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* Basic properties
— 20 address bits, 8/16 data bits
— Multiplexed address/data bus
— Addressing space: 1 MB memory, 64 KB |/O
— 14 16-b registers
— 2-phase command cycle (fetch/execute)
— Advanced interrupt system

* INT, NMI, int. vectors, internal int’s, software int’s

— 2 ways of system cooperation

 Minimum/maximum mode
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* Internal structure
— Execution unit
— Bus interface unit

— Command queue

* 4/6B long
e Filled if
— >2B free

— no R/W req. EU

Execution unit

Bus interface unit

Data registers
Pointer registers
Index registers

Segment registers

Instruction pointer

X X
v v
ALU BHE/S}+—»
A15-19/ Ss- _’
flags Bus AD, J—P>
Interface INTA
DT/R
DEN, ALH >
v

Command queue

TOCK
TEST QS,
;I\II\;IFI Control .,
HoLp ™' REsEd
HLDA READY]
RQ/GT,, MN/MX

T
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e Command cycle

— 2 explicit separate phases

Fetch 1 | Execute 1| Fetch?2 | Execute2
Fetch 1 Fetch 2 Fetch 3
Execute 1 | Execute 2 | Execute 3
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Registers
Universal registers Segment registers
15 87 0 15 0
AH AX AL  |Accumulator CS Code segment
BH B'X BL Base register DS Data segment
CH C'X CL  [Counter ES Extra segment
DH DX DL  [Dataregister SS Stack segment
Pointer and index Instruction Pointer
registers Flags register
15 0 15 0
SP Stack pointer 1P
BP Base pointer flags
S1 Source index
DI Destination index
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* Registers — flags
— 6 state bits: C,P, A, Z, S, O
— 3 control bits: T, I, D

Symbol | Name | Functon

Carry
Parity
Half carry
Zero

Sign

— O N > U 0O

Trap

I Interrupt

O

Direction

Overflow

1 = carry/borrow at the highest bit of the result

1 = even numer of 1’s in lower result byte

1 = carry/borrow at the 4t bit of AL

1 = result=0

= highest bit of the result

1 = Single step mode

1 = interrupts are unmasked

Block operations address: 1-decremented, 0-incremented

1 = signed result has more bits than destination argument
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e Memory addressing
— 1 MB capacity

— Logical segments of 64KB each

— Logical address:
e Segment (16 bits)
e Offset (16 bits)

— Physical address:

e 20 bits 15 0
segment 0 {logical
offiset address
_I_
19 0
physical address
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e Memory addressing

Memory Segment adress Offset
gperation Default Alternative

Fetch CS IP
Stack SS SP
Block read DS CS,ES,SS SI
Block write ES DI
BP as base reg. SS CS, DS, ES  Displacement, SI, DI, BX, BP

BX as base reg. DS CS, ES,SS  Displacement, SI, DI, BX, BP



3086

e Memory addressing

| BX — | BX
or or
| BP — | BP
or
| SI — | SI
or or
| DI — | DI
+ displacement
Effective
address
| CS [0000}——
or
| DS |0000}—>
or
| ES [0000}—
or v
| SS [0000]

Physical
address
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* Addressing modes (1)
— Immediate
e mov cx, 4929h; add ax, 2387h; mov al, 5

— Register
e mov cx, bx; add ax, dx

— Direct
e mov ax, [1592h]; mov al, [0300h]

— Register indirect
e mov ax, [bx]; add ax, [bx]
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* Addressing modes (2)

— Based

e mov dx, [bx+4]; add cl1, [bx+8]
« mov ax, [bp+2]

— Indexed
e mov ax, [s1+16]; add al, [di+16]
— Based-index

« add cx, [bx+si]; mov ax, [bp+di]

— Based indexed with displacement
- add cx, [bx+s1+8]; mov ax, [bp+di+4]
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General command format
Opcode D|W|Mod| Reg R/M

— D(irection): from (0)/to (1) register
— W(ord): 8 (0)/16 (1) bits
— Mod(e):

No displacement fields, disp=0

01 8-b displacement present (sign extended to 16-b)
10 16-b displacement present
11 R/M treated as Reg field
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* General command format (2)

— Reg(ister):
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 Sl 110 DH

111 DI 111 BH
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* General command format (3)
— Reg(ister)/M(emory):

R/M Effective address

000 (BX)+(SI)+disp
001 (BX)+(DlI)+disp
010 (BP)+(SI)+disp
011 (BP)+(DI)+disp
100 (SI)+disp

101 (DI)+disp

110 (BP)+disp

111 (BX)+disp
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e Command formats

Opcode I[Mod| Reg | R/M |

Single byte instruction, implied operand

Opcode |

Single byte instruction, register mode

Re

Re

Re

Re

Opcode | Reg |

ister to register
Opcode [1 1] Reg | Reg |
ister to/from memory, no displacement
Opcode [0 0] Reg | R'M |
ister to/from memory, with 8-b displacement
Opcode [0 1] Reg | R/M | Displacement |
ister to/trom memory, with 16-b displacement
Opcode [1 0] Reg | RM | Displacement LSB [ Displacement MSB |

Immediate 8-b operand to register

Opcode [1 1] Reg | Reg | Operand |

Immediate 16-b operand to register

Opcode [1 1] Reg | Reg | Operand LSB |  Operand MSB |

Immediate 16-b operand to memory with 16-b displacement

Opcode [1 0] Reg | RM | Displacement LSB | Displacement MSB |

Operand LSB

Operand MSB
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* |nterrupts
— 4 types

* INT — maskable interrupt hardware input
* NMI — nonmaskable interrupt hardware input
e Software interrupts — program-called (INT command)

* Internal interrupts — automatically generated:
— Division by O
— Single step (if T=1, executed after each command)
— NMI
— Breakpoint
— Overflow (executed if O=1 during INTO command)
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* |nterrupts (2)

— INTR signal active until int. ack.

— 2 int. ack. cycles (for 8259A):
* Master-slave 8259A arbitration
e 8259A provides interrupt ID

— Interrupt accepted:
» flags—>stack
e T=1=0
e CS:IP->stack
e CS:IP=int_vec table[int_id]
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* |nterrupts (3) — vector table

— Starts at 0000:0000
— 256 cells x 4 bytes
— Int 0+4 — internal

— Int 5+31 — reserved
— Int 32+255 — available

0000

0004

0008

3FFF

CS

CS

CS

CS

}IntOO
}IntOl
}IntOZ

}Int03

}hHFE

}IntFF
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* Pins
— 8086 or 8088
— maximum or minimum mode

]
]

—
10

]
[

|~
o0

uz uz uz Uz
ADo (2 33 | M ADD e ADo (8 33 ] M
AD1 L ADL (L AD1 L
ia 22 i 22 ia 22
READY AD2 3 22| READY AD2 13 22 | READY ADZ2 +3 22| READY
CLK AD3 2 19 bCLK ADZ H= 19 boLK AD3Z 2 12 boLK
RESET AD4 H= RESET ADa 44 RESET AD4 = RESET
abs (L AbS (L abs (L
io ig io 18 io ig
INTR ADé 0 INTR aDé S INTR ADé O INTR
ADT —2 ADT |—= ADT —2
Apa —2 I As 2
ER ADS |—£ A9 <
AD10 —£ ADi0 —£ Alo —£
ADLL —= ADLL = ALl —=
AD1Z —3 AD1Z —3 ALz 2
AD1E —= AD1E —= ALS —=
AD14 (== AD14 (== Alq ==
AD LS AD 1S Als
o) =) o)
A16/53 52 AlE-53 155 Al6-/53 (58
A17.-54 1L A17.-54 151 A17-/54 (51
AlesSS S5 Als-SS S5 Alg-ss (25
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=0 pEe— DEN 25— 50 peS—
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* Pins

Common minimum maximum

ADO..lS \I\/(I/QO S0..2

A16..19/S3..6 RQ/GTOI

BHE/S, INTA LOCK

RD ALE Qs, .

READY DT/R 'S, | Machinecycle

INTR DEN 000 Interrupt acknowledge
HOLD 001 /O read

TEST 010 I/O write

NMI HLDA 011 Halt

RESET 100 Fetch

CLK 101 Mem read

110 Mem write
111 No cycle
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* Pins (2)

m Machine cycle

Bus manager by 8086

Interrupts enabled

ES segment i
SS segment
CS segment
DS segment

R O B

C I

Entire word
MSB (odd address)
LSB (even address)

No operation

Machine cycle

00
01
10
11

No operation
1st byte fetched from queue
Queue empty

Next byte fetched from queue



TT ¢ T2 | T3 | Tw | T4 ! TI
C Ay, X S, >
"BHE | | T S T
A D ahm
\ 0-15 / \ 0-15 /
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e Central unit —supporting IC’s
— 8284 — clock/reset/wait generator

— 8282 — 8-b latch register with 3-state outputs
e Similar to 74373, 74573

— 8286 — 8-b bi-directional 3-state buffer
e Similar to 74245

— 8288 — bus controller for maximum mode

I O o

Uz Uz Uz Uz
L7y READY —3 L3450 AED [—4— 1o oo 33 eo eod
CLK |2 —24 51 FWT o 2111 o1 8 £1a1 EB1
16 RESET 184 =3 M Pre— =11z oz 1f =az B2
%2 o o IOR pis— 2SIz o3 HE = AT B3
4 FCLK TEbeLK ToW pll- =114 o4 = = a4 B4
I ROl iz 2{CEN  AICH pie— S1Is o5 13 Eleas ES H
S RDYZ osc Liice INTA P e Heé B
—=d AENT —& FEN | 4 17 o7 (L A7 BT
—2d RENZ DT AR 2 ol — o
H EFI DEN 5 —2a G —2q G
7o CSYNe MCFD L STE T
i34 pEINe ALE SEEE 3T
YT
—Lii+ RES
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6

e Central unit = minimum mode

e s

' 4
~
7

LK

RESET

wait state |
generator

READY

HOLD
HL.DA

[NTA
[NTR
NMI

8086

BHHO———» —BHE’
Alm_}
AD, |€—T—P| 3x8282 A
(3%x74373)
ALH »STB
IR
_> HD,O..IS
2x8286
(2%x74245)
DT/R »T
DEND———COE
T T I
MO I p—bMede
—] I O—MemWr’
RDO—» (demux) | —_—
— | O—I0ORd
WRO——,

b—TOWr’
|
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e Central unit — maximum mode

v.

‘ LK
PRESET
8284A READY
—CRES
RDY
i wait state ;
| generator
—HOLD
«—HLDA
—»INT
——NMI
‘—

8086

QS0 Su.5

v Bl vy,

|

—»BHE’
3x8282 _»Ajo,,lg
(3x74373)
STB
OF
4D,
2x8286
(2%x74245)
T
OFE
| O—>MemRd’
B%I% O—>MemWr’
AIEE 8288 O—»]ORd’
O——I1OWr’
OT INTA

8288:

Multibus-compatible
signals

Additional ,,advance”
write signals for
slower devices, no
wait state necessary
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e Memory attachment

— 1MB = 2x(512kx8)

— 16-b access possible

A, + BHE

BHE 119

A,

A

8.

15

DO..lS

1.19

;

0.7




