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METHOD FOR INPUT OUTPUT EXPANSION
IN AN EMBEDDED SYSTEM UTILIZING
CONTROLLED TRANSITIONS OF FIRST

AND SECOND SIGNALS

RELATED APPLICATIONS

This application is a continuation of application Ser. No.
10/709,084, filed on Apr. 12, 2004, now U.S. Pat. No. 7,346,
710, issued on Mar. 18, 2008, which is incorporated herein by
reference.

FIELD OF THE INVENTION

This invention relates to the field of embedded systems,
and more specifically to peripheral devices coupled to host
controllers within embedded systems, and mechanisms for
expanding the input and/or output within existing designs.

BACKGROUND

Embedded systems typically incorporate a host micropro-
cessor or microcontroller coupled to peripherals devices.
Typically, signals coupled between the microcontroller and
the peripheral are used for the input of data from such periph-
erals and for the output of data to such peripherals. These data
signals can be directly wired to the microcontroller or there
can be intervening buffers or registers. Typically certain of
these signals are control signals, such as enable signals or
strobe signals, which indicate to the peripheral when to per-
form data input or output respectively. Alternatively, control
signals can be implemented in the form of select lines, which
are used to indicate to the peripheral how to interpret other
signals.

A problem that arises with embedded systems is the need to
expand the I/O beyond the number for which it was originally
designed. For example, it may be necessary to add an addi-
tional eight output signals to an embedded system that was
only designed with the consideration of handling 16 output
signals. Unless there are unused control signals that can be
utilized for such an expansion, significant changes may be
required, including substantial redesign and additional wires.
In the case of select lines, expansion is sometimes simplified
if there are unused states, but often all states have been defined
and are utilized by existing peripherals. Again this means that
a significant redesign effort may be required.

Accordingly, it would be desirable to have a mechanism to
expand the 1/O capabilities of an embedded system without
requiring any additional control signals and without requiring
that there are any unused states in existing control signals.

SUMMARY

The present invention expands the input and/or output of an
embedded system without requiring any new control signals
or requiring that there be any unused states on existing sig-
nals. The expansion apparatus is coupled to an embedded
system including a host microcontroller and existing periph-
erals.

In one embodiment, output expansion incorporates a logic
circuit coupled to two existing signals and an output register.
The logic circuit generates a strobe signal in response to a
direct transition from one state to another state of the two
signals. The host controller is programmed such that no such
direct transition takes place when input/output is being per-
formed to existing peripherals. Further, the host controller is
programmed to generate the direct transition detected by the
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logic circuit when expansion output is being performed. This
means that when a transition between the two states is needed
to satisfy the existing peripheral, the host controller ensures
that the signals sequence through other states and do not go
directly between the two states that are detected by the logic
circuit.

In another embodiment, input expansion incorporates a
logic circuit coupled to two existing signals and an input
buffer. The logic circuit activates an enable signal in response
to a direct transition from one state to another state of the two
signals, and to deactivate the enable signals in response to a
transition to a third state of the two signals. As with output
expansion, the host controller is programmed such that the
first detected direct transition will not take place when input/
output is being performed to existing peripherals. Addition-
ally, the host controller is programmed to generate the two
transitions detected by the logic circuit when expansion input
is being performed.

DRAWINGS

FIG. 1 illustrates an embedded system incorporating an
embodiment of the present invention.

FIG. 2A illustrates a prior art timing diagram for data input
or output.

FIG. 2B illustrates a prior art state transition diagram for
data input or output.

FIG. 3A illustrates a timing diagram for an embodiment the
present invention performing data input or output on existing
peripherals.

FIG. 3B illustrates a state transition diagram for an
embodiment of the present invention performing data input or
output on existing peripherals.

FIG. 4A illustrates a timing diagram for an embodiment of
the present invention performing expansion data input or
output.

FIG. 4B illustrates a state transition diagram for an
embodiment of the present invention performing expansion
data input or output.

FIG. 5A illustrates a timing diagram for an embodiment of
the present invention performing expansion data input or
input or output.

FIG. 5B illustrates a state transition diagram for an
embodiment of the present invention performing expansion
data input or output.

FIG. 6A illustrates a timing diagram for an embodiment of
the present invention performing expansion data output.

FIG. 6B illustrates a state transition diagram for an
embodiment of the present invention performing expansion
data output.

FIG. 7 illustrates a circuit for performing expansion data
output in an embodiment of the present invention.

FIG. 8 illustrates a circuit for performing expansion data
input in an embodiment of the present invention.

FIG. 9 illustrates a timing diagram for a PAL implementa-
tion of a circuit for performing expansion data input in an
embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates an embedded system in which the present
invention can be incorporated. Host 110 is the host micropro-
cessor or microcontroller responsible for controlling the main
functions of the embedded system. Existing peripheral 120 is
one or more existing input or output devices. Data signals 150
and 160 are 16 signals that are utilized by existing peripheral
120 for output of data from host 110 or input of data to host
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110. Elements 180 and 170 can be output registers, input
buffers, or bidirectional elements incorporating both registers
and buffers. Control signals 140 are strobe, enable or select
lines that are utilized to communicate between host 110 and
existing peripheral 120.

Expansion 1/O device 130 provides additional output sig-
nals and is coupled only to data lines 150 and 160 of the
embedded system and not to any control signals 140. As will
be described in detail below, strobe and enable signals are
generated internal to expansion 1/O device 130 based on the
sequencing of data on data lines 150 and 160. The present
invention allows expansion /O device 130 to operate in the
embedded system of FIG. 1 with no additional wiring and no
changes to existing peripheral 120. Changes are only needed
to the firmware and/or software that controls the sequencing
of data from microcontroller 110. The only requirement is
that expansion I/O device 130 be coupled to two signals that
are continuously driven by host 110 and that existing periph-
eral 120 is not sensitive to the sequencing of data on those
signals. It is not necessary that those two signals are not fully
utilized by existing peripheral 120.

FIG. 2A illustrates prior art data sequencing for the host
microcontroller 110 performing data output. Signals DO
through D7, and the Strobe or Enable signal are coupled to
host 110 and to existing peripheral 120. In order to output data
to existing peripheral 120, host microcontroller 110 changes
the data on signals DO through D7 and then generates a
transition on the Strobe signal. This can be illustrated as the
sequence:

A: OUT<—New_Data<7:0>

B: STROBE

The steps A and B correspond to the dotted lines labeled A
and B in FIG. 2A. Alternatively, to read data from existing
peripheral 120, host 110 activates the enable signal, reads the
data on signals D0 through D7 and then deactivates the enable
signal.

FIG. 2B illustrates the state sequencing of the two least
significant signals D0 and D1 in the group D0 through D7.
FIG. 2 illustrates that since there are no restrictions on the
contents of the data previously on signals D0 and D1 with
respect to the new state of signals D0 and D1, all state tran-
sitions are possible. That is, when host microcontroller 110
changes the state of signals D0 and D1 from the previous state
to the new state at step A, a transition from any of the four
possible previous states to the four possible new states can
take place.

The principle of the present invention is that by applying
special constraints to the sequencing of existing data output,
some of the arcs illustrated in the transition diagram of FIG.
2B can be eliminated. The existing peripheral is not affected
by the modification to the sequencing because no states are
eliminated, only arcs. That is, the existing peripheral waits for
the strobe signals before it latches output data, so it does not
care if state transitions are not direct and go through other
states. Thus, arbitrary data can still be written to existing
output devices. However, this elimination of some of the arcs
associated with existing data output means that one or more
arcs can be reserved for expansion data input and output. This
concept will now be illustrated in detail in connection with
various embodiments.

Referring now to FIG. 3A, the changes necessary for exist-
ing data output are illustrated. FIG. 3A illustrates a timing
diagram for how data is sequenced in connection with a write
from host microcontroller 110 to existing peripheral 120. The
basic concept behind FIG. 3 A is that host microcontroller 110
is programmed to prevent D1 from changing states when D0
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is low. That is, D1 is allowed to change states only when D0
is high. To guarantee this requires a three step sequence that
can be described as follows:

A: OUT<Prev_Data<7:1> ‘1

B: OUT<New_Data<7:1> ‘1

C: OUT<New_Data<7:0>

Note that the single quote character, ‘, refers to the concat-
enation operation. The steps A, B and C correspond to the
dotted lines labeled A, B and C respectively in FIG.3A. These
three steps can be considered a modification of the individual
step A from FIG. 2A. That is, rather than just writing out the
new data in one step, as is performed by the prior art and is
illustrated in FIG. 2A, a new three-step sequence is used.

By performing this three-step sequence when data is writ-
ten to output signals D0 and D1, certain state transition arcs
that were present in FIG. 2B are no longer present. This is
illustrated in FIG. 3B. The arcs are labeled with A, B and C
based on the steps that they correspond to from FIG. 3A and
described above. Note that regardless of which of the four
states is the original state, and which of the four states is the
final state, there are no transitions between the 00 state and the
10 state. Thus all states are accessible and no changes are
needed to existing peripheral 120 for it to operate in the new
configuration as illustrated in FIGS. 3A and 3B from its
previous operation in the prior art configuration as illustrated
in FIGS. 2A and 2B.

While the three-step sequence of FIG. 3A is longer than the
single step of FIG. 2A, in many cases the additional time and
complexity are negligible. If the time for the additional
instructions and cycles is small compared to the frequency
with which the data signals are changed, the overhead
imposed would be small. In some cases, host microcontroller
100 may need to save the state of the previous data in an
internal register so that it can change only D0 without affect-
ing D1. Note that the steps A, B and C described above can
consist of explicit actions that are always taken, regardless of
the values of the previous and new data, or alternatively, they
could be actions that are taken conditional on them being
necessary. For example, if the previous state of D0 is a logic
high, then A need not actually be performed. In one embodi-
ment, host microcontroller 110 would test the previous state
of D0 and only take step A if necessary. In some cases this
may be preferable than always executing step A even when
not necessary.

In an alternative embodiment, rather than having host
microcontroller 110 perform the three-step sequence of FI1G.
3A as an instruction sequence, dedicated hardware could
perform this sequencing. In this case, the dedicated hardware
would need a way to know if a change in output signals were
being made for the purpose of supporting an existing periph-
eral and would go through the sequence discussed above.

Modifying the existing output from host microcontroller
110 so that certain state transition arcs are eliminated is only
the first half of the present invention. The second half is to
cause one or more of those eliminated arcs to take place when
expansion data is output or input. FIG. 4A illustrates one
embodiment of such a mechanism. The steps in FIG. 4A can
be described as follows:

A: OUT<Prev_Data<7:1> ‘1

B: OUT<-Expansion_Data<7:2> ‘1

C: OUT<-Expansion_Data<7:2> ‘00

D: OUT<-Expansion_Data<7:2> ‘10

E: OUT<—Expansion_Data<7:2> ‘11

F: OUT<—New_Data< 7:1> ‘1

G: OUT<—New_Data<7:0>

The steps A through G correspond to the dotted lines
labeled A through G respectively in FIG. 4A. The seven-step
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sequence of FIG. 4 A guarantees that the step labeled D, which
is the state transition from the state 00 to the state 10 takes
place in a controlled manner. FIG. 4B illustrates the state
transition diagram for the timing diagram of FIG. 4A with the
arcs labeled with the steps to which they correspond.

By setting up the expansion output data on signals D2
through D7, and then sequencing the signals D0 and D1 to
generate the transition of step D, expansion output of data is
accomplished. It is then only necessary for dedicated circuitry
present in expansion I/O device 130 to recognize this transi-
tion and generate an internal strobe signal that can be used to
latch the data on signals D2 through D7. The use of the high
six bits in an eight bit output is only one of many possible
embodiments. In an alternative embodiment, more than six
bits of output are accommodated by latching other signals, for
example data bits D8 through D15 from host microcontroller
110. It would also be possible to utilize two other signals
output from host 110 besides D0 and D1. It is only necessary
that the data lines utilized are controlled by a single source, so
that the transitions on them can be controlled. Note that as
describe above with reference to FIG. 3, some embodiments
may test the previous and new states of D0 and D1 and only
take action when necessary. For example, if the new state of
DO is a logic high, then there is nothing to do at step G, so it
can be eliminated.

It is also important to note that step E can be used to signal
the end of the expansion I/O cycle. This allows the internally
generated signal to be used as a buffer output enable for the
input of expansion data. Thus, rather than putting data on
signals D2 through D7, host microcontroller can float those
signals and read the contents of the signals at step E which
would be sourced by the expansion /O device. In alternative
embodiments, both input and output of data can be accom-
plished by utilizing an additional signal to indicate the direc-
tion of data flow. For example, D2 could be utilized by expan-
sion I/O device 130 so that if it is low at the time
corresponding to step D in FIG. 4A, an output cycle is gen-
erated, while if it is high, an input cycle in initiated. It would
also be possible, in alternative embodiments, to utilize the
state transition arc going in the opposite direction, from state
10 to state 00, instead of or in addition to the arc going from
state 00 to state 10. Since both of these arcs were eliminated
in the sequence illustrated in FIGS. 3A and 3B, either or both
could be used to accomplish the present invention.

FIG. 5Aillustrates a simplified sequencing of steps that can
be used for expansion I/O. The seven steps of FIG. 4A can be
replaced in certain circumstances with four steps that can be
described as follows:

A: OUT<—Expansion_Data<7:2> ‘00

B: OUT<-Expansion_Data<7:2> ‘10

C: OUT<—Expansion_Data<7:2> ‘11

D: OUT<-New_Data<7:0>

The steps A through D correspond to the dotted lines
labeled A through D respectively in FIG. 5A. The four-step
sequence of FIG. 5A guarantees that the step labeled B, which
is the state transition from the state 00 to the state 10 takes
place in a controlled manner. FIG. 5B illustrates the state
transition diagram for the timing diagram of FIG. 5A with the
arcs labeled with the steps to which they correspond.

The reason that the seven steps of FIG. 4A can be replaced
by the four steps of FIG. 5A is that the assumption is made in
FIG. 5A that signals are sufficiently free from noise that they
do not experience bounce as detected by the expansion /O
circuit. That is, the assumption is made that when a signal
changes state, going from either high to low or low to high, it
does so in a way that allows it to be detected as a single, clean,
transition. The validity of this assumption depends on the
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hysteresis and frequency response of the expansion 1/O cir-
cuit, the noise on the data signals as well as other factors. This
assumption can often be safely made in well-designed digital
systems and significantly simplifies the burden on host 110.

Note that the embodiment of FIG. 4A does not make the
no-bounce assumption. Ifeach transition of FIG. 4A bounces,
it will still be the case that the 00 to 10 transitions take place
at a single point and in a controlled manner. This is because
there is no step in FIG. 4A in which both D0 and D1 are
changing states at the same time. FIG. 5A, by contrast, has the
property that both D0 and D1 are potentially changing states
in steps A and D. However, it is important to note that
although the embodiment illustrated in FIG. 5A does make
the no-bounce assumption, it does not make that assumption
that D0 and D1 change states at the same time in steps A and
D, as this is generally difficult if not impossible to guarantee.
For example, if the previous states of D0 and D1 were 11, step
A would change both of these states to 00. The change from
11 to 00 could be detected as a change from 11 to 10 to 00, or
from 11 to 01 to 00, or directly from 11 to 00. Each of these
possibilities is contemplated by the embodiment of FIG. 5A.
But the no-bounce assumption guarantees that there are no
spurious transitions, and thus that the 00 to 10 transition
occurs only in step B, when host 110 is ready.

FIG. 6A illustrates a further simplified sequencing of steps
that can be used for expansion output. The four steps of FIG.
5A can be replaced in certain circumstances with three steps
that can be described as follows:

A: OUT<-Expansion_Data<7:2> ‘00

B: OUT<-Expansion_Data<7:2> ‘10

C: OUT<New_Data<7:0>

The steps A, B and C correspond to the dotted lines labeled
A, B and C respectively in FIG. 6A. As with FIG. 5A, the
three-step sequence of FIG. 6A guarantees that the step
labeled B, which is the state transition from the state 00 to the
state 10 takes place in a controlled manner. FIG. 6B illustrates
the state transition diagram for the timing diagram of FIG. 6A
with the arcs labeled with the steps to which they correspond.

The simplification of FIG. 6A is that the step utilized for
indicating the end of the expansion I/O sequence has been
eliminated. Thus, if the new states of D0 and D1 are equal to
0 and 1 respectively, the will be no change in state at step C,
and the expansion circuit will have no indication that the
expansion cycle has ended. This is not a problem for data
output, since the expansion circuit is only concerned with
generating a strobe, but it will not work for data input, since in
that case it is necessary for an enable signal to stop data input
at the end of the expansion cycle. Thus, the embodiment
described by FIG. 6A can only be used for expansion data
output.

FIG. 7 illustrates an embodiment of the present invention in
which six bits of data output are provided. The data inputs to
register 750 are coupled to six data lines D2 through D7 from
host microcontroller 110. The data outputs from register 750
are coupled to expansion output signals Q0 through Q5. Data
line D1 from host 110 is coupled to the input of delay element
710 and to an inverting input of AND gate 720. Data line D0
from host microcontroller 110 is coupled to an inverting input
of AND gate 720. The output of delay element 710 is coupled
to an input of AND gate 720. The output of AND gate 720
is coupled to the clock input of register 750. AND gate 720
performs the logical function that can be written
as: /D0*D1*/(DELAYED_D1). That is, the output of AND
gate 720 is high when and only when D0 is low, D1 is high and
the output of delay element 710 is low.

The function of delay element 710 and AND gate 720 in
FIG. 7 is to detect the positive going edge of D1 when DO is






