Design with Microprocessors

Year lll Computer Science
1-st Semester

Lecture 10: Introduction to the x86 uP



Lecture References for x86

Textbooks

Barry B. Brey, The Intel Microprocessors: 8086/8088, 80186,80286,
80386 and 80486. Architecture, Programming, and Interfacing, 4-th
edition, Prentice Hall, 1994.

S. Nedevschi, L. Todoran, ,Microprocesoare”, editura UTC-N, 1995
= UTCN Library

Additional documents:

http://users.utcluj.ro/~tmarita/PMP/Lecture

Data sheets from Intel, AMD etc.


http://users.utcluj.ro/~tmarita/PMP/Lecture

Intel x86 History

4 bit microprocessors: Intel's 4004 (1971),

8 bit microprocessors: 8008 (1972), the world's first 8-bit
microprocessor. These processors are the precursors to the very
successful Intel 8080

16 bit (Intel 8086, 80186, 80286, 80386 SX)
32 bit (Intel 80386DX, 80486DX, Pentium)

64 bit (most of nowadays microprocessors)

Architecture type:

CISC: - each instruction can execute several low-level operations, such
as a memory load, an arithmetic operation, and a memory store, all in a
single instruction



http://en.wikipedia.org/wiki/Intel
http://en.wikipedia.org/wiki/Intel_4004
http://en.wikipedia.org/wiki/Intel_8008
http://en.wikipedia.org/wiki/8-bit
http://en.wikipedia.org/wiki/Intel_8080
http://en.wikipedia.org/wiki/Intel_8086
http://en.wikipedia.org/wiki/Memory_%28computers%29
http://en.wikipedia.org/wiki/Arithmetic
http://en.wikipedia.org/wiki/Operator
http://en.wikipedia.org/wiki/Memory_%28computers%29

8086/8088 bloc diagram
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8086/8088 bloc diagram
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2 level pipeline with EU si BIU, decupled through a FIFO (4/6 bytes)
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8086 registers

ACCUMULATOR

BASE

COUNT
DATA

STACK POINTER

BASE POINTER
SOURCE INDEX
DESTINATION INDEX

INSTRUCTION POINTER
STATUS FLAG

CODE SEGMENT

DATA SEGMENT
STACK SEGMENT
EXTRA SEGMENT

Multipurpose:

AX — accumulator

BX — base index (offset address in memory)

CX — count (REP, LOORP, shift, rotate ...)

DX — data (MUL, DIV)

BP — pointer to a memory location

DI — destination address for string instructions
S| — source address for string instructions
Special purpose:

IP — address of the next instruction

SP — addresses of the topmost (free) element of
the stack

FLAGS - status and control

Segment:

CS - starting address of a 64KB memory block
that holds the code

DS - starting address of a 64KB memory block that
holds the data

ES — additional data segment used by string instr.
to hold destination data

SS - stack segment



x86 registers

8-bit
names
32-bit ﬁ;
names names
EAX AH ﬁ;}( AL Accumulator
EBX BH E‘.EX BL Base index
ECX CH t_l:}{ CL Count
EDX DH E;X DL Data
ESP Sp Stack pointer
EEP BP Base pointer
EDI Di Destination index
ESI Sl Source index
EIP IP Instruction pointer

EFLAGS FLAGS Flags




Real mode memory addressing

— FFFFEH
T ol FFFFFH
RESET BOOTSTRAP
- XK NOH

Ir-|-

STACK SEGMENT

+ OFFSET B IFFH
| INTERRUPT POINTER

FOR TYPE 255

T T IFCH
SEGMENT *
AEGISTERA FILE 1 . 4
DATA SEGMENT x -
) I ' *
55 ¥
D3 I TH
ES — 4 + INTERRLUPT POINTER
FOR TYPE 1
0 4H
[ m
CXTRA DATA SEGMENT INTERRUPT POINTER
' FOR TYPE O
OH

‘E_JH ‘-IHHHIIH .
Reserved memory locations:

Segmented memory - IVT — interrupt vectors table

- Reset address - FFFFOH:
IP = 0000H, CS = FFFFH



Real mode memory addressing

Effective address 1E bits
ar affzet

o Physical address = 16*Segment + offset

Segment address 15 blts iL Ex: COde: 16*CS +|P

Real mode memory

Fhuyzical address EI:I I:-|t3 EEEEE
Segment | Offset Special purpose
CS IP Instruction address
SS SP or BP Stack address ﬁ
DS BX, DI, SI, Data address 1FFFF
8/16 bit
numbers 1F000 ] Offset = FOO0O
ES Dl for string | String destination address 64K-byte
instructions segment
16 bit segment and offset address combinations (8086 ... 486, Pentium) Segment register
10000 « 1000
Cs
- JS8S|.JBX Sl 8-bit displacement
PA= ps{*Yer{F Yo (¥ Yi6-bit displacement
ES
00000




FLAGS

O-Flag I-Flag 5-Flag

l D-ng L T-Flag l Z-Flag .a-img P-Flag C-Flag
TRSRR R Q\Q"Q \\\\“}_ \"Q\\E ] s \ﬁ
NN NS
tT LT LT
T Direction T rap T Zero T Parity
Orverflow Interrupt Sign Aunxilliary Carrv

Carrv

C (carry) — holds the carry bit after arithmetic or shift instructions
P (parity) — O for odd and 1 for even (count of number of ones) — obsolete

A (auxiliary carry) — holds the carry between bits 3 and 4 of the result (DAA/ DAS — BCD
addition/subtraction)

Z (zero) — 1 if the result of an arithmetic/logic instruction is O

S (sign) — sign of the result of an arithmetic/logic instruction ( S=1 (MSB) — negative)
| (interrupt) — if 1 the interrupt system (INTR input) is enabled (STI/CLI)

D (direction) — increment (1) or decrement (0) the address (DI/Sl) in string instr.

O (overflow) — overflow of the result capacity for signed addition or subtraction

T (trap) — T=1 = instruction flow is interrupted on conditions from debug/control reg. (debug)



8086 Instruction Format

BYTE 1 BYTE 2 BYTE 3 EYTE 4 BEYTE 5§ BYTE G
______ I"—————T-“'——__I______]
I | | | | | n
LOW DISP/DATA l HIGH DISP/DATA | LOW DATA | HIGH DATA |
OPCODE nw}md REG | R/M | | | I
___________ - 1 - - 1
'l A i

L REGISTER OPERAND/REGISTERS TO USE IN EA CALCULATION

REGISTER OPERAND/EXTENSION OF OPCODE
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH

WORD/BYTE OFERATION
DIRECTHON IS TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE




The Memory and /O
maps for the 8086/8088
microprocessor.

( (a) Isolated I/O. ]
(b)Y Memory mapped /0.

I/O address space

Memory
FFFFF

1M =8

Q0000

(a)

o

FFFF

64K = 8

0000

1/0 instructions format
2 types: short (IN AL, DX) or long (OUT PORT,AL)

0-Byte transfer

1-Word transfer } "I

11 10 1T 0 W

0—Long form
1—Short form

Present only
(in long form

Port Address

IN AL, PORT
IN &¥, PORT
IN AL, D
IN &, D

OUT PORT, AL
OUT PORT, &Y
OUT DX, AL
OUT DX, &Y

FFFFF

00000

Memory + /O

o

(B)

{AL) <- [PORT)
(A¥) <- [PORT+1:PORT)
(ALY <= [(I])

() <- [ (D¥]+1:(D¥))

{PORT) <- (&L)
(PORT+1: PORT) <- (&)
(D)) <= (&L)

CIDX)+1: (DH)) <- (A0



8088/8086 Family

MAX MIN MIN MAX

MODE {mope! MODE {mope!}

—“F

1 40 71 vee o 40 Ve

2 39 AD1s 39 Als

3 38 Al6e/83 38 A1B/S3

4 37 [ A1T7iS4 37 | A17i54

5 36 |7 A18/S5 36 |1 A18/S5

6 35 1 A19/S5 35 |3 A19/S6

7 34 7N mESs (HIGH)

8 33 O MNIMX 33 |2 MN/MX
ADT ]9 e 32O RD O i 32 RD o
ADE ] 10 31 b roETD (HOLD) ADE ] 10 31 | HOLD (RQ/GTO)
aps 411 CPY 30 | RoaT HDA)  ADs 11 CFPY 30 Bhioa (RQ/GTT)
AD4 ] 12 29 b [OcK (WR) AD4 ] 12 20 O WR (LOCK)
AD3 O} 13 28 1 s2 (TO/M) AD3 ] 13 28 |3 10/M (52)
AD2 14 21 7 51 (DT/R) AD2 ] 14 21 JDTIR (ST)
AD1 ] 15 26 1 a0 (DEN) AD1 ] 15 26 O DEN (50)
ADD 16 25 1 Q=0 (ALE) ADD 16 25 ALE (QS0)
N1 117 24 K asi (INTE) NM1 4 17 24 O INTA (QS1)
INTR ] 18 2301 TEST INTR ] 18 23 TEST
CLK 119 22 I READY CLK ] 19 22 |1 READY
GND 4 20 21 O RESET GND [ 20 21 RESET

8086 pin diagram 8088 pin diagram



uP system with 8086 in minimum mode

Vee
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Bus Timing (simplified)

ONE BUS CYCLE

T

|

|

— T T—— |

« O\
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System Bus
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|
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i \ /

e




GND

Vee

uP system with 8086 in maximum mode
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uP system with 8086 in maximum mode

82C88 (Bus controller) — commands generation based on the processor states
(HSHS #S,)

82C88
PROCESSOR STATE COMMAND

|
4% ]
|
-
|
=]

0 0 0 |Interrupt Acknowledge |INTA

0 0 1 | Read /O Port IORC

0 1 0 | Write /O Port IOWC, AIOWC
0 1 1 |Halt None

1 0 0 |Code Access MRDC

1 0 1 | Read Memory MRDC

1 1 0 | Write Memory MWTC, AMWC

1 1 1 Passive MNone




|o}

Clock
(B284A)

CLK RESET

READY
MM X
ALE
BHE

A19-A16

A

— 5 Vv

Address
|atches
13 8282s)

Connection of the 8086 in minimum mode to the system buses

m
m

Address bus

§

AD15-ADO

DEN
OT/R

4
=
o

I Transceivers l

| (2 B286s) Data bus
'————--———*—l optional I
|

| 3

RD

HOLD |-

HLD A

3 Control bus >

INTR

INTA -

READY
RESET

o

Note: Inan 8088 system BHE is SSO_ M/IO is [O/M and only one 8286 is needed.



8086

ALE

ADO
AD1

AD2
AD3
AD4
ADS
ADG
ADV

ADE
ADY

AD1S

A6
A7
A8
A9
BHE

Address bus connection

http://www.datasheetarchive.com
= DID DOaO h
> DI1 DO <
> D12 Do2
= DI3 P DO3
= D[4 DO4
~| b1s DOS M8282
1 DI6 DO6 C —
T -

D17 DoO7
f OE STE =
Data 1 /

= DI DOo
| DI DO1 [ Address
8282
} > DI7 DO7
. , OE STB |-
Data
- 8282

_l_ OE STB |-


http://www.datasheetarchive.com/

Data bus connection

DEN o Dc

DTIE [

Microprocessor data bus

!

' N

System data bus

(o

DB-"D'IE

Dy-Dss
Truth Table
Inputs
OE TR Output
L L Bus B Data to Bus A
L H Bus A Data to Bus B
H X High Z State

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

N2 Y

DIR

B< LRI




Basic bus operations

Read or Write
uP (Register) < Memory / I/O register (port)

MOV mem, reg
MOV reg, mem
MOV reg, reg
OUT port, regA
IN regA, port



Bus Timing (detailed)

(44N, =T, (4N yar)=Toy
[ Ty | T2 | TaITm'T|T:TT||Tz | T2 | Twar | T, \
eV aaW aWalaWaWaWaWaWaWall
aE [ [\

| |
| |
| |
MI1/0 : X !
| T
| |
| |
| ]

il

ADDR/STATUS X=X 57.52 Y LEE X

ADDR/DATA XAIS—MJ}' w—= nﬁ;ﬂ D13-00N ... (AIE.ADX Dp,flrg OuUT D15-D0 >. -

;o : I

RD (S H |

: READY : READY
READY Wy N
— WAT WAIT
DTR : / i \

DEN \ / \ /

— MEMORY ACCESS TIME —P




Wait States

T T2 T3 T4
L
i W_
a)
T T2 T3 Tw T4
mex 8ns | LE ' Ts
—3*—'9_,,_ E,JH B B



Physical memory organization

Bvte-YWide addressing
(8088)

FFFFF
FFFFE
FFFFD
FFFFC

0oooz
Qo001
0aooo

ODD Addresses (B8086) EVEMN Addresses [8088)
FFFFF FFFFE
FFFFD FFFFC
FFFFE FFFFA
FFFFS FFFF&
A19. A1 A9 AT 3
Qo005 0ooo4
Qo003 Qoooz
—1 00001 —] 00000
v
01508 0700
EHE# A0/BLEH
BHE Ag Characteristics
0 0 Whole word
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None




Physical memory organization

Other 16 bit memory interfaces (286 ... 386SX)
- With 24 bit address bus = address space = 22 = 16 MB (0 .. FF FF FF)

High bank Low bank

(Odd bank) (Even bank)
FFFFFF FFFFFE
FFFFFD FFFFFC
FFFFFBY FFFFFAY

~—— B bits ———» 4——— B bits ——»

8M bytes 8M bytes
000005 oooo04|
000003 000002
000001 000000

D15-D8 D7-D0

B0286 microprocessor

803865X microprocessor

BO38ESL microprocessor {(memory is 32M bytes)
B0386SLC microprocessor {(memory is 32M bytes)



FFFFFFFF
FFFFFFFB
FFFFFFF7

00000008
00000007
00000003

Physical memory organization

32 bit memory interface / data bus
- With 32 bit address bus = address space = 232 =4 GB (0 .. FF FF FF FF)

Bank selection signals: #BE,

Bank 3

D31-D24

FFFFFFFE
FFFFFFFA
FFFFFFF6

0000000A
00000006
00000002

Bank 2 Bank 1
FFFFFFFD
FFFFFFFQ
_________________ FFFFFFF5 .
~¢—— § bits > 6—— B bits ———
1G byte 1G byte
""""""""""" e I
00000005
Qoooo00n1
D23-D16 D15-D8

B0386DX microprocessor
B0486SX microprocessor
80486DX microprocessor

FFFFFFFC
FFFFFFFE
FFFFFFF4

00000008
00000004
00000000

Bank 0

4—— 8 bits ——>

1G byte

D7-D0



64 bit memory interface: bank selection signals: #BE, -

FFFFFFFF
FFFFFFFT
FFFFFFEF

0000001 T
QO0O00OF
Q000%0aT7

FFFFFEER
FFFFFFF1
FFFFFFEB

00000213
QOo00o0E
00000003

Physical memory organization

Bank 7

[— B Dbl =]

512M bytasz

DE3-DE6

Bank 3

|—— & bits ——»]

512M bytes

031-024

FFFFFFFE
FFFFFFFG

FFFFFFEE|

pooooois|

CO00CONE
GOONO0 06

FEFFFFEA
FFFFFFF2
FFFFFFEA

oodo0nd1 2
GCO000A
00000002

Bank &

——— 3 bifs ——

E12M bytas

DE5—D48

——— Abits

512M biytes

DZ3=D16

FFFFFFFD
FFFFFFFS
FFFFFFED

cmmmﬁ'””"

QOCOG000D
CORGEO00S

FEFFFFFQ
FFFFFFF1

FFFFFFES|

00000011

Q000000
Q00000401

Bark 5

[— 2 bilg ——

512M bytes

Da7-0dn

=t ——— f hits ——— =]

512M byles

D5=D8

PenumyP entium Pro microprocessoar

FFFFFFFC
FFFFFFF4
FFFFFFEC

0O00o0 14

(Rt [

FFFFFFFa
FFFFFFFD
FFFFFFER

0000010
s alnlel]
(0000000

Bank 4

[—— Bns —

S12% bytes
D39-0D32
Bank 0
- — — i bits ——— =
5120 bytes
L .. i
DT=00



A Typical PC Motherboard

Disk Contraller

Video Card
Expansion
Slots _ | |
Processor Processor DMA Interrupt E i
(8088 up (8087 up controller logic x?;;imn
to 80486) to B0487) (8237) (B259)
Y
I y I r
3 r
System
bus
B40KB System Timer Keyboard
Dynamic ROM logic logic
RAM (8253) (B255)
- R
Speaker Keyboard



PC XT — Basic components. Bus generation

P Cl

NFIR 0 VO Check D 9
14,71 818 MHz. | ﬁ @ ,
1]
D I 3
HBAl = —
NMI 8| |2 5
A Logic < o [=
— 1NN
b= 7
=2
— |?¢

N
L5245
Bi-dir
Buffer
Data
ADO. ADY
SOr51052
T
WAIT
State

Logic




PC XT — DMA extensions, /O, ROM

Control Bus

System Address Bus
|| = =
System Data Bus
.
Buffer Butfer
Pl N
L ) 8237A5
DRl
L ) G
45}
= 1]
@ 5 7ALS373
% m DA Addr.
0 m Latch
T o
= O
"-:F, :_'< f4LS67F0 _
b4 DMA Page
Register
BN WYy p
Decode A grssa V' xeveoans
'l Logic Vo
S SFPFEAKER
GASSETTE
from Control
Bus ¢
ROM
bANK
incl. Decode




PC XT — RAM, I/O extensions

Control Bus

System Address Bus

System Data Bus

= T

e RAM 15
Memory Banks
Conirol
Logic Drynatmic B RIA
cAs Converter
Logic
i
8

/" B2 Pin /O Bus Slots  °

ifiif L.

L




PC AT - Basic components. Bus generation

|
PCK
10 Cheek - ]
0 2
NMI n
Logic :
a
< 1
El |
= ~ 2 K]
= 4LS373 3 |—|3|—
3 Buffer/ i E
H Laten g
E Addr. 2
.ﬁ "
b} a
- 3
@ g
= (5]
o
..3

LAIT .. LA2]




PC AT - Extensions

JWA

Address
Buffer
@
=
@
o
n DMA Addr
"E Lateh
3
=
DMA Page
Register
g )
@ CMOS | wmCateY
vo ‘E RAM —
Decode : & RTC
Logic
8042 L2 Keyboard Sockel
KB Cont’
8133 ‘1’ from Control
2

incl. Decode




PC AT - Block diagram

PC/AT Design - Block Diagram }

Contral Bus

]

Sysiam Address Bus

1

Sysmm Dsta Bug

om Cosie

Wamory Bi-chr Puity
mi b:- Loge
l'"' J i E
L——= ="
s B Il
]




Enhanced 8086-2 CPU
* Clock Generator

80x186 family

80186/80188 -HIGH-INTEGRATION 16-BIT MICROPROCESSORS

* 2 Independent DMA Channels
* Programmable Interrupt Controller
* 3 Programmable 16-bit Timers
» Programmable Memory and Peripheral Chip-Select Logic
» Programmable Wait State Generator

* Local Bus Controller

« Completely Object Code Compatible with All Existing 8086, 8088 Software

* 10 New Instruction Types

Am186ER Am29F400
Microcontroller Flash
12 5-MHz =5 X2 v WE
Crystal T Al E—Aﬂq Address
X1 .
AD15-AD0 || D ata
RD —PCE
Ucs —»{CS
32 Kbyte
SRAM
Timer 0-2 j——
Serial Port INT4—INTD [—
o rs232 Htxp DMAC-T[E—
Level CLKOUTA F—— 50 MHz
Converter [ | RXD

Figure 1. Am186™ER 50-MHz Example
System Design

40-MHz
Crystal

T—x
=
T,

PCS0
Timer 0-2

INT3
INT2-INTO
DMA 0-1
CLKOUT

z
Am29F400 _SRAM
Flash WE
WE WE
z Address M Address
o 5 Data P Data
»IOE —{OE
»(CS |—' cs
P[5 | PIOs
o -0
b sl || RS2
IEEEEEE—— -
Port Converter -0
—_ [
—
—

—> 20 MHz

Figure 2. Typical 80C186 System Design




80186 — block diagram

INT3/INTAT/IRQ
1 —
T inr2/inTAD
CLKOUT V. GND NMI | INT1/SELEGT TMROUT 1 TMR OUT 0
A TMRIN 4 TMRIN 4
-H0H INTO 1 0
¥ [ ]
_____ arr) PROGRAMMABLE
EXECUTION UNIT I Yy Y ¥ ¥ “HEHQ
X Xz |
16-BIT | r.ux GDUNT
RES — ALY I PROGRAMMABLE REGISTER B \\
CLOCK | CONTROLLER
|GENERATOR . I REGISTER A
GENERAL | CONTROL REGISTERS
PURPOSE I CONTROL
. 16-BIT
REGISTERS _I"'" REGISTERS COUNT REGISTER
INTERNAL BUS DRQO
— DRG1
U Y -
PSR
50-52 < 0 1
CHIP-SELECT 20-BIT
SRDY —}- UNIT SOURCE POINTERS|
ARDY —» s 20-BIT
YEST —» m"ﬂ{.’f?"m 16-BIT —"|  DESTINATION
HOLD — - SEGMENT POINTERS
REGISTERS ;
HLDA - SBYTE Pﬁﬁggﬂ‘lnﬁgtﬂﬁ 16-BIT
PREFETCH REGISTERS TRANSFER COUNT
QUEVE CONTROL
{} REGISTERS
! ' ] L
¥ DEN ¥ W‘LE v Ucs y ¥ PCSE/A2
y LOCK y RD ADO-  A16/53- LCS PCS5/A1
OTH BHE/S7 ADI5  A19/S6 N/ N/
(87) (ADO - AD7) MCS0-3 PC50-4

(A8 — A15)



