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A DATA MAXIMIZING SERIAL 'PO PARALLEL BUS lNTERFACE INA
i DATA PROCESSING SYSTEM AND METHOD THEREFOR

~ The present invention relates in general to embedded controller systerﬁs
and in particular, to a serial bus to parallel bus interface in an embedded controller
system.

BACKGROUND INFORMATION

In systems employing an embedded microcontroller, the limitations of the
microcontroller with respect to the available I/O pins and on-device memory can
impose unacceptable design constraints on the system. The number of I/O pins
that are available constrain the size of the address space accessible by the
mici"(.)co_ntroller._ This then limits the size and number of bus devices that reside in

the address space. This need not only limit the size of memory. available for



software and data, but also may limit peripheral devices that are accessible by the
mlcrooontroller Furthermore, on-device nonvolatile memory is. typxcally very
limited in its snze, making storage of the operatmg software in’ an extemal memory '
space essentlal Moreover, the mlcrooontroller often isa one 1) rogrammable
(“OTP”) devwe, 50 that once the software i 1s “bumed mto |
memory, it cannot be modified. The system soﬁware then cannot be updated
without replacing the mnerooontroller chip’ 1tself | G e

Therefore, it may be desirable to store the system soﬁware m a nonvola’ale
programmable memory that resides in the external memory space. Updatmg of the
system software could then be performed by downlbading the new software into
the nonvolatile memory. However, having the system program reside in the

p' nonvolatlle

external memory space ra{her than on-chip only exacerbates the problem of a
limited number of /O pms\ _
Therefore, there is a nieed in the art for a method and circuitry to interface a
mlcrocontroller with nonvolatile memory contammg its operating software such
that the software can be easily updated by downloading the new software into the
nonvolatile memory without exceeding the pin count of the microcontroller.
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. SUMMARY OF THE INVENTION

'oned needs are_fulfilled with thepresent invention.
sfies the foregomg need by making use of the serial port
) ' association w1th a senal-to-parallel bldlrectlonel '
teferred to as the serialiparallel interface). - The
t -"";senal cycles from the microcontroller, and then

cyc es 'that are recogmzable by the nonvolatile memory, which

isa parallel bus device. Data representing the code to be downloaded is clocked

out of the serial port of the microcontroller into the serial/parallel interface. The
serial/parallel interface then presents this data on its parallel data bus, enabling the
data to be read into the nonvolatile memory residing on the address space of the
serial/parallel interface. n&e of the serial port on the microcontroller in association
with the serjaliparallel interface is advantageous in that it makes the limited
number ef input/output ("I/O") pins available on the microcontroller available for
parallel bus devices, including random access memory ("RAM™) devices that
require real time access by the microcontroller. '

Another advantage of the present invention is that it enables the system
software to be ubdated dynemically. In operation, the microcontroller runs under
thie ‘control of its system software which is located in 2 RAM residing in the

- address space of one of the microcontroller’s 1/0 ports. The operating code is

uploaded into RAM at startup from the nonvolatile memory through the
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serial/parallel interface and the microcontroller serial port. Updated software can
then be downloaded to the nonvolatile memory through the microcontroller serial
port'and serial/parallel interface while the microcontroller runs under the control of
the software code resident in RAM In this way another objeetrve of the mventron o

is achleved

- In order to maximize data through-put between the mlcrocontroller senal
port and the nonvolatlle memory, lt is desirable to minimize handshakmg between
the microcontroller and the serial/parallel interface. This is aehreved in the present
invention by mcorporatmg logic within the sena]/parallel mterface itself to control
the flow of data. _

The foregoing has outlined rather broadly the features and technical
advantages of the present\invention in order that the detailed description of the
invention that follows may ‘be better understood. Additional features and
advantages of the invention will be described hereinafter which form the subject of
the claims of the invention. It should be appreciated by those skilled in the art

‘that the conception and the specific embodiment disclosed may be readily ufilized

as a basis for modifying or designing other structures for carrying out the same
purposes of the present invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the spmt and scope of the

invention as set forth in the appended claims.



BRIEF DESCRIPT; ION OF THE DRAWINGS

_ For a more complete understandmg of the present mvenuon, and the ,
g advan ”thereof refetence 1s now made to the followmg descnpt:ons taken in
_ conjunctl’_ m mth the. accompanymg dramngs, in ‘which: .
' _FIGURE 1 1llusl:rates a block dlagram of 4 an embod:ment ofa
b microcotitroller system using the present mventnon, g |
: FIGURE 2 illustrates a block diagram of an embodiment of the
serial/parallel interface of the present invention;
" FIGURE 3 illustrates a block diagram detailihg another embodiment of the
serial/parallel interface of the present invention; ;
FIGURE 4 1llustra{es a flow diagram of the row, column/count state
- machine of FIGURE 3; and\
FIGURE 5 illustrates & flow diagram of the read/write state machine of
FIGURE 3.




DETAILED DESCRIPTION

o 'In the following description, numerous specific details~are' set forth to
prowde a _thorough understandmg of the présent invention. However, it will be
- obvxous to’those“slnlled in the -art that the present invention may be pracuced
w1thout such speclﬁc dewls In other instances, well-known circuits have been
) shown in: block d:agram form in order not 1o obscure the present mventlon in
- unneoessary detall ‘For the most part, detalls concerning fiming conslderatxons and
the like have been omitted inasmuch as such details are not necessary to obtain a
complete understanding of the preseﬁf invention and are within the skills of
persons of ordinary skill in the relevant art. During the following description of
the implementation of tlie\present invention, the terms "assert" and "negate” and
various grammatical forms ‘thereof, are used to avoid confusion when dealing with
a mixture of."active high" and "active low" logic signals. "Assert" is used to refer
to the rendering of a logic-signal or register bit into its active, or logically true,
state. "Negate" is used to refer to the rendering of a logic signal or register bit
into its inactive, or logically false state. |
Refer now to the drawings wherein depicted elements are not necessarily
shown to scale and wherein like or similar elements are designated by the same
reference numeral through the several views.
An invention that alleviates the pinout problem in a microcontroller system,
and incorporates dynamic updating of the operating software will now be described



-

- out ofmxcrocontroller 101'5-5. éria

in detail. Referring to FIGURE 1, there is shown a microeontroller system 100 in"
accordanoe with one embodiment of the present invention. Microcontroller 101
eommumcates with the's enallpamllel interface 102 by means.of three signal lines,

' 12 dlf‘Rx/'I‘xD 113. An operation which might either
ce 103 or upload data from the paralle! bus -

al on reset line 111. Serial data is either clocked

al port or into nncroeontroller 101 serial port

dependlng on the operatlon Senal data is communicated between the bidirectional
serial port of microcontroller 101 and the serial/parallel interface 102 on the

| bldlrebtxonal serial data line, Rx/TxD line 113. The serial clock of microcontroller

101 is sent to sexiallparallel interface 102 via serial clock line 112. In a download,
or write, operation, serial,\data is received by the serial/parallel interface 102, and

. provided to paraliel bidireétjonal data bus 122. Data bus 122 is an m-bit parallel

data line, where m is a predetetmin_ed integer number of bits. Conversely, in an
upload, or ree,d, operation, bus device 103 sets up the data to be sent to _
microcontroller 101 on the bidirectional data bus 122 where it is received by the
serial/paralle] interface 102. Data is then clocked out by the serial/parallel
interface 102 on line Rx/TxD 113 where it is received at the serial port of
microcontroller 101. The address at which data is either to be written or read is
provided to serial/parallel interface 102 on its address line 121. Address line 121
is an n-bit address bue, where n is a predetermined integer number of bits.

Serial/parallel interface 102 informs bus device 103 when a read or write operation



is being executed using read/write ("R/W") control bus 123. Serial/parallel
mterface 102 may access more than one bus device. In such an embodlment, R/'W
control bus 123 would implement a clnp select signal on one of lts lmes Chup
select operation and cn'cmtry are understood by arusans of ordmary sktll in the art.
Bus device 103 may ‘be lmplemented asa memory, mcludmg nonvolatlle memory,
. ora penpheral bus device i in one embodlment of the mventuon Addmonally, it
should be noted that bus devwe 103 may ‘be any dewce m a data processmg
system that communicates via a parallel bus. _

Microcontroller system 100 may also include other bus devibes such as bus
devfce 104 which reside in the address space of microcontroller 101. Data is
transmitted to, or received from, bus device 104 on parallel data bus 142, and the
address at which the read\or write operation takes place is provided by an address
bus 141 of microcontroller 401. Microcontroller 101 informs bus device 104 as to
a read or write operation by asserting read/write bus 143. A more detailed
understanding of the invention may be had by now referring to FIGURE 2
depicting a block diagram of an embodiment of serial/parallel interface 102. -

An operation is initialized by microcontroller 101 (not shown in FIGURE
2) asserting reset line 111. In response to the signal on reset liné 111, control
logic 207 resets address logic 203 and clock sequencing logic 201 by asserting the
interface reset line 272. Microcontroller 101 then clocks out the initial n-bit
address to be asserted on address line 121. The initial n-bit address corresponds to
the location of the first block of data to be uploaded or downloaded. This address



is clocked into shift register 202 by register clock 211 generated by clock

sequenemg loglc 201 Clock sequencing logic 201 receives the serial clock from

' "senal _clock. 112 Reglster clock 211 is synehromzed with
Sconitrollér 101 may send the initial address byte-by-byte.

e 101 sends bytes of the address |
bits of the address hav been sent. ‘Clock sequencing logic
all n-blts are recelved, clock
_ - tches the address'wlnch appears on the parallel bus 221 of

s]nﬁ reglster 202 into address lognc 203 by assertmg address latch 212, Parallel
bus 221 is;Z bits in length, where Z is predetermmed integer value.

After the initial address has been transmitted, microcontroller 101 sends a
command byte Control loglc 207 receives the serial clock from microcontroller |
101 on serial clock line 112\ It accumulates clock cycles until the eight bits of the
command byte have been clocked in. It then latches the command byte which it
receives on the parallel bus 221 of shift register 202. The state of the first bit of
the command byte determines whether the operation to be perfermed isa read or a
write. The control logic 207 then uses this to establish the state of R/W enable
271. Input data buffer 205 and output data buffer 206 are enabled or disabled
according to the state of R/W enable line 271. |

Read operation commences when microcontroller 101 issues'a read
command to its serial port. The serial clock signal 112 is passed to the output data
buffer 206 by clock sequencing logic 201 via data clock line 213. Output data
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buffer 206 has been enabled by the signal on the R/W enable line 27'1. A read
state is also asserted on R/'W control bus 123 informing the bus device 103 (not
shown in FIGURE 2) that a read i is being performed. The m~b1ts of data are
serially read out, then control loglc 207 asserts the address count increment signal
273, causmg address logle 203 to address the next m-bit data block. After m-bits
- of data have been prowded to mlcroeontroller 101 clock sequencmg logic 201
. stops 1ssu1ng clock s1gnals to output data buffer 206. M-bit blocks of-data are
sequentially received by mlcrooontroller 101 by repeaung this operauon The read
operation is terminated when mlerocont_roller 101 asserts reset 111, to indicate that
serial/parallel interface 102 should be reset in anticipation of the next operation.
~ Write operation commences when microcontroller 101 writes data to its

serial port in response to. %n instruction in the software cooe This is not shown
~ herein, but it is well underst\ood by one of ordinary skill in the art. Input data
buffer 205 receives the m-bit'data block on the parallel bus 221 of Shlﬂ: reglster
202. The data are latched into input data buffer 205 in response to data clock 213.
_ Control logic 207 may control the latching of data into input data buffer 205 via
input data buffer control line 274. In an alternative embodiment, alternative means
may be used to latch data into input data buffer 205. Such means are well know
in the art. Control logic 207 also receives data clock 213. In .response thereto,
control logic 207 asserts a write state on R/W control bus 123, causing bus device
103 to access the d’afa on the data bus 122. Control 'logic 207 also asserts address

count increment 273, cansing address logic 203 to increment an address counter.
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_ The address of the location into which the next n-bit block of data is to be
downloaded is then prowded on address bus 121 by address logle 203. The write
operatlon contmues to execute these. steps until all of the data to be downloaded
has been transmuted' ‘Microcontroller 101 then. sngmils the: end of the write
operatlon by mefl”l to mfmm the. senal/pbmllel";nterface 102 to -

reset in antnc:oatlon_ _f'a next operatlon - P

Data’ may be: downloaded byte-by-byte in an mterleaved faslnon ‘In-such
an embodlment, ifa wnte operatlon has been contemplated, the last four blts of the"
command byte contain the lower four bits ("low nibble") of the first output byte.

If a read dperation is contemplated, the value of bits one through seven of the
command byte are ignored. Control logic 207 decodes the first bit of the .
command byte, and on detecting the write operation, instructs input data buffer 205
to latch these four bits. Control logic 207 decodes the first bit of the command
byte, and on detecting the write operation, instructs input data buffer 205 to latch
these four bits. Then, the low nibble of the first output byte sent by |
microconttoller 101 contains the upper four bits (*high nibble”) of the first data
byte, and the high nibble of the first output byte contains the low nibble of the

" next data byte to be downloaded. Control logic 207 steers the lutching of the
output byte into internal registéars (not shown) in input data buffer 205, via input

‘buffer control bus 274. -This steering effects the assembly of the two nibbles,
‘transmitted in interleaved fashion, into a full data byte. It would be well

understood by an artisan of ordinary skill that communication of data bytes using
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this method is independent of whether the mode of data representation is least
signiﬁcant bit ("LSB") first, or most significant bit ("MSB") first. - Control logic
207 eontmues to accumulate mput data byte-by-byte until afl ‘m-bits of data have
" been assembled It then loads the data into. mput data buffer 205 ‘and operation
: eontlnues as. described above Further understandmg of the operatlon of the
o mventnon ‘may be had by now referring to FIGURE 3 in whlch a block dlagram of

: - another embodxment of the mventlon is shown.

_ ‘In FIGURE 3, operation begins with mlcrocontroller lOl(not shown in
FIGURE 3) asserting reset 111 to causes read/write state machine 307, row,
column-count state machine 308, and command logic 309 to reset. Microcontroller
101 then commences to download an initial address on address bus 121 at whicha -
download or upload opera\tion is to begin. Microcontroller 101 transmits the n-bit
address by clocking the addgess out of its serial port on Rx/TxD line 113. The

~ address is__-clocked into shift i‘egister 202 on serial/parallel interface 102; the '
address transfer may be byte-by-byte. Microcontroller 101 also outputs its serial
clock on serial clock line 112. Clock generator 301 receives serial ‘clock 112 and
outputs interface serial clock pulses on interface clock line 311. The interface
clock is synchronized to serial clock 112. Clock generator 301 may output an
interface clock pulse on each of the tising and falling edges of serial clock 112.
'élocking of shift register 202 is controlled by the signal on interfaee clock line
311.
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The initial address is stored by a plurality X of mutiplexers-with-latch
referred to as 30@ through 304-X, where X is an integer value equal to a
predetermmed number of multlplexers-wuh-latch The initial address may be
stored byte-by-byte Muuplexer-mth-latch 304-1 through mut:plexer-thh—latch
. 304-X are coupled to the:_.tparallel bus 321 of shift register 302
mutlplexer-vnth-latch that will store. the current block of the m-blt address being
. transmltted is selected by decodmg the row and column count slgnal provided on
" output bus 381 of row, column-count state machine 308 A block of the n-bit
“address may be a byte in length. After the current block has been clocked out of
microcontroller 101 and into shift register 202, the address is latched into the
selected one of mutiplexer-with-latch 304-0 through mutiplexer-with-latch 304-X
by an interface clock puls\e on line 311. After all n-bits of the address have been
sent, the address is loaded into address counter 303.

Row and column select signals are generated by row, column-count state
machine 308 Row, column-count state machine 308 receives interface clock
pulses from clock generator 301 on interface clock line 311. A flow chart of an
embodiment of a row, column-count state machine 308 is illustrated in FIGURE 4.

After reset, row, column-count state machine 308 accumulates interface
serial clock pulses received on interface serial clock lihe 311. The logic to
accumulate clock pulses is internal to row, column-count state machine 308 and is
not shown in detail. If the number of clock pulses accumulated has not reached Y,

the row, column-count state machine 308 increments the column count, outputs the .
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row and column-count and continues to interface serial clock cycles received on“
interface serial clock line 311. Y is a preselected mteger eorrespondmg to the
length of a data block to be- downloaded in a smgle download cyele. Furthermore,
in-an embodlment in whlch all m blts of data are. downloaded on one ‘cycle, Y |
would equal m. ‘An embodlmentdownloadmgbyte-b ould have a value of Y
" equal to eight. Moreover, in the present mventlon, aﬁer mtcroeonu'oller 101 first
sends an n-bit address, row, column-eount state machme 308 may adapnvely set Y.
For example, in an embodunent where the entnre address i is sentas a block, Y is
initially set equal to n. After the n-bits have been received, row, column-count
state machine 308 may set Y to a dew preselected value. This new preselected
value would be m in an embodiment in which m data bits are to be downloaded in
a block. In an embodixne\nt in which both the n-bit address and the m-bit data ate
sent byte-by-byte, Y would\have a fixed value of elght

If the clock accumulator has reached Y, the row, column-count state

machine 308 increments the row count, resets the column count, and outputs the
row and column count on its output bus 381. If a reset has .not been received from
microcontroller 101 on reset line 111, the row, column-count state machine 308
continues to accumulate clock cycles and continues to increment the row and
column-counts as previously described. If a reset has been received on reset line
111, then the row, column-count state machine 308 resets. When the next operatlon
commences, row, column-count state machine 308 begins accumulating clock

cycles as they are received. The timing of the sequential operation of row,
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column-count state machine 308 is controlled by its internal clock (not shown). g
The internal clock need not be synehromzed with the interface serial clock pulses
on lme 311 and the rate of the mtemal clock: may be much greater than the rate of
the mterface serial. clock_pulses on line 311..

N Aﬁer sendmg.the n-bit: mltlal address, mteroeontroller 101 sends

.' oommand byte Command loglc 309 deeodes 4 TOW and column address received
from row, eolumn-oount state machme 308 on output lme 381 After the eight bits
of the command byte have been clocked into shift register 302 command logic
309 latches the command byte which it receives on the parallel bus 321 of shift
register 302. The state of the first bit of the command byte informs the
serial/parallel interface' 102 whether the operationto be performed is a read or a
write. Command logic 3({9 ascertains the state of the first bit of the command
byte and sets the state of réad/writ_e state machine 307 through output line 391 of

command {ogic 309. In one Emb'odiment of the present invention in which data

transfer is byte-by-byte, if a write operation is to be pet'formed, the last four bits of
the command byte includes the lowest nibble of the first data byte to be “
downloaded, as describe above. )

Read and write operations are controlled by read/write state machine 307.
A flow chart of an embodiment of a read/write state machine 307 is illustrated in
" FIGURE 5. Read/write state machine 307 receives the output row and column
addresses on the row and column address bus 381 by the row, column-count state

machine 308. If the command logic has been addressed, then read/write state
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machine 307 tests the state of the output line 391 of command logic 309. If line
391 1s in a read staté, read/write state machine 307 asserts a read on R/W control
bus 123 It then commands read data buffer 206 to latch the data . on data bus 122
via line 371. The ﬁrst block of data to be sent resrdes at the rmnal address loaded _
into address counter 303 If, aﬁer m-brts have.been sent, a reset has not been
asserted, R/W state machine 307 mcrements address counter 303 so that the
~address of the next block of data to be read appears on address bus 121. Address
counter 303 increments the address on address bus 121 in response to the address
increment signal received from read/write state machine 307 via address counter
increment line 372. After latching the data, read data buffer 206 clocks the data
out via serial data line Rx/TxD 113. Clocking of the data is controlled by the
serial clock pulses asserted by clock generator 301 on interface serial clock line
311. After the address counter 303 has been incremented, the cycle repeats until a
reset is asserted on reset line' 111 by microcontrolier 101 (not shown). |
Ifa write is to be performed, read/write state machine 307 accumulates the
number of bits received. When m-bits have been received, read/write state
machine 307 asserts a write on R/W control bus 123. Read/write state machine
307 then tests to see if a reset has been asserted. If a reset has been asserted,
read/write state machine 307 resets, otherwise, it increments address counter 303
“via address counter increment line 372. This cycle repeats until a reset has been
asserted on reset line 111 by microcontroller 101. The timing of the sequential
operations of R/W state machine 307 is controlled by its internal clock (not



17

shown). The mtemal clock may not be synchromzed with the interface serial clock '
on liné 311, and the rate ofthe mtcmal clockmay be mnchgreater than the rate of
the interface scnal clock pulses on lme 311 . i

- logic 305 Data maybetran ttedfrom e
such an embodxment the’ command byte mcludes the lowest m'bble'of the first data
byte to be downloaded, as dlscussed above Data loglc 2305 ' receﬁres the command
byte on the parallel bus 321 of shxft reégister 202. The next byte sent by
microcontroller 101 thro:_,lgh_;ts serial port, Rx/TxD 1 13, contains the high nibble
of the first data byte in its lower four bits, and the low.hib_bie of the next data byte
in its four upper bits. Data logic 305 receives the next byte transmitted by the
parallel bus 321 of shiﬂ'rigister 302 and latches this output byte. Data logic 305
then concatenates the low mbble and the high nibble of the ﬁrst data byte and
transfers it to data bus 122. Microcontroller 101 continues to transmit data on
serial line Rx/TxD 113 in this interleaved fashion. Data logic 305 latches the -
output bytes as they are received and concatenates the low nibble and high nibble
of each byte of data as described above. Latching of the data at data logic 305 is
controlled by the interface serial clock pulses generated on line 311. It would be

well understood by an artisan of ordinary skill that communication of data bytes
using this method is independcnt of whether the mode of data representation is
LSB first, or MSB first. After m-bits of data have been transmitted, the data is
written to bus device 103 by read/write state machine 307 asserting a write state
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on R/W control bus 123. If, after m-bits have been sent, a reset has not been
' asserted, R/W state machine 307 increments address counter 303 so. that the ‘
address of the next block of data to be read appears on address bus 121. Address -
counter 303 increments the : address on address bus: 121 in response to the address
) mcrement sxgnal received from read/write state machine 307 via address counter
- mcrement line 372. Subsequent m-bit blocks of data are transmitted in thrs way
until all the data to be downloaded has been sent, and mlcroconn'oller 101 asserts a
reset on reset’ lme 111. Senal/parallel interface 102 is then ready to begm the next
.operation. '

The data processing system and methodology represented in the
embodiments described herein are effective solutions to the associated problems of
' interfacing bus devices with an embedded controller having a limited number of
parallel I/O buses, and dyﬁ‘arnic updating of the operating software of the data
processing‘s;istem. Althougil the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the
invention as defined by the appended claims.
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CLAIMS

A mwrocontroller system compnsmg:- o

- a mlcrocontroller having st least wall 10" bus, and a

commumcatmg thh sa:d senal data port f-said crocontroller,
wherein a ﬁrst data value communicated on sald serial data port of
said m1crocontroller is presented as a parallel data value on said
parallel data bus, said serial-to-parallel interface logic circuit
providing an address on said paralle!l address bus of said
serial-to-parailel interface logic circuit; and
a bus device adapmblé. for receiving said address onsaid parallel address
- bus of said serial-to-parallel interface logic circuit, said bus device
adapted for accessing said data bus to communicate said 'pérallei '
data value. ' ‘

_ The microcontroller system of claim 1 wherein said serial-to-parallel

i _ interface logic circuit further comprises:.

a shift register for receiving a serial data value, said shift register having a
parallel output bus; ' '
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a clock sequencing logic circuit coupled to said microcontroller to receive a

.. serial clock signal, said clock sequencing logic providing a first

. clock signal for clocking sald Shlft reglster;

an output data buﬂ‘er for recelvmg a second data value on sald parallel data

bus of sa1d senal-to—parallel interface log1c circuit, said output data
buffer operable for latclnng sald second data value on receipt of said
first clock s1gnal from said clock sequencmg logic, said output data
buffer assertmg said second data value on said serial data poﬂ of
said senal-to-parallel interface logic circuit;

an address logic circuit operable for receiving an address data value from
said parallel bus of said shift register, said address data value -
capable oft {mtlahzmg a counter; _

a control loglc cn'cﬁ\t operable for receiving a command value from said
parallel output bus of said shift register, wherein said control logic
circuitry configures said serial-to-parallel interface logic circuit to _ -
reflect an operation to be perfon_ned; and

an input data buffer for receiving a download data value from.said parallel
output bus of said shift register, said input-data buffer providing said
download data value on said parallel data bus of said -
serial-to-parallel interface logic circuit, wherein said input data

buffer is operable for latching said download data value.



i \

0 g

21

3. The microcomroller system of claim 2 wherein said control logic circuit
) provndes a plurality of input data buffer control signals, and said input data
\ buffer is operable for latching sald download daia value in response to saxd
plurahty of input data buffer oon'trolhs_l_gnals _ '

-4, The microcontroller system of claim 2 wherem sald control loglc clrcumy
' further comprises; :

command logic circuitry adaptable for receiving said command value, and
for providing a first command signal;

a read/write state machine adaptable for conti'olling readlwrit‘e operations of
said serial-to-parallel interface logic circuit in response to the first
command signal received from said command logic circuitry; and

a row, column-coun‘t._state machine for oufputting a plurality of

‘row/column reéister select signals, said plurality of row/column
register select signals generated in responae to a plurality of clock
signals from said clock sequencing logic, wherein said address logic
circuit includes a plurality of address registers adaptable for

~ selection in response to said plurality of row/column select signals,
and said input data buffer is adaptable for selection in response to

said pluralit'y- of row/column select signals.
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The microcontroller system of claim 4 wherein said plurality of address
. registers further comprise 'a-plura_l__i_ty of mulﬁplexersfwith-latch'.

The mrcrocontroller system of clarm "wherem sard senal-to-parallel

interface logic crrcmt further compnses i SRR O

. a shift regrster for recervmg a senal data value, sard slnﬁ reglster havmg a

B parallel output bus T '

a clock generator for recervmg an external serial clock srgnal synchronized
with sard serial data value, said clock generator generating a
pluralxty of interface serial clock pulses in response to said external
serial clock signal, wherein said shift register clocks in said serial
data value in response to said plurality of interface serial clock
pulses; \

a state machine, wherein said state machine generates a row/column address
signal in response to said plurality of interface serial clock pulses
from said clock generator; ' "

a multiplexer-with-latch for storing an address data value received on said
parallel output bus of said shift register, said multiplexer-with-latch
being selected for receiving said address data value in response to
said row/column address signal ﬁ'om said state machine;

an address counter for selecting an address on the parallel address bus of

said serial-to-parallel 1nterface logic circuit, wherein said address
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counter receives an mmal address value from sald address data
value stored in said mnltrplexer-wrth-latch ald' address counter
. incrementing the il address value { '

- :-counter mcrement s1gn_'_ -

a command logic circuit for: reeemng a eommandivalue'-from sald parallel .

output bus of said shift. reg:swr, said-commant 0 |

 command value to select one of a read operation and-a 'wnte
operation, said command logrc circuit generating an operatlon select
signal in response to said command value; -

a read data buffer for receiving a second data value from the parallel data
bus of said serial-to-parallel interface logic, said read data buffer

operable for sending said second data value out a serral data line,

~said second data value being clocked onto said senal data line in
_.response to said plurality of mterface serial clock pulses from said
clock generator; )

a read/write state machine for receiving said operation select si_gnal from
said command logic circuit, said read/write state machine sending a
control signal to the parallel data bus of said serial-to-parallel

" interface logic, and an enable signal to said read data buffer in
response thereto, wherein said read/write state machine receives said
plurality of interface serial clock pulses from said clock generator,

and said row/column address signal from said state machine, said
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read/write state machine sending said address counter increment
signal to said address count_ér in response therét_b;’_ and

a data logic circuit for receiving the serial data value from said parallel
output bus of said shift register, said data' loglc'éi'mmt operable for
selecting in response. to said rowlcolumn address s1gnal, and
outputting said serial data value on sald parallel data bus of said
serial- to-parallel interface logic circuit.
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7. A method for communicating with a serial-to-parallel mterface logic circuit
. comprising the steps of: : .

- initializing said senal-to-pamllel mterface. loglc cucmt; i
sending a plurahty of address bits to said serial mu- mterface_ logtc

compnses an address in an addressspace v L
asserting a first command b1t of a command value to select one of a read
operatlon and a write operatxon, ' '
sending said command value to said senal-to-parallel interface logic circuit;
performing one of said read operation and said write operation in response
to the ﬁrst\command bit; and
.. sending a reset s1gn‘al to said serial-to-parallel mterface logic interface

~circuit.

8. The method of claim 7 wherein said first command bit indicates the write
operation should be performed, and wherein said write operation writes at
least a first data bit to said serial-to-parallel interface logic circuit.

9. -~ The method of claim 8 wherein said write operation writes a first data
value to said serial-to-parallel interface logic circuit in byte increments, and

said command value is a command byte.
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The method of claim 9 wherein said step of performing said write operation

) further comprises the steps of: .

loading a first nibble of said command byte w1th a second nibble of a first

* data byte _ . - _
wntmg said command byte to sa:d senal-to-parallel mterface loglc circuit;

' loadmg a first nibble of a first output byte with. a second nibble of said first

data byte, and a second nibble of said- ﬁrst output byte with a first
nibble of a second data byte; :

writing said first output byte to said senal-to-parallel interface logic circuit;

loading a first nibble of a second output byte with a second nibble of said
second data byte, and a second nibble of said second output byte
with a first,nibble of a third data byte; and

writing said second ‘output byte to said serial-to-parallel interface logic
“circuit; and |

writing a plurality of next output bytes to said senal-to-parallel interface,
wherein a first nibble of a next output byte is loaded with a second
nibble of a previous data byte, and a second nibble of said next
output byte is loaded with a first nibble of a next data byte.

THIS SHEET HAS BEEN
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The method of claim 7 wherein said first command bit indicates the read

.- operation should be performed, the read operation furthercompnsmg the

steps of:

sending said command value to said serial-to-parallel interfag loglc _circilit; -

reading a data bit from said serial-to-parallel interface logic circuit.

The method of claim 11 wherein said read: operation rééds-a data value
from said serial-to-parallel interface logic circuit in a plurality of byt
increments and a data bit is packed in at least one of the plurality of byte |

increments.
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A method for commumcatlng with a senal-to-parallel mterface logic circuit

compnsmg the steps of: - ' e

: assertmg a reset sxgnal to mmahze said. senal-to-parallel interface logic

sending an address b1t to sald senal-to-parallel mterface logrc c:rcult, said
address bit compnsmg a portnon of an address value,- sald address
value addressmg a locatlon ina parallel bus devnce, :

. sendmg_a command value to said smal-to-paralle_l interface logic circuit,

wherein a first bit of said command value is adapted for selecting
one of a read operation and a write operatlon,

transferring a plurality of data bytes between said serial-to-parallel interface
logic CII'OUI{Z and a data processmg circuit; and,

assertmg a reset slgnal for resetting said serial-to-parallel interface logic

‘circuit.

The method of claim .13 wherein said step of sending an address bit sedds a
plurality of address bits in byte increments.
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15.  The method of claim 14 wherein said step of sending said plurality of
-"address bits in byte increments further comprisés the steps of:

sendmg a first byte to said senal-to-parallel mterface loglc clrcu:t, said _
first byte being a ﬁrst byte of an address havmg a length of at least
three bytes, P i

sending a second byte to said senal-to-parallel interface log:c circuit, said
second byte being a seoond byte of the address havmg the length of
at least three bytes; and :

sending a third byte to said serial-to-parallel mterface logic circuit, said
third byte being a third byte of the address having the length of at
least three bytes. :
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