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Introduction

@ Most embedded systems use only the memory built-in to the
microcontroller.

@ Memory interfacing and bus timing is important to understanding internal
microcontroller architecture.

@ Sometimes internal memory insufficient, and external memory needed.
@ Sometimes external devices are interfaced using memory-mapped I/O.
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Memory-Mapped I/O Isolated I/O

Computer bus Computer bus
3
Memory-Mapped RAM [solated RAM
Input/Output Input/Output
Inp}lt ROM
device
Processor Processor

Output llapul

device device
Output

HOM device
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Expanded Mode

8116812 RAM
Timing
RW control _’Conlru[
6 , logi _'signals
e A |l
16] | decoder

AlS-AD
1

g > Address

D7-DI) peere <« D7-DO
Select R/W | Function

0 0 Off

0 1 Off

1 0 Write

1 1 Read
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Multiplexed Address and Data Lines

RAM
ASAD | s | SeltRaM
MC9S12C32 decoder
Bus master
110
FlipFlop | Adiress | Selctl0
6 6 (ecoder
ADIS-AD) 71D Q
f ROM
. ) Address | SelectROM
Two FCT374s decoder
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Full-Address Decoding Address Decoder for 1K RAM at $4000-$43FF

@ Slave selected only when slave’s address is on the bus.
@ Design using the following steps:
© Write specified address using 0,1,X:
0100, 00XX, XXXX, XXXX for 1K RAM at $4000-$43FF
@ Write equation using all Os and 1s:

A15-A14-A13-A12-All-Al10

select

© Build circuit using gates.
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An Address Decoder for I/O Device at $5500

Al5 —d +5V
Al3—d %4,7 [39]
All—9
AY—
T4HC25 Select”
—d
i Al4 —
A6—9 Al2 —
AS Al0 —
: A8 —
Ad T4HC25 T4HC30
A3 —
A2 —d
Al —4
Aav T4HC25
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Minimal-Cost Address Decoding

@ Use don't cares for unspecified addresses to simplify.

@ Example:
4K RAM
Input
Output
16K ROM

el
AIS Al4 0,1

0 0N Y

0 1joo

$0000 to $0FFF
$5000
$5001
$C000 to $FFFF

ROM 4
ALS Al4 0]

0000, XXXX, XXXX, XXXX
0101, 0000, 0000, 0000
0101, 0000, 0000, 0001
TIXX, XXXX, XXXX, XXXX

Input ¢ Output 5,
AlS Al4 0] A5 Al4 0,1
0 0joo 0
0 1o 0
I ljoo I
I 0lxx I
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An Address Decoder

AlS ROM select
Al4 Dﬁ RAM select
T4HC04
> } Output select
A0 T4HC1I
> )— Input select

Karnaugh Maps

Cheaper Safer
AlS Al4 i AlS Al4 1
0 0 0 0
0 Iﬁ 0 Id
| l- I I_
I 0 I 0

Expandable
A
| Al3 Al4 0,1
0 O(RAM RAM
¥oc
e
I 1(rou ROM
N e i
1 0l x x
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Special Cases Programmable Address Decoder

@ Size of the memory is not a power of 2.
20K RAM with address range $0000 to $4FFF
00XX, XXXX, XXXX, XXXX Range $0000 to $3FFF
0100, XXXX, XXXX, XXXX Range $4000 to $4FFF
@ Start address divided by memory size not an integer.
32K RAM with address range $2000 to $9FFF

TAHCO8 In Mn An Vn | Out
001X, XXXX, XXXX, XXXX Range $2000 to $3FFF T4HCT266 HHCR 0 X X X 0
0LXX, XXXX, XXXX, XXXX  Range $4000 to $7FFF 1 0 x x |1
100X, XXXX, XXXX, XXXX Range $8000 to $9FFF
TAHCO4 1 1 0 0 1
1 1 1 o0/ o0
2 . 1 1 0 10
11 1 11
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Timing Intervals Available and Required Time Intervals
Data available DA 2 < g
a<b
) . e<d
74L.S04 Data required DR be———>c

A Y
{>‘ MLSI2S  2as74

In APNY D Qp—Out

(TYle) = (iA,TA)-i—lO : C“\—>

(1Y,1Y) = (LATA)+[518] G

(TY,ly) = (lA+[8,15],T A+[5,12])
DA = (| G*+[10,20],] G*+0,15))
DA = (| G*+20,7 G") worst-case
DR = (]Clk—30,7Clk+5)
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Timing Diagrams Example Timing Diagrams
Symbol Input Output
% TALS244
The input The output L
must be valid will be valid TALS04 8 §
A Y
_\— If the in[jul Then !hc outpul A ¥ toin. = 10 s typical
were to fall will fall E
G
_/— If the input Then the output
were to rise will rise
— D 7415374 —
Don't care, Don't know, the Clk OE
W it will work output \‘a!ue 18 —DCk Qu QfF— W= 20ns tp=0ns
regardless indeterminate D 0
— OE
High impedence, Qi X lyzi = 30 ns max Loz = 20 ns max
_— Nonsense tristate, HiZ.
state, HiZ, tiz, =30 ns max  ty 7 =25 ns max
Not driven, floating
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Read Cycle Circuit Write Cycle Circuit
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8
F—f— Slave] data

Read cycle circuits

Microcomputer

D7-DO ~

8
—A— Slave3 data

8§
—— Slave2 data
b G,

Data bus
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Synchronous Bus Timing

8
#—{D Q7 Slavel data

Write cycle circuits

G

Microcomputer

8
D7-D0 A—D  Q—F~A— Slave2 data

8
+#—D Q< Slave3 data

G

Data bus
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Partially Asynchronous Bus Timing (6809/680x0/x86)

Synchronized read cycle

Synchronized write cycle
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Fully Asynchronous Read Cycle

By master

o XX

XX

1
=

3
/
By slave \ ) 4
ACK \

—

Data

>7
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Normal Stretched Normal

MRDY
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Fully Asynchronous Write Cycle

By master

10 XX

XX

REQ \ 4

Data — \

By slave -
ACK
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Four Types of Control Signals MC9S12C32

v
| +5 Vo 2K bytes R2 o,
V:v::t K bytes RAM ADC Vl»\:‘/«
E 0 m Comverler Vssy,
< bytes EEPROM ANT
I ANG
NS
ANt
a
A15-A8 XXX < A%
BRGD ‘A\U
Unsynchronized X X I oc
. XTAL
s Tada ! 10¢ 5
positive logic XX e Timer 106 E
control signal Vsan1 o — &
10C] =
¥ 1000 |- L
I | 176 3 = intration
Unsynchronized X X MODAPIPED 1ot o
negative lnglt W ><>< }{:\‘\{Kwiumu (SIM) ] B
H RQ PWM IV )
control signal \ Xita 2 £
X X A3 DIS W) 1
S Al1 DI —
Synchronized A D =
’ Al piz  External £
T AlL DI bus ==
positive llugl«. ADDI0  jnrerface -
control signal A5 bs £
: i X X Ao D RCANE—]| £
Synchronized AS DS MSCAN gicanfe—1__|
} i At D %
sativ . A b g
negative logic P rol | £
S AL BT Muliiplexed Lo (L g
control signal R0 D0 addressidata| b T
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MC9S12C32 Modes of Operation MC9S12C32 Modes of Operation

BKGD MODB MODA Description Port A PortB MODx write

0 0 0 Special In/Out In/Out  Write anytime,
Single chip not peripheral

0 0 1 Emulation A15-A8/ A7-A0 Cannot change . .
Exp. narrow  D7-DO BKGD MODB MODA Description Port A Port B MQDX write

0 1 0 Special test A15-A8/ A7-A0  Write anytime, 1 0 0 Normal  InfOut  InfOut Write once,
Exp. narrow  D15-D8 D7-DO  not peripheral Single chip Norm exp N/W

0 1 1 Emulation  A15-A8/ A7-A0 Cannot change 1 0 1 Normal AL5-AB/ A7-AQ  Cannot change
Exp. wide  DI15D8 D7-DO Exp. narow  D7-DO

1 0 0 Normal In/Out In/fOut  Write once, 1 1 1 Norma! AL5-A8/  AT-AO  Cannot change
Single chip Norm exp N/W Exp. wide D15-D8  D7-DO

1 0 1 Normal A15-A8/ A7-A0 Cannot change
Exp. narrow  D7-DO

1 1 0 Peripheral — - Cannot change

1 1 1 Normal A15-A8/ A7-A0 Cannot change
Exp. wide D15-D8 D7-DO
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]
YDDPLL 4
MC9512C32 E 0 I * >
Co[| 229F \* ' >
EXTAL v . € G
%RE L Y| W ——
XTAL 10MQ 7T 8MHz  Cy) | 22pF . 330pF Tns
R B R /1
. LSTRB
XFC 11ns
Read
ADIS-AD) AKX
11ns 1n\
Write

ADIS-ADD AOCCALS-AD ) (__DIsD0 )
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Address Latch for MC9S12C32

8

D7-DO

8 DIS-D8

MC9812C32

-

TAFCT374
(b]

o
[=lelelelelolalw)

AT-AD

MC9812C32

T4FCT374

PAT7
PAG
PAS

E -

PB7 b o

PB6 D Q

o) D QN 5 A7A0
PB4 D Q

PB3 D Q

PB) b 0

PBI

PR D0 8,  DI-DO
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General Approach to Memory Interfacing
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9812C32
MODA = +5
RAM
MODBF—_
wH Timing >
1 e control . (Innlrnl
TRCTIH 160 Address | CS logic signals
p decoder f
8 8, 1,
A15-A8/DT-DO ~D Q7" ;; Address
: 2 D7-D0
AT-A0 =

Wide Expanded Mode

8K RAM Read Timing

AdV

AdN

9512C32
MODA +
M()DBj-
R_N': .| Timing
I‘STR? control _l
J AD | logic
1“ Control signals Control signals
TAFCT374'5 : | \
* 150 Address Even RAM Odd RAM
— ecode Addr D7-DO Addr DT-D0
AsAY| g decoder “[" rf
16— ¢ pm
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AI-AD XX~

I.WQV = I i{ )

N

- - lEIL()\" = 15‘:}
G —_—,

1z =0

A\
loLov = 7‘&\

lohgz =0

XX

Read data

D7-D0 (

available

‘)_
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8K RAM Write Timing 8K RAM Write Timing

El

=|

D7-D0

A12-A0 XXX

AdV

AdN

XX

XX

XX

=

‘n\awy

twppx =0

XXX Write data required XXX
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Ad
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N

XXX

v XX %
El A
{pywy =60 iy =0
D7-D0 (XX Wrie data required X))




8K RAM Interface ($8000-$9FFF)

8 DI
MCYS12C32
WICTIH o5 HFCTI39 | MCM60L64
' Al 00— DQ7-DQD
Al A o—
A3 El @ Fi
\ = 03—
.
7" — Al12-A8
53
W
PB7 "
PBD\ —G
PBS AT-AD ==
b33 5 ' AT-AD
PB2
PBI
PBO
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8K RAM Interface Write Timing

[2.6.5]ns

Al5-A8 |
Hn\j \
I

AT-A0 XXX

[1.59]ns [1.5.9]ns

D7-DO

D7-DO WDR=(440.500)

OC_WDR XX
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Dynamic RAM (DRAM)

DRAMs SRAMs
High density Low density
One xtor, one cap./bit 3-4 xtors/bit
Slower Faster

High fixed cost (refresh)

Low incremental cost
Address multiplexing

Low fixed cost (address decoder)
Higher incremental cost
Direct addressing
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125 25

\| 2,650ns

\I.S.‘)Em [1.5.9]ns

B 0K XX

\liﬂns

D7-DO0 RDA=(290.5,500)

0
E=E2
Tns

Rw=W

Al5-A8
11ns,

AT-A0 XXX

D7-D0 RDR=(485.500)

XX ROR 30—
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8K by 16-bit RAM Interface

8, DIs-DS
MC9S12C32 — DQ7-DQO
b i WRCEA 4 E7 MCM60L64
PAT — Even
PAG Q—ald
PAS Al A)l}A?
PA4 ET'
s ¥
A2 5
mi 7 ASAD
PEAE
PA7 9 A0 0] Pl
PAG Q LSTRB| Ej o Ei MCM60L64
PAS 3 — 1 oilC 0dd
5 Q T Al
PA2 74 pum ¥
BAl 4 G
PAD = =
TAFCT3T4 8 D7-DQO Q7D
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8K RAM Interface Read Timing
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