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Chapter 9

8086/8088 Hardware Specifications
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Objectives

» Describe the functions of all 8086/8088 pins
* Understand DC characteristics:
-> Voltage levels and Noise margin
- Current levels and Fan-out
« Use the clock generator 8284A chip
« Connect buffers and latches to the buses
* |Interpret timing diagrams
* Describe wait states and design their circuits

* Explain the differences between minimum and
maximum modes
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The 8086/8088

 Fairly old microprocessors, but still considered a good
way to introduce the Intel family

« Both microprocessors use 16-bit registers and data
bus and 20-bit address bus (supporting

1 MB memory), but:
- The 8086 (1978): 16-bit external data bus:
Memory required two “byte banks”
- The 8088 (1979). 8-bit external data bus:
Memory required One “byte bank”
« Sitill used in embedded systems (cost is less than $1)
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Each processor

Can operate in two Maximum mode ;| Minimum mode
modes Operation with a e |[Ie mam e | I e
Math Coprocessor MODE -“*I’E] MODE| || MODE
GND [ 1 e 403 vee Basic ) GND [ 1 an [ veC
AD14 [ 2 nh a5 | Operation Ald [ 2 B0 A5
AD13 [ 3 387 A16/83 M3 13 38 ] A16S3
AD12 [ 4 37 [] Al7/84 A2 [ 4 37 [ ArTise
: AD11 [ 5 36[] A18/85 A 5 3] AMass
g&%gu&get: . AD1D [ & a5y mosss Ao [ 6 36 ] A19/86
, MIin mode: ape 7 34[7] BHE/ST A7 2417 550 |(HIGH)
e e * gh MK jy—F_) Selects s " gap[uwix| |
20 Address words ™ 2h m Min/Max Mode ... 4, U »H &
16 Data ADS ] 10 31 7] H&GTCI (HOLD) ADS O] 10 31 [ HowD |RGGTD)
ADs O] 11 300 ROGTI (HLDA) ADS [ 11 0[] HLDA |(AQGTI)
20 Control & Status e o xh e e w1 O 12 »F ¥R |50
3 Power apas O 13 % 2 |Mig) AD3 [ 13 221 10/ |32
ap2 O 14 70 S (DT/A) anz [ 14 271 DT/R |(S1)
59 Total AD1 E 15 (] 8 |(DEN} Aot [ 15 26[1 DEN |(SD)
> The 40 pins available’® 4 261 080 ALY ol B B A= e
nwal L 17 24 [ GS1  [(INTR) Nhi 17 24[] NTA  |(QS1)
Nt [ 18 23d TEST INTR [] 18 2a[] TEST
—~ Use multiplexing, ¢k 0 19 2 [ ReADY ok 19 22[1 READY
e.g. ADi, A16/S3 eno O 2o 21 RESET 6o [ 20 210 RESET
(a) (b)

38086 3088
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DC Pin Characteristics:
Voltage Levels & Noise Margins
Standard TTL Output and Input Voltage Levels

Vce § 5.0V
1 Logi‘é: Level
QOutputs Inputs
2.4V (min ’ 1-Level
2.0V (min) Noise Margin
Guaranteed Accepted
Output Levels Input Levels
0.8 V (max)
0.4 V (max | O-Level
0 Logi¢ Level : Noise Margin

Ground , 00V

e
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DC Pin Characteristics:
Current Levels & Fan-out

Fan out for a standard TTL output S— .
_ ource: Current out of pin
How many inputs can an output support? Sink: Current into pin
For the O logic Level: (output “sinks” current)

Standard oFg  OfP can sink up to

TTL NAND Gate | * 1|6 MAmaX : —
1 @ 0 i P <:||/P - _ —
= : » ' ON An I/P sources "~ j .

::|'| i | up to 1.6 mA

0-level Fanout = Maximum number of inputs that the output can support
=16 mA/1.6 mA =10

For the 1 logic Level: (output “sources” current) .
—1 O/P can source up to If different,
_ ON 400 pA max take fan-out as the smallest
=5 1 ‘ — of the two numbers
Any 0 °*° @ - : gl _ \
; . OFE I/P sinks
up to 40 pA 1-Level fan out = 10 also
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8088/86 Pin Characteristics: DC

Guaranteed
?utput levels

Output pins

Accepted

Input pins Tput levels

Logic Level Voltage Current Logic Level Yoltage Current
Ll 045 V maximum | 2.0 mA maximum [l 0.8V maximum | =10 uA maximum
# X / *
24V mimsaym | =400 “WIHI V20V minimum | +10 uA maximum
\‘\\ #

* =16 mA for standard 7 L mA for standard 74 TTL
#=0.40V for standard 74 TTL for standard 74 TTL
8086/88 up does not strictly comply
with the DC characteristics

of the TTL family

=08-040=040V

uP
(for standard 74 TTL O/P)

—>

0 level fan-outtoa TTLgate =2+ 1.6 ~ 1
=16+1.6=10
(for standard 74 TTL O/P)

Better or worse than standard
TTL?

+: Current into pin (sink)
- . Current out of pin (source)

(8086/88 pP)
A processor output can drive only:
* One 74XXinput, or

* One 74SXX input, or

* Five 74LSXX inputs, or
* Ten 74ALSXX inputs, or
* Ten 74HCXX inputs
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- Lower fan-out
- Lower noise margin
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8088/86 Pin Characteristics: DC

* |Input pins are TTL compatible and require only £10pA
of current (actually better than TTL inputs)

* Qutput pins are nearly TTL compatible, but have problems at
logic O:

- A higher maximum logic 0 voltage of 0.45 V (instead of the
TTL standard of 0.4 V)

This reduces logic 0 noise margin from 400 mV to 350 mV...
- So, be careful with long wiring from output pins

- A lower logic 0 sinks a current of only 2.0 mA (instead 16 mA
for the standard 74 TTL)

This reduces fan out capabillity...Solutions:

- Use 74LS, AL, or HC circuits for interfacing (they have a
lower input current than standard 74 family circuits)

- Or use buffers
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The Buses: Address, Data, Status, Control

e Data, D

e Control lines
Some functions are multiplexed on the same pins to reduce chip pin count

* Address, A (for memory & |/O)

o Status, S

N g

Address <=

» «

»Data

AD15-0

ADDR/DATA Avs-Ap

pins 4

DATA QUT iDys-0g!

X

' ALE: Latch address o/ps to a buffer before they disappear!

* For both uPs: Address bus signals
are AO0-A19 (20 lines) for 1M byte of
addressing space

« Data bus signals are
- DO-D7 for the 8088 (8-bit)

- DO-D15 for the 8086 (16-bit)

 The address & data pins
are multiplexed as:

- ADO-AD7 (8088)
- or ADO-AD15 (8086)

» Address/Status pins are MUXed
- A/S for A16-19 (both uPs)

GND ET_V'—:;:] voC

an14 [ 2 wb apis)

AD13 [ 43 B[] A6/S3

AD12 [ 4 3] At7/84

AD11 ] 5 3] A18/85

o1 O 6 a5 A9/SE

ape 7 34| BHEST

ADs [l a o 330 r.nhmx WIN
w7 O e Y Ll R [ MODE
ADs O 10 31:|F_§'Hoa
Aps O 1 300 RO/GT! (HLDA)
apa [ 12 29[ LOCK (WR)
an3 O 13 280 8  |wig
ape [ 14 210 q_ (DT
ADt O 15 6] § (DEN}
ax O s 25[1 QS0 (ALE)
na O 17 24[1 081 (INTR)
inte [ 18 230 TEsT

ck O 18 22 [1 READY

oD L 20 21[J RESET

>- -- In a Write Cycle

ao 1~ ah v
Afd EH @O AB
M3 32 38[7] AIGS3
A2 4 IO mTise
M [O5s AN A1BSS
sy 6 45 ] AO/S6
A 17 ) 550
AR Es aoee 3300 MM
ADT [ 9 CPU g ] fb
ADs O 10 31[] HOWD
ADS [ 1 301 HLDA
AD4 [ 12 29[ %R
403 [ 13 221 1M
apz O 14 270 DT
Aot [ 15 26[1 DEN
Ana O] 16 35[] ALE
Wl O 17 240 INTA
INTR [ 18 2a[1 TEST
K o 2210 READY
Gno L 20 21[] RESET

« The ALE O/P signal is used to demultiplex the address/data (AD) bus
and also the address/status (A/S) bus.

Brey: The Intel Microprocessors, 7e
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The Status (S) Bus: 8 bits ~ 86:#50-52, 8357

88: #S0-S2, S3-S6, #SS0
« 86: Address bits A16-A19 & #BHE: muxed with the status bits S3-S7.

» Status
oyt *auea,mﬁ $7-83 ) Indicates status of processor and bus cycle
T ALE: Latch address, #BHE o/ps to a buffer

« S3 & 54 indicate which segment  wog: ™ wp we oo ~ wh v
H H H 4 3 AD1S Ald F. 13 AlS
register is used with the current " o R a3 s Ers
instruction: otz [ 4 s M7 w2 4 3y st
AD11 ] 5 367 AIB/SE AN s 3 [] mess er;ﬁ__
ap1n [ 8 35 AwSE Alg [ 6 s Aawse |
34 33 Characteristics Ao [O7 34[7 BHEST wgr [B88] (HIGH)
ADe [ a - 330 MuATE [ N Ae [ 8 a0 MNEE
0(LOW) | 0 | Alternate Data (extrasegment) | wrde ¥ w=pm  [wooe ords ' wp ®
ADs O 10 31 [ RQ/GTC (HOLD) ADG [ 10 31[] HOD (RQGTO)
0 1 Stack Aps O 1 30 RO/GTI (HLDA) ADS [ 11 %[ Hoa  ([ROGTI}
aps [ 12 23] LOCK (WRj AD4 [ 12 2071 WR _(LOCK
1 (HIGH) | 0 | Code or None o O 13 <OIE o) s O 13 2201 10| &2
Az O 14 208§ | TR anz [ 14 271 DT/R | (S1)
1 1 Data ADt O 15 26 1| 80 | (DEN) Aot [ 1s 26[1 DEN | (SO)
a0 L] 16 251 Q80 (ALE) ano [ 16 85 ALE  {0S0)
. nw O 47 240 081 (INTR) i O 17 2a[] INTA  (QS1)
S5 =the IF (Interrupt flag) bit wmge  =pws wRCw ) TE
" cK O 19 22 (1 READY cw [ 1o 221 READY
N FLAGS eho [ 20 21 [1 RESET eno [ 20 21[0 RESET

) 865 0 Spare #S0,1,2 are not MUXed. They encode bus status (current bus cycle)
+ S7:1 Available only in the MAX mode for use by a bus controller chip
Brey: The Intel Microprocessors, 7¢ #SS0: Not Muxed, Min mode



Control Bus: Main Control Signals
1. Signals that are common to both MIN and MAX modes:

 The read output (#RD) ot~ wh o sody ~ s
. . . AD14 [] 2 39[7 AD15 Ald ]2 B[ A5
(| e RD) |nd|CateS a AD13 [ 3 B[] AwS3 M3 3 B[] AIES3
T ] AD1Z [ 4 T[] At7/84 A2 4 [ ATIss
' A1 [ s aa [ A1B/S5 A s %[y mess | WX
read Operatlon DI [ & 35 [ A19/SE ao 06 35 [ A19/56 ]""”h
. apo [ 7 34[7 BHEsST AT 34 e?:“_ (HIGH)
Note: The write (#WWR) wogls %% wbw ) g O3 e
AD7 O 0 1zl R—> | MODE Aot [ ¢ 32l RO
- I I ADs O 10 a1 1 RG/GTC (HOLD) ADE [ 10 31 [ HOLD (RQGTO)
OUtpUt Indlcates a erte Aps O 30[J RO/GTI (HLDA) Aps O 1 30 HLoa (ROGTI)
aps [ 12 2] OCK W) ADd [ 12 2[] WR ([LOCK)
(a MIN mOde OUtpUt) ana O3 2800 sz mig) 403 [ 13 B[O WM 53
. ape [ 14 ol WY DT/ anz [ 14 270 DT/R (8D
« The READY input: when  wgs  =ps o o Cs w00 @
) Ao O 16 2501 QS0 (ALE) ana [ 16 35[0 ALE  (0S0)
- nmt O 7 240 0S1  (INTR) wat O 17 oa[] NTA  (GS1)
|OW ( nOt ready)’ forces intR O 18 230 TEST INTR [] 18 231 TEST
cuK [ 19 22 [l READY <— ck o 22 [l READY
the processor to enter o= Y -yl soln b e

a wait state. Facilitates
interfacing the processor
to slow memory chips #or = Active low signal
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Main Control Signals, Contd.

Two hardware interrupt inputs:

* INTR input: Hardware interrupt
request. Entertained only if the IF
flag is set. The up enters an
interrupt ACK cycle by lowering the
#INTA output

The IF flag bit is set (to enable
interrupts) using the STl instruction,
and cleared by CLI

« NMI input: Hardware non-maskable
interrupt request. Entertained
regardless of the status of the IF
flag. Uses interrupt vector 2

 #TEST input: Example: interfacing
the uP with the 8087 math
coprocessor. Checked by the WAIT
instruction that precedes each
floating point instruction. If high, the
instruction waits till the #TEST input
signal goes low to determine that
the FP math processor has finished

GND [ 1 = 403 vee GND []1 ~ -mE VG

aDt4 [ 2 37 D15 Ats 2 ¥ AlB

AD13 3 B[] AM6/83 M3 3 387 AI6S53

AD12 [ 4 37T[] A1F/S4 A2 [ 4 T[] mrTiss

AD11 [ 5 a6l A18/S5 Al s s mess IJ:'?H

app 0. 35 [ A9/SE A 6 3 A18/56 e

ape 7 065 M0 BHEST gt 3 886 (HiGH)

ADe [0 a 33[7 MNATK [ MIN AR [ 337 MNMX

wrde ™ owpm [““"‘Jﬁl wrds Y sp @

Aps O 1o 31 [ RG/GTG (HOLD) ADs O 10 31[] HOLD (ROYGTO

aps O n 00 ROGTI (HLDA) ADs [ 11 3 Hoa  (ROGTI)

ADs [ 12 29[ LOCK (WR) ADd [ 12 20[] WR  ([LOCK)

ans O 13 %0 &% M0 403 [ 13 20 1M 352

ap O 14 o] S (DT anz [ 14 27 DR (8

ADt O 15 26 5  (OEN) Aot [ 15 26[7 DEN  (5D)

Ao O 18 2501 Q80 (ALE) ang [ 16 5[ ALE  (080)
—> jl? 24l OS1  (INTR) wnal I 17 INTA (ST —>
—> INTR Il 16 EHE TEST <— INTR TEST

cu O 19 22 [ READY CLK READY

oD H 20 21 [0 RESET GND RESET

Test for low
8087
8086 / =
rocessor | & B Math
P #TEST  J27 (Coprocessor

Synchronizes

processor execution to external events
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Main Control Signals, Contd.

CLK input: Basic timing clock for the
processor. 1:3 duty cycle

MN/#MX input: Selects either

Minimum (+ 5V directly) or Maximum

mode (GND)

#BHE/S7 output (MUXed):

#BHE: (Bus High Enable) Enables
writing to the high byte of the 16-bit
data bus on the 8086

Not on 8088 (it has only 8-bit data
bus- no high byte!)

RESET input: resets the
microprocessor (reboots the
computer). Causes the processor to
start executing at address FFFFOH
(Start of last 16 bytes of ROM at the
top of the 1TMB memory) after
disabling the INTR input interrupts
(CLR IF flag). Input must be kept
high for at least 50 us. Sampled by

A

GND [ 1 403 vee

aD14 [ 2 30 AD15

AD13 [ 3 8] A16/83

AD1z [ 4 T[] A1E4

AD11 [ 5 3] AIB/SE

Ao [Oe a5 A19/SE

ape 47 34[] BHEST —»

ADa [ a 566 33l AT [ MIN

a7 O 9 R azE D [“U‘JE

AD& O 0 31 ] RQ/GTO (HOLD)

aos O n 00 ROGTI (HLDA)

ADs [ 12 29[ LOCK (WR)

ana 13 » sz [MAC)

ape O 14 o] S (DT

ADt O 15 6] S  (DEN)

wa O 18 2501 Q80 (ALE)

w17 pa[1 081 (INTR)

intR [ 18 230 TEST
—»CLK Hw 2 [ RrREADY

GND 20 21 RESET €—

the processor at the + ive clock edge

Brey: The Intel Microprocessors, 7e

GND 1
Ald |:' 2
M3 3
A12 4
At s
Mo 6
a7
A s
ADT [ 4
ADs O 10
ADs [ 11
ADd [ 12
4ps O s
apz [ 14
Aot O 15
ang L] 16
Wl O 17
INTR [ 18
CLK
GND

CPU

d'U

i

3¢ [ 550
8088 AN

a2
3
30
29
28
a7
6
25
24
23

19 z21
20 21

VCC
Als
AlG/S3
BI7IS4
AlBES
A19S6

jqu

1] HOLD
] HLDA  {F

] WR

] DA
] DEN
1 ALE
1 NTA
1 TEST
READY

RESET

T10/IM (5%

MAR
WODE
(HIGH)
4_

GT0)

(¢!
AOGT

(LOCR)
52
(81
(S0)
10x30)
(G511
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2. Minimum Mode Signals

For the processor to operate in the minimum mode, connect MN/#MX
iInput directly to +5V.

«  M/#IO or IO/#M output: indicates ~ sog: ™~ wp ve “ g -~ ﬁE‘f
whether the address on the - Wb s = B0 s
address bus is a memory abtz [ 4 W A f:w =5 e ;L; .
address (IO/#M=0)oranl/O g =g W M el
address (IO/#M = 1) wods - wh s adr o, upwm_ o

. 0 0 a ] MUK [ MIN Ap [ 8 33 I
- #WR output: indicates a write ods ™ ahwm bwel  erde ™ ehm
i s O 31 1 |RGVGTG (HOLD) 6 [ 31 HOID (RQYGTO)
Operatlon . igg E 1? 3:-::'_11 ﬂj‘%:?u:.; i; C :? o t-:l;ﬁa qT__'h
«  #INTA output: interrupt v R B! = ool I -~
. ana O 13 2 M |s2 e e 403 s za il 10IM (52
acknowledgement. Goes low in oo O 1 »hlE o sz O 14 2 o @)
response to a hardware interrupt ~ wgs el om o soQe &g E S
0 0 2 0 (ALE) Sl ALE |
request applied to the INTR input. ds  |ZEf s wds  wmm oo
Interrupting device uses it to put =~ wemw  apE e e s T
I cik O 19 22 [ READY ok [ 19 221 READY
the interrupt vector number on wo O b neser oo O 2P aese

the data bus. The up reads the

number and identifies the ISR* |
. ALE (address latch enable) Note: Address on the bus can be either for

output: Indicates that the muxed memory or I/O devices. M/#lO signal indicates

AD bus now carries address which
(memory or I/O). Use to latch
that address to an external circuit *SR = Interrupt Service Routine

before the processor removes it!.
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Minimum Mode Signals, Contd.

For the processor to operate in the minimum mode, connect MN/#MX
iInput directly to +5V.

 DT/R output: indicates if the data bus  sed: ™~ ap we Gwnga ~ .WE vee
is transmitting (outputing) data (=1) or e @p o1 re g o e
N1 1 1 — A3 O3 [ Aes3 A3 3 38[] Ale/S3
receiving (inputting) data (=0). Use to o2 ¢ e a2 g« i
control external bidirectional buffers on s %0 ASs a1 s W[ s | M
connected to the data bus. or e o o ds PH o
- #DEN output: (data bus enable). Active  wege ** s mis [ Cls T2 @0 WM
when AD bus carries data not address. ~ wrge 0 =bm R pal S AN e
Use to activate external data buffers. o= B BT, s o e FLET

L]

LOCK [(WR) A4 [
S2 10 aos O

2] Wi ([LOCR)
a0 W0M 53

 HOLD input: Requests a direct memory  #: g+

ana O

o
2 B

=

"

&
I

access (DMA) from the uP. In response, , 3, O e I ;g-f:m,-ﬁ &
the uP stops execution and places the ot s xM® ©m—> O ol 5V S
data, address, and control buses at ME o " E 16 ?’jg o
. NI (INTA) e b A ™ =il
ngh Z State (floats them)- INTR I: TST INTR E 18 2301 'l'_éiﬁ
 HLDA output: Acknowledges that the oLk O 1 READY = 221 READY
- ohp M : RESET oo [ 20 21[] RESET
processor has entered a hold state in
response to HOLD.
MP 1I0/M DT/R 550 Function
. Bidirecti I
- #SS0 output: Equivalent to the SO ¢ "0 2o o 0 0 Interrupt acknowledge
status output of the maximum mode. - 0 0 ! i
. Enable Direction 0 1 0 Memcfy write
Use with |O/#M and DT/#R to decode - 0 ’ 1 Halt
the current bus cycle (Table 9-5) #DENSﬁ e 1 0 0 Opcode fetch
1 0 1 I/0O read
(8088) TABLE -5 Buscycle 4 1 1 0 VO write
1 1 1 Passive

status (8088) using SSO.
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Multiprocessor System

Local Local Local Local Local Local
memory 1’0 memory e memory IO
Local Bus Local Bus Local Bus >

@

‘_
Bus slave Bus stave
microprocessor microprocessor mlcroprocessor
D AN Py AN 3 Sync

4  Xtal
U N
Shared Bus \ Bu

/| microprocessor

U0

Generator

Shared Shared
memory /0

FIGURE 13-14 A block diagram illustrating the shared and local buses.
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3. Maximum Mode Signals

For the processor to operate in the minimum mode, connect MN/#MX

input to ground.

«  #S0,#S1,#S2 outputs: Status bits that
encode the type of the

Used by the 8288 bus controller and the o

8087 coprocessor (Table 9-6) (3 Vs 8)
« #RQ/GTO, #RQ/GT1: Bidirectional line

for requesting and granting bus access  «» g
(Request/Get). For use in multiprocessor ** =
systems. The RG/GTO line has higher ¢

priority

of uP instructions having the LOCK
prefix. Can be used to prevent other

microprocessors from using the system ¢

(shared) buses to access shared
memory or |/O for the duration of such
instructions, e.g.

LOCK:MOV AL,[SI]

«  QSO0, QS1 (Queue Status) outputs:
indicate the status of the internal
instruction queue (Table 9-7). For use

#LOCK output: Activated for the duration g

the 8087 coprocessor . oo

to keep in step with

the 8088/86
Brey: The Intel Microproces: Table 9-7

GND [ 1 403 vco GND 1 ~ .WE VCC
AD14 [ 2 38[7 AD15 Ald Ey B[] AlS
3 .7 A6/S3 M3 32 387 AlE/S3
A2 [ 4 T[] AI7S4 M2 [« T ATIse
AD1 []5 36[7] A18/85 AN ]S B[] Mess J WA,
S wonds as [ A19/S6 mo 6 [y mase (MODE
7 a066 M0 BHEE? AT - 34 é‘t.“_ (HIGH)
8 320 mMuME [ MIN A [ 330 MNMX
wrde ®V wbm [ “Ml wrde "V owp @
1 st Jll AGGToHoLD) <> ADG [] 10 3 | HOID  BOGT
Aps O 30 ROGT! (HLDA) <> Aps O HLDA (ROGTI|
apa [ 12 2l lock fmy —» AD4 [ WR  ({LOCK)
13 a2 mig > s03 O M 53
ape O 14 27 @ S oA anz [ DR (51
ADt [ 15 x@ % ©Om™ > Aot [ 1 DEN  (50)
a0 O 2 050 (ALE) > Ao [ ALE  {0S0)
0s1 (NTRy P Nl O 17 INTA  (QS1)
Nt [ TEST INTR [ TEST
cLK [ 1 READY ck O 10 READY
6D RESET GND Ei RESET
Table 9-6 | 32 31 50 Function
0 0 0 Interrupt acknowledge
0 0 1 I/O read
by 0 1 0 VO write
Function 0 1 1 Halt
1 0 0 Opcode fetch
o] c Queue is idle 1 0 1 Memory read
° i Getwedoedse |11 0 Memorywe
1 1 Subsequent Ey'le of opcode 1 1 1 Passive
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Clock Generator (8284A)

Provides the following functions:

Clock and Sync:

- Generates a CLK signal for the 8086/8088

- Provides a CLK sync signal for use on
multiprocessor 8086/8088 systems

- Provides a TTL-level peripheral clock signal
Provides RESET synchronization

Provides READY synchronization for
wait state generation

CSYNC[] 1 18| Vec
PCLK[] 2 17 X1
AENI[]3 18 ]x2
ADYI[] 4 15 [ ) ASYNC

READY [ s 2200, _|EFI
roYz[ls 1UO0FT
AENz (T 120 ] 0sc

cLe[]e 11} | RES
n:mu[| 9 WEHEEET
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Clock Generator (8284A): Signals

Clocks & Clock Synchronization Signals

X1 and X2: Crystal Oscillator pins. Connect a crystal
of the correct frequency between these two terminals
to generate the clock signal.

EFI: External frequency input. Signal can be used as
the clocking source to the 8284A instead of the —CSYNC
crystal oscillator.

<—PCLK 2
F/#C input: Selects external EFI input (1) or the
crystal oscillator (0) as the clocking source for the AEN1[]3
SHS RDY1L ] 4

output: The clock signal produced for
connecting to the CLK input on the 8086/8088. <— READY
At 1/3 rd qf the c_rystal or EFl input frequency with 1:3  presrls
duty cycle: f o = fo/3 = fee/3
OSC: Oscillator output. Same frequency as crystal or AENZ[]T
EFI. Connect to EFls on 8284As of other .Ps in — cuclls

multiprocessor systems (synchronized clocks)
fo=f =f_ GND[ ]9

0sC xtal ™
PCLK output: peripheral clock signal at 1/6 th of the 0SC: _
crystal or EFI input frequency (1/2 clock freq) with 1:2 EFI To other uPs
duty cycle. Use to drive peripheral equipment in the CLK
system f . = fia/6 = fer/6 XTAL » 2 —

r ’ ’ to Per
CSYNC input: Clock synchronization input. Should orE

be used if EFI is used, otherwise must be grounded. =§,pr

v
|
w

Brey: The Intel Microprocessors, 7e © 2006 Pearson Education, Upper Saddle River, NJ 07458. All Rights Reserved.



Clock Generator (8284A): Signals

RESET and ready Synchronization
RESET Signals

#RES Reset input: Active low. Usually
connected to an RC circuit to provide

automatic reset at power on. CSYNC 18 Ve
RESET output: Synchronized to Clk. Connect PCLK 17 XY
to the 8086/8088 RESET input. A 8Pxe

| — RADY1
READY Signals READY

#AEN1 and #AEN2 address enable inputs: — » RDY?
Used with RDY'1 and RDYZ2 inputs to generate | o
the READY output. The READY output is

connected to the READY input on the CLx
8086/8088 uP to control memory wait states. GND

#ASYNC input: for READY output
synchronization. Selects 1 or 2 stages of
synchronization for the RDY1 and RDY2

inputs.

D @ N @ T & W@ Ny -
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Clock Generator (8284A): Block Diagram

» Starts 4 clock pulses max after power up

— Hysteresis to avoid Schmitt trigger * Must be kept High for at least 50 us
I(.IDJ RES jitter due to slowly | 0 |_
: - varying inputs l . —
& Switch/RC circuit : | ol—» RESET
- +CK Active High,
X1 YYAL Synchronize to puP
Crystal with —ive clock|edge :
> X2 0SC
?)) .
Select clocking source Use as EFl In
o3 _ Multiprocessor
¢ e stems
O C | >0
Select Crystal Osc
9 or EFI S - 3 1 PCLK
O Peripheral
gF) External Frequency I/P SYNC Clock. f = 1/6th
of crystal or EFI
CSYNC Frequency,
Synchronize clock if EFl is used with multiprocessor systems 1:2 duty cycle
RDY1 lr
> ' CLK
O AEN1 DC To processor
<E CLK input.
L f = 1/3"d of
Y RDY2 crystal or EFI
CK¢ Frequency,
1:3 duty cycle
AEN2 D Q —i= READY
FF1

ASYNC

0 = 2 stages, 1 = 1 stage of synchronization




Typical Application of the 8284A for clock and Reset signal generation

5 MHz CLK
frequency, f Xi Lk /3
|5 MHz FZZ2
X, 2.5 MHz
PCLK >
Grounded when FiC 6
Xtal Osc is used._L 8284A
B OSC —— 15 MHz
+5V CSYNC f —
R ¢ | RESET ® RESET
10K§ A RES
Synced (Volts)
- —
] RES To CLK — 1|
— + ‘ .
|
C
—— RC circuit for
Manual automatic Reset on power up Y 50 pus
Reset RC time constant large enough System Minimum
push button for 50 us min Reset pulse reset

g Owitch at worst trigger conditions (1.05 V Threshold)

5
4
3
2

¥

>

50 ps t
- Minimum RESET active time

—— Maximum RESET active time

T Effective

Digital

4[— #RES Input



Bus Demultiplexing and Buffering

* Demultiplexing:
The address/data and address/status buses have
been multiplexed to reduce the device pin count.

These buses must be demultiplexed (separated)
to obtain the signals required for interfacing other

circuits to the uP

— Use the ALE output from the microprocessor to latch
the address/status information that appear briefly on the
multiplexed bus

— This makes the latched address information available
for long enough time for correct interfacing, e.g. to
memory

 Buffering:
Fan out of output pins is limited, so output signals
should be buffered in large systems
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Demultiplexing the 8088 Processor

Using the ALE signal to Demultiplex: o
-The Address lines AO-7 Ass3
from the ADO-7 muxed bus T
-The A16-19 lines from the An
A16/S3-A19/S6 muxed bus ¥
A
. T ; Y. : T3 ; i
233 ){Iﬁd-dresé M Data ) ngjlglelciines
/Ii-'\l_a_tch (Transparent) : '
NE ——] N :
' — Demuxed
w1 N [ A0-A7
N | ALE
Memory write cycle for the 8088 AD,
(non-muxed lines are\not shown) ¥
Data and address lines must remain D,
valid and stable for the duration of the cycle iy
AD,
74373 is an Octal D-type transparent Iﬂg
Latch with 3-state outputs MR WR

\

Brey: The Intel Microprocessors, 7e

o ® Ay
[l ot A]H
373
37: . A
[J o Am
] ® Ajs
- Ay
A]%
s At?
AI]
8 A,  Address bus
* Ay i
e 20-bit
o @ -‘_\?
Not o A,
Muxed ——————e A
NE——
A
——e A
—e A,
l“—' Ay
f/;ste Octal D-type
el P 173 OF b— Transparent Latch
Output ___| = _
Enable T T _&not edge triggere
8 Df.m
o D.
s D,
/ﬁ ) Data bus
e D
/ < D;
// Y —8 Dn
7 oM
o RD Control bus
/ s WR

Feature Not utilized!

Use as data bus,@hen #DEN is active



Demultiplexing the
8086 Processor
Address/Data bus

Brey: The Intel Microprocessors, 7e

I e
BHE/ST OE .
Awse [— o Ay
Apma ‘373 = Agg
TN - Ay
Agngn —= Aun
-""'-11-
Aoy
o Sy
a Sz
& A
— Sy
&
Ay
EOREG & A
™
- Ay
Ay
s A
- Ay
— el
[ "
ALE § i
373 QE ‘313 OE ‘t—jL
AL, L o Dy,
Ay ¥y
ﬂDIE = D|_1
AD, - = D3
ﬁ[-"'|.| - I-::'Il
Al o = Dy
ADg —= Do
&D. e np;
ﬁ.Dj = D
AD, = I3,
.Iq..EJ'j, D-I
J'IDJ 5 Dq #
.ﬁ.DJ_ — D.'l
A, Dy
AD. o I::.1
ATy, = L3y
MAC MITD
i) « RD
MR WE = WK
-

Address bus
20-bit

16-bit
Do but

when
DEN active

Control bux



DM74LS373|/LS374

3-STATE Octal D-Type Transparent /Edge-triggered Latches

General Description

These 8-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highly-capacitive or rela-
tively low-impedance loads. The high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, YO ports, bidirectional
bus drivers, and working registers.

The eight latches of the DM74LS373 are fransparent D-
type latches meaning that while the enable (G) is HIGH the
2 outputs will follow the data (D) inputs. When the enable
is taken LOW the output will be latched at the level of the
data that was set up.

Bre'

The eight flip-flops of the DM74LS374 are edge-triggerad
D-type flip flops. On the positive transition of the clock, the
Q outputs will be set to the logic states that were set up at
the D inputs.

A buffered output control input can be used to place the
gight outputs in either a normal logic state (HIGH or LOW
logic levels) or a high-impedance state. In the high-imped-
ance state the outputs neither load nor drive the bus lines
significantly.

The output control does not affect the internal operation of
the latches or flip-flops. That is, the old data can be
retained or new data can be entered even while the outputs
are OFF.

Features , Transparent (373) Edge-triggered (374)

B Choice of 8%latches or 8 D-type
package

B 3-5TATE bus-driving outputs

B Full parallel-access for loading

B Buffered conftrol inputs

B P-N-P inputs reduce D-C loading on data lines

Connection Diagram

ip-flops in a single

« ™ Gate Input

Voo B 1o} o T ™ &b 40
Iw 11& lm Iﬂ I'I!- |1'5 II4 I'IB- I‘II i1
) =] [ el 7
HED_"_GEEIE EED_HJEE
* * + T
Qo T Q a oyl o
AR [T
T T L T
1 |2 |a |4 5 15 |1' !a |9 |1nn
DUTPUT o L] Fanl pie] 0 an &0 a0 GND
CONTROL
Function Table LS373
Output Enable
D Output
Control | G
L H L1, D > O/P
L H L L Transparency
L L X Qy
0 v\
H X X z RSOl
H = HIGH Level dy State) L=LOW L (Steady Stat Maintaingg
= evel (Steady State = LOW Level (Steady )
¥ = Don't Care Z = High Impedance State (IatChed)

Cp = The level of the cutput before steady-state input conditions were establizhed.



Buffering

Since the microprocessor output pins provide minimum drive
current at the 0 logic level, buffering is often needed if more
TTL loads are connected to any bus signal: Consider 3 types
of signals

* For demuxed signals: Latches used for demuxing, e.g. ‘373,
can also provide the buffering for the demuxed linesy, .. .=~
— 0O-level output can sink up to 32 mA (1 load 1.6 mA loads) Which case
— 1-Level output can source up to 5.2 mA (1 load = 40 pA) sets the limit?

* For non-demuxed unidirectional (always output) address and
control signals (e.g. A8-15 on the 8088), buffering is required-
often using the 74ALS244 (unidirectional) buffer.

* For non-demuxed bidirectional data signals (pin used for both
in and out), buffering is often accomplished with the 74ALS245
bidirectional bus buffer

Caution: Buffering introduces a small delay in the buffered
signals. This is acceptable unless memory or I/O devices
operate close to the maximum bus speed
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Fully DeMuxed
and buffered 8088

Non-DeMuxed
Address Lines
(unidirectional-
Always O/Ps)

—> 244 Buffer

74244 is an Octal Buffer
with 3-state outputs

Feature Not utilized!

DeMuxed
Address Lines
(unidirectional-
Always O/Ps)
—~>Latch provides
the buffering

OE
‘244

74245 is an Octal Bus
Transceiver with §;state outputs

Feature utilized!
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10M b——— s 10M ] Buffered
RD - SRD control
WR WR bus
Algse OF * Ay
Ajgss o A
A 373 p_4 —eA
Auoss V4 oA
G /
5088
:IS _°:l$
14 —* Ay
> :12 l 244 —* Ay | Buffered
' *Au L address
A ":;“ bus
9 %
Ay OE —o Ay
i_ ® AT
= VA,
—9 A5
* A,
s A,
* A
> . Af
1 < Ap
ALE 6 m o A.GXQB isolation
= with G =1
AD. ! A, B
Non-Demuxed ap, A B, :31 ”
1 e . D. [
Bidirectional 4 A oD | Bufend
. 245 ! data
Data Lines AD; AR —e Dy [
> 245 Buffer % A B[—D,
ADU Ag Bu —* Do
DTRR DEN G DR _ _
T Enable external buffers % T DIR Direction
1: A=>B
0: A€B



M/TO e M/TO Buffered
R " o RD control
B 244 o WER bus

CEEp— ..
= Fully DeMuxed and buffered 8086
BHE/S7 — BHE

A grse Ag

Ariss ‘373 e Ay
17454 e Ay

A 2

8086 Larsa G OE - ‘:m
1S
il i
= o A,
- A

- Mgy Buffered

Ao address

= Ay bus
o Ay
—- A
- A
—e A
- A,
— AL
| oy
—a A,
I —e Ay ]
ALE G G
‘373 QE jo— '373 OE jo—__

AD, 5 : —= D5

AD,, —e D,

A5 F——e D,

AD, - ‘245 —= D>

A, - — Dy

AD e 1o

ADg l——e D,

4Dy G DIR [ D=

T 1

AD, i = D,

ADg H—= D

ADs |- D.

AD: 25 2B

3 3

AD, ——= D

AD, — D,

ADg G DIR [ Du

DEN hg

DT/R




DM74LS244

Octal 3-STATE Buffer/Line Driver/Line Receiver (Not

General Description

These buffers/line drivers are designed fo improve both the
performance and PC board density of 3-STATE buffers/
drivers employed as memory-address drivers, clock driv-
ers, and bus-oriented transmitiers/receivers. Featunng 400
m\ of hysteresis at each low current PNF data line input,
they provide improved noise rejection and high fanout out-
puts and can be used to drive terminated lines down to
1330

Transceivers)
Features

B 3-STATE outputs drive bus lines directly
B PNF inputs reduce DC loading on bus lines
B Hysteresis at data inputs improves noise margins

B Typical |5, (sink current) 24 mA
B Typical |5, (source current) -15mA

B Typical propagation delay times Use to determine

.y . Inverting 10.5 ns F
an-out
° UnldlreCtlonaI MNoninverting 12 ns
e Just a Buffer- B Typical enable/disable tme  18ns
. B Typical power dissipation (enabled)
NO IatChIng Inverting 130 mW
. Non_inverting Noninverting 135 mW
Connection Diagram Function Table
Voo 2G0 1¥1 2a4  1Y2 2A3 1Y3 2A2 Y4 2a1 Inputs Output
|au 19 [ |17 |18 |1 14 (13 12 | —
G A Y
o 7 L L L Enabled- Normal
L H H Operation
H X z Disabled-
I/// // L =LOW Logic Level HiZ O/P

57
NAA

5
1 |z 3 4 |5 | 7 g8 |8 |1u
1G 1A1 2Y4 1A2 2Y3 1A3 2¥2 1A4 2Y1 GND

H = HIGH Lagic Lewel
¥ = Either LOW ar HIGH Logic Level
Z = High Impedance

aserved.



54LS245/DM54LS245/DM74LS245

Gieneral Description

These octal bus transceivers are designed Tor asynchro-
nous two-way communication between data buses. The
contrel funclion implementation minimizes extemal timing
rEguirerments,

The davice allows data transmission from the & bus to the B
bus or from the B bus to the A bus depending upon the logic
lewvel at the direction control (DIR) input. The enable input
(G) can be used to disable the device so that the buses are
affectvely isolated.

Features

B Bi-Directicnal bus transceiver in a high-density 20-pin
packago
B TRLSTATE cutputs drive bus lines directly

ITRI-STATE® |Octal Bus Transceiver

PMP inputs reduce DC loading on bus lines
Hysteresis al bus inpuls improve Noise MAargins
Typical propagation delay times, port-to-port 8 ns
Typical enable/disable imes 17 ns
low (girk current)
4l 5 12 maA,
T4LS 24 ma,
B o (Source cunment)
54LS —12 ma
74LS — 15 mA
B Alternate Military/ Asrospace device [(54LS5245) is avail-
able, Contact a MNational Semiconductor Sales Offica/
i stributor for spocifications.

e Bidirectional
e Just a Buffer-

No latching

* Non-inverting

Brey: The Intel Microproc

Connection Diagram

#Enable Duakin-Line Package
EMARL F
vﬂl.'.: L] B1 B2 B3 B4 BS [+29 BF [ ]
lzu 19 18 17 II'E 15 iu 13 |z |11
W

-

ARA A

Z\
T

[engn=s
é

;

yAN

gINs I

1 2

Direction om a1

| 3 4 3
Az AZ

N
g
!
A4

m
~
[a1]

I

AS

@ |1|:|

AG AT =] GHD

TLAE e 131

Order Number 54LS245DMQE, 54LS245FMO B, 54LS245LMAB,
DMS54LS245), DMS4LS245W, DMTALS245WM or DMT4LS245M
See NS Package Number E20A, J20A, M20B, N20A or W20A

Function Table

En%hla- Dé:;‘:;“ Operation
DIR Enabled- Normal
L L B datato A bus /] ration
Disabled- L H A data to B bus Ope —
—— H X |50l at ion

HiZ O/P

H — High Lawal, L — Low Lavel, X — Irmalavant

> A-B: Open circuit, No connection



Bus Timing
Timing in General

. Clock Cycle
the uP requires at least one 'ttt

bus cycle
« Each bus cycle consists of cLk _\_/_\__/—\__/—-\_/_\_

4 clock cycles, T1, T2, T3, T4,

- A data transfer operation to/from i ONE BUS CYCLE {
|
|

. ADDRESS
each of period T _(1(?;[?#25)(1 VALID ADDRESS )—
* With a 5 MHz processor clock:
ADDRESS/DATA
_ T — 1/5 MHZ — O 2 },LS From —( ADDRESS X DATA WRITTEN TO MEMORY 4)—

-Buscycle=4T=0.8 us wra
- Max rate for memory and I/O \ -
transfers = 1/0.8 = 1.25 M —
fetches per sec (Fetch speed).
- Processor executes

2.5 Million Instructions per sec
(MIPS) (Execute speed) - Fetch is slower than execute. Effect on pipelining?
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Bus Timing in General, Contd.

*T1: Note: #RD,#WR,#INTA

- Address is emitted from the Processor are all inactive high during T1
- Control signals such as ALE, DT/#R, |O/#M, etc. are also initiated

" T2 | ONE[BUS {YCLE '

- Used primarily for changing " Clock Cycle L ‘

the direction of the AD bus F—T"—t—T— T—f—T—

during read operations (= then &) ™ " T
- Read or write controls are setup, cL _L/_\_/—_M
e.g. #DEN, #RD (#!NTA) or #WR | | Check READY (F*Nej‘fmg%tf‘ (Wef;f VDVZtI?)
* If a Write operation, Data to be written is put on the bus for the external device to take
* If a Read operation, AD bus is floated, so external device can put the read data on it
* T3 & T4:
Actual Data transfer occurs during T3 & T4.
- In Read operations, “Data In” on the data bus is normally strobed into the processor at
the start of T4
- In Write operations, “Data out” on the bus is strobed into the external device at the
trailing edge of the #WR signal
» Wait States: If addressed device is too slow to allow normal data transfer scheme, it
sets the READY input low (i.e. indicates NOT READY)
* The processor samples the READY input at the end of T2. If found low, T3 is
considered a “Wait" state (TW). Ready is checked again at the middle of that wait state.
If high, it is followed by proper T3 and T4. If low (not ready), the next clock cycle is
considered an additional wait state, and so on



Timing in General: Read & Write with waits

WK 5 Read Cycle with 1 T, Write Cycle with 1 T,
i | T IIL).(h:::_Tm LE _| -'-I':-_—._' ™ | .-ll H;“T T| T, | Ta |

- awAWwa W NWAWAWAN
Latch  |Samlple the READQY I/P Latch T“’E?h‘faﬂ"%‘?.’"‘“
ALE f Address [& |« / gAgdxess""'_ﬂ'&

i :

S O\ T \
X

i W a X o ¢

uP strohes data in

HiZ
aconoara ) Cpe € ‘Ef-:‘:ﬁ“*ﬂi%%————— o X[ ofrouronan -

"B |, #INTA \{—‘ }L’J

READY READY

BEADY h l l".:l'llll'-:' I'|,lI v {r

Data IN

e / \
[E)r;?;le B T.\ddress O/ﬁk Data J Address O/P \ Data T }I‘

Buffers -

= Note: #RD,#WR #INTA \ Device strobes data in
are all inactive high during T1 2314558

Muxed
Lines

MERIRY ACCESE TIME ———




Bus Timing, Contd.
Basic Data Read Timing

Timing for a basic Read cycle

» Can be for either memory or I/O

ONE BUS CYCLE

I
I
|
I

L e et

On the 8088: w
= |Izor :f?grrllg?/#l\jl()_/ﬁM =0 - 1: 110, 0: Memory gPtst_robes :)
SetLA = Also DT/4R = o —
ADDRESS —( VALID ADDRESS b
To Device f
— 1 me Pm sSSor A 2 Frﬂm Emﬂry or |f0
" M MEMORY
.EI?JDSRESSID-*TA '&‘DD RE‘S“' F DJJOHrFIP}g }Dewce
uP floats bus (HiZ)
RD \ Devige puts data on the Bus
To Device

Brey: The Intel Microprocessors, 7e
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Detailed Memory READ Timing for the 8088

Standard Bus Cycle = 4T, No Wait States

i
1 2 Ta T
t=0 t—---_- I;Lct -——-!TCHH:H::‘; e — |- TCLECEY Start of
Wi | { {
| T4
CLK (X84 Dutpui} E |
{ TCHCTY : f———jTcHCL i | i e TCLCH —
] | L
e ¥ T L4
e T D G R B X
| | Valid Address | 1 |
A15-A8 Not Muxed ass-as | X ] ! P Sp—
| e 7y Vsciais = | e e F
A19-A16 Mg Sg- RSy _ I Arg-Rag F | S-S5 ¢
Muxed _'L|11:LLH s | . LI-IiI. | 1 —i j
F q 'I'II.L.!-J.’ ! l 1 g
ALE ¥ i | I _J'.i i
' e g .’ ' = TRIWCL
2. Latch/Buffer L ravarf | " } t \F- AN A 7,0 SR RN
Delay Time 2 el — AR oY RN R
. cf . 4 Laten "! : 1 % | READY Tlimin
ot e =g ] "
y _ _ Address Lines : | x| ! . Assune
3T for the processor | v | | P 1 - 2 teuaex READY No wiits Required
To get data from menhory | ' || | i
' fSetup| ! uP strobes
Maximum allowed memory Max Membry [ TRrHCH-—JHME s datain_+— Hold Time
access time t Access-FHime |-tciaz " fo——ToveL ——f-TeLox — [
i 1 [ :
A7-A0 Muxed [ ap,-ao, ] X | ADr-AD: Tes oATA INY T _“\__.L'
| TAZAL—= lrl’/‘r TCLAH— 4 TRHAWV
Read mo { \(‘ J
READ CYCLE : + T 1
{NOTE 5) § — bt TCHCTY TCLAL & TRL R~ t i TCHCTW
R, INTA = Vo) . —ﬂ\ J|F I I :
DTrA I
DatajBus Direction: In TCVETY —)

DEMN

Enable Data bus

v

|'| 4
TCWCTH —-j{

See Fig. 9-12 for Detailed Timing Specifications



Standard READ Timing Budget: 8088 @ 5SMHz

|t takes the processor 3 clock cycles (3T = 3 x 200 = 600 ns
with a 5 MHz clock) to take-in the memory data

* Not all this time is available for the memory device to retrieve
the data and put it on the bus, there is: (See Fig. 9-12)
Incurred | | 1. Address Valid Delay, TCLAV = 110 ns max
Delays | | 2. Delay in address latch/buffer and decoders =~ 40 ns
Required 11 3, Data-in Setup time (required min), TDVCL = 30 ns
« Maximum allowed memory access time to operate without waits
=3 x 200 — (110+40+30) =420 ns

« |If memory has a longer access time, it needs to request wait
states from the processor using the READY input

« #RD signal should be wide enough, TRLRH = 325 ns,
as there may be hold time requirements for the Data-In.
The #RD signal is extended with the insertion of wait states
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INTA Read Timing, 8088

Similar to a memory or I/O read cycle, with #INTA replacing #RD

| T T; ‘: Ta
.. - TCLCL -JTI.‘.H'ICHI- = o fe- TCLZCLY Start of
- ~= | T4
CAK (B284A Owlpul) v_/f k / _\_/_\_
“ semery e e TEHCL L _ _ ~ |= TCLCH =]
1. Interrupting device 3. Interrupting device sees this | 4 processor latches in
. and puts a byte-long pointerto | yector pointer from the
Raises INTR I/P - - TCLAZ Interrupt Vector
p le—TOVCL —= data bus
No address on the data bus '\ ! r-
| needed \ | |
o / FLOAT POINTER I © | FLoat
- =t TCHCTY 2. Processor floats the AD7-ADO Pointer to Interru;f)t, = |=—=TCHCTV
bus and Acknowledges the Vector. Supplied by*
NTA CYCLE ovh X Interrupt by lowering #INTA\" the interruT{ing device /
ﬁ.“ﬂvﬂﬂ TCWCTV - » -/ ‘ o
| ;
W¥A| (Similar to [#RD) X ¥
COﬂthlS TCWCTY == :. I TCVWCTX .....1.I L—
for a REAL .
operation DEN \_ )y

Upon accepting a hardware interrupt request from a device (on INTR I/P), the processor
acknowledges this to the device and initiates an #INTA read cycle for the 1-byte interrupt
number which the processor reads and uses as a pointer to the interrupt service routine

to be executed
Brey: The Intel Microprocessors, 7e See Fig. 9-12 for Detailed Timing Specifications



Bus Timing
Basic Data Write Timing

ONE BUS CYCLE

Timing for a basic write cycle

_

1
I

. h—r— 11—t
» Can be for either memory or I/O

CLK

On the 8088:
- For memory, IO/#M =0

- For 1/0: 10/#M = 1 o (¥ 1:110,0: Memary )

Also DT/H#R =1

ADDRESS —( f VALID ADDRESS )—

—p 2 Both from processor

ADDRESS/DATA ——( ADDRESS , DATA WRITTEN TO MEMORY ‘)—‘
W \

Device
strobes data in
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Detailed Write Timing for the 8088

Ym

CLE (8284 Dutpel}

L

Ty

—— TCALCL -——-llrcml:H:-i, b —+ le- TCL2CL
1 i

] T3

I0/M, S50
Also DT/#R =4

Any-Ay

3 parts
of the address

Ayl Sg=A 1Sy

|
|

ALE

TCLLH =|

1. Address est?blished

| TCLAY =

ADy - ADg

TCVCTY

Ays - Ay, (Floal during INTA)
|

[
p—y
T

~ TeLOV

|

—~— TAVAL ‘r.-

p=- TLLAX
|

o——
/
AR

|
|

Data should
remain

2. Processor puts data on data bus V?t“d ;?/:/ 28 ns
TELD'H' er rise
rcl.u:—- . TCHOX —~ F.._
Mruﬂ DATA QUT / ‘:{

=" TWHDX —=

R

TCWCTX
F_



READY and Wait States: 5 MHz Clock

 If the memory or I/O device is too slow to use the
standard 4T read cycle (i.e. if access time > 420 ns) ,
walit states must be inserted into the cycle by using the
READY input to the processor

« Wait states are additional clock cycles that increase the
length of access time allowed for memory or I/O devices

« Wait states are inserted as multiple clock cycles (1, 2, 3,
etc.) between the standard T2 and T3 cycles

« Wait time is inserted as whole clock cycles: i.e. if access
time = 430 ns - insert 1 complete wait state of 200 ns!

* Inserting n wait states increase the maximum allowed
access time from the normal typical value of 420 ns (with
no waits) to 420 + n 200 ns

* i.e. Memory t, ... <420 +n 200

acces
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Detalled Ready Timing

Y

CLK (828448 Quiput)

CL

TR1VCL RDY Setup Time 35
into 8284A (See
MNotes 1, 2)

TCLR1X RDY Hold Time 0
into 8284A (See
MNotes 1, 2)

TRYHCH READY Setup 118
Time into 8086

TCHRYX READY Hold Time 30
into 8086

TRYLCL READY Inactive to —8
CLK (See Note 3)

RDY1

AEMN1

RDY2

AENZ

x 0: 2 stages, 1: 1 stage of sync

ASYMNC

RDY
Input to 8284A

Inactive

TH?LEL
READY (Not Ready)
Output from 8284A

(Input to 8086)
Active
(Redady)

Internal Sync'circuits

‘Ready’ Ta (
Sampling

Tw)

Ta

Sample Then
|at end Sample
of T2 , v at midd|e
i —=|35 NS= TRIYECL of each|TW
- X |
—={0 ng=—TCLATX
ng=
|
i I
—30n TCHRYX
— | =
—=| 118 ns

In the 8284A ensure that
READY output to processor meets the above timing requirements

4

=—TRYHCH

[\ 1
L

CK*t

FF1

s

D—-ﬁ- CLK
L

CKd
D

FF2

Q READY




Generation of 0-7 wait states

Using one of the two RDY

RD #RD gated by the
Cated) (S for the memory device

inputs to the 8284A RDY, p—<+— - Requiring wait states
15t bus cycle state = &-j.-.- i no1, 2 3,4 5 6 7
A s RIA - RDY, |— O e S A 6 7
S VA - R R R Y
deneralor # of Wait
RDY, \l} . States TITTTTTT
oW 4 Serial /P | 1] QaQuQ E{"]: Qp Qp Qi Un
Q /1 Synchronous\ CLK F———— , CLK 164
A Shift rights | e
READY A
1TW 1 o .
Qg A 1 T 8-bit Shift Register
Q 2W OR /-1—\_ { VL _ shift direction
C |
| | . :
CLR Shift Register
RD / ADY .
(Gated) /f \ READY ok b | during T1
CLR shift Register: o r l[ ﬁ;;hfyzfzrt of every
No Shifting QUEEEly l
Effectively, e DR
RDY1 = (Selected Q + RD) o _“RP———=———*1—
INTA p——

(when the slow memory
device is accessed)

Note: #RD is extended with
the addition of wait states

Brey: The Intel Microprocessors, 7e

Note: #RD ,#WR #INTA
are all inactive high during T1
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Minimum and Maximum Modes

MN/#MX input on 8088/8086 selects min (+5V) or max (0V)
mode

Minimum mode is the least expensive way to configure an 8086/8088
system:

— Bus control signals are generated directly by processor

— Good backward compatibility with earlier 8085A 8 bit processor
- Same control signals
- Support same peripherals

Maximum mode provides greater versatility at higher cost.

— New control signals introduced to support 8087 coprocessor (e.g. QS0 & QS1)
and multiprocessor operation (e.g. #RQ/GT0 & RQ/GT1)

— But important control signals omitted must be externally generated using
an external bus controller, e.g. 8288. The controller decodes those
control signals from the now compressed form of 3 control bits
(#S0,#S1,#32)

— Can be used with the 8087 math coprocessor
— Can be used with multiprocessor systems
Maximum mode no longer supported since 80286



Use of 8086 in the Minimum Mode

Microprocessor-based System
w [

8284A
aeneaston [T[C*  wMEXi—vee  Essential control signals are directly available from processor
RES —={READY ol Y
| RESETY A |
_l- RDY - 4
GND boss ™
CPU e .
DT/HA — e — —]
DER ' | Addfess
ALE 5TB g |
v 1% ., : Demultlplex1ng
‘%iﬁ: < ADDRIDATA >| |1I::Tucn“31 [ N ADDRESS :
) Addrt—s}ssj}
INTR = Decodin
Cacti S
¥ =0 Bidiredtiongl
AD Bus - '
| e, | Date Huffering| |<{—> -.
Prevents N TRANSCEIVER f\ DATA |
Transceiver from . + iﬁ Tﬂ iﬁ
driving the AD busg . = 2 e
when the interrupt < R wE
2142 RAM (2) 2118.2 PROM MCS 80
controller > | PERIPHERAL
Is using it INTERRUPY
CONTROL
..... — <_._ INT RAM ROM I/O
Interrupt 1Rg-7
Here the Interrupt controller Handling Several Interrupt
accesses the AD bus before Requests

demultlpleXIng - careful! © 2006 Pearson Education, Upper Saddle River, NJ 07458. All Rights Reserved.



8086 Maximum Mode

8288 Bus Controller chip: Necessary in this mode.
Generates essential control signals not provided directly by uP
form the S0-S2 O/Ps

— ‘ /

MNIFTY |-— GHD CLK  mAoC
R S «|5e MWTC .
READY 5 —|5 ANWE — : e .
RESET & s—‘ e "9 |Control signals are morg gpecific, e.g. $eparate lines for
z — - .
1' ADY | —Hoew 2U5 e M and.1/D operations
OND ::U:l DTIR AIOWC [—N g
. aLe iwTA - ,
L 1
5TA :
GND AE
Al — Aly L:?r‘gu I _ .
Ag = A1y (::gpnmmu > 0,208 3 C nnl:ims 5
INT -’J II
!
P |
>, | | | .
THANSCEIVE N DATA :
"l E
') ~Z ’ 3
WE GD oe| [ &3 D WR
2142 RAM {2) 2716-2 PROM MCS5-80
PERIPHERAL
1250A
INTERRUPT
CONTROL

8086 Chipset
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8288 Bus Controller

8288 Bus Controller

8086 bu;

Status
SO

i
e
i

e

Control
Input

CLK

AEN

CEN l

I0B

Selects
Mode:

-

1. 1/0O Bus

iDT!ﬁ
DEN

20-Pin Chip

{LK L
S1 _S2
DI/R MCE/PDN
ALE DEN
AEN = _CEN
MRDC  INTA
AMWC _JORC
MWTC AIQOWC
GND  IOWC

Familiar 8088/8086
Outputs

- NC

/PDEN

> ALE

S
I
—| Status C I:
— Decoder g?;:lgim
Gener-
ator
J_:_
Control Control
Logic Signal
(Gener-
e ator

2. System Bus

Brey: The Intel Microprocessors, 7e

More specific Outputs,

Replace #RD, #WR,
M/#IO
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8288 Bus Controller: Pin Functions

S0, S1, S2 inputs: Status bus bits
from processor. Decoded by the 8288
to produce the normal control signals

CLK input: From the 8284A clock
generator

ALE output: Address latch enable
output for demuxing address/data

DEN output: Data bus enable output
to enable data bus buffer. Note
opposite polarity to #DEN output in
minimum mode.

DT/#R output: Data transmit/Receive
output to control direction of the
bi directional data bus.

#INTA output: Acknowledge a
hardware interrupt applied to the
INTR input of the processor.

|OB input: I/O bus mode input.
Selects operation in either /O bus
mode or system bus mode.

#AEN input: Address Enable input.

Used by the 8288 to enable memory™ ———— Effective only in the system bus mode

control signals. Supplied by a bus
arbiter in a multiprocessor system

CEN input: Control Enable input.
Enables the generation of command
outputs from the 8288.

Brey: The Intel Microprocessors, 7e

#IORC output: Input/Output read
control signal.

#IOWC output: Input/Output write
control signal.

#AIOWC output: Advanced
Input/Output control signal.

#MRDC output: Memory read control
signal.

#MWTC output: Memory write control
signal.

#AMWT output: Advanced Memory
write control signal.

MCE/#PDEN output: Master
cascade/Peripheral data output.
Selects cascade operation if IOB=0 or

enables I/O bus transceivers if
|IOB=5V
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The Math Coprocessor: Chapter 14
(Numeric Data Processor (NDP))

The 8086 performs integer math operations

Floating point operations are needed, e.g. for Sqrt (X),
sin (x), etc.

These are complex math operations that require large
registers, complex circuits, and large areas on the chip

A general data processor avoids this much burden
and delegates such operations to a processor
designed specifically for this purpose -

e.g. math coprocessor (8087) for the 8086

The 8086 and the 8087 coprocessors operate in
parallel and share the busses and memory resources

The 8086 marks floating point operations as ESC
iInstructions, will ignore them and 8087 will pick them
up and execute them
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The 8087 Coprocessor: Organization
« CU and NEU units

.....................
....................................................................................

¢ Elght 80-b|t FP Registers Control unit (CU) Numeric execution unit (NEU)
(data StaCk) | Control register
» Supports 68 FP (ESC) S egier | 4 | Exoner Shife
instructions é L=
* Speeds up 8086 o | [t |
performance on FP ; e module | |
operations by a factor Data -— DB : :
of 50-100 time ullr] ¢ [opemnd | Top o Tenporay |
« 8087 Tracks activities e AN —
of the 8086 by monitrng{98® ; ' - ST(0);
- Bus status (S0-S2 bits) — Stelus " By racking Al
- Queue status (QS0,1) - Addess 1 Booplons_| i
- Instruction being ATestfe— Busy 5 e
fetched (to check if its an ’;‘PStSCk_Of 8 x 80-bit s
ESC instruction) egisters iy -
« Synchronize with WAIT :  wuituidestack

\

using the BUSY-#TEST . ; :
Slgna|S 79 78 64 63 0 ‘
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8086 Maximum mode outputs for NDP Connection

 Bus Status Outputs S0-S2: Table 9-7

52 ] S0 Function
Status bits that encode the type 6 0 0  iemuptadmomiedos
of the current bus cycle 0 ° Lo pread
 Bus Request/Grant Outputs RQO/GTO: " 0 0 Opoodeteich
Allow 8087 to request use of the bus, 1 0 Memoywrite
e.g. for DMA memory access L1 1 W Tesswe

 Queue Status Outputs QS1,QS0:
- For use by coprocessors that receive their instructions via ESC prefix.

- Allow the coprocessor to track the progress of an instruction through the
8086 queue and help it determine when to access the bus for the escape
op-code and operand.

- Indicate the status of the internal instruction queue as given in the table:

QS1 QSO
0 Queue is idle
1 First byte of opcode from queue
1 0 Queue is empty
1 1 Subsequent byte of opcode from queue
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Brey: The Intel Micropr

1 8086 is operating in the MAX mode

|_{ ._] ! mm_‘l L
CLEK p=gpmiey CLE
B84 - E:f
Clagk o
gEnerator —+ READY £3.50 } contraller
r 8086 ADYE-ADO DEM N }
= HESET A1B-A1E «—OT/R Contral
Resnt s
BHE ALE
Foeady . BHE
e [NTH - i' J |
TEST 051-050 TE DE =
=
= el LI:;:E Adress
Busy | Crueue staus | b
. E
——{ B rn:l.lu-s-lu"grunl.|
_ [ — Processor yTafus <__ =T
= Clock OF
Coprocessar 208 @
(such /
=1 Reset F;:IE;II: M;TLB:H "'ﬁ / :} Trarsosrers Data
— ’ | (2]
Inputs common AD Befq j bus
with the 8086 Demuxi
Inferrapt requost T
Can interrupt &, | B25aA’
the 8086 —v
INT
; Programmiahle IR s
The 8086 with an 8087 Coprocessor It




Synchronization between 8086 & the 8087 Coprocessor

|
The assembler marks

all FP instructions as

ESC instructions having a

special range of opcodes.

The Coprocessor monitors
the 8086 bus activities and
Intercepts such instructions,
captures them for execution

8086,/8088

Conpr oCoys0n

Wake up the

-“-

Sets BUSY
high

Execute

BOBG mnstructions execute the specified

WAIT instructions

can be used to halt the
8086 to ensure that the
8087 has finished a crucial
step,

e.g. storing FP results in

memory.
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Programming the 8087

Sequence of FP operations:

1. Operand data is loaded from memory into 8087
registers

2. Do the FP operation in the 8087
3. Store FP results from the 8087 to memory

* FP Instructions use the top of the 80-bit register Push
data stack (ST (0)) as the default operand (needs
not be mentioned), e.g.

FLDPI ;loads PI (= =) into the top of the
stack. i.e. into register ST(0)

* When something is put on top of the stack,
a stack PUSH occurs automatically | \

- When something is removed from the top of the ¥ |7
stack, an automatic stack POP occurs 80-bit wide stack

h- ‘—

| ]
_ e~ —0 O = S B —f
«_
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;A short procedure that finds the areas of 5 circles whose radii are stored

;in array RAD.
RAD DD 2.34
_~» DD .66
Define DD 9.33
Double DD 234 .5
Word pp 234
AREA DD 5 DUP(?)
FINDA PROC NEAR
FLDPI
MOV ECX,0
REPEAT
Instructions FLD RAD[ECX*4]
Starting with  FMUL ST,ST(0)
F are FP FMUL ST,ST(1)

Instructions FSTP AREA[ECX*4]
for the 80387 |NC ECX

UNTILECX =5

FCOMP

RET 80386 Program
FINDA ENDP

Note: 8087 automatically converts
Data from integer to FP when
moving it from memory to its data
stack Loop
Brey: The Intel Microprocessors, 7e back

Programming the
80387:. Example

Two 5 x 4-byte array

-array of radii

-array for areas RAD

’ (radii)
;load pi into Stack top ST(0), ST Push
‘initialize pointer ECX AREA

; also used as loop counter

-get radius Into ST, Stack push

;square radius . ST = Stack top which is ST(0), result in ST
-multiply radius squared times pi

'store area into AREA array. Stack pop

‘index next radius

-repeat 5 times

;Clear pi from coprocessor stack Results in stack
¥ after Instruction Execution

Instruction ST() pysh ST(1)
FL.DPI T ">
((FI.D RAD[ECX*4] 2.34%\‘ it
FMUL ST.ST(0) 5.4756 it
FMUL ST.ST(1) 17202 | =
| FSTP AREBA[ECX*4]] 7« py,




