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Conteudos Abordados:

1. Microprocessador 6502
- Arquitetura da CPU: Registradores, ULA, Barramento
- CPU: Principais Caracteristicas
- Modos de Enderecamento
- Principais Instrucdes
- Simulador do 6502

2. Microprocessador Intel 8080 — Zilog Z80
- Principais Caracteristicas
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Arquitetura de Microprocessador Comercial

Microprocessador de 8 bits dados e 16 bits de endereco
Registers

The 6502 only has 6 registers. Five are 8 bits wide, one is 16 bits wide.

Processor Status Register

[(¥[v[-[B[D[1]Z[C]

[ A | Accumulator

[ X | Index Register X N - Negative Flag
V - Overflow Fl ag

| Y | Index Register ¥ B - Break Command
D - Deci mal Mbde

pcH | PCL | Program Counter I - Int. Disable
< Poi Z - Zero Flag
[ S | Stack Pointer C- Carry Flag
[ P | Processor Status (Flags)
Accumulator 8 bits A

3

Agosto 2010

USP - SSC-610 — Eng. Comp. T1/2010-2
Organizacio de Computadores I
Prof. Fernando Osério

Arquitetura de Microprocessador Comercial

MosTech 6502 - Adotado no Apple I1

Brogram Couner
StackeBeinter

Procesor Satus (Flage)

Accumulator 8 bits A

Accumalator abis

Used for all arithmetic and logical operations (apart from increments and decrements). Data must be loaded into
the Acc before it can be manipulated.

Index Register X 8 bits X

Usually used to hold counters or offsets for accessing memory. Contents can be compared with memory
locations and incremented and decremented.

Unlike other registers (including the Y register), can be used to get a copy of the stack pointer or change its
value.

Index Register Y 8 bits Y

Usually used to hold counters or offsets for accessing memory. Contents can be compared with memory
locations and incremented or decremented.
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Program Counter 16 bits PC

Contains the address of the next instruction to be executed. Automatically incremented by the hardware, but can
be altered by a jump, branch or subroutine call / return.

Stack Pointer 8 bits S

The 6502 uses a 256 byte stack located on page 1 ($0100 to $01FF). The stack pointer is an 8 bit register that
holds the least significant byte of the next free location on the stack. This means that the stack cannot be moved.
The stack starts at $01FF and grows downward. Whenabyte is pushed onto the stack, the stack pointer is
decremented. When something is popped off the stack, it is incremented.

The hardware does not detect stack overflow. The programmer must ensure that the program does not make
excessive demands on the stack space.
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Microprocessador de 8 bits dados e 16 bits de enderego
Registers

The 6502 only has 6 registers. Five are 8 bits wide, one is 16 bits wide.

Processor Status Register

(N[v]-[B[D[I[Z]C]

[ A | Accumulator
[ X | Index Register X N - Negative Flag
V - Overflow Fl ag
| Y | Index Register ¥ B - Break Conmand
D - Decinmal Mde
PCH [ PCL | Program Counter | - Int. Disable
5 Stack Point Z - Zero Flag
| | i Formter C - Carry Flag
[ P | Processor Status (Flags)
Accumulator 8 bits A
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- Break Command

ONTOoOwm<Z

Processor Status Register - ﬁfl maD: SZEFZ
- Zero Flag
‘N‘V“‘B‘D‘I‘Z‘C| - Carry Flag

Also known as the flags register. Used to indicate the results of an operation. Each bit in the register signifies a
different condition. Some of the instructions allow you to test the values of various bits, set them, clear them,
and push the entire set onto the stack (or pop them off).

Carry Flag C

The carry flag is set if the last operation caused an overflow from the most significant bit (bit 7) of the result or
an underflow from the least significant bit (bit 0).

This condition is set during arithmetic instructions, comparison instructions and during logical shifts. Itcan be
explicitly set using the 'Set Carry Flag' (SEC) instruction and cleared with 'Clear Carry Flag' (CLC).

Zero Flag VA

The zero flag is set if the result of the last operation was zero.
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N - Negative Flag
MosTech 6502 - Adotado no Apple I1 V - Overflow Fl ag
. B - Break Command
Processor Status Register D - Decinal Mode
I - Int. Disable
[NX[v[-[B[D[T]Z]C] Z - zero Flag
C- Carry Flag

Interrupt Disable I

The interrupt disable flag is set if the program has executed a 'Set Interrupt Disable' (SEI) instruction. While this
flag is set the processor will not respond to interrupts from external devices until it is cleared by a 'Clear
Interrupt Disable' (CLI) instruction.

Decimal Mode D

While the decimal mode flag is set the processor will obey the rules of Binary Coded Decimal (BCD) arithmetic
during addition and subtraction. The flag can be explicitly set using 'Set Decimal Flag' (SED) and cleared with
'Clear Decimal Flag' (CLD).

Break Command B

The break command bitis set when a BRK instruction has been executed and an interrupt has been generated to
process it.

Agosto 2010




USP - SSC-610 — Eng. Comp. T1/2010-2
Organizacio de Computadores I
Prof. Fernando Osério

MosTech 6502 - Adotado no Apple 11 - Negative Flag

- Overflow Fl ag
Processor Status Register

Arquitetura de Microprocessador Comercial

- Break Command
Deci mal Mode
- Int. Disable
- Zero Flag

- Carry Flag

[(N[V[-[B[D][I]Z]C]

ONTOoOwm<Z

Overflow Flag A\

The overflow flag is set during arithmetic operations if the result has yielded an invalid 2's complement result
(e.g. adding two positive numbers and ending up with a negative result: 64 + 64 =>-128).

If the most significant bit of the two numbers being added is the same, and if it is different to the msb ofthe
result, then the overflow flag will be set.

Negative Flag N

The negative flag is set if the result of the last operation had the most significant bit (bit 7) set to a one.
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Microprocessador de 8 bits dados e 16 bits de enderego
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6502

COMMODORE SEMICONDUCTOR GROUP

© dvision of Commodore Dusiness Machines. I

CMOS

65CE02 MICROPROCESSOR
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ROV 2 23 @ (0UT)
4, toum [3 i so
R0 4 = i)
N.C. 5 35| N.C.
nmi e 35 nC
SYNC |7 34 R
vce (e 23 Do
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AG 15 26 D7
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Microprocessador 6502

http://en.wikipedia.org/wiki/MOS Technology 6502
MOS Technologies 6502

The MOS Technology 6502 is an 8-bit microprocessor that was designed by Chuck Peddle and
Bill Mensch for MOS Technology in 1975. When it ntroduced, it w
full- teatuled microprocessor on the market by a considerable margin, cos

om hwel companies such as Motorola and Intel The 650

imarily by the same engineering team that had designed the Motorola
6800. After resigning from Motorola en masse, the team went looking for another company that
would be interested in hosting a design team, and found MOS Technology, then a small
chipmaking company whose main product was a single-chip implementation of the popular Pong
video game.

D':ta Bus:
Address Bus: 16 bits (64Kb addressable memory)
Manufacturer: MOS Tech — Year: 1975 A MOS 6502 processor in a DIP-40 plastic package
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Programacio 6502 — Addressing Modes

A MOS 8502 processor in a DIP-40 plastic package. =

Basic Specifications

Clock speed 1,2 and even 3 Mhz models were available.

‘Wordlength 8 bits

Input/Output Memory mapped.

There are no I/O registers in the processor, so a set of memory addresses will be allocated to the I/O devices.

The motherboard hardware will ensure that if a value is written to memory address $E000 (for example), it will
be sent straight to a specific output device.
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Programacio 6502 — Addressing Modes

A MOS 6502 processor in a DIP-40 plastic package. &3

Addresses

Address bus 16 bits

Addresses intherange ~ 0000000000000000 to 1111111111111111 binary
or $0000 to SFFFF hex
can be accessed by the processor.

Adressable Memory is therefore 64 Kb

Little endian ~ Addresses stored least significant byte first.

A 16 bit address needs to be stored in two consecutive bytes. A little endian processor will store the address
14 $458D as $8D followed by the byte $45.

Set. 2010
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Paged Memory
Memory is viewed as a set of 256 byte pages.

The first page ($0000 to $00FF) is called the “Zero page’, and can be accessed by using a special addressing
mode which enables you to use shorter and therefore faster executing instructions.

This makes it useful for storing tables of values or addresses that are going to be accessed frequently by your
program.

The second page ($0100 to $01FF)is used to hold the system stack. This is used to keep track of values,
especially during subroutine calls. It cannotbe moved.

Other reserved locations:

SFFFA Address of NMI handler

SFFFB ditto

$FFFC Address of power on reset location
$FFFD ditto

SFFFE BRK / interrupt request handler
$FFFF ditto
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Programacio 6502 — Addressing Modes

Principais Modos de enderegamento

Absolute (Direct) addressing

The operand is the address in mamaory where the data itern can be found.

LDA $6FSS This instruction will access memory location $6F55, and copy
the contents into the accumulator register.

Immediate addressing

The operand is the data itern

LDA #41 This instruction will load the number 41 (§29) into the
accumulator register.
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Principais Modos de enderegamento

Indexed addressing

The operand is added to the contents of the index register, and this gives the location in memory of

the data

LDA $4F10,X $34 This instruction will access the memory
Tnder Registor location $4F44, and copy the contents into
X the accumulator.

Indirect addressing

The operand is the address of a memaory location which contains the address of the data item.

LDA ($2B5 7) ZB37 3C This instruction will load the data
SE5g i item 44 into the accumulator register.

EA3C 44
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Principais Modos de enderegamento

Relative addressing

This is used in conjunction with branches. The operand is a 2's comp number -128 - +127 ) which is
added to the address of the instruction following the branch instruction to give the address of the
instruction to be jumped to.

4545 BEQ $13 This BEQ command will canse control to be
pasged to the instruction in location $4547 + §13

4547 LDA $9333 =$4554, provided that the zero flag is set.

R (verd taciio iada ao Simulador do 6502)

Absolute aaaa Zero Page Indexed, X aa, X

Zero Page aa Zero Page Indexed, Y aa, Y

Immediate #aa Indirect Absolute (aaaa)

Implicit Indexed Indirect (aa, X)

Accumulator A Indirect Indexed (aa), Y

Absolute Indexed, X aaaa, X Relative aa

Absolute Indexed, Y aaaa, Y

18
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Microprocessador 6502

Load and Store Group

@ LDA Load Accumulator
LDX Load X Register
LDY LoadY Register

@ STA Store Accirmulator
STX Store X Register
STY Store Y Register

Arithmetic Group

@ ADC Addwith Camy
@ SBC Subtract with Carry

Increment and Decrement Group

@ INC Increment a memory location
INX Increment the X register
INY Increment the Y register

@ DEC Decrement a memory location
DEX Decrement the X register
DEY Decrement the Y register

NZ
NZ
NZ

NVZC
NV.ZC

NZ
NZ
NZ
NZ

NZ

Programacao 6502 — Instruction Set

Register Transfer Group

TAX Transferaccumulatorto X
TAY Transferaccumulatorto ¥
TXA Transfer X to accunmlator
TYA Transfer Y to accumulator

Logical Group

AND Logical AND
EOR Exclusive OR
ORA Logical Inclusive OR.

Compare and Bit Test Group

@ CMP Compare accumulator
CPX Compare Xregister
CPY Compare Yregister
BIT Bit Test

Shift and Rotate Group

ASL Arithmetic Shift Left
LsSR Logical Shift Right
ROL Rotate Left

ROR Rotate Right

NZ
NZ
NZ
NZ

NZC
NZC
NZC
NZC
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Instruction Set

Principais Instrugoes

Microprocessador 6502

Subroutine and Interrupt Group

@ ISR Jump to a subroutine

O RT3 Retum from subroutine
BRK Force anintermpt
RTI Retum from Intermupt
NOP No Operation

Jump and Branch Group

@ IMP Jump to anotherlocation
BCC Branchif cany flag clear
BCS Branchif camry flag set

@ BEQ Branchifzero flag set
BMI Branchifnegative flag set

@ BNE Branchifzero flag clear
BPL Branchifnegative flag clear
BVC Branchif overflow flag clear
BVS Eranchif overflow flag set

EW

Stack Group

TsX Transferstack pointerto X
TXS Transfer X to stack pointer
O PHA Push accumulator onstack
PHP Push processor status onstack
@PLA Pull accumulator from stack
PLP Pull processor status from stack

Status Flag Change Group

CLC Clear cany flag

CLD Clear decimal mode flag
CLI Clearmtermipt disable flag
CLV Clear overflow flag

SEC Setcanry flag

SED Set decimal mode flag
SEI Setintermupt disable flag

NZ

HgO<-gn
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%, 6502 Simulator - [Ex1-Add8.655] =
[£5] File Edit View Simulator Window Help o
=" LR S S BevEEm B T T Rg N RST
; Program to add two 8 bit numbers 6502 pP Registers & Status
; The nunbers being added are 4 and &
; AddBBE1.655 2 A=400 [. 7.00000000 ik B
¥=%00 [ 7.00000000 NOzOvOed
= =
_ORG $6260 : Store machine code starting here jiae00; ROREE JI0000G, P=f20 100edo]
G=  BFF - emply stack
(53 LbA #504 ; Store first number (4) in Py o
STA not ;  byte labelled not PC-$0200 [LDAHSD4  Arg 4, 0000100
LDA #3586 Store second number (6) in
sTA no2 byte labelled no2 Stat. 0K
cLC VE\ 6502 pP Stack
LbA not 61F8 00 00 80 60 OO OO 00 00 > < & ~
ADG no2 6200 A9 B4 8D 16 62 A9 86 8D >EIELE-EC
ST res 6208 17 02 18 AD 16 02 6D 17 >411-mm{<
6210 02 8D 18 62 00 09 80 80 >.E;, <
BRK ; 46218 00 00 00 00 0O 00 00 B0 > <
6220 00 66 60 60 08 08 00 60 > <
0228 00 00 00 60 0D 00 00 00 > <
not: DB $08 6230 00 66 80 BB B8 BB B0 B0 > <
0238 00 00 00 60 0D 09 00 00 > <
no2: DB $08 6240 00 66 60 BB B8 B8 A0 B0 > <
0248 00 00 0D 8O0 0D 09 00 00 > <
res: b8 $08 ; 1je250 00 00 00 06 08 06 60 60 > <
0258 00 00 0D 8O 0D OO 00 00 > <
6260 00 B0 80 60 OB BA A0 A0 > <
6268 99 09 90 60 09 09 80 00 > <
6270 00 06 8O 6O OB BH A0 A0 > <
6278 09 09 00 60 09 89 00 00 > <
6280 00 00 00 60 DD DO 00 00 > <
6288 90 09 60 60 09 09 00 00 > <
6290 00 06 80 60 0D OO 00 00 > <
6298 99 09 60 60 09 09 90 0O > <
02A0 00 00 00 0D 0D 09 00 00 > < @
QA0 NA 06 A0 6oe 0a 06 00 6o % P ]
21 Ready @ Ln 25, Col 1
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//www.redhill.net.au/c/c-1.html
://len.wikipedia.org/wiki/Intel 8080

,(A,B,C,D,E,H,and L)
Register A: 8-bit accumulator, 16-bit register in pairs (BC, DE, HL)
The address bus had its own 16 pins, and the data bus had 8 pins
Address Bus: 16 bits (64Kb addressable memory)
2 Manufacturer: Intel Year: 1974

Set. 2010

11



USP - SSC-610 — Eng. Comp. T1/2010-2
I <o | 2. Microprocessador Intel 8080

Prof. Fernando Osério

Arquitetura Intel 8080

7 07 0
oF | |s|z]ofedo]e]1]e]
7 07 0
Bc | | |
7 07 0
DE | | |
7 07 0
L | | |
15 g7 0
SP| |
15 87 0
FC | 5 |

Microprocessador de 8/16 bits dados e 16 bits de endereco
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Arquitetura Intel 8080 / Zilog Z80
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Arquitetura Intel 8080 / Zilog Z80

Main Registers Set Alternative Registers Set

Accumulator Flags Accumulator Flags
A F A F General
Purpose

Registers
Interrupt Vector Memory Refresh
1 R
Special Purpose

Registers
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Arquitetura Intel 8080 / Zilog Z.80

The 8080 compatible registers:

AF - 8-bit accumulator (A) and flag bits (F)
Flags: Carry, Zero, Minus, Parity/overflow, Half-carry (used for BCD),
and an Add/Subtract flag (usually called N) also for BCD

BC - 16-bit data/address register or two 8-bit registers

DE - 16-bit data/address register or two 8-bit registers

HL - 16-bit accumulator/address register or two 8-bit registers
SP - stack pointer, 16 bits

PC - program counter, 16 bits

Registers introduced with the Z80:

IX - 16-bit index or base register for 8-bit immediate offsets

IY - 16-bit index or base register for 8-bit immediate offsets

I - interrupt vector base register, 8 bits

R - DRAM refresh counter, 8 bits (MSB does not count)

AF' - alternate (or shadow) accumulator and flags (toggled in and out with EX AFAF")
BC',DE', and HL' - alternate (or shadow) registers (toggled in and out with EXX)

= Four bits of interrupt status and interrupt mode status

Set. 2010
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