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INTRODUCTION

The MCB8HC11K4 s provided with memory expansion
logic which allows the 64K Byte addressing range of
the 68HC11 CPU tobe extended tomore than 1Mbyte.
This application note discusses the operation of this
logic and provides examples of memory maps and
possible hardware configurations.

THE MC68HC11K4
MEMORY EXPANSION LOGIC

The memory expansion logic extends the
range of the 68HC11 CPU by providing. i
chip blocks. The firstnew block imple
addresslines whichare onlymade a¢

by the CPU. The second bloc

vhenrequired

\gchip selectsignals.
er programmabile.

memory to. be accessed. Each new address line
provided will double that total.

To maintain compatibility with other members of the
68HC11 family the CPU usedinthe K4 isnot functionally
changed. The extra addressing capability is providedin
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Tou ded memory, the programmer must first
id range (called a window} within the CPU 64K

ddressing range which will be used when

Hanks are switchedinand out. The memory expansion

logic allows windows of 8K, 16K or 32K Bytes to be
defined and placed at programmable points in the
CPU 64K Byte memory. At any time only one bank
may be displayedin the definedwindow andtherefore
the CPU may only have access to the memory contents
of one bank at a time. The bank which is displayed in
the window is selected by the additional address lines
provided by the memory expansionlogic. The process
of replacing the active bank with a new bank is called
bank-switching.

A useful analogy is that of photographic transparencies
and a projector. The viewer may have many
transparencies but is only able to view one at a time
in the projector. If the photographs are numbered
then the viewer is able to select precisely which one
to view without having to go through all of them. Here
the memory banks are akin to the transparencies —
many are available but.only one is accessible at any
time. The number on the transparency can be thought
of here as an address. Any transparency which is not
being displayed at any one time is still accessible but
only when the current one is removed and itis putin
its place.
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To extend the addressing capability of the CPU, six
address lines were added. These are termed XA13,
XA14,XA15,XA16, XA17 and XA18. Toallow flexibility
in the size of the windows, the lower three address
lines are only used when determined by the size of the
window and replace the CPU'’s equivalent addresses.

To understand the need for the XA13 to XA15
addresses consider the case when an 8K Byte window
is being used. Address lines XA16 to XA18 are only
active when the CPU is accessing memory within the
window and they provide an extra 8 (23) times the
memory provided by the CPU within that window. If
an 8K Byte window is used then a maximum of 8 x 8K
Bytes is available. However, for the CPU to uniquely
distinguish eachlocation in the 8K Byte window it only
requires to use addresses AQ to A12. Changes in
addresslines A13t0 A15 take it outside of the window
and are therefore never valid within the window
except to identify the starting address of the window.
The three new addresses XA13 to XA15 are provided
so that a full 512K Byte (8 x 8 x 8K Byte) range is
realised. Fora 16K Byte window only addresses XA14
and XA15 can be used and for 32K Byte only XA15 i
usable. Note that the size of the memory windo
be used need not necessarily be defined at t
hardware design stage since the additional agdress:

by the need to use differently si
example 2).

CHIP SELECTS

he memory expansion chip selects are provided to
help the userinterface the K4 with external memories.
Fourare provided but only three are of directimportance
to the memory expansion logic. These are the two
General Purpose Chip Selects and the Program Chip
Select. The fourth, I/O Chip Select, is used to simplify
the addition of external peripheral chips.

The basic function of a chip select is to provide a logic
signal to indicate that the CPU is accessing a certain
area of memory. For example, the Program Chip
Selectis intended to be active in the range of memory
where the main program exists. Other chip selects
will be active when their respective memory areas
are used.

The General Purpose Chip Selectsare th
of those provided and their function
the memory expansion logic. They,cz
to be active on an area either wi
memory or within either win
In both cases the siz
programmable from

5 ory selected is fully
s to 512K Bytes.

ion logic extends the addressing
.Adetailed description of the internal
to implement the new logic is now
Ily a series of examples are considered.

MEMORY EXPANSION AND CHIP
SELECT REGISTERS

This discussion describes the functionality of the
internal registers relating to the memory expansion
logicand chip selects. Further details on their addresses
and specific bit operations may be found in the
Technical Summary [1].

The following registers perform the memory
expansion function.

The MMWBR register allows the starting address of
each of the two windows within the CPU 64K Byte

~addressrange to be defined. The windows will normally

start on a boundary related to their size, for example
an 8K Byte window may start on any 8K Byte boundary
starting at $0000, that is, $2000 $4000 ... $E000.
A 16K Byte window can only start on 16K Byte
boundaries, $0000 $4000 ... $C000. An exception is
made for the 32K Byte window. This would normally
start at either $0000 or $8000. However, the window
is also allowed to start at $4000.

The MMSIZ register sets the size of the windows in-
use andselects whether the chip selects are active for
only CPU addresses or for extended addresses.
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Each General Purpose Chip Select has two registers
called GP1CSC, GP1CSA and GP2CSCand GP2CSA.

The control register (GP?CSC) determines the logical
output required when an area of memory is selected
(with possible logic combinations with other chip
selects) and the range of memory over which the chip
select is to be active. Each chip select can be
programmed to become active whenever the CPU
address enters an memory expansion window
(regardless of the actual bank selected); this is known
as following a window.

The address register (GP?CSA) allows the starting
address of the chip select to be programmed. The bits
in this register which are active are determined by the
size of the chip select range selected by the control
register.

The program and I/O chip selects are programmable
via the CSCTL register.

Twowindow registers, MM1CRand MIMI2CR, are used
to indicate which bank is active in a window. Each
contains the values of XA13 to XA18 to be output
when the CPU selects addresses within the extended
memory window. To change banks the user wrj
the address of the new bank into the appro
window register.

The actual memory expansion addr
multiplexed with PORT G 1/O pins. S
line on one of these pins means ¢
lost. For this reason the user

w, then the appropriate CPU address line will be
itput on the port.
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EXTENDED MEMORY EXAMPLES

The best way to grasp the implications of the K4
extended memory function is to consider some
examples. Each example consists of two figures.
Figures a are the logical arrangement of the memary
and Figures b are a possible hardware configu

Example 1 shows one window in use. Thi

single 64K Byte EPROM chip. No
address of each bank is denved frore

Example 2 showstwo wi
is of 8K Bytes and i
The second windowig

14 to XA17 (XA18 determines start
lect 2 is used for window 2.

3 shows the same two windows as in
le 2 except that the logical addressing of the
ndows are changed. Now Window 1's logical
address is determined by AQ to A12 then XA15 to
XA17 (XA13 and XA14 ignored) and Window 2's
logical addressis determined by AQ to A13 then XA15
to XA18 (XA14 ignored). Note that in both windows
every bank ‘will be duplicated due to the lack of
decoding on certain address lines. In Window 1 each
bank is duplicated four times. In Window 2 each bank
is duplicated twice.

Example 4 shows the maximum 1Mbyte extended
memory possibility in use. Window 1 is 16K Bytes
starting at $0000 and Window 2 is 32K Bytes starting
at $4000. Note that the internal RAM and registers of
the K4 are echoed in every page of window 1, but that
the internal EPROM in window 2 only occurs in the
first 64K Bytes of extended memory. That is, for
addresses below $10000, the internal EPROM is
present in the memory map at the relevant address.
This currently applies to all window sizes and
configurations, however, the user should avoid
referring to EPROM at any address beyond page 0 to
ensure compatibility with any future upgrades.

L.ogical addresses of both windows are given by A0 to
A13then XA14 to XA18. Window 2 uses XA14 because
it does not start on a 32K Byte boundary and so
requires that the XA14 is inverted. Both chip selects
are used and follow a window each.

3



4

VICHOLONW

QlzZsyNY

PGAR $3F - XA13..XA18 MMSIZ $42 - Window .
MMWABR $04 - window at $4000 CSCTL $00- O.or program chip select
GPCS1A $00 - from $00000  GPCS1C $06 - 64K range (8 x 8K)

$0000 Vs GPCS2A $00 - not relevant ~ GPCS2C $00-- disabled
Z EE/REG/RA ) «
41000 Pz %

$00000 $02000 $04 00 -$08000 $0A000 $0C000 $OEOCO

$4000 Chip

Select
1

-FF_$05FFF_S$07FFF $09FFF $OBFFF $ODFFF SOFFFF

$6000

mopuim aiiAg jg auQ ‘e 3.nbiy




|

Q/esPNV

VIOHOL1ON

MOpuIM 31Ag )8 BUO Ul S31Ag N9 gL 2nBiy

68HC11K4

A3 |—

XA18

XA17

XA16

—{rRwW  XA15

XA14

e XA13
MEMORY
EXPANSION

—{CsGP2  A15

CSGP1  Al4

A12

A11

A10

A9

A

& 3| %

SEEE
=3

|

il

A1l
A10
A9
A8
A7
A6
AS
Al

A3
A2

Al
A0




9 .

YI0HOLOW

alzsyNy

AMopuim 33Ag gL 9uo pue mopuim ajAg )8 auQ ‘ez a4nbi4

$0000
$1000

$4000
$6000

$3000

?3V 1555?22364’,/
G/RAM
////f///f///ff/

_

/ NTERNAL

EPROM

PGAR $3F - XA13..XA18

GPCS1A $00 - from $00000
GPCS2A $80 - from $40000

~ Chip
Select
1

Chip
Select
2

MMSIZ $E2 - Window 1 8K, Window
MMWBR $84 - Window 1 at $4000, Window 2 at $8000  CS
GPCS1C $06 - 64K range (8 x 8K)
GPCS2C $08 - 256K range

500
6K)

QCO00 $OE000 |

$01FFF__ $03FFF _$0

FF_$09FFF g$0BFFF_$ODFFF $OFFFF

WINDOW 2

- no I/O or program chip select

$48000 $4coo00 $50000

$43FFF $47FFF $4BFFF $4FFFF  $53FFF

$78000° $7C000

$7BFFF $7FFFF




L

a/esyNY

V108010

MOpUIM 31Ag 9L au0 pue mopuim alig g auQ ‘gz 3inbig

68HC11K4

XA18
XA17
-XA16
RW XA15

XA14
E XA13

MEMORY
EXPANSION
CSGP2  A15

CSGP1  A14
A13

[ XA17

XA15
XA14
XA13

27C512
XA15 1
AT 37 A1b Vee
YATS 25 Al4 Vss
A 7] A13

Al12
A1l 23 OE

vCC

VCC
52

/581

DQo
DQ1
DQ2
DA3
DQ4
DQOb

ba7

VSS

32

22 XA17 A

I

1300 A
T
703/
5 > /)
20_D6
D7

&t

16 « VSS

I




8

YI0HO0LON

QlzsvNy

Buissaippe mau yum mopuim 3jAg Hg| pue Mopuim 9lAg g ‘g aunbly

$0000
$1000

$4000

$6000

$8000

Vs
//ﬁfff//ffff//fxxﬁ

PGAR $3C - XA15..XA18

select

GPCS1A $00 - from $00000
GPCS2A $00 - from $00000

Chip

Select
1

Chip
Select
2

R

EPROM

NN

MMSIZ $E2 - Window 1 8K, Wind
MMWBR $84 - Window 1 at $4000, Window 2 at $8000 C

WINDOW

$ 18U00 UOA

$O1FFF _ $O9FFF

$11F

GPCS1C $08 - 256K ran
GPCS2C $09 - 512K ran

6K

FF $21FFF $29FFF S31FFF  $30FFF

WINDOW 2

$00 - no I/O or program chip

SOBFFF S$13FFF S1BFFF $23FFF

$70000 $78000

$73FFF  $7BFFF




Q/ZSPNY

68HC11K4 27C512

XA18
XA18
XA17 XA17
XA17 s ATE 37 A1b Vee

XA16 Al4 Vss

RW  XA15 2R D 26113
XA14

—E XA13 |—
MEMORY

EXPANSION
CSGP2  AlG

OE

mopuim alAg )91 pue MopuIm dAg MG dANBWIBYY ‘GE 34nBi4

CSGP1 A4
A13

DOo H3__D0_/
D

Rl s/
DQ3 17 D3 /
ngn o5/

Ster] ET
DQ7 K—DB7_/

YI0HOLOW

6

vss B vss




o]%

VIOHOLOW

QlZsyNY

uolesiuebio ﬁu!ssalppe alAgIAIL 9]qiss0d 'ep a.nBi4

PGAR $3E - XA14..XA18 MMSIZ $F2 - Window 1 16K, Wind
MMWBR $40 - one window at $0000, one at $4000 CSCTL ¢
GPCS1A $00 - not relevant GPCS1C $0A - foliow windowy'i
GPCS2A $00 - not relevant GPCS2C $0B - follow wi

no I/O or program chip select

$0000 R

ool AL

$4000

Chip
Select
1

300000 304000 308U00  $0CO00

2]

$03FFF_ $07F BFFF $0FF

$7C000

%

S7FFFF

WINDOW 2
0 308000 10000 3718000 $78000
///
$07FFF _GOFFFF _ $17FFF SIFFFF STFFFF




argsvNY

SMOpUIM 0M] Ul DJAGIAl dUQ ‘qp 94nBiy

LL

VI10HOLONW

<
@B
@

Ve
A0 12 cC
A 1] A0 Voo 32
/—_"‘AZ ol VPP A0 vee
LIS A 1
A3 a2 VPP
A4 B
la 7 o~ NC A3 30
lr— = s]"® /PGM ™ /pei:f =3
/ —1 A6 a5
1 2 A7 5
) 7 =]~ A8 270101 AG
0 LY :; A7
LICAFE v 13 DO Ag
/= 5| A0 A9 DQo ﬁ/ ™ oao FE Do_A
a7 ] A :10 pQ1 —-/|5 = A10 a1 :;'31/
lr— =7 A2 11 ba2 555 A AN 002 s
P ey N CEE Rl DQ3 [ A1z P KIS
68HC11K4 T s 29] A13 D04 —/‘9 = a3 oas 2 Da
Al4 Das f=—rs’ 19 05
e 2 | A18 XATS__3 TR Al4 oas |22 /]
A16 |/ ae 2 A13 DQ6 —‘2‘ = A15 Qe ¥,
ENO 2 A16 DQ7 A16 o 21 07 A
24 | /OE [
RW Dﬂ 24 fj0E
[cE - 16 JOE "
E Vss ICE vss
MEMORY Vv vss 1
EXPANSION Vss
L——] CSGP2
CSGP1
D7
i/ 05 gé
2 D5
Y/, o D4
/0 D3 D—‘ So——————
o2 P vee vee
Y/ o1 o1
D 32
; 0 Do vee A0 vee — -
52 Al VPP ! 1
A2 VPP
1$1 A3 NC 2 50
pa pam | NC I
i AS / PGM
NC AB
A7
13 DO A8
14 D1 \ DQo A9 pao 13 DO 13 Do
\ Da1 A10 ba1 14 D1 \ gg? TN
[ 77 03N DQ2 15.D2 N\ 5 0z N
Al pbaz 17 D3 DQ2 o2
\ bas A1z 0a3 |2 Doz f N
N\ DQ4 A13 DQs 18 D4 -‘-ﬁ-_D-A\
20 06 N DQ5 s o5 N [sler}
A4 DQs m\ DQs 19 05N
21 07 N 0a6 Al5 DOs Y Das [20 D6
\ paz A6 oa7 P D36 o
16 \
Ves ;gg vss | 18
VSS 1
V8S vss




CONCLUSION REFERENCES

The standard 64K Byte addressing range of the [11 MCB8HC711K4 Technical Summary, Reference

MB8HC11 family is easily extended using the BR751/D»
MC68HC(7)11K4 memory expansion. This logic also (21 “128K byte addressing with the MBSHC11”,
provides programmable chip selects to allow easy Reference AN432/D

interfacing with external memory chips. A similar
extended memory system may be |mplemented on
other MBSHC11 products by following other systems:
as descnbed in 2],
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