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CPE 408330
stet:nbly Language and
Microprocessors

-Chapter 8: THE 8088 AN
: D 8086
MICROPROCESSORS AND THEIR
MEMORY AND INPUT/OUTPUT
INTERFACES

[Computer Engineering Department,
Hashemite University, © 2008]

Lecture Qutline

, 8.1 The 8088 and 8086 Microprocessors
, 8.2 Minimum-Mode and Maximum-Mode

System
» 8.3 Minimum-Mode Interface

» 8.4 Maximum-Mode Interface
, 8.5 Electrical Characteristics
» 8.6 System Clock

» 8.7 Bus Cycle and Ti
, 8.8 Hardware Organization O

Address Space

me States
f the Memory
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Lecture Outline

» 8.9 Memory Bus Status Codes

» 8.10 Memory Control Signals

, 8.11 Read and Write Bus Cycles
» 8.12 Memory Interface Circuits

» 8.13 Programmable Logic Arrays
» 8.14 Types of Input/Output

. 8.15 An Isolated Input/Output Interface
» 8.16 Input/Output Data Transfer

» 8.17 Input/Output Instructions

» 8.18 Input/Output Bus Cycles
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8] The 8088 and 8086 Microprocessors

0 The 8086, announced in 1978, was the first
16-bit microprocessor introduced by Intel
Corporation.

0 8086 and 8088 are internally 16-bit MPU.
However, externally the 8086 has a 16-bit
data bus and the 8088 has an 8-bit data bus.




8.1 The 8088 and 8086 Microprocessors

I:lad§086 and 8088 both have the ability to

dress up to 1 Mbyte of memory and 64K
of input/output port.

0 The 8088 and 8086 are both
manufactured using high-performance
metal-oxide semiconductor (HMOS)
technology.

O _The 80_88 and 8086 are housed in a 40-
pin dual inline package and many pins have

multiple functions.

HU, Jordan

8.1 The 8088 and 8086 Microprocessors

0O CMOS, Complementary Metal-Oxide-
Semiconductor, is a major class of integrated
circuits used in chips such as microprocessors,
microcontrollers, static RAM, digital logic circuits,

and analog circuits such as image Sensors.

0 Two important characteristics of CMOS devices
are high noise immunity and low static power
nly drawn when

supply drain. Significant power is O
its transistors are switching between on and off

states: consequently, CMOS devices do not
roduce as much heat as other forms of logic such

as TTL. CMOS also allows a high density of logic
functions on a chip.

HU, Jordan
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8.1 The 8088 and 8086 Microprocessq}

* Pin functions :
ﬂ“d o e ono [ :g:: - Most pins are I-F}de_pande. .
- N m[]a and serve a single functiond
ans [ ] anrs Qe wHwes - Examp|es:
oz [ wi] anrm w2 Qe TEAT ok CLK—clock
— @ s [Os 20[] ass gﬁ"w& : )
? i i _ INTR—interrupt request
018 [ anss Goomi sy, a0 [ e xjmmd&i’-m:d "—H‘—-
3 b a7 u]s= (HIGH) BEADY_bUS rea Y
Y. b Rt Betehy = u-g: (o i . .
a0 o s eoswd - ar s aJwaw gyt « Some multi-functions pins-
il oprReC i pp Ty ke o1 o =0m waew T8 different times/different mode
el 3088 !. e LI = P xamples:
203 M moa  @aAT Ao [n crd a[Jroa  (REGT _ .
wle WY Sha  om seds wm @ o ADo-AD1s mu!uplexﬁd_
N T =¥ A o Tos—maddress/data lines at different
401 “"ﬁ'{:;:r IF_:in 4] avz ] 1 ;jfﬁ"?ﬁ% Gw?rﬁ]es
a3 s A0 & e s @ Ails/Ss3—multiplexed address
p-2 i i el = I »0ae o= angd status line at different
uw o LT ) S wat [ 1 ] BAA iy times
s L np] o wn [ e nf ) Fisr . .
¥ 1 ausor e N = I0/M* or S2* Control line in
d%mca a1 neesr o n . o one mode or bus
Q V&'l wulkiglex TY VP myiipies
Pin layout of the 8086 and 8088 microprocessor
ad Weery bi"wram oadyey
Ilnﬂ éu&a oo Qurbea HU, Jordan 7
LA (Rarde b 0, (donk oy )
8.2 Minimum-Mode and Maximum-
Mode Systems
® The 8086 and 8088 microprocessors can be
configured to work in either of two modes:
® The minimum mode - MN/MX’'=1 i m@?ﬁlﬁ;ﬁ“‘m ‘
K The maximum mode - MN/MX'=0 my sydu, | |

== WHC Conby paulbiple
The mode selection feature lets the 8088 or ‘cxep:

8086 better meet the needs of a wide variety
of system requirement. -
O Minimum mode 8088/8086 systems are

typically smaller and contain a single
processor. i

0 Depending on the mode of operation

selected, the assignment for a number of the

pins on the microprocessor package are
changed.

HU, Jordan B



8.2 Minimum-Mode and Maximum-
Mode Systems

T\ LT
G

Commaon signals

Name Function Type

ADI-ADO | Address/data bus Bidirectional,
3-state

A15-AB Address bus Output,
3-state

A19/56- Address/status Output,

A16/53 3-state

MN/MX Minimum/maxImurm Input

Mods control

RD Read control Output,
3-rtate

TEST Wait on test control Input

READY Wait state control Input

RESET System reset Input

NMI _Nonmaskable Input

== |uzeerupe riquest

Iu‘[ﬂ : Jnterrupt request Input

CLK : Systern clock Input

Vee +5V Input

GND Ground

Wy

+ 8088 signals/pins categorized as
« Common—same function

both modes

Examples: Pin 9 (AD7)- pin 16

(ADo)

. M!nimum Mode—special
minimum mode operations
Examples: pins 26-28 are
DEN*, DT/R*, and 10/M*

- Maximum Mode—special
maximum mode operations
Example: pins 26-28 are So*,

Si1*, and S2*

{a)

*- Signals common to both minimum

and maximum mode

HU, Jordan

8.2 Minimum-Mode and Maximum-
Mode Systems

H o {ch
(b)Unique minimum-moae signals (c) Unique

Minsmum mode signals (MN/MX = Vel
MName Function Type
HOLD Hold reques! Inpat

HLDA Hold acknowladge Outpun

WA Writs control Output.
3-state

10/M 10/memory control Output,
F-state

DT/R Data ransmit/recaive | Output,
Jatate

DEN Datp enable Output,
.:L“\ 3-sute

550 Status line Output,
S 3-atete

ALE Addrem latch enable. | Output
iNTA interrupt scknowledge | Output

(b)

Maximum maode signats (MN/MX = GND)
Name Funcilon Type
AG/GTY, 0| Request/prant bus aidirectional

pccom control
LOCK Bun priority lock Ounput,
control 3-sinte
57-50 Bue cyche mmatus Outpul,
Irimte
osi1, asd Inetruction quaus Output
T

maxlmum-mode sign

HU, Jordan
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8.2 Minimum-Mode and Maximum-
Mode Systems

» EXAMPLE

Which pins provide different signal
functions in the minimum-mode 8088 and

minimum-mode 80867 @fdife;nun.ﬁgne ek uoth
. AN o
» Solution: ?)wléf a

k)

(a) Pins 2 through 8 on the 8088 are address
lines Ais through As, but on the 8086 they are
address/data lines ADia through ADs.

(b) Pin 28 on the 8088 is 10/M’ output and on
the 8086 it is the M/IO’ output.

(c) Pin.34>of the 8088 is the SSO’ output, and on
the 8086 this pin supplies the BHE’/S>.

(@) @nhol Bank Igh enuble tn Be¥4 in otedar o emoble. ;;ﬂ:h pord- tn dukn g
, Jordan 11

an & “‘E“ huhk in Mewadid 1 il @p
. \edtM o 53¢ \sjon i
(3) Corticel Qymal Memewy [l ga3

ek )\o  Bo93

8.3 Minimum-Mode Interface
Blaocle d.}%l{um

|
Qs Power supply o F
Vee GND

(M;.EFI—“'“MH?'.Q ine behueen wdly
nl::- INTR . <:>ADQ-AD,_A“}3§#“}'S| and duby g

NTA ——— _ Lawalhipler line. Addyey
J !ntl-rrup!'. TEST B 5 (4% u.q
e TEST —— m— R P

in NM] —
\A  ReEsET —— — ALE

5088 ﬁmﬂ‘g@“@

H

hd
=]

@ c_}i!u_ ‘MPU —o-\i'om W
Uvect nemory DMA HOLD ——— I T R
aé:ﬂ% ::_;. & HLDA —4——— ——— D Wiing Phe sume G “-u.\\
o AP\l ] .
i uﬂﬁd :;:L.Jil | v b E ey '..nlrt‘.lcca(_a'. ChireruanCady s
o ' | | DEN
H lpn - @ Mode Mﬂfﬁ ht‘"\-ﬂﬂ \'NL"HP
mlet = 4——— READY and Wb s wenty
Ll!";d’ﬁ * Vo \nter E“[! v Le mmue Leb g
Wt Yk raunS wute g CLK bt En W Claf)

Clock and \0
Block diagram of the minimum-mode 8088 MPU

HU, Jordan 12




.ﬂ"

8.3 Minimum-Mode Interface ~Differences

Power supgly » Data bus
Ve GND + 16-bit wide
T T Addresidnn bus » D15-Do
:::——__... @ﬁfm,wm—aﬁ ADMuItlpIexed with Ais through
ey - Allows 3 types of data
L transfers
NN ] " 'uL‘:'irdl:;—over D15-Do
_ —— $30 M ow byte—over D7-Do
RESET ——— B e B cnaple »ﬁhw"‘f ey High byte—over Dis-Ds
— X oo - MemowjldControls
D oD —— e b e =0y SSO* > BHE* (bank high
MDA +——— g enable)
Ver — 2..p) - Used to signal external
- _‘ 55 (WP  circuitry whether or not a byte
N == transfer is taking place over

o Deuek of the upper 8 data bus lines
St A,L‘LE: ond ‘i].lu g mnow does the same for a
Block diagram of the minimum-mode 8086 MPbJ el byte transfer over the lower 8

data bus line
HU, Jordan

8.3 Minimum-Mode Interface

0 The minimum-mode signals can
be divided into the following basic
groups:

0 Address/Data bus

Status signals

@ Control signals

© Interrupt signals

5 DMA interface signals

HU, Jordan




8-3 MInHTIUIE—iveess= = ‘

0 Address/Data bus
0 The address bus is used to carry address

information to the mMemMQLY and 1/O ports..

man 0gn 11 O The address bus is"20-bit long and consists

of signal lines Ao through Ats.
0 A 20-bit address gives the 8088 a 1 MByte

memory address space.
;M sed 88

po1/0 suky 0 Only address line Ao through Ais are used
e |4 W when addressing 1/O. This give an l/(% R
address space of(64 Kbytes.) logSUf=110) spates o'y 1
0 The 8088 has 8 multiplexed address/data
bus lines (Ao~A7) while 8086 has 16
multiplexed address/data bus lines (Ao~A1s).

ylag
zp

HU, Jordan 15

8.3 Minimum-Mode Interface

—

S$6'S5 S4 53

0 Status signals
0 The four most significant address, A through As are
multiplexed with status signal S through Ss.

O Bits ggve ther form a 2-bit binary code that identifies

M ofeadl, which of the internal segment registers was used to generate

s - , X .
”’?:l @' :}? _'_Eh-E_DlT.‘@CEU address. 5s is the logic level of the internal  Plage o8 0as
v Qm\“ interrupt flag.{S¢is always at the 0 logic level. em'éi?l._ P o) 00D
WA (& ey o ; {
; 2 7 'z:i?\o f\:;\t‘:ﬁ e sheked Peom Exinel cone-bit )

g O (Jys S S JU'U\U‘L 00— \e sl
D?“M M&S.bu 4 3 Address Status., etteral g\ oo
CPCG =) \ 7
kghl;f*rq; o Gasd g e 0 Alternate (relative to th @segmenl} P\

mb‘&ﬂs AT B 0 1 Stack (relative to the segment)
= _C’J‘O . P 1 0 Code/None (relative to the| CS|seg-
;’ie' £ o ment or a default of zero)
f b““.q'*d?f’u ca 1 Data (relative to the| DS\segment)
= Plrysicad — .
L) mde o
micote whikdy Setmont igapter Tuge
!‘0 S%mﬂ. MM O-dm : HU, Jordan 16




8.3 Minimum-Mode Interface

0 Control signals

bupdans O Thec - .
A ontrol signals are provided to su
eVt Memory and “8 P pport the

.interfaces of the 8088 and 8086.

~» ALE - Address Latch Enable
. 10/M’ - I0/Memory (8088) e bt L
. M/IO’ - Memory/IO (8086) "3 Vrface
- DT/R’ - Data Transmit/Receive

(8088/8086) _—

. SSO’ - System Status Output (8088
- BHE' - Bank High Enable (8086)*
- RD’ - Read (8088/8086)
- WR’ - Write (8088/8086) "¢

= DEN’ - Data Enable (8088/8086) "

. READY - Ready (8088/8086)
W—[%ﬁ\dg

HU, Jordan
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8.3 Minimum-Mode Interface

Swhend
Interrupt signals

O The interrupt signals can be used by an external
device to signal that it needs to be serviced.

. INTR’ - Interrupt Request

. INTA’ - Interrupt Acknowledge

- TEST’ - Test (can be use to synchronize
MPU)

.- NMI - Nonmaskable Interrupt

- RESET - Reset (hardware reset of the
MPU)

D\‘




8.3 Minimum-Mode Interface

0 DMA interface signals

T When an external device wants to_take
control of the system bus, it signals this fact
To tl?e MPU by switching HOLD to the 1_logic
evel.

0 When in the hold state, signal lines ADo
through_ADz, As through Ais, Ais/Ss through
Ais/Ss, SSO’, I0/M’, DT/R’ RD’, WR’, DEN’,
and INTR are all put into\high-Z state. H“fnﬁbﬁ,ﬁﬁ

0 The 8088 signals external devices that the Jo lov W@;ﬂ

signal lines are in the high-Z state by Wiy vang)

switching its HLDA output to the 1 logic /5%

level.  ci¥@wees (57 2%
o=WIMA copst yule 19 Eﬂfgﬂ dJH[?;\_‘ZJanEQdeEJf:J

8.4 Maximum-Mode Interface
hw“—i‘)le_ m'c.{fcprm%r

0 The maximum-mode configuration is
mainly used for implementing a
multiprocessor/coprocessor s ystem
environment, pora P Voot Q) erprey O
sh amn;i Do

0% “GYobal resources and local resources

0 In the maximum-mode, facilities are
provided for implementing allocation of
global resources and passing bus control to

~other microprocessors sharing the system

bus.

Hu, Jordan 20
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8- r }"\"ﬂn Ocmy
o % Sfca.ﬁ%!\m um-Mode Interface 4w o
bus controller: w | = 4 ‘:E mmphmf

Vee GND n — l o
Interrupt ’Jn\m_ CLK AEN 2= U—O)

- M H — .
ax;:'num Toc'ie configurationyms— : oy o e | ple o
- MN/MX pln - 0 -} GND T::::-: fl |:||:p|mwmﬂ:Il [~ B P\‘
i. \ ost memory, 10, and ",/ seser — Ll otk :ﬁ U:;Eb’aﬂ-ctiil i
nterrupt interface outputs AN B — [ 9 Ol (1Y
i | = VT
produced by an external gk \‘g\ e T
8288 bus controller — ALY d
" pcet — o1 G
MOk ¢ o} gemevedel @nhol) i el {ﬁﬂhhﬂ
5" bé.li- ‘_-75,'?} ‘l-\';'r";\l:l‘ %EM\WMQ <7 > ADy-AD, AylS-A L,
shadwy oo (ode ) W in %‘T"w >M,
wi) ‘ﬂt {‘wpwi- ) bﬂl ih i‘hm I -mﬁi—— E"’L_;;r: |FU|'W. lyw WAt
onc. o Yo anmand will be opnewoht N?f‘c:i = e %ﬁgﬁuﬂw
IBCDT\HOE ?mev Qe 3'&0"‘ vepe
. : =% ) Sdwt Codr
oI YranRmAm He Mtioprovessor gineiese —f_F onkyin WX e Craas’ gmerote oddieg
il g | moam i ek asegln, o4l
"g‘r’lj‘“" grund 8088 maximum-mpde block diagram loel
aey fecal ke ?‘:a}t' HU, Jerdan 2
ASyie ba h’m |.ﬂ‘lcf'!‘.'}lcglon i L ‘fj PN '3 é.-.!_\l 'Ll_iﬂ t)’ldﬁ& O}hw U} \DCIJ- da'J
e et T 1A CICC=TEN EW " . O
¥ | SS0, w/lo | B:A_‘;ﬁ,rlmﬂ‘rrwﬂov Wj
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8.4 Maximum-Mode In terface

0 8288 bus controller: N =
¥ CHD ,I__L_—

Tijermep! T !‘nm = —- AEDE
wiercr (LK L UWTC
. Differences from 8088 Maximum . _ | _J' | [
mode interface —— :- 3R ::if.
@ . 16-bit multiplexed data bus > 3 o =

@ - BHE* output ‘ s —
[

_____,_._.——-—'-""' oM
Q—'_%:D sy e
o,

T 1.
) QT sl .
8086 maximum-mode block dragra:l:

e i m



8.4 Maximum-Mode /nterface

0 8288 bus controller

O In the maximum-mode, 8088/8086 outputs
a status code on three sig

———

nal line, So, 51, 52, prior

to the initialization of each bus cycle.
O The 3-bit bus status code identifies which

type of bus cycle is 1o follow and are input to the

axternal bus controller device, 8288.
0 The 8288 produces one or two command
signals for each bus cycle.

HU, Jardan
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8.4 Maximum-Mode Interface

0 &288 bus controller:

pos

ORFER®

Status Inpuls
—_ s — CPU Cycle 8288 Command
82 51 S0 '
0 0 0 Interrupt Acknowledge INTA
0 0 1 Read |/0 Port IORC
0 1 0 Write 1/0 Port IOWC, AlOWC
‘: ; 1 Hall . None
! 0 Jnstryction Feteh = (& i - MRDC
dodu Fion . ) ——
! 0 1 ead' Memory— J 5 "”‘"ﬁ’[unt}c
1 1 Loy |00 oEER AWE
0 Write Memory  aeic.l) MWTC, AMWC
! 1 1 Passive None

Bus status code

HU, Jordan
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£ 8.4 Maximum-Mode Interface

- 8288 bus controller connection
- Inputs are codes from the 3-bit bus

status lines S2*S$1*So* = bus status code | NN olvher Pk buy
- Outputs produced by 8288 instead of [ Gyag,
8088 " - —
-+ Based on bus status code > active s |- AT 1
0 —_ h DECoDEn o [T 5%
MRDC*= Memory read command - ___.:'f
MWTC*= Memory write oo | |
command — W
AMWC*= Advanced memory W
write command
IORC*= 10 read command cu " -
IOWC*= /O write command coMTAOL B conmi by o
AIOWC*= advanced I/O write ﬁ Sowa e~
command Mt
. Produced for all bus cycles
ALE= Address latch enable | |
DT/R*= Data transmit/receive o5 oho
DEN= Data enable (complement) Hd-.‘ug_H.‘th
INTA*= Interrupt acknowledge Block diagram of 8288

HU, Jordan 25

8.4 Maximum-Mode Interface

0 Lock signal
0 The lock signal (LOCK’) is meant to be
output (logic 0) whenever the processor
wants to_lock out the other processor
from using the bus.

0 Local bus control signals,,

0 The“r&equest/grant signal_!{(st RQ’/GT o,
(PRQ’/GT") provide a prioritized bus access

; us.
mechanism for accessing the local bu:

26
HU, Jordan
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8.4 Maximum-Mode Interface

O Queue status signals

0 The 2-bit queue status

code QSe and QS tells the o(low) | 0 [No_ Operation. During the last
clock cycle, nothing was taken

as1 [QSO Queue Status

El(_t_E_[ﬂ_BJ CII’FUIIW what type from the queue. N0 fuh, matepricBiol
of information was removed - g g Py
form the queue during the 0 1 |Eirst Byte. Th:byftialaken IFOI‘:‘I::B
i rst byte o e
previous clock cycle. e Y
know e sh
bwe of quee 1(high) | 0 |Queue Empty. The queue has

been reinitialized as a result of the
execution of a transfer Instruction.
BRh g, A —

1 1 |Subsequent Bytle. The byte taken
from the queue was a subsequent
byte of the instruction.

Queue status code

HU, Jordan 27

8.4 Maximum-Mode Interface

» EXAMPLE

If the bus status code S’2S"1S’0 equals
101, what type of bus activity is taking
place? Which command output is produced
by the 82887

» Solution:

Looking at the bus status table, we see
that bus status code 101 identifies a read
memory bus cycle and causes the MRDC’
output of the bus controller to switch to
logic 0.

HU, Jordan 28




! 8.5 Electrica/ Characteristics

o Power is applied between{pin 40
(Vc i
YTI(GND) and 20] (GND) (pin1 and 20712 !

connected together).
0 Th.e nominal value of Vcc is specified a5 +5V
dc with a tolerance of +10% (4.5V~5.5y wimrk

howmod]

O Both 8088 and 8086 draw a maximum of
340mA from the supply. .

(_-0.5 - O %J
Symbol Meaning Minimum | Maximum | Test condition
H ViL Input low voltage -05V +08 V
(2 —5.5) < Vi |Inputhighvoltage | +20V |V, +05V
VoL | Output low voltage oy r}45 V. | Io = 2.0mA
Vou | Output high voltage | +2.4V Ry E) Iy = —400 uA
= ¥ 29
' &
1V —o 'leqfr\ -z Ywan
o\ Yslow U g2 p
8.6 System Clock Clock. Sapal LML

0 The time base for synchronization of the
internal and external operations of the _
microprocessor in a microcomputer system IS

provided by the clock (CLK) input signal.

O @ is available in\two|speeds. The standard .
8088 operates at 5 MHz and the 8088-2 operate‘ -
at 8 MHz. W QMMM 20y

Uk S gred
0 TheB808®is manufactured irf three|speeds: 2=
MHz 8086, 8-MHz 8086-2, and the 0-MHz

8086—-1. W
0 The CLK is externally generated by the(8284
[clock generatonand driver IC.

30
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8.6 System Clock

0 Block diagram of the 8284 clock generator

I'MC_,#'O‘-%M
= % o e
sequwre 0od2) del ple—my i &} neser
e i e
(n X —]
bc-x on makelcd et caoniaron [
rey Wi e e i g
o sy
+3 — = + .
Silode priickost o ' avue u:c _"’C'E;: L_____te?enu chs
B ==
r=QVo
U LS fi | |> D D in By witkopreoey
Gls Yo (@ ea _ o2
dk e 31 B Aov2 |_ - 1 i { 1405¢
\ouge dyshead! i » R —— ;4(51*9
i FF2 ﬁhaﬂa = 8
AR
N Uk-2pdk
\ 1 !
Htl.?.Jordt:?: oA MUk Uk,
8.6 System Clock
O Connecting the 8284 to the 8088
12
_L—_ X4 0SC —
XTAL i 8284 ol 8088
18 ok kB CLK
Ty, o =
15- or 24M -g-' _ :
/ FIC
Typlcal value of l
CL when used = The fundamental crystal
with 15MHz frequency is divided bY___
crystal is 12pF within the 8284 to give either
Smth Por 2 5- or 8-MHz clock signal
Vipple i
o 1_.% Z y
32 5
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7 8.6 System Clock

O CLK waveform
O The signal is specified at Metal Oxide Sem:
: em
(MOS)-compatible_voltage level (ratherﬁ;ﬁ!%——?%ﬂﬁr
O The period of th¢ 5-MHz 8088|can range from 200
500 ns, and the maximum rise and fall times of its ed”s to
equal 10 ns. ges

— 19 hs MAX

T4

1.5
4 RIS LIS IS
0 BIISIIITLISELSIAIS \
-5 ne M I
’ 500 ns MAX T
' thh gl
one fekro d Ghewp ” le
Vel W2
SIOP U.Mﬂ HU, Jordan 33

8.6 System Clock

0 PCLK and OSC signals
~ 0 The ﬁpheralg@_c_k (PCLK) anc! oscillator clock
(OSC) signals are provided to drive peripheral ICs. f
0 The clock output at PCLK is half the frequerchQ
CLK. The OSC output is at the crystal frequency which IS
three times of CLK.

?’ 2in
“e__J N\ A
oF _iC,_ﬂ:.gDLk :
cLK .
s 2 el = g
PELK \l .. \\—‘
osc =68 pelie

34
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8.6 System Clock

Sundetd 5 “""'g’i
4 EXAMPLE ﬁ:‘:‘} /E 710 130
If the CLK input of an 8086 MPU is to be
driven by a 9-MHz signal, what speed
version of the 8086 must be used and what
frequency crystal must be attached to the
8284

» Solution:

The 8086-1 is the version of the 8086
that can be run at 9-MHz. To create the 9-

MHz clock, a 27-MHz crystal must be used
on the 8284.

HU, Jordan 35

eeder of bime.
8.7 Bus Cycle and Time States Ve
\HLI’CP Gl'NW(JlLu h\!h\muw?hcﬂd !’G CM‘EA_
‘t:bcﬂ:‘\ﬂuu'“ _ IU‘-’J Lime heed ho P%E.wn beic optiedion basic op etuhin

T A bus cycle defines the[basic operation that a microprocessor ('
performs to communicate with external devices.

O Examples of bus cycles are the memory read, memaory write,
input/output read, and input/output write. [Tedhe operwbin)

O The bus cycle of the 8088 and 8086 microprocessors consists i
of at least Eur clock periodﬂ (B ond hegh |

O If no bus cycles are required, the microprocessor performs what
are known as| /d/e state i

O When READY is held at the 0 level, @are inserted " s\ ed 4@
Ul s . bty between swszes T3 and T4 of the bus cycle i A g

Y @ verd QY \gady
ﬁ&t 0 For wnte write cycle, at T1 the address is prepared, data is ready atk mwa?qu )
TR

poviets 12 and maintaine durmg T3 and T4. 3"’“%& Mmuu{ﬁ?
O For_read cycle, at T1 the address is prepared at T2 the bus is at

_Z state, and the data is ready at T3 nd mamtarned at T4, Gkcse dotavh
duF-u of yE2
L*LE-WHLP_ Uy
AdocAe  As mownlgyad f_, usof uJH‘Tz. s de} enm&ox ules )

d b oxe 018 " |
ohe e Vead by Aﬂb X -.A—n e QU;L;E& hb‘q xiﬁjun!‘o-v '

Wy} [
roin e s «sL”é’L‘"‘ieriiiﬁ ™ "“‘W Vo n““* |




8.7 Bus Cycle ang Time States

» Multiplexed address
/data t
! Addr_ess output during flf.\]nsfer Operation
» Bus lines in high-Z state in T2

- Data transfer takes p] i
states T3 and T4 Place during

Novmald Stule

Yed oede periad

8

! BUS CYCLE

x.\onﬁsss x luF?tﬂX - . DATA . - *fnnlsssx BUFFER x : ' x
—_— e : : DAt ' :
- \ ’Q‘
\nits? Yeod ' Rﬁud
Bus cycle clock periods

HU, Jordan 17

8.7 Bus Cycle and Time States
®. Bus cygle wit ok ocoes (Yot dowhsy angy ofchin) )

. If no bus activity is necessary,_microprocessor inserts idle states between bus
cycles WKC | b Butt Tnshrehion ghen

- |dentified as T1 _

. May be due to the fact that the instruction queue is alread full so no

instructions need to be fetched . . aicey) ALy
O doivy precesicn ! b mw&)

(- Bus cycle with[wait states) _
. If the memory or 1/O device is not able to respond in the duration of a bus cycle

(500ns @8MHz) (slow 1/0 and memory) , it must make READY.Q during B340 o fendd

extend the bus cycle wid} t \nsenh tore clecle pexied returns to | ¥
" o Wait states (Tw) are inserted to extend the bus cycle until E‘EA%___"_'
m adud ..._.:,. ﬂ?g CLOCK C!‘I:I.l!l-—'"_""'_;'__':r: ki
F 3 .
wi- in \ ‘E
|=+—T L L ‘@_’
cLOCH —I I l
:
READY
| -
READY INACTIVE 8 ne MAL L‘_"":'I' TT-.-"::" ro euARANTES ™ 4 oﬁf}l )I;s
wautcycLamle E, X
e Bus cycle with idle state, and wait state Hu,Jords0 = 5V
= rus\.n'g%\ Zexa Al \'\\. Al s, VI nl__.:;l‘ Ly sy
1 oilosy Chenk ©° T i
—e T ———

_-__-__-—__-_____—-—



8.7 Bus Cycle and Time States .
» EXAMPLE
What is the duration of the bus cycle in the
8088-bhased mic’fﬁ’t‘d’rﬁnputer if the clock is_&.

MHz and the two wait states are inserted. 1 S@@n
» Solution: Uwn+awet =6 biabion o4 '7'%5'“5* E”
The duration of the bus cycle in an 8 MH@
system,is given by
toye = 55,0 ns 125 ns
In this expression the N stands for the
number of waits states. For a bus cycle with

two wait states, we get
=500 ns +2x 125 ns =500ns + 250 ns

= 750 ns et
125
A HU, Jordan 39
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8.8 Hardware Organization of the

Memory Address Space
S7e hrodn PEmnprY
1M BYTES AN
T - 8088 memory hardware is organized  \Yegosd in 0N}
#2'% a5 a single byte-wide memory bank bunk, each ko
FFFFE_ [ . Size—1M X 8 bits Sove 3 bit
——-> . Physical address range— OH- e
FFFFFH

. Address/data bus de-multiplexed
in external hardware

- Input:
0 jeodid  20-hbit address bus— Ais through Ao
+ Input/output:
bhe logbion 8-bit data bus—Dz Through Do
T cucest l'veﬁl & oL
doku Wit = 2 Yo opekalion :
o (55\7?2) A,:IAB D,-D, 1 :Eu';s wodl | Memory size = 2 number of address lines

W o -
9?\2"?:&}6@.] Mx8 memory bank of the 8088 > 1M = 2 2 (needs 20 address line)

ol
BT wunk fo occess any \qeukion | wie 20 bl W# of locabion AW
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Pt Tocoron ———"—’_‘;"'ﬂég_‘ Saqned
nigh bank & addren 1 on(ﬁrﬁ
Covoie — ““,!,ﬂﬁ- J

" " v low
8.8 Hard : J :J' ] (] Wﬂd"’—rﬁ_—_.a——-:—'
Memo f‘-IV g’;e Organization of theas5 51"
3 apn 1A Y
. e $12K BYTES Yo memory hardware is organized as a Vein
in same Live | Frrrp | FFFFE two bytewide memory bank 2 lowbion | M€
FFFFC . Bank size—512K X 8 bits "'r" i
< . Low-bank holds even addressed bytes— ~ Ca T
b-‘\h-D P— OH through FFFFEH e '2.')0
___:sl"—“ 3 1 . High—baﬁﬁp;_!g:‘ odd addressed bytes— w@ﬁgé
3 2 ; 1H throu :
I sfféi = . -ﬁ;;;:;:;j.-u- Addresgfdata bus demultiplexed in Stpcwnﬂbu; dota
dips o external hardware
L = Input: it
o dddet  20-bit+ address bus— Ao through Ao, and (=42
& Iu(ﬂl‘l'un BHE* d-w ps1
atdred obu nﬁm}s A1-Arg = selects storage location asw o U Bf
bus 6\"‘5\‘? hcc_'m ackveAg = 0 enables low bank ~1 =& achvt  |ow 6=|fo
Ary-Ay ) Vo acke ke 9 ="
ot B D0t | [R] L7 PUBHEY = O enables high bank b
o 3 Tt | e o T 8086 4 hoca bus 2 Vool gy
o&‘i&_‘,? M B e s 21y s of the 8086 16-bit data bus—D1s Through Do (5 e il R
e\ — — : Dr-Do > even addressed byte accesses2dafu oyl dld
$o | Memory size = 2 ™™D g Dis-Ds > odd addressed byte By
. 2 fes
Eﬁ%‘o o 512K = needs 19 address line) VA ° 5 zc::::;;//' '!‘Zﬁf‘j;"' U‘f BRD OV
— 4 - T !

3

=]
gan . o o 4
T e b = bl w86 eoch bunle hos MAFR e o UCCCY potsnins B0 OV

Lobad 4 W =

</ e ln b Bbb

{\:I ..Iv'r;lrl.);’ ;? é/ﬂ[’fi bM

i
\ 5 87 fa] T
; H I w - ﬂlU 4 ' [/, 9‘1“0"‘
@M@wﬂﬁﬂ@ anhm-‘fhbdbm\ rBHL oy aa&ﬁ X ‘pbw?'rnlaf? wt Mj
vanlt ; i W t@ ~ Yk
8.8 Hardware Organization of the )
— 000ago ) '
Memory Address Space VRSO
Transfer X "
/ey - Byte access bus cycle
Sy, . MPU applies address of storage
X+1 4 location to be accessed over
AN W address lines Ai19-Ac
% S Ars—most significant bit
@ % 2 Ao—Ileast significant bit :
N e . Byte of data written into or read !
TN lﬂ@“ﬁ from address X transferred over |
D\ o i
Prcp% \\: oddueyd data lines Do through D~
Udirg, \\QQ T Ds—most significant bit
§ Prmt ¥ Do—least significant bit |
% Pty M . Byte access takes a minimum of 3-
% N dug, one bus cycle of duration T |
= b @SMHz=800ns Wi, ‘s ¥ pa! = Boom & |
Aw-Ao 07D @8MHZ=500n5 " ;1 -5 U@wwrn@,) |
Byte traHSfer by the 8088 TRt w !hM Po CACLQM l
(}33 H eel i\ b‘l"’LFU"’Hﬁ'l-dJ' dnﬁb‘d*’t of dm’m wm Yo oo Gi- W—idﬁﬁ‘iﬁ'{bc&ar
Led to Ginith cpeiat £y : -
Yg (7] ?Jmah {on Yo rl T need Uh{g Uutdeﬂﬁﬁf@t i_buﬁ QOM

IOk oet ) |
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8.8 Hardware Organization of the

Memory Add D
we ress Spac€ 5088
fword - Dgbe. with $fPeu obdwp ;abdves bileg bfet o oddrep Ve "““E‘ff’hffwz bank

Ors\o - Word access bus €Y
g}‘ tﬁ" First bus cycle Second bus cycle . MPU must access wo
ﬂ&ﬂr | consecutive storageé locations
@ .| x+i /;\f/fi"fﬁ"f@ in memory—X and X+1
7‘/{,‘(}’?/ E Uil <. . Requires tWo bus CYC|95-
AW . . Address X accessed during
\ : _ cycle 1 .
Do © ~ Address X+1 accessed during
o N ¢ cycle 2
. Word access duration is a
minimum of two bus cycle
N @5MHz—2 X 800ns = 1600ns _ﬂ__ B |
A“t,__d;;%“_,gﬁ% “gz:‘v._o_ht—gt&» @8MHz—2 X 500ns = 1000ns sa;;z" )%
- (7S] 22 K -
Word transfer by the 8088 DM = Dbuy GYM. g";TG(,’W =l6oons sp\nzm hs
2Low cyd
HU, Jordan 43
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8.8 Hardware Organization of the
Memory Address Space

. Low bank byte access bus cycle
~MPU applies even address X to both banks over address lines A1g-Ao
. MPU enables just the low bank BHE*Ac = 10 > enables low bank
. Byte of data written into or read from address X transferred over data

lines Do through D7
. High bank access bus cycle differences
> 5dd address X+1 applied to both banks
. High bank enabled BHE*Ao =01 = =2 enable high bank
. Byte-wide data transfer takes place over data line Ds through D1s

' ﬂgr/mgws—ggle_diﬂer.ﬂﬁ
dress X applied to hoth banks

- Even word ad |
. MPU enables both banks BHE*A0 —00 = - enable low and high bank
. Word-wide data transfer takes place Over Do through D1s

. All accesses takes a inimum of one bus cycle of duration

@5MHz—800ns
@8MHz—500ns

HU, Jordan a4



8.8 Hardware Organization of the

Memory Address Space ——
O Twedlo aew hap OLLA
Sors . ane byke of dots
:;um\gw i ?\fam ighn bonk DE
\OWW“\(' AUy i WCWP- W04
of micloproceis =dohe fus opM
Ded6 P
%0"&*]\13 lc- i ] we.
7 :'ﬂ A " e . Bu-Da ﬁm.ﬂ;l.t. Dreby hmuw
Qum Qﬁii
o3
pg\ e"c:) T " k, T — le:lllu.: & Sﬂrﬂﬂ- Py&wmmm
Wwaon Ay L 1
actes gn word .:zzm AT s bo occerd ov'-;. b&'? r\|
A ] !
ed  (oktinsd) 2 |
| GME X ‘5 Sume oddrad ﬂ,_,,“ % -E“:: ok gow bl e l'
e,Ehw:cL;M =D Ot bus oydd ﬁ?ﬂémbtt | |
Qiwsl Wape o |
mmﬁium (a) Even address byte (b) Odd address byte transfer by the 8086 . ‘
ound efond (c):Even address'word transfer
Poxkak odd HU, Jordan as
Qﬁ@:‘% vy, ToRE =~ RER ' RBB o odd 9 ewen NS ses |
- [X—&-'« pEERD g ;l asla g '.\ AA m‘nnljn
7 YR O s Widhed = o oy word
|— iﬂ%o?ﬁnéw\ ov aﬁsﬂﬁw ‘lk%‘j{w\—‘—) sp\p acceh (

8.8 Hardware Organization of the
Memory Address Space

N - Misaligned-word access bus cycles gdd addigsy |
A sgtye b -5 . Word starting at address X+1 is nwb yke|in ,
ol =a Eﬁf - misaligned mu oddress (diffrent) Od,rfidgg”?‘ \
biak —= - Requires two bus cycles alﬁcwp 34 ..
Ta/Ty R . Access byte at address X+1 during Quenaddiey '
» \ cycle 1 |
1 N dis Ara-Ao = X+1 |
’ 1!1».:? Tt__.",mb!L L i BHE*Ao =01-> enables high bank )
Mwdi DDy ENEQOW oy Aers Dis-Ds = carries data
SiconkaE CvCLE - Access byte at address X+2 during
cycle 2
~—> Arg-Ao = X+2 = \:f{‘g-k"f
BHE*Ao =10 > enables low bank 97 ™ G
D7-Do > carries data Cart ahd
. Word access duration is a minimum ="
verfoprhance
-~ | of two bus cycle RTINS
Py Dus-De AWE (MIOW) Dy=Dy AgfLOW) @5MHz—2 X 800ns = 1600ns wit ¥ BO%&
i @8MHz—2 X 500ns = 1000ns (wsolgvep)

| . Impact on performance—software
Odd address word transfer by the 8086, /4 minimize accessing

HU, Jordan 46

W



—

8.8 Hardware Organization of the
Memory Address 5pace o pambar
.= 0 a et

» EXAMPLE
ddress 01 231jis

Is the word at memory a _
of an 8086-based microcomputer aligned
or misaligned? How many cycle are

required to read it from memory?
» Solution:
The first byte of the word is the second

byte at the aligned-word address 01230ss.
Thergfore, the word is misaligned and
required two bus cycles to be read from

memory.

HU, Jordan 47

8.9 Address Bus Status Codes 78T wan 1o expan
Hae i

e of mtcr
AN — lorger- Uke U1

0 Whenever a memory bus cycle is in progress, an address %"
bus status code SaSs is output by the processor. QMW(’K e
—_— pus g R

O S4Ss identifies which one of the four segment register is =
used to generate the physical address in the current bus Lnﬁa&&w”

cycle: Er o bl
5.S; =00 identifies the extra segment register (ES) AL
R

O

0 S4S3 =01 identifies the stack segment register (SS)

0 SaS3 =10 identifies the code segment register (C5)

O SaS3 =11 identifies the data segment register (DS)

O mbination of S453 leads to select different
he memory address reach of the
thus be expanded to 4 Mbytes.

Since each co
memory segment, t
microprocessor can

HU, lordan 43



8.10 Memory Contro/ Signals

0O Mini -
M memory control signals

ALE
Ag-Asp >
twrer fosg b
AR ey -
AW L - a
 [xeq AD,-AD, > Memory Bo%3  Boig
— d bu s
AD \tarfece 8 —1s
_w_ﬁ 1 clreultry ';Lflb S T:/A
*— MNMX DT/R N
DEN
§S0

v~ Cpraceiior NOF Commun e Lwt(;,!” With sy Satersat duaiici.

\“éur&m A% ce (il
"
HU, Jordan 49

8.10 Memory Control Signals

0 Minimum-mode memory control signals
O ALE - Address Latch Enable - used to latch the address in
external memory (valid address on the bus).
0 10/M’ - Input-Output/Memory - signal external circuitry
whether a memory of 1/O bus cycle is in progress.

0 DT/R’ - Data Transmit/Receive - signal external circuitry
whether the 8088 is transmitting or receiving data over the

bus.
0 RD’ - Read - identifies that a read bus cycle is in progress.

0 WR’ - Write - identifies that a write bus cycle is in progress.
O DEN’ - Data Enable - used to enable the data bus.
O SSO’ - Status Line - identifies whether a code or data access

is in progress.

HU, Jordan 50




8.10 Memory C ontrol Signals

8086’S

iqnals for the _
0 The control sign Face Jiffers

minimum mode memory inté
in three ways: |
O 10/M signal is replaced by M/10 signal.

O The signal SSO is removed from the
interface.

O BHE (bank high enable) is added to the
interface and is used to select input for the
high bank of memory in the 8086’s memory
subsystem.

HU, Jordan 51
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8. 10 Memory Control Signals

O Maximum-mode memory control signals )
0 MRDC - Memory Read Command et Jemeiesk  Ginkeol Signol
0 MWTC - Memory Write Command Ytmendl shubw gode

0 AMWC - Advanced Memory Write Command S 8145
Status Inputs
= - CPU Cycle 8288 Command
5 1 | So
0 0 0 Interrupt acknowledge INTA
0 0 1 Read 1/O port IORC
0 1 0 Write 1O port fOwC, AIOWC
0 I 1 Halit None
1] 0 Instruction fetch MRDC
\gerony o : : 0 1 Read memory MRDC j For |Rpud
VAT #l | 0 Write memory MWTC, AMWC f| Bl e
1 1 1 Passive None

r
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8 ] ] Read and Write Bus C J/r:/e

o ’* wa m_a,{,;ze_dgiﬂ * Read bus cycle timing diagram—shows
Al Eﬁﬁ“ dahwl‘ ke relationship between signals relative to
|

times states
- T1 state—read cycle begins

Ry Sy $a¥* . Address output on A0-A19
E?-f_ " __)_-{ pomen X siindas ) 5\..'0 2V, pylse produced at ALE--address should be
Vold _ s, v latched in external circuitry on trailing edge
== = ™ ¥orae
= AD,-AD, A o) BERR ™2 « 10/M* set to 0 > memory bus cycle
— v . DT/R* set ta 0 > set external data bus
Wy L Y I~ control circuitry for receive mode (read)
ok » T2 state
ey ”’“_\_obmmm f . é%_tus code output on S3-56
- -_ADo through AD7 tri-stated in preparation
i) :D C \lewinp / for data bus operation
g *
. = - . RD* set to 0 <> read cycle
T R\ 0 becous venue i . DEN* set to 0 = enable external data bus
inlz ._""p——\ - control circuitry
* \ n:n‘__' enﬂbﬂ.'"%ﬁ-f':m , ‘L. . T3 state
gt - . Data on Do-D7 read by the MPU
huva -=d Bowic spamhin = one bus Grle = yeye - T4 state—read cycle finishes
wT Minimum-mode memory read bus cycle of the pPenod - RD* returns to 1> inactive level
F yed ﬁ..l 8088 - Complete address/data bus tristate
i) Uofvem 2xplosn Hime whea we #hontd - 10/M* returned to 1 - 10 bus cycle
cb&«w:‘.k-e. &if@uﬂ- T n gvder lo . B_I;:_N;*retum_g_d m:_—)) inactivg Il.c_-melI
I o~ e ol cikar Deiite « DT/ ret_L_J_r_sz to HUth%r;lsmlt eve

8.11 Read and Write Bus Cycle

Sahnc %88

_j_L/-\ f_{ H /—{_ Differences of 8086 read bus
tthive []EE? CYCIE

— ’ the address in T1
\ﬂ: et -?_.,‘ ST - Data read by the MPU can
Y o I be carried over all 16 data
achive low 1 T) bus lines
=/ \__ - M/I0*—which replaces
I10/M*—switches to 1
. \ / instead of 0 at the
) Joes beginning of T1
-- E - SSO* signals is not
m 7 X / \_., produce

Jont  Minimum-mode memory read bus
upe 35¢ cycle of the 8086

wn T sl
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8.11 Read and Write Bus Cycle

Some
owt sun cyeLt—) rL
' '
v
@ e '
. o b
O Read cycle “ya pp, Dullis ———o T mmmem L
wiliehe®
05”"““‘* chuley code il m———— T D:f:':‘:bﬁ- -y HL' L
(PCALT aabh- .‘.“h\\d’-'p\ sostswenve |
@% i,ﬂ\"\" ———
D) ALE /0t JP; Qv CGoprovi oy soveana '_( o )_.
Adki L omable, in T
* G
7‘;:)“” Pl
g g LA d Gmraund
1ed e
b b3 &R--m M
e ey _— Retiwa in
C?‘II'I___III ‘\ d ,
enoble dutn
we Wede Wi B .’ e \

A

Maximum=-mode

Mmool EQH\E.L:LAJ.- Cordil
anal

e h.kr\ml:‘i\’{:rﬂ s\ e fdvaurs Aty Lo S 1Y)

memory read bus cycle of the 8086
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s
o

—

:::;- -_Y—( lddn-m_l_ Stitwn out _}-—
Agy-Ay H Addrem out
resitvuit doleg
AD-AD, 1-.—-( Addres M_l Do wrime
S ale
ALE mtm‘;’{ L r

oM\ —

wirje Ty
__ R -
DT/ __J' w_
Tneh'e
w ] \ [
- " '——

Minimum-mode memory write bus
cycle of the 8088

e diffeonoe Dehnoen T |Reive. (e, Veud)
(D P¥efowe ks ) emabde doba e 10\ Ty

8.11 Read and Write Bus Cyvcle

* Write bus cycle timing diagram—shows

relationship between signals relative to times
states

- T1 state—write cycle begins

- Address output on Ag-A1g

- Pulse produced at ALE and address latched in
external circuitry on trailing edge of ALE

» I0/M*setto 0 > memory bus cycle

» DT/R* remains at 1= external data bus

control circuitry for transmit mode (write)
T2 state

+ Status code output on $S3-S¢
» ADo through AD7 transitioned to data bus and
write data placed on bus

 DEN* set to 0 = enable external data bus
control circuitry

* WR* set to 0 > write gycle
* T3 or T4 state

- Data on Do-D7 written into
decides when!)

- T4 state—write cycle finishes
+ WR* returns to 1= inactive level
 Complete address/data bus tri-stated
- 10/M* returned to 1 = 10 bus cycle
+ DEN* returned to 1< inactive level

memory (memory

HU, Jerdan 56
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| 8.11 Read and Write Bus Cycle

» Similar to 8088/8086 minimum-

o B e W e W

L mode write bus cycle

==\ T T . + Address and data transfer
s - operation identical
e\ e 1 s e . Transfer may be a high-byte,
E mw:....:...__,_ s low-byte, word
— e - Differences is the 8288 produces
e N e SN T }— the bus control signals—ALE, DEN,
o.dv:jﬁ_\ Qe dota AMWC*, and MWTC*
- . Bus status code $2*-S0* output
e\ om — prior to T1 and held through T2
o/ \ . AMWC* and MWTC* replace
; - ' WR* (Note timing difference)

e fmqﬁm_\__

Maxi -mode memory write b

cycle of the 8088

. DEN =1 produced instead of
DEN* =0 (change in external
B circuitry!)
us

HU, Jordan
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¥8. 12 Memory Interface Circuit

AI'I"..
- ey [ m—
P e—
Address
m:-.-CLK m;:-:: N ) but - v> A
e — B

CLK "l Bark Wy

control i

» logic WH,

CLK
r ALE ____r A
= MWTC _B_.T __subsystem

5 ———1{Socantroter RO,

:'PHI:! g — -5, 208 MROC " control Ji

=L -z, L—— | lopic RO,

5 pT/A DEN
_J‘> Dy-Cue
r_' MWJ(-_-
Ready
Ready =4—
__-—-—'-'-'-'__
; jagram
erface block diag
Memory int i 58
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\0\E

we Called 0 All input and output data transfers must take berwee ™e%p
@ place between the\Al! o AX_regist;%E‘and 1/0 and 1o Spat

8.13 Programmable Logic Arrays

O Expanding PLA capacity

il

Expanding output word length

PLAD

JIITIII

r.o—__Dﬂ__D.: J

Expanding input word length
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8. 14 Types of Input/Output in fout
vo vead deka 25 oS¢

ale.

: Mibebce M= b winke duta o the (45

© 0 Isolated input/output “hifdet K pHomnce an%‘:‘%’%u
O When using isolated I/O in a microcompaﬁ‘éerQ peed Choor)

system, the |/O device are treated separate wacces |osjace
from memory. Seis 6bit edduegy v €yslere Vean

lag . P\L%-ﬁ madn
O The memory address space contains 1 M it of i
consecutive byte address in the range 00000H 0

A m:l.c,-m-‘t'v 2
through FFFFFH; and that the I/0 address space o v
TP lwe e  contains 64K consecutive byte addresses in the acws\u

Ghu spoe  range Q000H through FFFFH. ke ot iR

L_,_A)J cid) pO rt. ? \\ne 1€\ve O'd’w“l 2 O Uwuc c’)(|'lfu Sve LP tﬁ’l'k. ||:;Cuf-='m
¢ . m‘gil;;é‘“w*mh;n *:?L blm. wadd ¥ addiben 1N hﬁnﬁ;ﬂ -
6 3 ordan 82
@ space fov ﬁlﬁlﬁl\ bhaaa @nm’ Sponl Bk §feuet the

=

spale for ety N"Wﬂd ("”0 .THF\M-\m LAY i h«mlij \)Ou,mi‘._\#ujo

()

T— \ v ",e(\v""_"_ == / P i _




8.14 Types of Input/Output

O Isolated input/output
FFFFFus
. Memory .
: address .
: 5pace ; FFFFyy
: 1/0 address space
000016 000015
00000, 00000
WA neAnOl 1H ; Ct,qk
8088/8086 mentory and 1/0 address spaces
HU, Jordan 83
8.14 Types of Input/Output
0 Isolated input/output Genemay
* Input/output data organization 1\ u$h lagpen e
FFFFy |  Port 66635 - Supports byte and word 1/0 ports Fo) 2 S e
: ; - 64K independent byte-wide 1/O ports :;d k
ok ds : : » 32K independent aligned word-wide 1/O menf
\eepdnon . VO isdtem ports == 4 Ak
& : ace J " hjh (‘D
QD - . : - Word ports may also be misaligned dedey
- . - Examples: oF PaL
( OOFFs PP S Byte ports 0,1,2 > addresses 0000H, 0001H, and Wie { yerd
OOFEws Port 264 UOOZH
Word ports 0,1,2 - addresses 0000H, 0002H,
0004H
: - Advantages of isolated 1/O
Foe D1 ooote Portd “— - Complete memory address space available
fr 000318 sl Port 1 {18511 port) for use by memory
o0 000210 Pt 4 - 1/0 instructions tailored to maximize
00014s Potl _ 1 pono(1eshpon) performance
000t | PortO - . Disadvantage of Isolated 1/O
- All inputs/outputs must take place between
ISOfatEd;”O; ports an 1/0O port and accumulator register (A)
s OFJ' HU, Jerdan
[GCU.‘"W\ - L

/,‘,C,;ﬂﬂd——f"“vj
with | *“P"‘( dM—Puf dﬂf




E. 714 Types of /nput/Ourput

O Isolated j
in ey O frg
but/output 3D
" | Lo tesx Put/output data organization
: * All'1/0 accesses take either one or two
10 wire bus cycles
* Byte input/output= 1 bus cycle
T * Aligned word input/output= 1 bus
00FE.q Por 758 cycle—on 8086
* Misaligned word input/output = 2
o : : bus cycles
ol 0004, Portd : Page 0

00035 Port3 1 * First 256 byte addresses - 0000H -
0002, Port2 “T‘ (18l pore OOFFH

:::: :::; LI . Ca.n be acFessed with direct or variable
) - I/0O instructions

Isolated 1/0 ports - Ports F8H throughrFF!-I reserved
Ove \xmk, uCugy of one b:)‘re—g ove hus Cutheg MD Qe
o o W ""d- —_ 9‘_ §2) o %03% HU, Jordan 85
i o ; —] bt i
y TE6

odu:
looks at the I/O port as though itis a storage@maxwﬁumh |
\ . we Yol g
i;;%;% location in memory. | on e oyt |
20bit adleeg Some of the memory address space IS b el ova

- [ ?W?U'MM Yo S el Tt :

i wob \d 1 Eur ol e
_i 2w bl s d""“'é{"—d

8. 14 Types of Input/Output

' e pou of Space fom
@0 Memory-mapped input/output N fmfj spucefr
O In the case of memory-mapped 1/O, MPU

dedicated to |/O ports. ehweon wacvet <A

: g Yeowrow) wefftd |
0 Instructions that affect data in memory are 2 ~.

i . i i th We o
used instead of the sp{leual I/O instructions. @"'E mut{,ﬁmnﬂ
0 The memory instructions tend t0 eXecute gy, we fov

slower than those specifically designed for  wewocy wepped | 1

isolated |/0. dis: Olest Space Fov wernay wwec{
Just UK locakion o exploit Extienspace

[ahe g &= eite? /
ordan 86
@mw:—fj rkrathon ﬂ""'ﬂ have HuJorda
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8.14 Types of Input/Output
O Memory-mapped input/output

» Example:
» EOOQOH-EQFFFH = 4096 memory

m“
. addresses assigned to 1/O ports
Mooy - EOOOOH, EO001H, and EO002H
g correspond to bytewide ports 0,1, and 2
. o7 | Potdms | - E000OH and EO001H correspond to
: ~ - word-wide port 0 at address EOOOOH
0 pot - Advantages of memory mapped 1/0
10 pors : - * Instructions that affect data in
| R, memory (MOV, ADD, AND, etc.) can
:: o be used to perform 1/0 operations
~T o * 1/0 transfers can take place
_____ Port0 Jnmml between and 1/0 port and any of the
20 btoddven _ registers
. 4 hol- wie spevial - Disadvantage of memory mapped 1/0
e Iwtheutkow * Memory instructions perform
m:: : slgwer - .
* Part of the memory address space
Memory mapped 1/0 ports cannot be used to il?nglement
memory '

HU, Jordan B7

8.15 Isolated Input/Output Interface

O 1/0 devices:
O Keyboard (input) Sed dete ko eictophoceson
O Printer (output) Yeds Pom o
0 Mouse (input)
O 82C55A, etc. (PPl section .13)

O .kuynctions of interface circuit:

dl'u‘ 9035) i s
omed S U Select the 1/0 port b ethage duka fon mormprocasor
_&E’ﬂv_ﬁf"_:pg Latch output data For jmlated 04 e Joug
M - - .
i wire 0 Sample input data  vesds e
n 2cl in ; e Ferefn
W‘%;f;"_‘h; Synchronize data transfer %

(p;l ¥y O ¢ Translate between TTL voltage levels and those
Yamew  required to operate the 1/0 devices.

3) M’W—dﬂ- \’M Op J”J'ﬂ Ek:um ‘U dﬁl”lﬂe. Cu'.] HU, Jordan

1) speed Synchronize bohuwen 16 dayie Omd ioimfiresdyr  (albe v V)

88

5) Volbose brunsinre ( 153 Gse O\ )



5. 75 Isolated Input/ Output Interface
‘0 Minimum-mode interface:

- Similar in structure and o
- I/O devices—can repres
printer port, etc,

* 1/0 data transfers take place betw ' i
een | N
aldregs qat /O devices and MPU over the multiplexed
ADO-AD7
A8-A15

- Control signal review sw\iox bo momory nkebfuce
* ALE =pulse to logic 1 tells bus interface circuitry to latch 1/O address
* RD* = lagic 0 tells the 1/0 interface circuitry that an input (read) is in progress

_2_.“,&,‘ - WR*= logic 0 tells the 1/0 interface circuitry that an output (write) is i"_ Progress

o - 10/M*= logic 1 tells 1/0 interface circuits that the data transfer operation is for the

lsslabed 10 subsystem

Peration to memory interface
ent LEDs, switches, keybnard, serial communication port,

(o) s - DT/R* = sets the direction of the data bus for input (read) or output (write)
W\ﬁ\ operation

waipd DEN*= enables the interface between the 1/O subsystem and MPU data bus
) 499 « 2 Uiffret 10 berfuce, Wcvopraceyto

(© & R addvey line 14 Jo T B0

@, Yo lnisabion Ommnnacdkion oSy 0 C \of

HU, Jordan 89

8.15 /solated Input/Output Interface

0 Minimum-mode interface:

ALE . | wo
Ty 1 deviea 0
) -
| wo
< AD,-AD, 1 devics 1.
Ag-Ass > 4
| :
RD . :
WA I :
~iom ,
DT/R al
Vcc;__ MNJ’M-_x DEN > Eziu ’

Minimum-mode 8088 systéph 1/O interface




8.15 Isolated Input/Output Interface

O Minimum-mode interface:

Vee

8086

ALE

|

BHE

-

g
ADg-ADg

.

RD

WR

mio

—- —
DT/R

=

DEN™

P
.

/O device
0

1/0 interface
circuitry

1/O device
I

1/O device
N

Minimum-mode 8086 system 1/0 interface

HU, Jordan
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8.15 Isolated Input/OCutput Interface

O Maximum -mode interface:

MNMX

C-I.K Crmpad

=

eneigf

o

b

15

= AD,-AD,

<

a8

D

(A

b

interfoce
circuitry

devica 0

devics 1

o
devica N

Maximumﬂ—mode 8088 system 1/0 interface

HU, Jordan

92




.15 Isolated Input/Output Interface

0 Maximum -mode interface:

- 8288 bus controll
+ Signal changes
* IORC* replaces RD*
* IOWC* and Alowc* replace WR*
* DEN is complement of DEN*

* 10/M* no longer needed (bus controller creates separate
10 read/write controls)

* 350* no longer part of interface

€r produces the contro| signals

HU, Jordan a3

8.15 Isolated Input/Output Interface

O Maximum -mode interface:

- 110 device
o Q
Y WO device
CLK O—s e :
) ATOWC '
us >
vontroller ALE
5288 DT/R
5-5 ' -
8085 DI'N UD_iul.._erl‘uu:\-
circuiry
\f
ADg-AD,
4
€5)
MM p— >
| /O device
— N

Maximum-mode 8086 system I/Q interface

HU, Jordan 94




ce
8.15 Isolated Input/Output Interfa

0 Maximum -mode interface:

. Bus status code review

: , one of
Status inputs o B - During all ”O aCCESS?jS sl

|5 |5 two bus cycle status code

0 0 0 Tnterrupt acknowledge INTA Output by the MPU

0 (] 1 Read /O porl iORC . Read I/O port

0 1 | 0| Writel/Opon TOWC, ATOWC . Write ”0 port

0 \ 1 Halt None

| 0 0 Imiruction fetch MRDC ) 8288 FlECOdes to prOducaend
1 o 1 Read memory MRDC apprOpﬂate COFIt['OI comm

1 I 0 Write memory MWTC, AMWC 5|g nals

vl ] rssive None - IORC* = input (read 1/0)

. IOWC* - output (write 1/0)

1/0O bus cycle status codes . AIOWC* > output (write 1/0O)

HU, Jordan 95

8.16 Input/Output Data Transfers

O Input/output data transfers in the 8088 and 8086
microcomputers can be either byte-wide or word-wide,

O The port that is to be addressed is specified by the 10
address.

O 1/0 addresses are 16 bits in length and are output by the
8088 to the 1/0 interface over bus lines ADo through ADy
and As through Ais.why?

0 In 8088, the word transfers is performed as two
consecutive byte-wide data transfer and takes two bus
cycle.

0 In 8086, the word transfers can takes either one or two
bus cycle.

0 Word-wide 1/O ports should be aligned at even-address
boundaries to ensure that one cycle is enough to complete
the word operation.

HU, Jordan 96



W~ Rewd Prom Fxle Spuce
ovT: while e Exhay ¢

.17 Input/Qutput Instructions

- Types of jnstructions
J[Direct)l/O instructions—only all
q_ _ . OW access to i 2
YV ) S aCcess to ports at page O addresses
indivect ariable]l/O Instructions—allows access of ports anywhere in the |/O address Fo» - FLfQ

space R
= Direct 1/Q instructions — s 0 o) Dhotontd
. st wieg Cod deeys of ok X )
(_MW ;fct‘a;uw'_hm‘ﬁ-cc,?o‘r oie. o ‘“:&ﬁw e oddv 0l g Graty® Gidl %
ok o _ ouT POrt.A_EE r— Sowwe( Get Y .y Ui ale Y PRERURV I Fe cFAeN
» Port’= 8-bit direct address—limited to OH th h i
* ACC = accumulato [ tnrough Frt ipage o
‘E cumulator register AX (word transfer); AH or AL (byte transfer)
7 Example: - Yosto ¢ Veud ane laghe of dute Phot bhe € FE Clspac
///' IN AL.' OEH ¢ Jl’ﬂ UP d}h\ Fhet H\C C'-w’% =E-(IQS AL
e Also k (FE) > AL (byte input operation)
i + Also Known as accymulator 1/0—because source or destination must always be
4 In accumulator (Acc) Kegister
Mnemonic Helniru‘\ Format Operation yn divedd: ._9&fo¢4' o Ggﬂuﬂ
IN Input direc], . IN Acc,Port (Acc) + (Port) Acc= AL or AX S S ?g%'l'm 8
o ) : o4
Input indirect {variable) _IN Acc,DX (Acc) + ((DX)) Pogo OV 158 I'nsl JV
OUT | Quiputdirect - OUT Port,Ace | (Port} + (Aco) 3;1,50{. UG ciSh
Output indirect (variable) |  OUT DX,Acc ((DX)) + (Acc) Qb ossy Indfred IS K\
Veud one byte om0 HU Jordaandy Ly Dy U
—_ T ,_.:r‘j Pevk W\ o
W ALY W ot
_I \u_-{ _"-"\J_:-‘-.'.r /
Qived \aﬁ;&%
Sk

.17 Input/Output Instructions

- Types of instructions
. Direct 1/0 instructions—only allow access to ports at page 0 addresses

. Variable 1/0 instructions—allows access of ports anywhere in the 1/O address
space

- Variable I/0 instructions 0 0y Yeprededs sddvess of purk
ST IN Acc,Dx— < gl e &
OUT DX,Acc

. DX = 16-bit indirect address—allows access to full I/O address space

. Acc = accumulator register AX (word transfer); AH or AL (byte tran&{ﬁaﬁr}I W, oMl
- Example: 4g— W
pied veond bié P He Input- port

MOV DX,A000H ;load 1/0 address {)y-fgoo
.. IN AL,DX ;input value to AL _—Mﬁ?ﬂ &?9 oand Shove.
8L JueRiOh oy BETAL ;copy value to BL Tyisker
(AOOOH) - BL (byte input operation)

Mnemonic Meaning Format Operation
IN Input direct IN Acc,Port {Acc)+ (Porl) Acc=ALor AX
Input indirect (variable) .IN Ace,DX {Acc) = {(DX))

OUT | Oufput direct OUT Port,Ace | (Port) + {Acc)

Qutput indirect [ﬁril'bk] OUT DX Acc ((DX)) + (Acc)

HU, Jordan 98
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8.17 Input/Output Instructions

» EXAMPLE

_aWrite a sequence of instructions that will
[outputthe data FFH to a byte-wide output
port at address ABH of the I/O address space.

e

» Solution: St

First, the AL register is loaded with FFH as EF
an immediate operand in the instruction

MOV AL, FFH Rl
Now the data in AL can be output to the
byte-wide output port wiEb the instruction
OUT ABH, AL

addvere

spbSlpe—  Todn oy U 0l e
u L“OU @/ FF HU, Jerdan 99

oVl

(_J—/fl w+ﬂ

N

VYey—Ea Ry AL

A

=  Vou LABY, L
8. 17 Input/Output Instructions

» EXAMPLE

Write a series of instructions that willloutput|

dats EFH to an output port located at address BOOOH of
the |/O address space. S

» Solution: e .

The DX register must first be loaded with the

address of the output port. This is done with the
instruction

MOV DX, BOOOH

Next, the data that are to be output must be
loaded into AL with the instruction

MOV AL, FFH W Wl o
Finally, the data are output with the instruction
OUT DX, AL o g

Nov Sz ()

)\ T’gﬂ;‘ HU, Jordan 100
MoV 08, oot~ YNOU TS Boog) ,EL

(of Pset 9% £ 00 \‘ﬁ:y_&(;zs)&qu
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217 Input/Output Instructions

» EXAMPLE

L\
Data are to bein from two byte-wide input ports at
addresses AAH and A9H and then|outptlfas a.ﬂbﬁg_-WFde
output port at addréss BOOOH. Write a sequence of

instructions to perform this Input/output operation.

» Solution: 7 e
. First read in the byte at address AAH into AL and move
It Into AH. :
IN AL, AAH erys

MOV A ALZae oy D W AL RAK
Now the other byte can be read into AL by the instruction

IN AL, A9H
And to write out the word of data

MOV DX, BOOOH

OuUT DX AX
wod 3l
; \W AXJ Aq
G by (s W P2 AU UL G565 QRO Dslly AL Wb ewiss ey it DI
umbcg s GL” (-}-'SJ) HU, Jordan 101

‘G\_{hn rreass E-!Mﬂ'c‘j
Yoy @X , ¢ aa]

WU Rooa)(BX You LBac0 ), [Au) rok ullowed

\mmg 1 htr.t-"tolrj

8.18 Input/Output Bus Cycle . . ...

\ solored o= G

8
0 Input bus cycle of the 808ﬂM

P’CE-PFW One bus l'l'jﬁ : Yeinbod
l T Ty ! Ty l Ta
LK

¢ e 0B
LS
P e T T odbeet /A
. ¢ s
e H_ Addrms oun }— \av p:th‘.l
WA
AD,-AD, wT
Y] W_L \
ALE l_ Uz dwka bw
= \g nh Wigh-T
10/ I ) \—- p\ﬂ[:\ad
Al \ R@A m 12 f
-
oA"Y Retwt T =l
ik Ackve duto -
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8.18 Input/Output Bus C, ycle

0 Input bus cycle of the 8088 i betwe
- Input (1/0 read) bus cycle timing diagram—shows relationship
relative to time states
. T1 state—input cycle begins

- Address output on AO-A15 ) e o
. Pulse produced at ALE--address should be latched in external circuitry

trailing edge of ALE

. |[O/M* set to 1= 1/0O bus cycle

en signals

. 3 A i ut
. DT/R* set to O > set external data bus control circuitry for receive mode (input)

- T2 state
- Status code output on S3-56
- ADO through AD7 tri-stated in preparation for data bus operation
+ RD* set to 0 - input cycle

- DEN* set to 0 © enable external data bus control circuitry
- T3 state

- Data on DO-D7 input (read) by the MPU
+ T4 state—input cycle finishes
- RD* returns to 1= inactive level
- Complete address/data bus tri-stated
- |0/M* returned to 0 = memory bus cycle
- DEN* returned to 1> inactive level
- DT/R* returns to 1= transmit level

HU, Jordan
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8.18 Input/Output Bus Cycle

0 Output bus cycle of the 8088

O bun wci- ——- At

w L /—\Lﬂ

pue
e )_
R gy | i —
-

T
10/ ’ \_
WA AL J
_ Teeard -
DT/R -_ J | T
I\ S
——— T- r

HU, Jordan
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7 8 /nput/Output Bus Cycle —

0 Output bus cycle timing diagram of the 8088 :
- T1 state—output cycle begins
. Address output on AO-A15

. Pulse produced at ALE and address latched in external circuitry on trailing edge of
ALE

5

—_—

- |0/M* set to 1= 1/0 bus cycle

. DT/R* set to 1> external data bus control circuitry for transmit mode (output)
- T2 state

. Status code output on S3-56

. ADO through AD7 transitioned to data bus and output data placed on bus

. DEN* set to 0 > enable external data bus control circuitry
- WR* set to 0+ output cycle

- T3 or T4 state
. Data on DO-D7 output (write)
. T4 state—output cycle finishes
. WR* returns to 1-> inactive level
. Complete address/data bus tri-stated
. 10/M* returned to 0 > memory bus cycle
. DEN* returned to 1= inactive level

into 1/0 port (/0 device decides when!)

HU, Jordan 105

8.18 Input/Output Bus Cycle

0 Input bus cycle of the 8086

ONE BUS oYLl

e HT“"'(“)""_X STATUS OUT _)——‘
“ams
im0 .
¢
P /
et
wis '\ [o\uw I
" \ /
"HI-F-\\ E:-:
—s0 V¥ g:::?— \ / Ao
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8. 18 Input/Output Bus Cycle

0O Output bus cycle of the 8086

oWl 9o CYLE

- ' ' 0|
«

A

ac-C AN e T ¢ sara Yo
S S T e —
w__ [\ [~
m \ /__
=TT ~
HU, Jord 107
H.W. #8

aSolve the following problems from Chapter 8

from the course textbook:

8 22, 26, 35, 39, 49, 55, 59, 66, 86, 89, 99,

101, 107




— Chapter 9

Memory Devices, Circuits
and Subsystem Design

'

Introduction

9.1 Program and Data Storage Memory—-

9.2 Read-Only Memory—:

93 Random Access Read/Write Memories—:

9.4 Parity, Parity Bit, and Parity-Checker/Generator
Circuit

g.5 FLASH Memory

9.6 Wait-State Circuitry—-

97 8088/8086 Microcomiputer System Memory

Interface Circuitry—-

- nEn D s DR Rierarrnesss e el vl
The 8083 and S088 MiCroprOCessors, Fnelal ik




currently in use
Al duk and = Memory un Slow-spead
ve Imary staraga momary b ot Very large starage eapacity
Phﬂm Program Data Secondary CU-'Y““E Implemented with magneliclaptical storage devices—in PC
Cwwreakll wie oage Horage stonge | |WE “Harddiskdrive ¢ pup
by R ocee L L memary *Flopay disk drive
' i * Zip drive
Ex{ram 1 I I ® Primary storage—stores programs and data that are
currently active
and RO"\ High-speed
AT Oessh OP MPU " Smaller storage capacity
Ly " Implemented with semicenductar memory
o (i * Partitioning of Primary Storage
( T “Program slorage imemory—holds insiructions of the program
7?33\’&\"‘ Datu ( Dd“ @n EI"E and constant mrormanon such as look-up tables
skovae Skorge LP@ey moliliy, Jha * EPROM (BIOS in PC)
ﬂO\J\ 5 P 4 oh 'HJ * FLASH memory
Rn“ * DRAM (volatile code storage in a PC)
v Data slorage memory--halds data Ihat Irequently changes
Thenddl e 52 v such ss thainformntionts bs processed by a program
$€tondag W; bhean Pl'ima@ * SRAM
7 5]01-”9'3 w o * DRAM (PC)
/7 lewost o,
chwackia):
cede sk

Muﬁkﬂph?ﬁuopkx%ov_(myﬂ_gue ?ﬂr!.
® Pimavy storge. wowor 3
@Scﬂ)ﬂdﬂ‘{j " ..r

9.1 Program and Data Storage Memory- The
Memory Unit

Memary—provldes the abllity ta store and retrleve digital information
= Instruictions of 2 program

. ¢ Dala to be processed
hrauin emoly —> Primovy s!wn5c. mareary * Results produced by processing

Oraanization of the Microcamputer memery unit
* Secondary storage—stores information that is not

L\@hm- \Jr-l'Mmj
9.2 Read-Only Memory- Types Yhe dobo ot = e
Read-only memory (ROM) be \ost 1A

® Used for storage of machine code of program Bum gf‘{’ Y Pawle 5y WH
® Stored information can only be read by the MPU

* Information is nonvolatile—not lost when power turned off @) wse for veud ddcta

[ Types:) "d“"._)—"' th nol- for hu&i’ﬁ_"}
d ¥ ROM—mask-programmable read only memory deka
daln will be sloved in Hus * Programmed as part of manufacturing process o RoWh sww[ﬂ
hape of fon will be dene * Lowest cost id @ &
6“4{; Vhe Vanfudion ° High volume applications # V'°® ume b“ﬁ this
| ':5&% *¥ PROM—one-time programmable read-only memory — 5 Wwhon W 3
5 . is evhey * Permanently programmed with a programming instrument l"ﬁ?‘j of RO
propupen \f Hweet o) ¥ EPROM—erasable programmable read-only memory dova 0|
cank be P“’ﬂwm_ * Programmed like a PROM J' enphy .
otbe 'mur\gl“-'-l“'“_‘j ® Erasable by Ultraviolet light dobe skove in g wier Progran 17
CUPUHD Zor 108D ¢ Electrically alterable ROM-like devices Bty oW Com ik one| Kme -
6) * FLASH memory us@ Y e exod usiny SFW,.J
. EEPRG‘J\ * EEROM (EzROM) Ican Progran il uge speiad iviodd
Heis uging awmiuwm'.mc‘»\
EfRow . ol i 9B vy \uprp @ Rov program
Oﬁn}tm} Oleglagt e 3T i 2050 e CREAML L e @'.Qar evus
s \e speicad ® Py Veadivy
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9.2 R;adlzgn[y Memory- Block Diagram
ock diagram of the ROM
essentially the same P RONECTH i
Signal interfaces
comed o Hhe w0, Address bus (A10-A0 }—MPU input
. ) puts address
Dok bw of wic % information that selects the storage location to be

accessed

uhé.xu\r‘*“'-“%% [D“&H&ﬂg @) ouvipet Um | ¢ Data Bus (D7-D0)—information from the accessed
ow Rt Address bug storage location output to be read by MPU
A ROM WControl bus—enables device and/or enables output
in Ovh'fosﬁrd Y i from device
Cadian with Rm}mmm %E’ = chip enable—active 0; 1 low-power stand
de wh
foiy 1C o e 1 rodpable gwp
,;gf"u? U‘Mﬂﬂ! @ l_Can'.-td o O.E = output Enab[eﬁagjwe. ; 1 high-Z state “'ﬁ
uSs Caap 5 o Byte capacity- number of bytes a device can store - n 012
SN commibes T Bove * Calculated from number of address bits o R s bﬂ'&‘.‘
W o=loddved ) 1 Sgrel inwitiep =X Address = 11-bit address thul shore in) wnemihey
E'!"J i lo (A Storage capacity = 211 = 2048 bytes
= 9+2 * Organization—how the size of a ROM is described
ok ,@é:ﬁhm * Formed from capacity and dataipyazﬂ;idth #0F lochon X pof bl
X 9"5{) output Ung. @ EX: 2048X8 orjust 2K X 8 ’ pe# lcotion
Aot NL:M"- = - Storage density—number of bits of storage in 2 ROM
Vocuhic * Calculated from byte capacity and data width
3# b 2k . 'EX: Storage density = 2048 X 8 = 16384 bits (16K bits)
Y = b %beﬂo“\ il W usley a@ujzd,u'; NI
Bhik @) evable clup by CE
W oddra emge—= ool fatlomtsn Qo laokmoling ol binz
te of Lol » 3) emoble owpwtUne OF
00004 20.000° 0 veod ok Wny ovtpuk Live o Hhe memovy Mwﬂ;;t cck
9.2 Read-Only Memory- Organization and
= Capacit
(IR ’;' FU_’-" 8 Example: ap J
? s lines and 8 data lines. What are the

A ROM device has 15 addres ac
ty, organization, and storage density?

U dofe e &by
bv.'r\c.t” Line >

111 1111 1111 11112

address range, byte capaci

Solution:
° Address range
A14-A0 = 000 0000 0000 00002 -

= 0000H - 7FFFH
® Byte capacity
215 = 32,768 bytes = 32K bytes
® Organization
32,768 X 8 bit
* Storage densily
32,768 x 8 = 262144 bits = 256K bits

16k bfe Bje|opatily

{
|
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a,w“.:fqr. 9.2 Read-Only Memory- Operation
] tmq.\ .J,l. Read operation
A& ﬁ‘g r.u\ s ﬂu-o m““ * MPU outputs address and control
exuble E— information on its bus.
“'P ! ' = * Interface circuit applies Address A10-A0
S(2x 2‘,]-( p—— e to the address inputs of the ROM to
—— :p!detdtd"fw_E_\_ - sclect a specific byte wide storage
= ___5_ | ] ..,F__ a location i
<ize | e RM | *Interface circuits decode additional "
9 0 - | — _|.7 ‘ address bits to produce a chip select
\-nen:\rj ! i . vy P output
! = P Auin 1 * Logic 0 at CS* applied to the CE” input of
S‘f‘ ! . e - A the ROM to enable it for operation '
o 60 S0R 0 L i - * Memory interface circuitry produces |
select i (__) approprialely timed MEMR® output
fc © * MEMR"* applied to QE* input of the ROM
AP ReN | A & to enable the information at the
= addressed storage location onto the
: output bus D7-D0
* Memory interface supplies the byte of |
data from the ROM to the MPUs data bus !
* MPU reads the byte of data from the ROM |
from its data bus l
|
e
'|
!
|
9.2 Read-Only Memory- Standard EPROM ICs L
EPROM part numbers formed by adding the Il
prefix “27" to the device total Kbits of storage .
capacity \
® Examples:
d
sk 12 . @rd Sre¥ * 16K bit EPROM + 2716 |
o oquisehen * 32K bit EPROM - 2732 \
Density | Capaclty [ > * 1M bit EFROM - 27C010 I
a7 & EPROM (bits) [\ (bytes) Most EPROM available in byte wide organization
1 8 —"le. * Examples:
denphyd! 05 G4 5 2718 | 16K oK x8 -2 mMpIos:
_ 2732 | 32k 4K %8 [32.4 2764 - BKX8
cukpni-Uigh @ | o7cea| 64K | akxs [ - 27C020 - 256K X8
s 270128 | 128K | 16K x8 * NMOS versuis CMOS process
270256 E?EE gﬁ: : : ¢ Manufacturing processes used to make
EPROMs
by S - NMOS=N-channel metal-oxide
| 512K x8 semiconductor
+ CMOS= complementary symmetry metal-

oxide semiconductor
©HCMOS” designated by “C” in part
number

o NMOS—oIder devices such as 2716 and 2732
" 'CMOS—all newer devices 27C64 and up




9.2 Read-Only Memory- Pin Layouts
e

EPROM pin layouts are designed
for compatibility

. NP e on Gy Pormit easy upgrada from
o v e s o ) . lowor to higher density
NO0] BRI oo tras o o L‘- = | oo | i ,__,l Publish pin layouts of future
4,2 Iyl ‘* R -.I;-_ t donsiting
NN NN N Nk o * Allows design of clreuit
| N NIRRT | & hall (] by hoards 1o suppart drop in
ANRNEE R upgrade to higher densities
sieiaistsly 4 | B 1 Most pina are independentand
. fls s i) S 3 serve a common function for all
| Lol Sln] s < IR RN donsities
' * Examploes:
Lw- ‘;‘b,::?i:;.!%t hn't’i-i\lq[i_mnt.,h \h;:) pin 10- A
MLM | sk " 1k ot & pin 1100
| \2 pin 14-Gnd
; I Soma have onn multi-function |
ore oddilet @ Gy |
cddiey b pin® OE'Vpp [
* Vpp mode during '
. programming only I
|
I |
| j
gl diffad Sagpad r
| LY
Tiriv, dioaranl by wd 9:2Read-Only Memory- EPROM Switching
BRI = Waveforms
| o reakion Timing of the rcad operation

* Qutput data is not immediately
available at the outputs
Delays exist between the
application of the address,CE" and

OE* signals and the occurrence of

0]
X ackar addig !.j'n.

a valid output
tacc= access time—address to

valid output delay time

P \ okt oﬂ@/—_- {CE= chip-enable time—chip enable
L smpbiezt .] v to valid output delay
il |OE=output-enable time—output
.u:é "‘::“wﬂ __'j‘ Jale oot :.l:.'-a—)l Bt vl . cnable to valid data delay
\lcg‘va | Ousns ol L * To assure that the MPU reads valid
“ data, these inputs mustbe applied at
l-rr-{ \‘,mm ﬂ'y'llﬂﬁd Ualu@ the ap jate ti
propriate times
Qenciot pddvegs Q—ﬁ) Responsibility of the memory
unh| Yo 9ek doda e g interface circuitry
i ; * Another delay occurs at the removal of
Eace Cocceds bime) g‘ﬂimﬁu[ OE* before the outputs lines are
. 33“” ! Lo M) g0 Ol : returned to the high-Z state .
datagusSp) oddres O Lo 430 00 A H‘tu, . thfj' chip-deselect time——ﬁm&fm(h} betuern dochie
chnip ! t"‘f-‘bt b he outputs to recover owput ehabke pank|
M‘\@se@#aj “Tog "w\'ﬁ'« e kg o M" oYL\ he
behwren ouht chp orobl ot crubi_bi s,

evable to-auhibd oeh vilid dala




SN MW 3 by O ( locskiad 1y
Adebgn | (pie Uiy : s 4 of
. : 9.2 . : i hut ) .
o 8 Cagaegic{yf:lnly Memory- Expanding Byte "' % Sv
W ﬁ:imﬂh \pcuu}';.. —_— Many applications require more ROM iy’
ras\ - B \ Ao ek capacity than is available in a single device G‘J‘t'} e
rgs\em vegd wole Ao— o F— * Need more bytes of storage B hiian
*3‘-1_¥ atoN|on N — e — * Cannecls to a wider data bus
need tushre A .,_ LTI R Ex|::|nding byte capacitly with 2 EPROMS
WP b 5“\1: bye - a y Connect address bus lines in parallel
2 Tremdiy '_n"-..t': 3 v T : Connect output lines in parallel
. Pm_nﬁ . Connect QE' irllnarallel
daicn | Enable chips with separate chip selects
@&‘ML?_ headed (LN Acdsdr-csg hit A15 decoded to produce
Site OVEN Sie A 0°.ang GS1° Ay naLs
of sale o i R \unde
i ot *A15=1 -+ CS1” Babas L
: 8y ? S+ 7 * Implemented with inverting v e baat:
ok =2 — buffer o) 1'% hphs)
2k ¥8& = ;311'.1:»% of Tc FTElty * Byte capacily  ogg,y, L
By e ¥ 210 = 64K bytes bagh '
39 Wasueag g 3C N * Organization Ls
‘D o conbrel o 3\ 64K X 8 bit
1S gddued "% 3 @;’;ﬁ‘ﬁp@& * Storage density
Ba's 2 X 32K x 8 = 512K bi
3b kD n— bits need
@ Sgnw. (i poveotitt ) ok Voirs) | Ne—r2
(Oﬂnft,‘- (;-’,3’.' al q"'"P mr‘(_%ﬁ 7 ! G"_i %
L 2 o - U
Expanding —sg it 2 S SHleck % visori dofPua Lisg ) 2 LT RRet i W o vl o o
. oo L ke B | RRIon) T
205 Cab \%) G ?ﬂ o mﬁuh?@ o deande v Ars 1—ACH |
((,\:S:u'-tﬂ aeble o\ 9.9 @%E@Tﬁ il L
" Tune .2 Read-Only Memory- Expanding Word g s
s 2 oulpet I 3l Length 8¢ Yt ouprk |Line
QYo 08> Gk T2 . E.xpanding_word length with 2 EPROM >‘.’P ?’.L"
Connecting to 8086 16-bit data bus lao¥ion § n=
st — . (.‘.onnlect address bus lines in !
@ dthedmire, MO — A _ c1:mr.a let \
A AyO— | o o onnect CE* in parallel \
i whet of T : 1 yKxs [T oo * Connect OE" in parallel
en 39% x W Auo— L : oo ' 8 data outputs of EPROM 0
§ =E'J So — 23 used to supply the lower data
ow 32% x8 iy — bus lines DO-D7
o PaRT i * 8 data outputs of EPROM 1
@ detonmre S 92 EmoM1 |— oo, used to supply the upper 8
# u,e eqch gyb,._P ’ - data bus lines D8-D15
nes L oo, * Byte capacity
qu Sﬂt\mﬁ DS Tf‘im ; 2 X 215 = 64K byte
paviolel n _ s I * Organization
i e L7 —~ lehl eogly 3ok X 16 bit 570
—oLhs S bt 9y ne
owrpw-=n B Por eatn Tc * Storage density °*
@ﬂk@ b2 L:)hq‘“’ﬁt 3 Lt [y 32K x 16 = 512K bils
s ™, b
Conmerty 10 renlley. S
! o The 047 g OSHE Micrapmoges S AN . N W
ki R LT it e b
Treed ho veod 8 owtpoh Line sy fexibly O ol
Buom| X tacphon ) F B AT
Yoy aee I Jhahf ROy
=0\ Y
oddveyy s0lod¥ ' .
Yange povolld el Piyed ob) &0 Ul




9.3 Random Access Read/Write M ies-
_ e enip ies RO by-ROW:

Types of RAMs ~ ©Rewd and write

Random Access Read/Write Memory (RAM) Uﬂl%\{,

* Stored information can be altered by MPU—read or written
m&iﬁit\'\f'u&u}a W [nformation read from RAM
o¢ Qyanae * _Modified by processing

RON N Ly 50 Written back to RAM for reuse at a later time

* Information nermally more frequently randomly accessed than ROM
* Information is volatile— lost when power turns off

WL Vondoml - Gan L oA lochion
* Used for temporary storage of data and program information = Tsap.u\}idﬂ \isﬁquuy

* Types: base on maleig) for volii divy ——0 xkeep powen S'rPFH o ,
@ * Static RAM (SRAM)— data once entered remains valid as long as power supply is not 1
turned off Implemend @ Yransishy  TTL
* Lower densities (Sroll wize) = ©
T T
igher cost
* Higher speeds gv \buid dota —av(T] kkeep power: Sapp Q...-g and woke penodiC
Fé_.!\" Dynamic RAM {(DRAM)}—data once entered requires both the power to be maintained :?w '
a periodic refresh Vs lenk b!j @ty . Fuv|dula
* Higher densities Vevhavgis Tl ™
* Lower cost [} __...F_m._..i
* Lower speeds : 9 Cseall
* Refresh requires additional circuitry s ﬂ?mh Ul ot &
oYL, ) (fogipe

9.3 Random Access Read/Write Memories-
SRAM Block Diagram

—

Signal interfaces
s Address bus (A12-A0 }—MPU inputs
address information that selects the

[ﬂ Addeass bus storage location to be accessed f
Bl * Data Bus (/07-1/00)—input/output o
TC:; c;]t;m Data bus information for the accessed storage
p locobon sram (1) ¥0,-10; location from/to MPU
LR Gontrol bus ﬁ * Control bus—enables devic?, enab!e; "
ntrol DU .
— ] . output from device, and selects readiwrite
CE.OE. WE b‘B dﬁ\'cahannl operation
Size gl o rl > }},fw;} ko > CE* = chip enable—active 0
Bk @ | enabltowt ik e:..th 2 _ * OE* = output enable—active 0
e | il WP wiide (input) * WE* = write enable
b el i B s s 0 = write to RAM
L bl 1 = read from RAM
04— winle CinpPut Dobu bw)
4 4 Vveod (pukpu Data bus)

'ba ke Gm&b -2 %}C\Tﬂ"ﬂ, The 2085 und A08R Micrep ooresees Triebsl and Siagh
OawZakion _ s RIKs D
Sovape & Guk

“oddveyy Yorme — 9999 906G qoo09 £299
B ¢ O o0 — AFFF



9.3 Random Access Read/Write Memories-
Standard SRAM ICs

Part numbers vary widely by
manufacturer—Hitachi/lNEC use "“43xxx

SRAMs are available in a variaty of
densities and organization

Denslty * Typical SRAM densilies
SRAM (bits) | Organlzation / 64K bit
4361 64K 64K % 1 256K hit
4363 84K 16K x 4 1M hit
4364 84K 8K x 8 . o - -
43254 256K 64K x 4 Typical organizations of the 64K bit
43256A | 256K 32K x 8
431000A| 1M | 128Kxa8 SRAM * 64K X 1 bit
* 16K X 4 bit
* 8K X 8 hit

9.3 Random Access Read/Write Memories- Pin
Layout of SRAMs

4364 and 43256A pin layouts are
designed for compatibility
- EI —\_/ 4364 pin configuration (Fig a)
s = v ey Ve * A12-A0 - 13-bit address
0 I *aOs o =y 213 = BK bytes
= Qe ~gs 20" * /O7-/00 - byte wide
.1.E.| Hgl. ‘-EI Hg: L] P]n 1 NC =no connect
s O Ju]s nQs Z . i "
a, s nf]a, wOs 1A, . an ZFWE " ;
) ’ . Pin 20 CE1*  active 0
g B = = * Pin 26 CE2 + active 1
= ) i 2o R | +Pin22 - OE*
A, v o) ' Ay L] 7
to,[In w o, e, nJvo, . " Fi b‘
= i . wFve 43256A differences (Fig b)
o, 1 1 A J] . R \
I.U,C'!J "'j"ol “'vl:'-‘ “jlo' : g!: ;G A;:S
i :
' ; N [ 1 Lo,
G-'Inq i 53 Lo, L1 H B s Jie n Pin 20 cﬂ"ﬂd csl (funcﬂon
il el unchanged)




* Require the ability to wri
A s , 3 ' b word wide basis- virite on byte-wide or
0) "3531‘_%.-‘.3‘5— | i) ) TR word wide basis- design only supports
Sk E‘?"S'u-a{C G \‘gl::.'y [ le/ e 13 N E:;;;Jr;:}r;éimm performed in a similar way as for
oL._———I—' PP . : Ms ki |
@ Hafe Prd Qoo i V] 0B 16K X 16-bit SRAM circuit WrB  opsly |
™ [ * A0-A12 in parallel '
cennecl | 1™ maned Qparse -
() comnec I Py B * A13 decodad toform CSO* and CS1*
ol n d\‘dﬂ" | ‘f____j ! o Cs50* enablo Bank 0
.l_i‘_!(____{ :@ ‘I | —— . €51* - enable Bank 1
K 2B b CI[ﬂlMl :*"“ st ew | Y » SRAMs 0 & 2—input/outputs connected in
werld lB-'gH’\ ! Ii el c® . ~Pky, parallel and supply low byte of data hus
! [l | e | t = gRAMSs 1 & 3—inpul! outputs conneacted in
‘ | pre e parallel and supply high byte of data bus
8¢ N o LI * MEMW" and MEMR’ produces
4 [ | | i ———— T]'%’ independent write and read enables
T T - PO N A MEMW* MEMR® Data Transfer
BN A i 'd’“ﬁ\s o 0 Invalicl
) H—-J-—I-—!-"'l :':;'E 4C \oo? 0 1 Ward write
329 v L 1 Word r
iy TED A= N
- — . ... - °.Howcan thecircuitbe modified to support
: . ) byte wide write?
C‘*P‘\Sl chip trable for Pk bonle Uflered: yiewics e
2 cx o cliip eaiple for ecord Yok
-

— - AT I.-..'|

9.3 Random Access Read/Write Memories.-

Expanding Word-Width an -
O —— Mns];:: SRAM ﬁnh.v.yﬂgnn(s: ﬁﬁac‘ty
LIS - i ! -!rw
s | K .l.w o ol word-width and bit capacity

— A3

9.3 Rando

\
Part number | Read/write cycle tima

E’i"' —3  4384-10 100 ns

4364-12 120 ns

4364.15 150 ns

4364-20 200 ns

The BOEN )
vy Wy

A TElS | ] e R S
1 37 ] GORG MG DCERSK

m Access Read/Write Memories-

Siandard Read/Write Cycle Times

Speed of a SRAM identified as
read/write cycle time
* Variety of speeds available—4364

available in speeds ranging from
100ns to 200ns

® Shorter the cycle time the better.
Designated by a dash speed indicator
following the part number

-10 = 100ns

-12 =120ns

Fetepnes| sam il
Tk gnad 2ingh




9.3 Rand
| DRAM B|

—_—

m Access Read/Write Memories-
lock Diagram

DRAM siqnal interfaces

Address multiplexed in external elrcuitry intoa
Do B — U -[ T3 Y ' Separate row and column address
o, _s\va 1¢ AR 1 s Row addrass = Ar.Ag
a-,--—-?.i-‘ \ Addrve b Column addross = Ays-As l
sl WPIEX Serls Special RAS® and CAS* inputs used to strobe
W Unecon B addross inte DRAM |
wifant D input ORAM Deuoviowt Row and column addresses applied at differant
a&w‘“&m times to address inputs As through As
Poat = Comtrel snowt Row address first
Sw :m . Column address second
5:'::&11 w o :f"';“‘““ a5 "RAS beforn CAS”
. | wel oo Dtndr::nﬁ.i reassembled into 16-bit address inside
| xead o1 ‘
. Frequently data organizations are X1, X2, and X4
Separate data inputs 2nd outputs
J Data input labeled D |
| Data output lakeled Q |
4 Read/write (W) input signals read or write
1 operation
1
|
|
] —
1
9.3 Random Access Read/Write Memories-
Standard DRAM ICs
DRAMs are available in a variety of densities
and organization ..
® Typical DRAM densities |
Thark | Wib I [ Density | . ol . !
el N DRAM | (bits) |Organization 64K bit i
/ 2164B| 64K | 64Kx1 s 256K bit |
A 21256 | 256K | 256Kx1 _ : |
’ 21464 | 256K 64K x 4 1M bit, Elc. |
ﬂﬁ:ﬁ m sy - Modern DRAMS as large as 1G bit |
44100|  4M | aMx * Typical organizations of the 4M bit DRAM
44400 4M 1M«4 . .
44160 | 4M | 256K x16 4M X 1 bit
416800 | 16M BMx2 : i
418400 | 16M | 4Mx4 1M X4 bl!‘ : T
416160 | 16M M 16 © Modern higher density devices als
qvailable in X8, X186, and X32
organizations
A




9.3 Random Access Read/Wri .
Circuit DE%{ﬂnr1using DRﬁ'ﬁﬁSMemones.

- Sixteen 64KX1-bit DRAMs interco
E'Ei '. _§1 - — -l 64K word memory subsystern—1 bﬂpgi?;cgrlﬁgé?,::,“;

&ukxlg Circuit connections

8 multiplexed address inputs ,
connected in paralfel puts of all devices

== | paveltd
M : —w | [ RAS and CAS lines of all devices
. | | —E—— —>a connccted in parallel
,.LJ—-i-———- . ——1 =—0d Data input and output lines
o = if 5 I bt I * Independent data lines arranged to
e qL_ form a 16-bit wide output bus
Lid e ¢ Independent input lines arranged to
! u_i.ﬁ J form a 16-bit wide input bus J
| I-—.“’____ * In most microprocessor applications
ay input and output lines are connected
| | pra together
=10 | | [ P Read/write lines
R - * W inputs of upper 8 DRAMs connected
L,E.lf_FL ;‘ ‘ together and driven by WRO’
| T | * W inputs of lower 8 DRAMs connected
Pl o By wo— ——J—-' ; ! wRkN together and driven by WR1’
B gbssw m—i. i
(L g ¥ R » Permits byte-wide or word-wide reads
o —— and writes
Su'nq .

9.3 Random Access Read/Write

Memotries
0 The primary memory section of a
microcomputer system is normally formed
from both read-only memories and random
access read/write memaories (RAM)

0 RAM is different from ROM in two ways.
0 Data stored in RAM is not permanent in nature.
0 RAM is volatile - that is, if power is removed from
RAM, the stored data are lost.

0 RAM is normally used to store temporarily
data and application programs for execution.




9.3 Random Access Read/Write
Memories

0 Static and dynamic RAMs

0 For a static RAM (SRAM), data remain
valid as long as the power supply is not
turned off.

0 For a dynamic RAM (DRAM), we must
both keep the power supply turned on
and periodically restore the data in each
location.

O The recharging process is known as
refreshing the DRAM.

: GBIkIW"'“E ____&,l’__':
@Ie}trhint.

|
O @n duted ywt
| 9.4 Parity, The Parity Bit, and Parity- ed3 bt
J Checker/Generator Circuit- Parityand the of o ;
! Parity Bit GV N1
i Data exchange between the MPU and data memory subsystem
| in @ microcomputer must be done without error @ odd roleet
' - Sources of errors Con & Lreckist
d G , \ Emissions that affect data on the data bus line : 20 Yoo
uvey) odd L3y e Yo l'sty Electrical noise signals—spikes or transients that ok T A
\ ) 51 - oveniilt ' ”ﬁ?-?" affect data on data lines \_“L'“nm\:t.l-
oA, | Defective bit in a DRAM
o Soft errars of DRAM
[ By | Solutions for improving data integrity g,,rugd_gfh'gn
— $mm. 1. Parity do (ECC) add exhry bt wth
" DR, | 2. Error correction code ;
| ll({u-a?f - o5 )y CPaws | PaFily mosl frequently used d‘"““( Tw.h-.l: fu\
[ d;-tuk ‘T::"—‘- , Poary [-D-'Eﬁ!-.- - Parity bit ootk nd A L
| ivead Z ,Pu. M | G, d an additional bit of data lo cach byte or word of
wy (Ve L i o, data so that all elements of data h_n'l.re the same parity Jebl; ali
l | oper ""—%- Extra bit is known as the "parity bit" r“ o
! | LT L;@Jm'u‘\-i Us ~ Even Ea[j;y—olemcnl of data has an even MF“I“} &Y
] - ",t number of bits at the 1 logic level 0 5
Yo g { me ’ %. ; . —* Qdd parity—element of data has an odd numbar n\}) r
| ° uj‘ \ -d—-a—_y i
o e m o uk Qﬂm\?_ of bit that are logic 1 . exfian O\ s
Sty w AR Ut qu&m\"" o Circuitry added to the DRAM memory interface to
. : generate an appropriate parity bit on writes to memory 44 Pav ovigiy) |
pﬂﬂ bl‘ Extra DRAM required to store the parity bit ) |
E d Circuitry checks element of data frem correct parily _
# or aned Indulu wen during read operations
l Parity errors (PE) reported to MPU usually as an |
b;,g m!.d Me BONE ; interrupt - o St i
¢ on "N we odd gne ey - _
PMB d e exho bt CFW‘”‘B bty
F] ) X %Jl.\u"
&j _ (M ] = wm i ‘J"L' e
' odd — 4 6—:1.1 J\f-\,_-b ton WA~y ! ~b Udd _
0dd—0 ~p odd |
L }



9.4 Parity, The Parity Bit, and Parity-
Checker/Generator Circuit- Parity
Generator/Checker Circuitry

A Parity generatorichecker circuit—circuit
g — added to the data memory interface to
c o o implement parity
irt.F‘-‘l‘ o _an v May be implemented with a 74A5280
2 Gy 1 &of parity generator/checker [#
E (12) 74A v | Cotn
p 03 JANS20 N® v, 0 9 inputs A through |
a O #of 1 old Two outputs Zodd and Teven
H —2 Operation:
P . Evan numbar of inputs are
'.j W 4 logic 1
\ (a) seven =1 and Zodd =D
Signals that input has
ygn parity
NUMBER OF INPUTS A OUTPUTS
THRUITHAT AREHIGH | TEVEN LI ODD . CJ!:!fI_n{;::;?tchr—oﬁr|puts are
— ogic 1-
?‘i';'g': :j :; fYeven =0 and Iodd = 1
—— Signals that input has
() odd parity
: o Dosly b odd
paiily O euen Posihy bit Zode . oy
dokn wnte 4
" o g — 11 é&uﬁ

9.4 Parity,
Checker/Generator Circuit-

Generator/Checker Circuitry

Parity

The Parity Bit, and Parity-

Even parity generator circuit

Circuit configuration

[— . -y
"—_-_'-_.________...______——-—-1:;
e

= _,____________________,__..D: oy

IR Dy

| - 0

i 1 Den

"

g e— et ——"3
— gl'____.u_.‘_r":P__ __...2 1099 o,
o pEmp——— X 1 p—
g'::,__ _— ELIT e - EVEN
Oy B N At i, QM‘Q
1 —="__!,
ﬁf.l;ﬁ———'-’_{;)——-—lb—’rﬂl Qe
re (L] \
\u\'n\ ugda‘
- AR
) X M
\Y)\\ \.JJ"""TL

Inputs A through H attach in %arallel
to data bus lines D0 through D7
Input | i< attached to the data output
of the parity DRAM

. Only activated during read operations

Yodd output is attached to the data
input of parity DRAM

MPU write operation

Accepts byte of data to be written to
memory as input from the data bus
Data also applied in arallel to the
input of the DRAMs for data lines DO
through D7

Circuit checks parity and generates
Todd and Zeven outputs

Yodd output supplied to input of
parity DR%M foPEtarage a!gng with
the byte in memory

If [imrity is even—Xodd = 0 and 9-bit
value saved in memory still has
even parity

If parity is odd—Eodd = 1 and parity

 and 2057 1 eoer-of 9-bit value changed to even and .

saved in memory
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9.4 Parity, The Parity Bit, and Parity-
Checker/Generator Circuit- Parity
Generator/Checker Circuitry

Read operation:
Accopts 9-bit wide input from data
outputs af the DRAM subsystem

:F Checks the number of bits that are at
B v the 1 logic Invel
-, =y i
S Produces appropriale logic level
- signals at m}ri parity and oven parity
e —byitialds - = outpuls |
nmwn D30 i; .'...: =< P o If parity is even—Xeven = 1 and |
s Soud S e parity is correct |
o i =i {LEVEH + Memory operation completes .
o= : — normally '
e q > e | If parity is odd—EZeven =0 and a '
B _ parily error is detecled
N - » Error condition signaled to

MPU by logic 0 at PE®

« Usually applied as NMI input to
the MPU

- Must get serviced before
exccuting nextinstruction

* MPU may

Reattempt memory
access

Initiate an orderly shut
down of application

9.7 8088/8086 Microcomputer System
Memory Circuitry

0 Data storage memory _
0 Information that frequently changes is

normally implemented with random access |
read /write memory (RAM). _
0 If the amount of memory requl
microcomputer is small, the memory S
is usually designed with SRAMs.
0 DRAMs require refresh suppo
is not warranted if storage requif
small.

red in the
ubsystem

rt circuit which
ement are
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9.7 8088/8086 Micro '
C
Memory Circuitry omputer System
O 32k

EXAMPLE 22k «% 6k 4

_ Designja memo s
consisting of 3§Kbytes g;}[;}enTem
and 3ZMes of ROM memory. Use .
SRAM devices to implement R;';N
rnemory and EPROM devices to
rmpllement ROM memory. The memory
cle;\nces to be used are shown below.
R/W memory is to reside over the
address range 00000H through
07FFFH and the address range of ROM
memory is to be F8000H through -
FF.FFFH. Assume that the 8088
microprocessor system bus signals
that follow are available for use: Ao
through Aig, Do through D7, MEMR’,

MEMW'.

8

SAAM

Ak |4k wd

4303
—

4

Vo~

24
wE 1o,
TE,
CEz

Y - -
. 15K %)

AgAy

27128
—_—"

9.7 8088/8086 Microcomputer Systein
Memory Circuitty

SOLUTION:

First let us dete

needed.
No. of SRAM devi

To provide an 8-bit data

in parallel. Two pairs connecte
series to implement the R/W address range, an

implements 16Kbytes.
Next let us determine the number of EPROM devices

needed.

No. O
These two devices
the ROM address T

storage.

//

rmine the number of SRAM devices

ces = 32Kbyte/ (16K X 4)=4

bus, two SRAMs must be €
d in this way are then placed in
d each pair

Kbyte/16Kbyte = 2
implement

ted in series to |
ment 16Kbytes of

f EPROM devices = 32
must be connec
ange and each imple

——

addr g =14
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SOLUTION:
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Microprocessor Systems

Chapter 10

Input/Output Interface Circuyi :

! Ircuits and LS| Periphera Device
|

|

i

Lecture Qutline

» 10.1 Core and special-purpose 1/0
interfaces _

» 10.2 Byte-Wide output ports using
isolated /0O

» 10.3 Byte-Wide input ports using
isolated 1/0

» 10.4 Input/Output handshaking and
parallel printer interface

» 10.5 the 8255 Programmable
Peripheral Interface
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10.1 Core and Special Purpose I/O Interfaces e

L X
Wit Hﬁ ’IE

1 ﬂeed bhera

ypgo Cmrtu_‘ uﬁ:é
ﬂ(:L\C(_, J)

Special purpose /O interfaces are implemented as add-on

cards on the PC hob hesseyavy
— display
- |ﬁrllel printer interface
— serial communication interface
— local area network interface
— notall microcomputer systems employ each of these
types

BKCore input/output interfaces are considered to be the part

of the 1/0O subsystem such as:

¥ el

hae < ?ﬁk Yoo _ parallel I/0 to read the settings of the DIP switches on

Cong ﬁa' . the processor board

) wd.glb puﬂw& —@Erval timerg used in DRAM refresh process

T o ﬂe will study both 2

ek WY 3
&) ML
O]

10.2 I/0 Design in the 8088/86 |

o

‘[’as[( “
Ola h oulpal -

Tshoutd wie Werboce cived ?
In every computer, when data is sent out by the CPU,

data (K v %4 the data on the data bus must be latched by the

€ Supic oulpy

u

o
@ k),c-j‘—kan..
B3

e,&w lred
l/U(husr_Ln *

receiving device
While memories have an internal latch to grab the data
on the data bus, a latching system must be designed for

ports

Since the data provided by the CPU to the port is on the
system data bus for a limited amount of time (50 -
1000ns) it must be latched before it is lost

Likewise, when data is coming in by way of a data bus
(either from port or memory) it must come in through a

three-state buffer
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nterfye  (Cove '.J.I.{»"/”

ouk Exam 64 1 o
| S4K PR J_’l'e 64 line parallel output circuit - 8088
Lovxu;l e 2 Lairzy) croprobses wi TP
toth bb:: ’ \-Et.'ﬂnﬂ F:-"—-‘: g T &Mé’f'ff"@.ﬂ
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e : = ot |
-?:,‘x-r* wu e [ ““No?” = o7 St | : D Shiuld setected
Do 0~ o g =10 === . FW"‘W'J:W leedr
3 Bline T shw\ﬁ‘_‘ﬂt daku bl 4 ‘l () Micks vecodd
- AD,-AD, Dt bwy . N __niw Uy L, = ko 9‘*'13"" r‘ﬂC-T - L ] EEA
VTR S E = [ eE AR
of dotes Yok I L Blise =
ofdotatie [ 0 o e 5
é“‘ao‘a\th b | Wi - = =~ ol qa-l‘{f:\!.
lchh [(}&'W in—ouwt H ] cfulﬂ’\t
addead O = Address owt—in L o
ok [0 D ke ans

Aunken i b undiived
&wh"-‘ Wy aTe
:ac.,;\-u-lc \_\'l"h"!'_

M i i

%MMO‘W e addueld Ul
C -1y )

17O address

Port 0 DOOOOCOOGGC0000

2
Port 1 1xxxxxxxxxxxoo'ruz LK i >
Hurm
Part 2 mxxxxx;o(mmmz AADuivhs g @
L
Port3 | TXOOOOCOKXXXX0110 =
2
Portd | 1XXXO0000MXX1000 . -.j_.—
2 ] Mg -
Port5 | 1XOOOOCOOKXX1010 v
2

Port & 1OO0OOO00OX 1100 jln
Port 7 LOOOCOLOOX1110

M
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3l |3]|3
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Examples
+ To which output port in the previous figure are data w;gtggh‘«;fhen the
address put on the bus during an output bus cycle is 8UUZN:
-~ A15 .. AD = 1000 0000 0000 0010b
wwsl for
athive ]'-—— A1SL =1
G VTS e 1) — AOL=0
“";jtﬁ‘f“ ~ A3L A2L A1L = 001
L el e ?_“3}.1 ~3
+  Write a sequence of instructions that output the byte contents of the
memory address DATA to output port 0 in the previous figure
ney ¥ El
MQV DX, 8000h cddigt O
MOV ALDATA B9t For ot Zexo
OUT DX, AL
volate d ov @
memavy mnafifed 7
Volob dlas dsie\e cas v O
A LNl l NWV_-] L N
b oM and Poge0 ol oddves OV 11 Geh e D)
ofl pericdcly . o of- zako
Time Delay Loop and Blinking a LED at an Output
——— ,
[ e R i :
| Loy, S R— S S— . 1T
B aates ‘:.‘;;“"\ 1 e T LA
| 5.3 | am L Leghd- B A
- | 1 — * \/1en
& Jgﬁ?.lﬁt;ﬁ:ﬂn | acae == 73k 3T --o‘m“ Y l Porwon L cuarvid
LA | WP A
“ﬂ‘ﬁ-}{? (.SPCZ.‘CU‘ : _O}J'-"‘.\_ ihb} (_'h.\rm___b or
. lr\bhfu-dr:q) | - on Q§J\JLF-
indsiverl- MJ oukguk O OB
'mw e — Yot
f Ll Pyewn ot © =5
ad eﬂ " . Figare 10-2  [3njrs an | D gewnecrad to an tuipt poe Jﬂg OF = dbll
Pt Zewo MOV DX, 8000h ;initialize address of port 0 - ndiveck R
_ MOV AL, 00h ; load data with bit 7 as logic 0N."Co gg'ﬁ?&
uA —| ON_OFF:OUT DX,AL ; turned on i
J\ ovt osiid | 5 < MOVICX0FFFFh  ; load delay{count of FFFFh _—
ys- U HERE: \ LOOP HERE "“"AEMW"‘CY'I'IB'HRT\ "3;;@"11-!&!3 —%  17Tswes
_——l-'_'-—' - ) -
- % e—XOR AL,80h ; complement bit 7_ \os Ja) S
bﬁo\ SK Q-'-“P"'SM b ( J ?ﬁﬁ ON_OFF QoI %‘:l =8 of & Trequency
s 2P 5 Lpdam T Q&’“LNG &,lmj 3 ) "
Oy VWiSoe | e e anfof o
A2 b SSAY e
ov—lly— ; o, T 2
‘:“ loop —a D ‘
ovl- DX (s GB3wL P
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10.3 IN port design Using the 7415244

Poriulte] iwpud

~Design for IN AL 9CH

il

1 T
|
— -
— | -
| 7 [
: 2% Al | ] It_ -I-—- '
_j C e L] 20nedl Cockive lo)
YN Swildn datka
T— L P'iﬂm I"f“"*
T s ORgake Lint ke Hae
1 all jwput deba bw
LD e
\ t—-"_L_L 7

f————

* Inorder to prevent any

unwanted data (garbage) to come
into the system (global) data bus,
all input devices musl be isolated
through the tri-state buffer. The

74L.S244 not only plays this role

but also provides the incoming
signals sufficient strength (driving
capability) to travel all the way to
the CPU

+ It must be emphasized that
every device (memory.,
peripheral) connecled to the
global data bus must have a latch
or a tri-state buffer. In some
devices such as memory, they
are internal but must be present.

” :_ib'm‘s,pl[#'lslb

Example - 64 line parallel input circuit

oy (e

r-»rNL

3o &

¥, —
=] ey

—— &}

ALE

.-

Al Alh, ArAu

a4z §§ o
f

Sk

oM [ &Hh

FPe g

OTIR

‘,.g i

A= g
C‘Z_“ i _u.,—_z:> {" - [

~ Reod

Read from input port 7 to the memory

location DATA; ~ddve
MOV DX, 800Eh

|INALDX
MOV DATA, AL i |
@) \soloked | temory muppe
Mou T ), AL , j

© oddey poct Wi pge

nob-t—a—G——a

@ \regl o wink

\d

Qut




Example

+ In practical applications, it is sometimes necessary within an /O
service routine to repeatedly read the value at an input line and test
this value for a specific logic level.

T wont b I"fu({

shavky of Sw-":(fh

I

r")
[

Iy
ooV [ R I Eg Switch Daddvep of prH®
et s Jebe d
e C )so
%;:—ah M“:le Poll the switch waiting for it to close (% divet ,inHJveuJ
i MOV DX,8000h
Shudad ' @ vead (V)
o kwiia POLL: IN AL,DX
o SHL AL, 1 —o TV sy
\'!-!!ML-\? J GMU_F gl 1C POLL
M s Upds ipas skl : 19
Quvey oy JUmp on ; sHL SHR ( vansks) "
~HSE— 38 oy oprepehit dion  AD AL Ro — o |
Judifs st 27 JVZ pool g HE g f"ﬁ@ o

2vo M cheuk 0¥

10.4 Input Output Handshaking S L _Ts Loy

stebed B Gyoy e PP

prinker | 00WUs ~ The I/O ports of a computer typically operate at different data rates

~ A hard disk drive, for example, might require the computer to input Wund:hoky
data at 10Mbps = 100Mbps M"“‘j‘ Condied

~ CD-ROM drives operate at 300-600 Kbps

However when inputting keystrokes from the operator, the data rate

v
nadd
may fall to only one or two characters per sec.
» |fthe processor is to operate efficiently, one needs to develop a
strategy to control or synchronize the flow of data between the
This type of synchronization is achieved by implementing whatis -
12

processor and the widely varying rates of its I/O devices
known as handshaking as part of the input/output interface
Printers typically have buffers that can be filled by the computer at

high speed
Once full the computer must wait while the data in the buffer is

printed
Most printer manufacturers have settled on a standard set of data

and control signals Centronics Parallel Printer Interface

20




Paralle| Print o
e Interface v
I e ——
'—--_____h__ ——
“—-;H-n____ ‘-Sﬂgnmw Data: —————— ——
-——1-._..__ Stroba | Con orEd, Bata, ........., Data?
2 | Trol: Strobe
— Data 0 U kype Mto Funt fd\
— Oata 1 of Conkied Hu:nu.
ctin
-.___g_____ Daua 2 et ‘- \
—— ] D3 S ™ Dugy ——" e
e Qo g i Papez Expty
T s selon
1 2| owme
- :L Datay ACK is used by printer to acknowledge
! N :'"-* receipt of data and can accept a new
’ l = =i character.
’. Paper Empty
‘ 3 Select BUSY hizh if printer is not ready to accept
. L Auto Foxt a new character ‘2—5 vendy z
True i » Error — by ¢
| 16 Initialize SELECT when printer is rumed on
Send | B o, ERROR goes low W
daty | 18 Ground zoes low when thers are
| 19 Ground conditions such as papar jam, out of paper,
20 Ground offline
A4 F 21 Ground
Sead conod i e Ground STROBE when PC presents a character
! _
| ::: :z": INITIALIZE Clear Printer Buffer and reset
n
1 T = control -

-1 Pi'ﬂS_""" S

Operational Principle - Parallel Printer Port

“orkvet?

Y

L

“~ STROBE pin, telling it that .

The computer checks the .
BUSY signal from the printer,
if not BUSY then .

When the PC presents a
character to the data pins of
the printer, it activates the

“there is a byte sitting at the
data pins. Prior to asserting
STROBE pin, the data must
be at at the printer’s data pins .
for at least 0.5 microsec. (data

setup time) i
The STROBE must stay for

0.5 microsec
—

The printer asserts BUSY pin
indicating the computer to wait
When the printer picks up the
data, it sends back the ACK
signal, keeps ACK low for 5
microsec.

As the ACK signal is going high,
the printer makes the BUSY pin
low to indicate that it is ready to
accept the next byte

The CPU can use ACK or BUSY
signals from the printer to initiate
the process of sending another
byte

14
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Printer Interface Circuit
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B ¥ 8000h oWl poy.
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foe fh B,
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Sy —@ punten Priny
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T N P e in pogm
Example o seo.
Write a program that implements the flowchart. Character dat
ata —

starting at address PRNT_BUFF, the number of characters hal.-_lf". held in memory
. In the buffer jg

identified by the c':i"#rﬁ address CHAR_COUNT,

. wov el cHar_count 7 9f drovachlbe, b
W\ et (}&L..D,__.__c MOV S DEESET SRNT BUSE  inglize _"'tul by Prind Al Q“J"’.ot'ﬂd- $ s 499 chet
oYX POLL_BUSY. MOV DX, 80040 ot oddregy of P
IN AL,DX Isolented s lddivect " Wt chay ‘)
shaf Rignt woslL L AND ALO N BUSY |
CMD gezen SunzpoLL_BUSY mput checked
ﬁf‘d MOV AL SN ‘:;“‘.‘! lotcukion |
ala MOY DX.E000h W vt O Charactor
awvckie] — OUTDX AL W Charcter is outpur ' \\
i
MOV AL Q0h ~—.5T6 =0
LOV 2X.30020 .
OUT DX AL S0 as the stobe MWD
MOV BX.0FN s delay for STB = 0 goontl] —rs OO
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10.5The 8255 Programmable Peripheral Interface pp LL
| il

T intel has developed several peripheral controller chips designedto o 1,
" support the 80x86 processor family. The intentis to provide a l‘@ e

~ complete /O interface in one chip. —
. 8255 PPI provides three 8 bit input ports in one 40 pin pa(':lécag;% . FJ Blvesiona |
making it w@ﬁal fhan 74LS373 and 74‘—%}2,_4%@‘:& cath o ']

. The chip interfaces directly to the data bus of the processor, duw Line *:i A fj;wf H

mmed: that is in one application @\ | wilof Jore |,~
I

allowing its functions to be progra WOt
port may appear as an output, but in another, by reprogramming it thhd Jcan

as an input. This is In contrast with the 7418373 and 7415244 whicht ] hfubien -li

are hardwired and fixed
9 Programmable

. Other peripheral controller chips include the 825 e
Interrupt Controller (BIC), the 8253/54 Programmable Interval Time

(PIT) and the 8237 DMA controller
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Lo e 20 Mode 1: I/O with Haﬂdshgking Capability .. ...
fpfz' :,:wk zﬁﬂnf’agm Fowher dava with nlfing of conbrol Fignod

povt <l i+ Handshaking refers to the process of communicating
e g et back and forth between two intelligent devices

sand G
=0 L . :
C“B“;nf) . Example: Process of communicating with a printer
S B G5B — abyte of data is presented to the data bus of the printer
v Yo — the printer is informed of the presence of a byte of data to be

printed by activating its strobe signal
— whenever the printer receives the data it informs the sender by
activating an output signal called ACK

— the ACK signal initiates the process of providing another byte of
data to the printer

. 8255 in mode 1 is equipped with resources to handle
handshaking sighals
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Mode 1 Strobed Output

I.ﬂ 14.15_ r---------- ------ SN EEasENINNENEVNEAANE ,
O p povt B o PO +} Enabled through PCG ( B manber 4)
_—— i using the BSR mode
Porn A with ; D]=0 U
tawpbw e Handshaks Signals ConiraiWoad . Sieds 1 Cuiput “‘“Iﬂlr-g-:mm{iil;?-u Q&
F'WIJ"I,,_B O7T D5 D5 04 D) 02 Of M'u"rkaﬂ"‘- or B
ol Jolwl 1 Jo]x] ‘ca.u-j”d“{.“
0 Mode Port B Output
Cu&!,ﬁp’} PartA Wocs } L PortB Mods 1
PCI[———> INTRA) Port A Output PC4s  Clend “,5) ok Brom
os ::?fm Junie wad
—_ -|---lnnn-nnu-ulm}iﬁ_ku---u.nlu"-n-u-: "U cmh-_'
o o - - —» Enabled through PC2 using the BSR :
B, o \mrﬁn‘ PostB with, i mode EN) B (ede)
I lkrR '& ~ m Handshake Efgl'l«l-ll '\...|.""—-nn-““l._._.='17ll_“'“ln--lu“un“unFm“d ?_ i} O“L
- — — Status Word — Mode 1 Output .
AC B al o5 Cir
n mode 1
3Cm}ur_h'5lm‘| &
LUV
> Hina C;zl:‘“i{ dle I INTEA Is contrelied by PCS in BSR mode.
A '"ffWE > | g‘ ¢ Gls  INTEB I conoleoby PC2in 3SR mde
eyt B A Gl

AM‘ ﬁ-i.-u.? \Q‘ 34

L_ okl w (iu!)",



Mode 1 Strobed Output Signals

+ OBFa (output buffer full for port A)
= Indicates that the CPU has wiitten a byte of data into port A
= must be connected to the STROBE of the receiving equipment

—_Goes back ligh again after ACK ed by the peripheral
« ACKa (acknowledge for port A)

— through ACK, 8255 knows that data at port A has been picked up by the
receiving device P P

— 8255 then makes OBFa high to indicate that the data is old now. OBFa

will not go low until the CPU wriles a new byte of data to f)ort A.
« INTRa (interrupt request for port A)
- itis the rising edge of ACK that activales INTRa by making it high.
INTRa is used to get the_attentign of the microprocessor. |
- itis important that INTRa is high only if INTEa, OBFa, Aé_i‘_(_a,are all high |
— itis reset to zero when the CPU writes zibyte to bart A —

The 8255 enables the monitoring the status signals INTR, OBF, and INTE
for both ports A and B. This is done by reading port C into the accumulator |
and testing the bits. This feature allows the implementation of polling

Mode 1 Input Ports with Handshaking Signals

+ ISIFB
— When an external peripheral device provides a byte of data to an input
port, it informs the 8255 through the STB pin. STB is of limited duration
« IBF (Input Buffer Full)

— Inresponse to STB, the 8255 latches into its internal register the data
present at PAO-PA7 or PBO-PB7.

— Through IBF it indicates that it has latched the data but it has not been
read by the CPU yet

— To get the attention of the CPU, IBF activates INTR
* INTR

— Falling edge of RD makes INTR low .
- The RD signal from the CPU is of limited duration and when it goes high
the 8255 in turn makes IBF inactive by setting it low
- IBF in this way lets the peripheral know that the byte of data was
latched by the 8255 and read into the CPU as well.
* The two flip flops INTEA and INTB are set/reset using the BSR
mode. The INTEA is enabled or disabled through pce and INTEB Is
enabled or disabled through PC2.
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Example 1: BSR mode

The interrupt control flag INTEA for port A is controlled by PC6. Using te
BSR mode of 8255A. What configuration code must be written 10 the
control register to set it to enable this control flag?

Solution:

1. D7=0

2. INTEAs to be set, hence, D0=1

3. To select PC6 then D3 D2 D1=110.

4. Thfi_ remaining bits are don't care,

So.....
Control register=0XXX1101 or_00001101.
D =T}
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Exampie 2: BSR mode
eddiess pot 1= buse oddieyy [solede
Assume that the 8255 is mapped to the address 0080H in the |/O space:
B3 (aldrey Copbd Ry

[

‘ O |
#Ex: Wite BSELVOILI subroutine to set | ' MOV -?L’UPH ] P i

: PC7 and P ' | OUT 83HAL |
Wyl 'r:? s - At 'L \ 1: MOV AL.O7H 3 be s \
ot To Set P(7 > OFH : Toset PC3 2 07H | | OUT $3hAL ;

Tonove @ cen L1V pecs alll, s
i a 7
o I
—~ T pob i .
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-Xample 1:

-

What must be the address bus inputs of the circuit shown
'n Fig 10.21 if port C of pp| 14 is to be accessed?

IR ‘_En_awl®
*  Answer:

" Tc‘:’ “navle pp| 14, the decoder 74138 must be enabled and
must be 0 (active), G2B=0 and CBA=111.

A.=0 to enabpe decoder (741 38) and AsAA:=111

EE':) Cof PR is selected A1A0=10 or (A2A1=10 from the

[F¥] rd

4. The rest of addresses are don't care

Ay B An A, A Ao

X X x v oy
\-—-—___.___)L\___—}

47
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~Xample 2:
+ [ Assumelhat[pp1 14)of Fig 1 0.21is configured so that Port

Als putput and C and B are inputs. All in{mode 0. Write 3
program that input data from barts C and B and then find
the diffe?%nce between C and B (PC-PB) and then output it
to port A 7

O ConPiy the pp)

iR AW ey .
» Answer: (000101l [0t wond Tu8B T g soudir ey o

wo AL%8 1. To eﬂ?ble PPl 14, the decoder 74138 must be enabled and 7 mwlk be

ouk BI'II;E \ (D)M;Gﬂﬂ:oand CBA= 111
o

a—‘*’;‘f d”: \ﬁo—. O Fo enable decoder (74138 ) and AsAy A3=111
0> ConPlaacd POVt A addren - 90 111604 =38H 1
9 p(}'ufl- B Dud(lli’fﬂ&i' oo 11ipig - 3{_1”3 h(i;:v‘:ofzhhb:f
s pogrf_c adgrem =~ 00 11 |)gq = 3cH “""‘"‘ti’;'- 3 o
ﬂ! JD-P IJMJ:LLL; gﬂh VfMB v il %g?q,} ov3fF CUHV;;LIEJ# Gl
- "’(}J BLJqL Sauﬂ dg.‘u fmﬂ I:bLf"B ‘::1 3E.';QL
W AL3C  Veud padc
Wiy AL, pL ®
T 33U T
sy
ﬂ'r,-.t.q'



Memory-

Processor
€Ssor data transfer

Frld? Byl CveLl

el LWy

N A A5
Vet

o

;

E

tory mapped /0

F E

»  1/0 devices can be mapped to the memory address space.

MPU_Iooks at the I/0 port as a storage location in memory.
In micro—computer with M-M |/0, some memory addresses

are dedicated for /O port.

Advantages:

Disadvantages:

Instruction that affect data in memory are used for 1/0 instead of
special 1/0O instruction.

Hence, much more inst

for I/O operation.
For example data transfer can be performed not only with AL and AX

but also with the other internal registers.

ructions and addressing modes are available

Slower operations than those specially designed for 1/O
part of memory space is lost. -
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FFFFF,q
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b o ——

Databus DDy 4 "':5‘:
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Port 4085

V'O portg
Pﬂﬂ 3 Pﬂﬂ 1
Pon2 (16-blt part
Port1 Port 0
Porl 0  (1&-bitpan

O, p—
H .

A
B P—
c — To other
Et;ums . cven
G [— | peripheral
G o—
]

0, .

Dy-Dy
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Example 1 for M- 1/0:

-

. wiad ovk and [PPI
Which 1/0 port in Fi EI e ¢

9 10.23 is select -
Memory address bys contains 004B§S oI 25;::30'.‘ when
[§o0y it

S I G )0 e povhl, 9ot ¢
»  Answer: 8 B> gy (<. S it (g S 26 2
1. Convert to binary: 00 01606800 el
o V- 00000000007 666000010 cel > oddfess
N €n, we find, A10=1 and A0=0 and IO/Mprime=0  ccl ygs silfon
(memory operation) atdigy) PCane G
3. Now, ASA4A3=000, then PP| 0 is selected )
4. Moreover, A2A] =01, then Port B of PPI 0 is selected.
von of. pp! pindy " LXP .
'ge.ltd,.?P RUSSTRERT NS A oddrgs TN St g @
Al i
O_l.ub Uoo O pol
ok
pork B o3
=

example 2 for M-M 1/0:

-

Write a sequence of instruction to initialize the control

register of PP1 O in Fig 10.23 so Port A js output and ports B
and C are inputs, all ports in mode 0.

D71 D6 Ps 24 0z Dz O Do

) % &8 § o b

bre) LG
Answer: Gty V'

' wo Vo combeil Rey:
% Control régister=100010118BHA -

Ay
2. Memory address of PPIQ=0000000001.0000000110=00406

3. ade: felo E;‘%“:*

0s| 9 @oe — MOV AX, 0 =

P L Moy ps; ax

(_/M_OME\L,'BBH
(bs- Yo MOV [406H], AL o8
o PPset addreyy 1}, 86 <
addvel A 6§ 6y Moy EH@JPJ,
([sple i)

§JS addtess ”
; i S

03 kb It D
ofet ) L P
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Example 3 for M—M | /O:
> Assume the same configuration of Example 2. Write a

Se€quence of instruction so that the content of Band C are
ANDED then Qutput the result to port A, e,

» Answer:

1. Address of the ports: address port A=00400, address port
B=00402, and address port C=00404.

2. Code:
Yy -
P}F‘ \ A
o, "ty 1
?{C' | e -

MOV BL, [402H]
MOV AL, [404H] i :
AWD AL o AND AL, BL o, quﬁ%., 3’3 B
MOV [400H], AL
N T towt

LR o J--!?-P\ b‘l-}l C,—Z‘
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INTERRUPT INTERFACE

% erbernnl devie

kxlesnal OF Inlepsad
ovewerd  Yeyuel a Satvice from

% NoY oy Q__E.d._...e;.._j maCYop. eX@mle mpin proyram - h.

logr (a2 T F

fnd gwen
n-._.._.ﬁ?...v%b

Inte OV - . . .
rupts provide a mechanism for quickly changing program environment.

The section of the program which the control is passed:

Interrupt Service Routine,

st reirla, heChs et a2o, €lCtul. e rnoin

- ex: For printers it is the printer driver. . e
8088 and 8086 inte. Gork be sl by evennas were
o e O R \ Ay . —
_ Y IETIURTS: PR @ e , B )
= v Ex b e NI R
R \ T Extermnal Hardwar Interrupts e ] Ry o
- . - 4 R\ ot
mmum -Nonmaskabje Intertupt” a2t \ _ - | . EH&E Gzl
R / : \ “q..._.of._n.:%\_ ( Lotk
: £ : i mar v 4 J
: v/ @ Software Interrupts \\ : _: e e s r”,m Send ( Gonn g
] } lrg semize o oy 72 batxsetel vamb.?_.
2 Inh- } i ez 32 o
[9 Internal b@ﬁhﬁrﬁ#ﬂmi il | e vewip PY3vn cuie]
ﬂ \ __.ﬁa Tfnm. anrm_ng. ﬁ frestrarpoy | M-E&*c IMeupl hundlay ov
N 59U ol i — \ ’
RESEL g priovty (rar =) / -l a
r.uﬁrnro_... ) ikl \y r\\nmm_q.&: % Fov eadh vtk we have
o Hee Q.ﬂ..u;.._h.. X Al Fitg mitg e .Tmu\-..h\wm : | TD
SORN Coa b Fhe 254) .“” i _ o wnidw Ininagh handlay
L h ... - A ]
e 3 g on 31 \ S Yo Sewe st ur(—.nin.—
) 5 U — : R R
._i?ﬂ:.mii_qn_,&m lbnapl- ) loﬂ..siri
Coned ; mu._._.m,_} Yo bhe Tﬁﬁ::ﬁ%!
: Q__....o.ﬂ.. debind \mbined 351
L s 24 a5 755 ot L ov eid value of PIY
UM Ve ] = g (ves e i Rt
3 _..nT._.#:{.. .. . Gty
we huve 2858 Cwer defined ) I 2 wiffz@awﬁom\ﬂu%ﬂm&mﬁigu
in OFdetr fo Sene W Mandlel , cnext stile )
e evend.




8088/8086 Interrupts

An interrupt is an external event which informs the CPU that a

device needs service
in the 8088 & 8086 there are are a total of 256 interrupts (Oi
interrupt types)

— INT 00

— INT 01

— INT FF
When an interrupt is executed, the microprocessor auwmatlc:ally

ssav es’the ﬂagb_r_agﬁt&r (FR the instruction pgmiaui_ﬂand ihe

code segment reglster{CS) n the stack and goes ic a fixed

memory location.
. In 80x86, the memery Iocatxon to which an interrupt goes is always

four times the value of the interrupt number

INT 03h goes to 000Ch Rl mf!;df\ on
:Tl'l:i—g@-a_cj | Vet ol hew TP
c'i ©°0 [ yedne of E‘D

), ,
> (g =D
G




y -0 ) -
. Lo ' . " . 3w
e T ] d 4 . v EEEE— e
% - * " - ’ P

in Hoe . : . .
of Iwh .Um.%.:.s..& # Moy ol uddress Zew we houc o Tube CIVT i Yhis
vofl handton of eotin LnFraPl mumbes

Toble e shove bhe showbing oddresd

interrupt Service Routine

iﬂ!ﬂ'ﬂ!

* For every m:,ﬁmzcvﬂ there must be a program associated with E
* This program is called an Interrupt Service Routine (ISR
It is also called an interrupt handler

* When an interrupt occurs, CPU runs the interrupt handier but where
is the handler?

: iogical address P
— Intheinterrupt Vector Table (IVT) y B e Wbl ™ 10
: e e £ ond echy humbidh condeln
bikiF hanbes INT Number’ Physical £.adress Contains / abyre
15 256 Inkuph . 0000k o .
and euth .m..scm_m _n.-w_c.__.;@&h \ ﬁm.nw.mn.c%._nn_q 00000k _,__u._@ uﬂm.nﬁmn_ou F -
el bondiue | Yo E SR e 2 f g e VYector
INT 01 00004h;, IP1:CS1 } _
i y i
] 1 HE
INT 02 C00NBk IP2:CS2
& :m w gn_geu_ﬁ 0 Cp ety
oobw.ml NI;_F} _um_..M_
. - + - » NO — O
©- 265 . . . : ) | Ixy— v
o6 - E[ . . ; : . . 24— 8
e INT FF 003FCh __ IP255:C8255 WTZ yy 4 2 —ooddvens of ey
A . <X wmm 0 QR Llt?
(¢ -2565° Tobed sive. 954 x U1K (fo24 ) byle

cos- 0 :ou @ﬂﬂ: 5

\Wap




._:ﬁmﬂﬂ:UﬁkmnﬁOq Table __—

es each

interrupt vector table consists of 239 entri
mBmE-maaEmm of

containing 4 bvies.
e offset and the S€

Each enfry contains the offse
h 2 bytes ioNg.
s 00000H.

the interrupt vector eac

s at the memory address 2=
Bwoﬁogoommmoq

Table st
First 32 vectors are spared for various
operations.

user definable.

The rest 224 vectors are Uset ===
The lower the vecior number, the highe¥ the priovity-
sexve the Le3A  ham A

WT
ivT




interrupt Vector Table

Mprmory
e Lect
L

N "..)4-..‘ [« SNTPNTTT. S
\uwn CS 258

Ifc " 28 Vector uum.o

I

n “ Vr Vaar Avsilall
e €8 3z wet def, g
& 1032 Vector 3¢
TE c
rc . .vmuu_., vecter 1110

-Contains 256 address pointers /

W-.. Rapsrred

Wit deg, | (VECLOTS) f
\

L css
Yecto: 5
12 ﬂ_,H «These pointers identify the /
| e starting location of their service /

-

A

P4

routines in program memory.

C52
Vector 1 — Brupkpomnt

ir3

c52/
_(-,n.a. 7 — kiki

Loaded to this part of memory asa system
initializationor as a m:.nﬁin_.m

(w2/

cs
— Vvecior ) — Single- Step

AR

£5 Value — Yeclor 3CH 0
— <-n__u. u — Dhvigs Error

S .K_!n.-.n!..ﬂ.“w1 0 W .ﬁ
avedov Fov gontdn ont T
E——
2 Dylas i ond One for Cs ¢

siy +o Py

y Srrowars cle erpley HEEN mEMERY 1 5

w For optatzs, Dommae raasie rs for pie *.q-ﬂ.ﬂ;.mﬂ;,._-,_._. (g

Surzlz fromware typicaty resiz & aOM ar OTF/FRDM, wz marz complsy

-
e et

Fo ﬁ..h .-h..?1“
L LS eSnil e



decimsd ' ' S

F oi‘ |
. example: vector 50: CS and 1P?
et

Y

00 = 11001000 =

Physical
| Pt Address 200 = (4 x 50) = 2UY

600C8 conta
YUULS contains TP: and QQOCA_contains CS informat:

T2 > new Ev cs




Interrupt enable flag (1) causes external interrupts to be enablec.

INT n initiates a vectored call of a subroutine. |
INTO instruction should be used after each arithmethic instruction

where there is a possibility of an overflow.
HLT waits for an interrupt to occur.
WAIT waits for TEST input to go high.

=

SR - -\—_.ﬂl_‘.ﬂ



ur) ?}\‘MM

F‘l’""“ = t
“"‘%::‘i wN i
Interrupt Instructions__ & ,
e — S 1 Flags Affected \
Mrecmame Meaning Fonnal i , P
¥ f . iy order Yo fov ex __[rF o
o4 b (g8 ~uap | dn it
1?1’...1;] ol .C;L_I Clear interrupt Nag CLl l?____l'__ a(bvf?} ) ‘;"” | i
oy Vepport from AP IF ‘
ST Setinterrupt fag ST ‘__"_E_I_E] exbumal wrdwort deice
= e “35) TF, IF
1 INT o T:-‘,d;:\g}n software interrupt | INTn (Flags) = | j}a; =) "‘E]'e;;u‘: of L7 TT
o= SAp . mm arsfivequat Yol 5000 1y oy ?‘;:f'{l,ip., ~ 4y b C'\éf"""f v i
oot occarfMlairs HUS T
— q‘\,"zn"ttﬁ wicko. O} E- +4-n , Ll
7\'31" ! shou |d xecwd  Yhis Inlenghiad (1P -~ {ISF)__}__E_' b‘;‘ﬂ;’i bo !
onl i\ Yoke one operund (4 n)— P 1
CQ ml--m,p'ca ueta#:; m:abu- C‘-—"?du\} ET) U‘ﬂ‘?’; NI
F IHET Interrupt return IRET @Y(SE}} ‘*_flf) rr; . 3 Al
[ Vevivée ppevelion (SP) + )=l Yop o
B s i Ykt USP) + 4) =((Eiapsd®
v chion @+ 6 -+ {SP
INTQ) | Interrupt on overflow INTD | INT 4 steps TF,IF
} gl Mz s \WTn G il
SMbm;um e~ HL'I- Halt \—-——:-‘;'::ﬂ‘ﬁ;q HLT Wait for an external Nane
(Siu;‘: Vbt l; N AR 31 1 indeipupt o1 resel Lo Goeut \
7 ol haevep 3 ‘ , il N -
W) 082 i - WAIT Wail WAILT Wait for TEST input to ‘ None
_ éj,/’—’ 0 achive
SWT Be & it \
5\’\’5\0%} GPJ
¥
opru o - 2l
4 (,XIIP Wt (o G

fat? = ive Yo, 1h3 fuge woit )
, on b (f Text <0 (b )S0.
Wémw ( " et g
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N

LU N

The contents of the FLAG REGISTERS are pushed onto the stack

Eoth the interrupt(IFYand ) is disables the

j —— LS UM jana(TF) flags are cleared. This

INTR pin and the frap or siﬂﬁlégs_tepﬁtegjg;re. (Depending on the
upt, a programmer can unmask the INTR pin By

nature of the interr
the 8Ti instruction)
The contents of the code segment register {(C3) is pUshead bntasthe

siack.
The contents of the instruction pointer (IF} is pushed onto the siack.

The interrupt vector conients are fetched, and then pilaced into both
IP and CS so that the next instruction executes at the interrupt

service procedure addressed by the interrupt vector.
While refurning from the interrupi-service routine by the instruction

IRET, fiags return to their state prior to the interrupt and and
operation restaris at the prior IP address. Q) swhbth optvudion of mein POV, |
&) ‘1\5‘7\ Vot \a Pre Shadc Ele/C.SAP

Q@ Caltnk e vaie of p ¢ .
‘l)?) :wi\;f?\:ﬁ 3\2:2\;3\, for by 1o oel. oddreyq ew
@ JUM Jo eved Ykl omndlie
© 10} rbdion s Vehon b, Pop Y 11
old Wre g VOhotA Vo €XEOKe pro%)




culled: Tevp > apaadl (e

INT 00 (divide error)

£
@ Qo OV s B)Gea w319 Vb
!
!

i _ H...HO.JH b.“—.lmv..w & AL

. SUBCL,CL ¢ <o
B N
- =8 e UHf.Uﬁr - 92/C undefined

Gane Yt _webb.a._ A 201D
dulensdion €

-

W 7¢) ¢l g 95

-

P
—_—

=== _—

i - Also invoked if the quotient is too large to fit into the assig

MOV AX OFFFh

f
!
|
.w

Smy . oppr | MOV DL
n&.bwl : L=

— e

— ——
PR

egister
1ed regist

lapeq dfired bogte (allowte)

”, - ;@ 5 u. . - - \@M
Pt ouudw@w\ D1y 15100 by zero attempted$?)

Labl 115 gichor Jol &=
R 2ss U?.mi.. PUSH DX
“2- | Mov dx; offset prompt
Inheupl &fﬂ it 21h T
oh asv ddyse — T
PCP DX

down .m.T..._._)tv
dl OX (s gy PYighm

Q«am?.,.c_;c:
horiouy Ji fate Q.Q _uaﬁu.u
??Ew

OGP\ ah ) qeo

: WRITE A DIVIDE ERROR ISR

> Qg
S—Skove gy, Hing
ar_u:ora
Sub e ey &
Bl asgteo¥
bedy W \py,
PP asskelfrus
Roy o ipes
boda \JY n..?,wn.,__ Ui
i

ol Cays (e



Crees) A.mé O Bt
m V J n.._aP_u.ﬁ.Dmc ¥ o
_nv =1 iyl Sty mede (wll eXcosk progvam Inhvackion by etkebion aad S

INT 01 (Single St
LTSl Bl e
Sy Shew Pne 3 |

*F mﬂmnﬁEm a mwaznwnm of Em:dnaoﬁ ‘there is often a need to | % % erecsion

= =

of progyun
| nwEEHo the contents of the CPU’s registers and system ﬂ/oﬂﬁhﬂ;@ﬁ
{ memory. b b exeute e Send
ﬂ Insrwekan
I % This is done by executing one instruction at a time and then etz o S
i EnUmQEQ the registers and memory Tz ool |
.u,_ second W Le sy _f
Yraoechon \
%HEJ 1s cailed thedracing br the single stepping 5 das Yhwn 08y |
2 25 f_ evedre xw}ﬁﬂﬂ.ﬂ en
I %du must be set (D8 of the flag register) : T
= py dpsh e Bac ﬁ||L = nbﬂ_..m\_.ﬁh
&m\% e Pwh Play Rey inko Skadh b fop of of S
o Popl Hﬂdmmwh.i. s W.Hcﬁu sl %L,wnmuﬁu W ( ehingy) ym.adam,.u ST

SPOP AX s
et F ORAX, oooooo?oooo%oow

b

Qord :/( - oaed Pov & Lhwec Plosy)
PUSH h&wwaré S\ ga O 5 ni_ya)
PO Hu“_.u ot b Plosy Rety- v g

ot W D g ..Q._

Ry W w21
"



Other Interrupts

INT 02h @w) _
~ Intel has set aside INT 02h for the NMI interrupt

MW o OV Gage )

— Thereisan' in_on the CPU
— If the NI pin is activated by a H signal, the

| CPU jumps ic

/ Q0008H'to fetch the CS:IP of the ISR associated with Nl
INT 03h (breakpoint) s~iebo s s I A g R Il ok one
.-, . _ 3 pe sl 6

. _ At

INT Q4H (signed number overflow) or INTO,
— If OF=0 goes to 00010h to get the address of the ISR
— Otherwise, it is equivalent to NOP

Example: Use debug dump command to see the V1
— D 0000:0000 0013

&

2

14



S

w. __,L.b.... of subrobiee H| et m.c:_}:: fede

O Ph ol ot

- @ dore bu e lotadiy,

.J-..h& O.NVIHLH\ Hu— . - . Q _.f.n»_n_.. Fiaith yelwen Yo moan Precyiar,
1 MB addrece \R instruction can jump any location within the ¥k
) address range but INT

1 goes to a fixed memory location

it the Intery 7 q ]
the EED:E Vector Table to get the address of the interrupt

Service routine

.0”0 ., A = . . = . = -
A CALL Hu% mstruction is used by the programmer in the
sequence of instruction in the pro grain hixt externally activated ©

- o A

zardware interrupt can come at any tinie

“*A CALL FAR cannot be masked but INT nn in hardware can bemay @ sy 0

tlocked.

(2 @ Fov T shoad execded

@A CALL FAR saves CS:IP but INT nn saves Flags and CS:IP
+* At the end of the subroutine RET is used
whereas for Interrupt routine IRET should be the last statement

B ttinpi - (4) Preceypy, of Prg @D L know whan | Lrecnt,

WoFpen (0 oy Con Wiile ang Subigky e @ Wndhckion
bie nol- Lifce, ong Shove & \n any 2oUpY e abro
n | Yot g _:.__..Sr._iﬂ ) Wy iy Al

bud- .,7__.\5%_.7 Showid o

shove ip .%mi_.._ﬁ Ve

-
I} et = call
o newA- T weeA s ;1._93..@

TP T ek T g

= do uah Pre rlﬂ; <y Lp
.ﬂr.r._..l 15181 @_rrm‘f Mlhl Tm@-uﬁ\lm.\_lHﬁ i
A%s UK W Rep QL Gl b

Prmoe _

e amedd \

= me_._:

C Prestopae w o
Cotde SAUmnL

!

e

2 wasd o cransy
A amd D

vake ) fop

ﬁ.......w Coth
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Extern
2Fita _ -
=XcThal hardware-interrupt Interface

 Minimum
_ s08m mode hardware-interrupt interface:
ey stgilﬂples INTR input during the last clock period of each
o lon execution cycle. INTR is a level triggered input;
ererore {qglc 1 input mustbe maintained there until it is
?ampled. Vioreover, it must be removed betor
time. Otherwise, the same interrupt Service is repeated twice.
— INTA goes to 0 in the iirst interrupt bus cycle 0 acknowledyge
the interrupt after it was decided to respond to the interrupt.
—. It goes to 0 again the second bus cycle too, 10 request for the
interrupt type number from the external device.
_ The interrupt type number is read by the processor and the
corresponding int. S and IP numbers are agal

memory.

e it is sampled next

n read from the

17
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_Status inpurs

w.u w._ 3, CPU cycle 8288 command )

- 0 0 Interrupt acknowledge iNTA N

0 0 ! w&ma.:o port IORE | umnwrﬂcm —
0 _ 0 Write I/O port IOWC, AIOWC

0 ! ! Halt None

; 0. 0 Instruction fetch MRDC

I 0 i Read memory MRDC

| ] 0 Write memory MWTC, AMWC

i i 1 Passive None

2



PUR FLADE

L

eyt
WEKT
LSETAUCTION |

-

]

LETTERP = TF

CLEAR W B TP

PUBHCA AP

CALL PTEASUFT
SERVACE AOUTHE

|

MOPF FLRAY

I RRALEIRD.
PROCELDURE
e ——

MGHW

clew v T, TP

Ol (asw LIOAE
&£ T8, TP

’h’Hr‘-‘P! Vl'/fwn
22



xternal :maém_.m-m:ﬁm_._.:_uﬁ Sequence

T d Ta

Tt

E BUS CYCLE~
‘r@:umw_#:vq ACKNOWLEDGE BUS CYCLE ._1 ._.wmnoz.m INTERRUPT ACKNOWLEDG

P
CLK

o - — .W_. \1

send Fival ﬂﬂmb /

. - VECTOR TYPE W\
AD7-ADD = A

athive & Vhiey ¢ crekno bey?

Figure 11-9 M:Hm:ﬁﬁﬁanmmn gma (Reprinted by permission of

- nCopyright/Intel Corp. 1979) ™tvyp send 2 ackrouledye
Intel Corporation e by wiwey 1 difPrvect by ot

23



% The interrupt sequence
begins when external device
requests service by
activating one of the
| interrupt mputs.
% The external device
evaluates the priority of this
mterrupt
»INTR 2> 1
% 20x86 checks for the
INTR at the last T state of
the instruction
% Check for IF before

oranting INTA

PR CR D

ALl MTIRRUAT
I ENICL ROUTINE

n-ﬂq.__-
LEeR mYlaRuF]
PALCLTISE

afd
winnnyriLe
FROCLPYPL

24



[TIeuTE
: YR pClaDa

L

Interrupt Sequence

Fusw FLADE

LT TP ulF

_

CLEAR T & TF ﬁ

UL CR b P

I

CALL il TCRA =T
A8 B ROUTE

i

e Egvrt
UsCA W ERRYET
ol ounl

ied e

poOPPACE

POF FL A0

AL
!usuc“a 10
FACCEDURE

—

3 80x86 initiates the INTA
bus cycle. During T1 of the
first bus cycle ALE 18 sent
and bus is at Z state and
stays high for the bus cycle.
$LOCK is provided 1n
maxmode operation
»During the second
interrupt acknowledge bus
cycle, external circultry
gates one of the interrupts
20->FF onto data bus lnes
»Must be valid during T3
and T4 of second bus cycle

25



magrre |

<+ Two word read
operations are performed.
< The type number 1s
internally multiplied by 4
2 The contents in this
location is fetched and
| loaded into IP
< Then type number
7 content 15 loaded 1nto

C5

* A+

FuinfLaga

1

T TN aTF

cuLAR Y T4 *

1

FUFH S A 2R

e T

EALL i TEANUST
wowc L EGyT el

]

meury
WA IV LRART
FACC IDURE

\
&
x
7 |
F

pop=5cCH

!

PCP TLADS -

»DT/R and DEN are at
logic zero and TO/M 1s at 1.

»Next save the contenis o

ﬁ?u flag register
»TF and IF are cleared

»CS and TP are pushed

——— ———— e — i —— T ———— S —— i —

» Upon return by IREL
%S and IP are popped
»Flags are popped

R U
TEREEPTTD

maOs LRdsL
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8083 &
{ der Yo Vevwpme
Interrupting Device Gia & ) ")
......................... Sweele o Connech S IR E
eyt anfpr  divedy =
NG Sed o ]
INTRE . . Ve
.. _m 0 Drx_H Interrupi Request  Vp op W:ﬂi
i . - D-H, Jr.
q B “ / wm—lm _.u_ 04+5V E_ﬂnrﬂmﬂu ﬂ m,x”l“ N
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) e chunge | | el Wi SBvder bo bvepe
. :m.nﬁ 2 oy /. =
ADz = ADgf— T2y, ~ 2Y, 2A%f gy S
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e | | oo
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@ el _lay
WA R end clik e p#f Qﬂﬁwﬁ.il nm_.wmn_ himber £ ) @) :
d i,.”faEq _ . N . = . e e I
ond emobic W Trtermipts the microprocessor each time the mterrupt request signal has a !

vaflul- pork I ﬂ
ovdex to Swikdy
When  ymaorop i

transition from 0-> 1. The corresponding interrupt number generated by
the hardware in response to INTA is 601

Vesruad Y ;L.s.ﬁv he
e o x — |
S ke Uke Yy ko o oddrey o 1P |
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e
Interrupt Example _

i ch time the
pting device interrupts the microprocessor each tim

*  Aninterry

'Nterrupt request input has a transition from 0 to 1. *
. . ~ 10D

7418244 creates the interrupt type number 60 as a response

INTA .
*  Assume:

- Om.l...UrD.Mw”._ODOI MoV AX, (oo

Ny W\ ov 03, P
— SS=4000H
; mov M Yoo
cdi? 52 — _Main program offset is 200H|
mm“\,n w e Ooc\n._ﬁ ?ocz.ﬁwnm:;m,.\:::.._wmm cf interrupts) offset is 100H _,H“ WH ﬂ « e
>° — _Em:.cE.mmgnm%oczzm ccde segment is 20C0H %éf.,u_%,, wov 1F5.186) / (w0
— Interrupt-service routine code offset is 1000H \o' ugd 119 Mov [£>,78% Zoco)
prvtad
— Stack has an offset of 500H to the current stack segment ;ﬂwﬁ. o) M,.ﬂ%_mﬂm.ﬂ%
- " - LA
Y— [Viake a map of the memory space organisation "
@— VWrite a main program and a servica routine to count Eﬁwm_. of
positive interrupt transitions. ot B e
OF » wen

Jhe

ke ooty o Show oM Hws 2 i
28



4 00000H |
“Niemory organizatio |
: _ g 1aa
L W o O
0O180M | TPnes 1000
Main or €0182H [Csn,, 2000H
- rogram SRVATN _ IYNE
1
| Sat up g __ fiuj I
Segment slack Segiment Save _"
and stack pointer ? M."quamo_ m )
: | o
10C0H: OCOCH |
.“ ..... —
m count  —> ._Ecxnﬂca:_m-i
§ o~ v — J
e —— T ESET —- 1000H: C200H | i .,
6ovy . Setupthe \ - roM ey TP | j |
AoYd AL ﬂﬁ_ﬁ _ | _:niuﬂﬁi 1he: p Py Mzin pegram
: wactor g a1 i
- ] | i |

e
- ed

push s Pop U & Jf

.
L
_—

INTR —= 2004H: ._n_.pﬁInn Ly
E | 3 lomewnmy
WTR hand it i I 4, zarvse
e ! _ f Moas'r s
m Erable Restore m _ | =’
i processar : |
irterr _ ! 4 .
; \._._n:m s:atus _ 4 -
s i m_. | .. __. |
_ B mono_._“on_borm ——— .,._
— H
i : i
¥ i | . ¥ Stackh
4000H: 05001 i yog | =M
_ | = e
¥ * ’ P + s - ﬂi-u. ._
_.o.oﬁ . - .ﬁ . _ i \
] 1
do h Wait for

4

Ak leble (c) . .

—_ Return ﬁ #
%! * rierrup ; |

{b}
Q@ekin 3 Subeh O



iMain p,

0ODOH

-
B = a »
i ﬁ \rt\...l.ln‘”.

“OQram, START = 1000:0200H -
START: - i : 1000H: 06000!
L MOV AX; 1000H w :Setup data mmmémﬂb at
MOV NS, ax Ds= foo o o T
JV DS, AX _ . 0
MOV AX, 4000H - ;Setup stack segment at e
MOV $S.aX W 53 = Yooy
MOV 5P, 0S0QH 9 s .T05 is at 4000H;05060H
" N i i o 3 ! = ‘ ! e
MOV AX, 0CQO0R &fsttnmmmﬂﬁmﬁﬁ for interrupt vectoy
MOV ES) A DL AYE . o
MOV AR, $C00H ;Service routine offser
MOV _hw.uasmwa¢wm1,?? <
MOV AX, 2000H o ;Service routine sesgment
MO me“pmmnw‘xk - _
_ 571 &3f€ntai ;Enable interrupLs
- - Lot b __..?Tm 3 : ’ 5 -
HERF: ™ mwhiﬁ HERE (B .15, 200 ;Wait for interrupt

b2 arsp (@ (epy
Samﬂﬂcﬁn

; AX)

Pv._g 100H}-
Al

-

Service Routine,

SRVRTN = 2000H:1000H

.wwﬁn register to be used

Get the count
ua*FQ?,.HzﬁrmBmﬂr tha count
count  Decimal asdiust the count

;Save the 5§&m*Jm ceurnt
rRestore the redister uced
:Return from the interrupt

(d)

3C



‘ 8259 vqonwmz_imc_m

U,H 9 . . .
. rﬁm 8259 wwo.ﬁmsﬁpmzm interrupt controller (PIC) adds Emmﬁ
eC OH.nwhm HUHHOHHaw @HHOOQ.WQ. wuﬂmgwuwm to ._”Hu.nw EMO_HOHUHOOWMMOH- @m..mtﬂ...oﬁ”u%?{f -

Interrupt Controller

nu\n.w..-} %ﬁb@.ﬁl?&\m .n_W.......LL.:HuT_

*This controller can be expanded to accept up to 64 Interrupt  vov uke one
requests. This requires a master 8259 and eight 8259 slaves. e
*Vector an Interrupt request anywhere in the memory map.

*Resolve eight levels of interrupt priorities in a variety of modes,

such as fully nested mode. automatic rotation mode, and specific

rotation mode.
«Mask each of the interrupt request mndividually

«Read the status of the pending interrupts, in-service mterrupts
mogher _ slave. mode :

and masked mterrupts.
W - nMI..uu_._ll T..Qn_...&:
and | can &65..&.# Hhe __L..\%T
hype vamber olse tcan ghowy the

ube bo SelEd e Priovivy -
; _.fﬂ-...m _}L.u_____._m.w MADU..H G_b__ p‘rb 31



Block diagram of 82C59

i

Vg, GNP

Host processor a_q M
interface :

Ualuq

jb_-r.uwn W

oY
Fremfer doda

T e o veod Feerd,
b He nunmbet ED 3>
ek vngon ﬂ\ of trnbrupl- -

PIC and AV Lo Send WR 3= comet- with Infrap) deuvicn
no_..:!a_._}hf e —_
G.... \ - — Fo othwe LC a¥ ﬂﬁ\ )
terop. cddreyy M o= C§ - w@_.nn. . _.r.;w Intorrupt inputs betucen PIC and
Ne Ay ey : \nhvndt deuce
INT —~e 82CS9A _ IRo-IR;
= > .wﬁnt_._;nfa__ra*. Priuty 3o gewens I/_‘ —
1 e L A S DA EEER
moafses .oV ..%.hn E i S e @ ntorm he | cugep) _i;._%
Redg U1 gy oMLept =

neste) Q10O )3y iy
\ _Nlm...nu W év/ e
o

@ ko tewg T&-. nunbey .mf“mw.F TJGAWA.

wp to B device
G V)
Connedk with devite

ok TP we need to Inteersc Hre nunber of deaie
Connecd wn

ofheenr pro (el

y 30 we ohonge wole Yo Casterdr dewitas
151}
Ry .?_.n. — Conn ech wan' R am..l@ AL reoars Toamab ety
Ric QT pe PIGL The pic thud Comnect wih m ﬂ “IHh B,
ek ﬂ_h connect wn th iﬂwcﬂu ﬁ.nr:nﬁ_ tddean
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= moﬂnmﬁ Umm@ ram

82C59A __ﬂww CERDIP, S0IC)
VIEWY
- \pru Pin

Ummnm:u._,_oz |
Umﬂm Bus _..wﬁ:mnaonms

mm\\ma\_bna {
8 Write input M

m%@mm%&

-Chip Select
Pwnqmam__ ﬁmﬁ - |
Gao ﬁﬁ _:_...5 mzmgm

~ 1~  cemd Inbvd Yabe ¢ Yhvow g.c...n..\w



3259 System Bus

V ADDRESS BUS (16) /., ﬂ

v CONTROL BUS . ﬁ
M  DATADUZ{(8) | W

_ =
. . S
e deli ey S P Y3\ wos 15 a2 .
deccd et . & . _ i ; C\,.r
dired 015 us ) e m——— .
cs m LS gﬁ,  O7-Dg’

., hmwm- Pﬂ_ma.wma. el ﬁ?}zﬂ.:_...m 82C59A
IRQ IRQ IRQ 1RQ

CASCADE
LIRES
to obney .

YiC

Co Cinde = ) _
1 U ey &€ \ ; INTERRUPT cXtema] W oy Conwng ol
ook el [ sl N T mEm_ w@mb%mw-%mﬂ& REQUESTS  wilh obhee py¢
p . IM
f.f?hu..&ﬂﬁn &

wode  §2C59A STANDARD SYETEM BUS INTERFACE



..m.m_ C59A _u_.om_.m_sSma_m Interrupt Controller

. wwonw diagram of 82C59A includes 8 blocks

8259 is treateq by the host
— 8259

oy Guaded 01 oy
Conneh wakh mioiep . -

: . processor as a peripheral device.  in o 41 Precnd L2y
IS Configured by the host pocessor to select functions.

B ﬂmﬁm bus buffer and read-write logic: are used to configure ks
internal registers of the chip.

sWever P

J)
prece 3z mudd 0
0 winet )\ Gayy) Jﬁ%.
. - i —_ G
ﬁﬁﬁ __”mcsm?_ : antomatle A0 address selects differant command words within EW mmmr.wc - M_.mwsmmf - f.mﬁe
Mrﬂ_w"..ﬂ. gmuL Motmed u T..% O Coslo g, Vermooe g, ¥ nm.vmt mﬁ._me.m W o 2)? T
Toaemwii e ,. TIA e S~
sz s SR OV s o Amﬂw\ :
handl ) Ty L s W Arda Y ke ¢ s 7y Slev e pic
& o N DATA , 2 IR aknulely 3N ssy
emd of (ntrugh 07-0o A“vam —BUS. _ Fig CONTROL LOSIC
ﬁ%_ﬁ A m BUFFER
\SR Wi 9 Yemiwe v | 1
| Canplegia ﬂ
C@an wo ea\sdl ~ A‘V/
' . p 7 : i nw.hu%_.b p—.n—ﬂk&u
conmech i L READ! 1¢ ﬁ%z f.ﬁz the righet
Cuhirel Bn WER WRITE Emb\u =
od dieesA Ap LOGIC ayore P 1 SRS RESCLVER K
Cowme Cimond 3 of_”r Yod CTIER), ockive | yer
s Re=0 — Mi_a.\w e Y ek, .
wn ovhet Qor | CS v%ﬁm..ﬁ .nc,a..._bocthw N M hcadte 8
St — et Gy
- . gk 2% o =, Jb 1250 o v 2
¢ ) N o INTERRUPT.MASK REG  wser (9} 22 ¥ v o vy
9_.“._0& _m_”"...ﬁ_mzm&i?_ MMMM T g MMW\\M% m&' - &WWMW. | (IRY on allowed) U M.xovn , .\.WI..MRM.JEA
roaiee with CAS 2 et Mnoqﬁwbmﬂo& \h&; R0 @Dk R 7 n ovder ko TIC Indivsseed | >
lay ek o L o) / |H%\ . Bilf—s AR T ek of C [IMR L ( rorsk one ) “Aes
waodter wint Fo g !
: e INTERNAL BUS Ny
wip Slavel g SPIEN stove Cestad 1D 1d of st~ Td of M =W
50 1Sk Vg, nuusbe Zett - @@ Vo Send by medybes _ m.1|1| - .mE Qﬂ } bl YiCYop-)
ot L Qﬂ#o Polew @ﬁo?w%c:ﬁ 1 \ 2 Cuitd e Ji 3o Oy Wi "
Tmo 0 0N Ln écmu 7 36 by ceeende ) 1 - (G n gy 3
o = I\ Srbstt Y ige Juyhk 5 S oL S W el
‘\|0\|_\U\\I\|N|\ ﬁ.nr.__ﬁuna@m ﬁs..mm_@_... .~f n:_._._...cn.m.., : : G.“w.u N._oﬂmmnﬂh\__. .Cn.-\ _._..._uv”w.w..bﬂ.._ N @ Semb Inbr Yupe & Yhvony e Yoy
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S2C59A Programmable Interru

e e
pt controlier
dshaking interface.

—

C . -
ONntrol L ogic INT and INTA™ ared used as the han cted to @

) INT output connects to the INTR pin of the master and is conne
Master IR pin on a slave. INTA™ is sent as a reply. - cianal s o
z._.mv. m_m_ CUU_ PB.L“. h B

) In @ system with master and slaves, only the master |
Connected. acaded bed I GuJp (s ' omw I TR gy
rupt inputs IR; to IR7 LS

Hﬁmﬁ 'Upt Registers and Priority Resolver: Interrug IR,

mm: be configured as either fevei-sensitive or edge-trizgered inCuts.
ge-triggered inputs become aciive on 0 to 1 transitions. -

1. Interrupt request register (IRR}: is used to indicate all interrupt

levels requesting service.

in service register (ISR): is used to store all inteitupt levels which are

currently being serviced.
interrupt mask register (IMR): is used to enable or mask out the
individual interrupt inputs through bits MO to M7. 0= enable, 1=

masked out.
mwm%@_ﬁmn This block determines the priorities of the bits set in

4. / FeSC
“the IRR. The highest priority is selected and strobed into the
corresponding bit of the ISR during the INTA  sequence.
The priority resolver examines these 3 registers and determines

B whether INT should be sent to the MPU

-y

£,

3.

36



82C39A P
rogrammable Interrupt Controller

52C59A Programmable Interrupt Controller

— Ca .

mm_an de _o.:znmw comparator: Sends the address of the

d cted chip to the slaves in the master mode and
ecodes the stafus m:%omﬁmg by the master to find own

address to respond.

_ Cascade interface CAS;-CAS, and SP/EN
. Cascade interface CAS-CAS, carry the ~ddress of the slave to be

serviced.
e master in cascade mode

. SP/EN -=1 selects the chip as th
-=0 selects the chip as the slave in cascade mode
he enable output for

-in single mode it becomes i
the data transiver

37



e
==

CLE

1 :
‘ Mwwmﬁsao_. e of the INTERRUPT REQUEST lines (IR0 - IR7) are
2) Th igh, setting the corresponding IRR bit(s). |
Smm%mmmogb evaluates those requests in the priority .qmmo_cmﬁ with
to the O and ISR, resolves the priority and sends an interrupt (INT)
the CPU, if appropriate.

3) The CPU acknowledges tite INT and responds with first INTA pulse.

4) During this INTA puise, the appropriate ISR bit is set and the
corresponding bit in the IRR is reset (to remove request). The
82C59A does not drive the data bus during the first INTA pulse.

5) The 80C86/88/286 CPU will initiate a second INTA pulse. The
Mwum_.w_mwb outputs the 8-bit pointer onto the data bus to be read by the
6) This completes the interrupt cycle. Inthe Automatic End of
interrupt (AEOI) mode, the ISR bitis reset at the end of the second
INTA pulse. Otherwise, the ISR bit remains set until an appropriate
End of Interrupt (EOI) command is issued at the end of the interrupt

subroutine.

..mmwmz.cvﬂ Sequence

B o .m

EY.



d IRY

y in service as

This priority str
Priority structure extends to interrupts currentl

well as simult :
S _“c_,mjmocm interrupt requests
Bty o_u.,m. if an interrupt on IR3 is being serviced (183 = 1) and a
reque ccurs on IR2, the controller will issue an interrupt request
ecause IR2 has higher priority.

But if an IR4 is received (or any interrupt higher than IR2), the
controlier will not issue the request |

t be acknowledged unless
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Two types of command words are
provided to prograim the 8259:

2 A TR words
1) The initializatic nd erdbion swhen

(ICW)  \wlieskion Q¢ Yo Bact oPEIR v

wie v ¥

2) The operational command words
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FoFE oftign a3, ocws

»  Writing ICW1, clears ISR and 2 g w i
cc 1
IMR ,IRR
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e Also Special Masked mode SMM
in OCW3, IRR in OCW3 and ECI

—

in OCW2 are cleared to logic 0.

NO (IC4 =0)

»  Fully Nested Mode is entered.
¢  ICW3 and ICW4 are optional
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« It is not possible to modify just one
ICW. Whole ICW sequence must
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T his signals MPU that external device needs to be serviced. If IF is set. As the first INTA is
sent out the master is signaled to output the 3 Lit cascade code of the slave device whose whose
interrupt request is being acknowledged on the CAS bus, All slaves read this code snd compare
interualiy

v The siave corresponding to the code is si
priority active interr

gnaled to output the type number

of its highest
upt on the data bus during the second INTA cycle.
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. Example Master-Slave

+5\

IR,

IR.

INT,
— T
T
o INT,
T InNT,

LNT,

1

17— INT,

CAS
INT

8259

Slave

IR,

INT,

INT,,

v Any requests on interrupt lines NT7

through INT14 will cause IRO to be )
activated on the MASTER.

v The MASTER will then examine the bit 6

inits ICW3 to see if it is set. i

v Tf so it will output the cascade number of
he SLAVE on CASO through CAS2.

v These cascade bits are received by the
YLAVE device which examines 1ts ICW3 to
see if there is a match..

v The programmer must have pro grammed
110 into the SLAVE’S ICW3. If there is a
match between the cascade number and
ICW3, the SLAVE device will output the
appropriate vector number during the

second INTA pulse.
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