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SYSTEM FOR PROVIDING ACCESS OF
MULTIPLE DATA BUFFERS TO A DATA
RETAINING AND PROCESSING DEVICE

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.

TECHNICAL FIELD OF THE INVENTION

The present disclosure relates generally to systems for
providing access ol multiple data butlers to a data retaiming
and processing device and, in particular, to a system for
providing access ol multiple data bulfers to a master device
by using 12C protocol for data communication.

BACKGROUND OF THE INVENTION

The Peripheral Component Interconnect bus, which 1s a
bus designed by Intel Corporation 1s a high-speed interface
between the central processing umt (CPU) and peripheral
devices 1n a computer system. The bus operates 1n synchro-
nization with the clock speed of the CPU at 33 Mhz. A
customized bus system for a typical high bandwidth server
application 1s a Compact Peripheral Component Interconnect
(CPCI) bus.

The CPCI bus 1s limited to the components that require
inirequent access and are subjected to small amount of data
transfers, and 1s therefore not suitable for communication
between high-speed integrated circuits.

Conventionally, the Inter Integrated Circuit (12C) protocol
1s used for establishing communication among the devices at
the integrated circuit level. The 12C bus permits integrated
circuits to communicate directly with each other through
bi-directional bus. The device to be connected to the bus 1s
coupled to the serial data (SDA) wire and the serial clock
(SCL) wire. The SDA wire 1s used for the communication of
data and the SCL wire 1s used for control and synchronization
of communication of data between the devices. The output of
cach electronic device 1s configured as an open-collector/
open-drain device, wherein one or more pull-up resistors
maintain a logic high value on the bus while the bus 1s 1n an
inactive state.

The 12C system comprises a plurality of electronic devices
connected 1n parallel to each other and are connected to the
SCL and SDA line. If an electronic device requires data from
a bus, the electronic device pulls the bus to a logic low value,
through the open collector or open drain device that 1s placed
in a conductive state to a ground potential.

U.S. Patent Publication No. 2005/0091438 Al relates to a
system and method that provides an Intelligent Platform
Management Interface (IPMI) controller to control various
Inter Integrated Circuit (12C) slave devices having 12C slave
drivers without any modification of the 12C slave drivers on
the 12C slave devices. The 12C slave devices can be managed
without an external and/or a dedicated 12C master controller.

FI1G. 1 illustrates a conventional CPCI system 602 as men-
tioned 1n the aforementioned patent document, said CPCI
system 602 comprising a CPCI backplane or midplane (not
shown), a plurality of node cards (or blades) 606, a host node
card or master card (MC) 616, a switch card (not shown),
power supplies 605, fans 604, and a system control board
(SCB) 603. The MC 616 includes a central processing unit
(CPU) 608 to provide the on-board intelligence for the MC
616. The CPU 608 of the MC 616 1s coupled to memories (not
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shown) containing a firmware and/or software that runs on the
MC 616. IPMI controller 610, and other devices, such as a

programmable logic device (PLD) 609 for interfacing an
IPMI controller 610 with the CPU 608. The SCB 603 pro-
vides the control and status of the system 602, such as moni-

toring the healthy status of all the power supplies 6035 and the
fans 604 (FRUs), powering ON and OFF the FRUs, etc.

The SCB 603 1s interfaced with the MC 616 via an 12C
interface 611 so that the MC 616 can access and control the
FRUs 1n the system 602. The fans 604 provide the cooling to
the entire system 602. Each of the fans 604 has a fan board,
which provides control, and status information about the fans
and, like the SCB 603, are also controlled by the MC 616
through the 12C interface 611. The power supplies 603 pro-
vide the required power for the entire system 602. The MC
616 manages the power supplies 605 through the 12C 611
(e.g., the MC 616 determines the status of the power supplies
605 and can power the power supplies 605 ON and OFF). The
node cards 606 are independent computing nodes and the MC
(which may also be a node card) manages these node cards
though the IPMI 612 (or IPMB).

In addition, the IPMI controller 610 has 1ts own processing,
core unit and runs the IPMI protocol over the IPMB 612 to
perform the management of the computing node cards 606.
IPMI Controller 610 1s also the central unit (or point) for the
management of the system 602. The CPU 608 of the MC 616
can control the IPMI controller 610 and retrieve the system
602-status information by interfacing with the IPMI control-

ler 610 via PLD 609. The IPMI controller 610 provides the
MC 616 with the IPMB 612 (the IPMB then connects with the
“intelligent FRUs,” such as node cards and switch fabric card)
and the I2C 611 (the 12C interface 611 then connects with the
“other FRUs,” such as fans, power supplies, and the SCB).

It can be seen from the atorementioned patent document
that 1t 1s a controller that controls various slaves connected to
the master. Thus, the IPMI controller cannot emulate a slave
to create a multiple slave control system and adds an area
overhead to the system.

Further, there 1s no mechanism to confirm the validity of
the data written to the serial memory. The data has to be read
back which 1s not feasible for time critical applications.

Single 12C interfaces do not have multiple slave addresses
mapped to individual reusable buffers. IT a single master
wants to access multiple data butiers based on the command
code communicated, this will increase the software overhead
and communication time. Single buffer 12C peripherals
increase software overhead due to soitware processing for
cach data recerved on the bus. Byte count and memory pointer
are maintained by the software increasing the software over-
head.

Thus, a need 1s felt for an efficient data transference system
for integrated circuits that saves on area and 1s a speed efli-
cient emulation system wherein emulation of the data storage
1s an itegral part of the data accession function.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior art,
an object of the present invention 1s to provide an area eifi-
cient system for providing serial access of multiple data buil-
ers to a data retaining and processing device.

It 1s another object of the present disclosure to provide a
macro cell within a micro controller, said macro cell compris-
ing an input/output circuit configured for at least three slave
devices.

It 1s yet another object of the present disclosure to emulate
serial memory functions.
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It 1s further an object of the present disclosure to control
data transierence on the bus corresponding to the input clock
pulse to thereby avoid drawbacks caused due to clock pulse
stretching 1n accordance with the 12C bus standards.

To achieve the aforementioned objectives, one embodi-
ment of the present disclosure provides an area efficient sys-
tem for providing serial access of multiple data buifers to a
data retaining and processing device, such as CPU 608
through an IPMI controller 610, as described above. The
system 1ncludes a signal synchronization and detection
means, such as data control 212 and detection of bus condi-
tions 214 (a data bus operations detector), and such as
[2C_BUSIN 302 and 12C_BUSOUT 322, which together
comprise a data bus operations detector, filter 304 and filter
306, for synchronizing a clock signal. The system also
includes a data signal, said data signal being effectuated by
said clock signal for generating status signals and data bus.
The system further includes a shifting means, such as shift
register 216, for receving and retaining data received from
said data bus and to generate, for example: (1) a status signal
indicating the receipt of data by said area eflicient system; (2)
a reference bus address; and (3) data for enabling direct
storage access. They system still further includes a comparing
means, such as comparator 218, operably coupled to at least
three storage means, such as slave address #1 202, slave
address #2 204, and slave address #3 208 1n memory 208, for
comparing said reference bus address with the content of said
storage means to generate an address matching signal. The
system additionally includes a control signal generation
means, such as data registers 222, for generating control
signals to govern the data write signal generation for said
shifting means responsive to said data bus.

The system may also include a sequencing means, such as
sequencer 200, for reading data from said data retaining and
processing device and writing data to the data retaining and
processing device 1n a plurality of subcycles responsive to
said status signals, data bus, control signals and said reference
bus address, said plurality of subcycles including, for
example, (1) accessing storage builers of said data storage
and processing device; said storage bullers corresponding to
the value stored 1n said registers; (2) accessing data pages
from said storage bulfers corresponding to the output pro-
vided by said control signal generation means; (3) generating,
a data page rollover output 1 data transfer does not confirm to
data page length; and (4) providing sequential read access
responsive to the access of fist data page to thereby provide
time ellicient address decoding. The system still further
includes a direct storage access controller operably coupled
to at least three address registers for enabling data read and
write operation of the data retaining and processing device,
receiving signals from said shifting means for enabling speed
elficient access of said data bus to said data retaining and
processing device and receiving control signal from said
sequencing means for generating interrupt signals and access
request signals for said retaining and processing device.
Finally, the said serial access of multiple data butlers may be
cifectuated by using the inter-integrated circuit data transfer
protocol.

The present disclosure further provides a microcontroller

containing a plurality of macrocells, as described above.
Before undertaking the DETAILED DESCRIPTION OF

THE INVENTION below, 1t may be advantageous to set forth
definitions of certain words and phrases used throughout this
patent document: the terms “include” and “comprise,” as well
as derivatives thereof, mean inclusion without limitation; the
term “‘or,” 1s inclusive, meaning and/or; the phrases “associ-
ated with” and “associated therewith,” as well as derivatives
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4

thereof, may mean to include, be included within, 1ntercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “apparatus™
and “controller” may be used interchangeably and mean any
device, system or part thereof that controls at least one opera-
tion, such a device may be implemented 1n hardware, firm-
ware or software, or some combination of at least two of the
same. It should be noted that the functionality associated with
any particular apparatus or controller may be centralized or
distributed, whether locally or remotely. Definitions for cer-
tain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand
that 1n many, if not most 1stances, such definitions apply to
prior, as well as future uses of such defined words and
phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will now be described with the help
of accompanying drawings, in which like reference numerals
represent like parts, and 1n which:

FIG. 1 illustrates a conventional 12C controller interface
for 12C devices:

FI1G. 2 illustrates the functional block diagram of the mac-
rocell that includes three slave addresses and control logic
interfaced with the I2C bus 1n accordance with one embodi-
ment of the present disclosure;

FIG. 3 1llustrates the internal block diagram of the macro-
cell that explains the internal blocks and various internal
events ol the macrocell 1n accordance with one embodiment
of the present disclosure;

FIG. 4 1llustrates the state machines diagram of the mac-
rocell that explains the internal events and their sequences
according to one embodiment of the present disclosure;

FIG. S1illustrates the byte write protocol 1n accordance with
one embodiment of the present disclosure;

FIG. 6 illustrates the page write protocol in accordance
with one embodiment of the present disclosure;

FIG. 7 1llustrates the current address read protocol accord-
ing to the mstant disclosure;

FIG. 8 illustrates the random read protocol in accordance
with one embodiment of the present disclosure;

FIG. 9 illustrates the sequential read protocol according to
one embodiment of the present disclosure; and

FIG. 10 1llustrates the combined format protocol 1n accor-
dance with one embodiment of the present disclosure.

DETAILED DESCRIPTION

FIGS. 2 through 10, discussed below, and the various
embodiments used to describe the principles of the present
disclosure 1n this patent document are by way of illustration
only and should not be construed i any way to limait the scope
of the disclosure. Those skilled 1n the art will understand that
the principles of the present disclosure may be implemented
in any suitably arranged data transference system.

Referring to FIG. 2, there 1s depicted an area eflicient
system 200 that 15 a slave only 12C cell supporting Standard
mode and Fast mode of communication on the I2C bus. It

consists of three user configurable, independent slave
addresses (SLAVEADDRESS#1 202, SLAVEADDRESS#2

204, SLAVE ADDRESS #3 206) that can be individually
ecnabled. All three addresses have dedicated area in the Ran-
dom Access Memory 208 (RAM), that 1s a configuration of
3%x256 and use a Direct Memory Access (DMA) device to
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write/read (DMA req, DMA ack, Read/Write) from the
RAM. The three slave addresses are capable of producing on
interrupt to the CPU after a write/read operation.

Features for full-speed emulation of conventional serial
memory devices as the ST M24Cxx and AT24Cxx micro 3
controller family are provided by the instant disclosure and 1t
supports the following operations of the memory systems:

Byte Write

Page write

Current Address Read 10

Random Read

Sequential Read

Combined Format

Configurable write protection for each slave

Programmable page size (8/16 bytes) or full buffer 15

No clock stretching

The three slave addresses can be used as general-purpose
12C slaves. The third slave (SLAVE ADDRESS #3) can be
used to allow the addressing master to send data bytes as
commands to the micro controller. These commands can be 20
decoded by the firmware to perform various operations such
as programming the data E2PROM through In-Application
Programming (IAP). The third slave writes the command byte
and other data in the RAM and generates an interrupt signal.
The micro controller then decodes the command and pro- 25
cesses the data as decoded from the command byte. The micro
controller also writes a status byte in the RAM, which the
addressing master can poll.

Each slave has 1ts own RAM butler at a fixed location in the
RAM area of the micro controller. Slaves 1 and 2 have 256- 30
byte bulfers that can be individually protected from 12C mas-
ter write accesses. Slave 3 has a 256-byte RAM butier without
write protection feature. All three slaves have individual read
status flags and write status tlags with maskable interrupts.
These status tlags are set when the I12C master has completed 35
a read or write operation.

Current address register (ADDRESS REGISTER 210)
stores the oflset address of the respective slave bufler. This
register always points to last address accessed plus one. The
MSB bits are masked according to the size of the butler. If the 40
byte address sent by the master 1s above the actual size of the
buifer then the current address just rolls over. For instance 1t
the butler size 1s 128 units and byte address sent by master 1s
129 units, then current address register will hold the value of
01. Byte count register indicates the number of bytes trans- 45
terred by any of the slaves. These register increment for each
byte received or transmitted.

To allow emulation of standard serial memory devices,
pages can be defined in the RAM butler. The pages are con-
figured using the page length configurations bits 1n the control 50
register, €.g., control registers 224 and 226. Eight/Sixteen
byte page length has to be selected depending on the serial
memory to emulate. The full-page option 1s to be used when
no paging of the RAM butler 1s required. The full-page con-
figuration corresponds to 256 bytes. Paging affects the han- 55
dling of rollover when write operations are performed. In case
the bottom of the page 1s reached, the write continues from the
first address of same page. Page length does not affect read
operations and rollover 1s done on the whole RAM butfer
regardless of the configured page length. The byte count 60
register 1s reset when 1t reaches 256 bytes, irrespective of the
page length.

Write protection feature 1s provided by the system, so that
the CPU can disable this peripheral from writing into the
respective RAM bulfers. As the name suggests, it 1s appli- 65
cable only for write operations. By setting the write protec-
tion control bits 1n control register, this feature can be enabled

6

to protect the RAM butfer of the first or second slave against
write access from the master. When a slave 1s write protected,
based on the control bit configuration, the slave can decide to
send a acknowledgement to master. In an attempt to effectuate
a write operation, 1f the control bit 1s configured to send an
acknowledgement to master when write protection 1s
enabled, the slave address gets acknowledged, the current
address register gets overwritten and data 1s also acknowl-
edged but 1t 1s not written to the RAM. Both the current
address and byte count registers are incremented 1n normal
operation.

The slave address does not get acknowledged 11 the control
bit 1s configured to send a non-acknowledgement signal to the
master when write protection 1s enabled and when a write
operation 1s attempted.

In case of write access to a write protected address, no
status flags are set and hence no terrupt 1s generated. Only
write operations are disabled/enabled. The read operations
remain unaffected.

The RAM butfer of each slave 1s divided 1nto pages, whose
length 1s defined according to page length configuration 1n
control register. Rollover takes place in these pages as
described below:

In the case of a Page Write operation, 11 the number of data
bytes transmitted 1s more than the page length, the current
address will roll over to the first byte of the current page and
the previous data will be overwritten. This page size 1s con-
figured using Page length configuration in the control register.

In case of Sequential Read operation, if the current address
register value reaches the memory address limit the address
will roll over to the first address of the reserved area for the
respective slave. Note that the page boundaries are pre-det-
ined. For instance, the 8-byte page boundary 1s based on
masking the upper 5 bits—thus 1f a 3-byte ‘page write’ 1s
begun on register address Ox0C, the locations written would
be 0x0C, 0x0D, 0xOE, OxOF and 0x08. The 16-byte page
configuration also operates 1n the same manner.

Conventional data communication systems are easily
induced with errors. To manage problems during communi-
cation, error-handling mechanisms are implemented. Bus
error occurs when a misplaced start or stop 1s detected during
receive or transmit sequence of data. The bus error flag 1s set
in the status register 228 and an interrupt 1s generated as a
consequence. On detecting a misplaced STOP condition, the
slave releases the SDA and SCL line high and aborts the
communication. On detecting a misplaced START condition,
the slave releases the SDA and SCL line lugh such that 1t
anticipates the sending of a slave address. The bus error flag 1in
the Status Register 228 1s set as soon as a misplaced start or
stop 1s detected.

If there 1s an interruption 1n protocol a power loss or system
reset on the master side, then the master would clock up to
nine cycles and would look for SDA high 1n each cycle and
then restart a new communication. The slave would see this
case 11 a non-acknowledge 1s recetved which 1s not immedi-
ately followed by a stop signal. On such a condition on the
bus, the non-acknowledgement flag 1in the Status Register will
be set. On reception of a new start condition, normal func-
tioning will resume.

FIG. 3 1llustrates the block diagram of the system that
emulates 12C triple slave communication for multi-buifer
interface. The I2C_BUSIN block 302 serves the purpose of
detecting conditions on the bus like start, stop, acknowledge,
non acknowledge and bus error. Rising edge of the serial
clock SCLIN, received via filter 304, is detected (datain) for
sampling data on SDAIN, received via filter 306, and falling
edge of SCL 1s detected (dataout) to release data on
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SDAOUT. Apart from the primary clock Ck, SDAIN and
SCLIN are also used as clock to some flops used for start/stop
detection 1n this block, and can function an signal synchro-
nization and detection means. SDAIN and SCLIN both have
been synchronized twice at the rising edge of Ck to eliminate
any metastability. I2C_SHIFT block 308 contains the shiit

register, data register and an auxiliary data register, and can
function as a shifting means for receiving and retaining data
received. Shift Register 1s mainly to shift in/out data to/from
SDA line via 12C_Busout 322. The data register holds the
data read from the RAM by the DMA 310 or the data to be
written to the RAM by the DMA 310. The auxiliary data
register 1s used only for read of RAM. The I2C_CTRL block
312 control signal module provides control signals for the
[2C_SHEFT block 308, and can function as a control signal

generation means. It generates the write signals for Data
Register—=Shift Register, Auxiliary Data Register—Shiit
Register and Shift Register—=Data Register. It maintains a
count of the bits being shifted 1n or out and generates control
signals byte_sent and rcd_byte after transmission and recep-

tion of a byte respectively. 12C_CPADDR block 314 com-

pares the received slave address with the three slave address
registers, also referred to as three storage areas, 11 the respec-
tive slaves are enabled, and can function as a comparing,
means. It generates the address-matched signal addm 1/2/3

for the state machine and other blocks. The 12C ITR block

316 generates the DMA access request signal dmareq and
Interrupt signals 1t12¢1 and 1t12¢2. DMA request depends on
control signals from the state machine and acknowledgement
received from the DMA block. Interrupts depend on the Read/
Write tlags and the respective interrupt enable signals and
control signals from the state machine. I2C_REG block 318

contains all the 12C slave registers, including three slave
address storage areas SLADDRI1, SLADDR2, and

SLADDR3, and three current address registers CADDRI,
CADDR2, and CADDR3, and interfaces with a plurality of
data butffers, shown as [2C_dbo 324, and can functions as a
sequencing means. The control signals for updating the status
of the Byte count register, Status register, Current address
registers are provided by the state machine. 12C_SEQ block

320 contains a state machine, which makes the macrocell to
behave 1n a particular sequence. I2C_DMA block 310 1s the
DMA controller, also called a direct storage access controller,
which helps fast access of 12C to the ram. This block has the
[12C_DMACTRL controller, which generates the wait signal
for the clock generator and 1t multiplexes the data from the
core and the 12C depending on the DMA request. A read delay
signal also causes two access of the memory in case of read.

FI1G. 4 illustrates the state machines of the system. When
the communication 1s not taking place, the state machine
resides 1n the IDLE state 402. As soon as a start condition 1s
detected 1t moves on to the next state RC SI. ADDR 404.
The following events take place in RC_SI._ ADDR 404 state.
A seven bit slave address 1s shifted 1n senally at each rising
edge of the SCL along with the direction bit. Address 1s
compared to all the three slave addresses and 1t 1s compared
only 11 the BusyW flag has been reset.

If address does not match next state 1s IDLE, and

If slave address matches, the Byte count register 1s reset.

ACK_SI, ADDR 406 state 1s reached when acknowledge
1s sent to the Master. In this state, if the signal dir_bi1t=°"0’, the
next state 1s RC BYTE ADDR 408. If dir bit=‘1" next state
1s SEND_DATA.

In RC_BYTE_ADDR 408 state, slave receives 8 bit Byte

Address. If byte reception 1s complete then the next state 1s
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ACK_DATA 410. The state ACK_DATA 410 signifies the
acknowledgement of data followed by a next state, which 1s
REC_DATA 412.

The state REC_DATA 412 signifies the receipt of eight bit
data. After reception of eight bit data, the next state 1s ACK _
DATA 410. I1 stop 1s detected, then the next state 1s IDLE 402.
If a restart state 1s detected, then the next state 1s RC_S-
L._ADDR 404.

The state SEND_DATA 414 generates a DMA request and
reads data from the offset address pointed by current address
register and then sends the eight bit data to the data processing
and retaining device.

If byte_sent="1" then next state 1s CHECK _ACK 416.
I a Stop condition 1s detected the next state 1s IDLE 402.
If a Restart condition 1s detected, next state 1s RC_S-

[. ADDR 404. CHECK ACK 416 checks for acknowl-

edge from the master. Next state 1s SEND_DATA.

The bit-wise sequence of operation of the multiple buffer
access the data retaining device 1s explained as below:

FIG. S 1llustrates the Byte Write protocol wherein the Slave
address 1s followed by an eight-bit byte address. Upon receipt
of this address an acknowledgement i1s generated and the
address 1s moved 1nto the Current Address Register. Further,
the eight bit data 1s clocked in. Once the data 1s shifted in, a
DMA request 1s generated and the data 1s written 1n the RAM.
The addressing device will terminate the write sequence with
a stop condition as illustrated by FIG. 6.

FIG. 6 shows that a page write 1s initiated 1n similar way to
a byte write, but the addressing device does not send a stop
condition after the first data byte. The page length 1s pro-
grammed using page length configuration bits 1n the Control
Register. The current address register value 1s incremented by
one every time a byte 1s written. When this address reaches the
page boundary, the next byte will be written at the beginming
of the same page as 1llustrated by FIG. 7.

The current address register maintains the last address
accessed during the last read or write operation incremented
by one. During this operation the 12C slave reads the data
pointed by the current address register as shown 1n FIG. 8.
Random read requires a dummy byte write sequence to load
in the byte address. The addressing device then generates
restart condition and resends the device address similar to
current address read with the read/write bit high. Refer to
FIG. 9. Some types of I12C masters perform a dummy write
with a stop condition and then a current address read. In either
case, the slave generates a DMA request, sends an acknowl-
edgement and serially clocks out the data. When the memory
address limit 1s reached the current address will roll over and
the random read will continue t1ll the addressing master sends
a stop condition.

FIG. 9 shows that the Sequential reads are mnitiated by
either a current address read or a random address read. After
the addressing master recerves the data byte 1t responds with
an acknowledgement signal. As long as the slave receives an
acknowledge signal 1t will continue to increment the current
address register and clock out sequential data bytes.

FIG. 10 illustrates that when the memory address limit 1s
reached the current address will roll over and the sequential
read will continue till the addressing master sends a stop
condition.

If a master wants to continue communication either with
another slave or by changing the direction of transter then the
master would generate a restart and provide a different slave
address or the same slave address with the R/W bit reversed.

It 1s intended that the present disclosure encompass such
changes and modifications as falling within the scope of the
appended claims.
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What 1s claimed 1s:

1. An area efficient system [for] providing serial access of
multiple data builers to a data retaining and processing
device, comprising;:

a signal synchronization and detection means operable to
synchronize a clock signal and a data signal, said data
signal being used with said clock signal for generating
status signals Jon a data bus]:

a shift register operable to receive and retain data received

from said data bus and to generate:

[a] at least one status signal indicating the receipt of data by
said area eificient system; and

a reference bus address; [and

said data for enabling direct storage access:}

a comparator operably coupled to at least three storage
areas and configured to compare said reference bus
address with the content of at least one of said storage
areas to generate an address matching signal;

a control signal module connected and operable to govern
a data write signal generation for said shift register
[responsive to said data bus]; ard

a sequencer configured to read data from said data retaining
and processing device and [writing] 7o write data to said
data retaining and processing device in a plurality of
sub-cycles responsive to said status signals, [data bus,]
said address matching signal, and said reference bus
address|:].

said sequencer further comprising a direct storage access
controller operably coupled to at least three address
registers, said address registers connected to communi-
cate with said multiple data buffers, [for enabling] said
dirvect storage access controller configured to enable
data read and write Joperation] operations of said data
retaining and processing device, [receiving] to receive
signals from said shift register for enabling speed efli-
cient access of [said] a data bus to said data retaining and
processing device and [receiving] 7o receive a control
signal from said sequencer for generating interrupt sig-
nals and access request signals for said data retaiming
and processing device[; and],

said serial access of said multiple data butlers being per-
formed according to the inter-integrated circuit data
transier protocol.

2. The system of claim 1, wherein said at least one status

[signals] sigral further [comprise] comprises at least one of:

a data transfer commencement signal;

a data transfer completion signal;

an acknowledgement signal;

a bus error detection signal; and

a data sampling signal.

3. The system of claim 1, wherein said data retaining and
processing device is a [micro controller] microcontroller.

4. The system of claim 1, wherein said data retaining and
processing device 1S a miCroprocessor.

5. The system of claim 1, wherein said signal synchroni-
zation and detection means comprises:

a filter connected to recerve the clock signal; and

a data bus operations detector coupled to said filter and said
data bus.

6. The system of claim 1, wherein said control signal mod-

ule generates write signals for writes between the shift regis-
ter and at least one data register.

7. The system of claim 1, wherein said sequencer com-
prises a state machine.
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8. The system of claim 1, wherein said direct storage access
controller comprises:

a direct memory access controller; and

an interrupt signal generation means for generating at least
one mterrupt signal and at least one access request sig-
nal.

9. A microcontroller containing a plurality of macrocells,

cach macrocell comprising:

a signal synchronization and detection means operable to
synchronize a clock signal and a data signal, said data
signal being used with said clock signal for generating,
status signals Jon a data bus]

a shift register operable to recetve and retain data received

from said data bus and to generate:

[a] at least one status signal indicating the receipt of data by
said area elficient system; and

a reference bus address|[; and

said data for enabling direct storage access;]

a comparator operably coupled to at least three storage
areas and configured to compare said reference bus
address with the content of at least one of said storage
areas to generate an address matching signal;

a control signal module connected and operable to govern
a data write signal generation for said shift register
[responsive to said data bus]; ard

a sequencer configured to read data from [said] @ data
retaining and processing device and [writing] o write
data to said data retaining and processing device 1n a
plurality of sub-cycles responsive to said at least one
status [signals data bus] sigra/, address matching signal,
and said reference bus address[:]

said sequencer further comprising a direct storage access
controller operably coupled to at least three address
registers, said address registers connected to communi-
cate with said multiple data buffers, [for enabling] said
divect storage access contrvoller configured to enable
data read and write Joperation] operations of said data
retaining and processing device, [receiving] to receive
signals from said shift register for enabling speed elli-
cient access of [said] a data bus to said data retaining and
processing device and [receiving] 7o receive a control
signal from said sequencer for generating interrupt sig-
nals and access request signals for said data retaining
and processing device[; and],

said serial access of said multiple data buffers being per-
formed according to the inter-integrated circuit data
transier protocol.

10. The microcontroller of claim 9, wherein said at least
one status [signals] sigrnal further [comprise] comprises at
least one of:

a data transfer commencement signal;

a data transier completion signal;

an acknowledgement signal;

a bus error detection signal; and

a data sampling signal.

11. The microcontroller of claim 9, wherein said data
retaining and processing device 1s a micro controller.

12. The microcontroller of claim 9, wherein said data
retaining and processing device 1s a miCroprocessor.

13. The microcontroller of claim 9, wherein said signal
synchronization and detection means comprises:

a filter connected to receive the clock signal; and

a data bus operations detector coupled to said filter and said
data bus.

14. The microcontroller of claim 9, wherein said control

signal module generates write signals for writes between the
shift register and at least one data register.
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15. The microcontroller of claim 9, wherein said sequencer
comprises a state machine.

16. The microcontroller of claim 9, wherein said direct
storage access controller comprises:

a direct memory access controller; and

an interrupt signal generation means for generating at least

one mterrupt signal and at least one access request sig-
nal.

17. A method of providing serial access of multiple data
butlers to a data retaining and processing device, the method
comprising;

synchronizing a clock signal and a data signal, said data

signal being used with said clock signal for generating at
least one status [signals on a data bus] signal,
receiving and retaiming data received from said data bus
[and to generate:];
generating a status signal indicating [the] receipt of said

data [by said area efficient system;], ard a reference bus
address; [and

said data for enabling direct storage access:]

[in at least three storage areas,] comparing said reference
bus address with the content of [said] at least one of three
storage areas to generate an address matching signal;

generating a data write signal [for said shift register respon-
sive to said data bus];

reading data from said data retaining and processing device
and writing data to said data retaiming and processing
device 1n a plurality of sub-cycles responsive to said at
least one status [signals, data bus,] sigral, said address
matching signal, and said reference bus address; and

in at least three address registers|, said address registers]
connected to communicate with said multiple data buil-
ers, enabling data read and write operation of [said] a
data retaiming and processing device, receiving signals
from said shift register for enabling speed efficient
access of said data bus to said data retaining and pro-
cessing device and receiving a control signal [from said
sequencer] for generating at least one of each of an
interrupt [signals] sigral and ar access request [signals]
signal for said data retaining and processing device];
and],

said serial access of said multiple data butlers being per-
formed according to the inter-integrated circuit data
transier protocol.

18. An area efficient system for providing serial access of

multiple data buffers to a data retaining and processing
device, the system comprising:

a signal synchronization and detection subsystem config-
ured to synchronize a clock signal and a data signal
upon which a status signal is based; and

a data storage and associated control subsystem config-
ured to receive data, to generate a status signal indicat-
ing receipt of said data, a veference bus addvess, and an
address matching signal responsive to comparison of a
reference bus address with content of a plurality of stor-
age areas,

said data storage and associated control subsystem con-
figured to rvead data from said data rvetaining and pro-
cessing device and to write data to said data retaining
and processing device according to the inter-integrated
circuit data transfer protocol in a plurality of sub-cycles
responsive to said status signal, said address matching
signal, and said vefervence bus address,

said data storage and associated control subsystem
coupled to a plurality of address vegisters each respec-
tively corresponding to one of said plurality of storage
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areas, said address vegisters configured to communicate
with said multiple data buffers, and

said data storage and associated control subsystem con-
figured to enable data vead and write operations on said
data retaining and processing device, to veceive signals
enabling access by said data retaining and processing
device to a data bus, and to receive a control signal for
generating an interrupt signal and an access request
signal for said data vetaining and processing device.

19. The system of claim 18, wherein said data storage and
associated control subsystem comprises:

a shift vegister configured to receive and retain data and to
generate said status signal, said reference bus address,
and said data enabling direct storage access.

20. The system of claim 19, wherein said data storage and

associated control subsystem comprises:

a control signal module configured to govern data write
signal generation for said shift vegister.

21. The system of claim 18, wherein said data storage and

associated control subsystem comprises:

a comparator operably coupled to said plurality of storage
areas and configured to compare said veference bus
address with said content of said storage areas to gen-
erate said address matching signal.

22. The system of claim 18, wherein said data storage and

associated control subsystem comprises:

a sequencer configured to read data from said data retain-
ing and processing device and to write data to said data
retaining and processing device according to the inter-
integrated circuit data transfer.

23. The system of claim 22, wherein said sequencer com-

prises.

a divect storage access controller coupled to said plurality
of address registers and configured to enable data read
and write operations of said data rvetaining and process-
ing device, to receive a signal from said shift register for
enabling speed efficient access of said data bus to said
data retaining and processing device, and to receive a
control signal from said sequencer for generating the
interrupt signal and the access request signal for said
data retaining and processing device.

24. A method of providing servial access of multiple data
buffers to a data retaining and processing device, the method
COmprising:

synchronizing a clock signal and a data signal, said data
signal being used with said clock signal for generating a
status signal;

receiving and retaining data,

generating said status signal indicating veceipt of said data
and a veference bus address;

comparing said reference bus address with content of a
plurality of storage arveas to generate an addvess match-
ing signal;

reading data from said data retaining and processing
device and writing data to said data retaining and pro-
cessing device according to the inter-integrated civcuit
data transfer protocol in a plurality of sub-cycles
responsive to said status signal, said addvess matching
signal, and said veference bus address;

in a plurality of address vegisters each rvespectively corre-
sponding to one of said plurality of storage areas, said
address vegisters configured to communicate with said
multiple data buffers, enabling data read and write
operations of said data retaining and processing device,
receiving a signal from said shift vegister for enabling
access by said data vetaining and processing device to a
data bus, and rveceiving a control signal for generating
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an interrupt signal and an access request signal for said
data retaining and processing device.

25. The method of claim 24, further comprising.

shifting said data received into a shift register

26. The method of claim 25, further comprising.

governing data write signal generation for said shift veg-
Ister.

27. The method of claim 24, further comprising.

emploving a plurality of comparators each coupled vespec-
tively to one of said plurality of storage areas to compare
said reference bus address with said content of said
storage areas to generate said address matching signal.

28. The method of claim 24, further comprising:

emploving a sequencer to read data from said data retain-
ing and processing device and to write data to said data
retaining and processing device according to the inter-
integrated circuit data transfer.

29. The method of claim 28, further comprising.

emploving a divect storage access contvoller within said
sequencer and coupled to said plurality of address veg-
isters to enable data read and write operations of said
data rvetaining and processing device, veceiving the sig-
nal from said shift register for enabling access by said
data retaining and processing device to said data bus,
and rveceiving the control signal for generating the inter-
rupt signal and the access vequest signal for said data
retaining and processing device.
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