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Memory Address 16 -- ?

Design a memory decoder for the depicted address segment.
NOTE: BLE/BHE -> EN (each) and MEM Decoding - CS (common)

.5
A8 S AE 7
D s wman W B
A6 cs cs
A5 \\ j Ad A4
ig ) ig D7 ig D7 _
I I
A2 y A1 po A1 po OBF
A1 L A0 — A0 EN
_/ 5—” O
D7 - DO A 030,
8
D15-D8 A
8
BLE 000
BHE 1
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Recap & More Exercise for - Memory Address Decoding
How Much Memory?

. A0 /1 32 3 vDD
How Many Address Lines? A=Y =
1K = 10 lines Yo e S By
] 1
MEM 32K > 15 lines % EE gé 35‘?3
] 1
MEMORY PINOUTS IS =i
] 1
Address Lines b7 13 20 5 bt
CE — 14 29 43 D2
Data Lines ves = 18 12 B b4
“Defense” ports or “Gates”
/CS l //
/CE \“.-’ﬁ.ddrfﬂ bus //l/ Rk
/OE )AP .--/ - T — / /> :r 1
/WE M /%{.—ﬂ/(/’ /Q;//ﬁ/ EPROM Data bus
M’ /\/// . /("M S
Memory I l
__> ‘.lddl'c,\\_ SEL
— decoder
AS =




8-bit uP + MEM

Processor has 2%4=24MB=16MB memory space: Pl 32 | VoD
0x000000 — OXFFFFFF e 550 B
MEM has 219=0.5MB gH=k 2 e
Let’s place the MEM betweeq 0x0000 Z0XTFFFF Y o Eg & gi’?n
Processor Addr (A18 — AO) <>MEM Addr (A18 — AO) ﬁ Eg %ﬁ gfgg
The left-over Addr lines in the uP~A23 — A19 E E }'13 gg gﬂ”
This condition is used+teopen the MEM gate (namely,|/CS) = 1 & 0d
07 13 203 M
3 X D6 14 23 B D2
L L —e| s — ; D5 15 18 503
mu‘\'\mHJHHS\H =y
ﬁ.ﬁ.ﬂ.ﬂ.ﬂ(ﬂ.ﬂ.ﬁ. AAAAAAAAAAAIAAAA D7 | Z‘f L/ zZv
2222[/11/11p111/11080000|0000 | 2:2.2
3210|9876pB432(10987654|3210 Do
x X|x Yy y¥ :/5/\/\6
() O Qoo
= — g FErE
1 ﬁm&
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e LD 07 OO M — e D LD O ~— 0
MMMMMA%MMMMADDD% O (=

= ®
= ®
T O X Ad
L O N X oA®

M
A A
e e
10
X X

8-bit uP + MEM

R
L ® < X O
L @ 0 oA ®
L ® WK I ®
L O M~ X O
L ® 00 oA®
M L ® X I ®
L e ® @

A
1
1
X
1
=

XXX XXX
1111
© oo

AAAAAAAAAAAA

|

22221111111
32109876543

@ OO 06 111
© 0000 00




Now, place 0.5MB size MEM
between $280000 - $2FFFFF

8-bit uP + MEM Exercise

A0 1 32 [ voD
AT 20 3 AR
Ala @3 30 3 Alg
Az ™4 29 ) MNE
Fo il 28 4 Ald
A7 B P
A7 26 Al
N 25 4 &l
L N 24 M I0E
A3 310 23 3 Al
A i 22 MICE
Al 12 21 300
DY @13 049 M
DE = 14 002
05 15 18 303
ViS5 16 17 304

A A A A A A A A A A A A A A A A A A A A A A A A D7
2 22 2 1 1 1 1 1 111119 e 866 6 e 6 o . |
3 218 98 7 65 4 3 21686 987 65432186 De
Names:
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Processor does not have A0

BHE (UDS) and BLE (LDS), instead. 16-bit uP + MEM

BHE, BLE -> EN (Each MEM)
Processor Addr <> MEM Addr

A19 — Al (Processor): A18 — A0 (MEM)

Left-Over Addr (Processor): A23- A20 |

MEM selection > CS (bogh MEM) g \
q A0 /1 J2 mwDD A0 1 32 3 vwDhD
, A7 20 3 [ AlE AT 2O 31 [ AlE
A5 3 30 /3 A1 A5 3 i :l.i'-.18]
w5z == HE 1=
v /T ZER A= A=
A5 8 25 /M AlZ \AS:S 25:|A12)
A4 9 fOE F N ] N
A5 10 23 A1 1] 253 10
A2 ] 11 22 IC5 A2 11 =
Al 12 21 — Do 21 12
tD? =13 C 20 /30 (D? = 13
[ OE — 14 29 4 D2 OB — 14
[ O 0S5 15 18 3 D3 LS 15
j 1 A 4 = v,

_L_ ] ‘
|||ﬂ|||||||||||||||| ° 8
AAAAAAAAIAAAAAAAAAAAAIAAAHL D7 D15
2222111111111 1900/00600|000CEFTE | |
321998?6543_21998?654321G De D8
) O ORXAX|AAAXKA LA X W [ ¥ % A K

S o, O o >, O
Y i F li(‘ l‘



16-bit uP Memory Decoding EXERCISE

Q: 64K Word (or 128 KB) of RAM, with it's starting address at

$480000
A: 64KB - 16 lines each MEM a

Range: $480000 - $49FFFF
BHE and BLE for A, line > EN(Enable) -~
Upper address lines - CS for both MEM

wmNn> p—
[ I S T i
(B LS I ~ T
oONE M
w R > —
weE rr —
NBRk,r
o R p—_—
iR rx» p—
N 2
weLerr
N e
(ol T ~ T
oL x>
v o r Pe_-—
0o r —
~Ne rr
oo r e——
nunoerx» —
0 > pP_——
woerr—
N ® > —
k ® > —

D15

D&
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cs

( ofe

w—\—AAU
AS
EN

s e

8
D
b

(o)

EN

M9

16-bit uP Memory Decoding EXERCISE

Range: $480000 - $49FFFF

"‘+'A50

Names:
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Multiple Memories

e / f nj,méEBMI 7F
A5 EN
A4 — A4
A3 —t— A3  p7 .
A2 < A2 a0
A= i I
f S ) MEM2
D7 - DO a /; 00
: P
Ve ||: MEM2 |
As EN g A AA[AAAA
L as 8 6543218
A2 | g X[ X X X X MEM1
A1 pf 10j1{1111
A0 e @000
1

X XX X X X MEM2

11 1111
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Group #

D1s -D0
Al3- Al

Al4
Als

Ala
AT
ALE
A9
A0
A2l
F)
_A23
BHE
BLE

Names:

Multiple Memories

ROM: 0xFB0000 - 0xFB3FFF
RAM: 9xF90000 - 0xF9FFFF

DI5-D0 ;16

A13-41

7

T

J D15-DE
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CPU: 8MHz Motorola 68000
Introduced in 1984
Memory: 128KB (512KB in later version) RAM, 64KB ROM
3.5” 400KB Floppy Disk

Application: MacWrite and MacPaint

Mouse

9” B&W Monitor

Keyboard

7~~~ AN\

Apple Macintosh Classic

Serial Pc

Printer F
Address

At a Glance

MName
K acintosh

Manufacturer
Apple Computer
20525 Manani Awe.
Cuperting, CA 95014
[408) 9961000

Dimenslons

9.75 by 9.75 by 13.5 inches

Weight

Main unit, keyboarnd and mouse—22.7
bz,

Power Requirements

105130 W AC, &0 Hz LS model);
85-135 W AC, S50/60 Hz [international
made|

Memory

128K bytes of RAM, &4K bytes of ROM
Standard Configuration

Main unit with 128K byles of RAM, 69K
tytes of ROM., integral Sany 3la-inch
disk drive, F-inch video monitor, two
sefial pors, extemal mechanical Mouse:
extemal keybaand

Mass Storage

One Sony 3¥z-inch disk drive; 3Ye-inch
disk holds 400K bytes and 15 encased in
a rigid plastic housing

Video Display

Q-inch manitor, noninterlaced &0.15-Hz
image, 512- by 342-pixel resolution
Pointing Device

hechanical mause

Keyboard

Detached keyhaard; 58 keys (59 in inter-

national version|. aulorepeart nwo-key
roliover

Hardware Options

sccond disk drive, keypad, Imagewnter
printer security kit [for chaining corm-
puter to tabie|

Software Optlons

mac Paint [drawang program|, dac Wiite
[a simple word processor). Mac BASIC.
Mac Pascal, others [see text]

Prices

Standard system, 51995-52495; Mac Paint
and Mac \Wfrite [together), bundled at no
charge for the first 100 days, 5195 [lor the
: Macantosh Pascal, BASIC,
Logo. Terminal, and AssemblerDebugger,
§99 each; Mac Draw and Mac Project,
5125 each; keypad, $99. second disk
drive, $395; Imagewriter printer, $495

wo) thereafter

3
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Apple Macintosh Classic

: i T ey

CPU: 8MHz Motorola s Bt B - *
58000 | 0 S ofle T gy gy 38
Memory: 128KB o e e UL AT =

(512KB in later
version) RAM, 64KB
ROM

The product-design
goals of small size,
light weight, and
moderate end-user cost
encouraged us to
create a low-power,
low component-count
design.

D

Macintosh System Architecture
by Burrell C. Smith
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MO AR Ay rmusﬂg YEOJUIMAN, 3] 338 SPAP 0 404 RBRPABY HSOJUIDEAT 3] _J‘E'-‘ HIWKU{P X0 v

16 MHz CO4016, LPISS " REAL
o0sc FoUNO—s PWM INTEGRATOR [—- 7o sreanR el ER MOUSE TIME K8D
AND AMPLIFIER CLOCK
%M’D.!.:J .__.I—]
VOLUME -
CONTROL 3 12" BONY
MICROFLOPPY ]
DISK 1
e CRT INT. AND EXT. 26L532 26L530 5
puaL oIFF. | ouaL oiFF | | |} " E 3 x 5
LM311 RECEIVER | DRIVER = e e I e o
POWER-ON p— T0 68000, 6522, £ F W I e L] i
BE30, WM I - = I | ) o =
RESET b il I__,_. CHHEER A EHE
- [ ] o
HETHE, = - o | =] &
WSTHE, E‘E ;; EE S
¥iD Lo To B e & == Z
VIDED SHIFT
'
PaLS 32Kx8 | 3268 J440041 dJ. T il
x : 4
LETI] ROM ROM L] fr
TIMING STATE MACHINE Lo DISK £ -
(TEM) CONTROLLER | SSCRD. | g530 6522 SHERE
LINEAR ADDRESS GENERATOR finow | 5€€ ¥ia =" {70 Pwa countERs)
(LAG) PALY SERIAL WERSATILE
COMMUNICATIONS INTERFACE | _ Wit Pes
BUS MANAGEMENT UNIT 0 |J CONTROLLER ADAPTER T0 ADD MUK
[EMUD] B
g | o HO.FGT
BUS MANAGEMENT UNIT 1 IFRaM ITO OMa M)
(BMUL) PALI
| OWERLAY
TIMING SIGNAL GENERATOR AL AZ (70 PAL]
0&-D15 0O-DT oo-07 i ——
(756) = v o L
ANALDG SIGMAL GEMERATOR Ale-azd ADDRESS . BATA BT CIRCUIT )
LASG) MICROPROCESSOR ﬁ
- PO (FEOM Pa L ) i r
2 i ] oe-o1s f B-D18
£ &9, A10, A1), K12, A2O, R/W, Eu, VA
5 o Do-D15
s
2
H
b
-
4 B-D15 A5G 7
- - I * 110 Dis)
Le393 ALY - DATA IN
ouaL
VIDED - 2
COUNTER B soomess AAM ARRAY L ek
L5287 " in AKX 16 ouT "“:" VIDED | o sERVID
DMA ADDRESS MUX ESF:‘ER SHIFT [To PAL)
REGISTER
[SOUND + DISK) CONTREL EGISTE
p— - SOUND
Wa%, Ta, oW :_‘:LI""O |——— (10 s0UND
(FRON PAL)
] 18 COUNTERS CIRCUIT)




FF
F8
FO

ES8
EOQ

Do

co
g0

AQ
a0
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60

41

40

02

o1

Q0

FFFF
0000
0000

Q000
0000

0000

0000
laluls)

0000
0000

Q000

0000

0000

Q000

0000

QQoo0

Qoo

ADDRESS (IN
HEXADECIMAL )

FHASE READ

VIA

1'WM

ADDRESS (A
HEXADECINE

SCC WRITE

SCC READ

DISK SPEED AND
SOUND, PAGE 1

(BOTTOM]

VIDEDQ SCREEN, PAGE 1

(TOP)

&4 K ROM

128 K RAM

USER SYSTEM
MEMORY (8O K)

HARDWARE EXCEPTION
YECTORS

01 Fet
01 FFl

01 Foo

01 FCX

01 AW

Q0 Gl

Q0 QM

Memory Map

(for Apple
Macintosh)

VIA(Versatile Interface Adapter)
---general I/0O

IWM (Integrated Woz Machine)
-=- floppy disk

SCC (Serial Communications Controller)
-—- Serial & Mouse
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Apple Macintosh Circuit Diagram

0000

0000

0000

0000

0000

Q000

64 K ROM CO4016, LPIS3 REAL
JNO___g PWM INTEGRATOR [— 10 srEaken el ity MOUSE TIME X8O
AND AMPLIFIER CLOCK
$v0,1.2 _.J_] I
VOLUME .
CONTROL 31/2° SONY
MICROFLOPFY ]
DISK 1
INT. AND EXT. 26L532 26L530 e =
DUAL DIFF. | DUAL DIFF. | E15 wf 2
128 K RAM LMa11 A b | recEVER | DRIVER 1 B B I |
POWER -ON [ . ' & 5 o B [ al of Gl = al &
BEIC, TWM 1 -
RESET 3 o e HEEERGEEEREE
il wi 5] = | <] =] =
- ol ‘E e é FE E]
e — . =i ] & 2|2 ==
i VIDED SHIFT ] -
-
E- - | —
PALS 3zKxE | 32ZKNE 440041
g LETT ROM | ROM WM [ PR [ i
2 TIMING STATE MACHINE HI Lo DISK STCEN.
1 al-A g sCC VIA [
LINEAR ADDRESS GEMERATOR FROM 170 PR TER
s T ESE GEHERATD Pacy | sERIAL VERSATILE S Lmuren)
3 1 COMMUNICATIONS INTERFACE Vib.Pez
g BUS MANAGEMENT UNIT O 'J CONTROLLER ADAPTER ™ (1o a0 wuxi
[EMUD) B
B ou. T | . SWoFeR
'.7:-" BUS MAMAGEMENT UMIT 1 [FROM [TO DA MUx]
=. (BMUlL} PAL)
o |- OVERL AY
< TIMING SIGNAL GENERATOR Az 1o PAL)
4 | TSG) 08-DIE. D907 pe<p7? o8 TECRIRES 5v0.1.2
L ANALOG SIGNAL GENERATOR R A19-A23 ADDRESS S BATA BATE [ Rty
= {ASG) MICROPROCESSOR T“'r
i z PG IFROM Pa L ) =i L
g 2 1PLY CFROM $CC] EN-RIS N il
g = &9, A10, ALl, A1R, ATO.R/W, Eu. VMA
= & o BE-B1s
Z =
- n
= i
& P ASG:
= DISK T
] = * (10 DIsK)
- CVAB-vALl
S LE393 u DATA IN
2 e 1o DUAL
£ COUNTER T b RAM ARRAY DATA Lazed DUAL 74166
1 LS257 4 BAK X 16 ouTy er VIDEQ | SEHVID
= DMA AGDRESS MUX kel SHIFT (70 FaL]
= i
G [SOUND + DISK) SONTROL EGISTE
g
= t L5161
B o DU
E_ Was, A, m/w ikl A ?'r: snouun
g [ FEOM PALY ELI}‘HTEI'IS CIRCUIT)




Apple Macintosh MEM Decoding

Burrell was working in Apple's service
department when he helped Bill Atkinson add
more memory to an Apple Il computer in an

innovative fashion. Bill recommended him to Jef

Raskin, who was looking for a hardware
engineer to help him with his newly formed

Macintosh project.l!! As a member of the design

team, [l Burrell designed five different
motherboards during the course of Macintosh
development, all of which used techniques
based on Programmable Array Logic (PAL)

chips to achieve maximum functionality with a

minimal chip count.

vio

To
VIDLO SHIFT

ROM ROM

PALS 32kx8 | 32xx8 15
LELIE) ROM | ROM
TIMING STATE MACHINE HI Lo
(TSM) = ==y
LINEAR ADDRESS GENERATOR m-
{LAG) N
BUS MANAGEMENT UNIT 0
(BMUD) wll_._' A, A0,
BUS MANAGEMENT UNIT 1 s All, A2,
PRGN
(BMUL ) PAL) i
TIMING SIGNAL GENERATOR
1156) [ oe-o1s  oo-or 00-07
ANALOG SIGNAL GENERATOR [ N ameany J O aconess el
A N o”®
(ASG) MICROPROCESSOR RnM
IPLD (FROM PAL) —
P (rmou scci—a o7l 16
9 ' 00-018 ~ 3
l 00018
17  —
L5393 i-':"“"’.I:“‘:-_. ey DATA N 1
YIDED u I maw RAM
COUNTER ADDRESS i aponrss RAM ARRAY DATA I
L5257 X - 64K x16 owrll 16
DMA ADDRESS MUX
(SOUND + DISK) 5\ oumtkens S\ +
i_“. {"-‘_ .{; —
(FROM PAL)
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41

40

0z

01

00

Design for Apple Macintosh MEM Decoding

0000

0000

0000

0000

Q000

64 K ROM

128 K RAM

J | oce:p1s  po-0? 0o-07
AN T se000
A23-Al  iCROPROCESSOR
oe-D18
—UDS
— LDS oo-D18
DAL N
] RAM RA!Y ARRAY DATA
| TT— s A o
Cs Conl ROL cs
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SR —_— liel - al=l 2
VEYNC,
vID
= Taih iy ROM ROM
PALS 32K x8 | 32Kx8 A I
FENTN ROM ROM p p e
TIMING STATE MACHINE i LO
(TSM) ey F M -
LINEAR ADDRESS GENERATOR ; t
— EIUE aACINtos
BUS MANAGEMENT UNIT O
h MEM
BUS MANAGEMENT UNIT 1 ou. Wil
(BMU1) vy
TIMING SIGNAL GENERATOR -
| L Decodin
ANALOG SIGNAL GENERATOR [§ L am.an J - AGDRESS ctote g
{ASG)
MICROPROCESSOR
IPLO I FROM PAL ) —8e RAM
el PL1 (FROM SCCI—n DR-pIS ( 16
g b} 00-018 e 60 0000
b fig ...;'.‘J'"j
bt -zl 00-018 . 41 0000
=l - 64 K ROM
 WAD-vA )
LS393 AS253 DATA W RAM 40 0000
wnu:_ :;:ntss b RAM ARRAY 3
COUNTER g DATA
x L8257 MUX  Frngisns 64K X 16 = | 16 02 0000
DMA ADDRESS MuX
{SOUND + DISK) conthior 3
xf 01 0000 128 K RAM
Ris, Eas, m/w
:::ou‘:u:m 00 0000

AAlAAARA|IARAAH/L

o

A
1
1

0N
SIS
= N
o N P
o i
o -
3=
N
N
I =
W
N R

S 8l7 6 5 483 2 1 0

_. X XX XAX X X XX X X X
ooooOJooOoXx[xxxx|xxxx|xxxXx[xxxX

E
E
E
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AAAAAAAAIAAADAIAAAA|IARAAAIA A A H/L .
2222l1111§1111f11

3. 2 1 019 g8 7 605 4 3 2171 0 9 BI7 & 5 413 2 1 0 DeSIgn
lo1ooloooolxxxxlxxxxlxxxxlxxxx | ROM .I: A I
0000[000X|XXXX[XXXX[XXXX[XXXX |RAM or ppe

—  YEES
s AN h MEM
Decoding

41 0000 %\_‘5— P‘I \5 ROM ROM

64 K ROM HI Lo
40 0000 ;
0z 0000 J 2 3

01 0000 128 K RAM

I

oe-D1% eQ-0 eo-07

00 0000

ADDRELS

R E<\. A23-A1 éﬁgnoc:sson
I .
I UDS o8-D18

PR

AL n
—
— | EER
— ‘ DAL N
— S s SRAT e
ﬂ |?——e A - pl cs 03 COM ROL o Ccs
a o ;
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Decoder/Multiplexer

L.n.
o
2
2]
o
S
g 533
s Loy
S Woo
o @Awoll?
i B %Tg
: 5p—
2 o %.Tﬂ
Vu [u] € 3T2
)] o nml Q -
O __ 15 5'p—2a
G < 1T4
0 9] -
- Sp=—2
—
g X o
ol W i
0 aXx
o0} r O uw
o O
1 w o
9 0=
N & 95
L=
@ %u
«— 0

TRUTH TABLE

OUTPUTS

O3

o7

Os

Os

O4

02

01

Op

INPUTS

A2

Aq

Ao




Decoder/Multiplexer

A2 O |

ﬂlf?(
A@ Oo

3x8

74L5138

G|
2

~N o RowN

XYy ?z2

O

e

oBbo

O 0|

0Olo

| DO

I Q|

1 10



ckim
Rectangle


o Decoder/Multiplexer

CSs1 O

cs2 O

A15
A14
o
A13 - CS3
A12 r_/__E\”&(MW
[//00\00000000 mem
7454

//I
S/U’521042 32/ p . 000
(11 ]DO 0 »L[/\x}‘% XX XX ( F \

¢St — F | FF

C$2.
(573
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Memory Decoding with Byte/Word Access -

Questions

1. Size
of
ROM
2. Size
of
RAM
3.
Memo
ry Map

Dis -Da

AE000

&1
A2
A3
&4
A5
&6
AT
A8
A0
210
&11
&13
&13

Ald
Al
Ald
&17
A8

&18
&20
221

A2
A23

A5
LDS
UDS

’ 137 Al3-Al
I
L
]
I
]
L
I
I
L

SNT4LE138

AT 7

B S

Cd) 4

3

2

B 1

0
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Can You Draw a Memory Map of this?

(_
R
Y

D15 -Do
Ald-Al

2000

Ald

217
A18
A19
220
221
2202
223

—— LD3

\

NN

Di5-00 ;16
Al5oa1 10 !
; ¢ |D15-D2 D7-D0 |
Al3-Al [~ e
13
ans | 219 RO t “om
A15-41 A1 AD A12 - A0
15 D7-Do— D7-Do—"]
i [: Faﬁ ETT FE EN P
SNTALSIEE Ald-Al
()] 7
e ‘ RAN Rl
ot i M 1A 414400
3 D7-Do—" D7-D0
— 2
)}—QEE | I =L EH i I'E‘GS EN F’*
0 —|

AN
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Can You Draw a Memory Map of this? - SOLUTION

pp— Di15-D0 ;16
- ERE !
AlS_ Al ab-al + g | D15-D2 D7-00 |2
Al3-A1 - -
13
a5 | Al ROM t RO
Al5-Al A17- Al A17 - A
15 D7-D0— 07.D0—"
(o] T —_ _ _ -
62000 10 ID o FCS EN rcs EN -
> SH7ALZ13E AlS_Al
7
ale—7 Al 6 RAM RAM
AlT5 B % .
ALE @ A A A 1440 4 14-40
AlD 3 $7% D7-D0— D7-D0
20 2
_ 5 o T
ﬁEI'T}EE ! — ]- 405 EN p—4 rcs EN
AT >0 N N
a2 o
LD
oS
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Intel 80386 Memory — Decoding

A pair of memory pack
(High and Low bytes) -
Eight (8) 64KB Memory
Chips

At each pack, each
memory chip is
SELECTED (/CS) by an
output from U3 (High
Byte) and U4 (Low ul
Byte), which are
enabled by the single
output from U2,

Question: Find the

address range of the
second chip of the pair
of memory pack. (Green
Mark)

Ignore MWTC and
MRDC, M/IO lines (they
are for Write, Read,
Memory or I/O
operations, respectively)

803868_\’@ Memory Interface (Separate Decoders)

i, £

80386
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Intel 80386 Memory — Decoding-

Find the address range of the second chips of the memory pair. (Green Mark) +

803865}{@ Memory Interface (Separate Decoders)
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Intel 80386 Memory — Decoding — Class Activity

803868@ Memory Interface (Separate Decoders)

80386

Ul 74L5138 Condition
A23=A22=A21=A20=0

It b= [

0600 116X X000( 20000 20000 200X
U2 & U3 74L5138 Condition e & o 0 0 7
i for the second Memory Pair Selection ® D F F F F
E

A19 A18 A17
1 1 ©

Entire Memory Space ?
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