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APPARATUS FOR INPUT/OUTPUT
EXPANSION WITHOUT ADDITIONAL
CONTROL LINE WHEREIN FIRST AND
SECOND SIGNALS TRANSITION DIRECTLY
TO A DIFFERENT STATE WHEN
NECESSARY TO PERFORM INPUT/OUTPUT

BACKGROUND OF INVENTION

1. Field of 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.

2. Description of Prior Art

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
peripherals and for the output of data to such peripherals.
These data signals can be directly wired to the microcon-
troller 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 perform 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 additional 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 addi-
tional wires. In the case of select lines, expansion is some-
times 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 /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 OF INVENTION

The object of the present invention is to expand 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 signals. The expansion apparatus is
coupled to an embedded system including a host microcon-
troller and existing peripherals.

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
performed to existing peripherals. Further, the host control-
ler is programmed to generate the direct transition detected
by the logic circuit when expansion output is being per-
formed. This means that when a transition between the two
states is needed to satisfy the existing peripheral, the host
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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. Additionally, the host controller is programmed
to generate the two transitions detected by the logic circuit
when expansion input is being performed.

BRIEF DESCRIPTION OF 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 implemen-
tation 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
microprocessor or microcontroller responsible for control-
ling 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 110. Elements 180 and
170 can be output registers, input buffers, or bi-directional
elements incorporating both registers and buffers. Control
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signals 140 are strobe, enable or select lines that are utilized
to communicate between host 110 and existing peripheral
120.

Expansion /O device 130 provides additional output
signals 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 I/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 D0 through D7 and then gen-
erates a transition on the Strobe signal. This can be illus-
trated as the sequence:

A: OUT <- New_Data<7:>

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 DO, all state
transitions are possible. That is, when host microcontroller
110 changes the state of signals DO 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
existing 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. 3A is that
host microcontroller 110 is programmed to prevent D1 from
changing states when D0 is low. That is, D1 is allowed to
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change states only when DO 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> 'l

C: OUT <- New_Data<7:0>

Note that the single quote character, ', refers to the

concatenation 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
written 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 configu-
ration 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 microcontrol-
ler 100 may need to save the state of the previous data in an
internal register so that it can change only D0 without
affecting D1. Note that the steps A, B and C described above
can consist of explicit actions that are always taken, regard-
less of the values of the previous and new data, or alterna-
tively, 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 embodiment, 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 hard-
ware would need a way to know if a change in output signals
were being made for the purpose of supporting an existing
peripheral 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> '01
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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
sequence of FIG. 4A 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 corre-
spond.

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 cir-
cuitry present in expansion 1/O device 130 to recognize this
transition 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 D0 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
direction of data flow. For example, D2 could be utilized by
expansion 1/O device 130 so that if it is low at the time
corresponding to step D in FIG. 4A, an output cycle is
generated, 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. 5A illustrates 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
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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 corre-
spond.

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
1/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 hysteresis and frequency response of the
expansion [/O circuit, 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. If each 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 poten-
tially 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 con-
templated 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
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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 embodi-
ment 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 reg-
ister 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 D0
is low. This corresponds to the 00 to 10 state transition that
is labeled step D in FIG. 4A and step B in FIGS. 5A and 6A.
When this transition occurs the output of AND gate 720 will
momentarily go high. AND gate 720 will only go high at this
point and will not go high at any other step of FIGS. 3A, 4A,
5A or 6A, no other step satisfies the circuit conditions. The
fact that no step in FIG. 3A will cause a high output on AND
gate 720 means that host microcontroller 110 can output data
to existing peripheral 120 without affecting output register
750. Thus, arbitrary output to existing peripherals does not
affect expansion peripherals.

The delay through delay element 710 must be chosen long
enough to allow the output of AND gate 720 to fully
transition low to high sufficient to cause output register 750
to be clocked. The length of the low to high to low
transitions from AND gate 720 is approximately the length
of time for a signal to propagate through delay element 710.
The actual time depends on factors such as the minimum and
maximum propagation delays, the associated rise and fall
times, the input thresholds and the loading on the outputs of
delay element 710 and AND gate 720. In practice, delay
element 710 and AND gate 720 must be designed carefully
to guarantee a reliable positive edge on the output of AND
gate 720 in all cases.

FIG. 8 illustrates an embodiment of the present invention
in which eight bits of data input are provided. The data
outputs from buffer 850 are coupled to eight data lines D8
through D15 to host 110. The data inputs to buffer 850 are
coupled to expansion input signals 10 through 17. Data line
D1 from host 110 is coupled to the input of delay element
810 and to an inverting input of three-input AND gate 820.
Data line DO from host 110 is coupled to an inverting input
of three-input AND gate 820 and to an inverting input of
two-input AND gate 840. The output of delay element 810
is coupled to an input of three-input AND gate 820. The
output of three-input AND gate 820 is coupled to an input of
OR gate 830. The output of two-input AND gate 840 is
coupled to an input of OR gate 830. The output of OR gate
830 is coupled to the enable input of buffer 850 and to an
input of two-input AND gate 840.

Three-input AND gate 820 performs the logical function
that can be written as: /D0*D1*/(DELAYED_D1). That is,
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the output of three-input AND gate 820 is high when and
only when DO is low, D1 is high and the output of delay
element 810 is low. Two-input AND gate 840 performs the
logical function that can be written as: /DO*EN. That is, the
output of two-input AND gate 840 is high when D0 is low
and EN (the output of OR gate 830) is high. OR gate 830
performs the logical function that is the logical OR of its
inputs. That is, the output of OR gate 830 is high when either
of its inputs are high.

The function of delay element 810 and three-input AND
gate 820 in FIG. 8 is the same as the corresponding circuit
elements 710 and 720 in FIG. 7, i.e. to detect the positive
going edge of D1 when DO is low. This corresponds to the
00 to 10 state transition that is labeled step D in FIG. 4A and
step B in FIGS. 5A and 6A. The additional circuit elements
two-input AND gate 840 and OR gate 830 are to latch the
state of the output of three-input AND gate 820 until D0
goes high. This feature causes the output of OR gate 830,
which is the signal labeled EN in FIG. 8, so stay high until
the 10 to 11 state transition, which is the labeled step E in
FIG. 4A and step C in FIG. 5A.

The delay through delay element 810 must be chosen long
enough to allow the output of OR gate 830 to transition low
to high and to allow the feedback path through two-input
AND gate 840 to latch the signal in the high state. This
means that the minimum propagation delay through delay
element 810 must be greater than the sum of the maximum
propagation delays through three-input AND gate 820, OR
gate 830 and two-input AND gate 840.

In practice, delay element 810 and gates 820, 830 and 840
must be designed carefully to guarantee that the 00 to 10
transition is latched reliably in all cases.

Note that the circuit shown in FIG. 8 can be used with
expansion output as well as expansion input. That is, delay
element 810 and gates 820, 830 and 840 could replace delay
element 710 and gate 720 in FIG. 7. The positive going edge
on the output of OR gate 830 would then be used to clock
register 750. In practice, this may present a more robust and
reliable design even if the high to low transition on the
output of OR gate 830 is ignored.

This is because the circuit of FIG. 8 may have more
simplified design constraints on delay element 810.

Even in the case of a FIG. 6A data sequencing embodi-
ment, which works for data output only, a circuit utilizing
delay element 810 and gates 820, 830 and 840 in conjunc-
tion with register 750 can be utilized. In that case, the high
to low transition on the output of OR gate 830 may not occur
until a subsequent data output, which may be much later in
time than the sequence of FIG. 6A. This will not be
important for data output as only the low to high transition
is needed to clock register 750.

One option for implementing the circuit consisting of
delay element 810 and gates 820, 830 and 840 is to utilize
a PAL (programmable array logic) device. FIG. 9 illustrates
a timing analysis of a portion of the circuit shown in FIG. 8
when implemented in a PAL device according to the fol-
lowing equations:

/DELAY1=/D1
/DELAY?2=/DELAY1
/DELAY3=/DELAY2

JEN=RESET+D0+(/D1*/EN)+(DELAY3*/EN)

These equations implement the equivalent of the logic
elements 810, 820, 830 and 840. The internal circuitry of a
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PAL device constitutes a programmable AND array fol-
lowed by a fixed OR array. If we model the PAL device has
having a fixed combinatorial delay from input to output, the
timing diagram in FIG. 9 can be derived for these equations.

The timing analysis of FIG. 9 represents an expanded
view of the 00 to 10 state transition that is labeled step D in
FIG. 4A and step B in FIGS. 5A and 6A. The PAL equations
shown above and analyzed in FIG. 9 represent an imple-
mentation in which delay element 810 uses three PAL
outputs and gates 820, 830 and 840 use a forth PAL output.
If we assume that D1 goes through a low to high transition
at step Ain FIG. 9, then by step B, output EN will go through
a low to high transition. One propagation delay later, at step
C, the output EN is latched due to the feedback of EN.
Finally, one propagation delay later, at step D, the output of
the third delayed output goes high, which will cancel the
effect of the D1 input. This point marks the end of the
detection of the low to high transition on D1.

FIG. 9, and the PAL equations shown above, illustrate a
conservative implementation in which there is a one propa-
gation delay safety margin between when the delay element
output goes high and when the output is positively latched.
This guarantees reliable operation even in the event of
variation in propagation delay time. In an alternative
embodiment, only two outputs are utilized for delay element
810, and the DELAY2 input is used in the equation of /EN.
This implementation has the advantage that it utilizes one
less PAL output. In most circumstances, this will still result
in a reliable and robust design in which the D1 low to high
transition is latched, since D1 would be cancelled at approxi-
mately the same time that EN is latched. This requires that
the propagation delay through the PAL is consistent for
different outputs. In an alternative implementation, it may
even be possible to utilize a single PAL output for delay
element 810, although such a design may not reliably latch
EN.

The present invention has been explained with reference
to a number of embodiments. It can be appreciated by those
of skill in the art that other embodiments are possible
utilizing the concepts explained herein, thus the preferred
embodiments are presented by way of example should not
be considered limitations of the present invention.

The invention claimed is:

1. An expansion circuit for an embedded system com-
prising a host controller and a peripheral device, said expan-
sion circuit comprising:

a logic circuit coupled to first and second signals, said first
and second signals coupled to said host controller and
to said peripheral device, said logic circuit generating
an internal signal in response to the condition wherein
said first and second signals transition directly between
a first state and a second state;

wherein said host controller is configured such that said
first and second signals transition to a third state after
said first state and before said second state when the
state of said first and second signals are changed as
necessary to perform input from or output to said
peripheral device; and

wherein said host controller is configured such that said
first and second signals transition directly between said
first state and said second state when the state of said
first and second signals are changed as necessary to
perform input from or output to said expansion circuit.
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2. The expansion circuit according to claim 1,

wherein said internal signal is an internal strobe signal;

further comprising a register with a clock signal coupled
to said internal strobe signal and with one or more input
lines coupled to one or more data signals from said host
controller;

wherein said host controller is configured to perform
output to said register.

3. The expansion circuit according to claim 2 wherein said
logic circuit comprises the logical equivalent of a three-input
AND gate coupled to said first and second signals and a
delay element coupled to said second signal and to said
three-input AND gate, wherein said internal strobe is
coupled to the output of said three-input AND gate.

4. The expansion circuit according to claim 2 wherein said
logic circuit comprises the logical equivalent of a three-input
AND gate coupled to said first and second signals, a delay
element coupled to said second signal and to said three-input
AND gate, a two-input AND gate coupled to said first signal,
and a two-input OR gate coupled to said three-input AND
gate and to said two-input AND gate, wherein the output of
said two-input OR gate is coupled to said two-input AND
gate and wherein said internal strobe is coupled to the output
of said two-input OR gate.

5. The expansion circuit according to claim 2 wherein:

said first state consists of the state when said first signal
is at a logic low level and said second signal is at a logic
low level; and

said second state consists of the state when said first signal
is at a logic low level and said second signal is at a logic
high level.

6. The expansion circuit according to claim 5 wherein to
perform input from or output to said peripheral device, said
host controller is configured to change the state of said first
signal from a first previous state to a first new state and said
second signal from a second previous state to a second new
state by performing the steps of:

(a) setting said first signal to a logic high state;

(b) setting said second signal to said second new state; and

(c) setting said first signal to said first new state.

7. The expansion circuit according to claim 5 wherein to
perform input from or output to said peripheral device, said
host controller is configured to change the state of said first
signal from a first previous state to a first new state and said
second signal from a second previous state to a second new
state by performing the steps of:

(a) if said first previous state is not a logic high state,

setting said first signal to a logic high state;

(b) if said second previous state is not the same as said
second new state, setting said second signal to said
second new state; and

(c) if said first new state is not a logic high, setting said
first signal to said first new state.

8. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) setting said first signal to a logic high state;

(b) setting said second signal to a logic low state;

(c) setting said first signal to a logic low state;

(d) setting said second signal to a logic high state;

(e) setting said first signal to a logic high state;

() setting said second signal to said second new state; and

(g) setting said first signal to said first new state.
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9. The expansion circuit according to claim 8 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (d).

10. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) if said first previous state is not a logic high state,

setting said first signal to a logic high state;

(b) if said second previous state is not a logic low state,
setting said second signal to a logic low state;

(c) setting said first signal to a logic low state;

(d) setting said second signal to a logic high state;

(e) setting said first signal to a logic high state;

() if said second new state is not a logic high state, setting
said second signal to said second new state; and

(g) if said first new state is not a logic high state, setting
said first signal to said first new state.

11. The expansion circuit according to claim 10 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (d).

12. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) setting said first signal and said second signal to a logic

low state;

(b) setting said second signal to a logic high state;

(c) setting said first signal to a logic high state; and

(d) setting said first signal and said second signal to said
first new state and said second new state respectively.

13. The expansion circuit according to claim 12 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (b).

14. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) if said first previous state is not a logic low state,
setting said first signal to a logic low state, and if said
second previous state is not a logic low state, setting
said second signal to a logic low state;

(b) setting said second signal to a logic high state;

(c) setting said first signal to a logic high state; and

(d) if said first new state is not a logic high state, setting
said first signal to said first new state, and if said second
new state is not a logic high state, setting said second
signal to said second new state.

15. The expansion circuit according to claim 14 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (b).

16. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) setting said first signal and said second signals to a

logic low state;

(b) setting said second signal to a logic high state; and
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(c) setting said first signal and said second signal to said
first new state and said second new state respectively.

17. The expansion circuit according to claim 16 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (b).

18. The expansion circuit according to claim 5 wherein to
perform output to said register, said host controller is con-
figured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) if said first previous state is not a logic low state,
setting said first signal to a logic low state, and if said
second previous state is not a logic low state, setting
said second signal to a logic low state;

(b) setting said second signal to a logic high state; and

(c) if said first new state is not a logic low state, setting
said first signal to said first new state, and if said second
new state is not a logic high state, setting said second
signal to said second new state.

19. The expansion circuit according to claim 18 further
comprising the step of setting said data signals to a state
consisting of desired output data before said step (b).

20. The expansion circuit of claim 1

wherein said internal signal is an internal enable signal;

further comprising a buffer with enable line coupled to
said internal enable signal and with one or more output
lines coupled to one or more data lines of said host
controller;

wherein said host controller is configured to perform input
from said buffer.

21. The expansion circuit according to claim 20 wherein
said logic circuit comprises the logical equivalent of a
three-input AND gate coupled to said first and second
signals, a delay element coupled to said second signal and to
said three-input AND gate, a two-input AND gate coupled to
said first signal, and a two-input OR gate coupled to said
three-input AND gate and to said two-input AND gate,
wherein the output of said two-input OR gate is coupled to
said two-input AND gate and wherein said internal enable is
coupled to the output of said two-input OR gate.

22. The expansion circuit according to claim 20 wherein:

said first state consists of the state when said first signal
is at a logic low level and said second signal is at a logic
low level,

said second state consists of the state when said first signal
is at a logic low level and said second signal is at a logic
high level.

23. The expansion circuit according to claim 22 wherein
to perform input from or output to said peripheral device,
said host controller is configured to change the state of said
first signal from a first previous state to a first new state and
said second signal from a second previous state to a second
new state by performing the steps of:

(a) setting said first signal to a logic high state;

(b) setting said second signal to said second new state; and

(c) setting said first signal to said first new state.

24. The expansion circuit according to claim 22 wherein
to perform input from or output to said peripheral device,
said host controller is configured to change the state of said
first signal from a first previous state to a first new state and
said second signal from a second previous state to a second
new state by performing the steps of:

(a) if said first previous state is not a logic high state,

setting said first signal to a logic high state;
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(b) if said second previous state is not the same as said
second new state, setting said second signal to said
second new state; and

(c) if said first new state is not a logic high, setting said
first signal to said first new state.

25. The expansion circuit according to claim 22 wherein
to perform input from said buffer, said host controller is
configured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) setting said first signal to a logic high state;

(b) setting said second signal to a logic low state;

(c) setting said first signal to a logic low state;

(d) setting said second signal to a logic high state;

(e) setting said first signal to a logic high state;

() setting said second signal to said second new state; and

(g) setting said first signal to said first new state.

26. The expansion circuit according to claim 25 further
comprising the step of reading the state of said data signals
between step (d) and step (e).

27. The expansion circuit according to claim 22 wherein
to perform input from said buffer, said host controller is
configured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) if said first previous state is not a logic high state,

setting said first signal to a logic high state;

(b) if said second previous state is not a logic low state,
setting said second signal to a logic low state;

(c) setting said first signal to a logic low state;

(d) setting said second signal to a logic high state;

(e) setting said first signal to a logic high state;

() if said second new state is not a logic high state, setting
said second signal to said second new state; and

(g) if said first new state is not a logic high state, setting
said first signal to said first new state.

28. The expansion circuit according to claim 27 further

comprising the step of reading the state of said data signals
between step (d) and step (e).
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29. The expansion circuit according to claim 22 wherein
to perform input from said buffer, said host controller is
configured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) setting said first signal and said second signal to a logic
low state;

(b) setting said second signal to a logic high state;
(c) setting said first signal to a logic high state; and

(d) setting said first signal and said second signal to said
first new state and said second new state respectively.

30. The expansion circuit according to claim 29 further
comprising the step of reading the state of said data signals
between step (b) and step (c).

31. The expansion circuit according to claim 22 wherein
to perform input from said buffer, said host controller is
configured to change the state of said first signal from a first
previous state to a first new state and said second signal from
a second previous state to a second new state by performing
the steps of:

(a) if said first previous state is not a logic low state,
setting said first signal to a logic low state, and if said
second previous state is not a logic low state, setting
said second signal to a logic low state;

(b) setting said second signal to a logic high state;

(c) setting said first signal to a logic high state; and

(d) if said first new state is not a logic high state, setting
said first signal to said first new state, and if said second
new state is not a logic high state, setting said second
signal to said second new state.

32. The expansion circuit according to claim 31 further

comprising the step of reading the state of said data signals
between step (b) and step (c).



