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" S
Address Decoding

MS (9 bits) LS (11 bits)

m  Memory devices interfaced are usually Memory
of smaller storage capacity than the BAO-19 |19 11 | 10 0| chip
full address space of the processor '

m  For example, the 2716is2 K x 8 AU
memory device has 11 (= 1 + 10) 9 Selector 11 Address
address inputs (A0-A10). bits bits

m  When interfaced to a microprocessor :: > dtol | csy
with 20 address signals there is a Decoder
mismatch.

m  The extra 9 address pins (A11-A19)
are decoded using a decoder such FFFFFH 4 High
that they select the memory device for 511 Memory
a unique position in the memory map (ROM)
of the processor. MS (9 bits) LS (11 bits) 510

m Here the uP address space is 2° 000000001 | xxxxxXXXXXX ; 29=
times the size of the memory chip : 512 times

0OFFFH
. . 20

m  Decoding A11-A19 and using them for * 1 2048 I

selecting the memory chip fixes the 00800H kAOW
it ; ; emory

position of the memory locations in the 00000H | 0 ) (Raw)

uP address map
uP Memory Map
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Example 1. Exhaustive Address Decoding
(Simple NAND Gate Decoder)

BAD-BAlO

BDO-BDT

U1 NMC27C16B

BAl1D

Uz 74ALS133

BalSg

BAl7T

BAléb
BAlS

BAl4

BAlz

Bal2

Ball

=N N w20 S IR TR SR

I

AD
A1
A2
A3
Ad
A5
AB

00
01
02
03
04
05
06
o7

Memory locations:FF800H-FFFFFH
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Example 2: Exhaustive Address Decoding

BD0-BD7
BAO-BALG
U4 MS621000 U3 MSM271000
(—LL A1 D2 4— N1 1% D1 4/
A2 D3 12— 101 a5 D2 H2—
8155 04 HZI—] N8 |3 et KT 20
PN ] Ad D5 L8] N___8 | A4 D4 KTy
N 7 ] s b |18 I o A KT
—8 1 a6 D7 24— 1 O (5 Dg 20—
- os 21— iy i o7 2L/
N—27 |45 Y 7 2
N 26 | 25 N 268 | o
—234 A10 —22- A0
N 25 1,4} N_25 |44
NI e Ne_alo] 'ids
R NEh
L 5 e 3 Hse
—2- A16 —2 A6
MEMR/ o—24 24
BAlT ——O) MEMW/ 29 \(/)VEE BAL7 31 gGEM
BAIS —Q 22 CE1 BAIS 22 | ~E
BAlY —O (l)_ﬁ.O_ CE2 BAL9Y T I
VPP
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Example 3. Exhaustive Address Decoding
(Simple NAND Gate Decoder)

m 32 K x 8 memory device: 15 bit

address: 215 |ocations -
m Selector address: 20 — 15 =5 bits Bﬁ‘“’—l—>42 é =
= If we want the memory locations to T : >8 s
start at 10000H, What s the e 3 . c
selector address to decode?: T I =
m Start Address . =
00010000000000000000 = 10000H %5—>c6——
m End address » 74504
000101111111111111112 = 17FFFH vz
m Selector 5 bits: 00010 (Remain  ““—— | >
ﬁXEd) 74,504

m Check: These are 7FFF+1 = 8000H
= 215 |ocations

CENA433 - King Saud University 5 Mohammed Amer Arafah
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Exhaustive Address Decoding
(74LS138 — 74L.S139)

— A 0 L‘ “: 3
55:1:'.uc: L:'.un B I 74LS139
fnputs S p ) - S | Selection | —] 1A 1Y, p—
1 ! inputs —1 IB 1Y, b—
7415138 i i Outputs : Outputs
P p——— 1Y, fo—
. Lznable :
— | G224 S p——— : -q | 1Y, p—
Enahle i input
—¢| G2B o (|
Inputs J
— 1 Gl T Sclection j — 2A 2Y P—
inputs | 1 > Y, p—
:\ : Outputs
DM74LS138 Enable | i
— 2E 2Y, p—
Inputs input
Outputs
Enable Select
G1|G2A |G2B [C|B |A|YO|Y1(Y2 Y3 |Y4|Y5|Y6 |YT
X[ H | H [X[X[X|H|H|[H|[H|H[H[H]H DM74L5139
L X ¥ |X|X(X|H|H/H|H|H|H|[H|H Inputs
Outputs
H L L LLijL{L|{H|H|H|H|H|H]|H Enable Select
H L L LILIHHH|{L|H|HHIH|{H]|H G B A Y0 Y1 Y2 Y3
H L L LIHILIH|{H|L|H|{H|H|H]|H H X X H H H H
H L L LIHIHHH{H|H|L|{H|H|H|H L L L L H H H
H L L HLILILH|HH|H|L|{H|H|H L L H H L H H
H L L HILIHHH|{H| H|H|[H|L|H|H L H L H H L H
H L L HHILIH|H{H|H|[H|H]|L|H L H H H H H L
H L L HIHIHHH|H H|H[|H|H|H|L

CENA433 - King Saud University 6 Mohammed Amer Arafah



Example 4. Exhaustive Address Decoding
Module O: (74L8138)

1111 000X XXXX XXXX XXXX
1111 0000 0000 0000 0000

to
1111 0001 1111 1111 1111 A,
: BAO-BAI2 I
Module 7: A
1111 111X XXXX XXXX XXXX '(.)” N
1111 1110 0000 0000 0000 L 2764
tO BD0-BD7 i
1111 1111 1211 1111 1111 o :
MEMR/ — OF
BAl3 A 1 P00 FATEH CE
BAl4 B | |o_F2000 - F3FFF —J
BAIS ) ;
C > b F4000 - FSFFF d CE
e 3 ‘}FGOOO-FT"FFF 9 CE
d G 4 |oF8000 - FOFFF CE
= E}ég 5 lo FA000 - FBFFF q R CE
BAl6 ro Gl 6o REom - FDEFE o CE
7 b FEOQ00 - FFFFF d CE
BAl7

BAIS
BAl19

10 Memory locations:FOOOOH-FFFFFH
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Example 5: Exhaustive Address Decoding
(74LS138)

64 KB EPROM Starting at FOOOOH
Answer:

> FO0000 — FFFFFH.

> BAO-BA15: Location Addressing.
> BA16-BA19: Space Addressing.

Assume that 64 KB EPROM is not found!
We can replace it with 8 of 8KB EPROM.
Starting address is FOOOOH.

Answer:

> BA16-BA19: Space Addressing.

> 8KB EPROM
BAO-BA12: Location Addressing

> BA13-BA15: 8KB Module Addressing

CENA433 - King Saud University 8

BAL16

BAl7

BA18
BA19

aljb N [

BA4 2 |A YO[14 _ csu
Bal5 3 |B Y113 Ccsof
UIA ¢ Yeplz  csu
vepicsu
6 6 | (10 Cso/
40| G1 Y59 CS6/
5| G2A Y67 csi/
—9| c2B y7 P
74L.S20 —

- 7415138
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Example 6: Exhaustive Address Decoding
(74LS139)

64 KB EPROM Starting at FOOOOH
Answer: "
> F0000 — FFFFFH. e }_Ci
> BAO-BA15: Location Addressing. rvC—
> BA16-BA19: Space Addressing. .
Assume that 64 KB EPROM is not found!
We can replace it with 4 of 16KB EPROM.
Starting address is FOOOOH. e o2 e
Answer: T s 3 vipt—d
> BA16-BA19: Space Addressing. Bas 4 }6 _10725139 i
> 16KB EPROM s
BAO-BA13: Location Addressing
> BA14-BA15: 8KB Module Addressing

CENA433 - King Saud University 9 Mohammed Amer Arafah



Exhaustive Address Decoding
(PLD Decoders)

= Many modern systems use programmable logic decoders in place of
integrated decoders

m They give total freedom in decoding different addresses for individual
memory devices

m Programmable logic devices have may be called:
PLDs: Programmable logic devices
PLAs: Programmable logic array
PALs: Programmable array logic
GALs: Gate Array Logic
SPLDs: Simple programmable logic devices
CPLDs: Complex programmable logic devices

m They are all programmable logic devices. Nowadays they can be
programmed using VHDL (Verilog Hardware Definition Language)

m  Some types are programmed only once (fused links), similar to PROMs
m  Some types are erasable like EPROMSs

m The next slide shows one of the most common low cost devices: the
PAL16L8

CENA433 - King Saud University 10 Mohammed Amer Arafah
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PAL16L8 -

0123 4 567 K 91011 12131415 16171819 20212223 24252627 282913031
1}
1
2
: |
i
6
7
2l —=}—
15

]

b

B %)
TETRTRTO
RURRE SREEE=IR GRLLSSex

ey
S&

I

LRLESS=S

1

ﬂff
T

=
o

O ==} I~
R NANL AALALALALA fa
2228229 ABELR=DTx b

0123 4567 891011 12131415 16171819 20212223 24252627 28293031
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1
I l \L16L8 %Xy y 67 %%mn 2131415 16171819 20212223 24252627 282003 XYZ XVZ
1 1 —
0 ll
i
% — — —
: — F = (xyz)+(xyz)
7
g [M)-
0
| gb—$~ —
3
5
y 3 ol —
9 oy
8
(3 1
3
z 4 2 ﬁg\l/‘
3 R
%
3 16
29
30
3
[ < —
3 .
34
35
36 15
37
38
39

JA: Y JA; <
JRGEAS=S

AELR=STx

\O o
J}f; AR AN J};
TDZEELLR
= I

0123 4567 891011 12131415 16171819 20212223 24252627 28293031
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Example 7: Exhaustive Decoding

BD0-BD7

BAD-BALG

BAL7

L1

BAIS

el

e

BAlY

U e

MEMER/

bbb

e
e}
o
e
[l »]
"o
1o
1o

P IFCLI
VCC

24

Uz MSM271000

21

AD
Al
AZ
A3
A
AS
AL
AT
A8
AD
A10
A1
A2
A1
Ald
A15
A1E

QE

22

PGM

CE

VCC O

GAL22V10C/LCC

Vee

24

VPP

oo
14 -]
D1
D2 5]
Ds 17—
D4 18—
os 12~
ps —0—
oy 21

U3 MS621000

AD
Al
AZ
A3
A
AL
AG
AT
AR
AG
A10
Al1
AlZ
A3
A4
Al5
AlB

OE

NMENMW/

CENA433 - King Saud University
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22

WE

20

CE1

CE2

o1 12
bz |14
D3 15—
D4 HZ—
D5

oe |12~
D7
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" S
Example 7. Exhaustive Decoding

library ieee;

use ieee.std logic_1164.all;

entity DECODER_10 17 is

port (
BA19, BA18, BA17:in STD_LOGIC; Input declaration
ROMCS/, RAMCS/ : out STD_LOGIC; output declaration

);

end;

architecture V1 of DECODER_10 17 is

begin

ROMCS/ <= not BA19 or not BA18 or not BA17

- ROMCS/ =0 for BA19BA18BA17 = 111
RAMCS/ <=A17 or A18 or BA19

: RAMCS/ =0 for BA19BA18BA17 = 000
end V1;

CENA433 - King Saud University 14 Mohammed Amer Arafah
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Example 8: Exhaustive Decoding

A19 A18 A17 A16 Al5 A19 A18 A17 Al6 Al5 Al19 A18 A17 Al6 A15
1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
BD0-BD7
BAO-BAl4
Lé12 P|\<T272§6 %22 /|€\<T272§6 U??Z AKT272586
X I\, X X
N\—10 | 5o 00 1; j 18 AO oo HL—] R 4 00 H1—]
(N—21 A1 01 2 A1 01 (N—2 1 A1 o1 22—/}
USA 74HCT00 \'—L\ﬁ ﬁg 83 lg 5 ; Qg 8§ 4 \\ ﬁ7 ﬁg 8§ —15—15
N [ N o [ N
Als —1 N—2 16 06 (18— 4. A6 06 |18 41 A6 06 [—16—
o 317 o7 e 3 A7 o7 H2 N A o7 He—
BALY 20 25 | A8 5 A8 28" ] A8
] A9 24 pg
N1 |49 21 21
A10 A10 A10
23 {4 232 A11 23 1
21 A12 A12 —21{ A2
261413 5? A13 —28 1 43
271 A4 Al4 —27 A14
MEMR/ 22. 6@ 22 OE 22 ﬁ
20 20 | == 20
vee U4 74HCT138 CE CE CE
28 28 28
VCe VCC vee
BALS ] | 1o 1 vpp VPP 1 vpp
BAlf % g Q | 14
BELT c zg 112 E8000-EFFFF FOO000-F7FFF F8000-FFFFF
1
G1 Y4
4 10
G2A Y5
r—ﬁ— G2B Y6 3
L %
0
Volo
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" A
Interfacing EEPROM (Flash) Memories

m Main Flash memory applications:
Used when contents need to be changed only infrequently, e.g.:
m Storing system BIOS
m USB pen drives
s MP3 audio players

m Similarities with SRAMS:
Both need the 3 basic memory control inputs: CE, OE, and WE

m Differences with SRAMSs:

EEPROM needs an additional programming controls and
programming (erasing) supply voltage. Used to be 25 or 12V, now

5 or even 3.3V.

EEPROM is much slower to write (erase) a byte: 0.4 s Versus 10ns
for SRAM

CENA433 - King Saud University 16 Mohammed Amer Arafah
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Example 9: Interfacing EEPROM

BAO

Select Byte (not Word) operation

BAl
BA2
BA3

PWRDN

VPP

~

Enable Power down mode

Ui
3 15 BDO
5o %TE 88? = BDI
10 {3 D02 (12 BD2
9 1ao DO3 5 BD3
B la3 DQ4 (24 BD4
£1nd D@5 53 BDS
6 _1a5 DQG 47 BD6
1A ggg 6 BD?
7P Qs HE In Byte operation,
30 A9 28F400 DO:? "‘Q""ag DQ15 is an input
X ﬁ}? Flash ga,[25 accepting A0
R Memory%‘g _21_29 address bit.
T L 145 «—
A1 512K x gPAIS
30 A1%n the Byte In the word mode:
3 Ja17 Mode) 256 K x 16
RD——L4doE _ . :
— 439 CE 18-bit address starting with Al
Adi—:): 4
i i FFFFFH
28F400
80000H
7FFFFH
Address:
Start: 10000000000000000000
End: 11111111111111111111 00000H

Programming supply voltage

Additional controls for Flash memory.
Used for programming (erasing)

CENA433 - King Saud University

i.e. 80000H to FFFFFH

17

Flash occupies the top
Half of the memory map
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Example 10: Exhaustive Decoding

Interface a 16KB RAM and a 64KB EPROM to an 8088 buffered system.
Assume the starting address of the RAM is OH and the starting address of the
EPROM is FOOOOH. Use NAND gates, as needed, to generate the chip selects.

Memory Space

00000H
03FFFH

RAM

F0000H
EPROM

FFFFFH

CENA433 - King Saud University

8088 + Latches + Buffers

T4LS20

HLSH Jo—

18

BAO-BAO
BD7-BD0
MEMR/
MEMW/ ﬁ ﬁ ﬂ
10R/
10W/ — |  Address Data —»{(E/ Address Data
CE/ —{0F/
— OF/ — SIWE
64 KB x § EPROM 16KB x 8 RAM

Mohammed Amer Arafah
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Solution of Example 10:

Memory Space BAID-BAD
RAM 00000H BD7-BDO A
03FFFH ~ | MEMRI BA0-15 BDO-7 BA0-13 BDO-7
i; MEMW/ v v
10R/
pA RAMCS/
£ 1OW  EPROMCS| CE/Address Data VENR —> %]%// Address  Data
= MEMR/ ——»{ OF/ VENW — v
= 64KBx§ EPROM 16KBx8 RAM
FO000H EVcc
EPROM BA16
EPROMCS| N r— RAM
FFFFFH Y — PR —- T Riau
BA17—()
BA1o—O)
CENA433 - King Saud University 19
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Example 11: Exhaustive Decoding

Interface a 4KB RAM and an 8KB EPROM to an 8088 buffered system.
Assume the starting address of the RAM is OH and the last address of the
EPROM is FFFFFH. Use NAND gates, as needed, to generate the chip selects.

Memory Space

RAM

00000H

EPROM

FFFFFH

CENA433 - King Saud University

8088 + Latches + Buffers

LS Jo—

20

HLSH Jo—

BA19-BA( .
BD7-BD(
MEMR/
MEMW/ ﬁ ﬁ ﬂ
[0R/
10W/ — 5| Address Data —»{C[/ Address Data
CE/ —»{0F/
— OF/ — SIWE
8KB x 8 EPROM KB x 8 RAM

Mohammed Amer Arafah



Solution of Example 11:

Memory Space BAID-BAD
. G000k BD7-BD(
00FFFH - MEMR/ BA0-12 BDO-7 BA0-11 BDO-7
f; MEMW/ v v
I0R/
P B L RAMCS/ A
% OW _ EPROMCS/ CE/Address Data VENR —>((j)]%/ ddress  Data
= MEMR/ ——»{ OF/ VENW — v
= 8KB x 8 EPROM 4KBx$RAM
FGiii f"“
HHON i — A
FFFFFH SATe | ULy |o EPROMCST BR38 0 oy gy o _RANCS
BA17 - BA16 —
BA18 | BA17 —0Q
BA19 — | gﬁ:g :8
CENA433 - King Saud University 21 Mohammed Amer Arafah
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Example 1: Partial Decoding

BAIS-BAI9  BA0-BA17  Memory Space Available Space
wloo o000 | o
BASIC
00|11 FFFF B
0100 0 000
FOLDBACK 2560 KB
01{11 FFFF ‘
1000 0 000 \
FOLDBACK N e
1011 FFFF
1100 0 00 0
FOLDBACK
1M1 FFFF
Ignoring both BA18 and BA19
22 Mohammed Amer Arafah
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Example 2: Partial Decoding

BA17-BA19

BA(-BA16

Memory Space

000
000

<>
=
=

BASIC

001
001

FOLDBACK

010
010

FOLDBACK

011
011

FOLDBACK

100
100

FOLDBACK

101
101

FOLDBACK

110
110

FOLDBACK

111
111

—_—O Ot i i O O Ol O

_— o O o o i O S o

M oM omoTo ™ o™ om ol

oM omom o™ o™ o ol

o O ol o i o S ol ©

FOLDBACK

Available Space

_____

Ignoring both BA17, BA18 and BA19

CENA433 - King Saud University
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Example 3: Partial Decoding

BA17-BAIS
BA19| | BAO-BAI6 Memory Space Available Space
TFTTTTTT0T00 0 Jo oo o T T 'y
0:00i1 |[FFFF pasict
0 :01: 0 0 0 0 0 FOLDBACK BASIC1 N
BA19=( 0:01:1 |F F F F ]
0 EIOE 0 0 0 0 0 FOLDBACK BASIC1 \\‘ 128K (00000 IFFFF)
0:10i1 |F F F F
((; i;; i ;) g 12 12 g FOLDBACK BASICI1 \\\ ______ .Y
R U } 38;) ..... gr?gg e E— .
17017077707707070
BA19_1 1 :01 ! 1 FFFF FOLDBACK BASIC2
- o . 128K (80000-9FFFF)
i iigi (1) g F(‘) l(?‘) g FOLDBACK BASIC2 \
1:11:0 [0 0 0 0
11101 FFPFF FOLDBACK BASIC2 N Y

Ignoring both BA17 and BA18
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Example 4: Partial Decoding

Memory Space Available Space

BASIC 1 A

——
—_—
<~

A9 A

FOLDBACK BASIC1 \

FOLDBACK BASIC1 \

FOLDBACK BASIC 1 Y 64 KB

FOLDBACK BASIC1 \

FOLDBACK BASIC1 \

FOLDBACK BASIC1 *

FOLDBACK BASIC1

BASIC 2

FOLDBACK BASIC 2 N

FOLDBACK BASIC 2 \

FOLDBACK BASIC 2 N

FOLDBACK BASIC 2 \

FOLDBACK BASIC2 M

FOLDBACK BASIC 2 ----t -t

- e O O O | =mOO OO =
——C O mmOoO|mRmoommoO =

— e OO OO = -OOOQ
1
1

FOLDBACK BASIC 2

Ignoring BA16, BA17 and Al8
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Example 5: Partial Decoding

Assume that the 1M memory space is divided into 16 blocks. One of these blocks is
used, and the rest are ignored. The block is divided further into 4 segments. The first
segment is used only by a 2KB RAM, the second and the third segment are left for future
expansion, and the fourth segment is used only by an 8KB EPROM. Interface both 2KB
RAM and 8KB EPROM to the 8088 system using partial decoding.

Memory Space BA19-BA16 BAIS BAI4 BAI3 BAI2 BAII BAI0-BAO
ez | 00000H v

RAM FOLDBACK

64 KB Foldaback ""-.‘_. 16 KByte

64 KB Foldaback

RAM FOLDBACK

64 KB Foldaback 04000H RAM FOLDBACK

64 KB Foldaback 16 KByte

64 KB Foldaback i (OPEN) S

RAM FOLDBACK

64 KB Foldaback | &%

SR Tt ", 08000H
64 KB Foldaback 16 KByte

prp— (OPEN) BA19-BA16 BAIS BAI4 BAI3 BAI2-BAO

64 KB Foldaback 0C000H

64 KB Foldaback

64 KB Foldaback 0FFFFH

64 KB Foldaback

64 KB Foldaback EPROM FOLDBACK

16 KByte EPROM
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Solution of Example 5.

Memory Space BA19-BA(
00000H BD7-BD0
RN 00FFFH
e MEMR/ BA0-12 ﬁ BDO-7 BA0-11 ﬁBDOJ
= ll\g%{l)w v RAMCS/ \/
= T EPROMCS/ Address  Data CE/ Address Data
£ " (U MEMR/ ——»| OF/
=2 MEMR/ » OF/ VMW ——1VE
£ 8KB x 8 EPROM 4KBx$RAM
T4LS139
FEOOOH BA14 A 0 RAMCS/
EPROM e
FFFFFH I G . [EPROMCS
CENA433 - King Saud University 27
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Interfacing 16-bit Memory to the 8086,
80286, and 80386SX

m Main differences: 8086 from the 8088:
The M/#10 replaces the 10/#M control signal

The data bus is now 16 bits not 8 bits

A new control output, BHE/ [Bus (byte) High Enable]

AO has a special use as BLE/ [Bus (byte) Low Enable]
m Main differences between 8086/186 and 80286/386SX:

80286/386SX has 24-bit address bus (A23-A0)

The M/#1O, RD/, WR/ are replaced with MRDC/, MWTC/,
IORDC/ and IOWTC/- more specific signhals

CENA433 - King Saud University 28 Mohammed Amer Arafah
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16-Bit Wide Memory

m 16-bit wide memory is organized in two separate 8-bit wide memory
banks:

Low bank (even-numbered byte locations: 0, 2, 4, 6, ...)
- low 8 bits of the data bus (D0-D7): LS Byte

High bank (odd-numbered byte locations: 1, 3, 5, 7, ...)
-> high 8 bits of the data bus (D8-D15): MS Byte

m Processor must be able to access any 16 or 8 bit locations

m Banks are selected by the microprocessor through bank selection
(Bank Enable) signals

m  On the 8086, these byte selection signals are
- The BLE/ (A0) signal selecting low bank
- The BHE/ signal selecting high bank

m  Only with writes.... For Reads, the processor will take the byte it wants
and no need to enforce byte (bank) selection

CENA433 - King Saud University 29 Mohammed Amer Arafah



16-Bit Wide Memory

FFFFF FFFFE
FFFFD FFFFC
FFFFB FFFFA
oooos | oooo4 [ |
00003 00002
00001 00000
High Bank Low Bank
(Odd Bank) (Even Bank)
BBHE/ BAO Function
0 0 Both banks enabled for a 16-bit transfer
0 1 High bank enabled for an 8-bit transfer
1 0 Low bank enabled for an 8-bit transfer
1 1 No banks enabled

CENA433 - King Saud University
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16-Bit Wide Memory

Encoding Separate Write Signals

BAO > > LWR/

WR/ ——

B HWR/
BBHE/

m Why consider this only with write access (not Reads)?

Because the processor can choose only the byte(s) it wants to
read from the full 16-bit data placed on the data bus by the 2
banks. So always enable both banks for READSs.
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Example 1: 16-Bit Wide Memory

w -- ;s High bank data bits

m -- » Low bank data bits
Al -- A15
Note: Al U2 CY62256 U3 CY62256
not AO 32K x 8 32K x 8
24| B 21}
Noa1 80 DiDs -4 K aaldl Bihe
N A2 D2 A N —24—; A2 D2 5 A
N 26 0 <o ET I Nz 4% o ETE,
11 A5 D5 [HL— — A5 D5 (——
P21 D6 | 18— —2 | a6 s 18—
N3] D7 12 —3 {7 o7 |12
| St g \_4_5 AB
A9 A9
=l 2
A12 N o | A12
N A ] 2%
mwroe  NO bank selection for READs 5 %
s OE OE
Common to both banks 271 \We 2L WE
VCC 20 CE 20 CE
(0]
281 vee 284 vee
U1 GAL22LV10C/LCC Low Bank ngh Bank
A23 3 17
P | l{e} B
AlZ 4 8 .
5 51 o 22— write Write
- 61, o |2 — Enable Enable
Alg ! Vo e for low : Common CE for both banks
o 1) o He2— for high :
v 101 02— = bank bank Active Low (one decoder)
A0 ]! VO moe— mmR an
L] e
' If start byte address is 060000, Last address is 06FFFFH
puicis SEL = A23 + A22 + A21 + A20 + A19 + #A18 + #A17 + A16
—28 {vee (active low)
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Example 1: 16-Bit Wide Memory

library ieee;
use ieee.std logic_1164.all;
entity DECODER_10 28 s

port (
A23,A22,A21, A20, A19, Al18, Al17, Al6, A0, BHE, MWTC: in STD_LOGIC;
SEL, LWR, HWR: out STD LOGIC

)i

end;

architecture V1 of DECODER_10 28 is

begin
SEL <= A23 or A22 or A21 or A20 or A19 or (not A18) or (not A17) or A16;
LWR <= A0 or MWTC;
HWR <= BHE or MWTC;

end V1;
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Example 2: Memory Interface to 8086

m  We want to interface 64 KB RAM and 64KB EPROM chips to 8086
microprocessor according to the following assumptions:
The starting address of the RAM is OH.
The last address of the EPROM is FFFFFH.
Exhaustive decoding is used.

The RAM and EPROM chips are organized as following:

32Kx8 RAM 32Kx§ RAM
BA19-BAO —1 Addresy — Address
BBHE — (g Data) <> — g Dataj >
BD15-BD0 —+-%EE// — O/
32Kx8 32Kx8 _ — WE/
RAM RAM = | MIMR Jh
T MEMW
£ R DK EPROM DK EPROM
32Kx8 32Kx8 = oW k
EPROM EPROM = DR — Address —1 Address
= DIN Data| <> Data| <>
0DD EVEN INTR iy 4
INTA/ — —
RESET
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Example 2: Memory Interface to 8086

NKs || 32kxs | DO0OOH
RAM || Ram
_______________ § b OFFFHH
i FO00CH
32K 32Kx8
EPROM || EPROM |
DD | EVEN

BA16 —
BA17 EPROMCS/
BA18 |
BA19 — |
BA16
BA17 RAMCS/
BA18 —O
BA19
BAD > > LWR/

WR| ——

L HWR/
BBHE/

CENA433 - King Saud University

8086 + Latches + Buffers

BA19-BA(
BBHE/
BD15-BD0

MEMR/
MEMW/

I0R/

10W/

DTR
DEN

INTR
INTA/

RESET

35

JIKx§ RAM 32Kx8 RAM

BA1-1 5— Address BDS'1 5 BA1-1 S —» Address BD7_0

RAMCS! —s{ g M8 pamcs) —s| g DO <>
MEMR/ —»{ OF/ MENR/ —»{OE/

HWRI —'[WE/ LWR/ —-[WE/

32Kx§ EPROM 32Kx§ EPROM
BATAS — Address | g qr  BA1-15 —1 Address BD7-0
Datar—> Data—>
EPROMCS/ — (§/ EPROMCS/ — (§/
MEMR/ —» OF/ MEMR/—»; OF/
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" S
Example 3: Memory Interface to 8086

m  We want to interface 64 KB RAM to 8086 microprocessor according to the
following assumptions:

The starting address of 64 KB RAM in the memory space is OH.
Exhaustive decoding is used.

The RAM chips are organized as following: 8Kx8
— Address
Data| <>
b BA19-BA) — C%
8Kxd BBHE/ 32Kx§ _"\%E/
N
32Kx§ BDI5-BD0
s —> Address Bad
16Kx4 = MEMR Data | <> — Address
- MEMW/ —{ (Y Datal <>
= I0R/ —»{OF/ — (Y
ODD EVEN = (1w —{WE/ —»{0F/
= _ —nWE/
= DTR
DEN 16Kx8
INTR
IETA/ — Address
RESET SRR e
—»OF/
—v[WE/
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"
Example 3: Memory Interface to 8086

BBHE/ =0 BA, =0
____________________________________________ "
00000 o i 00000 8Kx8
RAM 03FFF BA1-13 —>t Address BDO-7
e BAI9-BA) WKl RAMLICS/ _[ g Dafal >
sk xg | 04000 BBHE/ MEMR/ —»{OF/
32K x 8 RAM BD15-BD0 LWR/ —WE/
07FFF
RAM _____________________ & BA1'15 —P Address
08000 = MEMR/ D BD8-15 8Kx8
;:_:; MEMW RAMHCS/ »(§ - BAL-13 —» Address
10K 8 £ W wvemr —0E RAML2CS/ I P
RAM = 10W/ HwWr/ —WE/ — (Y
= R MEMR/ —*-‘%
= LWR/ =™
OFFFF OFFFF DEN
---------------------------------------------- INTR 16Kx8
INTA/
- BAL-14 —» Address | BpO-7
RESET RAML3CS/ __| ¢ Data| «>
BA) ———\ ™\ LWR/ W
_D— RAMHCS/ MEMR/ —»%]i]z//
_ 4 LWR/
WR/ HWRI BAl4 T, RAML1CS/ L
BBHE/ ——Di BA16 BAIS |B RAML2CS/
gﬁ:; :g P ) RAML3CS/
BA19
7415139
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