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1. 

32 BIT GENERIC ASYNCHRONOUSBUS 
INTERFACE USING READ/WRITE STROBE 

BYTE ENABLES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to computer systems and 

more particularly to a generic asynchronous bus interface 
capable of communicating with a variety of microproces 
SOS. 

2. Description of the Related Art 
Portable consumer electronic devices are pervasive in all 

aspects of Society today. Examples of Such devices include 
personal digital assistants (PDA), mobile phones, pagers, 
web tablets, etc. These portable devices contain embedded 
systems that include central processing units (CPU). Due to 
the narrow range of functions provided by these handheld 
devices, the CPUs associated with these embedded systems 
are not required to have as powerful computing power as 
desktop or laptop CPUs. A number of vendors provide CPUs 
designed specifically for a type of handheld device. As is 
well known, the CPUs also include native buses that support 
the CPUs. Additionally, the devices include a display screen 
where images are presented under the control of a display 
controller, Such as a liquid crystal display (LCD) controller. 
The display controller, typically manufactured by a vendor 
different from the CPU vendor, is customized to include a 
bus interface that allows the display controller to communi 
cate with specific CPUs through a system bus. Because of 
the wide variety of the CPUs, the display controllers tend to 
be customized to interface with a narrow range of CPUs. 

Additionally, the various CPUs and the display controllers 
available on the market can run at different clock speeds. 
Thus, the data bus through which the CPU and the LCD 
controller communicate, may be asynchronous to accommo 
date the different speeds at which the CPU and LCD control 
ler operate. That is, since events do not happen at predeter 
mined times, as would be the case if the CPU and the LCD 
controller were using the same clocks, the bus interface 
accommodates interlocked communication, also referred to 
as handshaking. Moreover, for power save purposes the dis 
play controllers targeted for specific CPUs switch to an 
external crystal to provide the clock. However, the external 
crystal may be running at a fraction of the frequency of the 
nominal bus frequency. Thus, certain limitations on the dif 
ference between clock speeds have to be put in place in order 
for the CPU and the display controller to communicate. 
Furthermore, it should be appreciated that the term “asyn 
chronous” is applied loosely to bus interfaces that include a 
WAIT signal to allow for a variable length access. If the bas 
interface allows variable length access through a WAIT sig 
nal and the bus master and the bus slave use the same bus 
clock, i.e., define all bus events relative to a bus clock signal, 
then the bus interface is not truly asynchronous since the 
timing is slaved to a single CPU oscillator. Different clocks 
are used to drive and sample signals under a truly asynchro 
nous bus interface. 

FIG. 1 is a schematic diagram of an embedded system 
including a CPU in communication with a display controller, 
such as a LCD controller. CPU 100 communicates through 
bus 102 to bus interface 104 of LCD controller 106. CPU 
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2 
100 is configured to run at speed Y while LCD controller 106 
is configured to run at speed X. The different clock speeds of 
CPU 100 and LCD controller 106 cause issues when there is 
a large difference between the two clock speeds. The situa 
tion where LCD controller 106 runs at a clock speed of 1 
Kilohertz (KHZ) and CPU 100 runs at a clock speed of 100 
Megahertz (MHz) is considered for exemplary purposes. 
Under these conditions, CPU 100 asserts a signal over a 
clock period that is a 100 MHZ clock period. LCD controller 
106, running at 1 KHZ, is unlikely to be able to sample the 
asserted signal during the allotted clock period because of 
the discrepancy in clock speeds. Thus, LCD controller 106 
will be unable to communicate with CPU 100. 

One approach to address the issues caused by the different 
operating speeds is to set a limit for a difference between the 
speeds of the LCD controller and the CPU. That is, the LCD 
controller is targeted for CPUs having particular clock 
speeds based upon the clock speed difference between the 
LCD controller and the CPU. In addition, the LCD control 
ler will double or triple sample a signal to guarantee within a 
certain time period that the signal will be sampled in order to 
compensate for the speed differences. That is, repeating the 
sampling of the signal when the speeds of the controllers are 
within a certain range will guarantee that the signal is 
sampled within the allotted clock period. One limitation of 
this approach is that the CPU and the LCD controller must 
be within a certain speed range of each other or this 
approach to operating in an asynchronous mode will not 
work. 

Furthermore, because the CPU asserts signals on a differ 
ent clock from the clock used by the LCD controller to 
receive the signals, an asynchronous bus interface can 
encounter a metastable condition. A flip flop or latch circuit 
within the bus interface of the LCD controller that receives a 
signal generated from the CPU has a setup and a hold time 
associated with the D input to the flip flop. If the setup or 
hold time of the flip flop is violated, then the output (Q) 
could become metastable. That is, the flip flop becomes 
“confused to which state to go into when the rising edge of 
the clock for the LCD controller occurs at the same time that 
the CPU asserts the signal, thereby providing two infinite 
slopes on a signal. Since the clock for the flip flop is the LCD 
clock, which is separate from the clock used by the CPU to 
generate the signals, it can not be guaranteed that input tran 
sitions do not occur during setup intervals. The metastable 
condition is disastrous for a chip, since the bus cycle will 
fail. Thus, the occurrence of metastable conditions must be 
minimized in order for an asynchronous bus interface to 
reliably operate. 
As a result, there is a need to solve the problems of the 

prior art to provide a display controller with an asynchro 
nous generic bus interface capable of communicating with a 
variety of microprocessors irrespective of the difference in 
operating speeds between the display controller and the 
microprocessor. Additionally the circuitry of the display 
controller should be configured to minimize the occurrence 
of a metastable condition. 

SUMMARY OF THE INVENTION 

Broadly speaking, the present invention fills these needs 
by providing a generic bus interface of a display controller 
configured to Support asynchronous data exchange that is 
independent of the difference in clock speed between the 
LCD controller and a CPU in communication with the LCD 
controller. Additionally, the asynchronous bus interface 
includes flip flop chain redundancy circuitry for minimizing 
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the occurrence of a metastable condition. It should be appre 
ciated that the present invention can be implemented in 
numerous ways, including as a process, a system, or a 
device. Several inventive embodiments of the present inven 
tion are described below. 

In one embodiment a display controller configured to 
communicate with a microprocessor is provided. The dis 
play controller operates at a first clock speed and the micro 
processor operates at a second clock speed. The display con 
troller includes a memory core for storing image data to be 
displayed and a register set containing configuration data 
enabling presentation of the image data. An asynchronous 
bus interface enabling communication over a bus between 
the memory core of the display controller and the micropro 
cessor is also included. The asynchronous bus interface is 
configured to be independent of the second clock speed of 
the microprocessor and a difference between the first clock 
speed and the second clock speed. Flip flop chain redun 
dancy circuitry is included in the bus interface. 

In another embodiment, a system that allows for the asyn 
chronous exchange of data is provided. The system includes 
a central processing unit (CPU) and a data bus. A display 
controller in communication with the CPU through the data 
bus is also included. The display controller has a bus inter 
face to enable communication over the bus with the CPU. 
The bus interface is configured to be independent of both a 
clock of the CPU and a difference between a clock speed of 
the CPU and a clock speed of the display controller. The 
asynchronous bus interface also includes flip flop chain 
redundancy circuitry. 

In yet another embodiment, a method for communicating 
between a display controller operating at a first clock speed 
and a microprocessor operating at a second clock speed is 
provided. The method initiates with a request from a micro 
processor being received by a display controller. The request 
from the microprocessor is generated according to a micro 
processor clock. Then, the request is sampled according to a 
display controller clock. Next, the request from the micro 
processor is acknowledged by the display controller to ini 
tiate an internal cycle of the display controller. Then, data 
associated with a read operation or a write operation is pro 
vided. Next, a request from the display controller to end the 
internal cycle is issued to the microprocessor. The request 
from the display controller is generated according to the 
display controller clock. Then, an acknowledgement from 
the microprocessor is received by the display controller. The 
acknowledgement is generated according to the micropro 
cessor clock. 

In still yet another embodiment, a method for performing 
a read operation or a write operation between a microproces 
sor and a display controller over a data bus is provided. The 
method initiates with operating a microprocessor at a first 
clock speed. Then, a display controller is operated at a sec 
ond clock speed. Next, a handshaking routine is executed. 
The handshaking routine includes a request and an acknowl 
edgement between the microprocessor and the display con 
troller. The request is associated with a different clock speed 
than the acknowledgement. Then, a read operation or a write 
operation is initiated over the data bus upon completion of 
the handshaking routine, wherein performance of the read or 
the write operation is independent of a difference between 
the first clock speed and the second clock speed. 

Other aspects and advantages of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, illus 
trating by way of example the principles of the invention. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the 
following detailed description in conjunction with the 
accompanying drawings, and like reference numerals desig 
nate like structural elements. 

FIG. 1 is a schematic diagram of an embedded system 
including a CPU in communication with a display controller, 
wherein the CPU and the display controller operate at differ 
ent clock speeds. 

FIG. 2 is a high level schematic diagram of a LCD con 
troller with a generic bus interface in communication with a 
CPU in accordance with one embodiment of the invention. 

FIG. 3 is a table illustrating a set of command signals that 
determine whether the current bus cycle is a read or a write 
cycle and the location of valid data on the bus in accordance 
with one embodiment of the invention. 

FIG. 4 is a timing diagram for a generic bus interface 
associated with the command signals that determine whether 
the current bus cycle is a read or a write cycle and to deter 
mine a location of valid data on the bus in accordance with 
one embodiment of the invention. 

FIG. 5 is a table listing the bus interface timing parameters 
associated with FIG. 4. 

FIG. 6 is a table illustrating the command signal encoding 
that utilizes two sets of control signals to determine whether 
the current bus cycle is a read operation or a write operation 
and the location of valid data on the bus in accordance with 
one embodiment of the invention. 

FIG. 7 is a timing diagram for a generic bus interface 
using separate control signals and enable signals, as dis 
cussed with reference to FIG. 6, to define a bus cycle in 
accordance with one embodiment of the invention. 

FIG. 8 is a table representing the bus interface timing 
parameters associated with FIG. 7. 

FIG. 9 is a table illustrating the command signal encoding 
for an asynchronous generic bus interface that determines 
whether the current bus cycle is a read or a write cycle and 
the location of valid data on the bus in accordance with one 
embodiment of the invention. 

FIG. 10 is a timing diagram of an asynchronous generic 
bus interface of a display controller configured to Support 
any difference in clock speed between the display controller 
and a CPU in communication with the display controller in 
accordance with one embodiment of the invention. 

FIG. 11 is a table representing the asynchronous bus inter 
face timing parameters of FIG. 10. 

FIG. 12 is a schematic diagram of flip flop chain redun 
dancy circuitry configured to minimize the occurrence of 
any metastable condition in accordance with one embodi 
ment of the invention. 

FIG. 13 is a flowchart diagram illustrating the method 
operations for communicating between a display controller 
operating at a first clock speed and a microprocessor operat 
ing at a second clock speed in accordance with one embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An invention is described for an apparatus and method for 
providing a generic bus interface for a controller that is 
adapted to communicate with a variety of central processing 
units (CPU). It should be appreciated that the various signals 
processed through the bus interface are referred to herein as 
an abbreviation for the signal followed by the “if” symbol. 
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Of course, other common designations in the art for signals 
include an abbreviation with an over line or an abbreviation 
followed by the letter “X”. Additionally, logic high values 
may be referred to as having a binary value of “1” while a 
logic low value may be referred to as having a binary value 
of "0. It will be apparent, to one skilled in the art, in view of 
the following description, that the present invention may be 
practiced without some or all of these specific details. In 
other instances, well known process operations have not 
been described in detail in order not to unnecessarily 
obscure the present invention. 
The embodiments of the present invention provide a 

generic bus interface for a display controller in communica 
tion with a CPU. In one embodiment, the configuration of 
the command signals provided to the generic bus interface 
enables communication with a variety of microprocessors 
and their associated native buses. As will be explained in 
more detail below, the command signals are configured to 
define a read or write operation to be performed as well as 
defining a location of valid data on the native bus. In another 
embodiment, the generic bus interface accommodates an 
asynchronous exchange of data. Here, the display controller 
and the CPU are controlled by different clocks having differ 
ent clock speeds. Through the handshaking defined between 
the CPU and the display controller, previous limitations 
required due to the inability to accommodate all differences 
between the clock speeds, no longer apply. 

The generic bus interface described herein, is capable of 
communicating with a variety of CPUs, particularly the 
CPUs in the embedded market, which include processors 
from HITACHI, MOTOROLA, INTEL, etc. As is well 
known, embedded systems define microprocessor based 
electronic systems that performan application-specific set of 
functions. Embedded systems tend to be dedicated to sens 
ing and responding to input. One skilled in the art will appre 
ciate that the embedded systems exist in many industries, 
including automotive, communications, consumer and 
industrial. More specifically, embedded systems are used 
with compact portable handheld devices, such as personal 
digital assistants (PDA), mobile phones, pagers, web tablets, 
etc. These portable handheld devices do not require the same 
amount of computing power as a desktop or laptop computer 
because of their specific nature. Additionally, these devices 
consume less power than the desktop or laptop systems 
because of battery power limitations. Accordingly, devices 
incorporating embedded systems do not provide the same 
degree of functionality as desktop computer systems. While 
the embodiments described below are directed toward CPUs 
for handheld electronic devices, these embodiments are 
exemplary and not meant to be limiting. It will be apparent 
to one skilled in the art that the generic bus interface can be 
configured to communicate with CPUs for desktop and por 
table personal computers in addition to handheld devices. 

In one embodiment, the generic bus interface Supports a 
data width of 32 bits addressable over 21 bits of address 
space. Of course, the bus interface can Support a data width 
over any suitable number of bits of address space. The bus 
interface is configured to accommodate the signals that are 
necessary to attach to most CPU interfaces through the com 
mand signals explained in more detail below. Little and big 
endian modes are both Supported by the generic bus inter 
face. One skilled in the art will appreciate that little and big 
endian modes describe the order in which a sequence of 
bytes are stored in memory. As described in more detail 
below, the embodiments of the bus interface include a bus 
interface configured to operate in a synchronous mode and a 
bus interface configured to operate in an asynchronous 
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6 
mode. In the synchronous mode, the bus cycle can be length 
ened through the use of an external WAITH control signal 
which can be set to active high or active low. The asynchro 
nous generic bus interface is configured to be independent of 
the difference between the clock speed of the display con 
troller and the clock speed of the CPU in communication 
with the display controller. In addition, the asynchronous 
bus interface includes circuitry for minimizing the occur 
rence of a metastable condition. 

FIG. 2 is a high level schematic diagram of a display 
controller, such as a liquid crystal display (LCD) controller 
with a generic bus interface in communication with a CPU in 
accordance with one embodiment of the invention. CPU 108 
communication with LCD controller 116 through bus 112. 
CPU can be any number of suitable microprocessors. In one 
embodiment, CPU 108 is a microprocessor designed for an 
embedded system. One such embedded system is the HITA 
CHI SH3 microprocessor, which includes a native bus Sup 
porting the SH3 microprocessor. It should be appreciated 
that the HITACHI SH3 microprocessor is mentioned for 
illustrative purposes only and not meant to be limiting on the 
invention, as LCD controller 116 includes generic bus inter 
face 114 that is configured to communicate with a variety of 
suitable CPUs of embedded systems and non-embedded sys 
tems. As used herein, LCD controller 116 can be any suit 
able display controller that may or may not be associated 
with an embedded system. 

Still referring to FIG. 2, LCD controller 116 includes 
memory core region 118 and register region 120. Memory 
core region 118 contains the data for an image to be pre 
sented on an LCD panel. Register region 120 (also referred 
to as a register set) contains data to configure LCD controller 
116, which includes configuration data for a type of display 
panel used to display the image. Such as resolution, Screen 
size, panel type, etc. That is, the registers of the register set 
are programmed to allow LCD controller 116 to interface 
with a display screen for presenting the image data in 
memory. CPU 108 contains registers that map LCD control 
ler 116 into CPU memory 110. Thus, when CPU memory 
110 is addressed, CPU 108 asserts a chip select signal (CSif). 
In one embodiment, the CSi signal is used to notify LCD 
controller 116 that the LCD controller is being addressed as 
will be explained in more detail below. 

FIG. 3 is a table illustrating a set of command signals that 
determine whether the current bus cycle is a read or a write 
cycle and the location of valid data on the bus in accordance 
with one embodiment of the invention. As will explained 
below, the same set of signals which specify the read or write 
cycle simultaneously specify which bytes of a 32 bit data bus 
contain valid data. Thus, a certain bit width of the 32 bit data 
bus, i.e., 8 bit, 16 bit, or 32 bit, is specified by the same set of 
signals specifying whether the bus cycle is a read operation 
or a write operation. It should be appreciated that each of the 
command signals define enable data for either the read 
operation or the write operation. 

Still referring to FIG. 3, a bus cycle is initiated when a 
chip select signal (CSH) is asserted low. The assertion of one 
or more read enable signals (RDnii) after the assertion of the 
CSi specifies a read cycle. Alternatively, the assertion of one 
or more write enable signals (WEnii) after the assertion of 
the CSi sets a write cycle. In addition, the configuration of 
the RD# and the WEH specify which bytes of a 32 bit data 
bus contain valid data. That is, the read or write cycle can be 
further specified as a 8-bit, 16-bit or 32-bit read or write 
cycle. It should be appreciated that by accommodating 8-bit, 
16-bit and 32-bit reads and writes, the bus interface of a 
display controller, Such as a liquid crystal display (LCD) 
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controller, is not prevented from communicating with a CPU 
requiring an interface accommodating 8 bit or 16 bit reads. 
Therefore, the bus interface of the display controller can 
interface with a wide variety of microprocessors. 

Continuing with FIG. 3, it can be seen that the CSH is 
active low. For a read cycle, each of the WEil 
(WEHO-WEH3) are driven high to indicate a read cycle, i.e., 
where the LCD controller supplies data to a CPU. 
Alternatively, for a write cycle, each of the RD# 
(RD#0-RD#3) are driven high to indicate a write cycle, i.e., 
where a CPU directs data to the LCD controller. As the WEH 
are all high during a read, the configuration of the RDF 
signals indicate the location of valid data on the data bus. For 
example, the command signal encoding for a high even 8 bit 
read, as defined in row 121, will be explained in further 
detail to specify the configuration of the command signals. 
Here, CSi is asserted low indicating that the LCD controller 
is being selected by the CPU. WEH 0-WEH3 are each 
asserted high to indicate that a read cycle will occur. RD#3, 
RD#1 and RD#0 are asserted high while RD#2 is asserted 
low. This combination indicates that valid information is 
contained over bits 15–23 of the data bus. Thus, the com 
mand signals of row 121 define a high even 8 bit read bus 
cycle. It should be appreciated that one set of command 
signals define both whether a read operation or a write 
operation is to be performed and a location of valid data on 
the data bus through which the display controller and the 
CPU communicate. That is, one command signal is used for 
each 8 bit segment for either a read or write operation. 

Additionally, each of the command signals of FIG. 3 
define enable data for a read operation or a write operation. 
Thus, WEH0-WEi3 define enable data for a write operation 
while RD#0-RD#3 define enable data for a read operation. 
Consequently, the bus interface is capable of performing on 
command modifiable reads and writes to accommodate a 
broad variety of CPUs. That is, the bus interface is not lim 
ited to a 32 bit read operation, therefore, the bus interface is 
capable of communicating with a CPU interface requiring an 
8 bit, 16 bit or 32 bit read. It should be appreciated that the 
set of command signals may be defined with the logical high 
and low values, illustrated in FIG. 3, reversed. 

FIG. 4 is a timing diagram for a generic bus interface 
associated with the command signals that determine whether 
the current bus cycle is a read or a write cycle and determine 
a location of valid data on the bus in accordance with one 
embodiment of the invention. Bus clock period (TCLK) is 
indicative of the system speed for the bus clock (CLK). For 
exemplary purposes, the LCD controller includes 21 bits of 
address space, as represented by A20:0), which determines 
the amount of memory within the LCD controller. It will be 
apparent to one skilled in the art that the amount of address 
space of the LCD controller may vary. In one embodiment, 
the LCD controller has about 2 Megabytes (MB) of memory. 
That is, 21 bits of address space maps out to about 2 MB of 
memory. The memory inside the LCD controller is 
addressed through address lines A20:0). One skilled in the 
art will appreciate that the LCD controller can contain any 
amount of memory Suitable for the system containing the 
LCD controller and is not limited to 2 MB of memory. 
Memory/Register signal (M/Rii) is a signal that selects 
between memory (M) and registers (R) of the LCD control 
ler. In one embodiment, an additional 2 MB of memory is 
provided through the M/Ril pin. As mentioned above, the 
memory core contains image data to be presented while the 
registers include configuration data, Such as the configura 
tion data for the display screen where the data is to be dis 
played. It will be apparent to one skilled in the art that the 
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8 
bus interface described in reference to FIG. 4 is a synchro 
nous bus interface as the CPU and the display controller 
share a common clock. 

Referring to FIG. 2, CPU 108 includes registers that map 
LCD controller 116 into member 110 of the CPU. Thus, 
when CPU memory 110 is addressed, the CPU 108 asserts a 
CSH low which tells LCD controller 116 that the LCD con 
troller is being selected. Of course, the CSi signal can be 
asserted low or high to indicate that LCD controller 116 is 
being selected. Returning to FIG. 4, the signals are sampled 
on the rising edge of the clock, however, it will be apparent 
to one skilled in the art that the signals can be sampled on the 
falling edge of the clock. When sampling signals on the 
rising edge of the clock, parameter t2 indicates a set up time 
for the bus clock to see the CSH go low. The configuration of 
command signals, WE0ii, WE1#, WE2it, WE3#, RD0i, 
RD1i, RD2it and RD3i, indicates a type of access, i.e., read 
operation or a write operation. For example, with reference 
to FIG. 3, a command signal where RD3 it is 0 (low) and the 
remaining read and write signals are 1 (high) indicates that 
the type of access is a high odd 8-bit read. Accordingly, data 
bits 31 through 24 of the bus are selected as these bits have 
valid data on them as defined by the command signals. Thus, 
the CPU samples bits 31–24 of the data bus during the read 
operation. 

Parameter till of FIG. 4 represents a set up time for the 
LCD chip to see the CSH go low and to determine if a read 
operation or write operation is to occur through the configu 
ration of the WEH or the RD#. It will be apparent to one 
skilled in the art that the set up time ensures that CSi will be 
sampled in the desired state. Set up time t3 allows a window 
for the read and write command signals to be asserted before 
the display controller samples the read and write command 
signals. For exemplary purposes, command signals config 
ured to define a low even 8 bit read operation, as specified in 
row 123 of FIG. 3, will be referenced to further explain the 
timing diagram of FIG. 4 with reference to a read operation. 
Furthermore, it will be apparent to one skilled in the art that 
the set up and hold times referred to herein accommodates a 
propagation delay from when a high or low signal is sampled 
to when a next action occurs based on the high or low signal. 

Still referring to FIG. 4, when CSi goes low, a wait signal 
(WAITH) is driven low within timing parameter ta, as indi 
cated by arrow 126. WAITH is output from the display 
controller, such as a LCD controller, to the CPU and requests 
that the CPU wait until the LCD controller is ready to supply 
data. One skilled in the art will appreciate that for a read 
operation, the LCD controller is supplying data to the CPU. 
While WAITH is low, the CPU extends the cycle until the 
LCD controller is ready to supply the data. Thus, the CPU 
will continue sampling the WAITH and extending the cycle 
until WAITH goes high. WAITH goes high when valid data 
has been put onto the bus as indicated by arrow 128. On the 
rising edge of the bus clock, the CPU will sample the WAITH 
and see that WAITH has gone high, therefore, the CPU can 
read the data contained over bits 0–7 for the low even 8-bit 
read specified by the command signals. The valid data is 
supplied to the CPU during timing parameter t13 of the read 
cycle. As mentioned above, the CPU or the LCD controller 
can be configured to sample on the falling edge of the clock 
cycle rather than the rising edge. 

Continuing with FIG. 4, timing parameter t5 of the read 
cycle defines a time period within which the LCD controller 
will drive the data bus. Dark envelope 122 indicates that the 
LCD controller is driving the data bus, thereby preventing 
another controller from taking over the bus. The dark enve 
lopes of FIG. 4 represent that valid data is not available 
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while the light envelopes represent that valid data is avail 
able. Thus, valid read data becomes available at some point 
within light envelope 124. Timing parameter t16 provides a 
set up time for the WAITH to go high in order for the CPU to 
read the data. Therefore, during timing parameter t13 data is 
transferred, i.e., the CPU latches the data, as the rising edge 
of the bus clock occurs with the WAITH high. It should be 
appreciated that within timing parameter t11, WAITH is 
driven to a high impedance state where control of the bus is 
relinquished by the LCD controller for use by other devices. 

For a write operation, with reference to FIG. 4, the CPU is 
directing data over the bus to the LCD controller. The CSH is 
driven low as mentioned above and is sampled by the LCD 
controller. Set up time t3 allows a window for the read and 
write command signals to be asserted before the LCD con 
troller samples the read and write command signals. The 
configuration of the read and write command signals will 
indicate the type of access. For exemplary purposes, the 
32-bit write of FIG. 3 will be used to describe an exemplary 
write operation. That is, command signals WE0i, WE1i, 
WE2it, and WE3# are all low (0 values) while RD0i, RD1 it, 
RD2# and RD3h are all high (1 values). Therefore, all 32 bits 
on the data bus are valid. At the same time that the read and 
write command signals are sampled, the address will be 
sampled to determine where the data is being addressed in 
the memory core of the LCD. For a write operation, the CPU 
drives the read enable signals high. As mentioned above, for 
the 32-bit write all four write enable signals (WE0H WE3#) 
are driven low indicating that all 32 bits on the data bus are 
valid. The WAITH is driven low to extend the bus cycle until 
valid data is available. Timing parameter to defines a set up 
period within which the CPU must drive the data on the data 
bus. WAITH is held low until the LCD controller is ready to 
receive data at which point WAITH is driven high. When 
WAITH is driven high, the data is sampled and latched in by 
the LCD controller. 

Still referring to FIG. 4, timing parameter t12 is a hold 
time. As mentioned above, there is some propagation delay 
between the sampling of a signal and the action resulting 
from the sampling. Thus, t12 is a hold time defining a time 
period for data to be held after the LCD controller is ready to 
receive the data, i.e., the WAITH. Driving WAITH high signi 
fies that data has been written. Similar to the read operation, 
once WAITH has been deasserted (driven high), the CPU 
ends the cycle by deasserting the read or write strobe as 
indicated by line 130. Additionally, the CPU deasserts the 
CSi, by driving CSil high as indicated by line 132. Timing 
parameter t9 represents the time period between the WAITH 
being deasserted and the read cycle or write cycle being 
deasserted. 

FIG. 5 is a table listing the timing parameters associated 
with FIG. 4. Timing parameters t1–6, t9, t11–13 and t16 are 
discussed above with respect to FIG. 4. Timing parameters 
t7 represents a time period required to keep the current cycle 
active, i.e., CSH low, after the CPU deasserts the command 
signals. The minimum time for parameter t7 is Zero nano 
seconds (ns), however, one skilled in the art will appreciate 
that most CPUs do not deassert CSH until one or two clocks 
after the command signals are deasserted. Thus, the LCD 
controller is capable of handling concurrent deassertion of 
the command signals and CSi from the CPU, as well as 
deassertion of CSH after the command signals are deas 
serted. Timing parameters t& represents a time period for 
which the CSH is deasserted (held high). At the end of time 
period tis, the CSH signal is reasserted, thereby signifying to 
the LCD controller that it has been selected for another read 
or write operation. Timing parameter t10 indicates a time 
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10 
period from which the command signals are deasserted to a 
point where the command signals are reasserted for another 
read or write operation. Time period t14 represents the 
length of a cycle for a read or write operation. Timing 
parameter t15 signifies a time period between the rising edge 
of the bus clock and the WAITH being driven high. It should 
be appreciated that the timing parameters are exemplary tim 
ing periods and that the actual time period associated with 
each timing parameter can be any suitable time period allow 
ing each operation to be accomplished. 

FIG. 6 is a table illustrating the command signal encoding 
that utilizes two sets of control signals to determine whether 
the current bus cycle is a read operation or a write operation 
and the location of valid data on the bus in accordance with 
one embodiment of the invention. The command signals of 
FIG. 6 are all active low. A chip select signal (CSH) is driven 
low to indicate that the LCD controller has been selected. 
The assertion of the read control signal (MEMRii) indicates 
a read cycle while the assertion of the write control signal 
(MEMWii) indicates a write cycle. It should be appreciated 
that the MEMRH and MEMWH have no effect on the deter 
mination of which parts of the data bus contain valid data. 
That is, the MEMRii and MEMWH do not include enable 
data corresponding to the data associated with the read 
operation or the write operation. Four byte enable signals 
(BEii) are used to specify which bytes of a 32 bit data bus 
contains valid data. Thus, an 8 bit, 16 bit or 32 bit read bus 
cycle or write bus cycle can be specified as indicated by the 
various combinations of BEOH BE3i. 

FIG. 7 is a timing diagram for a generic bus interface 
using separate control signals and enable signals, as dis 
cussed with reference to FIG. 6, to define a bus cycle in 
accordance with one embodiment of the invention. The bus 
interface supports a data width of 32 bits addressable over 21 
bits of address space. As mentioned previously, the bus inter 
face is not limited to 21 bits of address space as 21 bits of 
address space is shown here for exemplary purposes only. 
One skilled in the art will appreciate that the bus interfaces 
described herein can have up to 32 bits of address space. 
Little and big endian modes are both supported by the bus 
interface. A bus cycle starts with the chip select signal (CSH) 
asserted low followed by the assertion of the MEMRii or the 
MEMWii. Once the CSi signal is recognized, an output sig 
nal (IOCHRDYii) is asserted to acknowledge the CSi. One 
skilled in the art will appreciate that that the IOCHRDY# 
performs the same function as the WAITH with respect to 
FIGS. 4 and 5. 

Still referring to FIG. 7, the IOCHRDYii is asserted until 
valid data is ready to be driven onto the bus for a read cycle 
or when data has been successfully received for a write 
cycle. The bus cycle can be lengthened by the IOCHRDY#. 
The configuration of the byte select signals BE0i BE3i, in 
conjunction with MEMRii and MEMWii, with reference to 
FIG. 6, determines if the data bus bits are driven, i.e., a read 
operation, or sampled, i.e., a write operation. Once the CPU 
clock sees the IOCHRDYi deasserted, the CSH and the com 
mand signals (BE0+ BE3i and MEMRii or MEMWii) are 
deasserted to end the bus cycle. The address used for the bus 
cycle is sampled once after the start condition (CSi driven 
low) is recognized. Address bits A0 and A1 of the 21 bits of 
address space are not used in the bus interface in one 
embodiment since the byte enable signals determine the 
lower address bits. It will be apparent to one skilled in the art 
that the bus interface described with respect to FIGS. 6 and 7 
is not capable of interfacing with as broad a variety of CPUs 
as the bus interface described with respect to FIGS. 3-5. The 
set of command signals associated with FIGS. 3-5 allows 
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the bus interface to communicate with a broader range of 
CPUs. However, it should be appreciated that the command 
signals for both of the above referenced interfaces allows for 
on command modifiable reads. That is, for a 32 bit bus an 8, 
16, or 32 bit read can be performed. 

FIG. 8 is a table representing the bus interface timing 
parameters associated with FIG. 7. The timing parameters of 
FIG. 8 correlate with the timing parameters of FIG. 5. Of 
course, the command signals associated with FIG. 5 and the 
command signals associated with FIG. 7 are different. That 
is, the set of command signals associated with FIG. 5 are 
configured to indicate a read operation or write operation 
and a location of valid data on the bus. Furthermore, each of 
the command signals of FIG. 5 are configured to concur 
rently define read or write enable data as discussed with 
respect to FIG. 3. On the other hand, the command signals 
associated with FIG. 8 include separate sets of signals to 
define if the bus cycle is a read or write operation and the 
location of valid data on the bus. 

FIG. 9 is a table illustrating the command signal encoding 
for an asynchronous generic bus interface that determines 
whether the current bus cycle is a read or a write cycle and 
the location of valid data on the bus in accordance with one 
embodiment of the invention. The command signals of FIG. 
9 are all active low. A chip select signal (CSH) is driven low 
to indicate that the LCD controller has been selected. A read/ 
write control signal (R/Wii) is used to indicate whether a 
read cycle or a write cycle is to be performed. Driving the 
RWii signal high indicates a read cycle will be performed, 
while driving the RWii low indicates a write cycle will be 
performed. It should be appreciated that the R/Wii is not 
related to the determination of which parts of the data bus 
contain valid data. That is, the R/Wii does not include enable 
data corresponding to the data associated with the read 
operation or the write operation. Four byte select signals 
(ByteSelni) are used to specify which bytes of a 32 bit data 
bus contains valid data. Thus, an 8bit, 16 bit or 32 bit read 
bus cycle or write bus cycle can be specified as indicated by 
the various combinations of ByteSel0i ByteSel3i. 

FIG. 10 is a timing diagram of an asynchronous generic 
bus interface of a display controller configured to Support 
any difference in clock speed between the display controller 
and a CPU in communication with the display controller in 
accordance with one embodiment of the invention. A bus 
cycle initiates with CSi, also referred to as a request, 
asserted low by the bus master, i.e., CPU. After this start 
condition is recognized, the bus slave, i.e., LCD controller, 
acknowledges the request by asserting the WAITH, referred 
to as acknowledge. The WAITH is asserted until valid data is 
ready to be driven onto the bus for a read cycle or when data 
has been successfully received for a write cycle. Of course, 
the R/Wii determines if the access is a read operation or a 
write operation and the configuration of 
ByteSel0H-ByteSel3# define which data bus bits are driven 
or sampled. After the bus master sees WAITH deasserted, the 
bus master will deassert the CSH and the command signals. 
The address used for the bus cycle is sampled once after the 
start condition is recognized. It should be appreciated that 
address bits AO and A1 are not used in the bus interface in 
one embodiment since the byte select signals determine the 
lower address bits. 

Still referring to FIG. 10, an exemplary read operation 
will be explained. Bus clock (BCLK) is the clock controlling 
the bus master, i.e., CPU, while LCD BCLK is the clock 
controlling the bus slave, i.e., display controller, such as a 
LCD controller. As an exemplary illustration, the LCD con 
troller includes 21 bits of address space, as represented by 
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A 20:0), which determines the amount of memory within 
the LCD controller. As mentioned above, the LCD controller 
is not limited to 21 bits of address space as the amount of 
address space can vary. In one embodiment, the LCD con 
troller has about 2 Megabytes (MB) of memory. That is, 21 
bits of address space maps out to about 2 MB of memory. 
The memory inside the LCD controller is addressed through 
address lines A20:0). One skilled in the art will appreciate 
that the LCD controller can contain any amount of memory 
suitable for the system containing the LCD controller and is 
not limited to 2 MB of memory. Memory/Register signal 
(M/Rii) is a signal that selects between memory (M) and 
registers (R) of the LCD controller. In one embodiment, an 
additional 2 MB of memory is provided through the M/Rii 
pin. As mentioned above, the memory core contains image 
data to be presented while the registers include configuration 
data. It should be appreciated that the asynchronous bus 
interface is truly asynchronous as the timing of the signals to 
the bus interface from the LCD controller are controlled by 
the LCD clock. That is, the signals to the bus interface from 
the LCD controller are independent of the CPU clock. As a 
result, the signals from the LCD controller are not slaved to a 
single CPU clock or oscillator, thus defining a truly asyn 
chronous bus interface. 
The CPU requests the cycle from the LCD controller by 

asserting CSH low. The LCD controller responds to the 
request with an acknowledge signal, i.e., WAITH. It should 
be appreciated that the request and acknowledge signals are 
the two handshaking signals used to initiate a bus cycle. 
Furthermore, while the CPU issues the request according to 
the CPU clock, the LCD controller samples the request at the 
clock speed of the LCD controller. That is, the LCD control 
ler is sampling the request on the rising edge of the LCD 
BCLK, which is independent of the BCLK for the CPU. Of 
course, the LCD controller can sample on the falling edge of 
the LCD BCLK also. Timing parameter t3 represents the 
time period between the LCD controller sampling CSi low 
and asserting WAITH to acknowledge to the CPU that a 
sample is being requested. The acknowledge signal starts the 
bus cycle for the LCD controller. It will be apparent to one 
skilled in the art that t3 is variable depending on the speeds 
of the CPU and the LCD controller. The CPU then responds 
with a R/W# indicating a read or a write operation and 
ByteSel0i ByteSel3# indicating the location of valid data 
on the data bus. 

For a read cycle, with reference to FIG. 10, timing param 
eter t5 represents the time period within which the LCD 
controller will drive the data bus. Dark envelope 140 indi 
cates that the LCD controller is driving the data bus, thereby 
preventing another controller from taking over the bus. The 
dark envelopes of FIG. 10 represent that valid data is not 
available while the light envelopes represent that valid data 
is available. Thus, valid read data becomes available at some 
point within light envelope 142. Timing parameters t8 and t9 
represent the set up time and hold time, respectively, similar 
to timing parameters t16 and t13 of FIG. 4. The end of the 
internal cycle for the LCD controller occurs when the 
WAITH is deasserted, i.e., WAITH goes high, which is per 
formed by the LCD controller according to the LCD BCLK. 
Thereafter, the CPU will see the WAITH go high when the 
CPU samples the WAITH on the rising edge of the BCLK 
and will acknowledge back to the LCD controller by deas 
serting CSi. Thus, the bus cycle is completed from the CPU 
side. Here, a similar handshaking procedure occurs to end 
the cycle as the handshaking procedure that initiates the 
cycle, with the exception that the LCD controller issues a 
request by asserting WAITH high and the CPU acknowl 
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edges edges the request by asserting CSH high. It should be 
appreciated that timing parameter t9 defines a hold time after 
the CSH has gone high in order to guarantee that data is 
available for the CPU to sample that data. Arrow 144 indi 
cates the WAITH being driven high by the LCD controller 
and the high WAITH being recognized by the CPU which in 
turn drives the CSil high. It should be appreciated that the 
WAITH is driven according to the clock of the LCD control 
ler and is not synchronous to the CPU clock, thereby allow 
ing the bus interface to run at any clock speed, i.e., indepen 
dent of the CPU's clock speed. Once the LCD controller 
sees the CSH go high the LCD controller releases the bus by 
driving WAITH to a high impedance state as indicated by 
arrow 146. 

Still referring to FIG. 10, a write operation follows a simi 
lar handshaking method as the read operation. Timing 
parameter 14 defines a set up period within which the CPU 
must drive the data on the data bus, while timing parameter 
t7 is a hold time defining a time period for data to be held 
after the LCD controller is ready to receive the data, i.e., the 
WAITH is driven high. It should be appreciated that timing 
parameters ta and t7 are similar to timing parameter tT and 
t12, respectively, of FIG. 4. In order to minimize the possi 
bility of any metastability conditions occurring, two flip 
flops in series are provided within the circuitry of the LCD 
controller for receiving the command signals. Such as M/RH 
and the command signals of FIG. 9, i.e., CSi, R/Wii, and 
ByteSelni. Thus, the flip flops in series allow for double 
sampling of the command signals. That is, the command 
signals are processed through at least two flip flops con 
nected in series to minimize a metastable condition. 

FIG. 11 is a table representing the asynchronous bus inter 
face timing parameters of FIG. 10. Timing parameters t3-tS 
and t7 t9 have been discussed above with reference to FIG. 
10. Timing parameter t1 defines a setup time. Thus, param 
eter til allows a time period for CSi to go low. Timing 
parameter t2 indicates a setup time for LCD BCLK to see 
CSi go low. Parameter to indicates a time period required to 
keep the current cycle active, i.e., CSH low, after the CPU 
deasserts the command signals. The minimum time for 
parameter is Zero nanoseconds (ins), however, one skilled in 
the art will appreciate that most CPUs do not deassert CSi 
until one or two clocks after the command signals are deas 
serted. 

FIG. 12 is a schematic diagram of flip flop chain redun 
dancy circuitry configured to minimize the occurrence of 
any metastable condition in accordance with one embodi 
ment of the invention. Flip flop 150 is arranged in series with 
flip flop 152. Clock 154 is the display controller clock, as flip 
flops 150 and 152 are contained within the circuitry of the 
bus interface of the display controller. Signal 156 is the D 
input of flip flop 150. The data present at the D input of flip 
flop 150 is transferred to the Q output of flip flop 150. The Q 
output of flip flop 150 is then provided as the D input of flip 
flop 154. The D input of flip flop 154 is transferred to the Q 
output of flip flop 152 where it is output as output signal 158. 
Thus, should input signal 156 change during the set up time, 
a metastable condition may occur. For example, with respect 
to an asynchronous bus interface, the rising edge of the bus 
clock and the display controller clock may occur at about the 
same instant, resulting in two infinite slopes causing a meta 
stable condition. One skilled in the art will appreciate that if 
a metastable condition occurs and the output from flip flop 
150 floats, i.e. is not a 0 or 1, the circuitry within flip flop 152 
is configured to output a 0 or a 1 depending on the level at 
which the output from flip flop 150 floats. It should be appre 
ciated that while two flip flops are shown in FIG. 12, any 
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number of flip flops arranged in series could be used. In one 
embodiment, the flip flop chain redundancy circuitry is con 
figured to process the command signals and not the read or 
write data. 

FIG. 13 is a flowchart diagram illustrating the method 
operations for communicating between a display controller 
operating at a first clock speed and a microprocessor operat 
ing at a second clock speed in accordance with one embodi 
ment of the invention. The flowchart initiates with method 
operation 170 where a request from a microprocessor is 
received. The request is achieved by the microprocessor 
driving CSi low and thus starts the bus cycle for the micro 
processor. As mentioned above CSH being driven low indi 
cates that the display controller is being selected. As the 
request is issued by the microprocessor, the request is gener 
ated at the clock speed of the microprocessor. The method 
then advances to operation 172 where the request is sampled 
according to a display controller clock. Here, a display 
controller, Such as a LCD controller, Samples the request as 
discussed above with reference to FIG. 10. It should be 
noted that the microprocessor clock and the display control 
ler clock can operate at any difference in clock speed. In one 
embodiment, the CPU and the microprocessor are part of an 
embedded system for a handheld computing device. 
The method of FIG. 13 then proceeds to operation 174 

where the request from the microprocessor is acknowledged 
to initiate an internal cycle of the display controller. For 
example, the initiation of the internal cycle of the display 
controller is illustrated by the region of the timing diagram 
of FIG. 10 where WAITH is driven low. The display control 
ler sends the acknowledgement, therefore the acknowledge 
ment is generated according to the clock of the display con 
troller. Thus, the bus interface can be run at any clock speed 
independent of the CPU's bus speed. 

Still referring to FIG. 13, the method proceeds to opera 
tion 176 where data associated with a read or a write opera 
tion is provided. The data is provided to the microprocessor 
for a read operation, while the data is provided to the display 
controller for a write operation. The parameters of the read 
or write operation are discussed above with respect to FIG. 
10. The method then moves to operation 178 where the dis 
play controller issues a request to end the internal cycle. In 
one embodiment, the request is performed by driving 
WAITH high as illustrated with respect to FIG. 10. Of 
course, the request is issued at the clock speed of the display 
controller. The method then advances to operation 180 
where an acknowledgment from the microprocessor is 
received by the display controller. The microprocessor 
samples the request from operation 180 at the clock speed of 
the microprocessor, and in response drives CSH high (the 
acknowledgement) as illustrated with reference to FIG. 10. 
The display controller then samples CSil high (the 
acknowledgement) at the clock speed of the display control 
ler. As a result of the CSi driven high, the microprocessor 
ends the microprocessor bus cycle. 

With the above embodiments in mind, it should be under 
stood that the invention may employ various computer 
implemented operations involving data stored in computer 
systems. These operations are those requiring physical 
manipulation of physical quantities. Usually, though not 
necessarily, these quantities take the form of electrical or 
magnetic signals capable of being Stored, transferred, 
combined, compared, and otherwise manipulated. Further, 
the manipulations performed are often referred to in terms, 
Such as producing, identifying, determining, or comparing. 
Any of the operations described herein that form part of 

the invention are useful machine operations. The invention 
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also relates to a device or an apparatus for performing these 
operations. The apparatus may be specially constructed for 
the required purposes, or it may be a general purpose com 
puter selectively activated or configured by a computer pro 
gram stored in the computer. In particular, various general 
purpose machines may be used with computer programs 
written in accordance with the teachings herein, or it may be 
more convenient to construct a more specialized apparatus to 
perform the required operations. 
The above described invention may be practiced with 

other computer system configurations including hand-held 
devices, microprocessor systems, microprocessor-based or 
programmable consumer electronics, minicomputers, main 
frame computers and the like. Although the foregoing inven 
tion has been described in some detail for purposes of clarity 
of understanding, it will be apparent from the foregoing 
description that certain changes and modifications may be 
practiced within the scope of the appended claims. 
Accordingly, the present embodiments are to be considered 
as illustrative and not restrictive, and the invention is not to 
be limited to the details given herein, but may be modified 
within the scope and equivalents of the appended claims. 
What is claimed is: 
1. A display controller configured to communicate with a 

microprocessor; the display controller operating at a first 
clock speed, the microprocessor operating at a second clock 
speed, the display controller comprising: 

a memory core for storing image data to be displayed; 
a register set containing configuration data enabling pre 

sentation of the image data; and 
an asynchronous bus interface enabling communication 

over a bus between the memory core of the display 
controller and the microprocessor, the asynchronous 
bus interface being configured to be independent of 
both the second clock speed and a difference between 
the first clock speed and the second clock speed, the 
asynchronous bus interface including flip flop chain 
redundancy circuitry. 

2. The display controller of claim 1, wherein the asyn 
chronous bus interface is configured to communicate with a 
set of command signals, the command signals defined by 
four byte select signals defining which bytes of a 32 bit data 
bus contains valid data and a read/write control signal defin 
ing whether a read cycle or a write cycle is to be performed. 

3. The display controller of claim 1, wherein the flip flop 
chain redundancy circuitry includes at least two flip flops in 
series. 

4. The display controller of claim 3, wherein the at least 
two flip flops are configured to receive command signals. 

5. The display controller of claim 4, wherein the com 
mand signals include a chip select signal, a read/write con 
trol signal, and a byte select signal. 

6. The display controller of claim 1, wherein the display 
controller is configured to issue and sample handshaking 
signals, the handshaking signals configured to initiate and 
complete a bus cycle. 

7. The display controller of claim 6, wherein the hand 
shaking signals include a request signal and an acknowledge 
signal, the acknowledge signal generated in response to the 
request signal. 

8. The display controller of claim 7, wherein the request 
signal is issued according to a first clock and the request 
signal is sampled according to a second clock. 

9. The display controller of claim 7, wherein the request 
signal is a chip select signal issued to the display controller 
according to the second clock speed and the acknowledge 
signal is issued from the display controller according to the 
first clock speed. 
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10. A system, comprising: 
a central processing unit (CPU); 
a data bus; 
a display controller in communication with the CPU 

through the data bus, the display controller including a 
bus interface to enable communication over the data 
bus with the CPU, the bus interface being configured to 
be independent of both a clock of the CPU and a differ 
ence between a clock speed of the CPU and a clock 
speed of the display controller, the asynchronous bus 
interface including flip flop chain redundancy circuitry. 

11. The system of claim 10, wherein the system is an 
embedded system. 

12. The system of claim 10, wherein the flip flop chain 
redundancy circuitry includes at least two flip flops in series, 
the at least two flip flops in series configured to receive com 
mand signals. 

13. The system of claim 10, wherein the command signals 
include a chip select signal, a read/write control signal, and a 
byte select signal. 

14. The system of claim 10, further including: 
a display screen in communication with the display 

controller, the display screen configured to display 
image data from the display controller. 

15. The system of claim 10, wherein the display controller 
is a liquid crystal display (LCD) controller. 

16. The system of claim 10, wherein handshaking signals 
between the CPU and the display controller initiate and 
complete a bus cycle. 

17. The system of claim 16, wherein the handshaking sig 
nals include a request signal and an acknowledge signal in 
response to the request signal. 

18. The system of claim 17, wherein the CPU issues a 
request signal to the display controller according to the clock 
of the CPU and the display controller samples the request 
signal according to a clock of the display controller. 

19. A method for communicating between a display con 
troller operating at a first clock speed and a microprocessor 
operating at a second clock speed, the method comprising: 

receiving a request from a microprocessor, the request 
from the microprocessor being generated according to a 
microprocessor clock having the second clock speed; 

sampling the request according to a display controller 
clock having the first clock speed, the sampling includ 
ing double sampling of command signals to minimize 
an occurrence of a metastable condition; 

sending an acknowledgment to the request from the 
microprocessor to initiate an internal cycle of the dis 
play controller, 

providing data associated with a read operation or a write 
operation; 

issuing a request from the display controller to end the 
internal cycle, the request from the display controller 
being generated according to the display controller 
clock; and 

receiving an acknowledgement from the microprocessor, 
the acknowledgement being generated according to the 
microprocessor clock. 

20. The method of claim 19, wherein the request from the 
microprocessor and the acknowledgment from the micropro 
cessor are chip select signals. 

21. The method of claim 19, wherein the request from the 
display controller and the acknowledgment to the request 
from the microprocessor are WAIT signals. 

22. The method of claim 19, wherein the double sampling 
occurs through flip flop chain redundancy circuitry. 
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23. The method of claim 19, wherein the command sig 
nals include a chip select signal, a read/write control signal 
and four byte select signals. 

24. The method of claim 19, wherein each of the com 
mand signals are active low. 

25. A method for performing one of a read operation and a 
write operation between a microprocessor and a display con 
troller over a data bus, the method comprising: 

operating a microprocessor at a first clock speed; 
operating a display controller at a second clock speed; 
executing a handshaking routine including a request and 

an acknowledgement between the microprocessor and 
the display controller, the request being associated with 
a different clock speed than the acknowledgement; and 

initiating a read operation or a write operation over the 
data bus upon completion of the handshaking routine, 
wherein performance of the read or the write operation 
is independent of both the first clock speed and a differ 
ence between the second clock speed and the first clock 
speed. 

26. The method of claim 25, wherein the method opera 
tion of executing a handshaking routine including a request 
and an acknowledgement between the microprocessor and 
the display controller further includes: 

receiving the request from the microprocessor according 
to a clock associated with the microprocessor; and 

sampling the request from the microprocessor according 
to a clock associated with the display controller. 

27. The method of claim 25 further including: 
defining a set of command signals configured to deter 
mine whether a bus cycle is a read operation or a write 
operation and a location of valid data on the data bus. 

28. The method of claim 27, wherein the command sig 
nals include a chip select signal, a read/write control signal 
and four byte select signals. 

29. The method of claim 28, wherein the read/write con 
trol signal determines whether the bus cycle is the read 
operation or the write operation. 

30. The method of claim 27 further including: 
minimizing an occurrence of a metastable condition by 

double sampling the command signals. 
31. The method of claim 30, wherein the method opera 

tion of minimizing an occurrence of a metastable condition 
by double sampling the command signals further includes: 

processing the command signals through flip flop chain 
redundancy circuitry. 

32. An asynchronous bus interface configured to commu 
nicate with a display controller that is operated at a first 
clock speed and a microprocessor that is operated at a sec 
Ond clock speed, the asynchronous bus interface comprising: 
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flip flop chain redundancy circuitry, 
wherein the asynchronous bus interface is firther config 

ured to be independent of both the second clock speed 
and a difference between the first clock speed and the 
second clock speed. 

33. An asynchronous bus interface, configured to: 
receive a request signal generated at a first clock speed 
sample the request signal at a second clock speed that is 

different from the first clock speed 
drive a write controlling signal at a clock speed substan 

tially equal to the second clock speed 
drive a byte selecting signal at a clock speed substantially 

equal to the second clock speed 
output an acknowledge signal at a first level, the acknowl 

edge signal being driven at a clock speed substantially 
equal to the second clock speed 

start outputting a data signal at a clock speed substan 
tially equal to the second clock speed 

output the acknowledge signal at a second level different 
from the first level, the acknowledge signal being driven 
at a clock speed substantially equal to the second clock 
speed and 

Stop outputting the data signal. 
34. A system, comprising: 
a microprocessor, 
a display controller configured to communicate with the 

microprocessor, the display controller including a 
memory core for storing image data to be displayed, 
and a register set containing configuration data 
enabling the presentation of data, and 

an asynchronous bus interface that is configured to 
receive a request signal generated at a first clock speed, 
sample the request signal at a second clock speed that 
is different from the first clock speed, drive a write con 
trolling signal at a clock speed substantially equal to 
the second clock speed, drive a byte selecting signal at 
a clock speed substantially equal to the second clock 
speed, output an acknowledge signal at a first level, the 
acknowledge signal being driven at a clock speed sub 
stantially equal to the second clock speed, start output 
ting a data signal at a clock speed substantially equal 
to the second clock speed output the acknowledge sig 
nal at a second level different from the first level, the 
acknowledge signal being driven at a clock speed sub 
stantially equal to the second clock speed, and stop 
outputting the data signal. 
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