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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 l MAX l
MODE uooel MODE | MODE
st 7 b ve oot o ap vee
AD14 [] 2 3] AD15 Als ] 2 RO A5
AD13 13 B[] A16/83 A3 13 8] A16S3
AD12 [ 4 37 A17/84 A2 []4 37 A7se
AD11 []5 a6[] A18/85 AN 5 3] Mass
AD10 [ 8 5[] A19/56 T G 35 ] A19/86
AD9 []7 34[7] BHEST A0 7 34[] 550  (HIGH)
we s ¥ aag MNAT s T sb Mg
A7 9 i ] RD ADT [ 9 eRu 32[] RD
ADs [ 10 31 [] RG/GTO (HOLD) AD6 [ 10 31 HOD  BOGTO)
ADs O 1 30| RO/GT1 (HLDA) ADS [ 11 0[] HLDA (ROGTI)
ADs [ 12 29[ [OCK (WR) AD4 [ 12 20 WR  ({{OCK)
ans [ 13 28] 2 MiQ) 403 [ 13 280 oM (S2)
ape O 14 270§ DR Apz [ 14 271 DUR  (81)
AD1 5 15 261 S  (DEN Aot O 15 261 DEN (S0)
A O 16 251 QS0 {(ALE) Ana [} 16 05[] ALE  (0S0)
na O 17 240 0S1  (INTR) NM [ 17 2a[] INTA (QS1)
INTR [ 18 23] TesT INTR [ 18 23[] TEST
cwK [ 19 2 ] READY oK [ 19 22[0 READY
6hD [ 20 21 [ RESET 6no [ 20 21[] RESET
(a) (b)
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Pin Layout of the 8088 Microprocessors

GND
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CEN433 - King Saud University

v ™~ 4
]2 39
[ k) 38
4 ar
C]s 38
[ 3s
17 3
mE 33
Os 32
] 1o gﬁ k]|
] 11 30
12 29
[ RE 28
] 14 27
s 26
] 18 25
O 24
[]18 21
]9 22
] 20 21

NN NN NN NN NAEREREREREENEN

Voo
A15
ATGIS3
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A19/56

MNIWE
RD
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10/
DTR
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READY
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e

(HIGH)

(RGIGTO)
(ROWGT)
(LOTK)
i53)

51

{50)

(Qs0)
{as1)

A2 23

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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The Modes of Operation

MN/MX | ¢— Vece Bus Controller
8284A —|CLK — | 8284A —» |CLK bk —

10/M CLK ALE
Clock —» |READY — Clock — |READY - — >

generator — |RESET o generator __, IRESET So |7 mwTe
WR |1 Comrorgus 1 I e
Minilmun  5gN Maximun 2 DEN]—»

Mode ALE U Mode
Address/Data Address/Data BHE, A;-A,s
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
':".lt putE II--I puts
2.4V (min) ) 1-Level
: Noise Margin
lﬁWﬁwm 2.0 V (min) J
Guaranteed Forbidden Accepted
Output Levels Region Input Levels
NW@ 0.8V (may)
0.4 V (max) LUy |- O-Level
0 Logic Level : Noise Margin
Ground D0V
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DC Pin Characteristics: Currents

Fan out for a standard TTL output
How many inputs can an output support?
For the 0 logic Level: (output “sinks” current)

O/P can sink up to
16 mA max |
Standard | () _ ——
TTL Gate g > —
An |I/P sources
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)
O/P can source up to

400 puA max
Standard 1 - L
ate :
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

Output pins:

Logic Level

v

Voltage

(.43 V maximum

i

Output levels

2.0 mA maximum

24 N minmum

SO0 uA masimum

Accepted
Input pins: Input levels
Logic Level Yoliage
[l DXV maximum | =10 eA maamum
*
20V mimimum | 10 uA maximum
i#

* =16 mA for standard 74 TTL

@ 0.40 V for standard 74 TTL

0 level fan-outto TTLgate=2+1.6 1

v

*=1.6 mA for standard 74 TTL
# =40 pAfor standard 74 TTL

(8086/88 pP)

=16+ 1.6 =10 (for standard 74 TTL O/P)
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0 level noise margin = 0.8 — 0.45=0.35V (8086/88 uP)
=0.8-0.40=0.40 V (for standard 74 TTL O/P)
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8088/86 Pin Characteristics: DC

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

m Output 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...

- be careful with long wiring from output pins

m A lower logic 0 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 Ars-Ag X DATA OUT ID1s- Dy >- - Write Cycle
4
I
ALE: Latch address
- - g _""_'l-
m  For both microprocessors, Address bus N Dl = Gue: 1 ;j__”:' 1‘“_"

i i ania| & A m EH S 31 AfS
signals are A0-A19 (20 lines) for 1M byte of o = w3 S E
addressing space Az | 4 A az 4 by wmse

i Chit ] &[T Aiss LR - FH[) mass | s
m Data bus signals are e g it i i e e
D0-D7 for the 8088 am |} 7 [ BnEsT MO _— [ S HIEH
Al L Az[] nad Wik A : 3] KR
D0-D15 for the 8086 o = LS e g Pl e = T
i - . ape O 10 11 ] AGETIMOL ape O] w. 1 [ v ERGTH
m  The address & data pins are multiplexed as: ol o 5555 raon i O o s
ADO-AD7 (8088) At (O] 12 =] COCE e A4 O 12 A1 wR L0DD
aca | sa o1 o = I 11 175 ama O s =N 5
or ADO-AD15 (8086) ot B L s
m  Address/Status pins are MUXed ant |Cf 15 all @ a1 Of 18 w5
o |C) as = g8 (ME] am [ e b 0 1 |
A/S for A16-19 ne O 47 M 0B R Wl O 17 2al] HTA 081
. . . TES W= [ 1a saf] TEST
= The ALE O/P signal is used to demultiplex the " - " ap s 23 el
address/data (AD) bus and also the eun o ' ResET s [ an #1171 RESET

address/status (A/S) bus.
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The Status (S) Bus

8086: Address bits A16-A19 &

BHE/ are muxed with the

ADDR:

status bits S3-S7.

S3 & S4 indicate which segment

register is used with the current

instruction:
By B3 Characteristles
IR [ Al Dz fexlez sengmenl)
0 1 Hacx
1 HIGEH) [ Dandee o o
I I Deta

S5 = IF (Interrupt flag)

S6=0
S7 =1

} Spare

S0/, S1/, S2/ are not MUXed. They
encode bus status (current bus

cycle)

Available only in the MAX mode for
use by a bus controller chip

SS0: Not Muxed, Min mode
CEN433 - King Saud University

ATATIS

88

l ﬁ,hg llwl

-5 X

ALE: Latch address and BHE/

Gan [ ~ ] Voo
abid ] 2 B ADs
M O3 | AwEs
act2 4 ) AlFEE
At ] 8 M AIRES
g O & a1 Alash
o O 7 [ BMEsT
apa [ % Tah wnan | v |
awrde Y ouh o OO |
ADg [ 10 31 [ RGGETGHOLD)
aos O] 1 awld RRGTI (o)
& [ 12 %] LOCE (WA
A E‘u a8 | s
e O 14 ol & | o
ant [ 15 2a ) & | (BEN)

S0 ALE]

12

[INTA]

il ] weG

2 nh Al

3 =[] AIE53

T 3#‘:‘ AYES

5 o5 ) aieshs | | e
:.: B asg Argss | | VO
O [ ESE|  HGH)
] sy 3 :I
d: "™ »p®
O w 1 HD BOETH
R 5000 HLEs {RGETIH
1z w0 WR LDGE
(m E w0 M| 5
O 14 g0 OTA | S0
Ois sl OEN | (S
] 1 a0 aLE 1080
12 2] INTE {081
L 1a [ TEST
O 220 READY
W) 710 RESET
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Main Control Signals

Common Signals for both MIN and MAX modes:

m SO0/, The read output (RD/):
indicates a read operation

m The write output (WR/) :
indicates a write

m The READY input: when low
(not ready), forces the processor
to enter a wait state. Facilitates
interfacing the processor with
slow memory chips
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ana O i Ml & e
ape [ 14 ol w T v
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L O e ) Gab JALE
raa O 17 M 081 (WK
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cik O] 1o wl REaDY
ELEHIE B 1] 21 RESET

13

GHG ] 1 aply el
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nz 2 B[] A3

A 4 T AT

Al G 4[] Aass | U#F_I
aig 6 wh s | VEE
A 7 ] BBE  HIGM
AR E a i 27 HNEE

i S 2l =

&g [ 10 5 =D ROGT
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Main Control Signals (cont’d)

g -U o)

m  Two hardware interrupt inputs: ey i S S _ﬁg b
INTR input: Hardware interrupt i f j_“g s i o
request. Honored only if the IF flag it s ] Al b= Sl [
. . AL cm| =, alm s e R - Rk
is set. The microprocessor enters an .. o, o0 B wdr _ xhm o
i i i o R O : 5[] HNEE
:rr:;c_?_zlupt fCi( cycle by lowering the :Eﬂiu u B T (e ) i gl M 5

outpu as O i ] FoEm e ape O w 3] #olD FOAT
p aps [ |T 301 ROGT jHL aps [ # 3] AUt (FOT
. sk L) =2 =] 08 i o I = -ﬁ"?'_ LOCE!
NMI input: Hardware non-maskable s O 13 #D & m s o 13 m0I0M E
interrupt request. Honored MmHy  ogl o wds xhE
regardless of the status of the IF ot [ B0 el e #m [ o
. s I &1: b TR LT 1Y Irﬂlﬁ 17 It
flag. Uses interrupt vector 2 e : W o g Wi I 13
K O ms 2 AEaDy ok [ 19
. . . iup O a0 20 [0 RESET ooy O 2oy
m  TEST/ input: Example: interfacing the e
microprocessor with the 8087 math Test for low
coprocessor. Checked by the WAIT /
instruction that precedes each floating 8086 TEST/ { 8087
point instruction. If high, the instruction processor |° Math
waits till input signal goes low and then Coprocessor
gives FP instruction to the math Synchronizes processor execution
processor to external events
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Main Control Signals (cont’d)

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

. . . .. a1 — ap v wo ) -'I.Il'_] VG
m MN/#MX input: Selects either Minimum o L':IP s Lt rig b by o
(+ 5V dlrectly) or Maximum mode (GND) ADr 2 # anm I 4[] 453
aleE O 4 :|':| L) AT “ O w1
neplt s W] AIBES i 35] 1B
m #BHE/S7 output (MUXed) apla e el B e 46 Y ! ﬂ:—?.e.
. A ] 7 _ M[7 BHEWT mgr 1% [ S5
BHE/ (BUS ngh Enable) Enab|eS ape s BH Eel WP M | ks [ [:': 3= .-._'I‘_vl'-.':.I-
writing to the high byte of the 16-bit @5 ~ =2 % FH - EL o R T
data bus on the 8086 aps O o 1[0 ADGTI LDy A5 O 1 3] HLDA
; aba [ 12 w1 ook [l O N RH =0 'W%_
Not on 8088 (has an 8-bit data bus- s O 1o 0 & wm #es O 1a mawm
' s O o 0 R ¥ | anz- [ ol mBAL
no hlgh bytel) A Q15 wO & (BEN a1 O 18 Ft'-JEI =T
o0 ] e w0 g3 A ama [ B[ ALE
m  RESET input: resets the microprocessor a E " :f_g L. fed E & JI i
(reboots the computer). Causes the cuc B 1 za 1 rEsgy e 1 [ AEADY
oMl 2 n F gk L 20 =1l AESE

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

' E
=

||'F~l:|

)
=l
e

£|.=. 2l
ET [
Ca i e |

Tl

§FBET
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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/#10 or I0/#M output: indicates
whether the address on the address bus
is @ memory address (IO/#M = 0) or an
I/O address (IO/#M = 1)

m WR/ output: indicates a write operation.

m INTA/ output: interrupt
acknowledgement. Goes low in
response to a hardware interrupt request
applied to the INTR input. Interrupting
device uses it to put the interrupt vector
number on the data bus. The
microprocessor read the number and
identifies the Interrupt Service Routine
(ISR)

m ALE (address latch enable) output:
Indicates that the muxed AD bus now
carries address (memory or 1/0O). 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
receiving (inputting) data (=0). Use to
control external bidirectional buffers
connected to the data bus.

m  DEN/ output: (data bus enable). Active
when AD bus carries data not address
Use to activate external data buffers.

m  HOLD input: Requests a direct memory
access (DMA) from the microprocessor.
In response, the microprocessor stops
execution and places the data, address,
and control buses at High Z state
(floats them). Signals such as RD/ and
WR/ are also floated.

m  HLDA output: Acknowledges that the
processor has entered a hold state in
response to HOLD.

m  SSO0/ output: Equivalent to the SO status
output of the maximum mode. Use with
|O/#M and DT/#R to decode the current

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

Symbaol | Pim Mo, | Type Mame and Function

laTy¥) Z8 2 | STATUS LIME: iz an inverted maxmum mode S2. 1L is used 1o dislingush a
mamory accass from an 110 acocess, 1078 bacomas walid imthe T4 praceding &
bus cycle and remains valid until te final T4 of the oycle (150~ HIGH, M =
LA, 1M floats o 3-state OFF in local bus “hiold acknowledge'™.

WHR =] L] WRITE: strobe indicates that the procassor is performing a writea mamory or writs
/0 oycle, depending on he state of the 1OSR signal, WE s active for T2, T3, and
Tww of any wrile oyche, 1L is actve LOW, and floals 1o 3-stale OFF in local bus
“hold acknowledge:".

1T A =4 = IMTA: iz used as a read strobe for inlermpl acknowledge oyches, ILis active LOW
during T2, T3, and Tw of each interrupt acknowledgs cycle.
ALE 25 L] ADDRESS LATCH EMAEBLE: is provided by the procassor to latch the addreass

imto an address latch. It is a HIGH pulsa scive durimg clock low of T1 of any bus
cycle. Mote thet ALE is newver floated.

OT/H b i DATA TRANSMIT/RECEIVE: is neadad im & minimum system that desires o use
a data bus franscaiver. IUis used (o conirdl he drecticn af data low through the
Transceiver. Logcally, DT/R s eguvalent 1o Z7 in Lhe maxirmunm mcde, amd ils
lirmimg is fe same as for BT — HIGH, R — LOW). This signal floals 1o
Fatate OFF in boal "hold acknowledge”'.

CEM =5 L] DATA ENAELE: is provided as an output enabla for the data bus fransceivear in a
minimum system which usas the traraceiver. DEM = aclive LOW durimg each
mearmory and 10 accsss, and for INTS oycles. For a read or IMTA oycle, it is
active from 1he middle of T2 unlil thae middie of T4, wwhilo for aowrite cycla, it =
active from the beginning of T2 until the middle of T4, DEN fleats o 3-state OFF
during local bus " hald acknowladga™.

HiZLD, 31,30 I, 2 | HOLD: indicates that anothar masiar is reguesiing a local bus “hold™. To be
HILDY A, ack now ledged, HOLD must be active HIGH ., The processor receisang the okl
reguaest will issue HLDS (HIGH) as an acknowledgerment, in he rmiddle of a T4 ar
Ticlock cycla. Simullamcous wilh he issuancs of HLDA the processor will Flaal
the local bus and coniral lines, Aftsr HOLD is detecied as baing LOW, the
procassor lowers HLDW, and whan the procassor nasds to run another oycle, it
will again drive the local bus and controd lines, HCHLD and HLEA have intemal
piall-up resistons,

Hold is mot an asynchronous input. External aynchronization should ba provided if
the aystam camnot otherw == guarantas the 521 uptime

550 a4 | STATLUS LINE: is I?icallienuwalerlzo S0 in the maximum maode, The
combination of 2SR and DTSR allows the system 1o complelely decode the
currenl bus cycle slalus.

10 T oOT/R 550 Characteristics
T{HIEH) o %] Inferrupl Scknoawlodge
1 o 1 Read 1570 Port
1 1 v Wit 170 Port
1 1 1 Hah
C{LOR ] %] Code Access
o] ] 1 Read Mermary
[&] 1 [&] Wil Maemory
8] 1 1 Passive

CEN433 - King Saud University 20 Mohammed Amer Arafah



"
Minimum Mode 8088 System

10MHz Crystal
r10h 8088 ADDMT, AR AL6-AI9
31844 BAO-BAI9
RIC) RESET ? S
EFI C !
csyne  [CL 00 Decading || | EPROMCS)
e o REDy T oaisys G
1 - BDO-7
RN L :&
MNMY | DEN p < o>
Ve e DTRI T = A
{100hm 75K Ohm 2
INTR
J:M v il REY NMI ?(]))/%4 MEMR/ |
' T HOLD —'—*D;
' sy W e | WAVAV/ VAV
= ! N RAM % EpRoNM
I O/
_LOW/
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Maximum Mode Control Signals (Cont’d)

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

S0/, $1/, S2/ outputs: Status bits that
encode the type of the current bus cycle,
Used by the 8288 bus controller and the
8087 coprocessor.

#RQ/GTO, #RQ/GT1: Bidirectional lines
for requesting and granting DMA access
(Request/Get). For use in multiprocessor
systems. The RG/GTO line has higher
priority.

LOCK!/ output: Activated for the duration
of multiprocessor instructions having the
LOCK prefix. Can be used to prevent
other microprocessors from using the
system buses and accessing shared

memory or |/O for the duration of such
instructions, e.g. LOCK:MOV AL,[SI]

QS0, QS1 (Queue Status) outputs:
indicate the status of the internal
instruction queue. For use by the 8087
coprocessor to keep in step
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Ger [} = 4y wo

avid [} 2 FE] A0

A3 ] a M| AEEs

Atz 4 bl L EE

CE T ] ] AEEEE

abn e FE] AWED

ame 7 3T Aness

405 1A g 20 el | wn )
wrpls ™Y spoAe  |moe]
ADE O 1 [l REGTHIRND
s O 11 will F5ET A0g
s [ 12 = Tor A
ay L e =l = Ml
e Oow a5 o
s Os =5 o
A [ as =0 car A
e O 17 wl o3 e
R [ 1m a.E TEST

e [ as &2 FEADY

G0 = 20 ___.-'J.Ll REGET

e

L
B mE
i ;]

2 B S Function QS1QS0  Funotion

0 0 0 Interrupt acknowledge b

OB F iR 00 Quauem idle

01 0 NOwrie 0 1 Firstbyte of opcode

o 1 i Hal .

1 0 0 Cpcode fetch 10 Quevels emply

1 O 1 Memaryread 11 Subsequent byte of opcode
1 1 4] Memary write

i i 1 Pazziva
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" JEE
Maximum Mode Control Signals (Cont’d)

Lessal Loal Lacal L.:w:.al Local Local
ey fim] MOy Moy 1o
L-u:-:al Bus Local Bus Local Bus >
&
Clock J Clock J\ l Clock
v Generator Generator Generator
— — —
Bus slave Bus stave Bu
microprocessor MiCToRoCassnr MICrOprocassor
Sync
G t ﬁ : @ : A Xtal
Bus(masteD =
......... Ehﬂmd Bus > IS OGS ST
I/\[ @ Clock
Generator
Ehar&d Shared
mamﬂﬁr L
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"
8088/8086 CPU Functional Block Diagram

EXECUTION UNIT {EL) BUSINTERFACE WMNIT {E1L)
GEMERAL SEGMEMNT
REGISTERS REGISTERS

[ INSTRUCTION |
POINTER

Egﬁgﬁfﬁgu MULTIPFLEXED BUS
A

AND BUS
I CONTROL
I COPERANDS I

‘ IHETHUETI 0N ‘
I I QUEUE

I FLAGS I
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" JEE—
8088/8086 CPU Functional Block Diagram
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" A
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 queue.
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" A
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 queue,
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 I/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 AX AL | Accumulator
EBX BH BX BL Base Index
ECX cH CX cL |count
EDX DH DX DL Data

ESP SP Stack Pointer
EBP BP Base Pointer

EDI DI Destination Index

ESI Si Source Index

EIP IP Instruction Pointer

EFLAGS FLAGS Flags

Multipurpose and Special-Purpose Registers
of the Intel 8086 through the Pentium
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" A
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 1/0O 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 (Sl) 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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" A
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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" J
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 Extra segment (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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Real Mode Memory Addressing

15 0

Offset Value

15 0
Segment Value 0000

NN/

e
N

20- bit Physical Memory Address

CEN433 - King Saud University

0000 Sepment
+
Otfset
3 Phiysteal
Address
Real Mode Memory
00000
Code Segment (CS)
—gmm e < FOO0O
F0000
64K- byte F0500 < IP = 500H
Segment
_v._FFFFF
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"
Real Mode Memory Addressing

CS = 348A Code
SS = 5000 Stack
DS = 2000 Data
ES =7000 Extra
Segment Offset Special Purpose
CS 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
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34

PHYSIC AL

MEMORY

B

£

ADDEESS

FFFFFH
JFFFFH T

Ak
JOOMH ——
SFFFFH I

4K
SO000H J
4489FH I

fd K

34EAOH

2FFFFH W

64k

20000H l

HIGHEST ADDRESS

TOP OF EXTRA SEGMENT

EXTRA SEGMENT BASE
ES=7000H

TOP OF STACK SEGMENT

STACK SEGMENT BASE
58 = 5000H

TOP OF CODE SEGMENT

CODE SEGMENT BASE
C3=345AH

TOP OF DATA SEGMENT

BOTTOM OF DATA SEGMENT
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"
Real Mode Memory Addressing

Jpe— Code Segment (CS)
Example 1:  FEooo ) FEQO
CS = FEOOH
IP = 0020H Segment | FEO20 1P = 00200
- Physical Address = FE020H | FFFFF

____________ _/_
Example 2 e Data Segment (DS)
: -gmmmma- < 4000

MOV AX, 4000H 40000
MOV DS, AX Data BX = 1000H
MOV  BX, 1000H Seoment| 4100085
MOV AL, [BX] v__4FFFF

L 55 AL
Example 3: Data Segment (DS)
MOV  AX, 4000H A 10000 « 4000
MOV DS, AX Data
MOV AL, 33H Segment| 40300 [ 33 BX = 0300H
MOV BX, 0300H p—
MOV [BX], AL T 33 AL
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Real Mode Memory Addressing

Example 4:
MOV  AX, 6000H
MOV DS, AX
MOV S|, 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]

CEN433 - King Saud University

Data Segment (DS)

---------- — L 6000
60000
Data SI = 0005H
Segment| 60005 AA -
v__6FFFF D
— AA | AL
Data Segment (DS)
'Jr“é'o'db'o' < 8000
Data ) Off _
Segment| 80300 77 set = 0300H
v__8FFFF
L 77 |AL
Data Segment (DS)
S — — L 8000
80000
Data
Segment| 80200 22 Offset = 0200H
v__S8FFFF D
— 22 |AL
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" A
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
] — ]
el 5 e s e
§S 0050 —— 0050 —— 0050 o5
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 (m 0_9
SP 0014 — 514 514 514
STK_TOP '514\H\\ \\\ \\\
= \’_\’ \,_\’ \"\,
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" A
Real Mode Memory Addressing

Example 8:

MOV AX, 50H

MOV SS, AX

MOV SP, OFFSET STK _TOP

POP DX DX 0009
POP  AX 4003
] ] ]
5 hdis T el
0050 — 1~ 0050 ——1— $5 [0050 ——
SP S0E 50E 50E
0010 ——s10| 40 03 SP 510 510
s12| 00 09 0012 —s12| 00 09 512
514 514 SP 0014 —— 514
\\\ \\k \\k
STK_TOP =514H \’_\’ \’_\/ \’_\/
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" JJd
Real Mode Memory Addressing

Example 9: J— Stack Segment (SS)
MOV  AX, 5000H + 50000 ‘ 5000
mgx Sg,ﬁ(H Segment|soo14 [T 7= B =001
MOV [BF”],AL v SFFFF ﬁ
— | 1 |A
Example 10: L . Stacksiz%ment (SS)
MOV  AX, 5000H 50000
MOV AL, [BP] v 5FFFF
— 11 |AL
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"
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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" J
RAM Mapping

Interrupt
Vector
Table

Data
Segment

Stack
Segment

CEN433 - King Saud University

|

Odd Addresses

Even Addresses

VAR2

VAR1

41

Physical Address

00000

003FF

00400 <—— 0040 | DATA
00500 <*+— 0050 | STACK
00502

00504

00506

00508

0050A

0050C

0050E

00510

00512

00514 4—— 0014 | SP
e STK_TOP=514H
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" S
Stack Segment

]

Absolute
Address
0050
500
SS
502
504
506
508
50A
50C
50E
510
512
0014 +H— 514
SP \
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> STACK

STK_TOP =514H

\
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"
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

CEN433 - King Saud University
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"
Example (Cont’d)

Interrupt
Vector
Table

Data
Segment

Stack
Segment

|

Odd Addresses Even Addresses
VAR2 = 6H VAR1 =5H
VAR3 =?

CEN433 - King Saud University

Physical Address

00000

003FF

00400

00500

00502

00504

00506

00508

0050A

0050C

0050E

00510

00512

00514

007FF

DATA
<+ 0040

STACK
<+— 0050

<+ 0014

STK TOP=514H

44

SP

VARI1 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 VAR3 after BH
executing the program
EPROM Size 8KB
Mohammed Amer Arafah



"
Bus Timing

m A data transfer operation to/from
the microprocessor occupies at
least one bus cycle

m Each bus cycle consists of 4 |
clock cycles, T1, T2, T3, T4,

each of period T CLE _\_/_\_/_\_/_\_/__\

With 5 MHz processor clock:

T=1/5MHz = 0.2 ms “mi( VALID ADDRESS =
}*

- ONE BUS CYCLE !
Clock Cycle

Buscycle=4T=0.8 ms

![Vlax rat’? for m?%ogy a;‘(;é/ f\)/l MOREEA] aense X BATA WRITTEN TO MEMORY
ransactions = 1/0.8 = 1.
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

= YW U
10/M X 1: 110, 0: Memory >

ADDRESS _< VALID | ADDRESS

ED/

ADDEESS/DATA -—-< ADDRESS DATA-IN >7—
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" J
Timing Waveforms (Write Bus Cycle)

ONEBUS CYCLE

« /WL
10/M X 1: 110, 0: Memory >

ADDRESS _'< VALIT} | ADDRESS

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

>_
>_
\ [
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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

CLE (8284 Output) T}
e

T
e

RI'Y (8284 Input)

SEE NOTE S

READY (8088 Input) I

|

AD-ADg

IO/, SSO
‘%15 -A 8 }{ -llu-s — hg (Float during INTA)
@ [~ (TCLA:&S :-_-_TCLM @
; i r ot \
“119 "56 - A 16 ' 53 }( Aga-Aag j( Sc-5y
@ @'L t=— TLLAX
—_——
ALE | W .
@H LL: e TR1VCL
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 @ pa— —
‘jkD'? ) ADI] }( ADy-AD: DATA OUT
@ B _:Ixj)
- { =
— et =1 G f
WR Ek 3
—_ =TCLAZ CWETK: la—
J | Croved-| | —Goiox
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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" S
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
r10h 8088 ADITABLS AL6-ALY
81844 BA0-BA19
0] RESET ALjE % : T >
EFI C
csyve UK 00 Decading || | EPROMCS)
e ey uisys L Ciri
RO MNAY L DEN b = |[/\ v
75K Ohm o]
INTR
o R L e |
T B [ YT
sy W e | CAVAV VAV
= ? 08 RAM % EpROM
I ]
_1OW
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" J
The 8088-2 Timing Waveforms (Minimum Mode)

T T2 T3 T4
125<T,,, <500ns T, o > 680 Topyer > 44ns
ok Y V[ ]
10<T,,, <60ns —| |ee— | *|Teypx =10ns
AS-15 Address
10< T%Z <50ns Tpyer =220ns| 1oy py =10ns
ADO-T | ¢ Address | {DataIn
Terrm =<50ns — 4— = | Tom <55ns
ALE _-/g \ [

10 < 17y, < 10075 { — y_ 10 < 7, .}, <80ns
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Interfacing EPROM to 8088-2

T1 T2 T3 T4
125<T,, -, £500ns Tercy = 68ns Teyep = 44ns
— < > D
) G N A N A W A Y A
10<T7,,,, <60ns IOST%ZSSOnS Thyer =20ns | Ty ), =10ns
AD0-7 Address %(Data In )
|
T iy <50ns — = =1~ | Tow <55ns
ALE _.{ )L [

TBufferediAddress < 607’15 + tLA TCH
—

BA-BALY | € Buffered Address >
EPROM CS/_’ \#— T, Chip sELECT = 0071 +1, 4 1d1 +Epecopis s
10 = 7¢1p, =100728—  |e— — |«—10<T,},, <80ns
RD/ \ /

L ovrpur naprs [< triT 100ns +top

MEMR —F \ /
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Demultiplexing the 8088 Microprocessor

[—J_;

Anss OE - A
Ajnas —e Ay
‘373
A = * Ay
AIWJ o —8 .A',,
. A . L o A
2488 ; | is
’\u g - A,
.\n - A, M
Az . A,
Ay A,
Min = A 1 Addeess buy
Ay - A,
Ay o Ay
—e Ay
i —e Ay,
Ay
—— ——ae &\,
(_c A,
| ] | —~*
| |
L
ALE i C 73 DF D1
AD: B [ ! D
AD, - D,
ADy ;l —e D,
AD D
AD: J{ . D: Dinta bus
AD, - D.
AD, —e D,
1ovsd * [O'M
RD s RD Coarol bes
MNMY WER = WR
_T_
+5v
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Fully Buffered 8088 Microprocessor

s

101 (e
i %5
WR —————————— o WR

Asrse OE Ao

Awss = A

Aynse 373 Ay

Assy A

S08E

Ags ——— AN
A > Ay,
Ay A
Ay 244 A
Ay A
Ap A
A, - A,
Ay OE Ay
I__ A,
. Ag
. Ay
* A,
. Al
- A,
A,
I —a Ay

ALE G ‘373 OE}:I_
AD, i A, B}—eD.
ADg A B.|—= Dg
ADs A Bep—o D
AD, A, L B, D,
AD. A, 2 al b
AD, As B; —= D;
AD, A B, —= D,
AD, Ag Byfb—= Dy

DT/R DEN G DIR

T
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Demultiplexing the 8086 Microprocessor

l’"_

BHES OE « BHE
Arss @ Ay
Awwss 1 373 :u
Avzse —e.LY
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— e A,
————— — A,
————— A
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I [
ALE G G
‘373 ‘373 OE Dl
AD et 1y 5
AD,.. Dy
AD,, Dy,
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ADy, e Dy,
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ADg e Dg
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AD, » D,
ADy —0 1Dy
AD, D,
AD.\ — Dj
AD, D,
AD, * D,
ADy Dy
MAC e MITO
35) RD
MNMX R - WR
T A
+ 5V
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"
Fully Buffered 8086 Microprocessor
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"
Buffering

m  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.

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

Improve Noise Rejection (’S373 and 'S374)

Choice of Eight Latches or Eight D-Type

®
Flip-Flops in a Single Package
® 3.State Bus-Driving Outputs
® Full Parallel Access for Loading
® Buffered Control Inputs
® Clock-Enable Input Has Hysteresis to
®

Lines ('S373 and 'S374)

SNT4S3TI . . . SNTALS3ITA

ac ] Uzu]&e‘:c
0[] 2 19]] 80
10 (] 2 1ef] sD
0[] 4 1] 7o
20l 5 16f] 72
aaf]e 15[ 60
anfl7 14[] 6D
A0 [] & 13[] 50
4[] @ 121] 50
cuD ([0 nct

P Cfor'LSAT3 and 'SA72:
CLElar L=aid and S4074

P-N-P Inputs Reduce DC Loading on Data

'LEITI, AT
IHPUTS DUTFUT
oc [ ] Q
H H H
L H L L
L L X K
S X X i
'LEIT4, "B5T4
IHPUTS OUTEUT
OC CKk D Q
L | H |
L I L L
| k4 |
H X E i
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SN54LS373, SN54LS374, SN54S373, SN54S374,

SN74LS373, SN74LS374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

SDLS165B — OCTOBER 1975 — REVISED AUGUST 2002

Gutput v
Cantral
_____ v {lew-level rav 13V
Ingst 13V 1.3V enabling) P oV
(113

| |
tPl.H—:"‘_H Il'l—H—WHI-

In-Phase | I ——— WAl
| 13 | 13y
| vaL

Cuutput
| |
EpsL — W rl—Hl—na._n

|
Wavelorr 1 I
Nyav | 15V
I _ —— — WgL*048Y

i T Vou
PIH W M H— tEHI
|

| I i
Cut-cd-Phase I VaH ‘_IK_-:___VDH -0EY
Cutpus 13V 13¥ isv
——— VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENARLE AMD DISABLE TIMES, J-8TATE OUTPUTS

switching characteristics, Vepr =5V, Ta = 25°C (5ee Figure 2)

PARAMETER o 5 TEST COMDITIONS i el UNIT
(IHPLT] (DUTPUT) MM TYP MAX | MIN TYP MaX
R~ 2008, C ~15pl, - - .
e S Mol 3 FiH] 100 iHz
IFLH AL T 2B00, D = 15 pF ¥ 12
Ay I 4 '
oL Liata iy L} S Miode 3 e = ns
tPLH H| = 28060, ) = 15 pF ) 14 L
S or &g 1 S : 5
o [ iy o Mote 3 = T ” =1 M
P7H S| =2B01L, ) = 15 pF d ] i 1
Qc firmy - s
[l ! Sec Nois: 3 1 10 T
i —_ ad a 5 |
il o iy RL - 2004z, C - Spl s
L i 12 7 12
METE X Klaxiron clock lregquency is lested wilh sl oalpuls loecded loFp — ulpul et e o bigh leee

P = MERIMAIT SH0CK Tegqaency
e H = propagaton s lay e, low-to-high-love! output

tmpn = profpaganon delay ime, highebo-iow-level ouiput
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" J
SN54L5240, SN54L5241, SN54LS244, SN545240, SN545241, SN545244

SN74LS240, SN74LS241, SN74L.5244, SN74S240, 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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SDLS144B — APRIL 1985 — REVISED FEBRUARY 2002

18 4y

;’
1A2 4 ; 18 4v2
1a3 8 ;’ 14 4va
1A4 -8 ﬁ\i 12 tva
~
.5 19 Gb
2A1”—$’ 2 2v1
2A213—g T av2
2A315—g 5 2v3
2;:\4”—? 3 2Y4
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" Jd
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

I VoL

Cutput av
Control
_____ 3y llowlevel 1.3V 4.3V
Input 13V 13V enabling) — —— — — — 0V
| oV PZL—> — | [4—tpLz
tPLH — ] lla—-I— tPHL : I :
| | | Wavefarm 1 A
In<Fhass VaH {se® Notes C 13V |
Output 13V | 1.3 and D} ) __'-.-’_ VoL +03V
PZH—™ 4— —» |—1pHZ

I
IPHL —4—¥ rl—l':—'tPLH

- |
1) VoH
Out-of-Phase | I VioH Waueform 2 ‘_E*GH -03¥
Dutput 13V 13V tsee Hotes L 13V ABV

and O}
——— VoL

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

"LE240 ‘L5341, 'LS344
PARAMETER TEST COMDITIONS NN TYF NAX] BB TYP WAX LIMIT
(= Ry - 857 O 4 14 12 1A
= = BAT 0 £ =45 pl : n=
PHL - L=4ap 1218 12 8
tp7| TS 20 20
[ HLE R CL=A5pF T Y B
s 10 20 10 20
s Ry = 667 0 T =5pF : =1 ™
=0 - 14 25 14 2h
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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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SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1976 — REVISED FEBRUARY 2002
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————— av
Input 13 1.8%
oY
PLH——» ——tFHL
In-Fhaze i l ———VoH
Output : 1.3W 1.3
! VoL
IlI"HL—""—"I: H_I tFLH
Out-of-Phase | | VOH
Cutput 13W 1.3W
VoL
VOLTAGE WAVEFORMS
FROPAGATION DELAY TIMES

switching characteristics, Vepe =5V, T = 25°C

SN54L5245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1576 — REVISED FEBRUARY 2002

1.3%
I [

'szL—Hl [— > M—tpz
| I

Waveform 1 |

1.3y w15 W
. ——— VgL t0.5V¥

T T VoL
rl I-I

. |
—
Wavaform 2 I o ——EH‘JUH =03V
1AV
A5

VOLTAGE WAVEFORME
EMABLE AND DISABLE TIMES, 3-STATE QUTFUTS

Sutput
Cantral

(lre-lewal
enahbling]

I
I
I
I
tPZH M > tPHZ

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT

=1 H ropagabkan delay ime, lov- 10 high-level autpul i 4 12

- 2L =45k, Ry =BEF 0 s
1=HL Prapagaton delay fime, high- {o bow-level autput ] 12
1 Catput enahle ime o low level £ 41
= - L =45 pE, Hp = 8650 ns
tory  Cutput enable fime to high kevel 25 40
1 Ot disakds time from o el 15 25
oLz : G = 5 pF, Ry =687 0 o
IeHzr  Cutput disakie time from high level 15 20
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