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Memory erggfflmmg Diagrams
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.data bus <ULl (=l Ao UL LT o
1 4ad 33UM/ 10 daa sWR 4LS 5 L3 s/ o

| One Bus Cycle I
T —— T, —— T, —— T, —

CLK |

|
|
|
|
Addres s—:<

| |
! !
! !
| |
!
! |
! |
| !
. : : !
AddresstataH Address X Dat% written to IJlncmory }—‘—l
| |
!
| / |
! !

Valid Address
I

WRi |\ i

simplified 8086 Write Bus Cycle
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Bus Timing 4w

T1 A
Address/Data bus <ULl (psliell yal Ao (pslind] auza g7

JE0Y) Cfaa g of 5 4SI3 s 35 Lulan)/ ilS /3 Lad DT/ R j/\///|o ALE 4aSaill &) JLEY) oaas e

data quL:.J/UaDu_[c quLu.// JLaiif ab_r/.éu.zuj cpslbied) als uJU-’JL"d O AT 4,[13.:} ‘C/JAY//
.bus

T2 A

 libl! sy 4GS 2ie 5 DEN 5 «WR 5/RD 5,L38086 zelleal jras o
Uls o Clill] 2] (ro gellal] (SaT LaS eUSH Ula 6 SLLW 2w (0 [/O 536 5 3 KA (S DEN o

L5e/
T3 A
il A g 6l 5 SISl lasl) S (30 T 3 scaicai o
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Bus Timing 4sie 3l

:Timing (el <l gil)
. (T states) 4ele <0 1)/ 8086 zellaall S ali 5 50 JS IR0 o
.800ns =Wl 350 (5 xiui Wadic 5MHz s clock rate 4elwl 2o 45 IS /i) e
.1.25Mbit/sec - <4 sLus transfer rate i 4w <75 e

il 038 xa (memory access time 39l 3léil] e j) 5 SIA) a) o 59/ 555 o cua 51 L 5

600n54;[/ 0&[)3-// 5 g raLa.r;y UALJ/ C'Ln:r JLd/ 4,[:.1....: Lf[c
(QUQJ/ disgig op glind/ 4_%_9 setup times Ay "/dl‘u'/‘;uuu. L 5Juf5 A (A a6 U/“’A-’ .
.150ns /s~ 18 7 ks e

_we_ill ClSSia g puffers I sl Clilae alai WS 30-40ns 4 ¢ sk 450ns (o ST e Sl dulae a3 5 58130 Ao s sl Milliy e
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SQysLelnl 11me L)Iag S A M) aladl) aalq
- PU Bus Cycle 44 \9 ula.d\ daa g (aly 3y g4

cLk "\ __ T . aFgle Tw SN T SN
I0/M Memory Dycle (1/0 cycle is similar but I0/M = 1)
’ X S¢S ‘
READY i > : N — / ~—the pp eamples READY }
(The slow deV|ce drives READY O] | Read Cycle (ifOa WAIT state follows)
RD \ (mstructron fetch and memory operand read) é[up reads Data Bus|
Do- AD X ) Tri- state]J L << { Dg- D7 (Data 'n)D—_
DT/R \ g — Direction “READ” for the Data Buffer |/ i
DEN \ _~(Enables Data Buffer] -/
; ; ; ; . {Memory reads Data Bus]
WR | §\ Write Cycle (memory operand write) i
Dy AD X X D, D; (aaou X
DT/R | K—[ Direction “READ” for the Data Buffer ] |

DEN , ¥ https -/ /manara.edu. Sy/ F[Enablesl Data Buffer
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the internal accessed byte

(more for memory, few for 1/0) activate each chip

=5 Bus Buffe : UAQM JJQ some high Address
— ~ lines and 10/M
WR used to identify the
I0/M accessed chip
8282 Ao
S3-A19/S6 || D QH> Memory /0
[l LE Address | Address |
STB OE % U Decoder Decoder
qp-
741.S244 IR 9PN (WR and RD
for each chip
<]_ Gl 7 _[> Memory iffi o =
8088 '™ chip1 1 chip1
8282
DO-AD7 |Gl { D 0 Memory 1/0
fLE ‘IT- I\ Chip 2 Chip 2
SR ( Memory 1/0
8286 6 1N Chipm
% Data Bus
., CE (Chip Enable) or
CS (Chip Select),

[some low address lines identify}

DEN —{OE T_

DT/R
READY | WA N— —_ i _
(the decoder drives READY: provides enough access time for the selected chip)|




Memory Chips 3 S15Pz &

6)liaJl

il 4L 5 4SI3)) &8 g0 22 glind] b phas sae aag

Olsie B328 A 10 glisd ) g854256 51K (v (ple SSL) dag ull) dew & o) 47 o
LS 30 ill ST 53 S olad¥ 4uilid Ll colilul) bl juati

gl LalS ia s Slilul) b ghs se biy e

bty b shs diiled ] #Lini 8-pit (byte) sz 548155 )0 5/

chip enable (xSaibsi s/chip select (CS) Aand cuilihs elliais 8105 )l JS
L5 SIA) Asy pd J’*J-U@A-«USE/ECI' (S) li7i) L j/ (CE)

L,Lq)//u.[c .JA/} ASAJAJCL!AJO‘)S/J@‘)ML/KJ
il B3 s/ output enable (OE) z/3Y/ (pSaili o8 Ll ROMs S/ 4
.gate ( G)
. tristate buffers Ul 0 Jjlell ey sails oy 5/ OF s aias o

@L:S.//U.&ul:;j/read write (R/W) @L&/’/a;b.q]/i:;ﬁ L/ RAMS—//JS/}-’LH .
(OE) CDAY/u&«J:n uJ/ 43&4/ write enable (WE)
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5_SIAY e i LiSAS PA
Memory Address D@G@dmg

csan) gl day ] drs (po ST Gale pelleal] 4 ging (o3l 5 4SIAN s

llaad) 3 815 s (LS 5 4S)5 i) pudi 5o pdi ST jue i) SLSET ) lin e

AMB () sini 4igic b3 20 8088 ellrall ¢

Adgie ba 11 A #UsTg 2KB sy il 42w 2716 EPROM  _S) 55 Ao aisall BIOS )/

;Lm(lMBJ.thSuu.o MMY/M/LJLAJ/JADC;AMdecoder J.MJJA_KQA Jas 1/ LiiSay o
) sinll ¢liad ablio 1o CLM&/ 3 EPROM L L=ls))f 2/<3_// -y
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Memory Address Decoding

o)ligJl

D,

Logic 0 when A, through A,y are all 1.

BD of 8088/86
Or MRDC bus signal.

lll‘l’ll"l"l‘l"l!‘l’
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- . I I v All the address lines used by the decoder or memory chip =>
°JSMM - each bytmiquely addressed = full address decoding 1
“":

Al4 = \
Full adc_lress Al o657 16KB [
decoding Alb 9%13 ~JEPROM| FFEF
A19=A18=..=A14=1 “AlS | | ehip_| / FC000
select the EPROM OE|/

FFFF
:gcooo
(B3FFF

Al16, Al15, Al4 select
one EPROM chip

[AlQ =1 A18=0 Al7 = o}

activate the decoder 8000(2)O
240 =
AOK{ ; 1,048,576
- |256KB e
Al/ | RAM addresses
Als cs1| chip \[The same Memory-map assignment]\ .= 1Mbyte )
A19 (A0 *3FFFF
MWTC A 256Kbyte = 218 RAM chip ||~ |296KB
MRDC has 18 address lines, AO - A17 A17 RAM R
- . Al8 | chip
A9, Al8 assigned 0 00 => | -\ o _ o Ali%C_Sl WRRD| 100000
CS active for every address 1O/M 7//WR )
from 00000 to 3FFFF Al9=0 < . | 8088 Memory Map

/lO/M =0 RD —
o EFLELEATY + A18+ 10/ M = AL9- Al8- 10/ M

[ IO/M =0 => Memory map ]




Decoding CiFCUitﬁf@

NAND <l g e sacinall jsa il CilSSaa afasin] ady Lo [0l @
Lolasiul ,iSY) 3-t0-8 Decoder (74L5138) i sill lSia _yins o

Ays through A s select
a 2764

Ays through A, enable
the decoder

Ajg

_—

ii Address Tspace RD of S088/86
18 FOOOOH -FFFFFH
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5 ,SIAll Cgs%@jﬁﬁ SLisds
Memory Address Decoding

O gimdl cliad JWlS ARE I

FFFFF — —
Highestaddress 0011 0111 1111 1111 1111
37FFF
32KB Lowestaddress 0011 0000 0000 0000 00O0O
30000 A 2 iR —
LN;J\LNSAM" ) o gliall Lo glad HaRiy 3 ydie duwedl) o gliall Ja glad lHAS
00000 G O ginll s o8 Lad 5 215 (32768) (0 a5
RAMSs 5 S
Addr[14:0] 39KB
Addr[19]— s
Addr[18]
Addr[17] DO (R
Addr[16]
Addr[15]— Oisbie e Olsie sl 058 b e e i S el LieSy Ja 1) gl
I0/M O £37124H s» 32KB Ltz 4axlldl 5 SIAl
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Memory Address Decoding

Q Design a 1MB memory system consisting of multiple memory chips

— Solution 1:

256KB 256KB 256KB 256KB

CcS CS cS CS

Q Q Q Q

—i il il ﬁ

Addr[18] ———
decoderO
Addr[19] ®
cCS O

oM T
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Decoder 74138

Output

1111|111

select

XX X|1(11111|1|1(1 |1

Inputs

Enabhle
G2A|G2B| Gl |C | B|A|0|1|2|3(4|5(6]|7

XX X|xX|1(1|11j1114111 |1

XXX X|X|11|1|1|1(1|1|1

daeola
o)lgJl

sinduy  papg

g(1[1[1[1[1]1

syndin gy

+[qeuay
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Memory Address Decoding

Qa Design a 1IMB memory system consisting of multiple memory chips

— Solution 2:

256KB 256KB 256KB 256KB

CcS CS cS CS

Q Q Q Q

aamon || il il ﬁ

Addr[1]
decoderO
Addr[0] ®
cCS O

oM T
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Memory Address Decoding

Q Design a 1MB memory system consisting of multiple memory chips

— Solution 3:

256KB 256KB 256KB 256KB

Addr[19:18] S <5 ~ T ol

Addr[16:7] 4 P
Addr[5:0]

Addr[17]

2-t0-4
decoder

Addr[6]

OO0

CS
O
IO/M It is a bad design, but still works!
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Memory Address Decoding

Q Design a 1MB memory system consisting of multiple memory chips

— Solution 4:
256KB 256KB 512KB
cs cs cs
ZN O ZN O 4 O
Addr[17:0] T
Addr[lS]ji Addr[18]
Addr[19] ——
10/M D@ Addr[19]
Addr[18]

Addr[19] D—
I0/M IO/M %}
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5 JSI o shBy e 3 LS
Memory Ad@¥ess Decoding

L Exercise Problem:

— A 64KB memory chip is used to build a memory system with the starting address of
7000H. A block of memory locations in the memory chip are damaged.

FFFFH 7FFFFH
733FFH
7 3317H 7 73317H : | tReplace this block
1 3210H = <2 73210H 73200H
0000H 70000H

64KB

Damaged block

1M addressing space

1M addressing space
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A[19]—O
A[18] ——

A[17]—
All6] |

SJS‘M‘ o J%\Jﬁ" Jz ‘53'15'9»
Memory Ad@ress Decoding

o

I0/M —C

A[15:0] Z>

)

ABO) S >

CS

512B

D
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5 JSI o shBy e 3 LS
Memory Ad@¥ess Decoding

L Exercise Problem:

— A 2MB memory chip with a damaged block (from ODCF12H to 103745H) is used to
build a 1MB memory system for an 8088-based computer

1FFFFFH

4 ODCF12H

000000H

.........
eeeeeeeee
.........
A A
o A A A A
A A
P A

Use these
two
blocks

A 4

A[19]

A[19:0] = >

A[20]

A[19:0]

CS

fTtps:/ 7 manara. edu.sy/

T T
R e R b
Ei Ei

e
5
e
5

512K

512K

1FFFFFH

18FFFFH

07FFFFH

000000H
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Memory Ad@¥ess Decoding

O Partial decoding

— Example:
» build a 32KB memory system by using four 8KB memory chips

» The starting address of the 32KB memory system is 30000H

Chip #4

Chip #3

Chip #2

Chip #1

36000H

34000H

32000H

30000H

0011
0011

0011
0011

0011
0011

0011
0011

o O o O O o o O

11
11

10
10

01
01

00
00

o -

O O PR

| o

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000

1111
0000
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high addr. of chip #4
Low addr. of chip #4

high addr. of chip #3
Low addr. of chip #3

high addr. of chip #2
Low addr. of chip #2

high addr. of chip #1
Low addr. of chip #1



Some address lines not used by the decoder or memory chip
Memo ry M ap - [ :%5 images = partial address decoding

I Al4 27— \
Partial address ALl a5 16KB |'. I
decoding “AI6 | Otia N\ |EPROM| > FC000_image
e A17 AO-A13 Chl I,’I
Al8=...=A14=1 W l/ p / /vDFFFF
\select the EPROM - OE|/ 00—

\

(A16, A15, Al4d select | 14

one EPROM chip

i

-

[ A19=1 Al7=0 }

activate the decoder

Al7

AQ
... | 64KB
AlS5 | RAM

A18D@ chip \[The same Memory-map assignment]\

A19 (A0
MWTC A 64Kbyte = 216 RAM chip | 64KB
MRDC has 16 address lines, A0 - A15 A15 RAM
- . FAl8 e | ENP_
A9, Al8 assigned 0 00 => | -\ o _ o Aliﬂcm TR \
CS active for every address 1O/M 7//@
from 00000 to 3FFFF Ig}%=_00< W 8088 Memory Map
| 10/M =0 => Memory map ]’/ i /AkGyALZnot used => four images for the same chip |




