement in BCD). 

The remaining instructions in group (Cil)) synthe Tele 

68000 to two’s complement (NEG), and with bit extension 

(NEGX), or to one’s complement (NOT); 
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Multiplication and Division 

The four instructions of group (2) multiply (MULU_ and 

MULS) and divide (DIVU and DIVS) unsigned and signed 

binary numbers. 

MULU and MULS multiply the 16 bits of a Dn register 

(bits 0-15) by the 16 bits of the source that may use 

all addressing modes except An. The 32 bits of the 

result are saved in Dn. 

DIVU and DIVS divide the 32 bits of a Dn register by 

the 16 bits of the source, with again all addressing 

modes except An available, before saving the 16 bits of 

the remainder in the word MSB of Dn (bits 31-16) and 

the 16 bits of the quotient in the word LSB of Dn (bits 

5 = 0 )i- 

Two conditions may prevent the 68000 from carrying 

out division. 

a) if the’ divisor is zero, the processor 1s rerouted 

to the exception procedure."“zero division", the vector 

number of which is $5. 
b) ie the sresulte lexceeas ) thew S20N bres ones pn 

(remainder and quotient in 16 bits), causing overflow 

(Wes= Ie inj such) a case no internal provisioOnenas spec 

made to cope with the situation (as has been done for 

division by zero). It is therefore up to the programmer 

to verify if overflow has occurred, by testing flag. V, 

and to take any necessary action. 

Note that neither source nor destination operands 

are altered if such anomalies occur. 

Logical Instructions 

The nextegroup .(3.).-.che logical instructions, wa liebe 

well known to programmers. It includes AND and ANDI 

which carry out a logical AND of the source and the 

destination, with the result being stored in the 

destination. 

We have however noted that memory to memory 

operations are not possible and that, for EOR and EORI 

(exclusive OR), the source can only be a Dn register or 

an immediate operand. 

Shift and Rotate Instructions 

These form the last group (4) of the arithmetic and 

logical instructions. Here the operand CntDst can be 

written #Cnt,Dst, where #Cnt codes as immediate an 

operand between 1 and 8. This operand specifies the 

number Tone sShitts ) ory wrotationse tom bem nadcumingethe 

destination (which can only be a Dn register). 

CntDst can also be written Dm,Dst, where Dm is a Dn 

register that codes the number of shifts or rotations 

GO be made in Dst. Up to) 63 soperations (modulo 64) are 

possible. 
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CntDst ‘can also be written as Dst, where Dst 
represents a memory address. The number of shifts and 
rotations is always 1, so it is superfluous to specify 
the source. Note that the memory size can only be word. 

Program Control 

The most significant advances have been made within the 

category of the program control instructions. Table 6.5 

lists the various instructions involved. 

Table 6.5 Program Control Instructions 

Mnemon Operand Size Notes Description 

Unconditional sequence break and no operation 

NOP he Ff 1 No operation 

JMP Address vd 1 Unconditional jump to 

address 

BRA Displ. vi 3 Branch always 

Call and return subroutines and block memory allocation 

JSR Address / 1 Jump to a subroutine 

BSR DaspL. VE 3 Branch to a subroutine 

RTS Wi / Th Return from subroutine 

RTR VE VE Return with CCR restored 

LINK An,imm,dp1/ 2 Link with the stack 

UNLK An v3 We Unlink from stack 

Condition operation 

Bcc Displ. i r Branch conditionally 357! 

DBcc Dn,dpl Vi 3,4 Test, decrement, branch 

Scc Dst B 47S Le weC nls seule rehnen or > 

evict 10) 2 Diehe 
, 

Handling on CCR and SR registers 

MOVE Sine, CCR: W upd Goyowy Wsyatel sje) (ER 

OR Sreyicck B 8 Inclusive OR between CCR 

and Src 

ORI Imm,CCR B 8 Inclusive OR between CCR 

and operand 

AND Sre,CCR B 8 Logical AND between CCR 

and yS.ne 

ANDI Imm, CCR B 8 Logical AND between CCR 

and operand 

EORI Imm, CCR B 8 Exclusive OR between CCR 

and operand 

MOVE SR,Dst W 5 Copy ‘SRoinm Dst 
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Privileged instructions 

OR Sire, ok W 8,9 Inclusive OR between SR 

and one 

ORI Imm,SR W ore Inclusive OR between SR 

and operand 

AND Src,SR W ‘aie Si Logical AND between SR 

and Sre 

ANDI Imm,SR W 8,9 Logical AND between SR 

and operand 

EORI Imm,SR W 8,9 Exclusive OR between SR 

and operand 

MOVE An, USP L 9 Copy An aral AUESNe 

MOVE USP,An L g) Copy USP in An 

RTE / va 9 Return from exception 

GSE - / fi 9 Set Reset line low 

STOP Imm W 9 Load SR with Imm, 

then stop 

MOG ake alla ietaclaS 

TRAP Vectnum y 1g Logical exception 

TRAPV / Vis ExXeepelon 1h ye ——l 

Notes 

(1) The address is specified in absolute: all 

addressing modes allowed except 

Immediate,Dn,An, (An)+,-(An). 

(2) Displacement lies between $8000 (-32 768) and S7FFF 

(ESA WE) < 

(3) Displacement is 16 bits signed (32K). 

(4) See table 6.5 for condition codes. 

(5) Destination can use all addressing modes except 

Imneaitate, An,a(PC),d CPC, Xi) < 

(6) Source may use all addressing modes except An. 

(7) Only word size is allowed even if destination is 

byte (in which case CCR is loaded with the source LSB). 

(8) The data on immediate is a function of the 

instruction specified size. 

(9) Privileged instructions can only be handled in 

supervisor mode. 

(10) The vector lies between 0 and 15. 

The! first«group (1) ite) ‘typical of “the Anstructions 

sets of the majority of microprocessors (6800/6809, 

8080/8085, 6502). 

The first two cinstruceLonsiier! the next grooms a2) 

allow calls to be made to a subroutine - absolute with 

JSR and relative with BSR. 
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The instructions RTS and RTR instruct the 68000 to 
return to the calling program. The difference between 
these two instructions lies in the execution. In the 
case of RTS, restoration of the return address, 
previously stored in the stack, is made when the 
subroutine is called. With RTR, the CCR is restored 
first, then the return address to the calling program. 
Note that in the case of RTR only the return address is 

saved on the stack when the subroutine is called. 

The LINK instruction automatically allocates a 

working area (block of RAM) to the calling program, to 

be used for example for passing parameters or storing 

toca l datas AsgGoreuNhK, | )its Prolei wits. iro, -frees this 

working area. 

These two high-level instructions are completely 

suited to the writing of reentrant programs, that is, 

those programs or subroutines that work on a block of 

memory belonging to the calling program. 

pe instructions in the third group (3) ~t¢orcern 
conditional operations, where the logical condition is 

specified by the instruction mnemonic in the ce 

(condition code) form. 

The Bcc type of instruction will already be familiar 

to assembly language programmers @is Motorola 

microprocessors. Note that with Bcc displacement the 

68000 executes a conditional branch if the cc condition 

is true. The relative displacement is coded in one or 

two bytes. 

The DBcc type of instruction has no equivalent in 

8-bit microprocessors, at least in the Motorola range. 

Phismconditional Sbranchy Gnstruction, alsogscalleds ra 

looping primitive, operates ints relakvonsstOme the 

following three parameters 

the conditional branch condition specified by 

cc (for example, DBEQ, DBNE, DBMI) 

the loop counter Dn 

the relative signed 16-bit displacement. 

The See type InNSELUCES, they CEU Eon ssc temerhe 

destination byte (Dn or memory registers) at SFF if the 

cc condition is true and at $00 if it is false. 

The fourth group of instructions concerns those that 

have the condition code register CCR as destination, 

that is, the user byte of the status register SR. 

The fifth group is very important, as the following 

discussion will reveal. In fact, all the instructions 

ine this group are called privileged instructions; that 

(sheihey* can only« ibe executed in supervisor mode 

(Si 2,1), Sif sone of!’ these instructions is executed is 

user mode (S := 0), a privilege violation occurs: the 

68000 is rerouted in the exception table to address $20 

(vector number 8%*4 = 32 Ones? 0) inmorderm TOs becover 
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the start address of the exception program. 

Note that all the instructions capable of modifying 

the status of ENS processor (loading SR) are 

privileged. 

The RTE instruction allows return from an exception 

procedure to a normal procedure. 

The RESET instruction, which is also privileged, 

instructs the 68000 to hold the RESET line (here an 

output) at’ low for °124 clock cyeles, this being for 

example the time required to initialise a peripheral 

circuit (PIA 6821, PTM 6840, PI/T 68230). 

The 68000 instructions set has 16 logical traps (the 

6809 has 3: SWI, SWI2 and SWI3) which, when one of them 

is executed, cause the 68000 processor to branch to an 

exception procedure. Each trap has its own vector 

number and therefore its own exception vector. 

Examples 

TRAP #0 has the number aay: and the address 

Besa 2 8 = Scio). 
10 100) 

TRAP #15 has the number Aas and the address 

A eX Ae == 19 1 3. SIBIN 
10 10 

On the other hand, the TRAPV instruction is the 

logical trap that is available to the programmer if the 

Status Wilage(V ist hatuelexzwhen) = thas Sanstructaong fas 

executed. This instruction is especially useful, for 

example, in the case of DIVS and DIVU. In fact, if the 

68000 finds that it cannot carry out such an operation 

because of lack of space, it sets the status flag to 1 

to inform the programmer that overflow has occurred. 

Example 

DIVU D1,DO := SFFFFFFFF 

TRAPV Dl = SXXXX0002 

BRA* 

The 68000 carries out the signed or unsigned 

division of the 32 bits of the destination (DO in the 

above example) by the 16 low order bits of the source 

(D1). 
The) 32) bists) Of; “thessresultesaval lables wan the 

destination are distributed as follows: the remainder 

in Bl6gsbitsee (bitse 16-31. ofe thes destination) see the 

quotient iin 6 brtst (bitss0=1l>ror therdestinationy)). 

If the result exceeds this format, the 68000 does 

not carry out the operation, but sets V to 1, without 
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altering the destination and source registers. 

The same principle applies with the TRAPV 

instruction, but in this case the program is rerouted 

to the exception table at address $1C which corresponds 

COPVeECEonsnumber 7. 

DBcc INSTRUCTIONS 

Role of DBcc 

Instruction DBcc Dn,dl6 is a looping primitive with 

three parameters: the condition.specified by cc, the 

loop counter represented by a data register Dn, and the 

relative 16-bit displacement. 

Byecur1oOn OL vtnis anstruction bythe CPU causes” the 

following sequence of events 

Leacondttivon Cepisetestedm(ccacan ibe one of the l6 

conditions listed in table 6.6). If the condition is 

true, instruction DBcc is terminated “and ‘the processor 

executes the rest of the program. 

Table 6.6 Conditions (cc) Used with Instructions 

DBcc, Scc, Bcc 

Mnemonic cc conditions Logical equation 

Te (not BCC) True 1 

[a evens iztexey), False 0 

HI High Cetar et) 

LS Low or same Ce yeaa 

EC Camicy ae Lear C= 0 

cs Canry see & I 

NE Not equal Z = 0 

EQ Equal Z it 

Ws Overflow clear Vie 0 

Wise Overflow set veal 

PL Plus N = 0 

MI Minus N= 1 

GE* Greater or equal N @®V 0 

hoe * Less than N@®V uh 

GT* Greater than Z® (N@®V) =0 

LE* Less or equal Z @® (N ® V) = 1 

*Used in two’s complement mode 

2. If condition cc is false, the LSB word of 

register Dn is decremented by one. 

3. If the decrementation of register Dn has brought 

about the result -1, instruction DBcc is terminated and 

the processor executes the remainder of the program. 

If the result is the opposite, the contents of the 

PC are added to the relative 16-bit displacement so 

that the branch address can be determined. 
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Expression of Instruction DBcc 

In assembler 

DBcc Dn,dl6 

DBcc : instruction mnemonic (conditional branch) 

Dn : register Dn, loop counter 

d16 : 16-bit signed displacement 

Flowchart and Pseudo-code 

Instruction handling 

In pseudo-code 

IF cc FALSE THEN 

Diet =—Pne al 

Di eae ee Lee EEN 

PC := PC + 16-bit displacement 

END 

ELSE 

NOP 

END 

Figure 6.2 



Examples 

1. The assembler 
instruct the MC 68000 to print out n times the 
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programs in listings 6.la and 6.1b 

message 
"The 68000 microprocessor is wonderful". 

The value n stored in byte $2054 before execution of 
the program represents the contents of the loop counter 
register of the ‘primitive DBLT D2;LOOP. 

The different simulations prove that the test on the 
loop counter is carried out on value -l. 

Listing 6.la 

20 

30 

40 

50 

40 

70 

0 OOO1F9ES 

116 06002000 

130 G02000 4FFAGOAE 
140 002004 41F90001F9E9 

150 
140 GO200A 143AG048 

170 

180 O0200E 410A 

190 GOZ2010 6128 

200 002012 SDCAFFFA 

210 002016 4E41 

220 002018 0000 

230 

240 O0Z01A 2F00 

250 GO201C 700A 

260 OO201E 6108 
270 002020 7000 

280 O02022 6104 
290 002024 20iF 

300 002026 4E75 

410 

320 002028 2F04 
330 00202A 1210 

340 002020 02010002 

350 O02030 a7Fé 

340 G02032 11400002 

370 002036 221F 

380 002038 4£75 

390 

400 002034 48676040 

410 O0203E 43FAG015 

4270 002042 1019 

430 002044 OC000004 

440 002048 6704 

450 02040 5i0C 

% # 

* THREE PARAMETER LOOPING PRIMITIVE * 
* DCC INSTRUCTION # 
. ¥ 
JAB EEEE 

ACIA EQU SIFSES ; ADDRESS ACIA 4850 EUROMAK 48000 

RORG = = $2000 : 

INITIALISE SSP 

INITIALISE 40 ADDRESS ACTA 
LEA.L = STACK, SP 

LEA.L ACIA,AG we 

MOVE.B COUNTER, D2 LOAE COUNTER LOOPING “2 

23 

LOOP = sBSR.S)—PCRLF : 
BSR.S TEXT : 
DPLT  D2,LO0P : 
TRAP al ; RETURN TO EUROMAK 48000 MONITOR 
bow OO : 

+ 

PCRLE © MOVE.L 0,-(SP) ; SAVE ALTERED REGISTER 
MOVEG #804, 00 ; OD.B := ASCII LINE FEED 
BSR.S OUT ; OUTPUT LF 
MOVEG #800, D0 : DO.B := ASCII CARRIAGE RETURN 
BSR.S OUT » OUTPUT CR 
MOVE.L  (SP)+,00 ; RESTORE REGISTER 
RTS 

$ 

ouiT MOVE.L bi ,-(SP) ; SAVE ALTERED REGISTER 
oT? «= MOVE.B (AD) , D1 s ACIA READY 7 

ANDL.E #2,04 : 
BEQ.S GUT! ; NO WAIT 
MOVE.B 00, 2¢A0) : OK TRANSNIT 
MOVE.L (SP1+, 01 ; RESTORE REGISTER 
RIS 

= 

; SAVE ALTERED REGISTERS 

LEA.L «© TERT, Al Al:= @ START ADDRESS [EXT 

LOOP? MOQVE.B cAti+, D0 DO WHILE GO <2 EOT 

CHPI.B #607, 00 a 

BEQ.S  ENDTRANS : | /# TRANSMIT CHAR */ 

BSR.S OUT Ne 

TEXT MOVEM.L DD/A1,-(SP) 

1 
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440 00204C 40F4 
470 OO204E 4CDFO201 
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BRA.S LOOP2 

ENDTRANS MOVEM.L (SP)+,D0/A1 

480 002052 4£75 RTS 

490 # 

500 002054 00000001 COUNTER 0DS.B 

510 002055 20 TEXT1 1 

520 002087 04 pc.B 

530 oo000004 EOT EQU 

540 002088 00000028 DS.L 

550 00002080 STACK EQU 

540 END 

> * 
> # SIMULATION PRO 
> x. Se St x SUSU SUNN Sy Ss SS 

> 
> 2054.6 

# OO2054 + O2 
# OO02055 > 

> 200096 

THE 68000 

THE 468000 

THE 48000 

> # 
> # WHY 7? 

Sf eee 
> 204.6 

« ONSOS4 > OS 

# OOLOSS > 

> 200036 

THE é48000 

THE 48000 

THE 48000) 

THE 48000 

20 
30 
40 
50 

40 
70 
80 

100 
110 

120 

130 

140 OOD1E178 

140 00002000 

180 002000 4FF8200C 

190 002004 43F8202A 

200 002008 45F8205E 

210 

220 00200C 2209 

230 O0200E 240A 

240 002010 9481 
250 

+ ENDDO 
+ RESTORE REGISTERS 

; THE 68000 MICROPROCESSOR 1S WONDERFUL * 

MICROPROCESSOR 
MICROPROL 
MICROPROCESS 

MICROPROCESSOR 
MICROPROCESSOR J 
MICROPROCESSOR 
MICROPROCESSOR 

TS 
Is 
IS 

WONDERFUL 
WONDERFUL. 
WONDERFUL 

WONDERFUL 
WONDERFUL 
WONDERFUL 
WONDERFUL 

FEKETE ITT AEST EIA HAR HEATER EARS AS EASES RSE ARSE FEE RE HEHE E 

% 

% 

% 

# 

THREE PARAMETER LOOPING PRIMITIVE 

TWO STRINGS ARE COMPARED TO SEE IF THEY ARE THE SANE 

ote 

(EXERCISE 2 ) 

ee ee 

HHH HAH HHA HH TARE HEHE BERETA EERE ERIE ERE RHA EASE RSE EAA, 

# 

* Al 

# AZ 
¥ [2 

OUTME 5 

POINTS TO THE BEGINNING OF THE FIRST STRING 
POINTS TO THE BEGINNING OF THE SECOND STRING 

NUMBER OF CHARCTERS 

EQU 

ORG 

LEA.L 

LEA.L 

LEA.L 

MOVE.L 

MOVE.L 

SUB.L 

$1E178 

$2000 

STACK , SP 
TEXTA At 
TEXT2,A2 

Ai, Dd 
A2,02 
D102 

: PRINT TEXT STRING OF CHARS 

INITIALISE STACK POINTER SSP 

INITIALISE POINTER STRINGI 

INITIALISE POINTER STRINGZ 

Di:=Al 
D2:=Az 
D2:=D2-[1 /* COUNTER CHARS */ [a] 
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260 002012 B509 LOOP = CMPM.B. (AL) +, (A2)+ ; DO WHILE MEMCA2J=MEMEAtI 
270 002014 S6CAFFFC DBNE —2,LO0P ;! /® CORRECT #/ 
280 * ; ENDDO 
290 002018 4404 BNE.S ERROR ; IF 7=0 THEN ERROR 
300 O0201A 4E44 RETURN TRAP = #1 + ENDIF 
310 00201¢ 0000 DCW 0 

330 OO201E 41F82092 ERROR LEA.L TEXTERROR,AQ ; AO:= @ TEXT STRING 
340 002022 4EB90001E178 JSR OUTMES + PRINT TEXT STRING 
350 002028 60FO BRA.S RETURN 

370 G0202A 20 TEXT? = DCB THE 48000 MICROPROCESSEUR 1S WONDERFUL ‘ 
380 002050 04 DCB 4 
390 0020SE 20 TEXT2 = C.B THE 48000 MICROPROCESSEUR 1S WONDERFUL ‘ 
400 002071 04 D.B 4 
440 002092 20 TEXTERROR DC.B ‘ STRINGS CHARS NO EQUAL , ERROR ’ 
420 002083 04 0C.B 4 
430 002084 00000028 DS.L 10 
440 ooooz0pc «=Ofs«STACK:)«CCsEQUCSi‘iéaR 
450 END 

eee TOTAL ERRORS O-- 0 

SYMBOL TABLE - APPROXIMATELY 504 SYMBOL ENTRIES LEFT 

ERROR O0201E LOOP 002012 OUTMES D1E178 RETURN O0201A 

STACK O0200C TEXT1 OO202A TEXTZ DOZOSE TEXTERRO 002092 

2. The program example shown in listing 6.2 het 1eVOHE 

directed exclusively at the loop primitive, but also 

gives a brief reminder of address register indirect 

with index. 

Listing 6.2 

20 JEG HET TE AE 

30 ¥ 
¥ 

40 * EXAMPLE OF USE OF "INDIRECT ADRESSING” WITH INDEX ¥ 

50 # AE = d+An+Xn # 

60 % FINDING THE LARGEST OPERAND IN THE TABLE (size Long Word) # 

70 * Program Written in Position Independent Code ¥ 

80 * 
¥ 

90 SHEET TT EET EE 

110 00002000 ORG $2000 

130 002000 43F83000 LEA.L $3000,A1 ;INITIALISE POINTER I 

440 002004 2049 MOVE.L A1,A0 ;INITIALISE POINTER J 

150 002004 2610 MOVE.L (AQ) ,D3 ; O3:= MEMLII 

1460 002008 7009 MOVEQ #10-1,00 ; DO:=9 /* LOOP COUNTER */ 

170 002004 4281 CLR.L Dt ; D1.L:= 0 

180 O0200C 5881 LOOP ADDQ.L #4, 01 ; REPEAT 

190 OO200E B4B11800 CMP.L = OfAL,D1.L) ,03 ; | DI.Li=D1.L+4 

200 002012 4CD4 BGE.S GREAT ; |! IF D3 >= MEMCAI+D1.L] THEN 



100 

210 002014 26311800 

220 QOZ018 SiCBFFFZ 

230 OO201C 4E44 

240 GO201E 0000 

250 

MOVE.L OAL, D1.Li,03 

[BRA DO,LO0P 

TRAP #1 

iC. a 

EAD : 

GREAT 

eeeeee TOTAL ERRORS G-- 0 

SYMBOL TABLE - APPROXIMATELY S10 SYMBOL ENTRIES LEFT 

GREAT O02018 LOOP o0200C 

Simulation 

x: 

® SUMULAT ION FROG RAM & 
Bye can gee Hy 

yay 

SO). 1. 

NO3000 + 
NO3004 > 

NOBNO8 > 

HOBO > 
ISO > 
OSI 1a > 

NOSIS > 
Mes 1 

OOOO 

ee eo Ee PS FS be Fs Se 

OW3 > 

11333 > 

013 > 
+i 

» POs 

OCs Ci 

* USTP Pts O0201C # 4644 Ss=0 $ O00 CS 

Es PGx 
ba 

OOO 
OOOOF FFE 

44a 
Pyohes 

Se 9§ OOO (ree 

NOOIONNSS D2 
{ OOOO DS OOOO 

= OOOG3SO00 At= ON003000 Az 
E OONOOOND Ass OOOOOOO0 

& 

SOOO. L. 
OO 3000 
(MI3II 4 

by by dy hy ky Ly Sy Ly 

ee 

ON3003 > 7 2 

OO3SDNC > CCC) 

OOS > AA AR AR Ry 

OO3I14 > 
ON3013 > 

OOS > 

ON3020 > 

OO3024 > 

OO3028 > 

~~ £ RR KR RR RK RH Rw wwe a 

avs 

> org 
* YSTP PCs OO201C # 4E41 Seo § Ce 

bO= OOOOFFFF l= oN000028 
Des OOOOOOO0 Df OOOOOOOO 

AQNs OOOO3000 Aat= 00003000 
Aa OOOOOIOO Ate OOOO 

DOOOGOODN by 
DG OOOOOONC 

OOONOOOD As= 
AG QOOO0000 

OOOOOON0 
OOOOH 

NOGIIOND 
§ OOOOOOOC 
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bt Ti 

; | ELSE 
; !' D3:= MEMCAL,D1.L9 

¢ ) ENDIF 

UNTIL DO=-t 

SPs Oooonéoo 

SsP= go000600 
idee 
oHGBOoo0 
Ng000n00 

av= gooaN6a0 

bys 

SP= OOOO0¢600 
3a TE EREPEE 

QOOOOOOC 
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Scc INSTRUCTION 

1 Role of Scc 

instruction Sec dst tests one of the 16 cc conditions 
summarised in table 6.6. 

The destination byte is positioned at $FF if the 
condition specified by cc is true, and at 00 if cc is 
false. 

This instructicn is generally used to position a 
boolean variable after evaluating an expression, where 
the true variable is coded S$FF and the false variable 
is coded 00 (see the example in listing 6.3). 

25syntax of Scc 

In assembler 

SAE dst 

Instruction Destination 

mnemonic effective address 

Flowchart and Pseudo-code 

Condition 

cc 

Le ceyLRuUE,) HEN 

destination := SFF 
ELSE 

destination := 00 

ENDIF 

Figure 6.3 
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Listing 6.3 

a0 

40 

50 

af 

70 

80 

90 

100 

110 

130 

380 OO01E178 

400 00002000 

420 Q02000 4FF82194 

430 002004 41782074 

440 002008 6110 

450 

460 OOZ00A 44382194 

470 OO2Z00E 47064 

480 002010 613A 
490 002012 4641 

500 002014 0000 

510 

520 002016 6148 
530 002018 o0F8 

The 68000 Hardware and Software 

FERIA TTT THAR EAA TATRA DATA FA SER EEA 

(USING MACROS) 

i i i i, i a cd 

WBSeE Sec TINS 7 ROWS Talon 

PROGRAM TO DETECT 16 HIT PALINDROMES 

i i, i i i i 

FIRE ERIE IAEA IEEE ER AEE ITT IAI EDIT AIS IA IIR II HII IIHS 

# 

#* ALGORITHM : 

' BIST 00, (AD) 
! 

y 

ete eteeteeteetetetet 

eB 

pup eee 

# 

# 

* BIST Di,fAD) ! 
% i 

# ¥ 

# 

# 

% tet 

# 

x 

#& MACROS 
Pierre 

TEXT MACRO 

\a MOVEN.L 00-D7/A0-Ad,-(A7) 

LEA STRING\1 ,AQ 

JSR OUTMES 

MOVEM.L (A7}+,00-D7/A0-Aé 

RTS 

ENDM 

QUTMES EQU $1E178 

ORG $2000 

LEA.L STACK .A7 

LEA.L TABLE,AQG 

BSR.S SEARCH 
# 

TST.B FLAG 
BEQ.5  CORRT 

BSR.S  a001 

ENDPROG TRAP #4 

oC.W OD 
* 

CORRT BSR.S a002 
BRA.S ENDPROG 

' 

4 

; OUTPUT STRING OF CHARS <EUROMAN 48000) 

; INITIALISE STACK POINTER SOP 

; INITIALISE ADDRESS PALINDROMES 

; IF FLAG <20 THEN ERROR 

i 
; RETURN EUROMARK 48000 



550 OO201A 48E7F000 

540 OO201E SiFazi94 

$70 G02022 4202 

580 002024 4203 

590 G02026 4200 

600 002028 720F 

610 00202A 0110 

620 O0202C 57C2 

630 O0202E 0310 

440 002030 $7C3 

450 002032 B40z 

4640 002034 4460C 

4670 002036 5240 

4680 002038 $341 

490 00Z03A OCOO0008 

700 O0203E 44EA 

710 G02040 46004 

720 002042 SOFS2i194 

730 002046 4COFOO0F 

740 002048 4E75 

750 # 

7460 # 

770 

770 GOZ04¢ 48E7FFFE 

770 GO2050 41F 82076 

770 002054 4EB70001E178 

770 O020548 4CiF7FFF 

770 OO205E 4£75 

SEARCH 

LOOP 

EXiT 

EXiTt 

a001 

780 ¥ 

790 * 

300 

300 002060 48E7FFFE 

800 002064 41F820A3 

B00 002068 4EB90001E1 78 
800 GO206E 4CDF7FFF 

800 002072 4E75 

a002 

820 002074 G0000002 TABLE 

840 002076 OA 
850 002078 20 

860 OOZOA0 GA 

870 O02GA3 OA 
880 O020A5 20 

890 002008 OA 

H10 OO20CC D00000C8 
920 00002194 

930 002194 00000001 

940 

STACK 

FLAG 

eeeeee TOTAL ERRORS O-- 0 

SYMBOL TABLE - APPROXIMATELY 493 

STRING1 

STRING2Z 
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MOVEM,.L D0-D3,-(A7) 

SF FLAG 

CLR.B DE 

CLR.B . 03 

CLR.B DD 

MOVEQ #15, Di 
BIST DO, (AD) 

SEQ De 

BTST Di, (AD) 

SEQ D3 

CMP.B 02,03 

BNE.S EXIT 

ADDQ #1, 00 

SUBQ #10 

CMPILB #8,00 

BNE.S LOOP 

BRA.S = EXITI 

ST FLAG 

MOVEN.L (A7)+,00-D3 

RTS 

TERT = ct. 

MOVEN.L DO-D7/A0-Aé,-(A7) 

LEA STRING: ,AG 

J5R OUTHES 
MOVEM.L (A7)+,00-07/A0-Aé 

RTS 

TEXT 82 

MOVER.L DO-D7/AD-Ab,-1A7) 

LEA STRING? AO 

JSR OUTMES 
MOVEN.L (A47)+,00-D7/A0-Aé 

RIS 

DS.W ot 

BC.B $A,$D 
DC.B # THE WORD 

DC.B  $A,$D,4 

DC.B $A,#0 
DC.B ‘i THE WORD 

DC.B $A, $0.4 

BS.L 50 

Egil * 

ps.B 1 

ENG 

SYMBOL ENTRIES LEFT 

ae ome 

me 

103 

TI r > ot " ai | a Sa He) m 

INITIAL RIGHT HAND BIT NUMBER 

INITIAL LEFT HAND BT NUMBER 

TEST RIGHT HANG BIT 

TEST LEFT HAND BIT 

IF BITS ARE EQUAL THEN 

| /# MOVE TO NEXT BIT */ 

ELSE 

' /® EXIT #/ 

ENDIF 

IF ENG TEST THEN EXIT4 

FLAG := TRUE 

15 NOT A PALINDROME ¢ 

15 A PALINDROME ° 
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Simulation 

POR OG RAS 

> APES 

> SOME 
THE WORD IS NOT @ PAL INDROME 

2074.1 
NHO2074 > FREE 

OQN20746 > 

eOOos G 
THE WORD IS A PALINDROME 

ek eee 

2074. W 
NI2074 > ABS 

N02076 > 2 
2000 9 6 

THE WORD JS A PALINDROME 
VR RS 

> 2074. 
® OORN74 > ASAS 

* ON2074 > 

> 2000+ 
THE WORD TS A PAL INDROME 

BSET, BCLR, BCHG, BTST INSTRUCTIONS 

the MG.6s000" has foun etest anstructions chat allowed c 

to work at the bit level. 

These instructions operate on long words in the data 

registers, but on bytes in the addresses. 

Unfortunately, there were not sufficient op-code 

combinations available to provide other options. 
The bit concerned in'the test, which we shall call 

numb, can be specified statically as immediate, or 
dynamically by data registers whose contents are the 
bit to be tested. 

if the source or the destination is a data segister, 
the size is a long word and the bit tested lies between 
(@) euavel Sill (iateyeleiilkoy 22))ins 

If the size is byte, the destination can only be a 
memory location and the bit tested lies between 0 and 7 
(modulo 8). 
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1 Syntax of the Instructions 

In assembler 

BSET 

BCLR 

BCHG 

BYs® 

Tnstruction | 

mnemonic 

Number of 

bit tested 

Flowchart and Pseudo-code 

BSET numb, dst 

Test a bit and set 

Example : Test a bit at 0 

numb 

numb 

numb 

numb 

dst 

dst 

dst 

dst 

Figure 6.4 

705 

destination 

IF numb = O THEN 

Viaiy spam ea 

ELSE 

G += 0 

ENDIF 

numb := l 
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BCLR numb, dst 

Test a bic ana clear 

Example : Test a bit at l 

IF numb = 1 THEN 

Z 3:= 0 

ELSE 

| fig eth 

ENDIF 

numb := 0 

Figure 6.5 

BrS® numb, ast 

Test a bit 

Example : Test a bit at 0 

IF numb = O THEN 

Ge t=) 

ELSE 

Z:= 0 

ENDIF 

Figure 6.6 
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BCHG numb, dst 

Test a bit and change 

Example : Test a bit at 0 

IF numb = 0 THEN 

| numb := 1 

Z il 

ELSE 

numb := 0 

Z i= 0 

ENDIF 

Figure 6.7 

2 Program Examples 

The program shown in listing 6.4 causes the number of 

ls and Os contained in a long word to be displayed. 

Listing 6.4 

70 KK KEEKEKREEK AEE KEK FEF EAE EAE RHEREEK ERE RARER ARERR ER ER ER RERRRRERER ERE 

30 ¢ 
¥ 

40 * PROGRAM TO DISPLAY A LONG WORD IN BINARY a 

50 ¥ 
: 

40 $HE_EKEEHAKAIEAE EAE IARI ER EAHA ERIE AAAI HER FREER IAAI ESA EER AER 

40 OODiF9E9 ACIA EQU $1F9E9 ; ADDRESS ACIA EUROMAK 48000 SYSTEM 

100 o0002000 ORG $2000 

110 GO2000 4FF&2068 LEA.L STACKS : INITIALISE STACK POINTER SYST. 

120 002004 4DF90001F9E9 LEA.L = ACIA,AA : INITIALISE Aé ADDRESS ACIA 6850 

130 * 

440 GOZ00A 7COA MOVEQ  #804,Dé ; LINE FEED 

150 GOZ00C 6136 BSR.S  TSTACIA ; OUTPUT LINE FEED 

{a0 O0200E 7f00 MOVEG #600, [4 ; CARRIAGE RETURN 

170 OGO2Z010 4132 BSR.S TSTACIA ; OUTPUT CARRIAGE RETURN 

180 * 

190 O020i2 20382050 MOVE.L (LWORD) 0G ; LOAD LONG WORD 

200 O02016 4102 BSR.S  COUNTBIT ; 

210 002018 4641 TRAP al ; RETURN 70 EROMAK 68000 SYSTEM 

220 : 
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230 O02Z01A 2F02 
240 002010 741F 

250 O0201E 0500 
260 002020 6704 

270 002022 610C 
280 002024 4002 

290 002026 6112 
300 002028 51CAFFF4 

310 002020 241F 
20 OO202E 4E75 

1 002030 2F06 

002032 7C31 

40 002034 610£ 

70 002036 2CiF 

380 002088 4675 

39d 

400 OOZ03A 2F04 

410 00203¢ 7C30 

420 O02Z03E 46104 

430 002040 2CiF 

440 002042 4£75 

450 

460 002044 081460001 

470 002048 47FA 

480 002044 104460002 

490 OOZ04E 4675 

fed Cel fed fd ey 

in - GI ko [rs fee Jere 

ai 

S10 002050 00000004 
520 002054 O0000014 

530 
540 00002068 

550 

###44% TOTAL ERRORS 

Simulation 

The 68000 Hardware and Software 

COUNTBIT HOVE.L DZ,-(5P) 

MOVEQ #31, 02 

TEST BIST.L 02,00 

BEQ.S  BITO 

BSR.S  OISPLAYi 

BRA.S SUIT 

BITO BSR.S  DISPLAYO 

SUIT DBRA fiz, TEST 

MOVE.L (SP)+,02 

RTS : 

# 

DISPLAY1 MGVE.L 04,-(SP) 

MOVE #931, 04 

BSR.S TSTACIA 

MOVE.L (5P)+,06 

RTS 
‘ 

DISPLAYO HOVE.L [4,-iSP) 

MOVEG © #90, 06 

BSR.S  TSTACIA 

HOVE.L (SPi+,06 

RTS - 
& 

TSTACIA BIST.B #1, (Ad) 

BEQ.S  TSTACIA 

MOVE.B 04, 2(A6) 

RTS : 

LWORD bS.L 1 

DS.L 5 

STACK EQU # 

ENO 

= 

+ 

> 

3 2 

> # 

ud 

Pe ee ats D: a Liss 
St SS eRAIKG 

he pal 

eee 
> 

2 lg Raa sll 

# ON 2050 
tt 

y 

NS et CCC) ¥ 5 

SIMULATION PF 

LONG WORD 

> ACACIA 

+ OF FEE RF 

: SAVE ALTERED REGISTER 
; D2:=31 /# COUNTER BIT #/ 

REPEAT 
; | IF BIT D2 <3 O THEN 

; | 1) /* DISPLAYED 1 #/ 

; | ELSE 
+) / DISPLAYED 0 #/ 
: | ENDIF 
; UNTIL [iZ=- 
RESTORE REGISTER 

SAVE ALTERED REGISTER 

; 06,B:= ‘4 

RESTORE REGISTER oe 

SAVE em REGISTER 

: D6.B:= * 

; RESTORE REGISTER 

RETURN 

: ACIA READY ? 
+ NO BRANCH TSTACIA 
; YES TRANSMIT CHAR 

; RESERVE 
; RESERVE 

LONG WORD 
LONG WORD FOR THE STACK wt ee 

AC MOooNO-4O: TOOOOO C7 OOOO 04 OF OOOoO0 
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VAVATAAATAA AAA 
28 

x 

2050. L. 

NO2N54 > 
% 

> 200036 

> 

> 

*# ODN20SN > OONMOOOOO 
* 

> 

OOOOC OOOO HOONOOoOOoOOOOoOOOOOOOONNN 
? 

ls in a long word. 

Listing 6.5 

80 
90 

100 

110 
120 

130 
140 

150 00002000 

170 002000 4FF82048 

180 002004 2438202E 
190 002008 6104 

200 002004 4£41 
210 00200C O000 

230 OOZ00E 48E7C000 
240 002012 4200 

250 002014 721F 
260 002016 4A82 

270 002018 670A 
280 OOZ01A 0382 

290 O0201C 4702 

300 O020i1E 5200 
310 002020 51C9FFF4 

320 002024 11002032 

330 G02028 4CDFO003 
340 G0202C 4£75 

340 O0202E OOG00004 

370 002032 00000002 

380 002034 OO000014 

390 00002048 

400 

number of 

EREEEERHE EEE EE EEE ERERE EEE ERE EH REE EERE EEE RE HERRERA AHHH EERE 

* * 

* PROGRAM TO COUNT THE NUMBER OF "1" INA LONG WORD * 
* * 

KEKE HEHE REHEAT ERER HERE EERE RARE AEE EERE RARE EES ERE 

4 

# FUNCTION REGISTERS 
¥ ------------------ 

# DO.B = COUNT BIT 

* D1.B = COUNT LOOP 

# 02,.L = LONG WORD 
# 

ORG $2000 

LEA.L STACK,5P 

MOVE.L iLWORD) 2 

BSR.S TSO 

TRAP #14 
ic.W 0 

TST «= MOVEM.L_ 0-01 ,-(SP) 
CLR.B LO 
MOVEQ #31, 04 

LooPi = TST.L 2 
BEG.S  ENDPROGRAM 
BCLR.L 01,02 
BEQ.S LOOP 
ADDQ.B #1,00 

LOOP «= DBRA-—s01 LOOP 
ENDPROGRAM MOVE.B 00,NUMB 

MOVEM.L (SP)+,D0-D1 
RTS 

WORD S.L as 

NUMB DS.W od 

eds 

STACK EQUI % 

ENO 

ae 

me tn 

INITIALISE STACK POINTER SSP 

D2:= (LWORD) 

RETURN TO EUROMAK 48000 SYSTEN 

SAVE ALTERED REGISTERS 

DO.B := 0 /* COUNT BIT “1” ¥#/ 

D1.B :=31 

G0 WHILE 02 <2 0 
! 

i 

| 

4 

1 

1 

IF NUMB BIT <+ 0 THEN 

' 7:=0 3 NUMB BIT:=0; DO:=DO+d 

ELSE 

' 7:=i 3; NUMB BIT:=0 

ENDIF 

ENDDO 
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see TOTAL ERRORS U-- 0 

GYMBOL TABLE - APPROXIMATELY SOS SYMBOL ENTRIES LEFT 

ENDPROGR 002024 LOOP 002020 LOOPT GO2niS LWORD 002025 

NUMB 002032 STACK 002048 TSTO uO200E 

a 

# SIMULATION P 
Sl ‘ rte) 

+ 

ON2O02R > OOOO 

NON2032 > 
# wk RM 

> # JUST BEFORE PROGRAM EXECUTION 
YH ws cree ence ee neem mene wennae annua me nnae manunnates whiten 

ae 

g3so0- 

320 OS00-n00n) 
2) 3 
wy 

# AFTER Es 
a: aim ne ween ae 

CUT TOM 

% 

anae o2a0- 
»: 
#® JUST BEFORE PROGRAM EXECLITION 
* le oe 

OUCUCE SIP Pir tae 
NO2032 > 
x 

2032 0300- 
200050) 
x 

@ AFTER EXECLT ION 
3 

2032 2000- 
y 

> FFEFRFFE 
002035 
200036 
2032 1FOO- 

Re ee ee me ar ee A Si a Se TO a 

eae FFFF-Q000) FR RE OO0C) 
eva 

Aa eeeve “aileAgis}>3 

2? OOO 3 0 
y 

# AFTER ERECUT LON 
Pe ae wee ere ewes we enn namin nnne 

ase OOOO- 
wee Me Oe 

LSL, LSR, ROL, ROR, ROXL, ROXR, ASL, ASR INSTRUCTIONS 

1 Role of the Instructions 

Rotate and shift operations are carried out on byte, 

word om long word frome butce ll) comes nesta cl CmmOim mec 
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bits 1 to 63 in dynamic (when the destination is a Dn 
register). On the other hand, if the» destination 

location is a memory position, operations on it can 

only be carried out on one bit. 

2 Syntax of the Instructions 

Statztee. Pent, Dn 

ASR.W #cnt,Dn 

ASR.W : instruction mnemonic, Arithmetic Shift Right 

Tentweocsheee count Vl to 8 maximum) 

Dn : destination register 

31 16 15 0 

Dn 

LJx 
Set 
ign bit 

Cc 
retained [a] 

Figure 6.8 

Example 
ROL.W #8,Dn 

Before 

Figure 6.9 
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Dynamic : Dm,Dn ; 

The total number of rotations or elementary shifts of 

the content of Dn is specified by the 6 low order bits 

of register Dm (modulo 64). 

Figure 6.10 

Example 

The maximum number of rotations or shifts is equal to 

N = il ee Bose hte ah ae LG ap S32 SS Os 

Programming 

MOVEQ #$08,Dm load number of operations 

to be carried out 

(for our example 8 - 2 ) 

LSR.W Dm,Dn 8 logical shatts right an pn 

Memory Position 

If the destination location (dst) is an address, all 

memory addressing modes are authorised, except for 

immediate (# Op, dst), relative and relative indexed. 

However, the word is the only authorised size. 

Example 

ROXR.W dst 

ROXR.W : instruction mnemonic, rotate operand extended 

right 

dst : destination effective address 

The instruction ROXR.W dst causes a rotation of one 

lone Wie) Wigte) Wanheloes, 
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Memory 

Figure 6.11 

MULU AND MULS INSTRUCTIONS 

Program Example 

The program shown in listing 6.6 carries out a BCD -> 

binary conversion and displays the result (see 

simulation). 

Listing 6.6 

30 FX EEEEEERESE FEEF EE EEREEEE RE ERR ERE EEE EERE RER REESE RARER EERE EER 

40 ¢ : 
50 Pe Se Ge eee Aiea ad an NRT SR UaCe aun UeNis. # 

&0 # % 

70 * WRITTEN BY: PATRICK JAULENT # 

a0 * MACMILLAN EDITION # 

90 * # 

100 $EKEKEEEKEREEE ERE ERE IEE EER EEE IEEE IEA TIE TTA IIA IEE IIA IAA IESE 

110 * 
120 ++ BCD --> BINARY CONVERSION 
430 % sesss=essssese=ssssesssssss= 

140 * RESULT DISPLAY IN BINARY 

160 OOOIFIE? ADDRACIA EQU $1F9E9 7ACIA 4850 SYSTEM ELIROMAK 48000 

186 00002000 ORG $2000 

200 002000 4FF&2i156 LEA.L STACK, SP :INITIALISE STACK SSP 

210 002004 4BF9000iF9E7 LEA.L  ADDRACIA,AS ; AS.L:= ADDRESS ACIA 4850 

220 OO200A 3Fa6208C MOVE.W NUMBERECU,-(SP) ; 

230 GOZ00E 610A BSR.S CONVERSION H 

240 OO2Z0i0 S21F MOVE.W (5P+,01 : RESTORE RESULT 

250 OO2012 6i5E BSR.S  PCRLF H 

260 002014 6134 BSR.S  fiSPLAYED : 

270 OO2014 4E41 TRAP #4. i 

280 002018 0000 fc.W 0 
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300 

310 
320 

330 

340 

350 
340 

370 

390 O0201A 48E77800 
400 O0201E 3z2F0014 

410 O02022 4283 
420 002024 4284 

430 002026 7401 
440 002028 00422710 

450 O0202C 6Ciz 
460 O0202E 3801 

470 002030 0244000F 
480 002034 C8C2 

490 002036 0644 

500 002038 £849 

510 O0203A C4FCOO0A 

520 OO203E 40E8 

530 002040 3F430014 
540 002044 4CDFOOIE 

550 002048 4E75 
570 
580 

590 

610 002044 48E7F000 

620 00204E 7403 
630 002050 7603 

640 002052 7020 
650 G02054 612A 

6460 0020546 103C0030 

670 O0205A £349 

680 O0205C 6404 
690 OO205E 103C00351 

700 002062 411¢ 
710 002064 S1CBFFFO 

720 002068 SiCAFFE4 

730 00206C 4CDFOOOF 

740 002070 4E75 

740 

770 
780 

800 002072 2F00 
810 002074 700A 

820 002076 6108 
830 002078 700D 

840 O0207A 6104 
850 00207¢ 201F 

8460 O0207E 4£75 
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* 

#* BCD --> BINARY CONVERSION 

*  RESULT= Did#10°O + Di2eiO"1 + Didei0°2 + Di4*10°3 

* 

CONVERSION MOVEM.L D1-D4,-(SP) :SAVE ALTERED REGISTERS 
MOVE.W  20(SP) , 01 :LOAD NUMBER BCD 
CLRL 03 :03.L:=0 
CLRAL D4 :D4.L:=0 
MOVEQ #1, 02 sINITIALIZATION MULTIPLICAND 

LOOP = CMPI.W #10000,02 + D0 WHILE D2 < #$1000 
BGE.S EXIT i! 
MOVE.W D104  ) D4.W=Dd 
ANDI.W ¥$F,D4 ; | /# MASQ DIGIT LOW #/ 
MULU «02, D4 2!) D4 WED2.Wr=04.L 
ADD.W 4,03 : ) D3.WHD4.W:=03 
LSR.W #4, 01 : | /# SHIFT NYBBLE TO HIGH #/ 
MULU «= 10,02 +) D2.WHOr=D2.L 
BRA.S LOOP : ENDDO 

STORE RESULT 
RESTORE REGISTERS 

EXIT MOVE.W D3,20(5P) 
MOVEM.L (SP)+,f1-D4 

RTS 
¥ 

#% OUTPUT BINARY RESULT 

DISPLAYED MOVEN.L 0O-D3,-<¢SP) ; SAVE ALTERED REGISTERS 

MOVEQ #4-1, D2 ; NYBBLE NUMBER 
RBINi MOVEQ #4-1,03 ; BITS BUMBER 

MOVEQ  #$20,D0 ; ASCII SPACE 
BSR.S  OUTCH1 ; OUTPUT CHAR, 

RBINZ MOVE.B #'0’ ,00 ; ASCII O 

LSL.W #1, D4 ; 

BCC.S  RBINS ; IF BIT =0 THEN 
MOVE.B #/1° D0 3! /* 0 , DISPLAYED #/ 

RBINS BSR.S  OUTCHI ; ELSE 

DBRA 13, RBINZ ; ! /* 4 DISPLAYED #/ 

DBRA 2, RBIN1 
MOVEM.L (SP)+,D0-D3 
RTS 

ENDIF 

RESTORE REGISTERS ~a. 

* 

#* OUTPUT LINE FEED & CARRIAGE RETURN 

PCRLF MOVE.L D0,-(SP) 
MOVEQ #$0A,D0 
BSR.S  OUTCHI 
MOVEQ #$00,00 
BSR.S  OUTCHI 
MOVE.L (SP)+,00 
RTS 
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880 # 

890 ++ SUBROUTINE TRANSMIT CHARACTER 
900 % sssssesSSse=s2sssS22=525===== 

920 002080 08150001 OUTCHi BTST.B #1, (AS) + TEST ACIA TRANSMIT READY 7? 

930 002084 47FA BEQ.S  QUTCHI : 

940 002084 18400002 MOVE.B D0,2(A5) ; OK . TRANSMIT CHAR, 

950 OOZ08A 4675 RTS 

970 00208C 00000002 NUMBERBCD DS.W 4 

980 OO208E o00000C8 O5.L 50 

990 00002154 STACK EQU * 

1000 ENO 

eeeeee TOTAL ERRORS O-- ff 

SYMBOL TABLE - APPROXIMATELY 500 SYMBOL ENTRIES LEFT 

ADDRACIA  CHF9E9 CONVERST  O02014 DISFLAYE  O0204A EXIT 002040 
LOOP G02028 NUMBERBC = GO02Z08C OUTCHi O02080 PORLF ob2072 

RBINI 002050 RBINZ G02055 RBiNS O02062 STACK 002156 

x 

> * 
> *¥ 
ip ae 

> * POSE .W = NUMBER BOD 
ee ee 

P Saeking 

> 2086.) 
# QOO2O0BE » O10 
* OO20°0 > 
> 200026 
oo00 Oooo Oooo 1O10 

* 

¥ 

SOE . 
OO20BE + OTD 
ONO2N9 > 

> 200056 
oo90 go00 O140 0100 
> te 

pe 

> ZOE. W 

> 
> 

5 

Kew 

« OO20BE > 1000 
# ON2ZNPD > 

> 200076 
woo OOM 1G 1000 

# 

c 

2 

ABCD AND SBCD INSTRUCTIONS 

1 Role of ABCD and SBCD 

The instructions ABCD and SBCD carry out the addition 

and the subtraction of operands using binary coded 

decimal arithmetic. Both operations are byte only. 
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As a consequence, the MC 68000 has no need of the 

well known decimal adjustment instruction DAA that 

8-bit microprocessors like the MC 6800 and MC 6809 

possess. 

These instructions (ABCD and SBCD) add and subtract 

the source operand to/from the destination operand, 

taking account of the extend bit, and store the result 

in the destination location. 

2 Syntax of ABCD and SBCD 

The ABCD and SBCD instructions use only two addressing 

modes, as follows. 

Data Register Direct, where the source operand and _ the 

destination operand are respectively contained ina 

register Dn. 

Example 

ABCDeDn, Om 

SBCDeDn, Dri 

Source Destination 

Predecrement Register Indirect addressing where the 

source and destination operands are stored in the the 

addresses to by the registers An. 

Example 

ABCD? —) CAn)s, = (Am Ia) 

SBCD— (AM = (Ana) 

Source Destination 

Choice of Address Mode Explained 

Motonel acm achoice: Of the addressing mode with 

predecrementation is justified by the type of 

calculation involved. 

<= === Direction of calculation 

Oey Le Ly Reh S8) Numbert 
+ (ou —) 

ALCL i oem Py ieee Ninth A La ayn A 

ss SSSSeSFSeSSSSSSSSSFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 

LOIGIT MSB, " | \ | LOIGIT LSB) Result 

=> Direction of read of result 

Figure 6.12 
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In fact, decimal arithmetic calculation requires 

numbers (operands) to be handled as shown in the figure 

below; that is, from the least significant digit (LSB) 

towards the most significant digit (MSB). 

The predecrement address mode carries out the 

calculation of the LSB digits (stored in the MSB 

addresses) towards the MSB digits (stored in the LSB 
addresses), thus facilitating the reading of the result 

into memory. 

(Destination  ) + (Source *) "+ {X)o => Destination 

Addresses? é 
LSB LSB Increasing 

— ts|DIGITMSB—— cS, addresses 

(visualisation 

of result) 

Decreasing peees 

a | Distt ESe” y “/picIT Use ae DIGIT LSB 
t poe ome ih i ler SPT 

ie oer 

Figure 6.13 The instruction ABCD =\(TNay)) ee SNL) S 

How it functions. 

Program Example 

The program of listing 6.7 demonstrates the use of the 

ABCD instruction. 

Listing 6.7 

20 FEET TTT EE ER Tae 

30 # 
¥ 

40 # U5 & ABC INSTRUCTION # 

50 + 
# 

60 * WRITTEN BY: PATRICK JAULENT ¥ 

70 * EDITION +: MACMILLAN ¥ 

BO FEE HHH THEE ETHER RAR 

100 + 

110 % ADD THE SOURCE OPERAND TO THE DESTINATION OPERAND ALONG WITH THE 

120 % EXTEND BIT (X), AND STORE RESULT IN THE DESTINATION . 

140 ¥ 

140 00002000 ORG $2000 

140 002000 41782024 LEA.L  DESTINATION,AQ ; INITIALISE POINTER DEST. 

470 002004 43F8201E LEA.L SOURCE,Al ; INITIALISE SOURCE POINTER. 
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180 
190 002008 7204 

200 002008 023CO00F 

210 O0200E ¢109 
220 002010 51C9FFFC 

230 002014 441 

240 002016 0000 

260 002018 O00000065 
270 QO00201E 

280 OO2D1E 90000006 
290 00002024 

300 

Hee TOTAL ERRORS Q0-- 
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7 

MOVEQ  #5-1,D1 

ANDI.B #80F ,CCR 

LOOP ABCD ~(A1) ,-(A0) 

DEBRA i ,LOOP 

TRAP #1 

DC.W O 

05.8 i) 

SOURCE  EQU # 

05.8 6 

DESTINATION EQU * 

END 

0 

SYMBOL TABLE - APPROXIMATELY 509 SYMBOL ENTRIES LEFT 

DESTINAT  Q02024 LOOP 

Simulation 

Be RG: RS RG, ER? ee er 

vee YY KKK RK RY 

Kv Y 

OO200E SOURCE 

NERS 
aaa) 

ees 
> 90) 

po StL 
y 

# SOURCE s 
ee 

ed 

OS as 
nO201% > O02 
NO201A > 30 
002018 > 460 
onaonie >» 10 
NG201D > BO 
NO201E > 
ed 

SON) #13 
w 

* RESULT <=> DESTINATION 
wt eee ee eee Pee eer rrr rr ry 

% 

204F > NOZOIE 9O00- 4076 

eOir 8 
OOLZOI > tc) 

: NUMBER OPERATION 

; 4250 

. 
b] 

Oo9()- 
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* NONLONL2D > YY 

* 002021 > 99 

* DNZO22 > 99 

* O02023 > 99 

* ONLZOR4 > 
> # 

> & SORTCE 

> * SOURCE: 
a seer 

oe 

> 2019.8 

+ OOS OTS > Ot) 

# OOL2ZN1IA > 99 

* OOZOIB > 99 

# OO20:1E > 99 

% O0020:1D > 2? 

# OOZOIE > 

> * 

> ¥ 

> 200056 
> * 

> *® RESULT ~-----> DESTINATION 
> Hse en en nn ee ee ee ee ee ee re ee ee 

» 2thie > DO204E YOO0I- 9999- »Y998- 

DIVU and DIVS INSTRUCTIONS 

1 Role of DIVU and DIVS 

The DIVU and DIVS instructions tell the MC 68000 to 

divide the 32 bits of a data register (destination) by 

the 16 bits of one of the following 

an operand DIVU #16,d Dn 

DAS) SK lompsh Mwy 

a memory position DIVU saddr,d Dn 

DIVS saddr,d Dn 

the low order bits of DIVU sDn,d Dn 

a register Dn DIVS sDn,d Dn 

2 How the Instruction is Executed 

(Déstination) : (Source) -> Destination 

31 16 15 0 

Dividend MSB Dividend LSB 

15 0 

Divisor (Source) 

15 0 

Quotient 
(destination) 

Remainder 
(destination) 

ie. After operation, result available ith oe 

Figure 6.14 
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See also the program in listing 6.8. 

Details 

Both source and destination cannot be an address 

register. 

Any zero division causes a trap. 

If overflow occurs the 68000 does not carry out the 

division (the registers are not modified) but sets V to 

I 

Listing 6.8 

at 
Se BEE HEE IE RE gE SE MEE BE SE AE IEE a EAE IE HL GE I EH BEE a eg EE GE BE IIE GE EE GE HE EE HE HE HE HH 

> oF 
it 

> & Te BEN WM AME [ami Bek sn PRES 7 OR Ua a Ne ee 

» # 
* 

MEE ge aE BE 4 EE IE AE HEE HE IE SE BEG HEE BE IESE BEE FE IE TLIC IE HC IE IE HE BE HE GE HE FE HE GE HE HEH BE HE HE HE HE HE HE HH HE HE HE 

> # 

>» 2% Fe aM & 
> SETA 

> # 
8 OTM O17 D0) 

es TAP 
> # NOP 

a ok BR % 
y+ 

pad 

> 2000 o0082-8004 
> NO2NN2 N6DS-4E7 4S loading of program 

> 2004 OOBE- 4b7 1 

SO O971- SORE 

FIRST SIMULATIONS 

a4 ek kk eR eK 

» JOD = QOOOQO00 - OOOOF FEF Dividend 
> OT = NOOOOOOD -- OOOO: Divisor 
> FR FCs OOO8&HO # OOS Se $ OOO (os one or) GUUUUSHO 

bO# ODOOOFFFF Dl OOO000002 OOODH0ON 3= DOO0O000 
D4 OOOOON0O DOS OOONOON F OONOOGOO O72 OOONOOOO 
AaBd= OO000000 At= OOOOO000 ODO00000 A3= GOOO0D00 
Aas OOOOOOOO ass QOOOOONl se OOOOOOOO A= OOVO04600 

ped 

> # BEFORE EXECLT TON 
3 Hee ee eee ee nee neee tee ae ce met mm tata te 

> 20009 Quotient 
® ABRT PCs OO2006 # SOFE S=0 $ Ooo Os eeees SP= OOOOOA00 

bO= OOOWFFF Die OONDOOODS Pes OODOOOOO b3= OONDN0N0N 

O4= QOOOOOONO OSs OOOODNOD OHs= OOOOONOO O7= OOOOOOOO 

A0= DQOOODO0O At= OODOODOO Aes OOOOODOOO AB= OOODOGBUD 

Aa OOOOIWOOO AS= OOOOOODO Ads= OOOODODOO A7= ONNDONGOO 

x Remainder 

5 

~~ 



s 

> * SECOND SIMULATION: 
Ni Ee A en A re pen a pa Rea 

> 

> .OF = GOOODOO? -oOOoOOOoDD Divisor 
> .00 = OOOAZFFE F Dividend 
> sR PC= OO2006 # 60FE S20 $ 000 Ge ets 

bO= 00002222 t= 00000000 b2= OD000000 
hes QoOo0000 OoOODDNOO osé= ONOOONDO 
AN= OO000000 1= 00000000 Ae= OO000000 
A4= OaQ000000 j= OOOOVOON As= ONDONODON 

ee 

> *# BEFORE EXECLITION: 
fe ON Sa ee ener eee SU eee 

> ¥ 

> 20006 
* DIV- ERR! DODO OODODD00 OOUO 
REG: PC= 002002 # 4674 Ss=0 S$ 000 ce eae 

bO= 00002222 Di= 00000000 b2e= 90000000 
b4= OOOO0000 DS= ON000000 Hé= OODHO0N0 
A0= 00000000 aAtl= 00000000 aAz= ODN00DD0N 
A4= OOOD0000 aAd= OODDOD00 Adé= QODOODONO 

vars 
> # DIVISION BY ZERO LL! 
a eee 

> 

> *# THIRD SIMULATION: 
TSE em ewer cen rebate eee sae nein 

> # 
> .04 = ONNOD000 -oONOOoOD4 Divisor 
> .DO = OQ00e222 -FFFEFFFF Dividend 
ge 

> 200036 
se TRY-- ERR! OOOO OOODNO00 O000 
REG: PC= O02004 # 4E7-4 S=0 § 000 fe EN TUE 

DO= FFEFEFFF Dt= 90000004 be2= 90000000 
D4= OOOOD000 DP5= OOOOODN0 bé= OONOODO0N 
AO= OOD00000 At= ON000000 Az= 00000000 
A4= JOOOO000 AS= DOOOD000 Aé= OOONQOOOD 

> 

> # * Yr=d TF OVERFLOW 
> eo Se eee ee 

> * 
3 

CHK INSTRUCTION 

1 Role of CHK 

68000 Instruction Set 127 

SP= OOOONGOO 
D3 OOODOGG00 
O7= OOOOOO00 
A3= O0000000 

A7= QOO0Oé600 

SP= DOOOOGOO 
D3= OQOOOD00N 
DF OOOO 
A3= DOOOOODID 

A7= QOOOOG0O0) 

eal 

SP= OONO0600 
b3= OOOO0000 
D7 OOOOONOO 
A3= OO000000 
A7= OON0N600 

The CHK instruction compares the 16 low order bits of a 

data register with a bounded value. 

By definition, the lower bound is zero and the upper 

bound is a 16-bit number. 

Lower bound (L) 

Interval 

Upper bound (H) 

Figure 6.15 
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The trap operates when the value that is examined, 

which is contained in a register Dn, does not belong to 

the interval. 

It should be noted that for the CHK instruction the 

inequalities are always strict. 

2 Syntax of CHK 

In assembler 

CHK <ea>, Dn 

Effective address nee register 

In pseudo-code 

LE Dn EEN 

| TRAP CHK 
ELSE 

LES Dny > Hh THEN 

TRAP CHK 

ELSE 

Execution of next instruction 

| ENDIF 
ENDIF 

Application Exercises 

1. Write in 68000 assembly language a program to search 

LOmmrAu Valuewmcalledswentrye gunges tables. The thtseenmeny 

(SOOOF for our example) is not found in the table - 

arbitrarily fixed at five words - the program will need 

tO Bbem Terouted into chew TRAY "CHK, wirehw che waimeot 

displaying the message "Value not found in table". On 

the other hand, if the entry is present, the system 

returns to the control of the monitor. 

The algorithm used to search for the entry will need 

to be established in pseudo-code and the program 

written in position independent code. 

Suggested solution 

*Pseudo-code 

7*STACK INITIALISATION* / 

/*VECTOR CHK INITIALISATION* / 

/*TABLE ADDRESS INITIALISATION*/ 

NUMBER : = 5 

READ 1 VALUE IN TABLE 

IF VALUE <> ENTRY THEN 

NUMBER : = NUMBER - 1 

If NUMBER <> =) THEN 

REPEAT 

ELSE 
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| DISPLAY "VALUE NOT FOUND IN TABLE" 

ENDIF 

ELSE 

/*RETURN MONITOR*/ 

ENDIF 

Listing 6.9 

20 REREKERE EERE HERES ERE ER ER ERE KERR HEER KARE EERE EERE REE RRR RARER EAE EERE 

30 * ¥ 

40 * SEARCH A TABLE OF 5 WORDS FOR SPECIFIC OPERAND (#$000F) # 

50 * IF NOT FOUND THEN "TRAP CHK” ¥ 

40 * THE PROGRAM IS WRITTEN IN A "RORG" SECTION # 

70 ¥ 

&0 EKEKEKEKEHKER EKER RA EEL ERE E EKER EEE HEE ERR ERRATA ERRATA RE AE 

100 OO01E178 OUTMES  EQU $1E178 ; SUBROUTINE PRINT STRING OF CHARS 

110 0000001 & VECTORCHK EQU be4 ; ADDRESS VECTOR TRAP CHK 

120 00000005 NUMBER QU 5 ; SIZE TABLE 

140 00007000 RORG $2000 

1460 002000 4FFAQISE LEA.L STACK,SP ; INITIALISE POINTER SSP 

170 002004 41FA00IC LEA.L TRAPCHK,AQ ; AO:= ADDRESS PROGRAM EXCEPTION CHK 

180 G02008 21¢80018 MOVE.L AQ,VECTORCHK ; INITIALISE EXCEPTION VECTOR CHK 

490 O0200C 43FA0028 LEA.L TABLE,At ; INITIALISE ADDRESS TABLE 

200 002010 7204 MOVEQ  #NUMBER-1 Di ; INITIALISE SIZE TABLE 

2710 002012 OCS9000F LOOP CHPI.W #$000F,(A1)+ ; DO WHILE MEMCALI <2 #$F AND D1 <-1 

220 002016 S7C9FFFA DBEQ Di ,LOOP ; | /READ MEMCALI; Al:=Al+t2 

2730 002014 43BC0005 CHK #NUMBER , Di + ENDDO 

240 OOZO1IE 4641 TRAP #1 ; IF Di <0 THEN "TRAP CHK” 

250 002020 6000 oC.W if) 

270 00002022 TRAPCHK EQU # 

280 002022 48E7FFFE MOVEM.L 00-D7/A0-A6,-(SP) 

790 002026 41FA0018 LEA TEXT ,AG : INITIALISE AG BEGIN STRING OF CHARS 

300 G02024 4EB90001E178 JSR OUTMES ; 

310 002030 4CDF7FFF MOVEN.L (SPi+,00-07/AD-Aé 

320 002034 4E73 RTE 

340 002036 OOO0000A TABLE oS.W 5 ; STORAGE BLOCK FOR 5 WORDS 

350 002040 20 TEXT fC.B : THE OPERAND I5 NOT FOUND IN TABLE !!! ’ 

340 002074 OA bC.B $0A, 200.4 

370 002078 O00000c8 DS.t SO 

380 00002140 STACK EQU * 

390 ENG 

eeeeee TOTAL ERRORS O-- 0 

SYMBOL TABLE - APPROXIMATELY 504 SYMBOL ENTRIES LEFT 

LOGP 002012 NUMBER G00005 OUTNES Q4E178 STACK oO2140 

TABLE 002036 TEXT 0027040 TRAPCHK  O02022 VECTORCH  O00016 
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Simulation 

Dp 

Listing 6.10 

130 

M2034 

HN2038 

HOL203A 
NI203C 

NO2O3E 

HO20 41 
OO2042 

2000s Gi 

PENSE RE, RG RCS) Sart eae Aa see? Rr ap er A) Sa ee 

we 

ify WI 
NOL0346 

NN2038 
HOLD 3A 
HI203C 

NQO203E 
NIL040 
2 OO s 6 LIOR ROME 

Net OA Sr 

The 68000 Hardware and Software 

N PROGR AM 

= STORAGE BLOCK FOR S WORDS 

Ooo 

bs dadyets 

Gee 

DOO 

SOO? 

OOO 

THE OPERAND IS NOT FOUND IN TABLE 1!!! 

Oooo 

bbb 

SESE 

EERE 

CCF 

The program that follows is especially interesting 

since it allows the following expression to be tested 

- |n < number < + In| 

OOO1E178 
00000018 

00002000 

150 GOZ000 4FF820E6 

1460 002004 21FC00002034 

170 

160 GOZ00C 31FC10002048 MOVE.W #$1000,H 

0018 

KEKERKH EHR EE HRE RHEE ERE R EER ERE RARER RE ERR ERE ERE ER ERE EEE ERRATA ARR E 

Ed 

EXCEPTION : CHK INSTRUCTION 

-|N] =< NUMBER =< +/N| 
oe a a OO Oe 

FETE EEE EER ER EI AA TART EER RAE EEE TREE AA AREER ITA AER 

QUTMES  EQU $1E178 + MONITOR SUBROUTINE PRINT CHAR 
VECTORCHK EQU = #4 ; VECTOR TRAP CHK 

ORG $2000 

LEA.L = STACK, SP ; INITIALIZE STACK POINTER SSP 

MOVE.L  #TRAPCHK VECTORCHK + INITIALIZE CHR INSTRUCTION 
* 

; LIMIT H 



190 002012 

200 002018 3034204 
210 

220 OO201C 9078204A 

230 002020 3238204A 

240 002024 93782048 
250 

260 

270 

280 
290 002028 41882048 

300 00202C DO78204A 

310 002030 4E41 

320 002032 0000 

330 
340 

350 
360 00002034 

370 002034 48E7FFFE 

380 002038 41F8204E 

390 GOZ03C 4EB90001E178 
400 602042 4CDF7FFF 

410 002046 4£73 

420 

430 

440 
450 002048 00000002 

460 00204A 00000002 

470 00204¢ 00000002 

490 OO204E OA 

500 002050 20 
510 O0Z06A OA 

520 G0z06E 00000078 
530 000020E6 

540 

#eeeee TOTAL ERRORS 

Simulation 

SIFCEOOOZ04A 
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. 
4 

125) 

LIMIT L 

; LOAD NUMBER FOR CHECK 

0O:=D0-L 

Dlrsb 

H:=H-D4 

IF 60 < -$2000 

1 7% TRAP CHK #/ 

ELSE IF 003 #1000 THEN 

! ! 4 TRAP CHK */ 

: ENDIF 

ENDIF 

THEN 

; SAVE ALTERED REGISTERS 

3 AQr= @ TEXT 

; RESTORE REGISTERS 

+ ADDRESS LIKIT H 

+ ADDRESS LIMIT L 

; NUMBER FOR CONTROL 

MOVE.W #-$2000,L 

MOVE.W NUMBER, DO 
* 

SUB.W L.DO 
MOVE.W L,D4 
SUB.W  D1,H 

* 

._ (-------- )---------- 

* L=-$2000 NUMBER H=$i000 
* 

CHK H, D0 

ADD.W  L,DO 
TRAP #1 

DCW OO 
* 

¥ 

* 

TRAPCHK = EQU * 

MOVEM.L DO-D7/A0-Aé ,-(SP) 

LEA.L TEXT, Ag 

JSR OUTMES 
MOVEM.L (SP)+,D0-07/A0-Aé 

RTE 
# 

* RESERVE 
—————— 

4 0S. 1 
L SW 4 
NUMBER 0S.W 4 

TEXT DC.B © $04, $00 
DC Beene TRAP = CHK 
DC.B $0A,$00,04 
bS.L 30 

STACK = EQU ¥ 

END 

ee 

> # SIMULATION PROGRAM: 
3% BM) TE dnausucunucusnnucs aes mune 

> * 
> €# 2040.W = NUMBER FOR CONTROL. 

> * 
> 204C.W 
a OO2040 > 1000 
* OORZO4E > 
> 2000s G 
ree 
sx 
> 2040.W 
a 002040 > TOO 
# OOZO4E > 
> 200076 

TRAP CHIC 
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% 

» 

2040 .W 

» 200076 

> 
? 

# 002040 > EOOD 

x OORZOAE > 
> # 

> 2OOOsG 
> # 

>» 2040 .W 
* ONZO4C > DFFF 
# QO204E > 

> # 
> 20009 i 

TRAP CHIC 

2 

eS 

> # 

> 2040.W 

# ON2ZO4C > FREE 

# OOROAE > 

> 

MOVEM INSTRUCTION 

1 Role of MOVEM 

The different versions of the MOVEM instruction 

transfer, according to a predetermined order, a list of 

address and/or data registers to or from a block of 

memory. 
The second word of the instruction (the first always 

being the op-code) is established from a 16-bit order 

table, in which each register occupies one bit, so that 

any combination of the 16 registers can be specified by 

the instruction. 

2 Syntax of MOVEM 

Whatever type of transfer is involved, whether 

registers to memory or memory to registers, the size 

specified by the instruction is word, which is the 

default size, or long word. 

1. We take as a first example the transfer of a list of 

registers to a block of memory (see figure 6.16). 

MOVEM.W Al /A5/D2/D4,$1000 

MOVEM.W : instruction mnemonic and size (word) 

Al/A5/D2/D4 : list of registers whose 16 LSB bits are 

transferred to the memory block. 

$1000 : destination effective address 

automatically incremented by two if the 

size is word (or by 4 if it is long word) 
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Memory 

MC 68000 

1999 
1992 

1064 

1968 

199A 

Increasing addresses 

Figure 6.16 MOVEM.W A1/A5/D2/D4,$1000 

Memory 

SP 
after > 

execution 
i 

Increasing 
addresses 

SP 
before 

execution 

Order table 
Memory to registers transfer only 

Figure 6.17 MOVEM.L A0-A2/D0-D2,-(SP) 

2. Our second example is the transfer of a Le Stee Ole 

registers to a memory block (stack) in predecrement 

mode (see figure 6.17). 

instruction mnemonic and size (long word) 

the 32 bits of each register in the list 

are transferred to the stack. 

stack pointer requested in predecrement 

mode 

MOVEM.L 

A0-A2/D0-D2 

-(SP) 2 
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Listing 6.11 

20 

30 

40 

50 

all 

80 

90 

100 

140 

120 

130 
140 

150 

140 

170 

160 00002000 

200 O02000 41FAFFFE 

210 002004 43FAi01A 

220 GO2008 303C0800 

230 

240 OO200C 4CFO04FEO000 

250 OO2012 48E17F20 

260 002016 04400020 
270 GO201A 46F0 

280 002010 4641 

290 O0201E 0000 

310 oo002020 

220 002020 OO000800 

430 002820 00000800 

340 DOCOS020 

350 

#eeeee TOTAL ERRORS 

The 68000 Hardware and Software 

KHKEEE EERE IIIA IAEA EE BEER EAI IDR EEE REDE IAAI RRR REE RE ERE 

¥ ¥ 

% ean OUR niOe Valea tie INSTRUCTION ¥ 

¥ * 

FER EEE EEE RAR TIA ERI REA A EE ER ER ERTR EERE RRR IRE EL 

* 

* COPY N BYTES FROM ONE LOCATION TO ANOTHER LET L ¢LENGTH) BE 

* 2048 (2 K BYTES) 

* EXEMPLE: 2048/32=64 LOOPS 
rip bac hn 

a 

* 40 =POINTS TO THE SOURCE BLOCK 

* Al =POINTS TG THE DESTINATION BLOCK 

# DO =NUMBER OF 32 BYTES TO MOVE 

# 

RORG $2000 

LEA.L  SOURCE-a2,A0 :PGINTER TO SOURCE 

LEA.L DESTINATION, Al ;POINTER TO DESTINATION 

MOVE.W #64%32,00 ;COUNT BYTES TO XFER 

* 

LOOP MOVER.L O(A0,00.W) ,fi-D7/Az s REPEAT 

MOVEM.L Di-b7/Az,-(Al) 1) /7* MOVE DATA IN #/ 

SUBI.W #32, 00 :! /* SEND DATA OUT #/ 

BNE.S LOOP :! DO:=Db0-a2 

TRAP #1 :UNTIL DO=G 

0C.W a 

SOURCE  EQU k 

5.6 b4ea2 

15.8 H4e52 

DESTINATION EQU  # 

END 

to 

SYMBOL TABLE - APPROXIMATELY 509 SYMBOL ENTRIES LEFT 

DESTINAT 03020 LOOP Q0200C SOURCE 002020 

3. Our third example is the transfer of a memory block 

to a list of registers in postincrement mode (see 

figure 6.18) 

MOVEM.L (SP)+,D0-D7/A0-A6 

MOVEM.L A 

(Seas : 
DO-D7/A0-A6: 

of addresses 

instruction mnemonic and size (long word) 

stack pointer used in postincrement mode 

list of registers loaded with the contents 

pointed to by SP*. 
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*Note that the intervals of a list of registers’ are 

indicated by dashes and the different register names by 

the slash symbol. For example, 

AQ-AS/D0=D4emeanseA0;, Al, AZ, A3®and D0, D1, D2; D3, ba 

A0/A4/D0/D6 means AO, A4 and DO, D6. 

Memory MC 68000 
ac ae 

SP 
before >> 

execution 

Increasing 
addresses 

Increasing addresses 

Figure 6.18 MOVEM.L(SP)+,D0-D7/A0-A6 

MOVEP INSTRUCTION 

The MOVEP instruction facilitates access to the 

peripheral devices that occupy alternate bytes in a 

memory area. 

1 Some Reminders about Addressing 

When the MC 68000 processor wishes to interact with an 

8-bit memory location, it uses the internal bat. AQ to 

select the even address (AO = 0) or odd address 

(AO = 1) and the outputs LDS and UDS_ to enable 

the lines, whether lower DO-D7 (LDS = 0) or upper 

D8-D15 (UDS = 0). 
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2 Role of MOVEP 

The MOVEP instruction allows one to program the 68-bit 

peripheral circuits of the MC 6800 (PIA 6821, PTM 6840) 

or MC 68000 (PI/T 68230) via the lower line (DO-D7) if 

the peripheral address is odd, or via the upper line 

(D8-D15) if the address is even. 

3 Syntax of MOVEP 

In assembler 

MOVEP.W d16(An),Dn Read from 

MOVEP.L d16(An),Dn peripheral 

MOVEP.W Dn,d16(An) Write to 

MOVEP.L Dn,d1é6(An) peripheral 

4 Programming Examples 

Without using MOVEP 
Let us assume that we wish to program the PIA 6821 

circuit according to the model shown in figure 6.19, 

assuming that this circuit occupies odd addresses (4) 

that are programmable via the lower line. 

Direction 

register (DDRA) 

Data 

register (ORA) 

VPA 

Address 

A3-A23 decoding 

———. VMA oa ontrol 
register (CRA) 

68000 

A2 Bae PORT B 
Data 

ps register (ORB) 

Control 

E register (CRB) 

Figure 6.19 Programming: ports A and B on output; 

interrupt on CAl authorised; access to ORA and ORB. 
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Even 

addresses 
Odd 

addresses 

Figure 6.20 Memory positioning of peripheral 

Program *Equivalences* 

PIADOA 

PIADOB 

PIACRA 

PIACRB 

EQU $1DFF1 

EQU PIADOA +2 

EQU PIADOA +4 

EQU PIADOA +6 

*Program* 

MOVE.B #SFF,PIADOA 

MOVE.B #SFF,PIADOB 

MOVE.B #$05,PIACRA 

MOVE.B #$04,PIACRB 

Direction/data registers 

OL port A 

Direction/data registers 

Oye oyoens 45 

Control register of port A 

Gonerol register of port B 

Port A on output 

Port B on Output 

Interrupt authorised 

on CAl, access to ORA 

Access to ORB 

The above is exactly the same method of programming 

as with the MC 6800. 

Using MOVEP 

Program *Equivalence* 

PIADOA EQU $1DFF1 

MOVE.L # PIADOA,A6 

MOVE.L #SFFFF0504,D1 

MOVEP.L D1,0(A6) 

After 

A6 is incremented by two 

Base address of peripheral 

ehiigeibliiie 

Base initialisation 

address 

Loading of command long 

WroneG: ne 12si/e\ 

Transfer of contents of Dl 

to alternate byte memory 

each byte transfer, the address specified by 

(register A6é is not modified). 



132 The 68000 Hardware and Software 

Programming Exercise 

Let us suppose that we want to write in 68000 source 

language the initialisation program of N peripheral PIA 

6821 circuits. The operands (32 bits) belonging to each 

peripheral circuit: are stored in*a table, whose begin 

address is MEMTABLE. 

Even 

addresses 
Odd 

addresses 
15 5 

—— Peripheral 

PIA) 

> PIA @® 

AL 
MEMTABLE —= 

* Set memory of 
() 6821 peripherals word 

*Table of 
operand storage 

Figure 6.21 

Program 

MOVEQ # N,DO Initialisation of number 

of peripherals 

LEA MEMTABLE,AO Loading AO with 

MEMTABLE address 

LEA PERIPHERAL,Al Loading Al with 

peripheral address 

BRA IN Adjustment of 

primitive DBF 
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LOOP MOVE.L (A0)+,D1 Loading of programming 
long word (AO) + 4 -> AO 

MOVEP.L D1,0(Al1) Transfer of operand to 

8-bit peripheral 
ADDQO.L #8,Al Incrementation of 

table pointer 
IN DBF D0O,LOOP 

END 

LINK AND UNLK INSTRUCTIONS 

1 Role of LINK and UNLK 

These high level instructions allow automatic 

allocation of an area of memory used for the storage of 

local variables or for the passing of parameters 

between two programs. 

These instructions simplify the writing of reentrant 

subroutines that work on areas of memory that belong to 

the calling program, or shareable subroutines that can 

be shared by several users. 

2 Syntax of LINK and UNLK 

LINK (with stack) 

Assembler notation 

LINK An, # displacement 

instruction mnemonic 

represents the block pointer 

(frame pointer FP). Only 

address registers A0Q-A6 

can be used as FP, as A7 

represents the stack pointer. 

# displacement : signed 16-bit displacement 

(32768 <-d < +) 32767) 

LINK 

An oe ee 

The value of the displacement included in the LINK 

instruction is used to decrement the stack pointer so 

that it frees a memory location when it is required for 

storing local variables or parameters. These variables 

need to stored in relation to the frame pointer. 
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Method of Operation 

signed 

SP) * displacement 

3 

Ne ee 

Figure 6.22 

I. Savingeotethescontents Of. Peto the ysitack. 

2. Creation of a new FP with the contents of SP. 

3. Reserving of a work area fixed by the addition of SP 

with displacement. 

UNL(IN)K (disconnection of stack) 

Assembler notation 

UNLK An 

UNLK : instruction mnemonic 

An : represents the frame pointer 

(block pointer) 

Method of Operation 

Figure 6.23 

1. The stack pointer (SP) is loaded with the contents 
of the frame pointer (FP). 
2. Register FP is loaded with the contents of the 
address pointed to by SP. 
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Example 

Reserving an area of memory between the main program 

and the stack pointer 

LEA $ 2000,SP Initialisation of stack pointer 

LEA $ 2002,A6 Initialisation of frame pointer 

LINK A6,#-4 Reserves two words in common zone 

NOP 

NOP 

JSR INPUTBCD Call subroutine 

INPUTBCD (lst number) 

JSR INPUTBCD Call subroutine 

INPUTBCD (2nd number) 

MOVE.W (A6)+,D5 (AG) es DS= em (AG) te ees AG 

MULU (A6)+,D5 (AGE x<a0D 5) earn (AG) 2a => A 

UNLK A6 

Rest of main program 

INPUTBCD *Capture of ASCII character from keyboard 

*Conformity test 

*Conversion of ASCII character to binary 

(D5 contains the binary number) 

MOVE.W D5,-(A6é) 

RTS 

We shall now examine the above program in detail. 

The two instructions LEA $2000,SP and LEA $2002,A6 

load the stack pointer SP with $00002000 and the frame 

pointer FP with $00002002. 

The instruction LINK A6,#-4 causes the following 

operations to occur. 

1. The "old" FP value (the 32 bits of A6) are saved 

to the stack. 

Workspace 

15 

Increasing 

addresses 

31 0 

SP (A7) nie 
FP (AS) ae 

Figure 6.24 (Part) 
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Workspace 

15 
0 

Reserved 

Reserved 

Figure 6.24" (Continued) 

2. A new EP is created “with “the “contents of the 

stack pointer SP (remember that SP has been decremented 

by 4 during the previous operation). 

3. A location is reserved in the stack to store two 

words (4 bytes). 

The NOP (no operation) instructions are there to 

represent the programming of the peripheral circuit 

(PI/T 68230 or ACIA 6850) connected to a_ée keyboard 

which, for the purposes of this example, we have not 

considered it necessary to write. 

JSR INPUTBCD, after the return address has been 

saved to. the stack, causes the CPU to jump to the 

subroutine INPUTBCD. 

0000 

31 0 

sP 00001 FF4 | —=] PChigh Bakar addres: 
after 

31 0 to main program 

befotesas ch anew 

ees 

31 

FP (A6){| 00001 FFC | —» 

Figure 6.25 
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The subroutine INPUTBCD, whose different sequences 
have been omitted intentionally, instructs the MC 68000 
to 

a) fetch an ASCII character from the keyboard and 
carry out a conformity test on the character obtained; 

b) convert this character into binary (D5 contains 
the binary number) ; 

c) store the first number fetched in the reserved 

area of memory, this operation being carried by the 

instruction MOVE D5, -(A6), before returning to the 

calling program via RTS. 

Workspace 

15 

31 16 15 0 

arn pr SP See ee bs 

RAIS GN/ Se eee 

SP 

after ae 
fad “os 
iti | See ; 

ar 

PC high 

Reserved 31 16 15 0 

es c 
MOVE.W_ D5, -(A6) 

before 

Figure 6.26 

Instruction JSR INPUTBCD causes the processor to 

make a new call to the subroutine INPUTBCD, with the 

aim of storing the second number in reserve. 

Inseruction sRise Teturnsmsconerol to the =rcalding 

program (SP after RTS points to the second number 

fetched). 

31 0 
cas PC high PC 

FP (A6) 31 0 e : 
after 0000 1 FF8 —— |0000 1 FF8|SP 

Sean Saeassa= za after RTS 
FP (A6){ 00001 FFA } 
before 

ipnoq eee GAT 
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Instruction MOVE.W (A6)+,D5 loads the LSB word of 

the data register D5 with the contents of the address 

pointed to by register A6(A6 = FP); A6 cs then 

incremented by two in order to complete the addressing 

with postincrement. 

31 0 

before {00001 FF8 }—=/ "éganrer |—«— [ 00001 FF8 |sP 
1st number rp ino) [oo FFA] —=f{ Tegner 

after 0000 

31 16 15 

2nd 

number 

BCD 

unaffected 

Figure 6.28 

The next instruction MULU (A6) +,D5 carries out the 

unsigned multiplication of the 16 bits pointed to by A6é 

with the 16 low order ‘bitsiof register D5. The 32-bit 

result is available in DS. The content of A6 1s then 

incremented by two (postincrement), which positions FP 

at address SOOQOOI1FFC. 

15 

31 0 

9 | REET | —— Cees | sr 
¥ 1st number 1 00001 FFA ; —> BCD 

F> (6) 0000 1 FEC] —— 
after 

Figure 6.29 

Instruction UNLK A6 causes the following 

1. Loading of SP with the contents of FP. 

2. Loading of FP with the contents of the address 

pointed to by SP (SP is incremented by 4 after thie 

operation). 
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31 0 

0000 | 2002 | FP (A6) 

After instruction 

31 0 

0000 2000 SP 

After instruction 

Figure 6.30 

The following example illustrates the value of the 

LINK and UNLK instructions in the writing of a 

subroutine that can be called by several users. 

7 JSR 
LEA src, SP mat ey a Procedure B 

LEA src, FP 

RTE | 
| 
| 
| 
| 

| 

Return | 

Hd exception 
’o 

| 
| 
| 
| 
| 
| 
| 
| 

JMP return 

® 

Figure 6.31 
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Simulation (see figure 6.32) 

Program (A) calls the interruptable procedure (B) by 

means of instruction JSR PROCEDURE B. 

The first instruction of procedure (B), namely LINK 

FP,#d16, reserves for calling program (A) its own 

working storage area. 

While executing procedure (B), the processor is 

interrupted by an external device (hard or soft 

processor). After recognising the interrupt, the 68000 

saves the program counter and the status register to 

the supervisor stack, before executing the exception 

program (Gj° which itself calls procedure (8) (Jer 

PROCEDUREB). 

Memory block 
allocated to 
program (C) 

LINK FP, #d16 

JSR Procedure B 

Status 

F Save on 
Beles interrupt 

PC low 

Memory block 
allocated to 
program (A) 

LINK FP, #d16 

JSR Procedure B 

RVGucerGn o2 

In a Manner similar to the first call of procedure 
(B), the calling program (C) is provided with its own 
workspace. 
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After it has executed procedure (B), the MC 68000 
repositions the frame pointer at the state prior to the 
interrupt by executing the instruction UNLK FP. 

Instruction RTS orders the processor to return to 
the exception program which has to terminate with the 

instruction RTE, in order to ensure return to procedure 

feiaetor ‘the program, to continue:. Of course, the 

workspace currently defined by the frame pointer 

belongs to program (A). 

Instruction UNLK FP resets register FP to its 

initialisation value, before executing RTS which allows 

it to return to program (A). 

Example of the use of LINK and UNLK 

Listing 6.12 

30 EREKE EER ER EERE ER EEEE FARE EES FERRE EERE IEEE ERE EHIERIIREREIR TERIA AIRE 

40 # 

50 # DS Eee Fo OT Nhe and WN ROS Nes Tah Cl eb neo ee 

40 = 
: 

70 EEE EKER KEKE KE EEE EEE SHIITES EEE IEEE HER EER ESE ER SRSE ASAI RTARTA ERE 

80 * UNSIGNED DIVISION: 
90 SSS Se 

100 % THE SIMPLEST BINARY DIVISION ALGORITHM IS ALSO BASED ON THE TECHNIQUE 

110 * WE LEARNED IN GRAMMAR SCHOOL. 

120 # 
130 # DIVISION: 64/32 = 32 BITS REMAINDER 

140 ge es = 32 BITS QUOTIENT 

150 # ALGORITHM "PSEUIDOCODE” 
140 30 (SeraesSaseesessa Saas 

170 * 
180 * PROCEDURE DIVISION 44 BITS 

190 #! 

200 #! STATUS :=0 

210 *! DO. :=MSB DIVIDEND 

220 *' Di.L  s=L5B DIVIDEND 

230 * | IF DO.L 3= DIVISOR THEN 

240 oo 

250 #! '  /* WRITE : " DIVIDE OVERFLOW " #/ 

260 *! !  /* WRITE : " DIVIDE BY O #/ 

270 %! 9 STATUS :=1 

280 cp eh 
290 ELSE 

300 #! 1 COUNTER :=32 

310 *! |! DO WHILE COUNT <> 0 

320 ot ee 

330 #!o' ! DLe= Dt.Le 

340 #! i? 1 DO.L:= DO.L#2 WITH X 

350 cee led 

340 #1 Ned Th CHa HEN 

370 ape a = 

380 eG oot 1 brett 

390 #! ot 1 t  00,L2=00.L-DIVISOR 

400 #! 1 1 ELSE 
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410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

540 

570 
580 

600 

6i0 

620 

630 

640 

650 

660 

670 
680 

690 

700 

710 

720 

730 

740 

750 
760 

770 

780 

770 

&id 

820 

830 

840 

&50 

840 

680 

oooo0o00 

FFFFFFFE 

OOOOCU0s 

oo00000¢ 

p0000010 

00000018 

OO0G001A 

goo0GO1E 

OO01E178 

nc002000 

900 002000 4FFA0196 

910 002004 OFFCFFFFFFF? 

920 
930 GO200A 2FSA0082 

940 OOZ00E 2FSA0074 

950 GOZO12 2FSA0Q7E 

960 002016 6122 

970 
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% | 1 1 i 

#! 4 ' '  TF PO.L d= DIVISOR THEN 

it ee oe ae 
Lo oe ae 1 OL .Li=ft.L+4 

#i ot t ¢ ! 00.L+=b0.L-DIVISOR 

SD ae mee. 
en eee END Ce 

#1? ENDIF 

+ eer e 
#! § ' COUNTER:=COUNTER-1 

#'  '  ENDDO 
Hcl ot 

# ' 1 REMAINDER :=00.L 

# )  ¢ QUOTIENT :=f1.L 
xo t 

# ¢ ENDIF 

# ENDPROCEGURE 
% 

& 

* MACRO 
& ed 

SHIFT44 MACRO 

\a CSL Hl, V1 

ROXL.L #1,42 

ENDM 
* 

* INDEX TABLE 
t ew we ee 

* 

OLDFP = EQU 0 

COUNTER EQU OLDFP-2 

OVSR EQU OLDFP+8 

MSBDVG = EQU OLDFP+H2 

SBDVD = EQU OLDFP+16 

STATUS  EQU OLDFP+24 

REND EQU OLDFP+26 

QUOT EQU OLDFP+30 

GUTMES EQUI $1E178 

# D1.L = LSB DIVIDEND 

* 00.L = MSB DIVIDEND 

* AG.L = FRAME POINTER 

# A7.L = STACK FOINTER 

RORG 

LEA.L 

ADD.L 

MOVE.L 

MOVE.L 

MOVE 

BSR.S 

$2000 

LSBDIVIDEND,-(A7) 
MSBDIVIGEND ,-(A7) 
DIVISOR,-(a? 
DIVISION 

7OLD FRAME POINTER 

; COUNTER 

wDIVISOR (INPUT) 

iMSB GIVIDENG (INPUT) 

;LSB GIVIDEND (INPUT) 

FOTATUS 

pREMAINDER (OUTPUT: 

sQUOTIENT = COUTPUT) 

; OUTPUT STRING OF CHARS 

+ INITIALISE POINTER SSP 

+ RESERVE SPACE FOR OUTPUT PARAMT 

; PROCEOURE CIVISION 



980 002018 4ASF 

990 O0Z01A 6610 

1000 O0201¢ 41FA007C 
1010 002020 209F 

1020 002022 41FADU72 

1030 002026 209F 

1040 002028 4641 

1050 002024 0000 

1060 

1070 O0202C 41FAC070 

1080 002030 4EB90001E178 

1090 002036 508F 

1100 002038 40EE 

1110 
1120 

1130 

1450 GO2034 4E5aFFFE 

1160 D0203E 426E0018 

1170 

1180 002042 202E000¢ 

1190 002046 22260010 
1200 00204A BOAEGODS 

1210 OO204E 6506 

1220 002050 5260018 

1230 002054 6024 

1240 

1250 002056 S07COOZ0FFFE 

1270 
1270 O0205C E389 
1270 G0205E £390 

1290 002060 6504 
1300 002062 BOAEOOO8 

1310 002066 6506 

1320 002068 5204 

1330 002064 9DAEG008 

1340 GOZ06E S36EFFFE 

1350 002072 SEE8 

1340 

1370 
1380 002074 2D40001A 

4390 002078 2041001E 

1400 O0207¢ 4€5E 

1410 
1420 OO207E 27570010 

4430 002082 DFFCOOODO010 

1440 002086 4£75 

1440 002084 OG000004 
1470 00208 OO000004 

4480 002092 GO0G0004 
4490 002096 OO0O0004 

1500 a0209A Gococa04 
1520 OO209E GA 

4530 OOZ0AD 20 
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TST.W 

BNE.S 

LEA.L 
MOVE.L 

LEA.L 

MOVE.L 

TRAP 

DC.W 

RETURN 

ERROR  =LEA.L 

JSR 

ADDQ.L 

BRA.S 
= 

(A7)+ 
ERROR 
MEMREMAINDER , AO 
(A7)+, (AQ) 
MEMQUOTIENT ,AD 
(A7)+, (AQ) 
#1 
0 

STRINGERROR , AC 

OUTMES 

#8, A? 

RETURN 

* PROCEDURE DIVISION 

[r=] IVISION LINK 
CLR.W 

MOVE.L 

MOVE.L 

CMP.L 

BCS.5 

ADDQ.W 

BRA.S 

OK MOVE .W 

SHIFT 44 
LSL.L 

ROXL.L 

a00i 

ADDQ.B 

SUE. 

SUBQ.W 

BoT.& 

MOVE .L 

MOVE.L 

UNLK 

MOVE.L 

ADD.L 

RTS 

MSBDIVIGEND f5.L 

LSBDIVIGEND 08.0 

DIVISOR 05.L 

MEMQUOTIENT DS.L 

Ab, #-2 
STATUS(AG) 

MSBDVD(Ad) , 00 
LSBOVDCAS) , D4 
DVSR(Ad) , DO ot 

#1, STATUS(AA) 
EXIT 

#32 , COUNTER(A6) 

1, bO 
#101 
#100 

INCRi 
DYSR( AG) , DO 
LOOPA 
#101 
DVSR(AA) , DO 
#1, COUNTER (AG: 
aot 

BO, REMD(A6) 
DH QUOT (AS) 

Aé 

(A7) ,16tA7) 

#14,A7 

1 

i 

1 

1 

MEMREMAINDER OS... 1 
STRINGERROR oC.8 

iC.B 

304,300 

; IF STATUS <> O THEN 

' /* WRITE ERROR */ . 
s 

. 
! 

. 
’ 

. 
4 

. 
4 

: 
by RETURN EUROMAK 68000 

; DO.L:=MSB DIVIDEND 

; DL.Lr=LSB DIVIDEND 

+ STATUS:=1 

i 

143 

DIVISION BY © OR QUOTIENT TOG Blo '! ° 
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1540 GO20CD OA 0C.B $04, $00,4 

1550 002000 QOU000CS8 GS.L oo 

1540 OOOO 98 STACK EQU # 

1570 END 

eee TOTAL ERRORS G-- 0 

SYMBOL TABLE - APPROXIMATELY 484 SYMBOL ENTRIES LEFT 

Simulation 

ATION DIVISTOM 

eter bs ASB DOTY I OED 

SOE. LSB DTV IDEM 

22 DTV : 
2OYG tee QUOTIENT 
eed. bse RMA TCE 

x ee we KR KK KR KM 

TIE .L.. 
N20 
OHO208E 

OO2092 
NOLO%6 
HO20? 
NOLO 
200) # C3 
wt 

® DISPLAY RESULT 
y on i chien. hr tis 

¥ 

PRAT.L BEGOSO8A END SOSA 

NO2Z080 OOTODFFE OONNOOI 46750000 OODOFFFE 
QOeS09O FFFFOOOG OQO027FFF FFFFOOOO OOOTOAaDD 

AOooaC 
FFEEF 
OOOO 
OO CCCICICIC 
HOOACLICIC 

Ma ici ed See, 

woe RK we ROE KR OR RRO 

2 DEAL. 

NOLZOBA > OOOOMOC) 
OOZOBE > ARR RR EA 
HO2092 > OOOO 
OOL2Z0P4 > 
eC) 9 0h 

DYYISTON BY 0 OR QUOTIENT TOO BIG 1! 

ees Ee ee 

QUOTIENT TOO BIG 1! 

woe er Oe eo eK a OK 4 

eNBe .L. 
OOL08A > TOOOOOUD 
OOZ0BE > OOOOOOOG 

NO2OF2 > OOOO? 
OORZOVS > 
2 CWI § U5 

DIVISION BY O OR QUOTIENT TOO BIG !1 

vv RR RRM 
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x 

208A wb 

NOL2O0BA > OOQDOONO| 

OO20BE > AHOOOOOD 

NO20P2 > BnNNNooONe 

NOLOP6 > 

2000 +6 

PRAT. BEG 208A END 209" 

002080 ODOLOBDFFC OODOODTO 46750000 ODD 10000 

*= 002090 OOOOOONOD OONOS8O000 ONOOOHOO OOvDOADD 
> & 

Ak kK KV 

Kou 

TAS (Test and Set) INSTRUCTION 

1 General Aspects of Semaphores 

Definition 
When several processors (hard or soft) use one and the 

same resource (printer, working memory, etc), we shall 

speak of a shareable resource. It is vital, in order to 

ensure synchronisation between the processors and the 

resource, to assign a semaphore register (register or 

memory byte) to the resource. (For example, the 

peripheral circuit 6809/68000 IPC MC 68121 has Six 

semaphore registers.) 

A semaphore register is made up of one or more flags 

allocated to the same resource which inform the 

programmer about the availability of the resource (SEM 

pact) and about the arbitration between several 

processors (bit ownership in the case of the MC 68121). 

Generally, when the SEM bit is at 1 it indicates 

that the resource assigned to this semaphore is 

occupied, while SEM bit at 0 shows Ebates is 

available. 

Method of Operation 

The method of operation is very simple. die Shieh Gi 

multiprocessor environment a pacelculats processor 

wishes to use a shareable resource, it must Pus Sit 

establish that it is free, by reading the semaphore 

register; it then modifies the SEM bit to reserve the 

resource for itself (that is, if it is available) and 

writes the SEM bit in the semaphore register. 

When the processor has finished using the resource, 

it makes it available again by resetting the SEM bit to 

Oe 

Example 

Two processors, Pl and P2, share the same resource (a 

peripheral connected to a printer) within a multi- 

processor system. 
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Let us assume that processor Pl wishes to access the 

shareable resource first;in order to do this it reads 

the semaphore register allocated to this resource and 

tests the SEM bit.: 

Read semaphore 

register 
Read semaphore 

register 

Read 

SEM bit set to 1 

SEM bit > semaphore 

SEM bit set to 1 

SEM bit > semaphore 

Work on 

resource data 

Resource 

Modify 

Write 

Work on 

resource data 

Resource 

occupied occupied 

by P1 by P2 

SEM ee 

ELEEET TT) 
Semaphore register 

Figure 6.33 

(Note that in the case of the TAS instruction branch 

Live Ze COCs mnOrkecxa Sts If the resource is occupied 
(SEM = 1) the processor continues with the program. ) 

Bit SEM set to 0 indicates that the the resource is 
available, as processor Pl finds. 

Processor P2 can only assume control of the bus 
after it has set SEM to 1 (SEM = 1 indicating that the 
resource is occupied). 
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When processor P2 also wishes to access’ the 
resource, it reads the semaphore register and, after a 
test, confirms that the resource is available. Next, 

processor P2 sets the SEM bit to 1 in the semaphore 

register, thus surrendering the resource that it was 
occupying. 

However, before using the resource, processor Pl 

reassumes control of the bus. Processor Pl continues 

execution of its program by setting SEM to 1 (we should 

not forget that the bus transfer took place before SEM 

was set to 1), before storing it in the semaphore 

register. The resource has therefore also been reserved 

by Pl. 

What would happen if the resource was a peripheral 

like the MC 68230 connected to a printer? 

One can envisage catastrophic results. To conclude, 

this method can only be used if the read/modify/write 

cycle cannot be interrupted, or in other words it is 

indivisible. 

2 Definition of TAS (Test and Set) 

The TAS carries out the following during a single bus 

cycle 

reads the destination byte 

modifies the condition codes (Z and N) 

writes a 1 in {bit 7 of the destination byte (the 

other bits are unaffected). 

3 Syntax of TAS 

In assembler 

TAS dst 

Instruction | Destination 

mnemonic address 

Flowchart and Pseudo-code 

Question 
. 

What is the difference between the instruction BSET 

#7,dst and the instruction TAS dst? 

Answer 

These two instructions require the CPU to read the 

destination (memory byte), modify its value and write a 

1 in bit 7 of the destination. 

However, instruction TAS dst must be used LE two 

processors share the same resource elisig represents the 

semaphore of the resource). During execution of 
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instruction TAS dst by the CPU, the processor inhibits 

the data bus so that another processor cannot access 

dst before the two read and write bus cycles have been 

completed (see timing diagram of figure 6.35). This 

prevents two processors from reading dst simultaneously 

and finding the destination MSB at zero, before one of 

the processors had set it to l. 

Indivisible 

cycle 

IF dst = 0 THEN 

Lo 

N := 0 

ELSE 

IF SEM = 0 

N := 0 

ELSE 

Nose f 

ENDIF 

ENDIF 

Figure 6.34 



68000 Instruction Set 149 

SO S! $2 $3 S4 $5 S6 S? SB $9S10S11S$12$13S14S15S$16 S17S18S19 

Sierra NT Sree ON 
i ch himeaea MRE carts ais. 4: ees/aenre 

D8-D5 

er ebor {> )»— 

Figure 6.35 Read/modify/write timing diagram 

(Courtesy of Motorola) 

Time 

68000 68000 

@ 2 

WHILE SEM <>0O REPEAT WHILE SEM <>0 REPEAT 

/*READ SEMAPHORE* / /*READ SEMAPHORE* / 

FTQ FTQ 
SEM := l SEM := 1 

Semaphore 

— SEM 

Shareable memory 

Figure 6.36 Synchronisation of two 68000 processors 

sharing one memory 



7 Programming Exercises 

This final chapter contains two longer programs that 

show how to obtain the best performance from the 68000. 

The first program deals with exceptions; the second is 

a dynamic memory test. 

1: EXCEPTIONS 

The program that follows makes use of different 

hardware exceptions, such as interrupts generated from 

a peripheral circuit of the 6800 family (PIA 6821), a 

bus error caused on purpose in order to examine the 

different sequences of event, the trace mode and if the 

conditions are satisfied the trapping of a spurious 

interrupt. 

Although this exercise is educational, the 

programmer should find that it causes him to think 

about the group priorities of the different exceptions 

(see the program tests). 

HARDWARE USED 

1. A 68000 Euromak development system 

2. A hard copy printer 

3. A simulator connected on a PIA interface card, with 

call switches. : 

STUDY OF THE LISTING 

30 FEE TEETH TE EHH E 

40 t t 
50 * EXCEPTIONS ‘ 
60 * waon ann n--- === === * 
70 # - BUS ERROR ‘ 
80 * - TRACE MODE t 
90 # - INTERRUPT AUTOVECTOR P 
100 * - SPURIOUS INTERRUPT * 
110 * ‘ 
12 t (SYSTEM 68000 EUROMAK MICROPROCESS * 
130 rs Fi 
140 JAH EEE EEE EEE ARISE ER AE gE 

160 * 
170 ## EXCEPTION VECTOR 
180 

200 Q0000008 © BUSERROR EQU —-2#4 ;BUS ERROR VECTOR 
210 00000024  TRACEMOD EQU 98% ;TRACE. MODE 
220 QO000060 SPURIOUS EQU 24s ;SPURIOUS INTERRUPT 
230 00000068  AUTOLEV2 EQU 264 jLEVEL 2 INTERRUPT AUTO-VECTOR 

150 



240 0000007¢ 
250 0001 DEO1 

260 O001E178 

280 00002000 

300 002000 4FFA0Z5C 
310 

320 002004 4DFA0054 

330 002008 21CE0068 

340 
350 O0200€ 4DFA0Q064 

360 002010 21CE007¢ 

370 
380 002014 40FAQ09A 

390 002018 21CE0008 

400 
410 O00201C 4DFAQ06A 

420 002020 21CE0040 

430 
440 002024 4DFA0076 

450 002028 21CE0024 
470 
480 

490 
500 

510 
520 

530 
540 

550 

560 

570 

580 

590 
600 

610 
630 

540 
456 

450 
670 O0202¢ 40F900010E01 

680 002032 225CFFFFOS04 

690 002038 G3cE0000 
700 G0203¢ 446Fc2100 

7i0 
720 002040 323Ca000 

730 002044 d38E0000 

740 002048 61000088 

750 00204C £259 

74 OOZ04E b4F4 

780 

790 
800 

510 

20 

Programming Exercises 

AUTOLEV7 EQU S144 
ADDRPIA EQU $1DE01 

OUTMESS EQU $1E178 

RORG $2000 

RETURN LEA.L  STACK,SP 
* 

LEA.L _INITPIA,A& 
MOVE.L Ad,AUTOLEV? 

* 

LEA.L ABORT,Aa 
MOVE.L Ab,AUTOLEV7 

* 

LEA.L HARDERROR,A& 
MOVE.L A,BUSERROR 

* 

LEA.L  NONVPA,A6 
MOVE.L Ad, SPURIOUS 

* 

LEA.L TRACING, Aé 

MOVE.L Ad, TRACEMOD 
: 

#* ADDRESSING PIA 6821 

rey} 

yLEVEL 7 INTERRUPT AUTO-VECTOR 
sPIA 4821 ADDRESS 

yOUTPUT STRING OF CHARCS 

sPOSITION INDEPENDENT CODE 

sINITIALISE STACK POINTER 

yINITIALISE LEVEL 2 AUTO-VECTOR 

sINITIALISE LEVEL 7 AUTO-VECTOR 

; 
;INITIALISE BUS ERROR VECTOR 

pINITIALISE SPURIOUS VECTOR 

sINITIALISE TRACE MODE 

oo ------ = ---- = -- === 

¥ 

% FHKE RAH E EE EEE ER EE EE TEE ITER REE 

¥) 5s ; : : ; 

* * #1DEDi ' $1DE03 ' $10E0S ! $iPE07 ! 

%)  -* | ! ' : 

* $orssssssssSssSSSsS SHS SSSSSSSSSSSSSSSSSS= 

s : i ! : 

* * DORA ' DORR! CRA ! CRB 

£23) Wiebe OR <5! ! 
* * ORA | ORR! 
+ + ! i 
* KEK HKEF EE KAISHA EEA AAI AEA FR RAR 

* 

+ 

LEA.L ADDRFIA,A 

MOVE.L #$FFFFOS04,01 

MOVEP.L 04 ,0(A6) 

MOVE.W #$2100.5R 

LOOP MOVE.W #$4000, 01 

LOOPI MOVEP.W D1 ,O°A6) 

¥ 

BSR DELAY 
ROR.W #1401 
BcC.$ LOOP 

;INITIALISE ADDRESS PIA 

iA 8B SIDE ALL OUTPUTS 

vINTERRUPT CALISED BY CAL 

;ENABLE INTERRUPTS 

:WRITE ORA and ORB 

;ROTATE RIGHT 

## ENABLE TRACE MODE (T:=1) ,LOAD STATUS REGISTER AND STOP 

+ 

* A TRACE EXCEPTION WILL OCCUR IF THE TRACE STATE 1S ON WHEN THE STOP 

® INSTRUCTION 1S EXECUTED. 
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830 
840 

850 
840 

870 
880 

890 
900 

920 002050 44FCA100 
930 002054 4€722000 

940 002058 60E4 

940 

970 
980 

1000 O0205A 48E7FFFE 
1010 OO205E 41FA0080 

1020 002062 4EB90001E178 
1030 002068 12390001 DE01 

1040 GOZ04E 4CDF7FFF 
1050 002072 4E73 

1040 

1070 

1080 

1100 002074 48E7FFFE 

1410 002078 41FA008F 
1120 00207€ 4EB90001E178 

1130 002082 4CDF7FFF 
1140 O02086 4£73 

1140 
1170 

1180 
1190 

1200 

1210 

1230 002088 48E7FFFE 
1240 OOZ08C 41FADDIA 

1250 002090 4EB90001E178 

1260 002096 4COF7FFF 

1270 002094 4E73 

1290 
1300 

1310 
1320 

1330 
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# IF AN INTERRUPT REQUEST ARRIVES WHOSE PRIGRITY IS HIGHER THAN THE 
* CURRENT PROCESSOR PRIORITY ,AN INTERRUPT EXCEPTION OCCURS, OTHERWISE 

* THE INTERRUPT REQUEST HAS NO EFFECT. 
* IF THE BIT OF THE IMMEDIATE DATA CORRESPONDING TO THE 5S BIT 15 OFF, 

* EXECUTION OF THE INSTRUCTION WILL CAUSE A PRIVILEGE VIOLATION 
* EXTERNAL RESET WILL ALWAYS INITIATE RESET EXCEPTION. 
# 
¥ 

MOVE.W #$A100,5R eT:=1,5:=1, MASK LEVEL 1 
STOP #2000 ; 

BRA.S LOOP i 

# 

#* PROGRAM EXCEPTION CAUSED BY LEVEL 2 INTERRUPT (CA1 OF PIA 4821; 

INITPIA MOVEM.L DO-D7/A0-Aé,-(SP) 

LEA.L STRING] ,A0 

JSR OUTMESS 
MOVE.B ADDRPIA, D1 

MOVEM.L (SP)+,D0-07/A0-Aé 
RTE 

sSAVE REGISTERS 

vINITIALISE POINTER AQ 

;SUBROUTINE MONITOR 
iDISABLE INTERRUPT PIA 

;RESTORE REGISTERS 

# 

#* PROGRAM EXCEPTION CAUSED BY LEVEL 7 INTERRUPT 

ABORT  MOVEM.L DO-D7/A0-Aé,-(SP) 

LEA.L = STRING?,A0 
JSR GUTHESS 

MOVEN.L (SP)+,D0-07/A0-Aé 
RTE 

# 

#* PROGRAM EXCEPTION CAUSED BY SPURIOUS INTERRUPT 

* IF DURING THE INTERRUPT ACKNOWLEDGE CYCLE ,THE PIA NO DEVICES 
* RESPOND BY ASSERTING VPA,THE PROCESSOR 48000 FETCHES THE SPLIRIOUS 
* INTERRUPT VECTOR, 

NONVPA MOVEM.L DO-D7/A0-Aé,-(SP) 
LEA.L STRINGS,AO 

JSR OUTMESS 

MOVEM.L (SP)+,D0-D7/A0-As 

RTE 

* 

#* TRACE MODE CAUSED IF THE 7 BIT iS ASSERTED AT THE BEGINNING OF THE 
# SSsSsisssssssssssossnssasssssssssa=sssseeee2e22=--2==-------------- 



1350 OO209C 48E7FFFE 

1360 OOZ0A0 41FAODAG 

1370 O020A4 4ER90001E178 

1380 OO2Z0AA 4CDF7FFF 
1390 OO2Z0AE 4E73 

1410 
1420 

1430 

1450 OO2080 48€7FFFE 
1460 GOZ0B4 41FA0088 
1470 OO2Z0B8 4EB90001E178 

1480 OOZ0BE 4COF7FFF 
1490 
{500 O020C2 47FAFF3C 
1510 002004 4FEFOOOE 
1520 
1530 
1540 
1550 
1540 

1580 O020CA 4853 
1590 OO20CC 4FEFFFFE 
1400 002000 4&73 

1620 

1430 

1640 

1660 002002 3F04 
14670 OO20D4 383Co1A8 

1480 O020D8 51 CCFFFE 

1490 QO2Z0DC 38iF 

1700 OOZODE 4£75 

1720 O020E0 0A 
1730 G020E2 20 

1740 002106 0A 

1750 002109 OA 
1760 002108 20 

1770 O02125 OA 

1780 002128 0A 

1790 00212A 20 

1800 002145 OA 

1810 002148 GA 
1820 O0214A 20 

1830 O02146B OA 

1840 OOZ16E OA 
1850 002170 20 

4840 002193 0A 
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TRACING MOVEM.L DO-D7/AD-Aé,-(SP) 

LEA.L STRING4,A0 

* 

JSR OUTMESS 

MOVEM.L (SP)+, DO- 
RTE 

D7/AD-Ad 

#* BUS ERROR CAUSED BY "HARDWARE PROBLEMS" 

HARDERROR MOVEM.L DO-D7/A0-Aé,-(SP) 
LEA.L STRINGS AG 

* 

JSR OUTMESS 

MOVEN.L (SP)+,00-D7/AD-AdS 

LEA.L  RETURN,A3 
LEA.L  $E(SP),SF 

#* PEA INSTRUCTION 

# THE EFFECTIVE ADDRESS 1S COMPUTED AND PUSHED ONTO THE STACK 

7Ad:= @ RETURN 

7 

# A LOND WORD ADDRESS 15 PUSHED ONTO THE STACK. 

* 

STRING1 

STRINGZ 

STRINGS 

STRINGS 

STRINGS 

PEA (AB) 
LEA-L -2(SP),5P 

MOVE.W  D4,-(SP) 
MOVE.W #25000, D4 

DBRA D4, GELAY1 

MOVE.W (SP3+, 04 

RTS 

DC.B $A, $0 
OCB" 
DC.B $A, $0.4 
DC.B $A, $0 
C.B 
DC.2 $A, $0,4 
DC.B © $4, $0 
DCR 
DC.B $A, 80,4 
DC.B © $4, $0 
oBe ” 
DC.B $A, $0,4 
0C.2 $A, $0 
pee  * 
DC.B $A, $0D,4 

LEVEL 1 INTERRUPT (PIA CAL) ' 

LEVEL 7 INTERRUPT * 

SPURIOUS INTERRUPT * 

TRACE MODE. .TRACE MODE... 

BLS ERROK....BUS ERROR...- 

153 
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1870 002196 OOGO00C8 S.L 50 

1880 COGO225E STACK EQU * 

1890 ENG 

ii-- eee TOTAL ERRORS 

SYMBGL TABLE - APPROXIMATELY 

ABORT GO2074 ADURPIA 

BUSERROR  OG00008 DELAY 

INTTPIA = Q0205A LOOP 

QUTMESS  Q1E178 RETURN 

STRING OOZGE0 STRINGZ 

STRINGS OGO0214E TRACEMOD 

1 Stack and Exception Table Initialisation Module 

STACK, SP 

identified by the 

The instruction 

address 

register. 

The 

EUncea Om, 

Example 

LEA.lL HARDERROR,A6 loads register A6 with the 

indicated by HARDERROR ($20B0) while the storing of the 

contents of A6 in the BUSERROR address 
the 

has been 

equivalences, 

U 

following 

namely to 

The 68000 Hardware and Software 

489 SYMBOL ENTRIES LEFT 

O1GEO1 AUTOLEV? 

002002 DELAY1 

002040 LOOFL 

GOZO00 SFURTOUS 

OOZiO9 STRINGS 

OOGOZ4 TRACING 

LEA.L 

the 

following multiplication 

An 

Number in base 10 

of bus error vector 

2 Initialisation of PIA 6821 Circuit Module 
certainly have The reader will 

the PIA. 

Instruction LEA.L 

Instructions 

store 

defined 

INITPIA,A6 

ALITOLEV? 

HARUE RR 

NONVPS 

500068 
1a 

00209 

stack 

all 

the 

aba! 

address 

$8 

“fe of bus 

error vector 

address S$1DFFl into register A6. 
The next two instructions, MOVE.L #SFFFFO504,D1 

MOVEP.L D1,0(A6) 

MOVEP) tell the processor to store, in alternate 
address and starting from 

contained in register Dl. 

(already studied 

effective 

into the SP 

loads 

start address of the 

exception program in the corresponding vector. 

ensured by 
instruction MOVE.L A6,BUSERROR. The label BUSERROR 

previously 

being resulting 

noticed the address 
table of the 6821 which shows the memory allocation 

load the effective 

in the section on 

SIDFF1, long word 
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The PIA 6821 is therefore programmed as follows 

Ports Avand Bon outpute<bat, 2) of CRA andiGRB 
Vesaty"O; after aORESET) 

interrupts are authorised on CAl 

access to the data registers of the PIA (ORA and 

ORB) via bit 2 of CRA and CRB at 1. 
The next instructions present no difficulty and 

these will be translated by an algorithm that will need 

to take account of the delay subroutine. 

Statement of algorithm 

BEGIN 

FOR Dl altering from $8000 to $0000 by right shift 1 

PIA := Dl 

/*Under / DELAY PROGRAM* / 

D4 := 25000 

REPEAT 

D4 <= D4 = 1 

UNTIL D4 = 0 

ENDFOR 

END 

3 Enable Trace Mode and Halt Program Module 

The privileged instruction MOVE.W #$A100,SR sets the 

trace T and supervisor S bits of the SR to 1; it also 

positions the interrupt mask at level l. 

Instruction STOP #$2000, which is also privileged 

(this explains why bit S is confirmed to be at 1 by the 

previous instruction), transfers the operand $2000 to 

the status register before halting execution of the 

program at the next instruction BRA LOOP. 

Execution of the program can only be resumed after 

one of the following three interrupts has been handled: 

reinitialisation, interrupt or trace. 

A trace exception occurs if bit T is asserted before 

execution of the STOP instruction by the processor, 

which is the case here (MOVE.W #$A100,SR). 

Note too that it is possible to modify the mask 

level by the STOP instruction (see the fourth program 

test). 
We shall not examine each exception program in 

detail, but will conclude with a study of the bus error 

module. 
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First program run 

> 

TRACE 

MODE. . TRACE 

200026 
TRACE 

TRAE 

SNA oH 

Talent 

LEVEL, 

EVEL 

SYS 

LEVEL 

LEVEL 
EVEL 

TRACE 
FEV 

LEVEL. 

LEVEL 

LEME 

LEVEL 

LEVEL 

ENE 

LEVEL 

TRACE 
UR wAe be 

LEVEL. 

CEE 

| VEL. 

GEE 
LEVEL. 

Lee 

LEVEL 

LEVEL. 
aed aa is 

INTERRUPT 

LEVEL. 

MODE... TRACE 

The 68000 Hardware and Software 

MODE. . TRACE 

| 

1 

i 

MODE. . TRACE 

ou 

q 

‘| 
7 

INTERRUPT 

INTERRUPT 

INTERRUPT 
MODE. . 

INTERRUPT 

INTERRUPT 

INTERRUPT 

CTNTERRUPT 
INTERRUPT 

MODE... TRACE 

o 

iH 

4 

ye 

ie 

4 

7 

‘| 

q 

MODE 
v 

7 Re 

3 

4 

i 

4 

7 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

TNTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 
INTERRUPT 

INTERRUPT 

INTERRUPT 

INTERRUPT 
(PTA CAT) 

7 INTERRUPT 

MODE. . 

MODE. . 

(PTA CAT? 

(PLA 

(PTA 

CATs 

Cat) 

CPTA CAT) 

(PLA Cat? 

CPLA CAT) 

(PLA DAT? 

MODE... 

(PIA CAL) 

CPLA CAT) 

(PTA CAT) 

CPITA CAT) 

CPIA CAT) 

CPLA CAT) 

CPIA CAT) 

CPTA CAT) 

Execution of trace procedure 

PIA interrupt (level 2) 

Level 2 interrupt interrupted 
by level 7 interrupt 
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Second program run 
>» 200036 Simulation of a crash ( the PIA 

TRACE MODE..TRACE MODE.. card will be deselected during 

Merce reais aoe: program execution, then reselected) 

TRACE MODE..TRACE MODE.. 

LEVEL cl INTERRUPT (PIA CAT) PIA interrupt level 2 

TRACE MODE..TRACE MODE... 

LEVEL 7 INTERRUPT Abort interrupt level 7 

TRACE. MODE..TRACE MODE... 

TRACE MODE. .TRACE MODE. . 

TRACE MODE..TRACE MODE... 

BUS ERROR....BUS ERROR.... PIA card deselected 

BUS ERROR....BUS ERROR.... 
Crash 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

TRACE MODE..TRACE MODE... PIA card reselected Restore 

TRAVE MODE..TRACE MODE.. 

LEVEL. 1 INTERRUPT (PIA CAT) 

TRACE MODE..TRACE MODE.. 

LEVEL 1 INTERRUPT (PIA CAT) 

TRACE MODE..TRACE MODE.. 

LEVEL 7 INTERRUPT 

TRACE MODE..TRACE MODE.. 

LEVEL 7 INTERRUPT 

LEVEL 7 INTERRUPT 

TRACE MODE..TRACE MODE... 

LEVEL 7 INTERRUPT 

LEVEL. 7 INTERRUPT 

LEVEL 7 INTERRUPT 

LEVEL 7 INTERRUPT 
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> Third program run 

> PONG Card is not selected 

BUS ERROR....BUS ERROR.... 

BUS ERROR. ...BUS ERROR... . 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR. ...BUS ERROR. .«.. 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR. ...BUS ERROR.. 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR....BUS ERROR... 

BUS ERROR....BUS ERROR.... 
LEVEL 7 INTERRUPT 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR.... 

BUS ERROR....BUS ERROR... 

BUS ERROR. ...BUS ERROR.... 

BUS ERROR....8US ERROR.... 

> Fourth program run 
> 200s G Interrupt from PIA, but 

TRACE MODE. .TRACE MODE... the 68000 does not 

recognise VPA at low 
TRACE MODE..TRACE MODE... during the interrupt 

recognition phase 
TRACE MODE..TRACE MODE. . 

TRACE MODE. .TRACE MODE... 

TRACE MODE. .TRACE MODE. . 

SPUR COUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 



Programming Exercises 159 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURTOUS INTERRUPT 

SPURLOUS INTER 

4 Bus Error Module 

The contents of the supervisor stack after the bus 

error and before the first instruction of the exception 

program are shown in figure 7.1 (see also demonstration 

lasting). 

SPattets = 

Decreasing 

addresses 

SP before ——= 

Figure 7.1 

The reader will recall that, as in the case of an 

address error (see chapter 4 on exceptions), when a bus 

error occurs the contents of the PC saved on the stack 

may have been incremented by 2 to 10 bytes in relation 

to the address where the error has occurred (the above 

is no longer true with the MC 68020 and MC 68010). 
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The instruction MOVEM.L DO-D7/A0-A6, -(SP) saves the 

context to the supervisor stack (remembering that all 

exceptions are handled in supervisor mode). 

LEA.L STRING5S,AO loads register AO with the start 

address of the characters string 

"BUS ERROR ... BUS ERROR" 

Instruction JSR OUTMES calls the monitor subroutine, 

characters output. 

We then come to instruction MOVEM.L (SP)+, 

DO-D7/A0-A6 which restores the context previously saved 

to the stack. After this instruction the stack pointer 

SP points to the super status word (see figure 7.1). 

What happens if after instruction MOVEM.L (SP)+, 

DO-D7/A0-A6 the 68000 processor is ordered by RTE to 

return to the main program? 

Certainly, if one were to believe figure 7.1 the 

super status word would be loaded into register SR, and 

the address sent along the bus at the moment of the 

error to the PC. The reader can imagine the problems 

that this would cause. 

We shall leave it to the reader to continue study of 

the bus error exception program which, to judge from 

the foregoing, must be very carefully examined. In the 

following demonstration the program has been rerun from 

address $2000 in order facilitate comparison with the 

listing. 

y 

> POR SY Stop point 
> POKES G Run command 

TRACE MODE. .TRACE MODE.. 

TRACE MODE... TRACE MODE... 

LEVEL A INTERRUPT CPTA CAT) 

LEVEL 7 INTERRUPT CPTA GAL 

TRACE MODE. .TRA 

LEVEL Tl INTERRUPT (PTA Cal) 
CE MODE. . 

LEVEL 7 INTERRUPT 

TRACE MODE. .TRACE MODE. . 

TRACE MODE... TRACE MODE.. 

Deselection of PIA card 
* YVSTP PCs OO20BO # 48E7 $= § OoOC oe SP= QOOO2280 

> sR PR= OO2OBO # 48E7 $=) $ OOO Cz eeees§ SP= QODOL2SO 
DO= OOOD0N00 Ole FFFFOO8DO be= OOOD00O0D H3= ONNDDDGoDND 
O4= OOODOOOO OF AONOONOO bé= OOOOOOOO oO7= OODD0000 
AD= QOOONO00 At= OON00N0O aAez= NNNOVOON A3= OONDDDON 
A4= OOOOOOOD AS= OOOONOOO Aé= OOOIDEOT A7= QO0O00600 
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Super status word 

address on bus 

instruction code 

status register (SR) 

contents of program counter (PC) 

41FA S=O $ OOO (== seeee SP= OOONCL14 
DIi= FFFFOO8D be= ONONODNO b3= ONNOOONN 
DS= OOOOOONO Oé= QOOOOO00 b7= QOOdK000 
At= 00000000 A= 00000000 Aa38= OODN0B00 
AS= QOO0QO00 Aé= OOOIDEOT A7= OOOOO600 

AFTER TNSTRUCTION: MOVEM.L. DO--D?7/AD-AG, ~ CSP) 

ERROR....BUS ERROR.... 

47FA S=0 $ 000 C= ..2.. $P= 00002250 
Di= FFFFOOSO De= ONO00000 Das OODOD000 
b5= 00000000 bé= 00000000 D7= OON00000 
Ai= OoOg0000 A2= OOOOOOOO As= OOVOOONO 
AS= 00000000 Aé= ONNIDEN! A7= ON000600 

AFTER INSTRUCTION: MOVEM.L (SP )+,D0-D7/A0-AG 

4FEF s=0 $ O00 C= ~eZe. SP= OONO2Z250 

Dl= FFEFOO80 N2= DO0N00000 bh3= ON000000 

pS= OOOOVODO Dé= OOO00000 D7= ON000000 

Aat= 00000000 A2= 00000000 A3= NO002000 

AS= OOOOOODO ASs= OOOIDEOT A7= OO000600 

% 

cad 

2250 OS85= 
ONO2252 ON -- 

Ode2254 DEOT- 

NN2254 OB3Be‘e-- 
002258 2000- 
NON225A NOON-- 

O0225C 2046~- 
OH225E 4 100-- 

TRAC PC= OOL0B4 

bO= 90000000 
D4= QOOOOOO00 

AQ= QN000000 
A4= OOOOOO00 

* 

x 

3G) Si sess ss sass Sera iSeas ease eass se 

= 

20c 
7P 

BUS 

YSTP PC= OO2Z0C2 # 

bo= OOo00000 
b4= 00000000 
A= OOOO0000 

A4= 00000000 

TRAC PC OO20C4 
poO= 090000000 
b4= 90000000 

A0= 00000000 
A4= 00000000 

% 

*# AFTER adibagaad ict : LEAL RETURN, AS 

* 
¥ 

TRAC PC= O020CA # 4853 $=0 § OOO (== 2eZee SP= OOOO225E. 

DO= NO000000 DI= FFFFON8O be= 00000000 b3= 00000000 

b4= OOOOOO0O OS= OOONNH00 Déé= OOODOO0O O7= OOOOOOOO 

AQ= O0000000 At= OO000000 A2= N0000000 A3= ONONOZOND 

a4= OoOoo000 AS= OOOOVOOO Ab= OOOTDEOT A7= OOO00E00 

# 

x AFTER INSTRUCTION © LEA.L #€°S5P)>5P 

* In RERE DUNNE sean nse on easH ESS sh 

% 
y 

TRAC PCs O020CC # 4FEF s=0 § O00 Cz ..Z.. SP= OO0D225A 

DO= OUND0000 Ol= FFFFON80 Dax 90000000 b3= 00000000 

p4= OO000000 DS= OO000000 D4G= ooooOO00 b7= OOO00000 

ad= QOO000000 aAt= OOOO00N0 A2= O0000000 A3= OONO2000 

a4= oOoOD0000 AS= go000000 Aé= OOOIDEOT A7= OOOOOGO0 
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C= Sateen SP=OOOU2258 
00000000 b3= 90000000 
Oooo0000 O7= DOOOOOOO 
00000000 A3= DO0O2000 
OOOIDEQ1 A7= OO000600 

(ss »NZ.. SP= OOO0225E 
00000000 b3= 00000000 
OOd0O000 b7= OOOOOONO 
00000000 A3= 00002060 
OOOIDEOT A7= OOO00600 

Ge esaee SP= OOO022ZSE 
00000000 b3= 00000000 
OO000000 b7= go000000 
00000000 a3= 00002000 
OOOIDEOT aA7= OOOO00600 

7 MAY 1984 

FEIT THEATER THEE EEE 

WRITING AT THE SELECTED 

$80 TO THE OPERAND $00 BY ROTATING ON PLACE TO THE RIGHT. 

IF THERE'S A FAILURE THEN " ERROR 2 ' 

MODULES .THERE ARE: 

: WRITING AT THE SELECTED ADDRESS : THE OPERAND $00000000 
ANO RE-READING. IF THE RE-READING NOES NOT CORRESPOND 

ADDRESS THE OPERAND 

162 

> * 

Paes RUICTYONS PEA CAS) 
ee arate 

» * 

> 225A OOOO 2000~- 
> 

> * 

van 

*% TRAC PC= OOLODO # 4673 SQ § OO 

bO= OOOOOONO Dts FFFFOO80 Des 

N4= ONOOONOO OS= OOOOOND00O Dé= 

AD= NO000000 At= OOON0000D Az= 

A= OOOOONOO A= OOOONOO0 Aéd= 

» ¥ 

>» * APTER INSTRUCTIONS LEAL. -2 CSP > Sk 
> +e SI SUSE RRR Sk eae Sat: 3 325 Bast 

> 

ao! Start of program 
# TRAC PC= OO2Z2000 # 46FC $= $ aod 

bO= GOOOOOO0 Dl= FFFFOO8D pee 

O4= OOOONIOO DS= OOOOUONO 6 

A0= OON00000 At= OOONND00 Ae2= 

A4= QOOOOO0OG AS= OOOOOON0 Aé= 

ae 

> * AFTER INSTRUCTIONS RTE 
Pee Mesum iss chicron ote tect exsist ese ees a erurest ares aca cote are tee 

pert 

* TRAC POs O0O2004 # 4FFA $= $ a4 

bO= OOONOONO Bt= FFFFOO80 Des 

D4= QOOKWO00 bS= OOOODD000 bé= 

A0= OOOOOODN At= OOOO000D Az= 

A4= QOOOOIN0O AS= QOOOONO0 Aé= 

> 

2 DYNAMIC MEMORY TEST 

30 

40 * 

50 # MEM ORY 
40 * 
70 * 

80 * WRITTEN BY PATRICK JAULENT 

50 * COPYRIGHT: MICROPROCESS 
100 ¥ 

110 

120 # 

130 * ALGORITHM: THE PROGRAM IS COMPOSED OF 5 
440 # Seesasssz 

150 ¥ 

160 toot eleaes 

170 € 
180 + TO THE WRITING THEN "ERROR i", 
190 ¥ 

200 * -Z- TEST : WALKING i: 
210 # 

220 # 

230 # 



noo00004 

GO000008 

OOOGG00C 
00000018 

pon00040 

c6b000054 

oo00007¢ 

OOO1F9E? 

oo0o00000 
OO00G00A 

on000c04 
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* -3- TEST : WRITING AT THE SELECTED ADDRESS THE OPERAND $FFFFFFFF 
THERE ARE 2 SEQUENCES: 

~1- VERIFICATION IF THE READING CORRESPONDS TO 

THE WRITING, IF THERE 1S A FAILURE, THEN "ERROR 3". 

~2- VERIFICATION IF THE REST OF THE FIELD MEMORY 1S 
UNCHANGED IF NOT SO,THERE ARE "PROBLEMS" OF 

REDUNDANCY THE "ERROR 4", 

~4- TEST : WALKING O: WRITING AT THE SELECTED ADDRESS THE OPERAND 
$7F TO THE OPERAND $00 BY ROTATING ON PLACE THE RIGHT. 

IF THERE IS A FAILURE THEN " ERRORS ", 

-5- TEST : THE LAST TEST USES THE SOFTWARE FEATURES OF THE 
"TAS" INSTRUCTION, 

DESCRIPTION: 

TEST AND SET THE BYTE OPERAND ADDRESSED BY THE 
EFFECTIVE ADDRESS FIELD. THE OPERATION IS 

INDIVISIBLE. 
i 

## FUNCTION REGISTERS 
*” 1 ! 1 Wt W i] u t | ' H 
* AQ = POINTS TO STRING OF THE CHARACTERS 
# Ai = START ADDRESS 

*# A2= END ADDRESS 
# AZ = USE FOR RETURN 

* A4 = USE IN THE REDUNDANCY TEST 

#* AS = ADDRESS ACIA 6850 

* A7 = STACK POINTER 
* 

# 00 = USE SUBROUTINE TO TRANSMIT CHARACTERS 
* D1 = COUNTER LOOPING 

# 02 = USE SUBROUTINE “WALKING” 

# D3 = USE SUBROUTINE OUTHEX AND ADDRTST 
# DS = USE SUBROUTINE DELAY 

+ D6 = MODULE IDENTIFIER 
* 07 = USE SUBROUTINE DELAY 

*% 

% 

#* EQUATES 
¢ =S=S=== 

START = EQU 144 sADDRESS PROGRAM COUNTER 

BUSERROR EQU 24 ;BUS ERROR VECTOR 

ADDERROR EGU 3e4 ;ADDRESS ERROR VECTOR 

TRAPCHERK EQU 6*4 ;CHK INSTRUCTION 

SPURIOUS EQU 24k SPURIOUS INTERRUPT 

IRQACIA EQU Z5%4 LEVEL 1 INTERRUPT AUTOVECTOR 

ABORTIT EQU S14 LEVEL 7 INTERRUPT AUITOVECTOR 

ADDRACIA EQU $1F9E9 ;ADDRESS ACTA 4850 

CR EQU $00 ;CARRIAGE RETURN 

LF EQU $04 ;LINE FEED 

EOT EQU $4 sEND OF TRANSMIT 
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810 go000020 

820 00000008 
830 ooooc007 

860 
870 

880 

890 

900 
510 

920 
930 

940 

940 
970 

980 
990 00002000 

1010 002000 4FFADGA4 

1020 002004 44FC2700 

1030 

1040 

4050 

1070 002008 97CB 

1080 002004 47EBGC10 

1090 QOZ00E 45FA02DC 

1100 G02012 26CA 
1410 002014 B7FCOO000020 

1120 Q02Z01A 44F6 

1130 
1140 

1150 G0201C 45FA0S52 

1140 002020 21CA0008 

1170 02024 21 CA000C 

1180 

1190 O02028 45F A020 

1200 O0202¢ fete 

1210 

1220 O02030 45FA0318 

1230 002034 21CA0064 

1240 

1250 002038 45FA0RZ2 

1260 Q0203C 21 CA0040 

1270 

1280 G02040 45FA0324 

1290 002044 21CA007€ 

1300 

1310 

1320 

1340 002048 6158 
1350 Q0Z04A 6174 

1340 

1370 00204C 4100009E 

1380 002050 41FA067F 
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SPC EQU $20 

BS EQU $8 
BEL EQU $7 

;SPACE 

;CONTROL-G (BELL) 

x 
#* THE SYSTEM IS IN SUPERVISOR MODE 

#* IF THE SYSTEM 15 IN USER MODE THEN WRITE: 

HE 

Ht LEA.L BEGIN, AD 
+ MOVE.L AQ,$80 © (TRAP #0) 
i TRAP #0 
HE DCW O 

* 

% 

4+ INITIALISE STACK POINTER (SSP) AND EXCEPTION VECTOR 
¥ a a 

RORG = $2000 ;P.1.C PROGRAM 

BEGIN LEA.L STACK,A7 pINITIALIZE SSP 
MOVE.W #$2700,5R sMASQ INTERRUPT LEVEL 7 

* 

#4 IF THERE ARE “ILLEGAL INSTRUCTIONS” THE 48000 MICROPROCESSOR STOPS 
¥ ee ee ee eres 

SUB.L A3.AS pAd.L2=0 
LEA -16(A3),A3 pA3.L1=$10 
LEA.L STOPPING, AZ AZ.Li= @ STOPPING 

LOOP = MOVE.L AZ, (AB 1+ sMEMCAZ:=A2;A3.L:=A3.L+4 
CHPA.L #$20,83 yA3.L=$20 ? 
BNE.S LOOP ; 

& 

% 

LEA.L  ERRORBIUS,A2 
MOVE.L AZ ,BUSERROR jINITIALISE BUS ERROR VECTOR 
MOVE.L AZ, ADDERROR pINITIALISE ADDRESS ERROR VECTOR 

€ 

LEAL CHECK, AZ 
MOVE. Az, TRAPCHER SINITIALISE CHK INSTRUCTION 

¥ 

LEA.L — 1RQ6850,A2 : 
MOVE.L AZ, IROACIA pINITIALISE LEVEL 1 AUTOVECTOR 

¥ 

LEA.L  SPURTOUSIRG,A2 
MOVE.L A2, SPURIOUS SINITIALISE SPURIOUS INTERRUPT 

¥ 

LEAL  LEVEL7IRG,Az 
MOVE.L AZ, ABORTIT pINITIALISE LEVEL 7 AUTOVECTOR 

* 

#* CALLING THE SUBROUTINES (MODULES) 
# SSSSSSSSSSSSSSsSssSSSSSSS=SSSS2=55=== 

BSR.S — INITACIA : 
BSR.S — INPUITHEY 

* 

BSk ‘TESTA : 
LEA.L STRING? AG : 



1390 002054 6100023 

1400 002058 6100025A 

1410 00205C 4100024A 

1420 002060 OCOD0D4E 

1430 002044 4736 

1440 002064 6152 

1450 002048 44FC2000 

1460 00206¢ 61000040 

1470 002070 41FA06C9 

1480 002074 6100021 

1490 

1500 002078 410000AA 

1510 OO207C 41FAQ4F4 

1520 002080 4100020 

1530 

1540 002084 410000D¢ 

1550 002088 41FAQ71F 

1560 00208¢ 461000202 

1570 

1580 002090 4100004 

1590 002094 41FA0S60 

1600 002098 410001F4 

1610 

1620 G0209C 45F80004 

1630 GO20A0 4€D2 

Programming Exercises 

BSR 

BSR 

BSR 

CMPI.B 

BEQ.S 

BSR.S 

MOVE.W 

BSR 

LEA.L 
BSR 

BSR 

LEA.L 

BSR 

BSR 

LEA.L 

BSR 

BSR 

LEA.L 

BSR 
¥ 

ENDTEST LEA.L 

JMP 
¥ 

PDATA 
INPUTA 
OUT CHI 
#°N’ 00 
ENDTEST 
INITIRQ 
#$2000,SR 
TEST2 
TRING? , AD 

PDATA 

TESTS 

STRINGS AQ 

PDATA 

TESTS 
STRINGS AO 
PDATA 

TESTS 
STRINGS , AQ 
PDATA 

START ,A2 
(A2) 

#* ACIA 6850 INITIALISATION 

* 

1720 OOZ0A2 4BFODD01F9E9 INITACIA LEA.L 

1730 002048 1ABCOO03 

1740 OOZDAC 3E3Ci000 

1750 G020B0 SiCFFFFE 

1760 OO20B4 iABCOO15 

1770 GOZOBS 4€75 

1790 
1800 

1810 
1820 COZOBA 1ABCO095 

1830 GOZ0BE 4£75 

1850 
1840 

1870 

1890 OOZ0CO 41FAGS12 

1900 O020C4 6110 

4910 OO20C4 OZB3FFFFFFFE 
1920 O020CC 2243 

1930 

4940 DOZOCE 4iFA037F 

1950 G020D2 4510 
1960 GO20D4 O283FFFFFFFE 

MOVE.B 

MOVE .W 

LOOP1 DOBRA 

MOVE .B 

RTS 

* 

* CONTROL REGISTER = 95 

+ 

INITIRG MOVE.B 

RTS 

* 

#% GET START AND END ADDRESSES KEYBOARD 

INPUTHEX LEA.L 
BSR.S 

ANDI.L 

MOVE.L 

LEA.L 

BSR.S 

ANDI.L 

* CONTROL REGISTER = 03 

* CONTROL REGISTER = 15 

ADDRACIA,AS 
#3, (AS) 
#$1000,07 
07,LOOP4 
#915, (AS) 

#995 , (AS) 

ADDRPEGIN, AQ 
ADORF 
#SFEFFFFFE ,03 
03,1 

ADDREND, AG 

ADDRF 

#$FFFFFFFE 03 

; PRINT STRING1 

3 INPUT CHARACTER 
; ECHO ON THE CONSOLE 

+ IF INPUT CHAR.= ‘N’ 

+! /* END TESTS #/ 

; ELSE 
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THEN 

; | /* ENABLE INTERRUPT #/ 4 

7! 7# TESTS 4/7 

; ENDIF 

-s on ae 

se =e one 

#* MASTER RESET #/ 

/* §& BITS,1 STOP,DIVISION 16 #/ 

MASTER RESET 

DELAY 

5 
: 
; 
. 
‘ 

; 
H 

ODD ADDRESS SVP 

Ai:= START ADDRESS 

O00 ADDRESS SVP 

8 BITS ,1 STOP ,DIVISION 16 

/* ENABLE INTERRUPT GET CHARACTER */ 
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1970 QO20DA 2443 

1980 
1990 OO200C BSC? 

2000 Q020DE 4FEO 

2010 OO2Z0E0 4£75 

2020 
2030 COZ0E2 610001AC 

2040 002064 61000104 
2050 OOZ0EA 47S 

2070 
2080 

2090 
2100 

2110 
2120 

2130 

2140 
2160 OO20EC 48E700C0 
2170 OOZOFD 7C01 

2180 QO20F2 BSCA 
2190 OO20F4 ie 

2200 O020F4 429 
2210 O020F8 1A 

2220 DOZOFA 6708 
2230 GO20FC 41FA0374 

2240 002100 61000144 

250 002104 5889 

2260 002106 60EA 
2270 002108 4CDFO300 

2280 002100 4675 

2400 O0210E 48E72080 

2440 OO2112 ESOE 
2420 002114 41FA0397 

2430 002118 7480 
2440 OO211A 61000082 

2450 OO211E 4CDFO104 

2460 002122 4E75 

2480 
2490 

2500 

2510 

2520 

2550 

2540 
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MOVE.L 05,A2 ; Az:= END ADDRESS 

IF Az.L =< Al.L THEN 

i 7* RETURN INPUTHEX */ 

ENDIF 

CMPA.L A1,AZ 

BLE.S  INPUTHEX 

RTS ; 

ee ne 

* 

ADDRF BSR PDATA 

BSR INADD 

RTS 

PRINT TEXT STRING 

GETS ADDRESSES we 

# 

#* TEST 1: WRITE $00000000 AND READ IF ADDRESS EQUALS $00000000 

* sorrr srr rere eee SSE rae ST SSSS SESS SSS SSS SSS SESS 

# 

# MODIFIES REGISTERS: 01234567 
& ------------------ fi 

€ A*# 

TESTI MOVEN.L AQ-Ai,-(A7) ySAVE ALTERED REGISTERS 
MOVEQ #1, D4 sIDENTIFIER MODULE 1 

LOOPT1 CMPA.L AZ, Ad sD WHILE Al =< Az 
BHI.S  ENDTA :! 
CLRAL (ALD ;! MEMEA1]:=$00000000 
TST.L (Ad) ;! IF MEMLA1] <> $00000000 THEN 
BEQ.S  OKTST4 y! 1 /# AQ.L:= @ TEXT ERRORL #/ 
LEA.L ERROR ,A0 z! | /# PRINT STRINGL #/ 
BSR FAILURE ys 

OKTSTi ADDQ.L #4, Ad ;! ENDIF 
BRA.S LOOPT1 ! 

ENDTi © MOVEM.L. (A714, A0-Ad sENDDO 
RTS 

% 

## TEST 2 :WALKING 1 

* MODIFIES REGISTERS: O 1 2 3 67 

¥ =---------—-——-—- oi * 

# A # 

# AQ.L:= ADDRESS TEXT STRINGZ INPUT PARAMETER PASSED 

# 02.B:=$80 INPUT PARAMETER PASSED 
# 

TESTZ  MOVEM.L D2/A0,-(A7 ySAVE ALTERED REGISTERS 

LSL.B  #1,04 ;IDENTIFIER MODULE 2 
LEA.L ERROR2,A0 sAO.L:= ADDRESS TEXT ERROR 2 

MOVEQ #880, D2 302.B:= 10000000 
BSR WALK ;CALLING WALK 

MOVEM.L (A7)+,02/A0 ;RESTORE REGISTERS 
RTS 

# 

#* TEST 3 :WRITE $FFFFFFFF AND READ 
¥ SSS SSSSSSSSSSSSSSSSSSSS=S=SS=S=== 

* MODIFIES REGISTERS: 01234547 
# ------------~----- D 
% At +* * 



2560 002124 48E700C8 
2570 OO2128 E30E 
2580 OO212A B3CA 
2590 O0212C 622€ 
2600 O0212E 2849 
2610 002130 588C 
2620 002132 228CFFFFFFFF 
2630 002138 OC91FFFFFFFF 
2640 OO213E 4708 
2650 002140 41FAD3AA 
2660 002144 41000100 
2670 
2680 002148 B9CA 
2690 00214A 620C 
2700 00214C 4A% 
2740 OO214E 4704 
2720 002150 610000FE 
2730 
2740 002154 Saac 
2750 002156 S0FO 
2760 002158 5889 
2770 OOZ15A 40CE 
2780 
2790 OOZ1SC 4CDF1300 
2800 002160 4€75 

2940 002162 48672080 
2950 002166 E30E 

2960 002168 41FA03EZ 

2970 OO216C 747F 
2980 OO216E 412E 
29790 002170 4CDFO104 

3000 002174 475 

3100 002176 48E700C0 
34110 00217A E30E 
3120 00217¢ B3CA 
3130 O0217E 6218 

TEST td 

LOOPTS 

ENDS 

= 

OKTS 

END32 

# 

ENDS1 

i 

Programming Exercises 

MOVEM.L AQ-A1/A4,-(A7) 
LSL.B = #1,D4 

A2,A1 
END31 
At AG 
#4 ,A4 
4$FFFFFFFF (AL) 
#$FFFEFFFF, (Al) 
ENDS 
ERROR3O,A0 
FAILURE 

ADDQ.L 

MOVE.L 
CAPLLL 

BEQ.5 

LEA.L 
BSR 

CMPA.L 

BHI.S 

TST.L 
BEQ.S 

BSR 

AZ,A4 
END32 
(A4) 
OkT3 
TEST31 

ADDQ.L 
BRA.S 

ADDQ.L 

BRA.S 

#4,A4 

ENDS 

#4,A1 

LOOPTS 

MOVEN.L (A7)+,A0-A1/A4 

RTS 

#* TEST 4 : WALKING 0 
a 

% 

* MODIFIES REGISTERS: 01234567 
# ----------------- D # 

* 

* 

A # 
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iSAVE ALTERED REGISTERS 
;LDENTIFIER MODULE 3 

300 WHILE AzZ=<At 
| 

1 

‘ AS LI=AL L+4 
' MEMCAL:=$FFFFFFFE 

IF MEMCAL] <> $FFFFFFFF THEN 

' + AQ,L:= ADDRESS TEXT ERROR 3 
Let 

' 7% PRINT TEXT ERROR 3 #/ 

' ENDIF 

' DQ WHILE A4=<AzZ 
! 

1 

1 

' 

t 

1 

1 

IF MEMCA4] <> 0 THEN 

ENGIF 

A4.Li=A4.L+4 

! ENDDO 

3p) AL. Li=Al.L+4 

sENDDO 

1 

' 

ee 
| 1 /* ADDRESS ERROR #/ 
i 

1 

;RESTORE REGISTERS 

# AD.LI= ADDRESS TEXT STRINGS, INPUT PARAMETER PASSED 

# 02. 
# 

TEST4 

% 

:= $7F INPUT PARAMETER PASSED 

MOVEM.L 02/A0,-(A7) 
LSL.B  #1,06 
LEA.L  ERROR4 AD 
MOVEQ #87F 02 
BSR.S WALK 
MOVEN.L (A7)+,02/A0 
RTS 

#* TEST 5 : READ/WRITE (QUICK) 
$ crs astsssessesSS=SsSSSSS=SS= 

- 

* MODIFIES REGISTERS: 01234567 
oa D 

¥ A # # 

¥ 

TESTS MOVEM.L AO-At ,-(A7) 

LOOPTS 

LSL.B  #1,04 
CMPA.L AZ,Al 
BHI.S ENDS 

;SAVE ALTERED REGISTERS 
;INDENTIFIER MODULE 4 

sAG.L:= ADDRESS TEXT ERROR 4 

302.B:=O1411111 
;CALLING SUBROUTINE WALK 

;RESTORE REGISTERS 

SAVE ALTERED REGISTERS 
;IDENTIFIER MODULE 5 

3D0 WHILE Al=<AzZ 
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3140 002180 4214 

3150 002182 4AD1 

3160 002184 08510007 

3170 002188 4A11 
3180 00218A 6708 

3190 OO218C 41FAGSFF 

$200 002190 61000084 

3210 

3220 002194 5289 

230 002196 460E4 
240 002198 4CDFO300 

50 00219C 4E75 

be 

iy 
ra 

OJ Crd ted ea Grd Crd Cod Ged Cet Cel Ce Cel Get Led Crd 

+ (=) 

3390 OOZ1I9E 48E7E8C0 
3400 OOZ1AZ BSCA 

S410 OOZ1A4 O22 
3420 QOZ1Ad 1811 

430 OOZ1AG 7207 

3440 OOZIAA 1282 

3450 OO2Z1AC B4td 

3460 GOZ1AE 671A 

3470 OO21B0 2F08 

3480 OO2Z1B2 4100000C 

3490 OO21B4 61000140 

3500 OOZ1BA 204E 
3510 GO21BC 41000002 

3520 O021C0 2009 

3530 O021C2 41000100 

3540 O021C4 6112 

3550 0021¢8 205F 

3540 
3570 QOZICA E2iA 

3580 OO21CC SIC9FFDC 

3590 O021D0 12¢4 

3600 002102 60CE 

3610 002104 4CDFO317 

3620 O021D8 4675 

trl & 

4 

3640 
3450 

3660 

3670 

3480 

3690 

3700 

3710 
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CLR.B CAL) +! MENCAII:=0 
TAS.B (AL) s! R/M/W ;HEMCALI:=$80 
BCHG.B #7, (AL) ;! MENLAI2:=$00 
TST.B (At) +! IF MEMCAI] <> $00 THEN 

rile (et ERRORB GE ee 

LEA.L ERRORS, AG 7! ! AQ.L:= ADDRESS TEXT ERS 

BSR FAILURE ;! | /* PRINT TEXT ERROR 5 #/ 

* 7) ENDIF 

OKT5 ADDQ.L #1, Al y! AL.-L:=A1.L+1 

BRA.S  LOOPTS ;ENDOO 
ENDS MOVEM.L (A73+,A0-Al ;RESTORE REGISTERS 

RTS 

BEQ.S  OKTS 

#* WALKING PROCEDURE 

# ----------------- Dee e # 

# 02.B:=$80 ,AG.L:= ADDRESS TEXT ERRORZ 

# D2.B:=$7F ,AQ.L:= ADDRESS TEXT ERRORS 

WALK MOVEN.L DO-D2/04/A0-Al ,-(A7i 

LWALK CMPA.L AZ, Al 700 WHILE A1l=<Az 

PHI.S5  ENDW a 

MOVE.B (Al), 04 7! SAVE MENCALI 

MOVEQ #8-1, D4 3) DL.B:=07 

LWALK1 MOVE.B 02, (At) 3! FOR D2=N UNTIL 0 DO 

CHP.B (Ai), 02 ¢! | MEMCAII:=02.8 

BEQ.S  OKTW y! | IF MEMCAIT <> D2 THEN 

MOVE.L A0Q,-(A7) yf! SAVE AQ.L 

BSR PDATA y! } ) /* PRINT TEXT ERROR #/ 

BSR ADDRTEST 3!) | /* ADDR.TEST ODD/EVEN 

MOVE.L Ad,A0 y: ' ! AG.Li= ADDR ODD/EVEN 

BSR PDATA 3) |} /* PRINT ADDRESS +#/ 

MOVE.L At,00 3!) ) DOs=D0-B7/D8-D1S 

BSR OUTHEX yi)! /* PRINT DOLL #/ 

BSR.S DELAY yi { | /* DISPLAY DELAY #/ 

MOVE.L  (A7)+,A0 3: } ' RESTORE AG.L 
* 7! | ENDIF 
OKTW = RORLB #4, D2 yt 

DBRA D1, LWALK4 +! ENDFOR 
MOVE.B D4, (A1)+ ;! RESTORE MEMCAI];A1.Ls=+4 
BRA.S = LWALK sENDDO 

ENDW MOVEM.L (A7)+,00-D2/D4/AD-Al 

RTS 

* 

#* DELAY FOR DISPLAYING 
{ SSaseassssSeSs=cae> 

t 

* MODIFIES REGISTERS: 01234547 
Berens an awee= 0 % 

* 4 
% 



1 
tel 0 GO21DA 48—70500 

740 OOZiDE 7A04 

750 GOZ1E0 3E3SCFFFF 

3760 GOZ1E4 SiCFFFFE 

770 QOZiE8 SACDFFFS 

780 GOZ1EC 4cDFO0AG 
3790 QO21FO 4£75 

=I ca Crd ia Hd Ted 

3310 OO21F2 486746000 

3920 OO21F6 4283 
3930 OO21F8 7205 

3940 DOZiFA 4112 

3950 GOAIFC 4A02 

3940 OOZIFE 4805 
3970 002200 £988 

3980 002202 0480 

3990 002204 SIC9FFF4 

4000 002208 4CDFO004 

4010 002200 4675 

4030 
4040 

4050 
4060 

4070 

4090 O0220E 61000084 
4100 002212 61000094 

4110 002216 GCO00000 

4120 O0Z21A 6606 

44130 O0221¢ 08C20007 

4140 002220 4014 

4150 

41460 002222 04000030 
4170 002226 47FAFFE6 

4180 00222A 4iBC0016 

4190 

4200 
42740 O0222E 0CO00009 

4220 002232 4F02 

4730 002234 SFOO 

4240 002236 4£75 

4260 
4270 

4280 

4300 002238 7007 

Programming Exercises 

DELAY MOVEM.L 05/07 ,-(A7) 

MOVEQ = #5-1,D5 

LPT2 MOVE.W  #$FFFF 07 

LPT1 RRA O7,LPT1 

DBRA  =—-05,LPT2 

MOVEN.L (A7)+,05/07 

RTS 

#* GET ADDRESS OF KEYBOARD 

# D2.B:= ERROR FLAG 

# 01.B:= COUNTER CHAR 

* 03.L:= ADDRESS 

* MODIFIES REGISTERS: 012345 
+ ——— 

+ Dp ##% 

# A 

INADD = MOVEM.L Di-D2,-(A7) 

CURSE us 

MOVEG = #4-1, D1 

LOOPAD = BSR.S  INMEX 

TST.B D2 

BMI.S  ENDAD 

LSL.L  #4,03 

ADD.L 0,03 

DBRA = 11, ,LOOPAD 

ENDAD  MOVEM.L (A7)+,D01-D2 

RTS 

# 
#* GET GNE HEX CHARACTER 

169 

;SAVE ALTERED REGISTERS 

; 

;RESTORE REGISTERS 

;SAVE REGISTERS 

703.L2=0 

tINITIALISE COUNTER — 

;RESTORE REGISTERS 

* IF 0-9 OR A-F THEN CONVERTED BCD OTHERWISE D2.B:=$80 AND RETURN 

¥, 

INMEX BSR —_INPUT4 
BSR OUCH! 
CMPI.B #CR,DO 
BNE.S  SUITEMEX 
BSET.B 47,02 
BRA.S  ENDMEX 

# 

SUITEMEX SUBI.B #0’ ,00 
LEA.L  INMEX,A3 
CHK «© «#816, D0 

CMPI.B 
BLE.S  ENDMEX 
SUBQ.B #7, 00 

ENDMEX RTS 3 

#9,00 

¥ 

## TRAP CHK 
¥  ======== 

CHECK MOVEQ  #BEL,DO 

:GET ON HEX 
sECHO 
:IF CHAR=CR THEN 
al 

+! 02, B:=$80 
:! RETURN TO INADD 
sELSE 
:! ASCII-2BCD CONVERSION 
+! AS:= @ RETURN IF TRAP CHK 
+! IF CHAR <0 OR 39 THEN 
s! 1 / TRAP CHK #/ 
:! ENDIF 
3! IF CHAR > 9 THEN 
s! 1 / AJUST #/ 
:! ENDIF 

A ltd? oy 
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4310 00223A 614C 

4320 00223C 7008 

4330 D0223E 6168 

4340 002240 2F4B0002 

4350 002244 4E73 
4370 
4380 

4390 

4400 

4420 002246 6148 
4430 002248 2009 
4440 002244 6178 

4450 002240 618C 
4460 O0224E 4E75 

4480 

4490 

4500 

4510 

4520 
4530 

4540 
4550 

4540 

4570 

4580 

4600 002250 48674480 

4610 002254 2209 
4620 002254 ZA0C 

4430 002258 B385 
4640 OO2Z25A 4iFA02ZCE 

4650 O02Z25E 6130 
4660 002260 6106 

4670 O02262 4CDFOiz2 
4680 002264 475 

44690 

4700 002268 48678400 

4710 002260 7407 
4720 O0226E 7603 

4730 Q02270 610000CC 
4740 002274 103C0058 

4750 002278 E380 

4760 O0227A 4404 

4770 O0227¢ 103C0031 

4760 002280 6126 

4790 OO2282 SICBFFFO 
4800 002286 SICAFFE4 

4810 O0228A 4CDFO0Z0 

4820 O0226E 4E75 

4840 
4850 

4860 

4870 

4880 
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BSR.S OUTCHI OUTPUT CHAR me 

MOVEQ #85, 00 ; B.SPACE 

BSR.S  OUTCHI ; 

MOVE.L A3,2¢A7) ; STORE RETURN ADDRESS 

RTE 
* 

#* PRINT TEXT STRING PROCEDURE 
¥ sSs=sSSSSSSSSSSSSSSSSSSSS==== 

# 

FAILURE BSR.S  PDATA OUTPUT TEXT Pry 

MOVE.L A1,D0 : DO.L:= ADDRESS ERROR 
BSR.S  OUTHEX ; OUTPUT ADDRESS ERROR 
BSR.S DELAY ; DISPLAYED DELAY 
RTS 

% 

## PRINT THE "LINE" ADDRESS ERROR 
*€ Ss=SSSSSSSSSSSSSSSSSSSS SSS SSSa=> 

# IF THERE iS A FAILURE ,THE SUBROUTINE EXECUTES AN “EXCLUSIVE OR" BETWEEN 

# THE TWO POINTERS (A4.L & Ai.L}.THE RESULT WILL BE A LOGICAL 1 IN EACH 

# BIT POSITION WHERE THERE WAS A FAILURE. 
% 

* MODIFIES REGISTERS: 012345467 
% -——--—----—--——--—| C# ee % 

% A # 

TEST31  MOVEN.L D1/D5/A0,-(A7) ;SAVE ALTERED REGISTERS 
MOVE.L At, D1 :O1.L:= ADDRESS ERROR 
MOVE.L A4,05 7DS.L:= ADDRESS ERROR 
EOR.L 01,05 :D5.L@ D1.L :=05.L 
LEA.L ERROR31,A0 ;AG.L:= ADDRESS TEXT ERROR 
BSR.S  PDATA ;PRINT TEXT 
BSR.S BINARYADDR ;CALLING OUTPUT BINARY ADR 
MOVEN.L (A7)+,AQ/041/05 ;RESTORE REGISTERS 
RTS 

* 

BINARYADDR MOVEM.L 00/02-D3/05,-(A7) SAVE ALTERED REGISTERS 
MOVEQ  #8-1,02 NUMBER NYBBLE 

REIN:  MOVEQ #4-1,03 NUMBER BIT 
ASR SPACE ; 

RBINZ  MOVE.B #'X’ 00 :D0.B:=858 
LSLLL #4,05 i 
BCC.S  RBINS IF BIT=0 THEN 
MOVE.B #'4',00 yo) ¢* SX DISPLAYED #/ 

RBINS &8SR.S OUTCHI ; ELSE 

(BRA 03, RBINZ ; ) /* 4° DISPLAYED # 
DBRA «02, RBINI 7 ENDIF 
MOVEM.L (A734, 0O/D2-D3/05 
RTS 

% 

#* PRINT TEXT STRING GF CHARACTERS 
ed SSS SSSS SSNS SS SSS SS SSS Sa Seas sss 



4890 

4900 

4920 002290 48£78080 
4930 002294 1018 

4940 002296 00000004 

4950 00229A 6704 

4960 00229C 6i0A 
4970 00229E 40F4 

4980 OO22A0 2048 

4990 OO22A2 4CDFO101 

5000 002246 4E75 

5010 

5050 002248 08150001 

5040 OO22AC 47FA 

5070 O022AE 18400002 

5080 O022B2 4£75 
5090 

5100 
S110 

$120 
5130 002284 08150000 

5140 002285 &7FA 
5150 O0228A 1020002 

5140 O022BE O200007F 
5170 002202 4£75 

5180 

5190 

5200 

5210 

5220 

5230 

5240 
5750 002204 48670000 

5260 002208 7207 
5270 O022CA 2600 

5280 0022CC E998 
290 0022CE 2003 

$300 002200 0200000F 
S310 002204 06000030 

$320 oOz2D8 OCD00039 
5330 002200 6302 

$340 O0Z2DE SEOO 
5350 O022E0 614 

5360 002262 SiC9FFES& 
$370 002266 4CDFOOOB 

S380 O0Z2EA 4675 

5400 
5410 

5420 

5430 

5450 O02Z2EC 41FAOZEG 
64460 0022F0 619 
5470 O022F2 46722700 
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PDATA — MOVEM.L AQ/D0,-(A7) 
PDATA1 MOVE.B (AQ)+,D0 

CMPI.B #£0T,00 
BEQ.S  ENDPD 
BSR.S  OUTCHI 
BRA.S  PDATAS 

ENDPD  MOVE.L AQ,AS 
MOVEN.L (A7)+,A0/D0 
RTS 

* 

#* TEST ACIA 6850 READY FOR TRANSMIT 
. 4 SSS SS SSSSSSSSSSSSS SSS =S= SSS ==== 

*% 

OUTCHI BTST.B #1, (AS) 
BEQ.S  QUTCHI 
MOVE.B D0,2(A5) 
RTS 

¥ 

#* INCHNP GETS DO CHAR (NO PARITY) 
$0 SSS Ssesessssass SSS 

¥ 

INPUT{ BTST.B #0, (AS) 
BEQ.S — INPUT4 
MOVE.B 2¢AS) , D0 
ANDI.B #$7F,00 
RTS 

¥ 

## OUTPUT "FAILED ADDRESS” ON THE CONSOLE 

# MODIFIES REGISTERS: 01234547 
& ------------------J) ## # 

* A 
% 

OUTHEX  MOVEM.L DO-D1/03,-iA7) 
MOVEO 48-4, D1 
MOVE.L 00,03 

LOOPOUT ROL.L #4,03 
MOVE.L 03,00 
ANDI.B #$F,00 
ADDI.B #0’ ,00 
CMPI.B #/9’ ,D0 
BLS.S  ASCIICH 
ADDQ.B 47,00 

ASCLICH BSR.S  OUTCHI 
DEBRA [1 ,LOOPOUT 
MOVEM.L (A7)+,00-D1/03 
RTS 

¥ 

## STOPPING 4B000 MICROPROCESSOR 

STOPPING LEA.L = TEXTRST,AO 
BSR.S = PDATA 

STOPPED! STOP #82700 
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;SAVE ALTERED REGISTERS 
; DO WHILE DD <> EOT 

His 
ed 

3 | /* OUTPUT CHAR #/ 
ty 

bf ; ENDDO 

; DO WHILE TDRE =0 
; | /* READ STATUS #/ 
; ENDDO 

; DO WHILE RDRF =0 

; | /* READ STATUS #/ 

+ ENDO 

; READ CHAR AND MAS@ 

;SAVE ALTERED REGISTER 

;COUNTER DIGIT=7 

;D3.L:= ADDRESS ERROR 

3 REPEAT 
1 

; | MASO 
; | BCD -> ASCII CONVER, 
5! CHECK FOR A-F 
at i! 
; | AIST. FOR HEX A-F 
; | OUTPUT CHAR. 
; UNTIL D1=-t 
;RESTORE REGISTERS 



IZ 

5480 O022F6 SOFA 

5500 
5510 

5520 

5530 

5540 

5550 

5540 

5570 

5580 

5590 

5600 

5420 O022F8 48E7D000 
54630 G022FC 1001 

5640 OOZ2FE 2609 

5450 002300 08030000 

5460 002304 6426 

5470 002306 5040 
5480 002308 OCO00009 

5490 O0230C 4F20 
5700 00230 O400FFFA 

5710 002312 1400 

5720 002314 7201 

5730 002316 EIB 

5740 002318 2003 

5750 00231 O200000F 
57460 OO2Z31E 06000030 

5770 002322 6184 
5780 002324 51 C9FFFO 

5790 002328 4C0FOO0B 

5800 002320 4£75 

5810 O0232E 410E 
5620 002330 O200000F 

5830 002334 06000030 

5840 002338 6i00FFE 

5850 O02335C 405A 
5860 

5680 
5890 

5900 

5910 
5920 

5940 OO233E 2FO0 
5950 002340 7020 
5960 002342 61 00FF44 

5970 002346 201F 

5980 002348 4675 

6000 
6010 

6020 

6030 

6040 002344 1020002 

6050 O0234E 41FA0303 

6060 002352 6100FF3C 
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BRA.S STOPPED 

* 

#* TEST : ADDRESS ERROR 
$0 sates assesses 

% 

* IF ADDRESS ODD (UDS) THEN DATA BUS IS b&-DiS 

* IF ADDRESS EVEN(LDS) THEN DATA BUS 15 00-D7 

# 

# MODIFIES REGISTERS: G1 234 
(pp ae eas a5 

# A 

* 

AODRTEST MOVEN.L DO-f1/DS,-(A7) 

MOVE.B 01,00 

MOVE. A1,03 

BTST.B #0,03 

BNE.S ODD 

ADDO #8, D0 

CMPI.B #9,00 

BLE.S ODD 

SUBI.B #-6,00 

MOVE.B 00,03 

MOVEQ #2-1,01 

EVEN ROL.B #4, 03 

MOVE.L 03,00 

ANDI.B #4F,00 

ADDI.B #0’ ,D0 

BSR.S  OUTCHI 

DBRA Di ,EVEN 

EXITADR MOVEM.L (A7)+,00-[1/03 

RTS A 

opp BSR.S SPACE 

ANDI.B #$F D0 

ADDI.E #0’, 00 

BSR OUTCHI 

BRA.S  EXITADR 

% 

¥ 

#* PRINT SPACE 

* MODIFY REGISTER: DO 
# 

SPACE  MOVE.L DQ,-(A7) 
MOVEQ #SPC,D0 
BSR —QUTCHI 
MOVE.L (A7)+,00 
RTS 

% 

#* ACIA 6850 INTERRUPT 
¥ sSsSsssssssSssSS2==S> 

¥ 

TRQ6850 MOVE.B 2(A5) DO 

LEA.L = TEXTIRO,AG 

BSR POATA 

7SAVE ALTERED REGISTERS 

s5AVE ERROR POSITION 

7D3.L:= ADDRESS ON ERROR 

;1F ADDRESS EVEN THEN 

/* ADJUSTMENT 08-015 #/ 
IF DIGIT %=9 THEN 
1 

! /* DECIMAL AJUST #/ 
| 03.B:=D0.8 
' D1.Br=4 
! REPEAT 
1 DO.L:=D3.L 

;!! | MASQ MSB DIGIT 
1 | BCD-3ASCII CONVERSION 
1) QUTPUT DIGIT 
| UNTIL Di=-1 

+! ENDIF 

;ELSE 
3! /* OUTPLIT SPACE #/ 

y) /# MAGQ MSB DIGIT #/ 
;) #* BCD=3ASCII CONV #/ 
3! /*# OUTPUT DIGIT * 

;ENDIF 

;SAVE DO 
* 
1 

sRESTORE 00 



6070 002356 4£722100 

6080 O0235A 4E73 

6100 
6110 

6120 

6130 

6140 00235C 41FA0S20 

6150 002360 Si00FF2E 

6160 002364 4E73 

6180 
6190 

6200 

210 

6230 002366 4iFAGS44 
6240 002364 6100FF24 

6250 O0Z54E 4E73 

6270 
6280 

6290 

6300 

6310 

6320 

6330 

6440 
6450 002370 41FAU2ZB4 

4440 002574 S100FFiA 
6470 002378 202F0002 

6480 O0237C 6i00FF46 
6490 002380 4100FE58 

6500 002384 1€06 
6510 002386 6742 

4520 002588 44C6 

4530 00238A 46500 

6540 O0Z38C 4914 
4550 00238 471C 

65460 0023590 4824 
6570 002392 602C 

6580 002394 SO8F 
6590 002396 4£73 

6600 
6610 002398 47FAFD74 

6620 00239C 2F4B000A 
6630 0023A0 40F2 

6640 
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STOP —-#$2100 
RTE; 

* 

#* SPURIOUS INTERRUPT 

SPURIOUSIRQ LEA.L TEXTSPURIOUS, AO 
BSR PATA 
ses 3 

* 

** LEVEL 7 INTERRUPT 

LEVEL7IRQ LEA.L TEXTLEVEL7,AG 
BSR PDATA 

RTE 

* 

#* BUS ERROR AND ADDRESS ERROR PROCEDURE 
” 

CASE 

be i i i i, i 

* OTHERWISE 
* | /* ERROR STOPPING 48000 MICROPROCESSOR */ 
* ! 

* ENDCASE 

‘4 

t 

ERRORBUS LEA.L TEXTBUS,AG 

BSR PDATA 

MOVE.L 2(A7) ,DO 
BSR QUTHEX 

BSR DELAY 

MOVE.B 06,16 
BEQ.S OTHERWISE 

MOVE.B 04,CCR 

BCS.5  MODULE1 

BVS.S5 MODULEZ 

BEQ.S MODULES 

BMI.S MODULES 

BRA.S MODULES 

EXITBA ADD.L #8,A7 
RTE ; 

% 

MODULE LEA.L TEST2,A3 

MOVE.L AS,10(A7) 

BRA.S  EXITBA 

1783 

; LEVEL 1 ACTA MASQ 

' IF BUS ERROR OR ADDRESS ERROR DURING TESTi THEN EXECUTE TEST2 

' IF BUS ERROR OR ADGRESS ERROR DURING TEST2 THEN EXECUTE TESTS 

' IF BUS ERROR OR ADDRESS ERROR DURING TESTS THEN EXECUTE TEST4 

' IF BUS ERROR OR ADDRESS ERROR DURING TEST4 THEN EXECUTE TESTS” 

‘IF BUS ERROR OR ADDRESS ERROR DURING TESTS THEN END 

2 
4 

5 

;RESTORE ADDRESS ERROR 
;PRINT ADDRESS ERROR 

;DISPLAYED DELAY 
;REGISTER CCR POSITIONED 

; ERROR STOPPED 48000 

7CCR:=06.B 

;ERROR DURING TESTI 

sERROR DURING TEST2 
ERROR DURING TEST3 
sERROR DURING TEST4 
;ERROR DURING TESTS 

3NO GOOD BUT !!! 

j 
;RETURN EXECUTE TEST 2 

b) 
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6450 O023A2 47FAF D&O 

6460 0023A6 2F4B000A 

6470 OO23AA 6068 

6680 
6690 OO23AC 47FAFDBS 

6700 002380 2F4B000A 

4710 002384 40DE 

6720 
6730 0023B6 47FAFDBE 

6740 OO2Z3BA 2F4B000A 

6750 OOZ3BE 404 

6760 
6770 GO23C0 47FAFCDA 

6780 00234 2F4B000A 

6790 0023C8 40CA 

6800 

6810 O0Z3CA 

6820 O0Z5CE 
6830 002302 

47F AFF 20 
2F4B000A 
60C0 

6850 
6860 

6870 

6880 
6890 002304 1B 
6900 OOZ3D8 40 

6710 002405 1B 
6920 O0240C 50 

6930 00242) DA 

6940 002431 20 

6950 O0244E 04 

6960 O0244F OA 

6970 002451 20 

6980 O0246E 04 

69790 00246F OA 

7000 002472 20 

7010 002498 20 

7020 GOZ4AC 04 
7030 O024AD OA 

7040 OO24AF 20 
7050 002408 04 

7060 002409 20 

7070 GOZ4EB 04 

7080 O024EC OA 

7090 GO24EE 20 

7100 002517 20 

7410 002529 04 

7120 GOZ52A OA 

7130 00252C 20 

7140 002548 04 

7150 G0254C 0A 

7160 O0254E 20 

7170 02577 04 

7180 002578 20 

7190 GO258C 04 

7200 002580 OA 

7210 O00258F 20 
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MODULEZ LEA.L 

MOVE.L 

BRA.S 
# 

MODULES LEA.L 

MOVE.L 

BRA.S 
* 

MODULES LEA.L 

MOVE.L 

BRA.S 
# 

MODULES LEA.L 

MOVE.L 

BRA.S 
% 

OTHERWISE LEA.L 

MOVE.L 

BRA.S 

* 

* TEXTS 
} -SoS= 

* 

ADDRBEGIN DC.B 

oC.B 

0C.B 

DC.B 

0C.B 

oc.B 
OC.E 

c.B 

bC.B 

OC.B 

DC.B 

pC.B 

oC. 

te 
ERRORZ OC. 

DC 

be 

ADDREND 

ERROR 

ERRORSO OC. 

. mien ‘al om ” momommmMmmom Dw 

DC.B 

ERRORS1 

0C.B 

pc.B 

OC.B 

0C.B 

Dc.B 

0C.B 

pC. 

DC.B 

ERROR4 

ERRORS 

TEST3,A3 
A3,10(A7) 
EXITBA 

TESTS ,A3 
A3,10(A7) 
EXITBA 

TESTS ,A3 
A3,10(A7) 
EXITBA 

ENDTEST ,A3 
A3,10(A7) 
EXITBA 

STOPPING, A3 
A3,10(A7) 
EXITBA 

$18, $45,918, $48 
MEMORY 

i 
:RETURN EXECUTE TEST 3 

sRETURN EXECUTE TEST 4 

sRETURN EXECUTE TEST 5 

SEND TEST 

;ERROR STOPPING 48000 

TESTS :(C) 1984 BY MICROPROCESS ,INC ‘ 

$18.69 ,LF LF ,LF,LF,CR 
‘PRESS ANY KEY TG STOP PROGRAM ¢ 

LF \LF,LF,CR 
5 BEG ADDRESS ----3 

ET 

LF,CR 
: END ADDRESS ----3 * 

EOT 

LF \LF,CR 
4 I7’’S IMPOSSIBLE TO WRITE "O” 

¥ IN ====3 ¢ 

EOT 

LF CR 
: iT''S IMPOSSIBLE TO CARRY "1" IN f¢ 

EQT 
2 IN ==2=} 

EQT 

LF,CR 
: 17’°S IMPOSSIBLE TO WRITE "i" 

IN ===} 
EQT 

LF OR 
“ AGORESS’’ ERRORS ====3 ¢ 

EOT 

LF.CR 

; IT’’S IMPOSSIBLE TO CARRY "G" IN [i 

EOT 
! IN ====? 

EQT 

LF CR 

é TIMING’* PROBLEMS 
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7220 002586 20 0C.B 4 {Nice se 

7230 0025CD 04 0C.B EOT 

7240 OO25CE OA TEXTRST 0C.8 LF,CR 

7250 002500 20 0¢c.B . PRESS ON RESET TO QUIT : 

7260 OOZ5F5 04 DC.B EOT 

7270 O025F6 0A STRINGS DC.B  LF,LF,LF,LF,CR 
7280 0025FB 20 0C.B : END MEMORY TESTS v 

7290 002622 0A DC.B LF,LF,CR,EOT 
7300 002426 0A TEXTBUS DC.B  LF,CR 

7310 002628 20 0C.B k BUS ERROR OR ADDRESS ERROR : 

7320 002452 04 0C.B EOT 

7330 0024653 OA TEXTIRQ DC.B  LF,LF,CR 

7340 002656 20 i le PRESS ON ABORT TO CONTINUE ‘ 
7350 002470 04 0C.B EOT 

7360 00267E OA TEXTSPURIOUS DC.B LF,CR 

7370 002480 20 DC.B SPURIOUS INTERRUPT !!! : 

7380 O026A9 OA pC.B LF,CR,EOT 

7390 OO246AC DA TEXTLEVEL7 DC.B LF,CR 

7400 GO26AE 20 DC.B : TESTS PROGRAM RUNNING * 

7410 OOZ6CF OA DC.B LF ,EOT 

7420 002601 0A STRING] DC.B  LF,LF,CR,SP,SP,SP,SP,SP,SP,SP,SP 
7430 O026DC 20 DC.B : END OF eso aed si 

7440 002705 OA DC.B LF,LF,CR 

7450 002708 20 bC.B DO YOU WANT CONTINUE THE TEST ? (Y/N) ’ 

7460 00273A 04 0C.B EOT 

7470 002738 0A STRING? DC.B  LF,LF,CR,SP,SP,SP,SP,SP,SP,SP,SP 
7480 002746 20 0C.B : END OF if oust a Ye : 

7490 OO274F OA 0C.B LF LF ,E0T 

7500 002772 0A STRINGS DC.B  LF,LF,CR,SP,SP,SP,SP,SP,SP,SP,SP 
7510 002770 20 DC.B : END OF ih tei eine q 

7520 0027A6 OA iC.B LF LF ,EOT 

7530 002749 0A STRINGS DC.B  LF,LF,CR,SP,SP,SP,SP,5P,SP,SP,SP 
7540 CO27B4 20 0C.B e ENO OF Teese 4 

7550 002700 GA 0c.8 LF LF EOT 

7560 0027E0 O00000C8 05.L 50 

7570 O00028A8 STACK EQU zg 

7580 END 

eee TOTAL ERRORS O-- 0 

SYMBOL TABLE - APPROXIMATELY 415 SYMBOL ENTRIES LEFT 

ABORTIT 00007C ADDERROR OOOO0C ADDRACIA O1F9E9 ADDRBEGI 002304 

ADDREND 00244F ADDRF OO2Z0E2 ADDRTEST  GO2Z2F8 ASCIICH o022E0 

BEGIN 002000 BEL OOG007 BINARYAD 002268 BS o0ncos 

BUSERROR 000008 CHECK 2258 CR OOO00D DELAY 0021 [A 

END3 002148 END31 O0215C ENDSZ 002158 ENDS 002198 

ENDAD 002208 ENDMEX 602236 ENDPD 0022A0 ENDT4 o02108 

ENDTEST oo209C ENDW 002104 EOT 000004 ERROR 00246F 

ERRORZ G024AD ERROR3O OO2Z4EC ERRORS1 002524 ERRORS 00254C 

ERRORS 00258) ERRORBUS O02370 EVEN 002316 EXITADR 002328 

EXITBA 002394 FAILURE 002246 INADD OO21F2 INITACIA  O020Az2 

INITIRQ  OO20BA INMEX O0Z20E INPUT1 002284 INPUTHEX  O020¢0 

TRQ6850 234A IRQACIA 000044 LEVEL7IR  O02346 LF 00000A 

LOOP 002012 LOOP O020B0 LOOPAD OO21FA LOOPOUT Ha220C 

LOOPT4 Z0F2 LOOPTS 00212A LOOPTS 00217C LPT1 OOZES 

LPTZ OOZ1E0 LWALK OOZ1AZ LWALK1 OO71A6 MODULE’ 002398 
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MODULEZ Q023A2 MODULES 

opp 00232E OKT3 

OKTW OOZ1CA OTHERWIS 

POATA 002290 PDATAL 

RBINS 002280 SPACE 

SPURIOUS  O0235C STACK 

STOPPING  O022EC STRINGI 

STRINGS Q027A9 STRINGS 

TEST2Z O0Z10E TESTS 

TESTS 002176 TEXTBUS 

TEXTRST © GOZ5CE TEXTSPUR 

MEMORY TESTS (0) 

Press any key to stop program 

BEGINNING 
ENDING 

EN 

POT 
IT’S wee 

iv’s 
epee 
tT’s 
ir’s 
{T’sS 
wv’s 
T's 
it’s 
{T's 
IT’S 
{T's 
Li's 

Ee te 

ae bd 

es 
tes 

ff oM ED 

IN 

Fee 
Crash occurs because a data bus line is down (odd address LDS = 

MEMORY 

» ON RE 

ADDRESS 

oF T 

OU WANT 
CHROSS SRE SiG 

IMPOSSIBLE TO 
IMP OSS (BLE TO 

: TO 
TO 

SITBLE TO 
IMPOSSIBLE TO 
IMPOSSIBLE TO 
IMP OSS I TO 
IMPOSSIBLE. TO 
IMPOSSIBLE To 
LMFOSSIBLE TO 
IMPOSSIBLE To 
IMPOSSIBLE TO 

OF T 

OF i 

VT AMraCketes Te Ei alia AKG) 
LMPOSS IBLE TO 

OF 1 

Titec tks 

Pah ale, 

ADDRESS ---- 

CONTINUE 

OO23AC MODULES O023R4 MODULES  a023cO 
002154 OKTS 002194 OKTSTA 002104 
O023CA OUTCHI GO2Z2AB OUTHEY OO0Z2C4 
002294 RBINI OOZ26E RBINZ 002274 
OOZ33E SPC 000020 SPURIOUS  coco40 
002848 START GG0004 STOPPED POF? 
O02601 STRING? 002738 STRINGS 002772 
O02SF6 SUITEMEX 002222 TESTI o020E¢ 
002124 TESTS 002250 TESTS 002142 
002626 TEXTIRQ 002653 TEXTLEVE  O024AC 
O0267E TRAPCHEK  O00018 WALK 0024 9€ 

4984 BY MICROPROCESS »INC 

ay FOUL} 
> 7804 

sot A 

THE TEST 7 (Y/N) 
CARRY. “4¢ IH D7 IN 
CARRY “1° IN D 6 IN 
CARRY “1° IN DS IN 
CARRY “1” IND 4 | IN 
CARRY “I? AND a0. 3% IN 
CARRY “1° IN D4 IN 
CARRY “1° IN DO IN = 
CARRY “1” IN D 7 oagantinl 
CARRY oA" TIN 0 4tamaressesttt = 
CARRY “1° IN DS IN = 
CARRY “1° IN D 4 IN = 
CARRY “4° IN Db 2 3? IN = 
CARRY “1° IN D4 TN os 
CARRY “4” IN DO IN = 

coy ee 

me Ab 5 

PARRY TU ING it IN 
CARRY “O° IN Op 3 line IN 

fault 
cs el a 

QUT 

NO0078191 
OO007 804 
DO0078I41 
NOOO, scl 
OH0007841 
NQOOO7 80-4 
DO00780-1 
OO007803 
NODO7 B33 
OONO7 SOS 

N00 78033 
OO0O7 803 
NO007 303 
QOO07 803 

NOOO? Bo 

OOO FR BTS 

0; UDS = 1). 
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MEMORY TESTS #¢C) 1984 BY MICROPROCESS INC 

Press any key to stop program 

BEGINNING ADDRESS ----> 7800 
ENDING ADDRESS =-=-> 7802 

END OF res T 4 

DO YOU WANT CONTINUE THE TEST ? CY/N) ¥ 
te TMPOSS (BLE TO GARRY (17 IN) EVt IN H0007800 
iT "S°LMPOSSTBLE TO CARRY “4° IN DA4 IN = OOOO7 8072 

Ste GO | | FE ST) AG aia 

i SeEMPOSS ERLE 1G “WRETE  a~ TN =sem> QO007 800 

PRESS ON ABORT TO CONTINUE i esc bc) Na oe a program stopped via keyboard 
fESTS PROGRAM RUNNING level 7 interrupt 

EN DB Oo F fide 55 Rites 

TT SAiIMPOSSIBEE *TO CARRY —*@” KIENEDAS IN OOOO 7 800 
Lt’S IMPOSSIBLE TO CARRY “O° IN D14 CN NOOO 730g 
i Se iMPOSSICEE? TO CEARRY <* O° "iN DAS TN HOdO7 BOC 

IT’S IMPOSSIBLE YO CARRY “0” IN Die A TN 1) 7 BC) 
fh S IMPOSSIBLE TO SCARRT  “O"" iNeDA0 _ IN OOO? BOO) 
it SA EMP OSSLBEE “TOSGARRY "0" “IR b> LH O00 7 BOD 
iT Se TMPOSSEBEE TOeCARRY "0" iNe Dee even TN Oooo7 800 

{17S IMPOSSIBLE TO CARRY “O° IN DIS addresses IN NON 7 3th 

IT’S IMPOSSIBLE TO CARRY “O°” IN D414 JN HOOU7 BO 
IT’S IMPOSSIBLE TO CARRY “0” IN D3 IN OOOO 782 

TT’S IMPOSSIBLE TO CARRY “O” IN Die TN OOOO7 802 

(77S IMPOSSIBLE TO CARRY “O” IN DIO 11? CN H00078028 

17’ S* IMPOSSIBLE TO CARRY*°O” IND? IN NOOO7 B02 

(T’S IMPOSSIBLE TO CARRY “0° IN D 8 TN oo OOOO7 B32 

Fehr ts 0 F HU RS S ieees 

TIMING PROBLEMS OoOoOo7 800 

TIMING PROBLEMS 00007802 

END MEMORY TESTS 

PRESS ON RESET TO QUIT 

Same program crash as _in previous simulation, but this time at even 

addresses (LDS = 1; UDS = 0). 
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(C0) 

Press any key to stop program 

ADDRESS BEGINNING 
END ONG 

& Ne D 19) 

DO yas Wl 

Ean O 

AMDRE SS 7 S 
ADDRESS 7S 

ANDRESS” S 
ADDRESS 7S 
ADDRESS 7 $ 

ADDRESS 7S 
ADDRESS 7S 

PRESS 
TESTS 

ON 

ADDRESS 7S 
ADDRESS 7S 
ADDRESS 
ANDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS 7S 
ADDRESS? S 
ADDRESS 
ADDRESS 7 § 

ren 
a 

7S 

PROGRAM 

ADDRESS -- 

F T 

ANT 

F f 

CONTINUE 

ERRORS = 
ERRORS 
ERRORS 
ERRORS 
ERRORS 
ERRORS = 
ERRORS = 

ABORT TO 

ERRORS = 
ERRORS 

ERRORS = 
ERRORS = 
ERRORS 
ERRORS 
ERRORS = 
ERRORS 
ERRORS = 

ERRORS 
ERRORS = 
ERRORS 
ERRORS 
ERRORS 

stene >} 

sore > 

7 800) 
7ERE 

wu 

Thee 

te oe 

XMEX 
RX K 

XXXX 
KR 
MARX 

KRM 
AKKK 

CONT TINUE 
RUNN J NG 

MMXM XXMX MAXX MAXX XRT 

XXX 
XXX 
KXXX 
ele 
XXX 
XXXX 
XXX 
XXX 
XXXX 
XXXX 
ny 
XXXX 
XKXKX 
XXXX 

cit 

XMM 
XXRX 
KKK 
ORR 
XXMK 

1984 BY MICROPROCESS 

CUE ND 

ARKK 
XK KX 

2.0.0.4 
KKK, 
XXX 

XXXX 
KEK 

2.0.9.4 
XXKX 
XXX 

MMXX KRKK KKK 
AEX 

interrupt 

XXX 
REKX 
XXX 
MXXX 
XXKK 
XXX 
XXX 
RMX 
XXX 
XXXX 
XRKX 
XXXX 
XXXX 
XXXX 

XXXX 
XXKX 
XRXX 
XXX 
XXX 
XKAXM 
XK 
XXXX 
XK KX 
XXXX 
XXXX 
MXR 
KKK 
AMKK 

Crash occurs because an address line is down 

XXXX 
XXX 
XAAK 
XXXX 
XXXX 
XXXXK 
XRXK 
XXX 
KAKX 
XXXX 
KARX 
XXXX 
XXKX 
XXXX 

,INC i 

XXX 
XX KX 
KRXX 
KARR 
XXX 
XXX 

XK XX 
XXXX 
XAAX 
XXXX 
XXXX 
XXXX 
XXXK 
XXXX 
KKK 
XXXX 
XXKX 
XXXX 
XXKX 
XRXX 

XXXK XXX 
XKKK KKK] 

XMM XXX 
XXXX XXX 
XMXK MXXA 

KXXX XXX 

T1XX 
XXXX XXKT 
XXXX XXXA 
XXXK XXX 
MXRM XXXX 
XXXX XXXKX 
XXX ARK 
XXKX XXKK 
XKKK AXXX 
XXAX XXKX 
XXXX XXX1 
XXX XXX 
XXXX XXX 
XXXX XXX1 
XXXX XXX1 

XXXX 
XUXX 
XKKK 
TXKX 
T1XX 

XX 

XXX 
XMUXX 
XK XK 
XXX 
{XX 
VUxx 
VEXX 
TRKXX 
X1XX 
XXXX 
X1XX 
MXXX 
TKK 
V1XX 
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Press any key to stop program 

BEGINNING ADDRESS ---—> 7300 
ENDING ANDRESS ----> ZRFEF 

aN a ORF Gro Vt 

DO YOU WANT CONTINUE THE TEST ? CY/N) Y 

END oF rest -s 

ADDRESS’ S ERRORS 
ADDRESS*S ERRORS 
ADDRESS7S ERRORS 

ADDRESS’S ERRORS 
ADDRESS’S ERRORS 

ADDRESS’S ERRORS 
ANDDRESS7S ERRORS 
ADDRESS’S ERRORS 

ADDRESS’S ERRORS = 
SPURTOUS INTERRUPT !2! 

XXXX XXXK XXXK XKXX XKXXX XXKK XXKL KKK 
KXXX XXXK XXKK KXKXXK KXKK XKXK KKK KKK K 

XXXX XXXK XXXK MXXKX XXKKX MXXK XXL KXXX 
XXKX XXXX XKXKXX XXXK KXKXK XKXX KVKK KKKXK 
XXXR MMXK MAKK KRKKK XXKK XKKK KTK LT XNXX 

XXXK KXKX XXXX KRXKKX KKXKX KKKK KTVK XKKK 
XXKXK XXKXK XXXKX XXAM MMM XXX KPT XXX 
XXXX XXKX XKXKX KXXKX KKXKKX XXKK LKKX XXKK 

XXXX XXX XX 

SPURTOUS INTERRUPT It! 
So long as the IRQ line connected to the 

SPURIOUS INTERRUPT Ut! inputs IPLO to IPL2 via a 74LS148 circuit 

is low, the 68000 loops in the spurious 
SPURIOUS INTERRUPT tt! interrupt procedure. 

SPURIOUS [INTERRUPT It! 

SPURTOUS INTERRUPT 1! 

SPURIOUS INTERRUPT FE! 

Several address lines are down 

The VPA input of the 68000 is disconnected from the decoding logic of the 

ACIA 6850 circuit. 

Two consequences are: address errors 
pressing a key causes an interrupt (IRQ ACTA 6850) 

leading to a spurious interrupt. In fact, recognition of the absence of the 

VPA signal on (autovectored) interrupt causes the 68000 to branch to the 

exception table at address $60 (24 x & = 9649 = $60). 
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MEMORY TESTS 2¢C) 1984 BY MICROPROCESS ,INC 

Press any key to stop program 

BEGINNING ADDRESS ------- > 

END CM(3 ADDR $5 

ab) Co iF AP AES See 

YOU WANT 

CMPOSS IBLE 
IMPOSSIBLE 
CMPOSS TBE 

IMPOSSIBLE 
CMP OSS IBLE 
TMPOSS TALE 

CMPOSS TBLE 
THPOSSTBLE 
TAP OSS BLE 

TMPOSSTE 
CMPOSSTBLE 
TMFOSSIBLE 
TMP OSS [BLE 
TMPOSST BLE 
CMPOSSIBLE 

THPOSS TBLE 

ae) Y/N) ¥ 
T's 
rv’s 
T's 
“y's 
IT's 
rT’s 

CONT TNUE 

TO CARR T 
TO CARRY 
TO CARRY 

TO CARRY 
TO CARRY 
TO CARRY 

TO CARER? 
TOSGARRY 91° 
ORI eye eva cle 

TEN et 

| 
{ 

| 

WARNE AR SHS Ee 
eye “ 
qe 
we | ” 

Ti 

JN 

Tid 

IN 

TN 
IN 
IN 

TORTARR YS = 1s 
ROpEAakiT se 
TO CARRY * 

CARR TY 
CARRY 

CARR Y 

v's 
res 
T'S 
Ue tieaey 

TO 
TO 

TO 

TH 
IN 

TN 

END OF 1S 8 Pee 

17S IMPOSSIBLE TO WRITE 
ADDRESS ERRORS sss 
TT7S IMPOSSIBLE TO WRITE 

wae 

RCRA ORO XK XK KK 
a IN 

EON tar i ee dD ee 

T's 
[T's 
iTS 
IT’S 
IT's 
T's 
IT's 
T's 
rvs 
tT’s 
wT’s 
IT's 
rv7s 
{T'S 
T's 
rr’s 

14 
TO 

$ For {fae 
(MPOSSIBLE i 
TMPOSSTBLE 
IMPOSSIBLE 
IMPOSSIBLE 
{MPOSSTRBLE 
TMPOSS IBLE 
CMP OSS CBE 
TMPOSSIBL.E: 
CMPOSSIBLE 

IMPOSSIBLE 
PEGS islets 
TMPOSS IBIe: 7 
IMPOSSIBLE TO 

CARRY *(0)* 
MARRY “1% 
CARRY “1 

CARRY “1% 
Pesky Cle 

ARR Y “O* 

CARRY “0” 
CARRY “O* 
CARRY “O* 
CARRY “O° 

CARRY “(* 
CARRY “O* 

CARRY “()" 
CARRY “O* 

CARRY “Q" 

MARRY “O" 

IN 0 7 
{IN Db 4 
ENS Dies 

{IN 2 4 
TNS Des 

{No B 2 

TNS: st 
iN Di) 
DN RDS 

CIN Db 4 
IN 3 
CN D4 

DNS iS 

CN oD 2 

IN D 4 
IN Db O 

fe CD eh Le Tete, Se ale as 

Cn = 

In 

TN = 

IM 
tNes 

[Ns 

IN =m 

Eee 

1S 2 Ry : 3 

Ne OOOO OOO 

NO0078I1 
NO0O7 804 

HO0078i31 

Ooo07 804 
OOO 784 
OOdoO7 804 

HO00780'! 
OoOdd7 80-41 
NOON 733-3 

OOO 7 803 
OND07 803 
OOOO7 BOS 

00007813 
OO0O7 BOS 
NO007 E03 

HOd07 803 

Onoda? Soo 
XXKX ORR 

OO0O7 S04 
RRR REX 

OO0O7 804 
NO007 30-1 
OO007 804 
NO0078041 
OOOO7 8 
NN007 81 

OOOO7 80-4 
OONN7 801 
OOO07 803 
NOOO 2303 
OOOO7 80S 
OOOO7 803 
OO0O7 BOR 
GOOOF 80-3 
OQO0O7 803 
NOOO 7 313 
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MEMORY TESTS #¢C) 

Press any key to stop program 

BEGINNING ADDRESS ----> 
ENDING BURRE oo p= —--> 

EP ND 0..F Rew ay 

DO You 
Ee Ss 

LOU SS 
LT7S 
Les 

Lp hr 
US Ga 
LtIS 
ER ZS 
135 
LS 

es 
eS 
Uh eee 
eh 
Eps 
LES 

S00 as 
i ane: 

WANT CONTINUE 
{MPOSSIBLE TO CARRY 

TMPOSSTBLE TO CARRY 
EMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 

IMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 
{MPOSSIBLE TO CARRY 

IMPOSSIBLE TO CARRY 
{IMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 

IMPOSSIBLE TO CARRY 
TMPOSSIBLE TO CARRY 
(IMPOSSIBLE TO CARRY 

IMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 

IMPOSSIBLE TO CARRY 
IMPOSSIBLE TO CARRY 

IT’S EMPOSSIBLE TO CARRY 
IT’S IMPOSSIBLE TO CARRY 
IT’S (MPOSSIBLE TO CARRY 

EN Dp ei a 

IT’S IMPOSSIBLE TO WRITE 
ADDRESS’S ERRORS 
tT’S IMPOSSIBLE TO WRITE 

EN Dp le iP UE See a 

CARR YT 
CARRY 

CARR 
CARRY 

Cr eabt RY 
CARRY 
CARRY 
CARRY 

CARRY 
CARRY 

CAREY 
CARRY 
CARR ¥ 
CARRY 

CARRY 
CARRY 

CARRY 
CARR IT 
CARRY 

IMPOSSIBLE TO 
{IMPOSSIBLE TO 

IMPOSSIBLE TO 
{MPOSSTIBLE TO 

IMPOSSIBLE TO 
{IMPOSSIBLE TO 
IMPOSSIBLE TO 
IMPOSSIBLE TO 

IMPOSSIBLE TO 
{MPOSSIBLE TO 

IMPOSSIBLE 10 

{TMPOSSTBLE TO 
IMPOSSIBLE TO 

{MPOSSIBLE TO 

IMPOSSIBLE TO 
[IMPOSSIBLE TO 

IMPOSSIBLE To 
{MPOSSIBLE TO 
TMFOSSIBLE TO 

wv’7s 
It’s 
iv’s 
T's 
IT’S 
{T'S 
IT’S 
17S 
IT’S 
I1’S 
T's 
T'S 
iv7S 
tT’S 
IT’S 
1T’S 
Iv’s 
tv's 
wes 

7187 

1984 BY MICROPROCESS . INC 

7804 
7808 

7 

THE TEST ? Y 
"4" IN DIS IN ===) QOQ007804 
“4° IN D4 IN >» ooo07804 
“1 IN B13 IN > 0007804 
~4a- JIN DAD IN > oon07804 
“or IN Dt {N : >» 90007804 
"4" IND IN >» go007804 
~4° IN D 8 IN : > voODO7E8D4 
“4” IN DIS IN » aN007806 
"a" IN D4 IN 5 > oN0078N4 
"4" IN DIB IN >» oNON7806 
“4" IN DI2 IN : >» oN007804 
“4” IN DAA IN > go007806 
“4* IN b.9 IN >» oOvO7ENG 
“4” IND 8 IN > goo07806 
“1 IN DAS IN > oN007808 
“4” IN DI4 IN >» noo07 808 
“4” IN DI3 IN >» go0007808 
“4 IN DAZ IN >» ooDO7808 
“a OTN Dt IN > goon07808 
"4" IND 9 IN >» oooO7E808 
“4” IND 8 IN see) OO007808 

a> IN sass) OOOO7BO4 
XXX XKXXKX KMKX XKKK XKKKX XKXKKX XKKK TKK 
ee IN =es=) OOO07808 

3 

“O° IN DAS IN sae) QOO007804 
“O" IN D414 tN = o0007804 
“Q” IN DIS IN » oooa7804 
"Gg" IN D1? IN >» NoQ007804 
“oO” IN DAD IN » oooO7e8D4 
“O° IND? IN >» ON0007804 
“a INO B TN >» gono7804 
“O° IN 015 [IN seas) ONNDO7836 
“oO” IN D414 IN = > NnNoDN7 R06 
“9° IN. DAS IN = >» oN007804 
“O" IN O42 IN >» ON0N7806 
“oO” IN DIO tN = >» NN007806 
“Oo” INDY IN > non07806 
40" tno. 8 IN: » HN007806 
a? teh 14 IN >» gooa7808 
Py” AN O14 IN >» 90007808 
“OQ” IN DAS >» oN007808 
"0" IN DIe >» poDN7808 
20° TN p10 «> goon7 808 
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MEMORY TESTS £¢C) 1984 BY MICROPROCESS »TNC 

Press any key to stop program 

BEGINNING ARDRESS ----> 7 FFA 

ENDING ADDRESS ---r--> BOLI) 

BUS ERROR OR ADDRESS ERROR OOOO BOHNO 

17S IMPOSSIBLE Ta CARRY “1° IN G14 JN cesses > 

BUS ERROR OR ADDRESS ERROR Q0008000 

BUS ERROR OR ADDRESS ERROR OOOOsoOOO 

BUS ERROR OR ADDRESS ERROR OOOO BID 

BUS ERROR Ok ADDRESS ERRGOK NOOOSOOC 

PRESS ON RESET TO QUIT 

A data line is down 

OOOO7 FFE 

There is no more RAM available from address $8000 (no DTACK, therefore 

bus error) 
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Appendix 5 PAL Devices 

Advantages of Using PALs 
Programmable array logic (or logic array) devices have 
a unique place in the world of 

do they offer many advantages 

such as TTL, they also provide 

anywhere else. 

Special features of the PAL 

Programmable replacement 

log re. 

fogic design. Not ‘only 

OVeESeConventtonall Logie), 

many features not found 

family include 

fOr | conventional TTL 

Help to reduce IC inventories substantially and 

simplify their control. 

Reduce chip count by at least 4 tol. 

Simplify and speed up 

layout. 

DLOcO ry pln mane aboard 

Save space with 20-pin and 24-pin DIP packages. 

High speed, 15 ns_ being 

delay. 

a typical propagation 

Programmed on standard PROM programmers. 

Programmable tristate outputs. 

Special feature eliminates the possibility of 

copying by competitors. 

ee eee 

pab®) is a registered trademark 
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QUAD 16 INPUT REGISTERED 

AND-OR ARRAY 

16R4 

1230 4567 89101) 121391415 16171819 20212223 24252627 28293031 

O123 4567 HH tor 12139645 16171019 20212229 26252627 20293031 

(Courtesy of Monolithic Memories) 
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QUAD 18 INPUT 

AND-OR-INVERT GATE ARRAY 

18L4 

2425 2627 «28:29:30 3) «92:33:38 95 36-37 aD 

4 15 

10 rot HEHE 1 5m 0 peat 4 14 

‘ 13 

meat aantiaal PHI 
24252627 28 29:30 31 «32:33:34 35 36 37 38 39 45 67 8 9M 121391495 16 17 2021 

(Courtesy of Monolithic Memories) 



194 The 68000 Hardware and Software 

OCTAL 10 INPUT 

AND-OR-INVERT GATE ARRAY 

10L8 

0123 45 a9 1213 1617 2021 2425 28293031 

ees cy a oo 

ieee! | TT 

V 

| | TT I l ry 

Palceiaa 

‘= 

40 Sioa) | | 

O123 46 oo 213 1617 2021 2425 20293031 

(Courtesy of Monolithic Memories) 
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Application 

Zilog 8500 Interface with the 68000 Microprocessor 

O+5v 

Ls Tz Te 

(Courtesy of Monolithic Memories) 
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Logic Diagram PAL20X10 mi Interface Controller for 68000 

to Zilog 8500 Peripherals 
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