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EXPANDED MODE M CROCONTROLLER FI ELD OF THE | NVENTI ON This invention rel ates
to™m crocontrol lers, and nore especially to 5 microcontrollers which can
operate in both single chip and expanded node, where access to additional
external resources, such as nmenory is required. BACKGROUND OF THE | NVENTI ON

In the single chip node of FXXPANDED MODEMIOROCONTROLBER™®ory 10 or
registers, are internal to the chip and are connected to the central

processing unit via internal address and data buses. |n the expanded node
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enbodi ment, thenpgepigiol means conprises a logic circuit conprising a first
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Accordmgly, the invention provides a microcontroller having ports
for communication with external resources via external lines or buses, the
microcontroller compfising means for selecting whether an internal or an

. external resource is to be accessed, and means for controlling the
25 operation of one or more of the external lines or buses according to whether
the resource to be accessed is internal or external.

Preferably, there is provided means for enabling or dxsabhng the
control means. Preferably, the control means only permits the external
line or bus to be active when an external resource is to be accessed. The

30 external line or bus can be one or more of an address bus, a data bus, and
control lines, such as a read/write line and an external clock line. When
the address bus is not active, the previous address on the bus is preferably
maintained. The control lines are preferably maintained at a
predetermined level. When the data bus is not active it can either be left

35 floating or be pulled to a known voltage level.

' In a preferred embodiment, the control means comprises a logic
circuit comprising a first gate having a first input from the selection
means, a second input from the enable/disable means and an output
coupled to the first input of a second gate having a second input from the
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coupled to the first input of a second gate having a second input fromthe
2Yinternal line or bus corresponding to the external line or bus to be
controll ed and an output. Waen the line or Bus to be controlled is the
address bus, the control neans preferably conprises a |atch coupl ed between
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5 has three inputs. phi ra§tsl-§9v99in @hé?lrﬁw’iﬁéeﬁ 164idaPLirBESER. awhich is used

- when t he mcrocontrgﬁ ent. the, extern I
and buses fronﬂBﬁ?‘?ﬁ@nf‘MIﬁEr( ﬁ)mﬁe’a eﬁ?"e"? ﬁfﬁfaz*\{ external g&@ﬁﬁﬂ%‘}?ﬁlﬁtnei
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20 In order to determine whether the external lines or buses are to be

frozen, an OR gate 5 has three inputs. A first input 6 is a reset signal
RESET, which is used when the microcontroller is being initiated to
prevent the external lines and buses from being frozen so that they are
intialised. A second input 7 is a signal FREEZ_DIS, which is used to

25 selectively disable the freeze operation if it is desired to operate the
microcontroller with the external buses and lines always active. The third
input 8 is a signal IMMP is provided in the microcontroller to indicate
whether the lines or buses to be activated are internal or external. This
signal IMMP is usually at level “1” when the activity is internal, so the

30 signal IMMP is passed through an inverter 9 before being passed to the OR
gate 5. The OR gate 5 gives a “1” output if any of the inputs are “1”, so that
if the microcontroller is being reset or if the freeze mode is disabled or if
activity is on the external buses or lines, then the output signal FRIMB of

. the OR gate 5is a “1”.

35 The external address bus 1 is coupled to an internal address bus 11
via a latch 10, which, in effect, is composed of half a flip-flop. The internal
address bus 11 is coupled to a D port of the latch and the external address
bus 1 is coupled to a Q port of the latch. The latch has a further port C and
has the property that port D is coupled to port Q when the signal input to



activity is on the external buses or lines, then the output signal FRI MB of
the OR gate 5is a l1". 35 The external_ address bus 1 is coupled to

an internal address bus 11 via a latch 10, wd ch, in effect, is conposed of
half a flip-flop. The internal address bus 11 is coupled to a D port of the
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NAND gate 240 in READ mode with the external read/write signal EXT_RW bemg a “1”.
An internal read/write bus 14 has an internal read/write 81gnal INT _RW,
which is a “1” for READ and a “0” for WRITE. This internal read/write
signal INT_RW is thus used, via an inverter 16, as one input to a NAND
gate 15, whose other input is the output signal FRIMB from the OR gate 5.
25 ' Thus, when the internal read/write signal INT_RW is a “1”, indicating
READ, the output of the inverter 16 is a “0”, and the output of NAND gate 15
will also be a “1”, indicating a READ, irrespective of the value of the output
signal FRIMB from the OR gate 5. If, however, the internal read/write
signal INT_RW is a “0”, indicating WRITE, then the output of NAND gate
30 15 will only be a “0”, indicating WRITE, if the output signal FRIMB from
the OR gate 5 is a “1”, that is, if the activity is external or freeze is disabled
or the status is in reset mode.
The external clock line 3, which provides the external clock signal
. EXT_E, is coupled to the output of an AND gate 17 'having one input
35 coupled to receive the output signal FRIMB from the OR gate 5 and the
- other input coupled to receive an internal clock signal INT_E from an
internal clock line 18. Thus, if the output signal FRIMB from the OR gate
51is a “1”, that is, if the activity is external or freeze is disabled or the status
is in reset mode, then the external clock signal EXT_E will mimic the



will also be a "1", indicating a READ, irrespective of the value of the
output signal FRIMB fromthe OR gate 5. If, however, the internal
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then the output of the AND gate 21 will be a “1”. The output of the AND
gate 21 is used to control a tristate buffer 23 in the external write path
between an internal data bus 24 providing an internal data signal
INT _DATA to be written onto the external data bus 4 as an external data
25 signal EXT_DATA. When the output od AND gate 21 is a “1”, the tristate
buffer 23 is enabled , thus activating the write path.

In order to read the external data signal EXT_DATA from the
external data bus 4 to the internal data bus 24 when the internal read/write
signal INT_RW on the internal read/write bus 14 is a “1” indicating READ,

30 a further truistate buffer 25 is provided in the read path. This buffer 25 is
controlled by the output of AND gate 26 whose inputs are the internal
read/write signal INT_RW from the internal read/write bus 14 and the
inverted IMMP signal from inverter 9. Thus, if the IMMP signal is “0”,

- indicating external activity, and the internal read/write signal is “1

35 indicating a READ, then the tristate buffer 25 is enabled, activating the
read path. It will be apparent that the AND gate 26 does not receive the
output signal FRIMB from the OR gate 5, but only the inverted IMMP
signal from inverter 9, since for a read operation, neither the RESET
signal, which is used when the microcontroller is being initiated to prevent




then the output of the AND gate 21 will be a "1". The out put of the AND

gate 21 is used to control a tristate buffer 23 in the external wite path
bétween an'internal data bus 24 providing ad internal data signal |NTDATA
to be witten onto the external data bus 4 as an external data 2 5 si gnal
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25 is enabled, activating .the read path. It will be apparent that the AND
gate 26 does not receive the output signal FRIMB fromthe OR gate 5, but
only the inverted I MW signal frominverter 9, since for a read operation,
nei t her the RESET signal, which is used when the mcrocontroller is being
initiated-to prevent 5 the external |ines and buses frombeing frozen so
that they are intialised, nor the FREEZ DI S signal, which is used to

selectively disable the freeze operation, are appropriate. It wll be
appr eci at ed t hat al t hough onl y one parti cuI ar 5 enbodi nent of the

i nvention has been described in detail, various nodifications and

i nprovenents can be nade by a person ski Iled in the art w thout departing
fromthe scope of the present invention. CLAI M5 1. A mcrocontroller
havi ng ports for comrunication with external resources via external |ines

or buses, the microcontroller conprising 5 sel ection neans for selecting
whet her an internal or an external resource



IS to be accessed, and control means for controlling the operation of at
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di sabling the control neans. 3. A mcr Kﬁﬁl er according to claim 2,
wherein the control neans corrprlses a Iog'?lg uit conprising a first gate
having a first input fromthe selection neans, a second input fromthe
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4. A microcontroller according to any preceding claim, wherein the

control means only permits the at least one external line or bus to be active

fod

when an external resource is to be accessed.

20 5. A microcontroller according to any preceding claim, wherein the
external lines or buses can be one or more of an address bus, a data bus,
and control lines, such as a read/write line and an external clock line.

6. A microcontroller according to claim 5, wherein the at least one
external line or bus is an address bus, and, when the address bus is not

25 active, the previous address on the address bus is maintained.

7. A microcontroller according to claim 6, wherein the control means
comprises a latch coupled between the output of the logic circuit and the
external address bus. '

8. A microcontroller according to claim 5, wherein the at le_ast one

30 external line or bus is a control line, which is maintained at a
predetermined level when not active.

9. A microcontroller according to claim 5, wherein the at least one
external line or bus is a data bus, and, when the data bus is not active 1t is
pulled to a known voltage level.



