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TECHNJ:CAL·FIELD 

. . 

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

BACKG~~.OUND 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 cons~n the size of the a~dress space accessible by the 
mictocontroller. 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 
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software and data, but also may limit peripheral devices ~at are accessible by the· 
microcontroller. Furthermore, on-device nonvolatile memory is. typically very 
umite<I in its size, making storage of the operating software m ~-;;~:. iD.em.ory 
space es~tial. Moreover, the niicrocontroller o~ is. a, ()ne.:ti~ ptognllnmable 
("OTPj ~ce, so that once.the ioftware is "burn~_intO~::~~-~~P ~o~volatile 
memory, it cannot be modified.. The system softWare theri cannC>t b~ u~ .. 
without replacing the microcontroller chip'itself. 

Therefore, it may be desirable to store the ~s~ software in a ·nonvolatile 
programmable ·memory that resides in the external memory space. Updating of the 
system software could then be perfortned by downlbading the new software into 
the nonvolatile memory. However, having the system program reside in the · 
external memory space ~er than on-chip only exacerbates the problem of a 
limited number of J/O pins\ 

The~fore, there is a need in the art for a method and. circuitry to interface a 
microcontroller with nonvolatile memory containing its operating software such . 
that the software can be easily updated by downloading the new .software int<> the 
nonvolatile memory without exceeding the pin count of the microcontroller. 

; 
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SUMMARY OF THE INVENTION 

w'" .·• 

. ~r,!tlf~~;:~ne:::~:==~ 
i:: : .. :.ai e'l)nii.~'.nn'··· . 'nlrollef.'iin association With a serial~to-paraJ.lel bidirectional 

'.'; ::l;-~aer::=:==er::tben. 
c0nveiti ~em,::int6 cycles that are recognizable by the nonvolatile memory, which 
is a p8rallel btis. deviee. 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 ~nvolatile memory residing on the address space of the 
serial/parallel interface. U~ of the serial port on the microcontroller in association 

with the setjaVparallel interfiice is advantageous in that it makes the limited 

number of .input/output ("II?") pins available on the microcontroller availa~IC? 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 updated dynamically. In operation, the microcontrolle.r runs under . . 
the control of its system software which is located in a RAM residing in the 

· address space of one of the microcontroller's 110 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 cari 
then be downloaded .. to the nonvolatile memocy through "the micro~ntroller serial 

pp'~ and serial/parall~l interface while the microcon~~ller runs tinder the control of 
the software code. resident in RAM. In this way another objective of the invention 

is achieved .. 

· In order to maximize data througb..;put between ~e microcon~oller _serial 

port and the nonvolatile memory, it is desirable to minimize handshaking between . . . . . . : . . 

the microcontroller and the serial/parallel interface. This is achieved. in the present · 
. . 

invention by incorporating logic within the serial/parallel· interface itself to control 

the flow of data. 

The foregoing has outlined rather broadly the features and technical 

advantages of the present-f-vention in order that the detailed description of the 

invention that follows_ may-~~ better understood. Additional features and 

advantages -~f 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 utilized 
as a basis for modifying or designing other structures for canying 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 spirit and scope of the 

.invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

. . . 
.. i;t'~r:i more .com,plete utt4erstan~g of the pre8ent invention, and the 

adiaii.* 'thereof, refenmce. is ·now iDade tO the follo\vi~g descriptions takell in 
. :cmlj~~bi'~th.the:a~~~:ctta~&S;.~1f\vmcl1:' ··· .. · .. · · · .· · · 

. : FIGURE .l illusirates .a block diagnull of an embodiment .of a . 
. . ·. ~ 

· · microColitroller system iliiing ~tlie ~ent ithtentfon; · ·· . . 

f'IOURB 2 ~ustrates a block diagnun of an embodiment of the 
serial/parallel interface of the present iD.vention; 

. . I 

FIGURE 3 illustrates a block diagram detailing another embodiment of the 

serial/parallel interface of the present invention; 

FIGURE 4 illustrates a flow diagram of the row, column/oount state . . \ 
. machine of FIGURE 3; ·an~ · 

FI<;JURE 5 illustrates l1 flow diagram of the read/write state machine of 

FIGURE 3. 

l . 
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DETAILED DESCRIPTION 

In die following description, numerous speafic detailS~· set forth to . . . . . 

provide a th0.~·1Jnd~d~ng of the present invention. However, it will be 

.. obviouj ic>::tb~.:~i~ in:_the·art that0the present invention may be practiced 

:. withmrt such spedfic clCtails. In other instai1ces, well~known circuits have been 
shown fu'block'diagram fOrm. in order notto obscure the·present invention in 

unnecessary detail. ····For the most part, details concerning timing considerations and 

the like have been omitted inasmuch as such details are not necessary to obtain a 

complete understanding of the present invention and are within the skills of 

persons of ordinary skill in the relevant art. During the following description -0f 

the implementation of th\Present invention, the terms "assert" and "negate" and 

various grammatical forms 'ttiereof, 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 rend~g of a logic. signal or register bit into· its active, or logically tru~, 

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 
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in detail. Referring to FIGURE I, there is shown a microcontroller system 100 in· 

~ce with one ~Jllhodllnent of .the present invention. Microcrintroller 101 

conlniuni~il wit;Ji:~e',seriWP~el interface· 102 by .means. of three signal lines, 

Reset 111{.s~':cl~ 112,;~d-Rx/TxD 113. An operation which might either . 
' .- ":.: ... ·,.·{·~· ~ : :. : ~· ~··::~:. ·,,.. ~ ~ • -~.:.)~..,,~~-.:·J.:!!:f·:.-:r. .• 

. downl°'4~attf fui.a·"' araner\lmii~ce 103 or up~oad data from the parallel bus . '·'···., .. ·.· .. , ' .. ' I> ... '' . . '··'·'<·.( ~'· '. . 

· clC;Viee 1oi)s)nt~;.~ a·~&iial on reset line 111. Serial data is ei~er clocked 
.. · ~ .. · .. ·. . . . ' : ·::· ~ ·. . . . ": :-. -: .. ..-:!.· .~.. . '.-:~; . . . : . . . . 

· out of·mi~oc0ntr()ller'10l:Betj81,p0rt or .into microcontroller 101 serial port 

depeildfug on tlie :op~on."~seriai data ·is communicated between the bidirectional 

serial port of microcotitroller 101 and the seiiaVparallel interface 102 on the 

bidirebtional serial <l;ata line, Rx/TxD line 113. The serial clock of microcontroller 

101 is sent to serial/parallel interface 102 via serial clock line 112. In a download, 

or write, operation, serial data is received by the serial/parallel interface 102, and 
\ 

. provi®tf to parallel bidire~onal data bus 122. Data bus 122 is an m-bit panillel 

data line, w~ere mis a prOOetenmned integer number of bits. Conversely, in an 

upload, or r~, 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·tbe 

seriaVparallel interface 102. Data is then clocked out by the serialiparallel 

interface 102 on line RxffxD 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 seriaVparallel interface 102 on its address line 121. Address line 121 

is an n-bit address bus, where n is a predetennined integer number of bits. 

Serial/parallel interface 102 informs bus device 103 when a read or write operation 
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is being executed using read/write ("R/W11
) control bus 1~3. Serial/parallel 

int¢"ace 102 ~Y acees~ more than one bus device. In such an embodiment, RJW . 
cbnttol bus 123 would implement a chip select signal on one-0(its lines. thip . 

seiect operation and circuitry are understood by artisans of Ordhiary·'Skill in the art. 
. . . . ... . . . ~:-:. · ... , .. .-·· .. ·.;"·_.;.;..._· ··.·.· . ' . . 

Bus device .103 may :be implemented a8 .a :meinoiy, includmg:nollvo~e meinory, 
or a periphe~ bus. device in one embodiment of the inven~~n. Additionally~ 'it 
should be noted that bus d~ce 103 ma:r'be any device in ~data proces8mg · 

system that communicates via a parallel bus. 

Microcontroller system 100 inay also include other bus devices such as bus 

devi"= 104 which reside in the address space of mi'crocontroller 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,01. Microcontroller 101 informs bus device 104 as to 

a read or write operation by asserting read/write bus 143. A more detailed 

understandi_ng 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 microcontrQller 101 (not shown in FIGURE 

2) asserting reset line 111. In response to the signal on reset line 111, · control 

logic 207 resets address logic 203 and clock sequencing logic 201 by -asserting the 

interface reset line·212. 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 downl~aded. This address 

i. 
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is clocked into shift register 202 by regi_ster clock 211 generated by clock 

sequencing logic 201~ Clock sequencing logic 201 receives the serial clock from 

~Cfocon~UerJOl'..p~':.seQai 9lock i 12. Register <?lock 211 is ~~bronized with 

sequerfohi1flogic'2Q·tiatche.;i'tbe·~s·which ... appears on the-parallel bus 221 of 

shift regist~r 202 i~to ·ad~ logic 203 by asserting address latch 212. P~lel 
' . 

·bus 221 is,Z bits in length, where Z is predetermined integer value. 

After the initial address has been transmitted, microcontroller 101 sends a 

command byte. Control logic· 207 receives the serial clock from microcontroller 
. \ . 

101 on serial clock line n~ It accumulates clock cycles until the eight bits of the 

command b~e have been cloclced in. It then latches the command byte which it 

receives on'tbe parallel bus·221 of shift register 202. The state of the first bit of 

the col1llll8iid byte determi~es whether the operation to be performed is a read or a 

write. The control logic 207 then uses this to establish the state of RJW enable 

271. Input data buffer 205 and output data buffer 206 are enabled or disabled 

according to the state of RJW enable line 271. 

Read operatioi:i c~mmences 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 271. A read 

state is also asserted o~ R/W control bus 123 informing the bus device 103 (not 

sbe>.Wn in FIGURE 2) that a read is being performed. The _m .. bi~ of data are 
. . . . 

serially read out,. then control logic 207 asserts the address count· increnient signal_ 
.~ . . 

273, ca\lsijig ·addre8s logi~ 203 ·to-~-- the next m-bit data bl<>CL ~fter m-l>its 

of data .have been provided to inicrocontt~ller 101, clock stqUencl~g ·iogic 201 

strips isS'Qing clock ~jgnals to output data buffer 206. M-bit blocks of-data are 
. . . ·. . ·.··.· ...... ;,,... 

sequentially received by microcontroller 101 by repeating this operation. The read 
. . . . . 

operation is terminated when microcontroller 101 asserts reset 111, to indicate that 

seriaVparallel 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 \an instruction in the software code. This is not shown 
\ 

herein, but it is well under8\~ by one of ordinary skill in the art .. Input data 

buffer 205 r~ceives the m-bit'data block on the parallel bus 221 of shift register 

202. The data are latched into input data buffer 205 in response to data clock 213 . 

. Control logic 207 may ~ntrol the latching of data into input data buffer 205. via 
. .. 

input data buffer control line 274. In an ~temative 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 data on the data bus 122. Control logic 207 also asserts address 

count increment 273, causing 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 

do~loaded is then. provided on address bus 121 by address logic-203. The write 

~efati~n ~ntinU~ to_-execute::.these .steps until all of th~·ttata.-~ be downl~ · 

_ has b~ transmitted~ -JMi~troller lOt:tllen .sjgnals th~·Cl'.ld 'of th(: write 

operation-b;.;;~;}~:-:l,~~-:i1i; t(>··bJom1•tbe;~~~1·:~tefiace :lOl•to 
. . . .. . . . 

.reset in antiCipatio11:ofa:neXt:9Peration~ 

Data :may be:.~~oade<t \,yte.l>y~byte in an inteqeavecf:faShi~n.·. In· such 

an emb~t, if a write 0pefation has. bee~ ~ntemp~te<i th~Jast .four bits of the ·. 

com·mand byte contain· the IOwer four bits ("low m"bble") of the first output byte. 

If a read dperation is contemplated, the value df bits one through seven of the 

command byte are ignored. Control logic 207 decodes the first bit of the . . 

command byte, an_d on d~ecting the write operation, instructs input data buffer 205 

to latch these four bits. co~~l logic 207 decodes the first bit of the command 

byte, and on. detecting. the write operation, instructs input data buffer 2os to latch 

these four bits. Then, the low nibble of the first output byte sent by 

microcontroller 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 latching of the 

output byte into internal registers (not shown) in input data· buffer205, 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 ("I.SB'')· first, or most significant bit ("MSB") ti~. · Control logic 

. 207 ~nti~. to accumulate input ~ta byte-by-byte until an '"Di-bits ~f data have 
. . . 

been ':assembled. It then' loads the data into input data buffer 205 and operation 
. ·.· . . ... '. .. ; . . . . 

. eontiDues a8 .d~~"bett·llbove:·· ::FUrthoc understanding of the op~tion. of the 

inveiitioli may -be had by now refetririg to FIGURE 3 in which a block diagram of 

·another enibodment of the invention .is shown. 

In FIGURE 3~ operation begins with microcon~ller lOl(not shown in 

FIGURE 3) a8serting 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 which a 

download or upload opera~on is to begin. Microcontroller 101 transmits then-bit 

address by clocking the addtess out of its serial port on RxffxD line 113. The 

address is. ·clocked into shift tegister 202 on seriaVparallel 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 rising and falling edges of serial clock 112 . 
. · 

· Clocking of shift register 202 is controlled by the signal on interface c•ock line 

311. 
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The initial address is stored by a plurality X of mutiplexers-with-latch 

~ferred to as 304-0 through 304-X, where X is an integer value equal to a .. ~ . 

p~~ned n~ber of multiplexers-with-latch. The initial address may be 

stored J:j~by-byte. Mutipl~er-with-~tch 304-~. through-mutiplexer-witb-latch 

, . 304-X -,~e.:eoupled, ~ ,~~:!P.~::~:::3~1 .of s~ -~~ 302. ·· A 
mutiplexer.;.with-latch ai.t will ~re. ~e. current block of the .m-bit. address being 

. . .•. ·. . .. · -::. . ·,• . 

·. transmi~ed is. selected by :~g the row and -column count _signal provided on 
. . . . . . . . 

output bus 381: of row, c01wlm.-count state machine_3o~ • .A block of then-bit 

· address may be a byte in length. Aft~ the CUlTeDt block has been clocked out of 

microcontrollei" 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_~ on line 311. After all n-bits of the address have been 

sent, the address is loaded i~to address counter 303. 

R~~ and column select signals are generated by row, column-count state 

machine 308. Row, column-eount 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 line 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· 

inteµace serial clock line 311. Y is a preselected integer corresponding to the . . . .... .. 

1etigih of a data block·to·be·downloaded iii .a·single··d~<>ad 0)-cle. ·Furthermore, 

in an ~bodiment in which _alt·m:bits ofdata)a~·e.~~·~·~ne cycle, Y 
would·~ m. An ~Otlini~t.ck>WDioadin~ .. ~J)~:-~C>i.Id,~e.a value ofY 

equal tO eight.· Moreover, in the present inveDtjo~ aftel'-~Cl'C>CODtroller 101 first 

sends an n-bit address, row, column- state:·machiri~ ~o~ JllaY adaptively .set Y. 

For example, in an el11b0diment w~ere the entire ad~ 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 embodim~nt in whic~ both the n-bit address and the m-bit data are 
..... 

sent byte-by-byte, Y would\have a fixed value of eight. 
\ 

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 ~utput 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 operation 

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 in~al clock (not shown). · 

Tb.e. internal clock need not be synchronized with. the interface serial clock pulses 
<( ,. • • • • • ·: . • ... 

on liile,·3il~ anci ,the._rate .of.the internal cloct:may be much greater than the rate of 
........ ·... . . ··.· .. . . . . . . . . . . 

... tbe;=.:t~t.~~~'.~101 &Cnds& 

cc>mm~nd byte. -: Com~anctJogic 309.decodeS a row ~d ~lumn ad~ess received 
,.. . . . . .. • . . .... 

frcmi·r<>W~··Cc)1wfui~tatate lllachine 308 on output line 381. After:the eight bits 
. . : . . . ·. . ·: . . . . . : 

of the command byte.havebeen clocked into-sbift•regi~r 3.02,.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 info~ the 

serial/parallel interface· 102 whether the operation-to be performed is a read or a 

write. Command logic 3Q? ascertains the state of the first bit of the command 

byte and sets the state of ~write state machine 307 through output line 391 of 

comrqand·togic 309. In one embodiment of the present invention in which data 

transfer is byte-by-byte, if a write operation is to be performed, the last four bits of 

the command byte includes the lowest nibble of the first data byte to be · 

downloaded, as describ~ 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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~hine 307 tests the state of the output line 391 of command logic 309. If line 

39.1 is in a read state, read/write state machine 307 asserts a read on. R/W control ... . . -

bns 123. It then commands read data buffer 206 to latch-th~ data on data b~ 122 

via line 371. The first block of data to be sent resi~ at the· initial address loaded 

into.addresscounter 303. It; &ftei-m-bits have-been sent, a.reset-bas'not been 
. . . . . . . ·. :. . 

asserted, R/W state machine 307 inc~ts 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 12~ in response to the address 

increment ~gnal received from i'ead/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 asserte~ by clock generator 301 on interface serial clock line 

311. After the address co~ter 303 has been incremented, the cycle repeats until a 

reset is asserted on reset line 111 by microcontroller 101 (not shown). 

-If a 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 bas 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 3 72. 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 
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shown). The internal cl~ck may not be synchronized with the interface serial clock 

on line 311, and the rate. of th~':illtemal.clQck·may.be nnum ~ter than. the rate of 
· •. = ........ 

· . .-·.>i· .. ·~·<=:· .. : .. : 

byte to be downlolded, llS -disciis~ abov~. ~ri~t2Ci<)gi6-3os·'·~~es the eommand 

b~ on the p~el bus ·321.of shift register 202 .. · The:n~b~··sent by . 

microcontroller 101 throµghOits serial port, Rx/IXD 113, contains the high nibble 

of the first data byte in its ~ower four bitS, and the low .nibble of the next data byte 

in its four upper bits. ~ata logic 305 rec~ives the next byte ttansmitted by the 
. . 

parallel bus 321 of shift r~gister 302 and latches this output byte. Data logic 305 

then concatena~s. the low ll\~ble 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 RxffxD 113 in this .interleaved fashion. Data logic 305 latches the . 

output bytes as they are received and concatenates the lo~ 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 

wep.. understood by an art;is~ of ordinary skill that communication of data bytes 

using this method is independent 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 WW control bus 123. If, after in-bits have been sent; a reset has not been 
. . 

· asserted, RJW state machine 307 in,crements address counter 303 so. that the 
~ . . ... . 

address of the next block of data to be read appears on addresS··bus 121. Address 

col1nter·303 ·increments the 'address on address bus"J21 in respon8e to the address 

. in~nt signal received mm read/write state machine 3~7 via: ad~ coun~ 
increment line 372. Subsequent m-bit bloc~ of data are transmitted :in ·this way 

until all-the data to .be downloaded has been sent, and microcontrC;ller 101 asserts a 

reset on reset line · 111. Serial/pai"allel interface 102 is then ready to begin 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 w\~ an embedded controller having a limited number of 

parallel 1/0 buses, and dyn~c updating of the operating software of the data 

processing ·system. Although the present invention and its advantages have been 

described -iii detail, it should be understood that various changes, substitutlo~s and 

alterations can be made herein without departing froµi the spirit and scope of the 

invention as defined by the appended claims. 

: ·" 
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CLAIMS 

...... ;· .~:i·:-:·. . .... ·. 

1. A microcontri)Iter. systeJn COJllprisipg:. . , . , ·.· . .,,2 6i:~;;/'')t;:~:>·< .. ·. 

wherein a first data value communicated on said senal data port of 
r f 

said mi~rocontroller is presented as a parallel data value on said 

parallel data bus, said serial-to-parallel interface logic circuit 

providing·~ address on said parallel address bus of said 

serial-to-p~el interface logic circuit; and 

a bus ·device adaptable. for receiving said a~dress on .. said parallel address 

. bus of said serial-to-parallel iµterface logic c~t, said bus device 
. . . . . -

adapted for aceessing said data bus to communicate said parallel . 

data value. 

2. The microcontroller system of claim 1 wherein said serial-to-p~allel 

. interface logic circliit 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 loglc providing a first 

. clock sigiial for clocking·. said shift register;. 

an output data buffer for _recei$g a second data value on· Said parallel data 

bus of said serial-tO-paiallel int~rfacci:logic circui~. said output data 

buffer operable fo~ latching sai~ second data value ·On receipt Of said 

first clock signal ftom said clock .sequencil1$ logic, said output data 
. . 

buffer asserting said second data value on said serial data port of 

said serial-to-parallel interface lo~c 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 of·\nitializing a counter; 

a control logic circtli_t operable for receiving a command value from said 
. . . 

parallel outpufbus of said shift register, wherein said control logic 

.circuitry configures said serial-to-parallel interface logic cir~it to .. ·· 

reflect an operation to be performed; 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 yalue 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. 
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3. The microcontroller system of claim 2 wherein said. control logic circuit 

provides a plurality of input data buffer control· sign8.ls, ·and s&id input data 

buffer is operable for latching ~d download data" value in response to s~d 

plurality of input data buifer ~ntrol; sign8Is. · 
..... : 

· 4. The microcontroller system of claim 2 wherein said control logic circuitry 

further comprises: 

command logic circuitry· adaptable for receiving said command value; and 

for providing a first command signal; 
I 

a read/write state machine adaptable for controlling read/write operations of 

said serial-~parallel interface logic circuit in response to the first 

command ·~gnal received from said command logic circuitry; and 

a row, column-co~\ state machine for outputting a plurality of 

·row/column register select signals, said plurality of row/column 

register select signals generated in response 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 pluralify of row/column select signals. 
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5. The microcontroller system of claim 4 wherein said.plurality of address 

registers further comprise· a. plUrality of multiplexers.'."witb-latch. 

6. The inicrocontroller syltem of ·cwir. :l wh~ ~d:serial-to-parallel 
interface logic eiicuit ~et.'eofupHs~: · :. : ·. . . 
a shlft register for receivmg a senal data value, said shift re~ster having a 

· parallel ou1Put buS;. ' · .. .= .... ···: 

a clock generatOr for receiving an external serial clock signal syn_chronized 

with ·sai~ serial data value, said clock generator generating a 

' 
plurality of interface serial clock pulses in response to said external 

serial clock signal, wherein said shift register· clocks in said serial 

data value ·\n response to said plurality of interface serial clock 

pulses; \ 

a state'·machine, wherein said state machine generates a row/column address 

signal in respoµse 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 from said state machine; 

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

said serial-to-parallel interface logic circuit, wherein said address 
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- . 

counter ~eceives an initial address value from sai4 ,ad~-data 
value stored in said-multiplexer"'.with-ktdl,~said:,~ counter 

·=°ma:::~tt~;j;f~!:~·addr.u 
a eommand logic circuit for:~iving a C()um1_.,_d,:)'~U~~~A'c>1:1J.'sm4 . parallel 

-output bus of said shifl-::~~;:~~;~m~~,~~a~.~~~~::_~~~ said 

command value to seleet one of a read op~ratioli'arid-a write 
I . ' ' ' ~ • •. ' . • . 

operation,· said command logic circuit generating an operation select 

signal in respOJ;1se to _said cotnmand value; · 

a read data ~uffer for receiving a -second data value from the parallel data 

bus of said serial-to-parallel interface logic, said read data buffer 

operable fo~ sending said second data value out a serial data line, 

said second ~ta value being clocked on~o said senal data line in 

response to said plurality of inte~ace serial cfock pulses from said 

clock generator; 

a read/write state machine for receiving said operation select signal from 

said command logic circuit, said read/write state machine sending a 

control signal to the parallel data bus of said serial-to-p~el 

· 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/c~lumn address signal from said state machine, said 
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read/write state machine sending said address counter increment 

' · signal to said address counter in response thereto; and 

a data logic circuit for receiying the serial· da~ vilue. from said parallel 

output bus of said shift register, said .. data. logic circuit operable for 

selecting_ in response. to said -row/column address signal, and 
. . 

oU1putting said serial data value on said. 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 interface logic circuit 

comprising the· steps .. of 

initializing said ·serial.;toj>arallel interfaceloli~~~t; · .. · 

·sendms:.:f~~~~~m:::c 
comprises an address in ari address.~ •. ·. 

. .. ..·:.: •:-···:·::· .. , ...... ··.:.-; · .. · ... ··:· ·. ···;·:·:.· ... : 

asserting a first comrrumd bit of a d>mma~cf \iai~~ft0 ~ect ()rie of a read . . : . : ,· . .· . ·. . . . . . . ·.• ; ·~·· . . .. . ~ . 

open1:tioti and a Write opefatio#; · 

sending Said command value to said serial-to-parallel in~e logic circuit; 

perfonning one of said read operation and said write oi>eration in response 

to the firsi\command bit; and 
\ 

. . sending a reset sign)\! to said serial-to-parallel interface 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 claini 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 comniand byte. 
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10. The method of claim 9 wherein said step ofperfonning said· write operation 

ftirther comprises the steps of: ... 

loading a first nibble of Said eommand byte with a.~nd nibble of a first_ 

. data byte; 

writing said command byte to said serial-to-parallel interface logic circuit; 
. . 

loading a first nibble of a first output byte With. a second nibble of said first 

data byte, and a second nibble of said· first Qutplrt byte with a fifst 

nibble of a second data byte; 

writing said first output byte to said serial-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 firs~ibble 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 serial-to-parallel interfac~, 

wherein a first nibble of a next output byte is loaded with a seeond 

nibble of a previous data byte, and a second nibble of said next 

output byte is loaded with a first nibble ofa next data byte. 

THIS SHEET HAS BEEN 
REPLACED 

~ ... 
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11. The method of claim 7 wherein said first command bit indicates the read 

. · .operation should be performed, the read operation furtb:er.·~niptj~ing the 
. .... . .. :.·.· .· 

steps of: 
··. . 
·-· .. · .. 

-:·: .·•· .. ; .. 

sending said command value to said serial~to-parallel i#~··Jogfc circuit; 
. . . ·.-:.;.:: t.--;•."""· .. ,··. ··.· . 

. ···. · ... · .. 
and ... 

reading a data bit from said seri81-io-paral\el interface· l()gic circmit~ 
..... ·.·· .. 

· 12. The method of claim 11 wherein said read= operation reads· a data value· 

from said serial-to-parallel interfa~ logic circuit in a plurality of byte · , . 

increments and a data bit is packed in at least one of the plurality of byte 

increments. 
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13. A method for communicating with a serial-to-parallel interface logic circuit 

. · . comprising the steps of " 

asserting a reset signal to initialize said.serial~t~parallel. interface ·logic 

circuit; 
·. ·,.: 

sending an addre~s bit io·'said~ ~-to-p~el interlace logi~ ·circuit, said 

address bit cOmpris~ a portion· o(an address v'1ue, ·aid ·address 

value addressing a l~tion in a paratlel. bu&· device;, · 
. . 

sending a con1mand value to said serial-to-parallel interface logic circuit, 

whereln a first bit of said command value is adapted for selecting 

one of a read operation and a write operation; 

transferring a plurality of data bytes between said serial-to-parallel interface 

logic cir~ and a data processing circuit; and, 
\ 

asserting a reset si~ for resetting said serial-to-parallel interface logic 
. ' 
·circuit. 

14. The method of claim 13 wherein said step of sending an address bit sends 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 bi~ in byte incre.mentS further comprises the ~~s of: · 

sending a first byte to said serial-to-parallel mterfaCe.IOgic.circwt,.said 

first byte being a first byte of an. adclress ~a~~::_~ !en~ of at least 

three bytes; ·· 

sending a second byte to said serial;..to-pamllel interfaceJogic circuit, said 

second byte being a second byte ofthe·address having-the length of 

at least three bytes; and 

sending a third byte to said serial-to-parallel interface logic circuit, said 
i . 

third byte being a third byte of the address having the length of at 

least three bytes. 

THIS SHEET-HAS BEEN 
REPLACED 

.· 


