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"
8088/8086 Microprocessors

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

m Both microprocessors use 16-bit registers and 20-bit
address bus (supporting 1 MB memory), but:

- The 8086 (1978): 16-bit external data bus
- The 8088 (1979): 8-bit external data bus

m Still used in embedded systems (cost is less than $1)
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"

Pin Layout of the 8088/8086 Microprocessors

MAX [ MIN MIN | MAX
MODE [uooe] MODE lmne]
st 7 b ve oot o ap vee
D14 [ 2 39[] AD15 Al4 ]2 B0 A5
AD13 []3 B[] A16/83 A3 ]2 38[] A16/S3
AD12 [] 4 317 A17/84 A2 [ 4 37[Q A7ise
ADI1 [ 5 3] AI8/Sh Al OS5 36[] A1ss
AD10 [ 8 as[] A19/56 N G 35 [ A19/86
A9 [ 7 34[7 BHEsST A 7 3] 580 (HIGH)
ADB Ij 8 05 aag MNAIX A8 [ 8 e 33 [0 MNMX
A7 9 i ] RD ADT [ 9 eRu 32[] RD
ADS ] 10 31 [ RG/GTO (HOLD) ADS [ 10 31[] HOLD (RQGTO)
ADs Ol 1 30| RO/GT1 (HLDA) ADS [ 11 0[] HLOA (ROGT)
ADs [ 12 29[ [OCK (WR) AD4 [ 12 201 WR  ({{OCK)
a3 [ 13 280 2 (MiG) 403 [ 13 20 M (S
ape O 14 270§ OTR) Apz [ 14 271 DUR  (81)
AD1 E 15 261 S  (DEN} Aot O 15 26[] DEN (S0)
A O 16 251 QS0 (ALE) Ana [} 16 05[] ALE  (0S0)
w17 247 st (INTR) N [ 17 2a[] INTA (QS1)
INTR [ 18 23] TesT INTR [] 18 23] TEST
cK O 19 22 [ READY CK [ 19 220 READY
oND O 2 210 RESET ono [ 20 21] REsET
(a) (b)
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Pin Layout of the 8088 Microprocessors

GND
Al4
Al3
Al2
Al
A1D

A9
AB
ADT
ADG

AD3
AD2
AD1
AD{
NMI
INTR
CLK
GND
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Voo
A15
ATGIS3
AITISA
ATQISS
A19/56

MNIWE
RD
HOLD
HLDA

10/
DTR

ALE

READY
RESET

e

(HIGH)

(RGIGTO)
(ROWGT)
(LOTK)
i53)

51

{50)

(Qs0)
{as1)

3333

Pin budget:
8088, Min mode:

20 Address

8 Data

20 Control & Status
3 Power

51 Total
> 40 pins available

- Use multiplexing
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"
The Modes of Operation

m The microprocessors 8086 and 8088 can be configured
to work in two modes: The Minimum mode and the
Maximum mode.

The Minimum mode is used for single processor
system, where 8086/8088 directly generates all the
necessary control signals.

The Maximum mode Is designed for multiprocessor
systems, where an additional "Bus-controller” IC is
required to generate the control signals. The

processors control the Bus-controller using status-
codes.
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" S
The Modes of Operation

MN/MX | ¢— Vece Bus Controller
8284A —» |CLK o b 8284A —» |CLK —.'CLF; - ALE |—*
Clock —» |READY = Clock — |[READY - —_—

generator — |RESET RD generator __ loeseT So | MWTC |—*
WR |1 Comrorgus 1 I e
Mininmn  5gN Maximum - DEN |—>
MNode ALE | Mode
Address/Data Address/Data
Bus Bus and BHE

GND — |MN/MX
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"
DC Pin Characteristics: Voltages

Standard TTL Output and Inputs Voltage Levels

Vcc 50V
1 Logic Level
Qutputs Inputs
2.4V (min) l-Level
2.0V (min) Noise Margin
Guaranteed Accepted
Output Levels Input Levels
0.8 V (max)
0.4 V (max) « O-Level
0 Logic Level : Noise Margin

Ground ONORY
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"
DC Pin Characteristics: Currents

Fan out for a standard TTL output
How many inputs can an output support?
For the O logic Level: (output “sinks” current)

O/P can sink up to
16 mA max |
Standard 0 _ —
TTL Gate > —
<= —
An |/P sources
up to 1.6 mA

O-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)
O/P can source up to

400 pA max
Standard 1 ‘
TTL Gate < M
—> —
I/P sinks
up to 40 pA

1-level Fanout = Maximum number of inputs that the output can support
=400 pA/40 pA =10
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8088/86 Pin Characteristics: DC

Guaranteed Accepted
Output pins: (iutput levels Input pins: Input levels
Logic Level Voltage Logic Level Yoltage
(I A5V maxtimum | 2.0 mA maxumum [l D8V mavmum | =10 A maxmuom
# * *
24V mimmum | 400 uA maximum Z 20V minimum | 10 uA maximum
i
* = 16 mA for standard 74 TTL *= 1.6 mA for standard 74 TTL

@0.40 V for standard 74 TTL # =40 pAfor standard 74 TTL

N

y
O level fan-outto TTLgate=2+16=1 (8086/88 pP)
=16+ 1.6 =10 (for standard 74 TTL O/P)

O level noise margin = 0.8 - 0.45 =0.35V (8086/88 uP)
=0.8-0.40=0.40V (for standard 74 TTL O/P)
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= B
8088/86 Pin Characteristics: DC

m Input pins are TTL compatible and require only £10uA of current
(actually better than TTL)

m Output pins are nearly TTL compatible, but have problems at
logic O:

A higher maximum logic O 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...

- be careful with long wiring from output pins

m A lower logic O sink current of 2.0 mA (instead 16 mA for the
standard 74 TTL)
This reduces fan out capability...

better use 74LS, or AL, for interfacing, or
use buffers
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Multiplexing

m  Some functions are multiplexed on the same pins to reduce chip pin count

Address

AD15-0
ADDR/DATA

ALE: Latch address

m  For both microprocessors, Address bus
signals are A0-A19 (20 lines) for 1M byte of
addressing space

m Databus signals are
DO-D7 for the 8088
DO0-D15 for the 8086
m The address & data pins are multiplexed as:
ADO-AD7 (8088)
or ADO-AD15 (8086)
m  Address/Status pins are MUXed
A/S for A16-19

m  The ALE O/P signal is used to demultiplex the
address/data (AD) bus and also the
address/status (A/S) bus.
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GND [t 4[] vec
anta (] 2 307 aD15
AD13|[C] 4 B[] Aess
AD12{] 4 aT[] A17/S4
A1 8 360 A1BSS
ain|O & 3507 A19SE
ape | 7 34[7] BHEsT
Ape|Cd @ 9058 330 MNATE [ I
w70 e Ul »h MODE
ADs | 10 31 ] RQ/GTG(HOLD)
Aps |C] 1 30[0 RO/GTI (HLDA)
aoa O] 12 2¢[1 [OCK pwR)
ana | 18 %[ % Mg
ape (O 14 71 81 (OTR)
ADf 515 60 H O
A |E 18 250 Q80 (ALE)
n O 7 240 051 (INTR)
intR [ 18 230 TEsT
ck O 19 22 [1 READY
eNp 20 211 RESET
11

|

G—)
* Ars-Ao X DATA OUT IDjs-Dy! >- -- Write Cycle
4
I

GND [ 1 4[] vee

Ald S 2 397 AB

a3 ]2 B[] AlEs3

Az O 4 3T AMTiss

Al s 3657 mass| | Max
Al E 6 35?1 ALB36 l"'mE
&t 34 880 (HIGH)
Ae [ 8 aose 330 MNMX

ADT [ 9 U g ] AD

Aps [ 10 31 HOLD (ROYGTO)
ADS [ 11 301 HLDA (ROGTI}
AD4 [ 12 201 WR  (LOCR)
408 [ 13 2[010M 52
apz [ 14 20 DUR (8
At O 15 z6[1 DEN  (8D)
Ana ] 16 B[] ALE  {0S0)
M O 17 2a[0 INTA  (QS1)

INTR [] 18 231 TEST

cuk O 1o 22 [ READY

Gno [ 20 21% RESET
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The Status (S) Bus

8086: Address bits A16-A19 &

BHE/ are muxed with the e WAk 5% Xﬁﬂx o

status bits S3-S7.

S3 & S4 indicate which segment
register is used with the current

ALE: Latch address and BHE/

i i Ve
instruction: o g ] ol up
an14 2 39[7 AD15 Al ]2 R’ A5
Sy S3 Characteristics AD13 [ 3 8] A16/53 A3 ]9 B[] AI6S53
0(LOW) | 0 | Alternate Data (extra segment) ADi2 4 3T A17/54 Az 4 I mwss -
ADI1 [ 5 267 A18/S6 MO a7 mass .
0 | Stack i [0 & a5 [ AtoisE Ao 6 357 A1986 J"*OJE
1(HIGH) | 0 | Godeor None Ao [O7 34[] BHEST sMgr M[88] (HiGH)
1 1 | Data Ape 8 i?fj 3] MNAR [ MIN l wls 0 90 MN R
w7 o 12[1 D MODE wr e a2[7] AD
S5 = IF (Interrupt flag) ADE [ 10 31 ] RG/GTE (HOLD) 206 [ 10 310 Holo (ROGTO)
_ Aps O] 1 30| RO/GTI (HLDA) ADs [ 11 0[] HLDA (ROGTI]
S6=0 } Spare aps [ 12 2911 [OCK (WR) AD4 [ 12 2 W _([LOCK
— ana O 13 250| 82 | pig) a03 [ 13 a1 10iM| (53
Sr=1 ae O 14 a0 8 | oA apz [ 14 270 [ﬂiﬁ (81)
S0/, S1/, S2/ are not MUXed. They ADY E 15 |8 | O AD1 E 15 ;E-g OEN | (D)
roo L 16 2501 Q80  (ALE] A 16 5[] ALE  {0S0)
encode bus status (current bus nt a7 241 ©S1  (INTR) w17 2a [ l'f_fi (051
CyC|e) iNTR [ 18 pald TEST INTR [ 18 231 TEST
. . ck O 19 22 [ READY cuk o 220 READY
Available only in the MAX mode for oo O 20 oY oo O 20 ﬁg RESET

use by a bus controller chip
SSO0: Not Muxed, Min mode
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" S
Main Control Signals

Common Signals for both MIN and MAX modes:

GND [ 1 N~ 4007 vec GND g 1 i a0 YCC
AD14 [ 2 39[] AD15 Ald ] 2 3] AB
u SO/, The read OUtpUt (RD/) AD13 ]9 1] AS3 M3 8 B AeS3
; ; . AD12 4 T[] A17/S4 a1z O 4 g ATise
indicates a read operation on s wh wis an s s oss |
ADID [ & 3501 A19/SE Al 6 3657 A6 Wooe
. Aape O 7 34[] BHEST A7 3] 550 (HIGH)
m The write output (WRY/) : wels %% s ik B wols 50 wh i
i i i A7 O]9 2l D MODE AT ]9 32l RD
Indlcates a erte ADs O w0 31 [0 RGQ/GTE (HOLD) Aps O 10 31[] HOWD (ROYGTD)
Aps O 1 300 RO/GTI (HLDA) aps [ 11 0[] HLDA (ROGTI)
; . apa [ 12 23l (OCK (wR) ADd [ 12 20l WR  ([LOCR)
m The READY input: when low v s i w05 O s spm &
(not ready), forces the processor w25 ap § o) apz L 14 [ OTR S0
’ . .y At O 15 261 S  (DEN am O 15 g1 DEN  (SD)
to enter a wait state. Facilitates a0 O 16 2501 080 [ALE) Ana [ 16 5[ ALE  {0S0)
i ; : nwa O 17 241 081 (INTR) w17 pa[] INTA  (0S1)
interfacing the processor with o d b wra O 1 b T
SlOW memory Chips clk O 19 2l READY o o 22 [l READY
eno O 20 21 [ RESET eno [ 20 21[] RESET
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Main Control Signals (cont’d)

m  Two hardware interrupt inputs:

INTR input: Hardware interrupt
request. Honored only if the IF flag
IS set. The microprocessor enters an
interrupt ACK cycle by lowering the
INTA/ output

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

m  TEST/input: Example: interfacing the
microprocessor with the 8087 math
coprocessor. Checked by the WAIT
instruction that precedes each floating
point instruction. If high, the instruction
waits till input signal goes low and then
gives FP instruction to the math
processor

CENA433 - King Saud University

GND [ 1 4017 vec GND 1 o vec
AD14 [ 2 38 AD15 Ald Ez /O A5
AD13 O3 [ A6s3 M3 3 23B[0 AIES3
ADi2 [ 4 3T Al7/84 A2 4 37 MITISe
ADI1 [ 5 B[] A18/85 M1 Os 3% [] Mess J‘E‘ﬂ
ADip [ & a5 A9/SE Mg O] 6 35 AMXEs e
ape O 7 34[] BHEsST ' ki 3] 580 (HIGH)
we e % wh mui [ wi s T g0 il
wrde Y np® ['-‘mt‘l wrds Y ep @
Aps [ 10 a1 ] RQ/GTO(HOLD) ADs O 10 3] HOLO (ROGTO)
aps O n 30[0 RO/GTI (HLDA) aps O 1 0[] HLDA (ROGTI
ape [ 12 21 [OCK (WRj AD4 [ 12 201 WR  ([LOCK)
ana O 13 280 §2  ig) 4ps 13 a1 1M (33
ape [ 14 o] S (DTR) apz [ 14 271 DUR  81)
Apt O 15 261 S (DEN a1 [ 15 267 DEN (5D
w0 O 18 251 QS0 (ALE) ano [ 16 5[] ALE {0S0]
R iw en: 0S1 (INTRY NI
inTR [l 18 23 TEST INTRA
cuk [ 19 7 [ READY CLK
6D O 20 210 RESET GND
Test for low
/ o 8087
r08C0385630r :TEST/ Math
P Coprocessor
Synchronizes processor execution
to external events
14 Mohammed Amer Arafah



Main Control Signals (cont’d)

m CLK input: Basic timing clock for the
processor (Duty cycle= 1/3)

m MN/#MX input: Selects either Minimum
(+ 5V directly) or Maximum mode (GND)

m  #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 (has an 8-bit data bus-
no high byte!)

m  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 1MB memory) after
disabling the INTR input interrupts (CLR
IF flag). Input must be kept high for at

least 50 ms. Sampled by the processor at

the + ive clock edge
CENA433 - King Saud University

GND [
AD14 [
AD13 [
AD12 [
AD11 ]
Ao [0
ane O
ADe [
AD7 O
ADE O
aps O

ADs [ 12

ana [
ape [
At O
s O
il [
nte O
CLK
GND

15

upuooood

vCC

AD1S

A16/83
A17/84
A18/85
MIDISE
BHEST
MINATX
5
RG/GTE (HOLD)
ROAGT1 (HLDA)
[OCK (WR)
s2 IMAO)
§ DR
8  (DENy
(ALE)
(INTA)

WM
MODE

oot w ] vee

Ald g 2 B AIB

M3 2 B AlESI

a2 [ 4 7 AITSe
MoOs a7 Aless | MAX
Aty E 6 35% A8H I""ODE
L 34[] 880 (HIGH)
A [a sose 3ol MNRX

w07 [ 9 CPu 427 FD

Aps O 10 31[] HOWD (ROQGTD)
aps [ 11 0[] HLDA (ROGTI|
aDd [ 12 201 WA ([LOCK)
403 [ 13 2 10M 35
anz 1 7] DUR (1)
aot O 15 s6l1 DEN (D)
ana ] 16 5[] ALE  {0S0)
O 17 oa[d NTA  (QS1)

WTR [ 18 2a[] TEST

CLK 1m 2z [0 READY

Gno [ 20 21 |l RESET
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"
Main Control Signals (cont’d)

Symbol Pin No. | Type Name and Function

AD7 -ADO 9-16 I/O | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory /10 address (T1) and data (T2, T3, Tw, T4) bus. These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and
local bus “hold acknowledge™.

A15-AB 2-8,39 @] ADDRESS BUS: These lines provide address bits 8 through 15 for the
entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active HIGH and float to 3-state OFF
during interrupt acknowledge and local bus “hold acknowledge”.

A19/56, A18/S5, | 35-38 O ADDRESS/STATUS: During T1, these are the four most significant
A17/54, A16/53 address lines for memory operations. During 1/O operations, these lines
are LOW. During memory and |/O operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is always low.
The status of the interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently being
used for data accessing.

These lines float to 3-state OFF during local bus “hold acknowledge.

S4 S3 Characteristics
0 {(LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
S6 is 0 (LOW)
RD 32 @] READ: Read strobe indicates that the processor is performing a

memory or /0O read cycle, depending on the state of the 10/M pin or
S2. This signal is used to read devices which reside on the 8088 local
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
guaranteed to remain HIGH in T2 until the 8088 local bus has floated.
This signal floats to 3-state OFF in “*hold acknowledge™.

READY 22 I READY: is the acknowledgement from the addressed memory or 1/0O
device that it will complete the data transfer. The RDY signal from
memaory or /O is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not

synchronized. Correct operation is not guaranteed if the set up and hold
times are not met.
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"
Main Control Signals (cont’d)

Symbol Pin No. | Type Name and Function

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by software resetting the
interrupt enable bit. INTR is internally synchronized. This signal is active
HIGH.

TEST 23 | TEST: input is examined by the “wait for test” instruction. If the TEST
input is LOW, execution continues, otherwise the processor waits in an
“idle” state. This input is synchronized internally during each clock
cycle on the leading edge of CLK.

NMI 17 | NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup
table located in system memory. NMI is not maskable internally by
software. A transition from a LOW to HIGH initiates the interrupt at the end
of the current instruction. This input is internally synchronized.

RESET 21 | RESET: causes the processor to immediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. It restarts
execution, as described in the instruction set description, when RESET
returns LOW. RESET is internally synchronized.

CLK 19 | CLOCK: provides the basic timing for the processor and bus controller. It is
asymmetric with a 33% duty cycle to provide optimized internal timing.

Vee 40 Vee:isthe + 5V £10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/MX 33 | MINIMUM/MA XIMUM: indicates what mode the processor is to operate in.

The two modes are discussed in the following sections.
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"
Minimum Mode Control Signals

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

m M/#1O or IO/#M output: indicates
whether the address on the address bus
Is a memory address (I0/#M = 0) or an

S
— GND [t a7 vee GND 1 anfy vee
/O address (I0/4#M = 1) = M =t wds  wh s
" i i i AD13 4 8 [] A18S3 A3 13 387 AlGS3
= WR/output: indicates a write operation. "% o D = sl amse
m INTA/ output: interrupt 011 []'5 28[] AIBSS M1 s wh aess |
. ADID e a5 A19/S6 Ao 6 3“0 E‘bﬁ
acknowledgement. Goes low in ooy wh s wer _ xp oo
response to a hardware interrupt request ~ *®§e o5 max ) N DO T =
. . . a7 9 32[1 RD MODE ADT [ 9 s2[] RD
applied to the INTR input. Interrupting w05 O 10 1 ) [RGETS (HoLD) a06 O 10 32 h How FOGTH
i i i ADs O nr 300 [ROGTI (HLDAY ADs O 1 300 HLDA (ROGTH)
device uses it to put the interrupt vector o= HE 2 o1 D1z 2g= O
number on the data bus. The aoa O 18 sl[E o a0s [ 13 2 I0M &

i a2 T 14 a0 5 oA apz [ 14 271 DUR (81}
mlcroprocessor read the number and AD1 [ 15 261 |50 (DEN} Aol O 15 &6 DEN (S0
identifies the Interrupt Service Routine a0 O 16 o5 Jaso  (ALE a00 O] 16 ALE  (0S0)
(|SR) ma O 17 24l [0S1 (NTR) w17 INTA  (GS1)

wtr Il 18 230 TEsT INTR Il 18 TEST
m ALE (address latch enable) output: ok O 19 21 READY = READY
eNp 20 21[1 RESET eno [ 20 RESET

Indicates that the muxed AD bus now
carries address (memory or 1/0). Use to
latch that address to an external circuit
before the processor removes it!.
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"
Minimum Mode Control Signals (Cont’d)

m  DT/#R output: indicates if the data bus is
transmitting (outputing) data (=1) or

L . Y g |
receiving (inputting) data (=0). Use to ano O ¢ i vee oo g‘ o v
< - . AD14 [ 2 30[7] AD15 A4 ]2 B A5
control external bidirectional buffers aD19 O3 wh awss w3 o (] A6S3
connected to the data bus. 0i2 O 4 T o ) mass o
_ AD1 5 6] AI8Ss A 5 A P
m  DEN/ output: (data bus enable). Active w010 [ & as[] Atosss A0 06 s s (O
. BHE! AD 34l 550 (HIGH)
when AD bus carries data not address jros M =R, wde ™ Ll i
Use to activate external data buffers. wrde ™ wpm Lo | wors T ep @
. . ADs O AG/GTC (HOLD) ADs O 10 31 [l HOLD (ROGTO)
m  HOLD input: Requests a direct memory aos O RO/GTI (HLO) A5 O HLDA (ROGTI)
access (DMA) from the microprocessor. a0 [ 12 Lock (R A4 O R (0GR
. ana O 52 [wig) Ao O 10/ (52
In response, the microprocessor stops L PR at2 O R @)
execution and places the data, address, Apt $  (OFN Ao 115 DEN (S0
d b iah a0 [ QS0 (ALE] ana [ ALE  (080)
and control buses at High Z state o O] oSt TR i O 7 WA (st
(floats them). Signals such as RD/ and wre O TEST NTR TEST
cuk [ READY ck 1o READY
WR/ are also floated. o O o — RESET

m  HLDA output: Acknowledges that the

processor has entered a hold state in oM D/R  SS0 Function
0 0 0 Int t acknowled
response to HOLD. 0 0 : herap rie(;d wledge
m  SSO/ output: Equivalent to the SO status 0 } 9 pemorywrie
output of the maximum mode. Use with ! 0 0 Opoodefetch
|IO/#M and DT/#R to decode the current ! ! 0 UOwe
assive

bus cycle.
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"
Minimum Mode Control Signals (Cont’d)

Symbol | Pin No. | Type MName and Function

10/M 28 o STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a
memory access from an /0O access. IO/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (1/O = HIGH, M =
LOW). 10/M floats to 3-state OFF in local bus “*hold acknowledge™.

WR 29 o] WRITE: strobe indicates that the processor is performing a write memory or write
1/O cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and
Tw of any write cycle. Itis active LOW, and floats to 3-state OFF in local bus
“hold acknowledge™.

INTA 24 o] INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW
during T2, T3, and Tw of each interrupt acknowledge cycle.
ALE 25 o] ADDRESS LATCH ENABLE: is provided by the processor to latch the address

into an address latch. Itis a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R 27 o] DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to S1 in the maximum mode, and its
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local “*hold acknowledge’’.

DEMN 26 o] DATA ENABLE: is provided as an output enable for the data bus transceiver in a
minimum system which uses the transceiver. DEM is active LOW during each
memory and I/O access, and for INTA cycles. For a read or INTA cycle, it is
active from the middle of T2 until the middle of T4, while for a write cycle, it is
active from the beginning of T2 until the middle of T4. DENM floats to 3-state OFF
during local bus ““hold acknowledge™.

HOLD, 31, 30 I,O HOLD: indicates that another master is requesting a local bus “hold”. To be

HLD A acknowledged, HOLD must be active HIGH. The processor receiving the “*hold”
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float
the local bus and control lines. After HOLD is detected as being LOW, the
processor lowers HLDA, and when the processor needs to run another cycle, it
will again drive the local bus and control lines. HOLD and HLDA have internal
pull-up resistors.

Hold is not an asynchronous input. External synchronization should be provided if
the system cannot otherwise guarantee the set up time.

sSsO 34 o] STATUS LINE: is logically equivalent to SO in the maximum mode. The
combination of SSO, IO/M and DT/R allows the system to completely decode the
current bus cycle status.

10/M DT/R SSO0 Characteristics
1(HIGH) 0 4] Interrupt Acknowledge
1 0] 1 Read 1/0O Port
1 1 0] Write 1/0O Port
1 1 1 Halt
o(LOW) 0 o] Code Access
o) 0 1 Read Memory
o) 1 4] Write Memory
o) 1 1 Passive
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"
Minimum Mode 8088 System

10MHz Crystal
0h 8088 ADDT, AR AL6-AI9
81844 BA0-BAIY
0] RESET ? S
il C 1l
csyne  [CL 00 Decading || | EPROMCS)
e % READY " oqqrsys | Cirouit
1 - BD(-7
RN t :&
MN/MX/ DEN/ I << %?
Ve e DTRI T = A
{100hm 75K Ohim =g}
INTR
J:M ) il REY NMI ?(]))/%4 MEMR/ |
' T HOLD —'—*j;
' TEST) WR ey | WAVAVA IC\YAVA
= ! Op RAM O EpRoM
I [OR
_1oW
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"
Maximum Mode Control Signhals (Cont’d)

m For the processor to operate in the maximum mode, connect MN/#MX input to ground.

m S0/, S1/, S2/ outputs: Status bits that Tk sodi ™ wh e
GND 1 40 vCce 4 /
encode the type of the current bus cycle, w02 oy g At 5 wh s
1 16/83 M3 ]2 3B AIGS3
Used by the 8288 bus controller and the = o e O o
8087 COprocessor. AD1 [ 5 617 A1B/SS At s %[ Aass II.EJ%E
Lo . . ADID [ B 350 A9/S5 Ao 6 kilm| E% o
m #RQ/GTO, #RQ/GT1: Bidirectional lines = up emest = D T =R
H . ADs [ 8 80% 337 MNATX [ N Ag[a 38 [0 MNME
for requesting and granting DMA access wrde U o=p® icoe | wrds ™ oep@m
(Request/Get). For use in multiprocessor (%2 FaaT: tuom o= S - oy
systems. The RG/GTO line has higher aoi O 12 Lock (R "4 m LR
.. ana O 82 [MAC) a0s O 1M (52
prlorlty ae O 51 (DT anz [ El_lf' (?E}
. . apt O 8  (DEN) an1 DEN (50
m LOCK/ output: Activated for the duration 00 O 0 ME 00 ME (050
of multiprocessor instructions having the o= A i = L
LOCK prefix. Can be used to prevent o g [ RenDY oK g 19 READY
; . enD H 2 RESET GND RESET
other microprocessors from using the
system buses and accessing shared = 5 = R Q1050 Functon
memory or |/O for the duration of such o -
instructions, e.g. LOCK:MOV AL,[SI] 09 3 |Remupracknowledse 0 0 Queueiside
VO wri 1 First byte of opcode
s QS0, QS1 (Queue Status) outputs: 0 19 ot 0 Stbyte of opco
< : A 10 Queueis empty
indicate the status of the internal 10 0  Opcode fetch
, _ 1 0 1  Memoryread 1 1 Subsequent byte of opcode
instruction queue. For use by the 8087 1 1 0  Memorywrite
coprocessor to keep in step 1 1 1 Passive
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"
Maximum Mode Control Signhals (Cont’d)

Local Local Local Local Local Local
memaory f{®] memory VO memaory Vo
Local Bus Local Bus Local Bus
@ Clock @ Clock @ Clock
Generator Generator Generator
«— — —
Bus slave Bus slave Buslave D
microprocessor microprocessor microprocessor

@ f 7S ; 75§ sy , X

RO

Shared Bus :> Bu Ej

microprocessor

U U

Generator

-

Shared Shared
memory e
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"
8088/8086 CPU Functional Block Diagram

EXECUTION UNIT {EL) BUSINTERFACE UMNIT {EIL)
GEMERAL SEGMEMNT
REGISTERS REGISTERS

— INSTRUCTION |
FOINTER

GENERATION | MULTIPLEXED BUS
——

AND BUS
I CONTROL
I COPERANDS I

‘ INSTRUCTION ‘
I I QUEUE

I FLAGS I
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" JEE—
8088/8086 CPU Functional Block Diagram

Bus
Control
Logic
Execution
e (1]2[3]s[s]e

System
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Internal Architecture of 8088/8086

m The 8088/8086 microprocessor has two units: the Bus
Interface Unit (BIU) and the Execution Unit (EU).

m Both units operate simultaneously. This parallelism makes the
fetch and execution of instructions independent.

m The Bus Interface Unit (BIU) performs all external bus
operations, such as instruction fetching, reading/writing
operands from/to memory, and inputting/outputting data
from/to Input/output peripherals.

m The BIU also performs address generation. To perform this
function, the BIU contains segment registers, instruction
pointers, address generation adder, bus control logic, and an
Instruction gqueue.
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"
Internal Architecture of 8088/8086

m The Execution Unit (EU) performs decoding and execution of
Instructions.

m The EU consists of the arithmetic logic unit (ALU), the FLAG

register, multipurpose registers, and temporary operand
register.

m The EU accesses instructions from the instruction gqueue,
decodes them, generates operand addresses if necessary,
passes the operand addresses to the BIU, requests from the
BIU to perform read/write bus cycle from/to memory or 1/O
peripherals, and performs the operation specified by the
Instruction on the operands.
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" JJAE
Multipurpose and Special-Purpose Registers

8-bit
names
32-bit / 16-bit ‘
names names
EAX AH AKX AL Accumulator
EBX BH BX BL Base Index
ECX cH CK cL Count
EDX DH DK DL Data
ESP SP Stack Pointer
EBP BP Base Pointer
EDI DI Destination Index
ESI Sl Source Index
EIP IP Instruction Pointer
EFLAGS FLAGS Flags

Multipurpose and Special-Purpose Registers
of the Intel 8086 through the Pentium

CENA433 - King Saud University 28 Mohammed Amer Arafah



" JJAE
Multipurpose and Special-Purpose Registers

m All general registers of the 8088 microprocessor can be used for arithmetic and logic
operations. The general registers are:

Accumulator register consists of 2 8-bit registers AL and AH, which can be combined together
and used as a 16-bit register AX. Accumulator can be used for I/O operations and string
manipulation.

Base register consists of 2 8-bit registers BL and BH, which can be combined together and used
as a 16-bit register BX. BX register usually contains a data pointer used for based, based indexed
or register indirect addressing.

Count register consists of 2 8-bit registers CL and CH, which can be combined together and
used as a 16-bit register CX. Count register can be used as a counter in string manipulation and
shift/rotate instructions.

Data register consists of 2 8-bit registers DL and DH, which can be combined together and used
as a 16-bit register DX. Data register can be used as a port number in I/O operations. In integer
32-bit multiply and divide instruction the DX register contains high-order word of the initial or
resulting number.

m The following registers are both general and index registers:
Stack Pointer (SP) is a 16-bit register pointing to program stack.

Base Pointer (BP) is a 16-bit register pointing to data in stack segment. BP register is usually
used for based, based indexed or register indirect addressing.

Source Index (SI) is a 16-bit register. Sl is used for indexed, based indexed and register indirect
addressing, as well as a source data address in string manipulation instructions.

Destination Index (DI) is a 16-bit register. DI is used for indexed, based indexed and register
indirect addressing, as well as a destination data address in string manipulation instructions.

m  Other registers:
Instruction Pointer (IP) is a 16-bit register.
Flag Register
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" JJAE
The Flag Register

Control Status
Flags Flags

TF||DF|| IF ||OF| |SF||zF||AF||PF||CF

CARRY

PARITY

AUXILLARY CARRY
ZERO

SIGN

OVERFLOW
INTERRUPT-ENABLE
DIRECTION

TRAP
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"
The Flag Register

m Overflow Flag (OF) - set if the result is too large positive number, or is too
small negative number to fit into destination operand.

m Direction Flag (DF) - if set (STD) then string manipulation instructions will
auto-decrement index registers. If cleared (CLD) then the index registers
will be auto-incremented.

m Interrupt-enable Flag (IF) - setting this bit (STI) enables maskable
interrupts. Clearing this bit (CLI) disables maskable interrupts.

m Single-step Flag (TF) - if set then single-step interrupt will occur after the
next instruction.

m Sign Flag (SF) - set if the most significant bit of the result is set.
m Zero Flag (ZF) - set if the result is zero.

m Auxiliary carry Flag (AF) - set if there was a carry from or borrow to bits O-
3 in the AL register.

m Parity Flag (PF) - set if parity (the number of "1" bits) in the low-order byte
of the result is even.

m Carry Flag (CF) - set if there was a carry from or borrow to the most
significant bit during last result calculation.
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"
Segment Registers

CS Code
SS Stack
DS Data

ES Extra

m There are four different 64 KB segments for instructions, stack, data and extra data. To
specify where in 1 MB of processor memory these 4 segments are located the
processor uses four segment registers:

m Code segment (CS) is a 16-bit register containing address of 64 KB segment with
processor instructions. The processor uses CS segment for all accesses to
Instructions referenced by instruction pointer (IP) register.

m Stack segment (SS) is a 16-bit register containing address of 64KB segment with
program stack. By default, the processor assumes that all data referenced by the stack
pointer (SP) and base pointer (BP) registers is located in the stack segment.

m Data segment (DS) is a 16-bit register containing address of 64KB segment with
program data. By default, the processor assumes that all data referenced by general
registers (AX, BX, CX, DX) and index register (Sl, DI) is located in the data segment.

m Extrasegment (ES) is a 16-bit register containing address of 64KB segment, usually
with program data. By default, the processor assumes that the DI register references
the ES segment in string manipulation instructions.
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" S
Real Mode Memory Addressing

15 0
Offset Value , 0000 Sepment
Offoet
15 0 .
Segment Value 0000 - Ph}‘ﬂﬁfﬂ
Address

Real Mode Memory

00000

NN/

e

Code Segment (CS)
ATt FOOO
19 0 F0000

20- bit Physical Memory Address

A

A

IP = 500H

64K- byte | F0500
Segment

v. FFFFF
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CS =348A Code
SS =5000 Stack
DS = 2000 Data
ES = 7000 Extra
Segment Offset Special Purpose
CSs IP Instruction Address
SS SP or BP Stack Address
BX, DI, SlI, an 8-bit
DS number, a 16-bit number Data Address
. . String Destination
ES DI for string Instructions Address

CENA433 - King Saud University

FFFFFH

7FFFFH

TO000H

SFFFFH

S0000H

4489FH

34EAOH

2FFFFH

20000H

Real Mode Memory Addressing

PHYSIC AL
ADDERESS

MEMORY

HIGHEST ADDRESS

TOP OF EXTREA SEGMENT

- EXTRA SEGMENT BASE
ES=7000H

64K

+—— TOP OF STACK SEGMENT

- STACK SEGMENT BASE
55 = 5000H
I - TOP OF CODE SEGMENT
64K
l - CODE SEGMENT BASE
CS3=348AH
- TOP OF DATA SEGMENT

G4k

“—— BOTTOM OF DATA SEGMENT
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Real Mode Memory Addressing

Code Segment (CS)

Example 1:
CS = FEOOH
IP = 0020H

- Physical Address = FEO20H

Example 2:

MOV  AX, 4000H
MOV DS, AX
MOV BX, 1000H
MOV AL, [BX]
Example 3:

MOV  AX, 4000H
MOV DS, AX
MOV AL, 33H
MOV BX, 0300H
MOV [BX], AL

CENA433 - King Saud University

]
----------- < FEOO
T FEO00
Code B
Segment FE020 IP = 0020H
_v._FFFFF
_/_
Data Segment (DS)
P — L 4000
40000
Data BX = 1000H
Segment| 41000 55 B
v__AFFFF
— 55 AL
Data Segment (DS)
40000 4000
Data B
Segment| 40300 33 BX = 0300H
v__AFFFF
33 AL
35 Mohammed Amer Arafah



Real Mode Memory Addressing

Example 4:
MOV  AX, 6000H
MOV DS, AX
MOV Sl, 5H
MOV AL, [S]]
Example 5:
MOV  AX, 8000H
MOV DS, AX
MOV AL, 77H
MOV [300], AL
Example 6:
MOV  AX, 8000H
MOV DS, AX
MOV AL, [200]

CENA433 - King Saud University

Data Segment (DS)

---------- — L 6000
60000
Data S| = 0005H
Segment 60005 AA - >
v__6FFFF D
— AA | AL
Data Segment (DS)
'Jr“éb'dbb' < 8000
Data ‘ t B
Segment| 80300 = Offset = 0300H
v__8FFFF
L 77 |AL
Data Segment (DS)
S — L 8000
80000
Data
Segment| 80200 52 Offset = 0200H
v__8FFFF Q
— 22 |AL
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" S
Real Mode Memory Addressing

Example 7:

MOV AX, 50H

MOV SS, AX

MOV SP, OFFSET STK_TOP

MOV AX, 0009H

PUSH  AX AX DX
MOV DX, 4003H 0009 4003
PUSH DX
] — ]
e s e s e
5 [0050 ——+— 0050 —— 0050 ———
0009 506 506 506
AX 508 > STACK |:> 508 508
DX 4003 50A 50A |:> 50A
50E 50E SP 50E
510 SP 510 0010 —— 510 40 03
512 0012 — 512 00 09 512 00 09
SP 0014 — 514 514 514
STK TOP '514H\\ \& \\&
- \’_\’ \,—\’ \’_\/
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" S
Real Mode Memory Addressing

Example 8:

MOV AX, 50H

MOV SS, AX

MOV SP, OFFSET STK_TOP

DX AX
POP DX 0009
POP  AX 4003
Pedl ] ]
5 hdis 8 el
0050 — 1~ 0050 ——1— 55 [0050 ——
SP 50E 50E 50E
0010 —— s10 40 03 SP 510 510
512 00 09 0012 -— 512 00 09 512
514 514 SP 0014 —— 514
\\\ \\k \\k
STK_TOP =514H \’_\’ \’_\/ \’_\/
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"
Real Mode Memory Addressing

Stack Segment (SS)

Example 9: o e s
MOV AX, 5000H 55000
MOV SS’ AX Stack » i
MOV  BP, 14H Segment| 50014 [ 11 BP = 0014H
MOV [BP], AL v__SFFFF %

—— | 1 AL

Stack Segment (SS)

Example 10:

eeeooee < 5000
MOV _ AX, 5000H 50000
MOV  SS, AX Stack BP = 0014H
MOV  BP. 14H Segment| 500141 41
MOV AL, [BP] 4 SFFFF

L 1 AL
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" S
Structure of Assembly Programs

NAME PROJECT
DATA SEGMENT AT  40H
ORG 0H
VAR1 DB ?
VAR2 DB ?
DATA ENDS
STACK SEGMENT AT 50H
DW 10 DUP(?)
STK_TOP LABEL WORD
STACK ENDS
EPROM SEGMENT AT OFEOOH
ASSUME CS:EPROM, DS:DATA, SS:STACK
ORG OH
BEGIN LABEL FAR
MoV AX, DATA
MoV DS, AX
EPROM ENDS
CODE SEGMENT AT OFFFFH
ASSUME CS:CODE, SS:STACK
ORG OH
START: CLI
MOV AX, STACK
MOV SS,AX
MOV SP,OFFSET STK_TOP
JMP BEGIN
CODE ENDS
END START
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" A
RAM Mapping

Physical Address

Interrupt
Vector
Table

Data
Segment

Stack
Segment

CENA433 - King Saud University

Odd Addresses

Even Addresses

VAR2

VAR1

41

00000

003FF
00400

00500
00502
00504
00506
00508
0050A

0050C

0050E

00510

00512

00514

007FF

<+— 0040 | DATA

<+— 0050 | STACK

<+— 0014 | SP
STK TOP=514H
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"
Stack Segment

0030

Absolute

—

Address

]

SS

500

502

504

506

508

50A

50C

50E

510

512

0014

—————— 514

SP

CENA433 - King Saud University

STK_TOP =514H

> STACK

\

k

42
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" J
Example

DATA

STACK

BEGIN

START:

CODE
END

NAME
SEGMENT AT
ORG

DB

SEGMENT AT
DW

LABEL

ENDS

SEGMENT AT

PROJECT
40H

OH

5H

6H

50H
10 DUP (?)
WORD

OFEOOH

ASSUME CS:EPROM, DS:DATA, SS:STACK

ORG
LABEL
MOV
MOV
MOV

SEGMENT AT

OH

FAR

AX, DATA
DS, AX
AL, VARL
AL, VAR2
VAR3, AL
AGAIN

OFFFFH

ASSUME CS:CODE, SS:STACK

ORG
CLI
MOV
MOV
MOV
JMP
ENDS
START

OH

AX, STACK

SS,AX

SP,OFFSET STK TOP
BEGIN

CENA433 - King Saud University
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" S
Example (Cont’d)

Interrupt
Vector
Table

Data
Segment

Stack
Segment

|

Odd Addresses Even Addresses
VAR?2 = 6H VARL1 = 5H
VAR3 =?

CENA433 - King Saud University

Physical Address

00000

003FF
00400

00500
00502
00504
00506
00508
0050A

0050C

0050E

00510

00512

00514

007FF

DATA
<“—1 0040

STACK
<+—7 0050

<+— 0014

STK TOP=514H

44

SP

VAR1 5H I@

AL 5H
VAR2 6H
Adding VAR2
AL BH to AL
VAR3 BH &
Description Value
DS 40H
SS 50H
STK_TOP 514H
SP 14H
Absolute Address of VAR1 400H
Absolute Address of VAR3 402H
Value stored in VARS3 after BH
executing the program
EPROM Size 8KB
Mohammed Amer Arafah



" J
Bus Timing

m A data transfer operation to/from
the microprocessor occupies at
least one bus cycle L OME BUS CYCLE |
|
1

|
m Each bus cycle consists of 4 T |
clock cycles, T1, T2, T3, T4, '

each of period T CLK _\_/_\_/—\__/_-\_/_\_

With 5 MHz processor clock:

ADDRESS
T =1/5 MHz = 0.2 ms _{; VALID ADDRESS }__

Buscycle=4T =0.8 ms

Max rate for memory and 1/O H’iI}]:,RES'SJr]:ETA—( ADDRESS X DATA WRITTEN TO MEMORY }—
transactions =1/0.8 = 1.25 M

operations per sec (Fetch WR
speed). \ -

m Processor executes 2.5 Million
Instructions per sec (MIPS)
(Execute speed)
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" S
Timing Waveforms (Read Bus Cycle)

ONEBUS CYCLE

cLx _\\_/—\\_/—\__/_\

10/M X 1: 1O, 0: Memory

ADDERESS/DATA -—-—-< ADDRESS DATA-IN

ED/

|
|
T4
ADDERESS _< VALID | ADDEESS ) .
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" S
Timing Waveforms (Write Bus Cycle)

ONEBUS CYCLE

cLx _\\_/—\_/—\__/_\

10/M X 1: 110, 0: Memory

|
!
T4
ADDRESS _'< VALID | ADDRESS }_—

ADDREESS/DATA -—-( ADDEESS >< DATA-OUT

WERY \
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BUS TIMING—MINIMUM MODE SYSTEM

T Tz Ta Tw Ts
P S s
£ - rﬂ
CLK (8284 Output) + - 4 4 Zl
A
—=| TeHoTY TCHGL e TCLCH—
IO/M, SSO I{ X
‘%15 -A 8 }{ -llu-s — hg (Float during INTA)
TCLAV=] — | reLax—] Do e TCHOX —|
A 19 .-"Sﬁ - A 16 _-"S3 }( Aga-Horg }( -
TOLUH-~] L TLHLL e Tiiax
—_——
ALE _| J; L
TG T.L:—M o Fa— TRI1VCL
. —_ ik \ ]
Bl e, @& NN\WW
- TCLAIX
rRYLCL—]  f—
REEADY (8088 Input) { . S
_T{ L
— -—ICI!AZ ToVEL —TCL DX
rAD‘? ) ADI] )( ADi-AD FLOAT DATA IN WK:
TAZRL—=] |~ TCLRH— — TAHAY —
RD
READ CYCLE
(NOTE 1) 4 — _{ TCHCTWY TCLAL 1 j TRLAH I TCHCTV
(WA, INTA = Vgy) =
DTR / ;'Z
TCWCTV— TOVETH—= !
DEN
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BUS TIMING—MINIMUM MODE SYSTEM

T
o

Viow,

CLE 284 Ouput) M
o
—GcHer {

RI'Y (8284 Input)

SEE NOTE S

READY (8088 Input) I

|

AD-ADg

IO, SSO
‘%15 -A 8 }{ -llu-s — hg (Float during INTA)
A = Genos-
. [ | et \
“119 "56 - A 16 ' 53 }( Aga-Aag j( Sc-5y
@ @'L =— TLLAX
—_——
ALE | W L
@H LI § — TRIVCL
L
TAVAL=—

AN

AN

|+—

EANIN

[—TcLA

—TCHRYX

TAZRL

T 1]
ED
READ CYCLE
(NOTE 1) 4 —_—
(WA, INTA = Vgy) =
DTR
DEMN
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BUS TIMING—MINIMUM MODE SYSTEM (Continued)

1. All signals switch between Vg and Vg unless otherwise specified.
2. RDY is sampled near the end of Tz, T3, Ty to determine if Ty, machines states are to be inserted.

3. Two INTA cycles run back-to-back. The BOBB local ADDR/DATA bus is floating during both INTA cycles. Control
signals are shown for the second INTA cycle.

4, Signals at 8284 are shown for reference only.
5. All timing measurements are made at 1.5V unless otherwise noted.

LA Tz T3 Tw Ta
TCHICHZ TCLICLA
Yen J
CLEK (8284 Output) T;l’-' 5;\ A kA N (—\_
L _'\__;
TELAV— — ‘rlgtn.n:: M TCHDX — —
‘jkD'? ) ADI] ADy-AD: DATA OUT
WRITE CYCLE
HOTE 1 DEN
TEVETV— |.._
— TWLWH
WR * X
TEVETK—] —
— =TCLAZ
J |"'—'I'Ih|'l:L—-- —TCLOX
AD, - AD 0 A FLoAT [\__POINTER T
_._‘{-rcucw // < — —
INTA CYCLE DTR _ ;lz
NOTES 1,3 TCWCTY— )
(70 W= or INTA
TCYCTY— TEVETE —
DEN
SOFTWARE HALT -
OEN.ADWRINTA  Vor AD7 - ADg INVALID ADDRESS SOFTWARE HALT
R RMINATE TCLAW—] —
NOTES:
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BUS TIMING—MINIMUM MODE SYSTEM (Continued)

WEITE CYCLE

MOTE 1

INTA CYCLE
NOTES 13
(AD, Wi = Yoy}

SOFTWARE HALT -
OT/A INDETERMINATE

NOTES:

OEN.ADWRINTA Yoo

LA Tz T3 Tw Ta
¥ TCH1CHZ ToLacLt g
CH
CLEK (8284 Output) T;l’-' 5;\ A kA N (—\_
L _\_ _;
e e = <=
‘jkD'? ) ADI] }( ADy-AD: DATA OUT

@ B _:Ixj?

- { [
— et =1 G f
WR Ek 3
h— =TCLAZ CWETK: la—

J | Croved~|  [—aotox

AD, - AD 0 A FLoAT [\__POINTER T {_
—.‘{-rcucw // < -

DTR )ll -

Ce- - P

INTA /

DEN
AD7 - ADyg

TCLAY =

* INVALID ADDRESS SOFTWARE HALT

1. All signals switch between Vg and Vg unless otherwise specified.
2. RDY is sampled near the end of Tz, T3, Ty to determine if Ty, machines states are to be inserted.

3. Two INTA cycles run back-to-back. The BOBB local ADDR/DATA bus is floating during both INTA cycles. Control
signals are shown for the second INTA cycle.

4, Signals at 8284 are shown for reference only.

5. All timing measurements are made at 1.5V unless otherwise noted.
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The 8088 Timing Parameters

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

BOBB 8088-2 Test
Symbol Parameter Units e
Min Max Min Max Conditions

TCLCL CLK Cycle Period 200 500 125 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCHi1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CLZ2 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDWVCL Datain Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 a5 ns

(Notes 1, 2)
TCLR1X BDY Hold Time into 8284 0 0 ns

(Notes 1, 2)
TRYHCH BREADY Setup Time 118 68 ns

into BOB8
TCHRYX READY Hold Time 30 20 ns

into 8088
TRYLCL READY Inactive to CLK 8 8 ns

(Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST Setup Time 30 15 ns

(Mote 2)
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V
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"
The 8088 Timing Parameters

TIMING RESPOMNSES

8088 8088-2 Test
Symbol Parameter Units [
Min Max Min Max Conditions

TCLANW Address Valid Delay 10 110 10 &0 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns
TLHLL ALE Width TCLCH —20 TCLCH — 10 ns
TCLLH ALE Active Delay 80 50 ns
TCHLL ALE Inactive Delay 85 55 ns
TLLAX Address Hold Time to TCHCL —10 TCHCL— 10 ns

ALE Inactive
TCLDW Data Valid Delay 10 110 10 &0 ns
TCHDX Data Hold Time 10 10 ns
TWHDX | DataHold Time after WR TCLCH — 30 TCLCH — 30 ns
TCWVCTY | Control Active Delay 1 10 110 10 70 ns
TCHCTV | Control Active Delay 2 10 110 10 60 ns
TCWVCTX | Control Inactive Delay 10 110 10 70 ns
TAZRL Address Float to READ O O ns

Active
TCLRL RD Active Delay 10 165 10 100 ns
TCLEH RD Inactive Delay 10 150 10 80 ns
TRHAWV RD Inactive to Next TCLCL— 45 TCLCL—40 ns

Address Active
TCLHAY | HLD A Valid Delay 10 160 10 100 ns
TRLRH RD Width 2TCLCL —75 2TCLCL — 50 ns
TWLWH | WR Width 2TCLCL —80 2TCLCL — 40 ns
TAVAL Address Valid to ALE Low | TCLCH —860 TCLCH — 40 ns
TOLOH Output Rise Time 20 20 ns From 0.8V to 2.0V
TOHOL Output Fall Time 12 12 ns From 2.0V to 0.8V
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Minimum Mode 8088 System

10MHz Crystal
0h 8088 ADDT, AR AL6-AI9
31844 BAO-BAI9
RIC) RESET ? S
EFI C 10
csyne  [CL 00 Decading || | EPROMCS)
e o Ry T oasys G
1 - BDO-7
RN t :&
MNMY | DEN p < o>
Ve e DTRI T = A
{100hm 75K Ohm o]
INTR
J:M v il REY NMI ?(]))/%4 MEMR/ |
' T HOLD —'—*D;
' sy W ey | WAVAVA VAV
= ! N RAM % EpRoM
I O/
_LOW/
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The 8088-2 Timing Waveforms (Minimum Mode)

T 12 T3 T4

125 <T; ¢, <500ns Teren =68ns Tenel = 44ns
S

— $— Tenox =10ns

CLK

[

10<T, v £60NS —

AS-15 Address

=
o
HA
S
>
N

<50ns Tover = 20ns| T py =10Ns

NEAR@TTH) D,

=
—
(93
wn
[
NV’

Teiin =50NS —f e— — T o <5503

10 =T r =100NS— *— — y_lo <Terl <80ns
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Interfacing EPROM to 8088-2

T T2 T3 T4
125 <T¢ . <500ns Telen =68ns Tenel = 44ns
— < > >
0K W[ W/ [ /N
10 < T,y <60nNs 10 STc_Léz <50ns Tover =20ns | Te, oy =10Ns
AD(-7 Address %(Data In )
I
TCLLH <50ns — |<— — | TC‘HLL < 55 719
ALE _.{ )L [

T AddressS 6ons_'_tLATCH

Buffered |
BA-BALY | € Buffered Address >
EPROMCST 4\‘_ Tetup seteer SPONS+1 ardn +oecopdr I
10 =T k. =100NS— |+ — |[«—10 <T.|gy <80ns
RD/ \ /
T oureur envapee [< trit 100ns +tog

<

MEMR/ —T }\ /
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Demultiplexing the 8088 Microprocessor

Ajgise OE —o Ay
18155 i © Ay
3
Ajsiss 20 - Ay
Aresss G - Ajg
A ° A
8088 15 is
A - A,
‘\n —o A,‘
Ap —o Ay»
A“ All
A ® A, ¢ Address bus
Ay —e Ay
Ag e Ag
° A,
* A
-
————— A,
———— A,
———o A
—e A,
r—' Ao
ALE G ‘373 OE P—_L
|
AD; ! J‘ - D;
AD“ o D(l
ADg © Ds
AD, e D
AD, " D4 Data bus
AD, < D>
AD, e D,
AD(, —9 Dn
10M —e [OM
E’j ° Q Control bus
MN/MX WR *WR
+5V
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Fully Buffered 8088 Microprocessor
i_-l,-

10/M OE IO/M | Buffered
RD ‘244 RD control
WR — e WR bus

[

Alglse OE Ao

Ajass ® Ag

Ajvss ‘373 Ayg

Asesss Ase

G
8088
Ags - A;s
A Ass
Ajx A
Az 244 Az Buffered
Ay An address
A)o Ao bus
Ag s Ag
Ag OE As
i Ar
- Ag
° Ag
Az
o Az
A,
[ "
ALE G '373 OE L’:L
AD, L Az B, —= D,
ADg Ag Be}—= Ds
ADs A B.}—= D.
AD, A, B.l—e D, Buffered
AD, A, 2% gl —e D, s
AD; A, B, |— D, e
AD, A,y B, D,
ADO A0 Bo g DD
DT/R DEN G DIR

I 1L

CENA433 - King Saud University 58 Mohammed Amer Arafah



"

Demultiplexing the 8086 Microprocessor

BHES « BHE
Alss o Ay
A wss Agx
Aszss ~® Ay
Asasa A
Ags
A
—a Ap
Az
° Ay
AIO
e Ay
Ay
BOB6 e Ay
e Aq
As
A,
——————— ——o A
———a A
Ay
[—~
ALE G
'373 OE ‘373 OE D':]_
AD et D4
AD,.. Dy
ADys Dy,
AD,, Dya
ADy, s Dy
ADq Dyq
ADg e Do
ADy and Da_
AD, D;
AD, - D,
ADy a1y
AD, D,
AD_\ —a Dy
AD, D,
AD, * D,
ADy Dy
MAG —e MO
i35) RD
MNMX R - WR
N
+ 5V
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Fully Buffered 8086 Microprocessor

<
5

x
v/

|

b3
P

BHE/S7
Ajosse
Ajgsss
Ajsa

gose 1St

ALE

AD,s
AD,,
AD,;
AD,,
AD,,
ADyq

ADy

AD,

DEN
DT/R
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1

1373

w
N
w

245

G DIR

245

G DIR
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/1

£

|

x
o]

g

R

Buffered
control
bus

Buffered
address
bus
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" J
Buffering

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

m For demuxed signals: Latches used for demuxing, e.g. ‘373, can also
provide the buffering for the demuxed lines:

O-level output can sink up to 32 mA (20 x 1.6 mA loads)
1-Level output can source up to 5.2 mA (1 load = 40 mA)

m 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.

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

m 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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SN54LS373, SN54L.S374, SN545373, SN545374,
SN74LS373, SN74LS374, SN745373, SN745374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

® Choice of Eight Latches or Eight D-Type
Flip-Flops in a Single Package
® 3.State Bus-Driving Outputs 551 . st
® Full Parallel Access for Loading
1 11 X
® Buffered Control Inputs °4|>°— ‘ cLk 4'@’— 4
® Clock-Enable Input Has Hysteresis to o < ‘13; w—&m o H:m‘” ;@Lm
Improve Noise Rejection (’S373 and 'S374) ‘ ‘
® P-N-P Inputs Reduce DC Loading on Data o+t E 5 00 ¢} ci E 5
Lines (’S373 and 'S374) 2p - ap—2 1D
q L
) , 1 I ) 6 o} C1 i 8
SN74S373 ... SN74LS374 LS373, 'S373 7 :{ %m 7 — %
3D 1D 2D 1D
INPUTS QUTPUT
E[1 UED]VCC c ¢ D ° ot _‘ i 9 ) C ‘ g
raff2 1901 8Q - " " " w2 1D ‘ - o 1D —C 49
D[l 188D Lot - . .
L L X Qg
2D[] 4 171 7D o ox x . sdor LN o LN
2(:}[ [ 16 ] 70 5D 13 1D 5D 13 1D
safle 15[ 6a _Lsara, sare ' — |
3D[|7  14[]eD o ot M b > o ™, >
4D [ e 13[] 5D L1 H H ) s
4Q|: 9 12 ] 2Q L T L L —c1 16 - ¢} C1 » 16 -
GND [] 10 1] ct L L X Qg 1 o | B 7 1D )
H X X z
T Cfor'LS373and S373; LA o L "
CLK for’LS374 andS374 18 o P a wt I .
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SN54LS373, SN54LS374, SN54S373, SN54S374,

SN

74LS373, SN74LS374, SN74S373, SN74S374

OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

Input 13V
| ov

|
tPLH—le—> :i—bl— tPHL

|
In-Phase | | ———VoH
Output | 13V | 13V
| VoL

| |
tPHL —¢—P F_’{_‘PLH

Out-of-Phase | |
Output 1.3V

VoH
13V
———VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

|
Waveform 1 |
1.3V | .
' I — — — VoL*05V

Waveform 2

SDLS165B — OCTOBER 1975 — REVISED AUGUST 2002

Qutput 3V
Control
(low-level 1.3V 13V
enabling) N oV
tPzZL —D{ [—

1.5V

| 1~ VoL
tPZH —¥ Id— —»  |¢—tpHZ

|
——VoH
| ,*_Xtvcm-o.sv
13V
1.5V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

switching characteristics, Ve =5V, Tp = 25°C (see Figure 2)

PARAMETER FROM TO TEST CONDITIONS S378 S374 UNIT
(INPUT) (OUTPUT) MIN  TYP MAX| MIN TYP MAX
Ry =2804, C_=15pF, y
fmax See Note 3 75 100 MHz
I = = 7 12
PLH Data Any Q R =280, C|_=15pF, ns
tPHL See Note 3 7 12
f = = 7 14 8 15
PLH C or CLK Any Q R =280, C_= 15 pF, ns
tpHL See Note 3 12 18 11 17
fi = = 8 15 8 15
PZH oc Any Q RL =280, C| =15 pF, ns
P71 See Note 3 11 18 1 18
r=Ty4 S 6 9 5 9
oc Any Q RpL=28040,C =5pF ns
tpLz 8 12 7 12

NOTE 3. Maximum clock frequency is tested with all outputs loaded.
fmax = maximum clock frequency

tp| H = propagation delay time, low-to-high-level output

tpHL = propagation delay time, high-to-low-level output
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tpzy = output enable time to high level
tp7L = output enable time to low level
tpHz = output disable time from high level
tpl 7z = output disable time from low level
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SN54L5240, SN54L5241, SN54LS5244, SN545240, SN545241, SN545244

SN74LS240, SN74LS241, SN74L.5244, SN74S5240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

® 3.State Outputs Drive Bus Lines or Buffer
Memory Address Registers

® PNP Inputs Reduce DC Loading
® Hysteresis at Inputs Improves Noise

Margins

SN74LS244
1G [] 4 U 20[l Vee
1A1[] 2 19]] 2G
2Y4 ] 2 18[] 1Y1
182 [] 4 17(] 224
2Y3[] 5 16[] 1Y2
1A3[] 6 15]] 2A3
2Y2 [} 7 14]] 1Y3
1A4 ] 8 13[] 2A2
2Y1 ]9 12l 1v4

GND [] 10 11]] 2A1
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‘LS5244,°5244

SDLS144B — APRIL 1985 — REVISED FEBRUARY 2002

18 4y

;
1a2 4 ; 18 4v2
1a3 8 ;’ 14 4va
1n4 2 S 12 4va
v
.G 18 Gb
2A1 ”—g 2 2v1
2A213—g T av2
2A315—g 5 2v3
2A4ﬁ—$ 3 2va
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SN54LS240, SN54LS241, SN54LS244, SN545240, SN545241, SN545244

SN74LS240, SN74L5241, SN74LS244, SN74S5240, SN745241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

SDL5144B — APRIL 1985 — REVISED FEBRUARY 2002

Input 13V

|
tPLH ——>

In-Ph | | | Waveform 1
n-rhase | ——— VoH (see Notes C
Output | 13V | 1.3V
| VoL

|
tPHL —¢—»|

Qut-of-Phase |

Output 1.3V

_____ 3V (low-level
enabling)

ov

|
h—bk tPHL

|
H—P:— tPLH

| VoH
13V

——— VoL

switching characteristics, Ve =5V, Ty = 25°C

Waveform 2
(see Notes C

13V

tpzL —H|

{
i

3V

|4—' —» |[¢—tpLz

|
I 13V
|

——— \VgLt03V

fﬂjv
7 | —— — VoL

tpzH—¥ [4— —» |&—tpHz

—— VoH-03V

|
13V 15V

'LS240 'LS241,'LS244
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
tpLH 9 14 12 18
R =667 Q, = ns
tpHL L CL=45pF 12 18 12 18
tp7| 20 30 20 30
R =667 Q, = ns
tP7H L CL=45pF 15 23 15 23
t 10 20 10 20
FLZ Ry =667 0, CpL=5pF ns
tpHz 15 25 15 25
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® 3.State Qutputs Drive Bus Lines Directly

® PNP Inputs Reduce dc Loading on Bus
Lines

® Hysteresis at Bus Inputs Improves Noise
Margins

® Typical Propagation Delay Times Port to
Port, 8 ns

SN74LS245
DIR []1 “ 200] Ve
A1]2 19]] OE
A2]3 18]] B1
A3 []4 17]] B2
A4[ls 16[] B3
A5[]6 15]] B4
AB[]7 14]] B5
AT []8 13]] B6
Ag[]9 121 B7

GND[]J10  11]l B8
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DIR

Al

A2

A3

A4

AS

AB

AT

A8

SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1976 — REVISED FEBRUARY 2002

:

19 —

o

17

o

15

e

-

13

-

VIVIVIVI YAV Y

11

NNNNNNNN?
L
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switching characteristics, Veg =5V, Ta = 25°C

I |
tPHL—4—P| ﬂ—I-Il— tPLH
Out-of-Phase | I VOH
Output 1.3V 1.3V

———VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

SN54L5245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1576 — REVISED FEBRUARY 2002

Output 3V
Control
(low-level

enabling) |

‘PZL—FIl —  —» |tz
| |1

| .
13V | =15V
, ——— VpoLt05V
) | ——— VoL

I
I
I .
I
tPZH —¥| Id— —> I"—tPHZ

——V
Waveform 2 I JI’_%IVOH -05V
1.3V
=1.5V

VOLTAGE WAVEFORMS
ENABLE AND DISAELE TIMES, 3-STATE OUTPUTS

Waveform 1

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
t Propagation delay time, low- to high-level autput 8 12
PLH - . . CL =45pF, R_=6670Q ns
tPHL Propagation delay time, high- to low-level output 8 12
tp7L Output enable time to low level 27 40
- - C =45 pF, R =667 Q ns
tpzy  Output enable time to high level 25 40
tPLZ Output disable time from low level 15 25
. - . CL =5pF, R =667 Q ns
tpHZ Output disable time from high level 15 28
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