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Descri pt Wn9SH4@T-BI T M CROCO\FI'RO_LER HAVI.NG A RI SC ARCHI TEEF(|328/85049
TECHNI CAL FI'ELD The present invention relates to micro- controllers in’
general, and nore specifically to a nicibtontrol | er executing a reduced
instructlon set. 10 BACKGROUND ART Present subnicron CKOS technol ogy al |l ows
for the integration of conplex nlcuggontrqéler architectures onto a chip,
whil e | eavi ng enough S|I|con area t ‘ment conplex nenories and
peripheral logic. Design ar - chltectures and’ met hodol ogi es nost conmonl y
used in high-end 32- and 64: yrefes efficiently utilized
and adopted in | ow cost 8- bF?&hFRbig ﬁ?ﬁgqagﬁiﬁgﬁég% Havi ng such .
power ful yet cost effectiveHAVENG- A2RISC @mﬂﬁiﬂEQNQBEthe total integration™
| evel of systens con- tinues to increase. Mre efficient prograns can be
exe- cuted in the hardware architecture, -and nore hardware functions can be
i nt egr at ed. THGRENEEAL BLEEDt ect ure has gained in popul arity 25 during the

recent years. Mbst “%@bk%es%ntth%rﬁ@ﬁﬁi&&ﬂféidtesOtatmilc98¥e| oped by
Appl e Conputer, BM and NMbtorola. Al though there, i s no agreement as to the

defini ng cHaeBErollers: ibsgsnemade RNk ORe SPYFEFECat LY cbRnBn properti es

among the dhfépseshtianiel exeRhutnd Ahadii@sd UesStriétidA setust
i nstructions execute in one cycle; (2) separate and sinple | oad/store

i nst rARtions often execute in two cy- cles; (3) instruction decodlng S

typically- hBLdMGRGUNDaAREr than bei ng nicroCoded resulting.in faster

execu- tion tines; % ng L g&ﬁﬁnctlon3gpﬁ¥etébﬁﬁéfg%%ogggsw53§°r t hus
88804 er LNn:

si mplifying i nstructi I'ng, tron sets-and fewer.
addr essi ng tipeesntegratiion ot leompleeshingid soqhet ¢ ke prohitecguaes gh

degree of pLAEESS- chE!S,C%‘iLirer aré%u@%r(&)gﬂ % gp; Bbhazagedor ‘:‘Lﬂxbiteef sets

15 ment complex memorles and peripheral loglc. Des1gn ar-

chltectures and methodologles most commonly used in
hlgh-end 32~ and 64—b1t RISC machlnes can be eff1c1ently
ut111zed and adopted 1n 1ow cost g-bit mlcrocontroller
systems. Hav1ng such powerful yet cost effectlve mlcro-

20 _"controllers, the total 1ntegrat10n level of systems con—
tinues to 1ncrease. More eff1c1ent programs can be exe-
cuted in the hardware archltecture, and_more hardware__
functlons can be 1ntegrated._ o

_ The RISC archltecture has galned 1n popularlty'

25 durlng the recent years. Most notably 1s the Power PC°
_jolntly developed by Apple cOmputer, IBM,_and Motorola.
Although there is no agreement as to the deflnlng charac-
terlSthS of RISC processors, there are _common propertles
among ‘the dlfferent varletles of RISC archltectures' (1)

30 most 1nstructlons execute in one cycle, (2) separate and
J51mple load/store 1nstructlons often execute 1n two cy-
cles; (3) 1nstructlon decodlng is typlcally hardw1red
rather than belng mlcrocoded resultlng in faster execu-

“_tlon tlmes, {4) most 1nstructlons have a flxed format,

35  thus simplifying instruction decodlng, (5) smaller in-
struction sets and fewer addre551ng modes,_(6) data paths
are highly plpellned prov1d1ng a hlgh degree of process-
ing concurrency; and (7) 1arge hlgh-speed reglster sets
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known as ' fil es) to avoi d excessive data tr-ansfers_to and:fro

- sl owner sy‘gﬁgh’i{&kﬂ Several sem conduct or manufacturers pro]aﬁ’(',’gsgi”05049

m crocontrollers. Texas Instruments, fo_exanple, offers 5 t he

" TMB37QCxl x series of 8-bit m'crocontrol I"ers. Al - though these
“mcrocontrollers do not enploy a RISC archi- tecture, they do provide a RAM

(128 or 256(Ry&Es chsC e a t gener al
bur pose re |stershwl\/i8t He: 2888 rus ¢ 16k kot 3Bl BxcBbd il
m cr ocont r ot FRRSLGRE choeABROFTamdSAPWEEr FYSESRAREM.ni | ar to the Texas

Instrunments devices. siefathsemieshnatesy ﬁﬁhﬁ&%&%&-e%sﬂéﬁ%ﬁbéém Iy of
m crocontrollers. These.m crocontrollers use the:-Harvard dual
fagrglocd st

ar chi t ect ur®*Ghare™sh §%am IRSErURmenESs £o¥Fe eXapRl e offiRrs 15
ries amd bushs. TMIBROCKTX6E6Xiespbly 8-bitenisiroconitrolwerel | aishared with

th t T X | t t |

natruot | on Bogh Bedt higcliERoTigrs 1R, Pl eabicy’ f MIBE atetir om
progr am nerggegtures; ntheyhhdoRpibuddel asRAM r(egssber 2562bytest)haibeials no r eal
set of intedRlpd e&éé&eé&h??' Q5Cpill \Aﬁ!FEHBrX Lat pro?fsgfé}:éaﬁiongiﬁésce RAM

there is a reduction In or nance ere reglster e I nvol ved.
As noted alREistexrs. de@?ﬁﬂr@%él effers the MC5§§5t Zamidynoifd@&iton in

desi gro ng %ié‘ré&&ﬁ@f@ﬂlé?b'ﬁﬁi h28mployNal Buhd- t
i nportance of the role that sof?wargp o-yr ys |‘F11 3 gﬁr%%'ﬁg m%gh{ﬂ%r

m crocont r i e Hexag: Ipstyupents nﬁiS’%ESﬁt r oMP-SF°&B§Pg Techmoleay e, is
- di- rectly oftatedthe Phelsosxl ‘faﬁﬁlyoafl mﬁ.ei'iaaﬁﬁtbetl\l@%& Pr agledarers and

har dwar e d e n t he i op: set o
n1crocontrgﬁ#égbééq%FgT§§¥?u%??oﬁﬁge aEHBﬁPddBEi gHﬁl@F F%eFWQI§bnse t hat
any conput aiterd Ldﬂ:tatamh phognrahnbmnstrphemﬁonsbhavensepaeatenaietnﬁ:-annunt of
progr|gn spatas uct I fLc frequently
used functlons s oul dgiéé ?@%eﬁféhﬁeg§5gmgim§%hhr%?gé gF %i

i nstructi ofigh is %W%‘Fo‘t’bﬂde’éb?aﬁl@t@@ BMVl d&he msn&c&m uslelser design .
whi ch prowdhﬁiIbﬁélﬁiﬁ%ﬁrﬁﬁﬂlon pipelining; as one instruction is

being executed the next 1nstructlon is pre-fetched from
program memory. Slnce the RAM doubles as registers,

20 there is no real set of 1nternal reglsters._ Since all
memory is present as a statlc RAM, there is a reduction
in performance where reglster operatlons are involved.

As noted above, fast de51gn cycles are an im— _
portant con51deratlon in des1gn1ng w1th microcontrollers.

25 There is no doubt as te the 1mportance of the role that
software “plays in des1gn1ng with’ a mlcrocontroller. The
utlllty of a mlcrocontroller de51gn, therefore, is dl-'
rectly related to the speclflcatlon 1nterface between
programmers and hardware designers, namely the 1nstruc-

30 tion set of the mlcrocontroller. The instruction set
should be complete in the sense that any computable func—
tion should be 1mplementab1e in a reasonable amount of
program space. The 1nstructlon set should be efflclent
in that frequently used functions should be 1mplementab1e '

- 35 w1th relatlvely few 1nstruct10ns.
' ' "It is therefore desirable to provide a
mlcrocontroller de51gn which prov1des a complete and
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eff|C|entVWhQ&M@@t|on set. for the appllcatlons sof t war e devéKHﬂ@W&mSUMNARY'
OF THE | NVENTI-ON 5 The -présent invention i.s a mcrocontroller

havi ng -an 8-bit RI SC archltecture An 8=Brt data bus prOV|des a data path -

anong a RAM nenory store, a register file, a general purpose eight-bit
arithnmetic lo IQ ynit :AL&; and a status register,, The m crocontroller

i mpl e- 10 ficiept 9%9ﬂn§%§ﬂfﬁ% tB?o%PH?hﬁaglﬂPdgﬁ%ﬁﬁﬂﬁﬁecwy _
store separ agavelomelrie RAM store and a program data bus separate fromthe
data bus. The register file includes a plurality of eight-bit registers.
Certain of the registers in the 15  register file can be conbined to
provi de | ogi SUMMARYhIOF /T JINVENTION | ogi cal 16-bit register provides

oI 11oBs 0dress cal cubal ban Al | SnySsegR 99 LIgbEEEbcRgI ol e
nenory, a 1 6haitingd éme $s-keifa RIS ar@m:t?urecrehaes-bhe fada bus ty and
and the da SPEIVHEEE St Sathh GRS Ri bloED " o8E0Y, °F MEeopce
the regi st erfilee praﬁnﬁﬁ?hﬂnﬂﬁpq5§rQ#QNtﬁbbttaréthﬁtig wogde aarithe
accessed (i.eardy, am@@¥ ‘Mﬁétei:)s %%ﬁ@&r' ndgﬂsnﬂgakohsat%hl& tir&pié‘-g' S-

ters. To further énhance the benefits: of dressin a. specia
secondl@rit WREPEE thG Harvardanch Jcta?"é"éf-“é'%r tRﬁ"Vé@P@BeP PF:PQraé“ SR zed

The second AbﬂyBQtoreorse@m@ Jfr&is ttipaldpay SE6¥edang A6 pRicram tduweiic |

oper ati ons fgu a Io I.C #%_blt ster The second ALU can store the
16-bit resul Bagﬁ % %E?tﬁ? tegi ster. Additionally, the

16-bit result can serv&hes xaa‘g:a;inbzesﬁlle Timslufiés arplamadidy Wi second
'dA;gl br o 35 o ‘é o5, 1 b ge@ée:fﬁ b'(% :g{zg{ﬁséfcéh&“#g&&g'&ir@ oy dur -
g the gen ral “purpo .
15 reglster file can be comblned to prov1de loglcal 16-b1t '
- reglsters. A logical 16-bit reglster prov1des eff1c1ent
address calculatlon and is used as an indirect address
pointer into data memory and program memory. Whether for
data or for program memory, a 16—b1t address space
20 greatly increases the flexlblllty and utllity of the_
nicrocontroller by 1ncreas1ng both the program address
space and the data address space. In a preferred embodl-
ment of the 1nvention, the-reglster f11e prov1des three
pairs of 8-~bit reglsters whlch can be accessed (1 e.
25 read/write) as three.lndependent 10g1ca1:16—b1t regls~
ters. . ‘
_ To further enhance the benefits of 16—b1t ad-
-dre551ng, a special second arlthmetlc logic unlt dedl-
'cated to the register flle is utlllzed. The second ALU
30 contains a l6-bit. adder, providlng l16-bit arlthmetlc
operatlons for a logical 16-b1t register. The.second ALU
can store the 16-bit result back into the logical 16-bit
register. Additionally, the 16-bit result can serve as
an address. Thus, the presence of the-second ALU pro-
35  vides efficient 16-bit address calculations without bur-_
‘dening the general purpose eight-bit ALU whlch would
_reduce the operatlng speed of the dev1ce._



reduce the operating speed of the devi ce. WO 98/ 44427

PCT/ US98/ 05049 -4- A further extension of the logical 16-bit reg-.ister
provi dedVQ PB444%7 regi ster file includes the use of an 8- biRC “gé‘{ff’ng :
register. The eight bits of t he RAM paglng register are logically .
concatenated -with the six- teen bits of the logical 16-bit register to
provi de a | ogical 24-bit address This feature offers an unprece- dented

range of addressing § Egétﬁg§r8§9Q5E3£h¢5fWQ3 e4q @q?%lyhgg4ﬁﬁgqh%fcture S

fundanental ly an eig ng regl ster
organi zes ernenevydaé iaestpegeegéstemf@ee inﬂ)ﬂlﬂ)esoﬁ& uge | each-

64K page b&h”@-l&ﬂ:eﬁﬁﬁc?ﬂ Eﬁ E‘@gﬁ%ﬁb&g I ¢fleSedght Hit% Rehald Gt -
enbodi ment of ,the inyentidon Theré are_three. agln% gisters one for each..

of the thrE%9¥6%|E§91§§95|FrﬁeéPgﬂsﬁé ﬁr&PP&é& dhe sixe. 15
The rggi stesehibetsf ofhener zagmbannmnbuenregae&e@-strcegimrd@ecess with.a

del tot t d f-the | th t
fr1e) Sinckoatent caRoPRE: aiRkeSHel agbiar SeptoneoPOtens BmRRFEaGRY por od,
register a@eeeedorange ‘of] hddreBsdingn€o20a mlcrocbntmdyier“ﬂhbSéwent|on

further | SahakeryEpd°RREh BHERRES 12" LlBEhERE1dy) AW SuULALL) copabl ¢

of per- formng €very“o Ton W e invention
is therefod@sbgpablénopavtncu&ary &he RBUIDQEm&gﬁsmgnmqnganxzeﬁrmﬂe cl ock

cyclfg 25 pemo as 25 FP&?EFEDEE”GQ‘RC%‘Za'?rC‘io‘Q'J) yied

registers int I Ste occu g a riion‘of “the address spé%g of the
RAM  Thi sﬁﬂéamge eipdsreserepredy byt theaPagddge Fegistesves Im@ mal | y

associ at edp#btbrrod afnb8aImen® batheNenveaitIod Tnee taeeaqs!ﬁ%@d as though.
30 they were ordinpa | ocati ops addi ti.o menory
| ocati ons 9?$}nﬁp5%ﬁFs%éthe° cE8EoREF Pgrt§§ %gﬁ ry. A bit
store al | ovs-hit rEQletetsfprovidedobg thie degister amiércwnan arbitrary
bi't f?s't'on among t@ﬁe reglster file of the present invention -
features reglster access thh a delay equal to the propa-
- gatlon delay of the logic comprlslng the register file.
' since such combinatorial delays are much shorter than a
clock:period, register access occurs well within one
20 clock cycle. The invention:further:features a general
purpose arlthmetlc and logic unit’ (ALU) capable of per-
'formlng every operatlon w1th1n a SLngle clock perlod.-
‘The invention is therefore capable of virtually all ALU
operations w1th1n a single clock cycle. S
25 _ Further in accordance with the invention, the
registers in the register file occupy a portion of the
address space of the RAM. This featﬁre allows for con-
ventional addressing modes, normally associated with RAM
access, so that the registers may be accessed as though
30 they were ordinary memory locatlons. In addition, such
' memory locations w1ll appear to the mlcrocontroller as
high speed memory. '
A bit store allows for the transfer of a one
bit datum to and from an arbitrary bit position among the
35 = registers of the register file. In a preferred embodi-
ment, the bit store is located in the status register.
This bit transfer feature allows for the direct manipula-
tion of register bit positions without having to perform |



35 . registers of the register file. |In a preferred enmbodi- nent,. the bit
store is Wwaxes/ad2i n the status register. This bit transfer PERUFIHOMHE ows
for the direct manipula- tion of register bit p05|t|ons wi t hout haV|ng to

perform WO 98/ 44427 : -5—-
PCT/ US98/ 05049 -5- nunerous and ot herw se, time- consun1ng reglster shift
oper ati ons As is typical in.many nicrocontrol]er ‘appli- catigns, the
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of the otherohitstionds Sa en%tgw 107 15 Gfa ﬁl@fé@én@fblﬁeﬁ* tiol | er
typically |ng?%deslgh? |ﬁsﬁruc ions to- proJﬁée |eft- and ri i)Eﬂ'ftlng

of a regi st Fatipns, Ebée§§dﬂg¥gﬁﬁ% Riks, GRMRI$189 R sPRETR Jakum ster

i's achi eved jvehifghngichadce tmdeptdaﬂeﬂtp dfhethé obther botshe fhet .. This

10 dest t t that th t t b
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IS Tlne fonsﬂmtnﬂdesdshiﬁrlmmstrumtﬁuns(ﬁo{prmpxdelleftucandns tof

emen sfer I re nyent.i of.fer
more 1e i ASaRrER L ERARE b BP0 (i REBLLTEE"E BOUPR @
arbitrary bigiyesibibnposAtdomarte-anineyichey. msacr:hmeVed byoshddting bi t
enhancenent etggF?Lg?rtth {oe%&%t e(rls%],ﬁp(rjméléé n&# hfef@?' str?lfr%ofl I a Thi s

feature of thé i'nsS i on set i CIen
“i npl enkht i ndeshpactives operad-in, qamu:»rcg; tma‘éntbegnegbste@nﬂqrbment

thus furtheryafginget gabag Ci@mﬂeatdﬁr&implanméliy eb 5%??%@

m crocontrol [er of the present i-nvention, PTI ON CF “THE

DRAW NGS Fi gIn 1a§%%°&:s@ﬁ'@n§tn%¥qtd,%tlsoft%% ‘Fr?’é$%bﬁ9r anfereguings

present inveath@iibekri 6f %:@@Q*aﬁrt St hie] dYed t@piﬁprehahton ghel Bdt
‘register f|Ie |d§£t|f|ed |l ustrates the

const ruct i on-HRRERET r8§?§?§t"§q%n "t]frmt%?eeg‘?%?%‘?n?l}‘%viﬂtgﬂnl ﬁflg By 2. 4

det ai | 35t he tsgeseﬁflwuehe.amﬂﬂkessrspace consumlng means for ‘access-—
ing arbltrary bit p051t10ns. _ .

A compare—w1th—carry 1nstructlon prov1des
16—b1t enhancement of the elght-blt reglsters .comprising
the reglster flle. Thls feature of the 1nstruct10n set

20 prov1des an eff1c1ent method for implementing comparlsons
| of 16—b1t quantltles in an elght-blt env1ronment thus
further adding to the computatlonal capablllty of the
eight-bit microcontroller of the _present 1nventlon.

_ 25 BRIEF DESCRIPTION OF . THE DRAWINGS o L
Fig. 1 shows a schematlc 1ayout of the
_.mlcrocontroller of the present 1nventlon.
- Fig. 2, deplcts an 1nternal representatlon of
the reglster flle 1dent1f1ed in Fig. 1..
30 Fig. 3 illustrates the constructlon of the
_reglsters in the reglster flle shown 1n Fig. 2.
Flg. 4 detalls the reglster wrlte enable cir-
cultry shown in Fig. 3. _ ' o
_ Flgs. 52 and SB show the OR gate constructlons
35 used 1n Flg. 4. : . .
Fig. 6 deplcts ‘the 1nternal structure of the
_status reglster shown 1n Fig.. 1.”



CU|try shown in Fig. 3. Figs. '5A and SB show the OR gate constructions 35
-used in Fi 4. Fi.g. 6 depicts the internal structure of the status’

r egi steW%?%(ﬂmnn Fig. 1. =~ WD 98/44427 . PCT/US98/05049 -

PCT/ US98/ 05049 -6- Fig. 7 depicts the internal structure of the general
purpose AID shown in Fig. 1. Figs. 8A =/ 8B show two ALU subunits

~contained in the general purpose ALU of Fig. 7. 5 ' Flg 9 shows
t he progran1coUnter".i A rmgti o | ogi cal
addr ess usi ng. pagi-ng Eggu g 10# t%&r%&%%&ﬂﬁ% q%ﬁésgﬁfﬂﬂﬁ entlon
Fig. 11 degene:alhpumposbdagnt showncummngryl 10" " Fig. 12 is a

di agram of the ni crog-gayobhlzénaf ? %ﬁzo@r Hh° Wrﬁ%ﬂlﬁﬁ‘{ﬁll rfﬂ?%\%%gat e. 15..

registers shown in Fig 10 ows an |nput ena
BEST MODE &F @\RR?PN@I‘@!JTPIIHEOISRVEWI of Figh eference to Fig. '1; the

m crogontroller 10 oﬁlghegpgﬁgﬁgtth@yg&b@g@ﬂ:Edﬁﬁgéymxlaround an eight bit
data bus 12 structure.,” The data bus prOV|des a dat,a path for the-various

conponents conpri si n§i8helf diduskyates; the, foxmation, of &) 24PHAM ser ves

as a gener@bgilead aaa&-essAﬁsahghbalguthEGgSEEBrE lin Akcaspaics avitiwom t he -
RAM provi ges a set g g geed ei ght bit-.nmenory stores for_the
m crocontr eeprege népg nﬁ& OSe arithnmetic.and. [ogic unit . 25 ALU-i 22

~is coupled to the REEhSTERlFBbElb&spmhmldatmhdugnﬂmmenxnmnﬂuﬁtnym for data

bi 0 B bus. 12 and Fada Statbemicrdrell By ch, St dridy S o o

conpri si ngFide STAIUSOREGI’StERgawes@Bga@@oWWQ m@m&m in /Bl ts of
ALU-1. As ypll be explalned bel ow; the bits contained :

Flg. 13 shows an N-lnput enabllng AND gate..'

15  BEST MODE OF CARRYIN:GN'OI.IT THE INVENTION |

W1th reference to Flg. 1, the mlcrocontroller
10 of the present invention is deslgned around an elght
bit data bus 12 structure. The data bus prov1des a data
path for the various components comprlslng the micro-

20 :'controller. An on—board RAM serves as a general ‘data
store. ' An eight bit REGISTER FILE 20 separate from the
RAM, prov1des a set of hlgh speed elght bit memory - stores
for the mlcrocontroller. )

A general purpose arlthmetlc and 1og1c unit

25 ALU-1 22 is. coupled to the REGISTER FILE to prov1de
arithmetic computatlons for data stored in the registers.
The output of ALU—l is coupled to both the elght bit data
bus 12 and to a STATUS REGISTER 24. - Various status bits
comprising the STATUS REGISTER are set accordlng to the
30 results of ALU-1. ' '

As will bé”eXplained'below,'the bits contained
in the STATUS REGISTER 24 consist of: an interrupt enable
flag; a bit transfer flag; a half-carry flag; a two’s
complement'overfloﬁ flag; a ﬁegatiﬁe flag; a sign bit,

35  equal to the exclusive-OR between the negétiﬁe’fleg'and
the two’s complement flag: a zero flag; and a carry flag.'
The STATUS REGISTER is coupled to the data bus 12 to '
allow read/write access to the status bits. Additional



I n the STATUS REAQ STER 24 consist of: an interrupt enable flag; a bit -

transf er WDa§/M44427hal f-carry flag; a two's conpl enent overflwmﬁ%ﬁé%"@

negative flag; a sign bit, 35 . equal to the exclusive-OR between the

negative flag and the two's conpl ement ftag, a zero flag; and a carry flag.

.The STATUS REG STER .is coupled to the data bus 12 to allow read/wite-
access to the status bits. _Additional WD 98/ 44427

~ PCT/' US98/ 0503mpqnentapeaupiedc $epithe dntmdumti? hirchodehscpudTACK STACK

PO NTER usedpdPNTBRPGSEE! mercehb&/diﬁtlu@%ﬂns/ﬁémﬁﬁeranauabrhan&éh:ng a
timer; an interru gerU|t i,m ng and- control CIFCUItr g EEPRONl and a
UART. |/0O Bt Fﬁ@ king;| arER@edr A HE %ro 18angnapdy pat h

19 for the resfeeont éQi:b&ﬁ.tr&r da&emmm;esa&@@ UARDY OVIﬂesDHTAeRIEGa-ccess

i r ot - ncchSLER8 A iep) By SERE GRIVERd nboile h CEA BLERE et A7

indirect-addﬂmsSmboso&éntmolabmdes a. neans for recei ving an address from

t he REG STER FI LE, nan | % E@ %ﬁfgégf e 4 ¥$%£§e§qagk tg%cgg STER

FILE to the indirect-addr an a ress elther to
t he RAM or tboatmwﬂ.psatlowmm tmm&EGESTERtFBhEeﬂutangon

conponent s | 1 er INTES Ch.IS
coupled to ?5%%1 8%%6 ébﬂ Anlqriqffr red e odi mantg:o’%!heﬁgc’%&dgg M MEMORY
is a pﬂbgranﬁ%@%ﬁeFFaéﬁdﬁﬁﬁE@PQ' A 1“4#2@ﬁ%ﬂ#¢¢%?$%c??6nlépé@FT|ed by

t he PROGRAM L{H{BEERaA ﬁefaﬁtscte& e i ih ﬁ@mraﬁdtﬁedmmmm
| NSTRUC- TI ON_REG STER gram

omt he INSTR %&h
i nstruction ?%Lﬁecﬂaealxyt§ﬁ qﬁ@qﬁEéEbEQV ?Ehcﬂgﬁi?gtggeVarlous
control sigrREGISTEREFIDE! kel the indimiet-saddrfesarbuedlyyceNER@ns-I NES to

oo dante. m"?ﬁ%ﬁ%?aﬁﬁ%ﬂ%%%%@f%ﬁ%ﬁr S5 él"é%hﬁfﬁﬁ%?{ﬁ? "
i nstrutdi on eEUNDERoRBGONponents are. col | ec-
~ _The 1nstructlon executlon components of the'
' mlcrocontroller 10 include a PROGRAM COUNTER 28 whlch is
- coupled to a PROGRAM MEMORY., In a preferred embodlment
- the PROGRAM MEMDRY is a programmable flash _mMemory. A _
20 program 1nstruct10n speclfled by the PROGRAM COUNTER 1s
fetched from the PROGRAM MEMORY and fed into an INSTRUC-
TION REGISTER. From the INSTRUCTION REGISTER, the pro—
gram instruction is decoded by ‘an INSTRUCTION DECODER
- . which generates various control 51gnals._ The control
25 _51gnals are carrled by CONTROL LINES to the other compo-
nents of the mlcrocontroller 10 to perform operatlons in

accordance with decoded program 1nstructlons. The buses
coupllng the 1nstructlon executlon components are collec-
tively referred to as the program bus. The arrangement

30 ~of a program memory store that 1s separate from the data
store and the use of a ‘program. bus that 1s separate from
- the data bus. 12 is commonly referred to as the Harvard
archltecture. , - ' ' :

. As noted above, the REGISTER FILE conszsts of a
35 plurallty of elght blt reglsters. In a preferred embodl-
-_ment,of_the 1nventlon,_there are thlrty-two elght blt

‘registers. It 1s p01nted out, however, that the
mlcrocontroller wlll operate equally well with more or



tfvely referred to as the programbus. The arrangenent 30 of a program

menory store that is separate fromthe data store and the use of a program

bus t hatVP9%4M3%ate fromthe data bus 12.is. comonly refRsTVHPS0§04s t he
Harvard architecture. As noted above t he REGQ STER FI LE consists of a 35
plurality of eight bit registers. aPpreferred enbodl -ment of the

I nvention, there are thirty-two elght bit registers. I S pointed out,

hovever, { BalekNE el SkA5R"GOk RidTsndie S CYRld @ég%% i rore or

VO 98/ 4442 ewner

registers peseharkEometin Ianr_iElog'mengle-rteMW-;iurLs s eight it i ¢ and | ogic

o bR OB R ) TR

oper ati ons be- tweén regi ste FILE. . The 5'

output of RYeen E&Elﬁ§eli'§d5§é@k=tﬁé Aromythe REGTSTRR FEIGESTERTN® LE via the

dat ﬁtbgst lgutp &«ta wie! hx.be%dbaﬁus)%edseunhaww tad 1sﬁoal-ﬁll% ﬁféml oftthe o

eig it registers_can be co n pairs tq i.de | ogi-ca een

r egi sters.RE gﬁ STEB EFE‘?‘eF’F@dtgtébgﬁl%ﬁ‘Bl‘?P %ee%“ﬁé]ofb%ﬁsc’ﬁ bi t

Ir: egi St1 eri imoqrdetb.hr dethdgi ﬁaugggxmm lgllftL'Utﬁgf Iéilga‘rh ts bitY, :Zegwtéfwvm in -
I g. urnLn e of, .t he present. tlon

el udes reBPober Semblnef; s 5aTRn B prsvRges 1aahadl Mifesh:

regi sters Registers.R3In t]ileept‘éferﬁ'é@l Sﬁiﬁl@dﬁhﬂdﬁt,nddhm pm Q)flt puts A -

R0, B 8 e e D a ol ebppeiecd bl o

regi sters Fegistexs KsYbﬁneéSpéhpynoﬂﬂ<ﬂ$§xﬂlfnxteen bit registers R27/ R26

(X, 20 R29/R28 (YiurRihg R%Q fe zA A REGISTER AR G Gl S Sting of
two sixteen-Iline data bus es rOV|de respectively a data-in and a

dat a- out bEESFEP tFrE"sF‘?%ELQ@nlB §1e§|1§ tem SiFaultan AR VR s bui | t
up fromt hperﬁﬂdsZ’&hlrt&-&wbpb&ghtt lbd B reifipitiersy ®O ¢ IRB1.he Thgh- byte and

the fSOUt %sf&@ﬁk"ﬂ% inc ytc?xr%]; toh u'txst eAen BbI tC Vae}'lcf %hree |
inputs D_ BUS D ALUZH, D ALUZL. ' As will be descrlbed
below, the reglster c1fcu1try 100 is capable of
prov151on1ng the last six reglsters R26 - R31 as three
pairs of logical 51xteen blt reglsters R27/R26 : (X),
20 R29/R28 (), R31/R30 (Z) A common bus 1nterface con-
| sisting of two s1xteen-11ne data buses 102, 104 prov1de
respectlvely a data—ln and a data-out bus for the sixteen
bit reglsters. S ST ' ’ -
The data-out bus 104 1s bullt up from the B and
25 A outputs, the B output prov1d1ng ‘the ‘high-byte and the A
output prov1d1ng the 1ow-byte of the sixteen bit value.
‘The data~in bus 102 spllts into D ALUZL (low-byte) and
D_ALU2H (high-byte) inputs to the REGISTER FILE. '
The sixteen bit reglsters provided by the REG-
30 ISTER FILE are used as indirect address register pointers
for RAM and program-space addressing. To facilitate
memory access, certain sixteen bit arithmetic operations,
_such as post-increment and pre-decrenent, are provided
. for addreSS'Calculétions._'Althéugh it is possible to use
35 ALU-1 to provide sixteen bit arithmetic for the sixteen
' bit registers, such'opératiohs:would'be*quite inefficient
because of the eight bit design. of ALU-1.

N



The data-.in bus 102 splits into D ALUZL (lowbyte) and D ALUZH (hi gh-byte) -

i nput's t Gyé bgadass STER FILE. The sixteen bit registers prowcirsospsidee REG
- 30 | STER FILE are used as indirect address register pointers for RAM and

program space addressing. To facilitategrenory access, certain sixteen bit
“arithnetic operations, such as post-increnent and pre- decrenent are '
provided for address calculations. Although it i's possible to use 35

ALU-1 to provide sixt dire IREGESTERNEILE $bowhhénsiFigeeR b:b:ena;tpm ers, such

oper ations yauhddae, Quid e A" Lt LRALPECRHAC1 81 ntt0 iy dlegion of

ALU- 1. / 05049
-9- The REGbstea msmmlsimkgﬂnmher§a§né1tn@mmt@e§bmrd

arithmetic ){(kpeen il LA ﬂcgdtnecf{ﬁf!c&@ EH?:tB'éﬁ SEEB:%gLfsE@rs.

facilitate si |t conput atons rrnvol vi-n l-og |cal si xt’een -
regi st&rs. Fhe wrdtimetimiand ahegiegreitinAl AEUJE PSS& Gearedi '%lt de5|gn

custom zed RRASALY PSR Zéd €HCHpRELAE érsablfw on:ézeudxeﬂ iadirect
addr ess pointer The, ALU-2 has_a first ( ed ¥ ata out

| iy

bus 104 of Fﬁé1§E6¥%m$¥F¢4L$£ #ﬂ@lﬁﬁﬁﬁzaﬂg§g§ssBEGHﬁqrﬁbut
fed by a sehagt & kst :.Tﬂipaﬁesbles;énr1&19eaebgctaeadnau:a-tmm aoumlqusﬁm
anong three choices: a nu C fﬁ %gé nuneri-c val ue of .+1 agd
constant K TtN RFI‘I;J' - ALTPS aE Bﬁ(?kat 3%‘?@‘%{\1’?‘}%&%1’%?5 Bn the
dat a- ho busféﬂQbyﬂd(quepfom 11e. comhenselebtbhe1n@gme1ebts da ams-to be
updat ed. % 1 t S rfac ER
FILE. One F“r%dtc J"élt‘ﬁe 1%!1‘1’8% gﬁﬁg Sh? Sl %u%‘émt e Bﬁaﬁg‘%

while a seco@d|annnmeﬁ1¢rnahua 121 tbuphad aocPW§t@GﬁalbﬂﬂNbu§m¥®4 Thi's
arrangement M5 dPArB2 1ideli ﬁsbﬁc’cbv%h)é QUEDY iyistlaia ohthge from

~ALU-2 or fraom he register circuitry 100 he fdl1'owi ng control signals are

pertinent t 8at@eighdus |Wofa%hﬁwa¥‘§c§§§e§hﬁemqﬁ AhEREFeTERFI LE.
They iacl udgerd iEl—bé\L\iﬁd&PedandAAHDB Shh. :LsTh:@i@led to the bus

. interface 14’ of the REGISTER FILE. One 1nput of the mux
114 is coupled to the output of the ABU-2 whlle a second
input of the mux is coupled to the data-out bus 104.__
~ This arrangement allows the mux 114 to selectlvely output
.20 data either from ALUfz.or.from the reglstef:c;rcultfy
_ _ The follow1ng control s1gnals are pertlnent to
the operatlon .of the dlscussed features of the REGISTER
FILE. They include: V _SEL, ALUZ _OP, and ADDR SEL. These
25 signals are carrled by varlous CONTROL LINES orlglnatlng
from the INSTRUCTION DECODER. . 0peratlon of the REGISTER
FILE in terms of these controi signals w111 be dlscussed
below with reference to the program. lnstructlons of the
mlcrocontroller of ‘the present 1nventlon. _ .
30 The 1nterna1 organlzatlon of the reglster cir-~
- cuitry 100 illustrated in Fig. 2 is shown in the logic
dlegram of F;g._3,! In_oneﬂembodlmentdof the invention, _
thirty—two registers RO - le.afe_provided, each having a:
set of eight bit output'lines 121-and a set of eight bit
35 input lines 123. The actual number of reglsters prov1ded
is not critical to the inVentlon._“ S
_ Each register consists of a bank of elght _
D-type fllp—flops,'lndlcated by the “x8" reference withln |



25 signals are carried by various CONTROL LINES originating fromthe.

| NSTRUCTI ON DECODER.. (Operation of the REG STER FILE in terns of these
control WQIRM4e2™i | | be di scussed bel ow with. reference toPOTUSIBBHAEM -
instructions of the microcontroller of the present invention. 30

The internal organization of the regi stE9=cir- cuitry 100-illustrated in
' Fig. 2 is shown in t he | ogi c dlagramof Flg 3. In one enbodi nent of the

i nvention, thirty-}iwo sters Ro_- are vi ded, ving a set of
ei ght bit KRG E{]r}l?leg{‘igluénﬁl‘é st O"F Bﬁgt 5‘3935 iﬁguf’l}l Pnes 123.
. The act ual rﬁgmemfcomisteos bhevodeﬂutsgnof eachi ofl the efighitnvention. -

Fach, 1 e9i Stey 1 0ONRSL Scohofs ADK Ohe oLl Pel Y POl RaLh 905 enle du by

PCT/ US98/ 050utes 1123 caf hafregistep configt 6f tlnaelnpupuv pfneach? vfof a

_registger cqigl Sé§ﬁ1ftf‘1?yﬁyf:ﬁ%$| npUtpff\ggngfsggefgggg{:ey i'p-flops conprising

the register. I nes ;gl ster consist of the
i nput D.of each of SAS shewe| tntFigi p37 | be evepr nymhgrederegdssess As -

shown in Figp, Rathe,§ W&'@érédcéﬁbﬁt%ﬁue%oﬁﬁled toRéfeh@udputcomon -
i nput coupled to the ou ut of an elght bi t :aé’éerrux 130 th I|§0 nmenner,

the odd nuerdR eightiit Rl R?&nh aMABRREN

separate fhambded wﬂbﬁéem;emsters R31 haval adcbmmbhemphmlt of an
eight, bit 4:1 mu

[f &ectsgneo ts4¢iieﬁ[tb|t._
i nput’s’ D BIREPAY ﬁ%[%‘e %Yﬁnlj" or SUHTECSLE PHSUF'C’PB e “&ven num

bered regi sﬁtms:utﬁhb df lamueigl3e- lseteéts nuE- b82it STHeld:1 mapghBobit o
inputs to v, u h I gt |l ect or. D_SEL -
i s coupl edS{Jl c‘fa% 6&9 éf B%ésglgg‘?geleg?ﬁ ﬂ?ﬁggf |BT-§ sle(égﬁg third, or

~ fourth i nplR_BIS@kh mdtmmbstqssermzas inputi tet thﬁp&VeDBUSnb'f mux -
130 is tak%fé@@é&‘fs@éﬂé‘t brke dgt @ Ritg- 137h8e3868800R8 of jauy K IN of -

T o |5 st Bk L Rg S Set Ve ‘R Tnpt' Yo ehe”Bab " husberdl’
registers. A selector D SEL is coupled to both mux’s and
selects elther the flrst, second thlrd or fourth input
of each of the mux’s 130, 132. The first 1nput 'D_| BUS of
‘mux 130 is taken from the eight bit data bus. The. second

20 input K _IN of mux 130 is an eight bit constant which is
derived from the operand of certain 1nstruct10ns, as will
'be explalned below in connection with the d1scuss1on of
the instruction set of the- present 1nvent10n o
mlcrocontroller. The fourth 1nput D ALU2L of mux 130 is
25 ‘the low-byte of the sixteen bit output of ALU~-2 (Fig. 2).
The D_BUS[n] input to mux 130 refers to one of the bit
lines from the data bus 12. This bit line n is repli-
cated eight'times'as the third 8-bit'input'to’the max
130. The D BUS[n] input is used w1th the BLD instruction
30  explained below. ' ' -
The output of mux 130 is repllcated as the -
first, second, and third inputs of the mux 132. The
fourth input D _ALU2H of mux 132 is the hlgh—byte of the
sixteen bit output of AI.U-Z.'= Thus when ‘D_SEL selects ‘the
35  first, second, or third mux 1nputs, the even and odd
numbered registers are presented with the same 1nput,
namely D_ BUS K_IN, or D_BUS[n). wnén ‘D SEL'selects the
:fourth mux 1nput the 1nputs of the even numbered regls-'



be expl ai ned bel ow in connection with the discussion of the instruction set
of the pwesegMaszmvention mcrocontroller. The fourth i-npuPCDUSEENI04DT nux
130 is 25  the fowbyte of the sixteen bit output. of ALU-2 (Fig. 2). The -
D BUS[n] input to nux 130 refers to oneldf the bit lines fromthe data bus
12. This bit Iine nis repli- cated eight tines as the third 8-bit input

to the mux 130.- The D BUS £ input is used with the BLD instruction 30

expl ai ned B‘eﬁmﬁv anecpresputeds with DRALRL and dhednputsecofi he, oddcond,

and third ifiglered +8§i8H8rs3adre Iﬁe Seitdd) vt tHR A REbSE THguel32 is
the high-byte of , the sixteen bit_ output of ALU-2. _Thus-when DSEL _sel ects

the 35 f'l?h%tSJ-%’ékﬁhﬁanSF 2] Faerrﬂkﬁ% &nd . ALIRH AHePwEs Wikder ed’

registers asébdm@senésﬁl Dht Bheha i sk ditinel 48Ry Yed #A6, XK YN, agl D
BUS[ n] ... v%e selects the fourth nux input, the inputs of the even

‘nunberd |1§9915 08/ 44427

Pdcg / US?TE/ 05849 -11- tehe bankpoeEsedigit \cﬂn:]ph-mldﬁs. mespondﬂﬁgstof t he

0] nunber ed r.eqgiste arge pre t he U n T

o gni 1§ cancadt Featefef RobCOREY 5 Maikad w2 By Std gt 1nd Frops,

di scussi on telthe ) leadaeaﬁd ¥y asgexting/ tﬂ'agltsltqnls 1inhes b@Kko®f thieght
flip-flops I ng I

br ebent | ng Sk EFoPFhe By 283EREaE VD reditlees iR Flctirfior

f1ip3a ops.thd meentgénﬁentnenr dg She Hestihiecity cinfwabtingt ke pr esent

| nvent i on ignd heed) SKLPEL | { BebBrttind R thd %dé%ﬁtﬁﬁérat%ﬂenﬁ' ng on the

node of operation. a,sixteen datum may be witten Into a régister pair
as a one\Mﬁ%ﬁ?ﬁ&%n?lﬁndéFﬁﬂthNtbﬁaﬁmﬁﬁﬁﬁﬂt*?¥91§t¥?9¥ﬁ¥%rapﬁé§|§Fer as a

one- byte daf Lﬁhe%oﬁdsaﬁﬁufnl C ahl telgfhtabhﬁ: dathasingd rbwrbetéhl §hee as a

- one-bit datum

Jﬁ | exi- bil b aa rovi ded by t ﬁgl ectgr control
circuitry B3ASHE e’ésgﬁrf‘s"f‘ﬁe #@p siYndt SREFL By rPect
regi stter ancegistey mag helwreMtenThs.BSEmeHhhﬁNadtum. This flexi-

bility 1s_provided by the-selector_control circuitry 134
which-asserts the proper CK Signals'so that the correct
reglster and b1t(s) are written. The R_SEL and WE R
control llnes cooperate. to write the elght fllp-flops-
20 correspondlng to a selected reglster. The WE _XH, WE XL
WE_YH, WE_YL, WE_ ZH, and WE ZL control 11nes enable a
' wrlte to the s1xteen bit X, Y, and 2 reglsters._ The'_
‘R_SEL, BIT SEL, and WE_BIT- control lines cooperate to
write a b1t into a selected b1t of a selected reglster.
25 _ The reglster contents are prov1ded through the
mux’s 120 122, 124, the outputs of which are respec- o
t1ve1y the A, B, nd c outputs shown in Flg. 2. Each of
these output mux s 1s an elght b1t 32:1. mux, Whlch se~
lects one of 32 elght blt 1nputs._ The outputs of each of
30 the 32 reglsters are coupled to the corresponding inputs
of each of the mux s 120, 122, 124. The control lines
R OUTA, R_OUTB, R OUTC operate the mux s to output the
- contents of the de51red reglsters.
, _ . The e1ght-b1t output of mux 120 feeds 1nto an
35 8:1 mux 136, where the BIT SEL control line serves to
select one of the elght bxts. The mux 136 output is
coupled to a bit test clrcult 138, whlch 1s operated by
the BTST_CIR and BTST SET control llnes to test whether



control lines cooperate to wite the eight flip-flops 20 correspondi ng
to a selected register. The WEXH, WE XL, VEYH, VE YL, VE ZH, and VE ZL Lo
control | W4 ble a wite to the sixteen bit X, Y. and 2CTARO%/0ME.  The
R SEL, BITSEL, and WEBI T-control |ines cooperate towite a bit into a
selected bit of a selected register. 2512 : The register contents
are provided through the nmux's 120, 122, 124, the outputs of. which are

- ti Co {s.shown jn Fi cl t hese
oﬁfgﬁf rru;v | s an el % ‘E{? . {E%edmcﬁ J&e *‘gﬁtguﬁﬁ'é% f3%hg| ght bit
i nputs. The kdk phast &‘neatit cdrimes thér@B?SKBgcshtrolalfneoupl ed to the

(I;O%Zpogdlcﬁ%Bl nEUtClSJT(C?:En erat e trlire xS Eh gﬂfég%'lifﬁén%%ﬁgenflé roI Irnes
desired regﬂﬂﬁﬁ99°nﬁﬁ9 tPEﬂYlQﬁRriﬂgtﬁalnﬁlatﬁamebdt ragmsaerSSin 8:1

mix 136 m@raaltﬂwltzsehécargﬂ-ﬁweréﬂe@éré 0dé§éf£$e&”e giglls m;%se' ght

bits. The nux Is coupled. to a birt test circult his

oper at ed byalor?é? F q?%(f%qﬂé\g %%rﬁ#ore%%%rﬁometbemegneter VO
98/.44427 file and treating them as a single ' r ét§¥8/0§9ﬂ3e a2x~t he

The bR Sk SoRArBY mem iR, X A0 e ﬁ%tﬂc&@ﬁ#?ﬁ%?ﬁéﬁé&ﬂ! vee
mi-crocont r other Xowegicdwen o:gms;lstss @I_Ea:i&é)ltegmjter pEir mﬁ{ﬁiladgthgorrst gf-
th ht-b |

g SR8y Y reste RARGeUr, ol ed SRS IR REG RS} MA%RE

Three si x- ?eé‘ﬁ%rsttqreglms »f the Ra/ri‘el/fR?&nmnster I‘pa;:.manner “The
X—regl ster consists oyl ,{deglt% q-ngal,{ @&%}rﬁ?%mgq*g% g( .Eg i ster

consists of the regr ster pair: regis rs consr s s of the
R/ 31/ R30 r e§PBEEPLy SixCUifny r?tM of Big. £ N greakar dekatli ecThe control

circuitry laécetieki @nﬁ: llmogrleataerlw aidoodel antiRap dass st afy bfed 1:32

gecodelg whi EE %ﬁseé% n%nl‘r;:'espo%se hce ?azec c{iprygt K nSEr:I.e..S poF.r.]aSght ©

ecoding RS
output 11ne of the decoder corresponds to a reglster.
The outputs feed 1nto two enabling AND gates 142, 144.
Figure 13 details the construction of an enabllng AND
gate 50, having a one-bit enabllng 1nput A, an N-bit.

20 1nput B, and an N-bit output. The expanded detail in
Fig. 13 shows that such a gate consists of N two-input
AND gates. The flrst 1nput of each of the N AND gates
recelves the enabllng input A, whlle ‘the second 1nput of
the AND gates recelves one of the N ‘bits of the B input.

25 Thus, the gate 50 allows the B 1nput to pass to the out-
put, provided that the enabllng 1nput ‘A is asserted. -
Otherw1se, all N outputs of the’ enabllng AND gate 50 are
LOW. Returnlng to Flg. 4, the enabllng gate 142 is en-
abled by WE_R, whlle the enabllng gate 144 1s enabled by

30 VE _BIT.

' Continuing, each'of the 32 outputs of the en-
abling gate 142 is coupled to an input of a composite OR
gate 150 - 181. Each of the 32 outputs of the enabling
gate 144 is coupled to a 1 8 mux MO ~ M31. The eight -

.35 outputs of each mux MO ~ M31 are coupled to another input
of the comp051te OR gates 150 - 181. Each compos1te OR
gate is assoc1ated with a reglster RO < R31. Figure 5a
‘shows the ‘construction of comp051te OR gate 150. The
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out put line of the decoder corresponds to a regi ster. The out puts feed into
t wo enablwogsﬂ&&gat es 142, 144. Figure 13 details the consﬂmmw an
‘enabl i ng AND gate 50, having a one-bit enabling |nput A, an N-bi't 20

input B, and an N-bit output. The expadded detail in Fig. 13 shows that
such a gate consists of N two-input AND gates.  The first input of each of
the N AND gates receives the enabling jnput A while the second i.nput of the
AND gat es re@mpesitenfRogatee 180 qangistsoh ¢ight separaten s i he. gat e

50 all ows tt\@oBlhﬁﬁ'ét OROgB%%% tlcsotme- QE0oH PUIThT SNéBIt t mﬁputhemeabl ing
I nput A is asserted, her

put s .of - th nablin gate 50
oo Low ' Pergd reaoinTERg Trom ad auinn b e 9papEL8H. sBfeed?
whi | e t he qmbl isgccﬁpeea44tol thenalihest e of ViEREH . o£0ﬁhen0Rng,at(ee£h of
the320ut igg blin ae.142|s L 0_an_Lnput _of a
ne" ghe 'l el oiife ol fof Rt BReer
corrpo f ng gate
144 is coupfﬁdmtohe dupuors B im.MSMO Trmahgmf ﬂ5e 1nputpi|1t|.nesf I®ach nux
MO - MB1 arge_coup tQ a th t, g - 181.
Each corrpos:f'sf‘ec?] Sggegps[&&ss%aar}feaégoé%éa regrs erihﬁbgqﬁg% alll—:lgure 5A
shows the ceeenreathonfotheo @i gatesOd yateugbed tghthe C 484 4£X0
Foor Fopat O Sk} 2opeBRROVE N ot e e ehou fledl 801 SOMELE 1 om
an oGut - FORAETEREBPPNGPRIESLAm GARPISLEe PR RESST REOL Fr $75nput of
each . oftthe]c OR gﬁ]es §tetu€,}§9,fe_, tolﬁﬁl@ thﬁ@t?h%lﬁatt Sbﬁgulbfl ithe 191
originates fromthe outputs o ach o €_inpu ines
coupled to ?ﬂ’épgﬁéﬁﬁdoﬁnﬁétt%ﬁ' zﬂ?"@i%aﬂées‘ A5 @R, t@lseéﬁ VE€alh ti‘rl’%dn
gates is coiggpetl.toThliie Ekixdandgutd coﬂg)fﬁmoﬁﬂe%ft bref WEpXfl,0ps of :
178 “Retur iBekhe BRgYL, WHLIAL R % hing n 2 EBEFPL LsRece” namei
175. Retur 4, t 1y ﬁ%nggf‘? §t'es, nanmel y
gat esla76 -reBatlhgvtoatﬂalel Mi‘ltlng of the X, Y, z reglsters. As can
be :seen in Fig. 5B, show1ng the deta11 of compos:tte OR
gate 176, the addltlonal one-b:n.t control line 194 is :
‘coupled to a th:l.rd J.nput of each of the OR gates 176A -
176H. Thls constructlon applles to composlte OR gates
20 176 - 181.
As ment:l.oned above, the R SEL and WE R control
l:l.nes cooperate to wrlte elght-—bJ.t data J.nto a selected
register. ThlS is accompl:.shed by clocklng the data 1nto

the fllp-flops correspondlng to the reglster. Con51der,

25 for example, the wrltlng of data 1nto reglster RO. The
five bit control line R_SEL is set to select reglster RO.
The decodexr 140 decodes the line, thereby assertlng the
output line corresponding to reglster RO, which is cou-
'pled through the enabllng gate 142 to the input llnes 190

30 of OR gate 150. As shown in Flg. 5A, the input llne 190
51mu1taneously clocks all of the fllp-flops of reglster
RO, thereby 1nputting the data appearlng at_the D input
of the flip~-flops (Flg. 3) _ | : |

Before dlscus51ng the R. SEL, WE BIT, and

35 BIT SEL control lines, turn to Flg. 6 for an 1llustratlon
of the status register 24. .It con51sts of eight
fllp—flops, one for each of the. status b1ts used in the
present 1nventlon' an 1nterrupt enable flag I. a blt



input. This third i nput comes fromone of the WE XL, WE XH, WE YL, WE YH,
VE ZL, and VWE ZH control Iines, 15 relatlngtothe writing .of theX Y
'Z regi st¥PI8A4MEE can be seen in Fig. 5B, showing the det aWT'ﬂ s@é?f'ﬁosne OR
gate 176, the additional one-bit contrql line 194 is coupled to athird

~ input of each of ‘the OR gates 176A - I76H This construction applies to

conposite OR gates 20 176 - 181. As nentioned above, the R SEL- and WE R

TTs b REApRRRRALD 1A W el S PR i SSRGS S
to the regoverflowCdlagidh, @negatiiye mma: a reslgm ibithgS pfea@eal into

regi ster e te egi-ster RO.
The decodeR?o E%gdee?:éo glséitlvthee trllieecﬂwtéhéeﬂr]g%ﬁ 2?’55%‘??3 t]%e ﬁ&ﬁ%h ine :

cor r espondtwg’ smpewgzlemnmlam @h ﬂ%‘%(ﬂ—a‘bl%'d angd cﬁugﬁm £¥a%| €ng gate B
142 tg theqphaPyhphitNes e &thpﬁﬂ% G a:lléiﬂ dirscElipWo ithé&i 9. 5A, the

I'nput 11ine_190 S|nultane cks, al | e flip-flo regi ster RO,
t her eby i nBuﬁF?n&%q}aﬁé“%p 5&’{%@'%‘“1 ﬁ"é’ ﬁq}%&tﬁ&fp'fﬁ}? 1#%-f1ops (Fig.
3). Befor ecdupgeasrvﬁ@ it I&ElgaﬂéEtw Ehearwl S¥T corBif&Lli)wtami tones, -
turn to Fi r..an ratlo stat e consi sts. .
of eight ffg'PE PP% él% (S:H:Je r56??{% hgﬁ% ﬁgo%b ]lz?fn?:h’éhb?esent '

i nventi on: fadphﬂetpsjmreermme‘d agia ‘theix trespemgﬁfélmwates to-

PCT/ U398/ 0 9 r4f f

corrplygrrent égéerf-% Hﬁa{'ﬁ air{gegaat-ﬁdve 41%{963 %idaﬁ‘t A@&E‘H.f gpfequal to the
excl usi ve- @lbagv@é@ é’@&( (Fdofl dgdand the two's conpl enent flag, a ~

zero flag Z and a caif %l aCade rec%éé‘%et&éﬁ\&é dtigpilep is tied -
dlrectlytothe FSET contral.. I'ine.. The_in tothe .I -flop:Ls coupled.

via the ORThS: stpfushregistex flags 'cmcheo %% 3 ReIRERE P RD gate:
228. The thpuiflays tﬂiﬂarmdanma ftiitx fﬁm%@&wwf et:heyln omnr

reSpigtlvecontga&eilne. The output of mux 202 feeds 1nto a
bit-test means 208 to produce a BR SKP control 51gna1.
The mux 202 output ‘also feeds into AND gate 218, the
output of whlch is tied to the bit W of the data bus
- D_BUS[n]. Addltlonally, the H, S V ‘N, Z, and C flags
20 feed 1nto the general purpose ALU 22 dlscussed below.
' Each fllp—flop includes a reset R which effec-
tively allows a spe01f1c flag to be cleared simply by |
"resettlng its correspondlng fllp-flop. Each reset is
tied one of the elght outputs of the enabling AND gate’
25 224. The enabllng AND gate 224 1s ‘enabled by the T SEL
:control 1ine.

The clock 1nput of the T fllp-flop is tied to
an output .of the enabllng AND gate 226. The clock input
of the T fllp-flop is tled via an OR gate to the enabllng

30 gate 226 and to the T SEL control line. The remalnlng
fllp—flops are tied via their respectlve OR gates to the
enabllng gate 226 and to the E_SETADU control line. '

A mux 210 receives input D_BUS:from the 8-bit bus..
The BIT SEL control line outputs one of the eight bits to

35  the AND gate 228, the output of which feeds into the T

'~ flip-flop: The T _SEL control llne serves as an enabling
input to the AND gate 228. S C



10, the FSET control line and to the ei ght outputs of en- abling AND gate
230 (Fi WO 442720 8:1 nux 202 receives the outputs of all PET/USAYOIMY s
register flags and outputs a selected gne of the flags in accordance with
the setting of the F OUT 15  contro¥¥he. The output of nux 202 feeds
into a bit-test means 208 to produce a BR SEP control signal. The mux 202

out put al so feeds into AND gate 2 t_of which,l | o the bit
N -of the data bus D BB S[l‘FPa%%'AJ’& 3”1’{% e’iﬁuﬁ‘g Fpeelves H‘ggrt g%(? flags
20 feedthgtgehagage@a@yowmseﬂlaﬁ jsli enalsted bgl the Each flip-flop
i ncl udes a_r whi-ch effec- fl; | ear ed
simply by ?—e%ﬁﬁq‘ﬁ F’f‘% (?g‘r rlég’ﬁo'nd eipcﬁ‘?ne égﬁgé ﬁgse?alatsl,:%t Fglc?one of ..
t he ei ght guatussfmagshte@mbiledl ntND ekm dur:kag anTABUegPETAaT AND
gate 224 | enabl y es; &l t I
1820 glg wtl g,u%E ,T%iie a ﬁ'ifthl 2 dbeifil 86knkRRYbrO it

flip- Iop an-ou ND gate 226. The clock
i nput of tuheriscpsfsllqm if thhed AL 22 OR gate to the enabling 30 gate

226 and to the T SELqy od#}@ 20 Thezé@"&é&hnaeabaasflta&snarssﬁl ed via
their respective OR (¢ at es t e enabl i ng. gate 6 -and t éstiI?TALU '

control | mentnoﬂcmllznso tae@ssart |9ﬂﬁlt°f) Bt ?F-SH'Ft Rgtgu he BIT

SEL contro g bl tﬁzBO 3k ttllve D gt 508,
the out put fO%dV\EnQ%t @g{ea(?sl Iri'ﬁ% QiND pateeghp2 respec 1AN

othe T fli: E ;mev\%_gg ontrol‘Jllne
servd® as BnCERaFOMFAInpuing CRaR SR ?e 2%s.
PCT/ US98/ 03948 =hablH fiadl22¢. AND gate 230 receives i nput from t he

" general purpose ALU IS enabl edb Thls |
el ement serves to upﬁ’teea'f% st Jge?ﬁégagegg?% grom t%h?aﬂﬁj%fjrl ng an

- ALU oper a- gatest 2a2, Dis feedime tnteussedRf gatee2lién cThecaatm 244h the

di soussi onygl, Gl st A TpSERIEES 20%coRPlesnel daeodis: 14 F SEL

15 The other 1nput to gate 214 is coupled to the FTST CLR
control llne. The 1nputs to gate 212 are the mux 202
output and the FTST_. SET control llne.

. The mux 202 output 1s also tled to AND gate 218
whlch is enabled by the T_¢ OUT control llne._ The output

20 of AND gate 218 is shown coupled to b1t11ne h of the
elght—blt data bus. '

t The dlscu551on Wlll now turn to another feature
of the elght bit mlcrocontroller of the present 1nven— '
'tlon. Recall from the dlscus51on above, that prlor art

25 | techniques for loadlng or storlng an arbltrary bit p051— '
tion of ‘a reglster requlres reglster shlft and/or regls—
ter masklng operatlons, resultlng in less efflclent code
and increased code 51ze.. In addltlon, this is a destruc-

_ t1ve operatlon, requlrlng that the reglster contents be

30 . saved 1f the orlglnal data is to be preserved. ' _

) Con51der the R SEL, WE BIT, and BIT SEL control
'llnes shown in Flgs. 3 - 6. These control llnes operate
the reglster c1rcu1try 100 (Flg 3) to effectuate wr1t1ng
a 51ngle bit to a spec1f1c bit locatlon of a selected

35 reglster.- The b1t to be wrltten is obtalned from the
status reglster 24 and prov1ded via D BUS{n] Th1s 1s
_accompllshed by settlng F OUT (Flg._s) to select the
output of the T fllp-flop at mux 202, and assertlng T OUT



control line to assert one of its eight outputs, which feed into.enabling
AND gates 224, 226 respectively. The 10 FCLR control I|ne enables gate'.
224.  TheV@SE#44@ntrol |ine enabl es gate 226. The bit test® BISHE

. consists of a pair- AND gates 212, 214 feeding into an- OR gate 216. The

- gate 214 has an inverted input mhlch |s]ébupled to the mux 202. 15 The
~other input to gate 214 is coupled to the FTST CLR control I|ne The

o 9035t S e il 508 24U AL S ST spbTehe! | e
TOUT controldaluméus.Theﬁm:qmnlrm th@fbmmgmmeilﬁrasl@hbmatoepcbd to

bitline no r 0
anot her feanlﬁe 0 eg'@e el&h%I tm crocont roI | R{bVﬁ]ﬁ& t?g\ge%% i|alr§{'/:en-
tion. Recal32fr &¥ tm%(ﬂfsé?ﬁlalﬁﬁ%ecﬁw 13?? o‘?_%f-ﬁm]s inpukcAfi-ques

for | ?edl n%nﬁ&z Sitsgl NerHs %&{ééﬁy élzné PDEito tb@rwﬁteeﬁ;ateaseﬁé rleqw res
register shi and/ or regis- ter ope ons, resulting,.in.less .
efficient cdd®uh®s r?@rleééfe(f'%og’s‘? zﬁlgpﬁ rPé(ﬁ#Jc | O, Thej ke gég*é e48st r uc-
tive operati(@ig.r eguir ICtg'xsitPér,t mmr E@t&&i}ﬁepdﬂiwtﬂl@&ﬁ isstuoedei f the
original data.,i,s to_be eserv nsi der the, SE | TSEL
control |in %ﬁn k&l C% Yhe é 5%%’(% %%?a#e ‘Ne
register C|bunurql:mﬂheiﬁuhldh iS)sﬂﬁexntsalﬁat|req@§t83|ngﬁe it toa
speci fic bi d The b itten
S obIlal ned#r%%%gi’staﬁﬁos reeﬂsféﬁg% ande&!r’ ;év% edtv??eD%%E%Q BS his is
acconpl i shednigy csdiRuthgl FeuT ('Ihqg WE)BID e@nmltmeumu@seertﬁ@ %o

flip-flop alermnLQhe AULbRRSE Gttt AT pasd R I¥Hd4orfput of the 1:8 -
PCT/U898/05049 16- to enabl e the Ah[ygate 218 to: drlve t he_output:-onto, the

_data bus. Frﬂﬁrrﬂqum%ulﬂ ttP TR EX R7 60| RABR LR WX M26 e @f’&
out put |inegmaf gHIC dBhtrcl0 mcé,ofwnmrns siée tdi)yse'lééﬂebﬂt ﬁoSEtlon

sel eCtlSn 9 tltwol?- BUSJraltelsn%Ja{cﬁ) mux, :mcludlng mux M26 to gate J.ts
one-hlt input to the second of 1ts elght outputs. Con-
tinuing from mux M26, its elght output lines serves as
' input 193 of comp051te OR gate 176 shown 1n Pig. 5B.
Each line [0 - 7] of the input 193 passes through an OR
20 gate 176A - 176H to a specific fllp-flop. However, since
only one of the lines 1s asserted, in thls'caselline [l],
only one of the fllp-flops of the selected reglster is
clocked to recelve the bit: ) :
N The dlscuss1on now turns to the general purpose
25 ALU 22 of the present 1nventlon, shown ‘in F1g._7. The
ABU 22 consists of a plurality of operatlon subunlts OPl
- OPn, each capable of performlng a partlcular operatlon.
'_Typlcal operatlons performed by the general purpose ALU
include addltlon, loglcal operatlons, and shift opera-

30 ‘tlons, each being performed by a separate subunit. The

' 1nputs to the ALU, namely A, B, K IN, and the flags from
the status reglster 24, are fed 1nto each of the sub-
units. The subunlts s1multaneously perform their corre-
spondlng operatlon and generate elght-blt results 22C and

35 six-bit status results 22D. Thls parallel archltecture
prov1des faster executlon tlmes over ser1a1 1mplementa-
tlons, enabllng any ALU operatlon to ‘occur within a’ 51n-
gle clock cycle.



5 .. mux 130. This presents the bit.to be witten to the i nput of all of
the fliwddspaszof all of the registers (Fig. 4). Consi dePCTIUSPS/E04AM| e,
that the bit is to be witten to bit position two of reglster R26. The R
SEL control line, which is set to sel ed’Tegister R26, i's 10 decoded by
decoder 140 (Fig. 4) to assert the correspond-- |ng output Iihe The WEBIT

control line is asserted to .enable the decode u o, t he input
of the 1:8 nux correSpotdMdNG i HeFukss, g%g Ey%: ]‘EFI?e BI T SEL
control |'f‘€ed\’\‘ﬂhﬁb s&l%%ttdromeCtTKéts@Décto:onléSccnteredaé:wt es each

mux, includin S e- bi n h fit '
ei ght outpMJgg Eo ko PPWEFH% ?ﬁéi§ﬁ6°£|%§ U%Sh?hg ?BZ?BEQ%ES series as._
ItEpUt 19? ?%gﬁﬁm%bhfhmhmﬂa?o%wm i nThe gstaBusExesullitse 220. - 7] of
e inpu assSes rough, .an t 6 7 t f
flip-?1op. arf-'ioﬁé é @goﬁﬁ’%}]tﬁt%%g?n?%gal ?ﬁéé ﬁglgésgrétde nqﬁpteﬁ: sI gase
line [1], séil.ﬁcebt atza whifdh pis |aokmso wonmlbeécbﬁdhng_@ﬂ?etsq Fhatocked to
receive thﬁp tatlg ¢ a&@ééxorw%éggéstghthstaeaer PsRitROTORe- ALU
sENE TRV ET he

22 of the shown | ALU 22 consists of a
plurality spondenatMchhﬂnﬁﬂlQPtyﬂ °P€¥%t1@§ch capabl e of performing a

~particul ar operationmp E’W'z?ﬂﬂﬁé'mélﬁaééoaﬁeﬁokygh&e oanemd $ur pose
ALU i ncl ude addltlon %glcal .oper at.i ons, -and shift .opera- 30 Rﬁﬁéons

eachlBei ngnpueft-dnps e §E%%n*? PEREOEASu namel y
A B K INgpapdtikm fﬂe_atgseéﬂ Cé&élheoftﬁhdseigntSbeltSZéf e fzethndlttheach of

th b- t Th |
operat on Bnomgutara T s TouiEPE o83, Enk bl BB iPidds en no
results 22Pntolhthe raargﬂﬁ elmaeﬂhede:‘:nputspmﬁvthesAN@sgalteaxedmemrAtr mes -
over Se“a}amgﬂ' em“”tﬁ% “0 gbttggxaayoétyata%awm 't OfSgdc W thin a

.sin- gle c
PCT/ 0898/ 05049 ]rhlsC(milh m:angsethherwul gate2 topputmats dtﬂmq v

when the CPSE control 11ne 1s asserted thus assertlng
the BR_SKP control line. | o " _ )

As noted above, each'of the subunits OPn pro-

_ v1des a spec1f1c arlthmetlc or loglc operatlon, operatlng
20 on the A, ‘B and/or K_ IN 1nputs to prov1de a result 22C
| and updatlng the approprlate status flags. Flgures 8A
and 8B show two typlcal operatlon subunlts? Flg._BA 1m—
plements a 1oglca1 AND between the A 1nput and an 1mmed1—"
ate constant prov1ded via K IN, F1g. 8B 1mp1ements a
25 1og1ca1 shift left of the A 1nput. h _ :

‘Tuarn now to Flg. 9 for a dlSCUSSlon of program
sequen01ng. Instructlons are fetched from the program
memory 25 and loaded 1nto the 1nstructlon reglster 21.
The 1nstruct10n decode 23 ccntalns loglc for decodlng the

30 fetched 1nstruct10n and for produc1ng control 51gnals
~ which are carried by the control lines to other parts of
_the mlcrocontroller to execute the 1nstructlon._ The -
1nstructlon decoder . asserts SP_ INC and SP_DEC to 1ncre-
- ment or decrement the stack p01nter 1n response to sub-
35 routlne 1nstruct10ns and 1nterrupts. _ :
At the same time, the 1nstructlon decoder 23
, also produces signals for "1ncrement1ng" the program
'counter 28 to fetch the next 1nstruct10n. _These_51gnals



feed into selector 22A. The selector is controlled by ALU OP to output

- the results of one of the operation subunits onto the data bus 12..
" status reYOMW4442ID. 5 are handled in a sinilar manner, 858@8%95&& fed

into selector 22B which is also controlled by ALUOP so that the status
regi ster 24 receives the status resul ts"H&Tre- sponding to the sel ected’
operation. The ALU 22. al so includes an XOR gate 23 and a 10 ni ne-i nput .

o br e g 1) Than by L1427 S5 SRE bRk BRRRRR0L" (1
oper ation anxsédbdfcmtth@ae mghruchxensemlqhuspeoifyhe hnanght to awhen A =
B; all eight L ah L QR | wDEw! " QsedlNi s
will cause1ﬁ¥§§$$§éa%%g%%§03§FL?f$o |t&"1¥b§hgn ?hggéﬁgéécaﬁfro I|ne i's
asserted, trmrat‘émmh@stmcm ‘eb-ht:hoﬂipeﬁ:h’éy fervwarddandobackwazd of -

the subyni tsré?attﬁt@ bfaﬁasea e&ﬁfaﬁodﬁtt Metif BachO8iECtARSEAL i ON,
operating 20 on KIN i provi-de a resylt- 22C and

n
updat i ng thé’%’iﬂﬁop‘?‘?%t%“%‘?%%ﬁ% qi a§s°°nt$bﬁ?@slBAt§ﬁdlBB ETRGHh1oRo t ypi cal

operation suin&ite3r Rogd 8#2!- nsl@hsnenaﬁeauéeal €8k ANprehmmctlioné I nput
and an |mmu%h?ate const elﬁrow ed via K ement.s:-.a 25

| ogi cal shif PmRgr t P t- °ﬁﬁ?ﬁ°ﬂ% ?dbﬁlgklgpfgngﬁldpégﬁ?fpbn of“
progr am sequiemti ngpon | tisé rsiize oo the insthudtionnbeﬁngpskgppednenmhp 25

and | ed unt .t ot T r d g0 -
conta?ﬁg Iogldpfor ecod%#gétﬁeléﬁgéﬁéﬁ ?2% ea. $§°§?§%t§§%h§%d ? Qi'glroducmg
control sigmaxt winstrackiensri eﬁnbgrd@h'el@rmttbe prnqsamoconnserparts of -

the ni cr000@é&i\%stﬁ£&€cy}@mttﬁelfé&iaeéi-osneTBe EBpt EHeEleORndecoder
asserts SP I'NC and C. to incre- nent or decrenent the stack pointer in

response t o SkcHipns kaﬁ?ﬁ%t%H§¥?u€P?oﬂ§ tRe ¥nt Xrr OFt . TROiEkETrSae
tine, the ingd rild i SouEEE0SEItHS ali@PePE OPHCERe ShERE! SnEerustaensment I ng”

the prpr am GOuIL el 28 oSl Lo "ele tVEL Y5hL0 ron "8RS TS

as another source of the address of the next 1nstructlon,

the location in the RAM belng spec1f1ed by one of the X,
Y, and 2 reglsters or the stack p01nter 26._
| ' i Typlcally, the 1nstructlon decoder 1ssues the
20 welw 51gna1, caus1ng the program counter 28 and program
flash to pre—fetch the very next 1nstruct10n, while the
_current 1nstructlon 1s executlng.' However, when the
| BR_SKP control 11ne is asserted, the program counter 28
and the instruction register 21 are made to discard the
25 pre-fetched 1nstructlon, compute the new address, and _
fetch the new 1nstructlon, the new address being depen—.
dent upon the 1nstructlon. Further detall w111 be pro-
- vided in connectlon w1th the dlscuss1on of the spec1f1c
”branch 1nstructlons. ' '
30 Another feature of the elght b1t micro-
controller of the present 1nventlon is an enhanced ad-
dre551ng capablllty as shown 1n Flg. 10. Shown are three
addltlonal registers external to the REGISTER FILE,
'namely the RAM paging reglsters RAMPX, RAMPY RAMPZ. The
35 RAM paglng reglsters operate in conjunctlon Wlth their
correspondlng loglcal sixteen b1t reglsters X,Y,2 to
_prov1de a greatly increased addre551ng range - as compared
to prior art elght blt mlcrocontrollers.- In the dlsr'
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i ncl ude: WQ98/49427+q, +3, +2, and +1. The "=q" signal is usBETUSPHHELe
i nstructions which specify a branch to an absolute address q. The "+gq" and
"-q" signals are used for those instruct}®ns which specify forward and o
backward 5 rel ati ve branches by an amount ¢q. In each of - these cases,
the quantity is. contained in the instruction. The "+31 and "+ siggals
bre Used foFlosed SRRGLINTHHe, Lha kAN BESLDE FeRaRrars: At RIdhE -
SEI ppgd bei ﬁr@qiensars dernowwrt heh iz ésohotherindicalGt iama bt mhbkl pped
The 1 "$1" Si nen rogran1 u e next

I nstructi ong %?nggtﬁ Or%a% hgﬁ bﬁygﬁltgﬂfn gn F&?éﬁ\y g}q%ﬂi) l?om t he
register flbeqmsﬂErsthammngra difﬁerenhsbwhldhngthllze one of the X, Y, or

Z regi §]ters as the soyr g fe]?]['lltlgetgdg¥,§ @HeER%ﬁP‘% elr&sgé#{téé)& ta2 The

progra count er -al so recer ves nput as ahno source of
t he addr ess tdon lvef ot thetaddress, 1shbub.&taupoa.5| shoven RABAGH reyf

fied b ..
el o Dl gal iy o qffefs! 58 ShRERCnAAR, N R S
the programseendiag zssxwemprbrgtanewatmrt-o Bex- aeqamhehetm;exg;xt

i nStruct i ong,jyhi '&%Cﬂﬁeﬁagiﬁ%tréeistar' RARESC Wild GondduByPEeq When t he

BRSKP control line is asserted € _program coynter 28 and the instruction
regi sBfr 21witd Ehe shrteerpitenefothe Xyregdsterod tonsiomRd on, conput e

the new addremtywrbdetisit tdedpessi NSThuehieop reﬁeaﬁaaNemBBaimeﬁe;ng

connect i on HEn SR R P D AMEE  HeERR. AP, L5 o e e, 20’

~. Anot her f ea®ifr23 .of. 16&3afghhebtWentdeeurobutoUbgucmlIaddrsssﬁHWhlheentlon

Lhr o6 add: 1 ara P L6 [GRR0he kBRI RN ety A aog BagED )

pagln@5reg|@ﬂéﬁ%XﬁﬂﬂwéFﬂmﬁnfﬁhhﬁztwemhw-ﬁsur bRMwhangQ}raﬁﬁmﬁ$ﬁs oper at e
in conjunct ipg W 6déi’r&f§§gaﬁ' B¢ kRILCaArrindifintdiis rEUsSt s XYZ

to provide ncreased. addresstng 1 ange a3 SConpar ed to prior art
ei ght bit mﬁéknhﬁﬁ#cﬂﬁ%r% 1024) t RaYEFs- €ach 64K page being accessed

by aaﬁelght bit RAM paging register for a total of 256
pages, o S
20 ~Turn now to Fig.'iz'for a descriptiou of'an
' 'embodlment of the RAM paglng reglsters 1n the context of
the dlsclosed embodlments of the 1nvent10n. Each of the
.RAM paging reglsters RAMPX RAMPY RAMPZ is - coupled to the
'eight bit data bus 12, to receive an eight bit page. ref-
25 erence durlng program executlon. A selector 11 (for
example, a 3 1 multlplexer) recelves the elght bits from
each of the RAM paging reglsters and transfers the eight -
bits of a selected one of the RAM paglng reglsters to the
output of the selector. The 51xteen bits of the bus :
30 interface 14’ of the REGISTER FILE 20 are concatenated
' with the elght bits from the selector 11 to form a
twenty-four bit address which 1s carrled by the 1nd1rect—
address bus 14.
The extended twenty-four b1t addre551ng of the
35  invention allows for the use of externally prov1ded RAM
(not shown), since a twenty—four bit address is capable
of address1ng 16M (16 * 1024 * 1024) of RAM An external
twenty—four bit address bus 17 and an elght h1t data bus'



WD 98/ 44427 PCT/ US98/ 05049 -19- cl osed
enbodi ment, the RAM paging registers are eight bit regi sters. 'However, -
this is WO®8442Tical, and it will become clear that the iTRAHIBARMNDan
easily work with registers having a different bit length. 5

Referring to Fig. 10, a schematic repr?ésent a- tion of howthe address is -
built up is shown. Each of the RAM paging registers is concatenated with
its corre pondi.n en bit_reqgister the eight_bits of
e Bt kgAY GRS el el At e R r P ReSh bR, o
of the X negi st extermainRAN V\(amt/ slmwnbu :Bnioheserdahoethﬂethrtherred

gpb?ﬂlen?m?ﬁ%ourqﬁ%&%@g;ﬁ'@ r ess, vvh]'?:?I'lﬁ e’ sm?eeﬂ b| {s:&zfx'g ﬁg X )

regi ster m%n-‘heﬂ/@v S!P'ctfé%) d5the UPTB'stQIJ_CB RAM; @adtbhetewheynadur bit

| ogi Gl a;gwsc aﬁ.émﬁ&a CAGREESE Dypdde S afh@NREEESYERS & set of
64K byte 4 * 10Z4), page each 64K page bei ng accessed by _an eight bit
RAM pagi nd H&yioqamwies %oﬁ’a‘r's%ﬁ%@ logations, followed;RYnow to

the cont e anes lf‘“‘f’f“%d a0, oo roknate) endetheiGhoReal sters in
e context .o i scl ose i ments o e nt { .on ach o e

pagl ng redit &hd ﬁ@iﬁ%f? ﬁ%%?’e%“?bryﬁ?éeﬂ‘%h@ﬁl Flg%t a bus -

to recd \mlearmm.ghtrﬁn trewsgindef -of5the mdmessdspaog)j)soprom :

exe tion f ex [ egeives the

ei ggtl6 bits ‘1fdé é'gc xjrgahf % pg%%\% r%b%s%deé}slé%% gns érggt he ei ght
bits of a(@@léctn@@s;rlm glenoxy wapﬁagmg q»égttseems-boamemenoput of the

Sl eoho" (TSR Bl 1 ledds bl | ief {@Cend refih 1hifigREC STER

FILE 20 are concatenated’ bltsfromt e sel.ector to forma
t went y- f oAdFasSs F@ngs Nukenh(16M c"arH empmﬁ/ tpanemery etecatiignssinpus 14.

The extende teaw&ma‘loml t la:%?”éséhﬂﬂe Oflf h&@%n—béé‘f&“ﬁéﬁ&rﬁ' | ows for
the "ése thaethaeﬁ:n 1y cpf Ovtiigebytes, then the on—board address range
is $00 to $FFFF ("$" s1gn1f1es hexadeclmal notatlon), o
while the address range of the external RAM is $10000 to
$FFFFFF. It is noted that the amount of on-board menory
can be varied without affecting the utility or operabll-
20 _1ty of the present 1nventlon, the actual amount memory
| dependlng upon design crlterla such as avallable 51llcon
area, dev;ce geometrles,"and de51gn rules.
In order to ensure ‘that the on-board memory and
the external RAM are correctly accessed for a glven ad-~
25 dress, a second selector 13 is used to transfer the ad--
dress either to the internal address bus 14 or to the _
external address bus 17. In a preferred embodlment, the'
selector 13 is a 1:2 mux whereln the 51ngle MUX input is
'transferred to one of 1ts two outputs. Here, the s1ng1e
30 input is the twenty-four bit address 1ine coming out of
the selector 11. One of the outputs of the selector 13
is coupled to the address bus 14, while the other output
is coupled to the external address bus 17.. Upon detect-
ing an address within the ‘address range of the on—board
35 memory, the selector 13 is caused to transfer its 1nput
to the address bus 14. Ohserve that only the low order
16 bits [15...0] of the twenty-four bit address are
transferred to the address bus 14. COnversely, selector ,



g

(not shown), since a twenty-four bit address is capabl e of addressing 16M
(16 * 1024y odfddshy of RAM  An external twenty-four bit addrecKubesnsed and
an.eight bit data bus °~ WD 98/44427 C
PCT/ US98/ 05049 -20- 15. are included for ~@ata access bet ween t he o

m crocontrol - |er and external RAM (not shown). In accordance with the
present invention, the REG STER FILE 20, the I/O data registers (1/0
space), the bh-wbhldtRAnsfend itise iopdy g the exyernatupgdressshms dita

address spa T 5@%? E gﬁﬁggg' i e catd ons,
fol | oned Ey‘i%odrr‘ e§§% ﬁ%cgtfg:?lrf £%'isé§gléﬁe lg%dgﬁgg%% §n %rfl
whi ch occupitke Nextigraad memeEyons ANy RS iy nymber sef @?tﬁﬁﬁlRAM The

-remai nder ofgd ﬂ&n@ﬂdiﬁsﬁo.%E&BQel S A0 pelthg wiind ENeexbeiney BAMa . Thus,
t he address range 00 to (N-1) maps.to nmenory |ocations of the on-board

menor y ¥ REG &FEHIReEECt| prodpacy, skid IRaMEoxh¥amphe. r 8Rei RREgORddr ess

range N to (d&dbthdy ﬁﬁasmlghrr@met |éif§1iﬁ Qs & nf ﬂ3se{<23ttlab RAWE ther
exanple, if the on %oar as a t.ota

f 64 h th
on-board addr¥eREYzhQET; b %%FI’S‘S@W @%rﬁ?g‘é%thgﬁ?aé %FQ& %?‘ ©
not ati.on), whelectse addreaf Weg@mfopmiﬁw:er neeskibEi $nSFADSE,t O

ST ) b an Ikl ST B RS TR XafBao et
~inventl®n, tdf theuah-bhoaondt memmryy dﬂmmdlhg sembactlesl B shpnddi a such as
avail abl e si a4 0 u 14N ogger to
ensure that %%R%EQ%OSFS Q_Y;P‘?)ﬁ: ﬁ%}e E5%; ernal %%%%ekggrrectl;/&gccessed
for a given thie OB opeyation ;‘egeldd'-lﬁj ige| TRUBy meaningsthatotheapdfer the
ad- dress eighgkst st Qefhﬂﬁe“t%\%d-@t R85 B1E ddarisdo tﬂénei‘.hér aah eaddress

bus 17. In a preferred_enbodi nen ctor 13 is a 1:2_mux wherein
the single MESE| hpushPuley Franafiexy ite Pk ‘F?st?%eﬁﬁ?ﬁﬂ?% adgxiess t he
singl @80 puagpyuy.is the twenty-four bit address |ine coming out of the

O a0l o BR3P decBlit e S S udde | 8oBQYRECPeb AR
to the features of the elght b:Lt mlcrocontroller of the
'present 1nventlon, the d1scuss:.on will now turn to the
instruction set of the m:n.crocontroller. _ _
20 Table I summarlzes the control lJ.nes whlch
control the mn.crocontroller to 1mplement the instruction

set:

‘Table I: Control tiges
ADDR_SEL selects a 16—b1t address, eithergw

from the reglster flle or- from Anﬁ-z

ALUl_OP selects an operatlon to be performed

n Alm-l (see Table III) _ - .

30 ~ ALU2_OP selects an operatlon to be performed

in awy-2
BIT_SEL selects a bit (b to 7) for receiving a bit
BR_SKP enables the program counter to perform
| a branch or a skip ' -
35 CPSE - asserts BR_SKP control if A and B are eguel
D_SEL selects a source of data to be loaded into

a register
F_CIR clear a specified status flag



I's coupled to the external address bus 17. Upon detect- ing an address

“wWthin tl@@?ggg& s range of the on-board 35 menory, the selector 13 is

caused to transTer its input to the address bus 14. Cbserpgesy gyg;ogtggly t he
| ow order 16 bits [15...0 of the twenty-four bit address are transferred
to the address bus 14. Conversely, set&@tor WD 98/ 44427

PCT/ US98/ 05049 -21- 13 will transfer its input to the external address bus
Wit hin the address range of the external

17 upon detegygron of ess
ARy of anuntﬁ&rtiégaaetﬁ St¥Enes is possible, wall -being within

menory.
the abilit§y-5FL. 5 Sefd@lwlﬂewrg&mg | . For -exanple, .one may OR

. toget her th‘esmmprqﬁ.{t gtgﬂ{" bits ]) of the twenty-four bit
address, using the result to cor#lsa(ﬂ( é"’eﬂ%‘?ﬁ%ﬁ b, perfcbrmhnga? oper at i on
results in FALSE, ne&® ﬁ@emeéuqrhemmmw fal I s within the address range

10  5of tReSBR- boar ¢l Y el,ector 13 should transfer its
input to the, ernal ddress bus fﬁlrﬁala ecﬁ%?pé?rétq](ﬁﬁn’%%ul ts in TRUE,
neani ng t hat ada- ert Ha 2SS, then-the
h Pﬂé d est psregigt Wwenoptoutr da % h h
he external address 15 - Dbus

selec- tor 13 shoul dolfranaf Q-égilgge&.n&{it t
det al:| sq'gtgrtl nent to the features of- the

17. Havi ngrdggepi bed Fig L&ar dwar
ei ght bit n’rcrocont ror1refoft Fﬁg Fteseke pHEputi datat la¢ @ scussion will. now
turn to the |nstructPﬁnthetreélsherﬁrilECQﬂbr0' l'er. 20 = - .o - Table |
summalzesztdmfrﬁon”é’el% e 1\_A%gch con -F-0l t he mcrocontroller to inplenent
the instruction set 1:9 % ﬁ?FSF PneYtput Adatasat csel ects a 16-bit
address, either. frd®ftHeercegister Eikeotobrom ALL2. ALUICP sel ects an
oper at i on R SRIe perfgé;[@élt e Table |11) 30 =~ ALU2_OP selects
an oper at liorsﬁ? be perfor md%lsééﬁ to receive data s “ "
1_SE store a bit into T-flag - o L
T_ouT load T-flag in bit n’ of data bus
15 — (for BLD 1nstructlon)
TS'Il_CLR test whether a selected status flag is cleared
TST_.SET | t.__est .whether a selected status flag 1s set
V_SEL select a value for 1nput to ALU-Z :
WD_E watchdog timer enable ° |
20 WD_RST - t_)iatchdog' timer delay reset
WD_SEL watchdog timer delay select
‘WE_BIT write-enable for a selected bit

WE_R write-enable for a selected rng.ster
WE_XH write~enable for the X register =
25 WE_XL write—_ehalole for the X register
WE_YH ° write-enable for the ¥ register
WE_YL write-enable for the ¥ rééis’te'r
WE_ZH write-enable for the % register
WE_2L write-enable for the % régistel*i

30



in-ALU- 2 .BI TSEL selects a bit (0 to 7) for receiving a bit BRSKP

enabl es tWe gguefyam counter to performa branch or a skip 3BCT/USISRBE49
asserts BR SKP control if A and B are equal D SEL - - selects a source of
data to be loaded into a register F CLR-23- clear a speC|f| ed status flag
WO 98/.44427 PCT/ US98/ 05049 -22- F-
ouT out puts a stat us flag FSET set a specified status flag F SETALU
set 'status flags in response to perforning an operation in ALU-1 5 F SEL
select a status flag tpapee SEt Stmphedzed BneUBAta 198léd a register to
output data at A of the register file 100 R QUTB. : select a register to
output data at B of the register flle 100 10 R QUTC sel ect a register

t o out put dqtaa,la 13 ofpdthe regester file 100 R _SEL select a register to
receive data T SEL store a hit mtonIagTQJT . load - T-flag in bit
n of d&ta bus 15 ' (for BLD instruction) TST CLR test whether

a selected ¢ Buss fl| agiatsa ctrameth@Seight-bitesiatahdtizerln sel ected status

flag is set \7 Leck a val i - watchdog
timer -enabl & H\/\D‘igg hﬁﬂt %ggﬁg‘t%%ﬁe?& el aaﬁé&e%%L ~wat chdog
timer del ay Ds@I&AL VE ditla fromi dedicated A3U-2 Jdlawithytel t WER

write-enabl g f a sel &6k efah£955¢ g@g@ btadh enable for the X
regl ster 25%— XL §1€?e enab?ev o R reédlester V\E_YH

writelénable for the \fJF@gl'éB%rlvE\"E“‘-’t °Wr le for the Y register

Table III summ_arlzes the arlthmetic and logic

| operations, the specific opé’;r:ai:ion being selected by the

- control line ALUl OP. Some ‘instructions operaﬂ:e on two

15 registers A and B. ‘Other 1nstructlons operate on a reg-
ister and a constant value X ( il.e. "1mmed1ate“ data) .



VE_ZH wite-enable for the Z register WEZL . wite-enable for theZ
regi ster 30 WO 98/ 44427 : _
PCT/ USOW®@aEMua27 23- Table || "summari zes the data |ines: mssll)sMData

Lines 5 D BUS data fromthe eight-bit data bus 12 D ALURH data from
dedi cated ALU-2 (high byte) D ALL2L =3ta from dedi cated ALU-2 (| ow byte)
K IN constant data val ue obtai ned 10 fromthe instruction
operand Table 111 summarizes the arithnetic and | ogic operations, the
specific operation being selected by the control line ALUL OP. Sone
instructi oS DPELEL € RU+yoopsratibrgi $AEUS 6pang)B Gt her instructions
operate on a reg- I1ster and a constant val ue . "imredi ate data).
WO 98/ 44427 ) PCT/ US98/ 05049 -24- Tabl e-
[11: ALU In Opereperesid¥\l UD1OP: n) descriptiehi on description-5 1
0O A+ B ADD, add without carry 2 O A+B+ C ADC, add
with TCarry 3 0O A- B : SUB, :subtract w thout- carry-4 - 0 A -
K 1 SURY,«shibtrBct i rmedl at ADDY add5w1thgutAcargy. Cy . SBC,
subtract Wth c@riya6; g 9 cﬁ‘ -Agg cggpgr act inmmediate with
carry 7 o] A&% AND, oglca AND8 A&k - :
ANDI , |ogital AND-vdth B5 ' SUB, subtract withopknFara¥e 9 o A
v B 4 XFRelggicpl R SUBI, subtract immediate '
10 5 O+«A-B-~-_Cy SBC, subtract w1th carry
6 O+«A-B-Cy SBCI, subtract J.mmedlate
_ . ~with carry N
7 O+A&B , AND, 1og1ca1 AND
8 O+«A &k - ANDI, logical: AND w1th
15 _ N immediate )
9 O+«AVEB OR, logJ.cal OR
10 O+«AVvVKk " ORI, logical OR with
immediate.
11 O+ A XOR B EOR, exclusive OR
20 12 O « SFF - A ' COM, one’s complement
13 O « $00 - A NEG, two’s complement
14 O+ AV k . SBR, set bits in register
15 O + A & (SFF - k) CBR, clear bits in register
16 O« A+ 1 INC, increment
25 17 O +«A -1 DEC, decrement
18 O «A & A _ TST, test for zero or minus
19 O + A XOR A CLR, clear register
20 O « SFF SER, set register
_ 21 R1,RO~-A XB MUL, multiply (unsigned)
30 .22 O + A, 1SL, logical shift left
Cy « & |
23 0O, « Ay, LSR, logical shift right
o 0, « 0
35 , - Cy « By
24 O, +~Cy . ROL, rotate left through carry
- An :



10. o .A'v k ORI, | ogical CR W th inmmediate 11 o - A XCR B

EOR, excﬁmfgsmmﬁ? 20 12 o $FF - A . = COM  one’ spCTUShsos048 13
o $00 - A - 'NEG two's conpl enent 14 o- Av k - -~ 'SBR, set
bits in register 15 0 - A& ($FF - k}25-CBR, clear bits in register 16
o A+1 : I NC, increrment 25 17 o A- 1 DEC, '
decrenent 18 o A & A TST, test for zero or mnus 19 0 AXORA
CLR, cl ear 2%gi s@,er*-ZIy o $FF -. ROR, rq;atesgighbgtbrgugglcamy RO A
x B ML, - tiply (unsigned) 30 22 Jerr]. A[err] ' LSL,
| ogi cal shift left O[é*t] Oy Alerr] 23 [vee]ln -Alerr] .« .. % LSRR
l ogi cal shift rig¥t<operr] 0 35 . Cy - Alerr] 24 . O[err] Cy '
ROL, rotategeftg thrqggh carry O[errhsgﬁné%ﬁﬁhmé{féréhlftVEh§ﬁ£44427
PCT/U898/05049 25 O[err] - : RCR; rotate rright through
carry Derr]- Al fP¥ By= Rrerf] c[err] Alerr] o[err]- Alerr] _
ASR, arithnepic ehi-fa right 5 . SWKF rswéb nlbﬁlag 0- A _
SWAP, swap nlbbléﬁ mheée O[err] 3 ei ] anqA O[err]-Alerr] 28 A- B
CP, compare - set¥BfF&gQoom v 2e..2 GE:g}:y © M...3 CPC, conpare with carry
- - sets 10 28 A - B K dpgprmpayeze seﬁs fkags only 29 .
CP' _ corrpare w tﬁ nHEd' %te - sets féﬁgs Ogmﬂare with carry = sets
- 10 L . s flags only . . )
29 A -k ' CPI, compare w1th 1mmed1ate -

: PR . setswflags only
30 no operation

15 _ ,;-_ Table v summarlzes the arlthmetlc operatlons
- of dedlcated ALU-2:

Table IV: AIU-2 Operations (ALU2_OP)

20 n  operation

1 add ALU-2 inputs
| - subtract AIUfZ'inputéﬂ
3 no operation -

- Most instructicns in the'present inﬁenticnyere
perfotmed wiﬁhin ‘a single. clock'cyclel .The contents of
each register are. always avallable at the outputs of
their correspondlng fllp-flops (Fig. 3). Thus, the con-

30 tents of a selected register is almost 1mmedie£ely_aveil-

| able at the output pf mux{s 120,_122,-124; requiring only

a .delay equel to the_propegation_delay of the L
IGOmbinatorial circuitry comprising the mux’s. This pe-
‘riod of time is generally referred to as the

35 | ;"comblnatorlal delay." . , L _
- . The- following arlthmetlc and loglc 1nstructlons:
“are executed within one clock cycle. ADD, ADC, SUB, SUBI,_-'
SBC, SBCI, AND, ANDI, OR, ORI EOR, COM, NEG, SBR CBR,



30 no operatlon 15 ' Tabl e 'V summari zes the arithnetic
_operations of ‘dedicated ALU-2: ‘Table IV: ALU-2 Operations (ALU2 OP) 20 n
" oper at i orV@ 98/44433 ¢ ALU-2 inputs 2 subtract ALU-2 inputs 3PCT/URB/SPA: at.i on

- 25 Mpst instructions in the present inveptionare performed within a single -
" clock cycle.” The contents of each reglsgﬁr are almays avai l abl e at the

- out puts of thelr correspondlng flip-flops (Fig. 3). Thus t he con-

t-ent f a- re te S S at a he
outbut Cof mAET B! 985T. SErke SREPRESLITESH?. ok, 248k, 482 g,

. propagat i on @R} a‘}P‘éf €RE. coAbdi manobeabeenr éni an-c@r;rplthel li\gaﬂdeBrrux S.’
mhis pe- 11 ofhgiied | BEchiie0R0E1fhbYe' € {aeehsd efiedai! Birdase ATEf gy natori al

delay." The ow ng arlt tlc and ogl Cc nstruct
one cl ock cy%l@s?\DBnmﬁ@)Eat tBBC-mSBUlCtANB lANIﬁBtcth emd EOR,

COM NHE>5 SRipcéddsa. ﬂ@’ﬂ86ﬁfﬁ2$cntrol 11ne selects and outputs the
PCT/ US98/ 05049 -26- INC, DEC, TST, CLR, SER, LSR. RO, . ASR, SWAP,

CP, CPC, cp|°°n?en‘een°5et§eeﬁe9ﬁst€5 23 °Pﬁe°§ she EvPnAnputse tomEhe

avai | abl e 't atthe2generabUPBr poseini laPRyahsBetteayedifathky iabteudtion
i nstruction

[ el
ana. out put o 9 EHEPE R 08eS0n PETPERE, opdiind. orALHERRR Tvapyts B e
ALU 22. R UV icostrdlalipessserved, asf biharininputt tontheeAll dorm

second g o9 YideoPeAPnot fbhE IRL LN ke LhReiNEEORRER. | MASRMARALES aS
PELoRg WiieH

bi nary 1 nput to t he ose instructions i ch™use 1 mredi at e
data. Meanihe esub‘h'@zl‘éﬁbgﬁntgfdhethUhéFiqu 7Fi gertprpen:hen.m mesir re-

spective opeigddofe éﬁérééléﬂgn anathe 58BH! ast EhEhgnﬁUl:’sart% thle lAFiaU a
result becones avalla e after_anot her _
_ are set up, a result becomes available after another

small combinatorial delay. The result 22C of the subunit

15 'ccrrésponding to the instruction is selected via the
ALUl_OP control line and placed on the data bus 12. At
the same time, the D _SEL control line (Fig. 3) operates
the mux’s 130, 132 to select the data bus input D-Bﬁs;-
The R_SEL (and WE_R) control line selects the reglster

20  into which the result is to be stored; and a.
"combinatorial delay" later, the result 1s.clocked into
the register. Also at the same time, the status flags
set by the ALU are clocked into the status register (Flg.
6) , by asserting F_SETALU. . '

25 A multiply 1nstruct10n MUL performs a multlpll-
cation of two eight-bit registers, storing the six~
teen-bit result into the RO/R1 register pair. ' Unlike the.
other AﬂU'instfuctions,“the“MUL instruction requires two
clock cycles: one cycle each:for'storing one4half”of'thé

30 51xteen-b1t product ‘into a register of the register palr.

h A MOV instruction prov1des data transfer be-
tween reglsters in one clock cycle. ' The MOV instruction
' specifies a source register'and é'destination'register.
Referring the Figs. 2, 3 and 4, the R . OUTC control line
35 operates the mux 124 to drive the contents of the specl-
' fied source register ontc.the data bus 12: At the same
time, the D_SEL control line operates the ﬁhX's 130,132
to output the D_BUS to appear at thlie inputs D of the

are. executed within.



smal | conbinatorial delay. The result 22C of the subunit 15
corresponavangs/44a21 he instruction is sel ected via the ALU OPPCONIS9siost4dne

and pl aced on the data bus 12. At the same tine, the D SEL control line
(Fig. 3) operates the nux's 130, 132 to.s@8Vect -the data bus i nput D_BUS. -
The R SEL (and VWVE R) control I|ne sel ects the register 20 into which the

result is to be stored; and a " combi nat ori al del ay" later, the result. is
cl ocked |ntonﬁ§;ﬂtﬁﬁ%le§nd the oRaSELhandaWE_R mentuel ines epexateet by

the ALU are %%ck;aéé%&rt@snéfaiuaﬂeaw 95 4( el ca.@ck %@S&@éﬁﬁstfon
SETALU. 25 ply instruction MIL perforns a nmultipli

cation of twgag%ﬁﬁﬁqhtth%§|§F@F§ngsFBP|ﬁ@nﬁﬁ@tﬁ:PIQW%QPQMQYrikﬁlt into
the RORL reg Huy. pair. Unllke t he other ALU |nstruct|ons the ML

instruction réquires t Ies one -¢ycle eac t'ori ng, ong- hal f
ot he 50’ TS en- brin BN AU Bt ASRe gl SR e A N8 R

MOV i nst ruct n@aged\imes dafegistesterThe-dhmaeds%spedxfredrumnﬁhelock
cycle. The MV instruction.sp ter tion
agisier . ROMAGHIE (SR epa€ s thESrhr WG, el b e 88

oper at es thethc<KJENtIantveftthecmnxedBQ -of Thiee D5 SR cdntaxbIoline
regi ster ont @ Pl t h r It ne

- operates the rﬁtl f%%gm%zst%:igﬂé}%z IES %@éﬁs%ﬁ %lelﬁarl%az'ltﬂ?%gﬁ‘r%%ﬁts D of
t he PO 98/anY NE_R control lines operate the selectorpcgntggg/ggg¢9 _
-27-. regi stelggyi gﬂgbgrEbFﬁilcﬁngthsﬁégyyyga fédyggggﬁaie t he sel ector

control circuit 134 to clock the destinatiqn register, thus storing the
contents provided by tH&Peratsons on the Slxﬁﬁ?ﬂjhlqrﬁmrxmt$dﬁe§FFBﬁ§s

Speﬁl fied datlgzdla%dshwfglﬁd iﬂtsﬁrﬁtctQBhStf%g: tr%f&ﬁn% &ﬁ@ﬂu toed ltn ]Ehe
T e o Wael oA +ObREk! BEbhOD. nle PS5, REnC LBy o8
while tse RSE, B0, Z rﬁg1§EeR,candruhelSﬂeanshruntadﬂmfmmPEransfennunq
cir- data from a specified reglster to a memory location ad-
~dressed by an X, ¥, 2 reglster. The LD and ST instruc-
tlons require . two clock cycles .to execute.' Referrlng to
Figs. 2 and 3, durlng the first clock cycle, the R_ OUTA
20 . and R OUTB control lines select the reglster pair of the
de51red sixteen-bit reglster (X:R27/R26, Y: R29/R28,
22 R/31/R30) The ADDR_SEL control 11ne operates selector
114 to. place the B:A outputs onto the 1nd1rect address
bus 14. Addltlonally, in the case of an ST 1nstructlon,
25 the R_OUTC control llne selects the reglster from which
the data 1s to be read, plac1ng the data on the bus 12.
Durlng the second clock. cycle, the memory is strobed
elther to load data from memory onto the bus 12 (LD) oxr
to wrlte data into memory. (sT). Addltlonally, in the
30 case of an LD 1nstructlon, the R SEL an WE_R control
11nes are selected to wrlte data from D BUS 1nto the
specified the reglster. _ - _
_ The LD and: ST 1nstructlons each have two var1~:
ants which are well sulted for supportlng certaln
35  C-language features, namely post—-increment (LD+, ST+) and
pre-decrement (LD~, ST—)'operatlons. As noted above, the
dedicated ALU-2 shown in Fig. 2 provides the 51xteen bit
~arithmetic required ofdsuch.operatlons, ' '



cuit 134 to clock the specified register. Operations on the sixteen-bit X,
Y, Z registers include the LD instruction for transferrln% data to a

: spemﬂ@’@ﬂsé‘gfﬂter froma nenory |ocation addressed by aRCTAISIS/Hs04, 7
register;. and the ST instruction for transferring data froma specified
regi ster to a nenory | ocation ad- dr e5€&T by an X, Y, Z register. The LD
and ST instruc- tions reqU|re two cl ock cycles to execute. F@ferring to

Figs. 2 and 3, durin €4 (@ R QUTB
~control -l'ines select Q’P%g regl S ggtgal&rn B‘zl‘cﬂet %ety regcé%é?een br't register
(X: R27/ R26ad9iR2ONRE®, tzxeR/abgvm@escrmmdAmasEmccﬁnr dthe ikR amdr at es
sel ector %@ &ﬂsek-ﬂe ibhg, Btﬁeowt RS &H&&lh%ﬁaﬂ'éa%%@éigigﬁ&?us 14.

Addi ti onal case an ST Instructio C control

line sel ecﬂ-§PPﬁeaFég|A§fJér_°Pr openatas the @adiqated MI124p PRBEPHD the

data gn t hgnbHaai@ioRUbpesaltionse et e ek siitleen Bt NERIMFess Sist r obed

either to Ioad data fromnenory on the hus 12 D) or,to wite data into
menory ( STPacgdqrn; &hei mﬂ‘ it -t hét&ﬁ) res‘ﬂé'sé’%f% aqeitkon 102 o}f the R

SEL an VE Boaphedokd ithes nam.tmi aticed ALUIT tinpitisa df ctfneD ﬂ&.sﬂéﬁ the

specified the g ister ST | nstr. tlons. vari- ants
whi ch ar e -FaFPULGFY §°P0r gﬁﬁb %ﬁﬂ Itﬁf ¥Wéﬁﬁres
namel y posthenDrAMBnH @b+ D _ SIH?Iam&xnxnphhsxﬂaandiﬂ¢>D EﬂUQH b@eratlons

A5 nghed ahaye. pobe aladl, b S AL Rd 9 nte 86 { Ming ! X{ cen

bit arithnetié re ed’ 0 rations.
PCT/ US98/ 08PRYOPE atpom_utﬁféfﬁé#emnd WE_1 [3¥ % JH stontiuaik kine=s are addition

to the-aboygafleaskeeeddl Wriitd thd atD 3th Thd N&dFrEdt ORSyidE&r VSEL
control line selects the +1 input -and ALU2 OP operates the dedicated ALU- 2

to perfornP8i¥- an addition operation, after the sixteen bit address is
pl aced on the bus 14pre1aed1e@udrit-ofm hmeactixtswrbzﬂdmcléy@mplm to the

DALU%E andaE@&Q%%nl% u%%e above égégfied act1v1ty for the LD and
sT 1nstructlons, \'A SEL selects the -1 1nput and ALU2_ _OP
causes ALU-Z to perform an addltlon.” The result (i) is

. fed back into the reglster clrcultry as described above

'and (ii) is selected by ADDR SEL to serve as a
20 '“'pre-decrement address. ' o
' The LD and ST 1nstructlons each have a thlrd
variant (LDD, STD) for the purpose of simplifying table
lookup operations. The LDD and STD instructions specify
a displacement value which is added to the sixteen bit"
25  address register prior to the memory access. In the’

‘ flrst clock cycle, in addition to the above-described
act1v1ty for the LD and ST 1nstructlons, V_SEL selects
the K__ IN input and ALU2_ _OP causes ALU-2 to perform an
addition. The result is selected by ADDR SEL whlch -

30 serves as a dlsplacement address.

In addition to prov1d1ng computations for the
1D and ST instructions, the dedicated ALU-2 is used to
‘facilitate sixteen-bit edd.and subtract instructions,
‘namely the ADIW and SBIW instructions. The dedicated |

35 ALU-2 makes p0551b1e computations with the x Y, 2 regls- '
ters in one clock cycle, "which is not: otherw1se'p0551ble
using the general purpose ALU 22. The ADIW and SBIW
instructions specify one of the X, Y, 2 reglsters and a



circuitry 100. The DSEL control line in Fig. 3 selects the D ALU2H and
DALUZL mayoisgRud23, sending D ALU2H to 10 R27, R29 and RIIPCHUEOSHSN4I2L to .
R26, R28 and R30. The appropriate WE [ XYZ]L and VE [ XYZ] H control lines are -
then asserted to wite the data into the2%rtrect register pair.
Pre-decrenent: In the first clock cycle, in 15 addition to the
above-described activity for the LD and. ST instructions, V.SEL selects the
-1 input andconskank vadves ta b addesh Therete. adkmt PBATatIRE, &M@ ¢ (i)

i s fed.back jnb@rhhanEcH Bais %drﬂ*.’k‘dlr ﬂﬁ?eéjeééléé@dtﬁéosﬁeémh@d) i s
sel ected by ADDR SEL to Serve as a 20 pre-decrenment _addr The LD and

ST instruct i BRgLERER RadE éﬁﬂ%l@i?ﬁﬁ|%RH“YLE2)t@ﬁt§e@6FaFﬁ ﬁ&pbgse of -
sinplifying yaye kerkesomeal i @ie coletadd® vaTuéyDakntheusecord specify

a di spl acenent val ue which is ded to the sixte ddress

regi ste? pri®RPRE gﬂeAﬁphﬁr 5&&5@4’ ??ﬁ?f??ggeflgbﬁ 8999 10 ddition
toI the. abﬁVesﬂﬁﬁﬁéthdma@be\ﬁdﬁidrw t-rlﬁa LFesulic ST02 n$fsrﬁeu| back \irdE )
sel ects the uses per.f or n { The
result is seF8€t édggyz%ﬁéé%—ﬁ[#ﬁpu %e?%eégﬁ r%"&??&?‘aé’g%?‘i t(ig’dre

In addition 100pr oThei by SELmdrtirelsl ime shewhDinnBigT Bnselectisortthe t he
dedi cated A 0 f €: dna

I nstructi onls_y-ﬁa'héﬁygﬁ% b@‘@ﬁ%#@él*ﬁé 'ruc% %#S}Q ?ﬁgigﬁgb?aofceﬂ ’ :
ALU- 2 n@kes: h@ﬁsabﬂeRﬁdnp@mﬁ|QukLWﬁhrthRQGQ RQBZanégRéﬂ-tembqlﬂRnﬁPTIock
cycl e, -whi Chp@?g\g wal 1Shiiee HRs ! ?wmgcaﬁereﬁnﬂﬁhspa&@%e%w 22.

The ADI W and |nsrTuct|ons speciTy- one’ of Y, Zregisters and a
WD 98/ 44427 asserted to write the. da into-the ¢€§F98§8F erqg.

- -constant val ggi¥Q be added thereto. In operatlon the R OUTA and ROUTB

God cated Av- 2 - our e TR GrBk 085 Fpbr R id A “e.

15 setting and clearlng the various flags of the status:
‘register 24, each of whlch executes in one clock cycle.
They include: BSET and BCLR: and SEx and CLx, where x is
.-, T, H, 5, V, N, Z, or C. At the assembly—language
level, the SEx and CLx 1nstruct10ns requlre no addltlonal
20 operands, while the BSET and BCLR 1nstructlons 1nc1ude a
- status flag operand s, 1dent1fy1ng the flag to be af-
fected. . '
‘ Referrlng to F1g. 6, the control s1gna1 F_ SEL
operates the decoders 204 206 to select ‘the flag to be
25  affected. 1In the case of a clear flag 1nstructlon, the
B F_CLR control llne serves,as.an.enabllng_s1gnal provig-
~ ing output at the enabling AND gate 224 corresponding to
- the affected flag. The output is coupled to the reset R
'3 input of the flip-flop, thus clearing the fllp-flop. In
30 the case of a set flag instruction, the F_SET control
line serves a dual purpose: First it serves'an input to
~each of the flip-flops for the purpose of setting one of
the status flaqs (selected by F_SEL). Second, the F_SET
- E control line 1s an enabllng signal for the enabllng AND
35 ~ gate 226, the outputs of which are coupled to the
flip-flop clock lines for the purpose of clocking 1n the
zlnput. |



5 i nput to ALU-2. ALU2_OP selects either the addition or subtraction
operation. The result 102 is fed back into the DALU2H and DALUZ2L Il nput s of
the regi WONM48427cuitry 100. The D SEL control |ine shownPFRUSPRUS0MD o act s
the D ALU2H and D ALU2L nux inputs, sending DALU2H to R27, 10 R29 and .
R31, and DALW2L to R26, R28 and R30. TH@ appro- priate WE [XYZ]L and

WE_[ XYZJH control lines are then asserted to wite the data into the '
desired register pair 1 ery

setting and clearing eg‘\%lrrﬁl%us%’?%tbroq}édf 3 e%\@tﬂf"isjsw%%%*&%‘g each of
whi ch execuunvenhmqumcomjm@lem@s ithe m@t aSSEB%rQhMRIWd SEx and

CLx, where 3 TpridviSed/bylthe dHec Séseﬂtarvalﬁ%wuage evel
t he SEx and x | nst ‘uct i ons ren%a\ere no a(i'dl ti onal oper an whi |l e the.
'BSET and BCiRstwyctdensons Thec Bife inshirucilon aﬁfweﬁzeﬁﬁj as Teqkske¥ying t he

flag tg btehahg faedﬁtl%d Zggigftqréarn g ttherlﬂa gistdhes By 'ddp ﬁéégnﬁ’atcffﬁ% N
operates the decoders: 0 .S€ ecte I n
the case of TatdpgaPt: (ths ﬁ*?t(%ﬂfc e’a%aa%eﬂ@%mmﬁ’&%ﬁ%% as an
enabl i ng 3 l saabctarh Wremﬁﬂ pﬂiosﬁ rr\idrﬂ:eaﬂablareg a%ﬁggtmﬂ&ﬁthe
cor r espondi to,the ct, The Lt e the reset R

I nput of th FPI Bu'sl 3% E‘thf cll"é'lg‘(r;J 1,?& th@ I f#%% %%‘O &9? he case of a
set fl ag i nBEﬂ‘uSEII.on:om:lmlF 1SBE opevatied imax sZéer/eEFJag-dlb)I turgebect First
it seryes ampin i ting one
of th'r('a'ﬁst at g'}slbf Pgts' 5:% Qt(yd:qglhq# Ig%tf“i %g%c aﬁeﬂésﬁgégoﬂ%ro CEI ine is
an enabl i ngiaitgnﬁ ef & ftﬂi@"éﬁ@lﬂ ihyy a8gerdsing d%h% DAEL tepntrebut nes which

are coupled to the flinkef B GrRtk-ddtieh fVadd IS Sstréd Opki fei N the
I nput . WO 98/ 44427 PCI/ US98/ 05049

-30- As nenti 5h8g AR&Re the mpacifiesdt Rik Rﬂ%‘aﬂn 9% dhe PeFEEednt rol | er

_is the bit pegestesapalibd F/ OUT control line operates the mux 202 to
15 select the T flag, while the T OUT control line drives
the output onto bit n of the data bus. At the same time,
tﬁrniné to Fig. 3, the D_SEL control line selects the
third input of mux’s 130, 132, thus presenting D_BUS, as
input to all of the reglsters. ‘The R SEL, BIT_SEL and
20 'WE BIT control 11nes (Flgs. 4, SA and SB) clock fllp-flop
of the desired rng.ster/b:Lt ‘location. ' -
| The following conditional branch instructions
' are provided, each specifying a displacement amount:

25 ' BRES[C] -  branch if a spec1f1ed status flag is
| - | set[cleared] ' _

'BREQ[NE] - 'branch if the 2 flag'is'sét[cléared]

BRCS[CC] -~  branch if the C flag is set[cleared]

BRLO[SH] - bfanch'if the C flag is set[cleared]

30 BRMI[PL] - ‘branch if the:ﬁ flag“is.set[cleared]
BRLT[GE) - branch if the S flag is set[cleared)
BRHS[HC] -  branch if the H flag is set[cleared]
'BRTS[TC] - - branch if the T flag is set[cleared]
 BRVS[VC] - branch if the V flag is set[cleared]

35 BRIE[ID] -  branch if the I

flag is set[cleared)

In addition to the above branch instructions,
the SBRC and SBRS instructions are provided for skipping



which is provided by the one-clock cycle BST and BLD instructions. The BST
i nstructi owosae4ri es a register 5 and ‘a bit position in PEBUSNSE4%r to
be copied into the T flag of the status reglster - The R QUTC control line
‘sel ects the register whose contents are dr#¥sn onto the data bus 12 by t he
 mux 124. At the sane time, the BITSEL control line operates nux 210 (Fig.
6) to sel ect 10 the desired bit fromthe data bus, which is thgn | oaded

intothe T flPyeM w%W%&WW%PWSEESEénPPBP Ehee cuficeong L test-
instruction | qads a fﬁbéﬁdifﬁé@rl@ﬁtldSlftdesﬁe&hﬁﬁedn&ﬁgtﬂ%eﬁl%Iéiﬁn@rly,

position of t I ed | Sfer contr i he operates the nux

D05 to 15 iaee@ﬁ’%ﬁnemﬁ? THELGhi potbRzescbhe. arntent it Hs ceghes T

out put onto biters m‘nd hek idse covers . thét nelt iastrucrta.,oxt ased) porki the3, -

the D SEL contrql. line t d 32,

presenti ng DBGg%c ne r?p%fb?% %?+3§¥£$hé ré‘é?‘s?é’r? esfzégtall'Bl T?E%yand 20

VWE BIT controuﬂstnucﬂib@s eme¢®¢3ahu (=) 1] or0¢w0fhh@qw(ﬂYQﬁeskuﬂQEsmded

regi ster/bit ggé HBhCQEdtBk%Bal branch sinstructions are
ﬁ ggeC|fy|ng I Sp

provi ded, eac acenent -anount: 25 : BRBS[ C] -
branch if a specified. stl%ﬁf%rﬂ-la@ te Eigpel Sapad| 9BRqum]f3tChln%r%nch if

the Z flag isprehi Ghidt ﬁ?&tf&csémp oum cBh%&eh i e @devi e ééntrol

set[cl eared] BRLJ SH| : branch iT the I's. set cleare
BRM [ PLIO | Sisminish Yo eWepRE(Fhe ResiEeforsaias TS REgh MX 292 anch

if the S flagaln‘él sitdeaest SRMSSHCGrTST cmbﬁ%n‘élssérﬁéd? &b fwgt i Bhe

B anch ot °r he BYG 1kapt means o0 Borfosns tne Blgeper iy ceber] HRELYT -
the | flag isweetle|tans eph]-ommddounoert ast hasalbeen bnmrémemséd uahd obke

e oG and 5, IRCHALLENS BEEPLAXLAR T o SHLPRID coet/G R J0427

PCT/ US98/ 0504 OvVer ruction upon e outcont of
test- 15 then the pre-fetched 1nstructlon is taken as the next

instruction to be executed. If the blt test passes, the
dBR SKP control line is asserted cau51ng the program
ecounter to form the branch address and the 1nstructlon

_ _reglster 25 to be loaded w1th the new 1nstructlon. ‘Load~

20 1ng of a new 1nstructlon requlres a second clock cycle.

' Referrlng to Flg._3, generatlon of the BR_SKP
'control s1gnal with reference to the SBRC and the SBRS
hlnstructlons 1s shown.' The de51red reglster is selected

by the mux 120 v1a the. R OUTA control line and coupled to

25 : the 1nput of mux 136.' The BIT_ SEL control llne operates N
" the mux 136 to output the desired bit, which is then h
tested in the blt test means 138 by the assertlon of
either the BTST CLR or the BTST. SET control line. The
BR_SKP control llne is asserted dependlng on the outcome
30 of the test. _ .
| Referrlng to Flgs. 3 and’ 7, generatlon of the
BR SKP control sxgnal w1th respect to the CPSE instruc-
__tlon will be explalned The contents of the two regls-
ters of interest are made avallable at the A and B 1nputs
35 of the general purpose ALU 22 by operatlon of the mux’s
120, 122 via the R_OUTA and R_OUTB control lines. The
"comparison" operation is performed in the ALU via the
XOR gate 23 and the AND gate 24. The control line CPSE



ing a specified bit of a specified register. Simlarly, the CPSE
_instruction conpares the contents of two regis-. ters and skips over the"
- next i nWMOrWA423n -based upon the 5 outcone of the conpZREF4SASONahely skip

if equal. These instructions execute in one or two clock cycles, depend-
i ng on whether a branch is taken. Ref &4 ng to Figs. 6 and 9 upon fetching
a BRxx instruction the F QUT contr ol I|ne carrles contr ol signals to

out put the de5|red status fl r ei FTIST SET, or '
R L L o R %e*{}ir%m ShctBFEper - bi
test. MeaBR. \SIKH dst hssantychmlrmurﬁe# B3 has been increnented and the next
instruction pre-fetc f h etched
instruction is taken@%?t réggh#)&?é§§§l€§§4%?té?égﬁéufgﬁéps??i§ﬂé :
t est passe@re: ProSRASIAR d'ém RIMP | instmckian tapecibies ny @iqepba@gram
count gr toﬁfegrt Myalitid viidh A RfedNS ik 'mgfﬁ'&hﬁw%sr 25-10 be

| oade new i nstruction. Load- 20: nem/lnstructlon
{yé;nn

requires aS¥S€oRd Talxi e Jump RGAResSy the F sereseiPRnubi-t he
BR_SKP confi@less ttiealcoMtidhtisioy aitte % G.—écjﬁ&%@rﬂxé hﬁ:ﬁBFﬁmﬁéss pctions

I's shown. The ired reqist I S selec Ihe nu 120 VI e, R QUTA
control |iA®% ﬁg‘ 0"3’%] ﬁgg"“ég‘ e%fé/ L*8ontrol
| i ne operaﬁe&dhheﬂntoIEHbtprdyﬁanﬂcdﬂntek¥HrThh[IJMPVWmstruotibnn tested-

int bit ¢t V. r or the
BTSngE PRzt ne‘?"j*‘?('%é31 r%k%scon |Rn§d¢*s}€ sef-?f‘%‘?%% 5‘3. ng on
t he out com&:r®0. lineis ttie sedsmct Rdfeerreqngﬁter agr RBLIRBQ, ngbr ati on of
the BR _SKP g ﬁess'tg{@'zwég[]igsapectaé e pE B P e L O
explalned e contents of regis- ters I nterest aré

avai | abl e Muax Ad4A igh ererahad ?BQ\DDR.&EIP e qBnire the reentents oF py

operation @hel *zeﬁa@is&é@%ntﬂo?&né A B RAO Tk Bod) TR COphieh kknes.
The "conpa oper a erforned in the ALU V|a the’ XOR gate 23 and

the ARD gaetbsé%?ll oA ot e o counter ‘28

The following subroutlne-related 1nstructions
are prov1ded' the CALL 1nstructlon sPeclfles an address
which is the beglnnlng address of a subroutlne. the RCALL
instruction spec1f1es a dlsplacement value which is added

20 to the program counter to produce the beglnnlng address
. of the subroutine; and the ICALL 1nstructlon utilizes the
contents of the Z reglster as the beglnnlng address of
the subroutine. During execution of the ICALL instruc-
tion, the reglster.flle 20 is operated 1n_the same manner
25  as described above for the IJMP inStruotion} ‘The subrou-
tine call 1nstructlons also operate the stack pointer and
the stack, namely the area 1n the RAM ‘addressed by the
stack p01nter, to save the return address.
, The subroutine return 1nstructlons 1nclude the
" 30 standard RET instruction simply 1oads the program counter
w1th the contents of the top of the stack and updates the
stack p01nter accordlngly In addltlon, a RETI instruc-
 tion is provided for a return from an 1nterrupt handler.
. The RETI instruction operates in the same manner as RET,
35 with the additional action of setting the I flag in the
status reglster. - -

The PUSH and POP 1nstructlons operate the stack

'p01nter by assertlng the SP_INC and SP_] DEC control lines



WD 98/ 44427 ' PCT/ US98/ 05049 -32- is
asserted woogmazhe -t he output of the- AND gate, so that BRSKFCT/BS8:0504% ed
-when A = B. The follow ng unconditional branch instructions are provided:
the RIMP instruction specifies a displace33s ment “val ue - whi ch i s ‘added
to the program counter to pro- duce a relative junp address; the LIMP.
instruction uti- lizes the contents of the Z register as the j unp address;
and the JWP agsorddmady fndivriking] Eﬁpoﬁddﬁééén%ﬁéﬂ"?m $heystarkn{dnt he
pr ogram coung_gm The 1JMP instruction 10 = generates control signals for
t he ROUTA and R"OUTB con-- trol lines to-select the register. pair R31/R30
whi ch conprises the z- B sibrand QUE3nSErYgEdions pre used o kkansgs | s

operated by ABPRagRa Wadlrtne di‘@acﬁﬁseﬂksb@i:WEEﬁ & &e@fstﬁr cha) aRne
i ndi rect address -bus 14, which 15 hen Ioag__ggcl nt q t‘%ereé) %%
count er528. O POMto@akA s’Eﬁﬁ’tﬁl‘i?ﬁe Y”éF-‘éPeEIl?‘ﬁs fFeRd:. the
CAIBL I nStrUCE’E@ﬁsﬁ'cmCIﬁnlm mmtesafmﬁl sbriest b€ m@mmsﬁddrmé xﬁﬁ a
subroutine; the instru n_specifies nt :val ue ich is
e bo"® SRRt A LAl SO SPEELLY SR 3/ BT IR YRl |
subroutine; whe Uwﬂeﬁﬁtﬂ. ofistheicdaba neglistesx brfetb@ntsgm&ﬁed heoZt

regi ster as S al surou ep ridih ‘f’ﬁgf” of
the | CALL i né ruc | on, %gd#lg%l% ?ﬁfeigo [ tgh%per'aétggﬁ 1N i_{ﬁ&
© manner 105 oaer@é:@tsr ithe R e 1@9,133 rovPutputy O BUSH. - The WBU- tine

call instr UC%&& ”W'ﬁ%&?@fé‘i eliﬂés%é&%aﬂ@' Bher s@i‘eéﬂiﬁr %é}?l{‘roi‘agfrél the

area in the M addr essed he stac ointer, :to'save _the return_address.
The subrout | FEitedddn ﬁ%s@%‘ét?’éﬂsdﬁﬁérﬁéerﬁﬁésﬁr ‘_’%’-’F&?ﬁjdrﬂj the data.

instruction &bﬁﬁe‘téélé},d tHe M@Qiﬁgtﬁﬁéﬂieh Wollst ﬁ%t%orﬁzﬁﬂisaofe bs—t op
of the stack and dat es t he stacknggl nt er ord| n I'n addj

RETI instructefi &9 iad /iR or PatRedfr I]IOP tté}"l" JiRe i':l? r The
RETI i @St r uctriegn stear aretso | thé Masanbusabyeasaerlﬂﬁ“ﬁ.g 36 b oUPes h The '

and PCP | nst EIOE RORD R Rt aéaL%%gas%ﬁ%QS T E g
SPDEC cont r okhemaegperated to clock in the data appearlng on the data
bus 12. - .
o The LPM 1nstructlon 1oads a byte of data from
20 program memory 1nto reglster RO. The address in the
program memory is contalned in the z register._ The Z
register is accessed by assertlng R_ OUTA and R OUTB to
output registers R31/R30 at the mux’s 120, 122, and driv-
- ing the resulting 51xteen-b1t value (Flg. 2) onto the
25 address bus 14 via the mux 114. The program memory is
accessed and the'data is loaded onto the.data_bus. The
D_SEL control line (Fig. 3) selects the D_BUS input,
while the R_SEL and WE_R control lines operate the selec-
tor control circuitry to clock the flip-flops correspond—
30 ing to register RO, thus loading D_BUS into register RO.
TheISLEEP instruction sets the microcontroller
in sleep mode. Upon waking up by an interrupt, the pro-
gram counter and instruction register are operated to
load and execute the instruction following the SLEEP
35 instruction prior to executing the interrupt:handler.
o The microcontroller includes a watchdog timer
300 (Fiq.'l)_which will cause'a reset of the
microcontroller unless the timer is reset within a cer-
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accordingly and witing to-or reading fromthe stack (in RAM. The I'N and’
OUT i nst WRP¥44%7 are used to trans- fer data via the data RGIUSSOHMPeen a -
regi ster and an 5 /O port data regi ster which like the registers of
the register file consists of a series 5p4 f'Ilp flops. The IN instruction
| oads data froman 1/O port into a regl ster. The contents of the data'

oS oL Ot REn°BEEL! kEleRBRbR Sl YRRON.0 WA APl el D OF
VEER cont r ol thaetlmpe'r 300 cowvsdstecodr acmmemlm mmnmm sﬂ-um-t he
desired regigggr ol Bﬁlﬁiu'tg E:Bﬁlpgéhatoc%n%rl%@ﬁbﬁ t:h)?eo*ﬂ_rﬂé]%cf] dPNj 4 0ads

data froma regis- te 0 ta s °d fromt Jﬁ?ec' i ed
15 - regi st@logked PHetB&t e}nﬁegna} 6’§§é-r1t]13&5’rRWF@} runse Y il MH®Bps of
the datg regE&éﬁroﬁtphEeo?.e'tﬁ@t edubieh 3EC AU EE AU D i N the
data appearing on data bus 12. The %PM | nstru tion loads a b te of data
from 20 prBBW"BﬁFnBﬁDP?uPﬁFo r é8es 1??7 {REYALRF am

nmenory is coaéaanadlay inbané hagﬂmt;ea plﬂiﬁlziﬁyegsfstdmays m.sech@y

asserting R ut put Leg s R31/ R30 at t s 120,
122, and drlgﬁjTY’ﬂglPhg FesE ﬁg‘ %?Pé’é'fﬁ b|°t"'1 e 25
~ address bus timgsafrbm Iﬂmelto 2048 pﬁo@mrﬁ&wmﬂ)umcnemﬁsss.sedrmd t he

dat a |%?JI oad&g}gpv\gl#gee_%aggl %ed §9e Bﬁ o rotlr Cin‘lééﬁ"?ﬂf':é ‘?’% sel ects

the D BUS i npu I"i'nes operate % selec- _
tor control th@caeiesztpy §Déekwhl¢§ef outptitois eeupdsshte B0 enakling o

regi ster-Ro; Aﬁb%aheadbegwﬂlﬁuslsnfegamwdsw the wie %éﬁﬁ.'%dlnsi{ﬂ@t i on
sets the mcrocontroller in sleep no pon waki ng’ up.. [‘%} n i nterrupt

the pro- grafRreBuft BPTaRE Pistne ieﬂi‘\‘arle&%t a¥% 988 and

execut e the hastpasseanthel bﬁ\ﬂr&@pblﬂﬁlﬁbaa&ﬁﬁ:er duﬁ;idw@desm HWigw; to

execut i?g th@hﬁgt gLyl shan hé' MCU RESET line. The WD_SEL and WD_E

control lines are the outputs of fllp-flops which com-

prise the watchdog register 308." 'Data is read into the
register 308 via the data bus 12. s '

The WDR 1nstructlon is used to reset the watch-
- 20 ‘dog tlmer 300. The instruction decoder 23 ‘generates a -
| "WD__ RST 51gna1 which resets the counter 302.1 Thus, when

 the timer 1s enabled (WD E 1s HIGH),'a WDR 1nstruct10n

must be executed with a frequency that corresponds to the

‘selected” delay time; otherwise the mlcrocontroller will
25  be reset. B o ' ' '



ol

The mcrocontroller includes a watchdog tinmer 300 (Fig. 1) which will cause
a reset wbombmmcrocontrol ler unless the tiner is reset wiRCH/HSWASe4-

WO 98/44427 ~ ~ PCT/ US98/ 05049 -'34- tain
user selectable tine d. Figure 11ﬁ§ﬁmw that the timer 300 consists
of a c g ﬂﬂl&ﬁﬂ a plural- ity of outputs coupled to a sel ector .304.
The co by the internal oscjllator which runs at "1 MHz. 5
Each output of the counter is assertexi%##%?sa.certaln nunber of counts.

The counter 302, therefore, operates as a delay neans having a plurality of

delay tinmes._ As_shqwn in Fi t he ‘coupt er out puts can provide del ay
‘times from 18+ nSAtH¥S§9?9ﬁ§é§}%§Frﬁ??ﬂt%%ﬁﬁﬂts The 10 . delay tine is
sel ect ed by t he cont r olad iRt M oni @ethe sel ector 304, whose output is

coupl ed_to an enabling _AND gate 306 whi<c enabled. by . the W E control
1ine. Wen a perlod_ofq;ﬁﬁéﬁﬁﬁﬂi ??Pf¥e£°§efgeféﬂgd&P§§QHq%§9Eﬁ;passed

t he corresposdilegted firom diieuinstescbigh, sé6; thus asserting the MU
RESET |ine. The WDSE o] ep of flip-flops
whi.ch com prise the méﬁgﬁdggﬂﬁﬁéggéé e§%§ﬂ€§3§t§nﬁ§ regégﬂﬁgh t he. regi ster
308 via the pauraldtylf Tuntarsd | hinescfovnprovidingt condmel tsignatsh- 20
dog ti ner 309 ?ﬁﬁﬂfﬁ'Eﬁ?éégkﬁngﬂeéf2§“9§H§£§h% Q?QMD RST signal which

resets the counti he tiner s enabled (WD E is HIG}D, a
VDR i nd@ruct i on. must b&Eab@t means for aobEainéngy anh ANSERICSIRINGEY e t he

sel ected del gphet p%gﬁm%&w&tiﬁdmsaesﬁgt €8k ebtdlined?GnstifctEsRt .
WD98/ 44427 PCT/U898/05049 35 Clalns

1. A n1croc&ﬁFPbﬂh§'%ﬂﬁﬁﬁq?ﬁ¥@F execution “nlt'_

_ - a program bus coupllng the fetch means to the
~ instruction execution unlt,_ N -w--n-m«wm¢~ 3
15 a data memory separate from the program memory,
the data memory having an address space;

an elght-blt data bus separate from the program

bus, the data bus belng coupled to the data memory, _
| o a reglster f11e coupled- to the data bus, ‘the
20 'reglster flle hav1ng a plurallty of ELght-blt reglsters,
the register file further having comblnlng means for |
accessing two of the elght-blt registers as a single
loglcal sixteen-bit register, the reglster file further
having a dedlcated ABU coupled to the comblnlng means to
25  perform arlthmetlc functlons on a loglcal 51xteen—b1t
, reglster accessed via the comblnlng ‘means; .

a general purpose ALU having first and second
inputs coupled to the register file to receive the
contents of two elght—blt reglsters, the general purpose

30 ALU hav1ng a third 1nput to receive a constant-value
edatum, the general purpose ALU hav1ng means for _
-selectlvely operatlng on the flrst, second and third
1nputs to produce an output in one clock cycle, the _
general purpose ALU hav1ng an output coupled to the data

35 bus;



an instruction set: a program menory for storing.

i nstructions sele ﬂ Ilt“‘ Iuwtruct i on set; an instruction execution’
uni t hawegs/sd4pr u |! mﬂl l i nes for provi d| ng' CcOMEFBPBOMMal s in
response to execution of an instruction; fetch neans for
obtaining an i nstruction fromthe progﬂﬁﬂ rrermry and | oadi ng' t he obtai ned

instruction into the instruction execution unit; a program bus coupling the
fetch -nmeans to the instruction execution u

it: 15 _ ta . .
menory separ at e f r om& MR ERHHEHDT oo #e%at.% %‘?m??tﬁam‘ﬁggﬂaaagdress
Epace_ an tJogIﬁheblgerCEﬁaﬁl e psesen r XILTE, fthenstmt\mogegﬁTm hahﬁngat? bgs

ei ng cou t O ”%ED ou a bus,
t he go p @&‘rﬁ‘%ﬂi{rﬁ%\ﬁ g{ﬁa/t%ﬁa‘?é‘? %é/gb}é #g bigt egl s%ggfggt he
register f dillagf,urat el frecaingy cildg ni & gtwets sconpl epent sovgrfhowof. t he
ei ght b| t reqql t%rqle?afja‘%%% Ao%lgf%sg,ﬁ_eeg ﬁéro t§£ Lhe register

file urther dvin I'edtot |ng means to 25

per f or m ar icapmt kit uidhe Gkats ar‘FQ)?gﬁW Baxthen.- MYUMQ@SP@F Hesbssed via
the conbi npRGEFEY & ﬁ% ﬂ%&ﬁgl@g £hé sE1ag4; second inputs
e 1o_receive

coupled to the: reglster Fil e confents. of ,two eight-bit. :
regi sters, the gener@® GHF diress pyg h%ﬁ’/‘??fbl%gtﬁi“?dlﬁ‘ﬁﬁwc 3°Pecei ve a

const ant - v axeutaiarmurie 'aerwmécw ma@eé% leteérothea@ataonemetgct i vel y
oper31t|ng ontheflrst se(;orig nd, t hird uts togroduce gn out put in
one di%ck &Fcite HRI %% Je"%LQf‘P\ *EFCU PR @Bfpled to the
data 35 bus; - WO 38/ imtiiFect~address bus to provide the register

PCT/ US98/ 03349, w}% Ao AldE: rcﬁ‘;ﬂéétféc&&'pé@dtﬂéf{lags b ﬂ?PgSaaMngo the

general purpose us regl ster-having ing an
interrupt Sredvay @gacta'-:m, t%msnyilrect-address bus having

address-receiving means for rece1v1ng a sixteen-bit value
15 from the comblnlng neans to serve as a s1xteen—b1t :
address; '
the eJ.ght-bJ.t reglsters of the reg:l.ster file
having addresses defined w1th1n the address space of the
data memory, thereby be:l.ng access:.ble both as reg:.sters
20 and as memory - locatlons.

2. The mlcrocontroller of claJ.m 1 further 1nclud1ng a.

paging register, and an address-form:mg means for forming
25 an address from both the .contents of said paging reg_:.ster

and a sixteen-bit datum p’roiri'ded_ by said combining means.

3. The mzcrocontroller of claJ.m 2 whereln sald paglng

‘30 reglster is an elght-blt register, said pag:mg register
be:.ng coupled to said e:.ght-blt data bus, whereby loadJ.ng
a value into sa:l.d paglng reg:l.ster specifles one of 256
pages of 64K bytes each. '

35



flag, a haIf carry npl enent overflow 5 flag, negative
flag awo0 9pM442T H m'ﬂmnmﬂH carry bit, -the statusPEd S§§/g$o49urther

having a bit test neans T.0r macees g and testlng one of the flags;
dlrect address bus coupling the |nstrut370n execution unit to dlrectly
access either the data nenory 10 or the register file during program

execution; and an indirect-address bus to E{OVIde t he rgegi [ flgg Wi th
i ndirect dédt-a Shedigreeontagiiererfr ¢lad %ﬁé&: fie

indirect- a@fcﬁﬁﬂ’%@@dﬂhéﬂléﬂér eaéh' naelmgne mmxf@ropemnmmglah -
si xteen-bit value, 15 n% a g agﬁgi#C)se e as a sixteen-bit
address; tf@PeSigHeDi? ?%%+§ EFsaB Bh lFEdI 39% n ?ng addr esses -
defined Mnhmstﬁﬂmtrmwrexecupﬁon nhlthefdac&muanﬁqx prededindgcbhy

accessi bl e _bat L89S a h

e odont r AT EfatFgh HEREEED, giofllsl 3 HEEAL Xd Uecdrioffer
addr ess- f orthe]gssmaandeLDf mna’tm},0250ns.ar\'-h@dd?msn&nmlﬁ)thobhe contents

of said pa%ﬁ}&f&plé{ éfébﬁ%ﬁnfw &ﬂi:g&dtﬂa fégﬂsﬁeﬂ‘bl ni ng

means. m Croc IFer 0 aim 2 |n sal d pagi ng - register.
~is an ei ghtﬁiie tegaect:ess shedrpadsherr é@dstté%e BeithPestbled to said

ei ght - bi t dhsgebkel B¢ RAeRtUF i, 'Hrﬁi s@d peﬁaﬂgféggmger

specifies one 0 256 pages of 64K bytes each.

PCT/ US08/ 0Zidther gthe 4COnkRBLPE 88 AGCHSSST ik e 1%r1=ﬂerzvhﬁn89&d. ng
BST and BLR e feet £0A§ eachhba\sltaeue ri@jisteexerbﬁomewsonhenpeoff ies a
regi ster a abjt jdeniifier ?Felgﬁltructlon %e)? tion ug éneffectlvefor
produci ng Be Pt ETARFFETi § ﬁago S AFEAET 5 RREET8 execut i on of
the BST and BLD instructions, the bit manipul ation control S|gnals

effective for (i") opérating’ the reglster file to access” the reglster and
the bit position. :
15 5. The mlcrocontroller of clalm 4. further 1nc1ud1ng a

 first plurality of instructions each having a machine
op-code which specifies a destination register'and a
source reglster-palr, the 1nstructlon executlon un1t
effective for producxng flrst control s1gna1s 1n response
20 to executlon of one of the flrst 1nstruct10ns, the flrst
_control s1gna1s effectlve for (1) operatlng the comblnlng
means of the reglster flle to prov1de the contents of the
" gource reglster-palr as an indirect address, (11) |
operating the data memory to access the contents of a
25 memory locatlon specifled by the indirect address, and
| (iii) operatlng the reglster file to store the contents
of the memory locatlon into the destlnatlon reglster, the
first 1nstructlons 1nc1ud1ng LD LD+, LD-, and LDD.

30

6. The mlcrocontroller of clalm 5 further 1nclud1ng a
second ‘plurality of 1nstruct10ns ‘each hav1ng a machlne
op—code which speclfles a destlnatlon reglster-palr and a
source register, the instruction executlon unit effective -
. 35 for produc1ng.second control signals in response to |

execution of one of the second instructions, the second
control signals effective for (i) operating the register
file to access the contents of the source register; (ii)



i dentifi ed by the pi nd (1i1) transferring 10 ei ther the
content of an acce ﬁ““ MHW to the bit transfer fl% the st at us
: regi ster"m”/ﬁ’éz'ko transfer flag to the adk §/05

~ position. 15 . The m crocontrol ler of claim4 further |nclud|ng a first
~plurality of.instructlons each havi ng a3f&chi ne op-code which specifies a
destination register and a source register-pair, the instruction execution
unit -effective for producing first control signhals in response-20 - to
execution of one of the first instructions, the first .control signals

ef fective fopefayingethei cgmblinivognimeansgofedhe clegilstercdfiidreertdile to

provide th f&@tﬁetghgf cbiEehu’ 6F 18U ARl o RYIISHIL Gl AW 055

(i) opera to access the co tents menory

| ocati on spami indurgsztt ﬂédrﬁéSr:eéﬂ-léddP@%ata-m (Ehie; )iacteemmqa@r thee
registgr fikeol@ ¢har eoh'aeneenb%ntaeotsoh%enewﬁtleec reddiy he

destinati.on regl ster,  the first instryctions including LD LD+,. LD, and

LDD. 30 6. lomat h?BrSESﬁHf&FPePYthel andirect: aqdressy fhienFefmst ond

plurality ofnsephetibhenineaaihavery 8THHCBME emacet®.which specifies a
destination register-pair and a source register, the instruction execution
unit effective 35 . for producing second control signals in response to
execution of one of the second instructions, the second control'élgnals

effec%bve fpr (*ﬂf??§5955§ﬁF§§ﬁ&2%g?§t%&alu g %ﬂe&%ﬁﬁ?%&&pe contents of the

source register
PCT/ US98/ 05imstraetiopeeareicny ione undkoilsi rfgtrm:s ecﬁfetqtewee@o;t er f| le to

provi de t hepf&&ﬁéﬂhgf Of t %sﬁ%ﬁ%b”%b' %&e&%@:'l%ebfptﬂe Fpsaard HeC

address, (il1). oper ata menory store the contents of the

sour ce regl%P%FrFﬁt&°ﬁ§mDF9nF6€&tFéﬂn§ﬂ§cwh¥99 pperade e dqdigakeds, the

second i nstAugt beNehengkydcterSEileTto $horemidhtStHe Hontehts U the
mcro:ggntrolle%§ f_clai.m-6 wherein the instruction executlon unit is

furth¥? ef (ERIIFESFoPaLr-

8. The mlcrocontroller of clalm 6 whereln the
1nstructlon executlon un1t is further effectlve for:

20 d'produ01ng, 1n response to executlon of the LD- and ST—
_1nstructlons, control 51gnals whlch operate the dedicated-
ALU of the reglster f11e to decrement the contents of the

reglster—palr.

25
_ 9. The mlcrocontroller of clalm 6 whereln the machlne
”_op-codes of the LDD and STD 1nstruct10ns further 1nc1ude
a dlsplacement value, the 1nstruct10n executlon unit
~ .further being effective for producing, in response to
30 execution of the DD and STD 1nstruct10ns, control
signals which operate the dedlcated ABU of the reglster
file to add the dlsplacement value to the 1nd1rect '
‘address prov1ded by the comblnlng means.

35



produci ng, in respon n of the LD+ and ST+ instructions,
control swmed/ésathi c 'M{!Fmgmimm i cated ALU of the regi S!’@YUW:{OE‘M?O
“increnent ‘the contents glster pair. 8.'_The m crocontrol ler
of claim6 wherein the |nstruct|on executI®n unit is further effective for

" 20 producing, in response to execution of the.LD and ST- instructions,
control signals which gperate the dedicated ALU of the register file to

" decrenent thk0eonThat Bigroamntxglilarobplainss ofurthernipcddding|d er of

claim6 whergihntipey m&%&%&q&pmm%té%&%ﬁadogaoaeswen ons

further include a displacenment val ue e instryction_execytion unit
further be|nﬁPQPFS&FFvé'Nﬁlﬁﬁﬂiﬁﬁﬁrﬁfg+§ ?Esﬁﬁasé FBis épi c@%@tutlon of

the LDD and £ s&&ﬁ:rUQ:hd)liﬁJlﬂas;ﬂIY Qinstwotsomhhabmgeaseedﬂae:amdl cat ed
ALU of the re t r |Iet %e‘g lacgmant valugtotr%%lndlrect
addr ess provpggg g (kﬁf FRUIBALLIOD\FLYIFRTEST
PCT/US98/050ﬂﬁstﬁﬁct1&n eﬁecutxonxunitoefﬁectivelﬁor1prbdubﬁmgw nrlud:ng a
I tiply instr cph.s S i er
Mgt sher anqhilEpdl, RRHLIGT JRGILIS P FRESoNL  LoPBRELLA IR
associ at ed Smulkiplybjinstattion bythe dmsltnnlyoqontgoit sn.gpatllse
nstruollon BXRGHELQR W (O Sildadi IRy PROELTOCY! ERle/ ccPRHpl A 0na) <

i n response to executlon of t'h Instructi on contro

si gnal 0ef f eEhpyeongents afpdhe |W%ﬁ@¥%g¥@@§?lfiﬁé bb' ﬁhen de 10 the
contents of hﬁit&?ﬂh&&e@hd‘ﬁﬂﬁtipﬁ&béﬂﬂtfé ﬂyter8|h§r1ﬁpﬁﬂ§“ﬁdFﬂhéand
registers as in Pi to the general £%ipos operati.ng the genera
pur pose ALU 98“%@ oPMTERS S A ) %He5§EFBG| he grperad; g’ i ng
the registeraAful eot periform ttine QMiIltﬂpDicéﬁﬂoﬁ5opeﬂ‘Ht‘ibﬁ| i aaid O(ri:mer ation
into the reg'Séﬁail'de@hé'éééféter f11e to store the output of. the

15. multiplication operatlon 1nto the reglsters 1dent1f1ed by

the high-byte and low-byte destination reglsters.

11. The mlcrocontroller of clalm 10 further 1nc1ud1ng a
20 thira plurallty of 1nstructlons each hav1ng a machlne
| op-code which specifles a flrst reglster and a second
reglster, the 1nstructlon execution un1t effective for
produclng third control s1gnals in response to executlon
of one of the third 1nstructlons, the thlrd control _
25 signals effectlve for (i) operatlng the reglster file to
provide the contents of the first and second registers as
. inputs to the general purpose ABU, (11) operating the
general purpose ALU to perform an ALU operatlon spec1fied
in the op-code, and (111) operatlng the reglster file to
30 store the output of the ALU operatlon 1nto the first
reglster, the thlrd 1nstructlons 1nclud1ng ADD ADC, SUB
SBC, AND, OR and EOR.

35



of claim 10 furthe third plurality of instructions each
havi ng AYQreR444¥e o |f|es a first registeP @SR ond

t he hi gh-byte and lﬁﬂmﬁﬂe destination registers. 11. The nicrocontroller
register, the i nstruction execdtlbn unit effective f.or producing third

~* control S|gnals In response to execut T80 of one of the third I nstructions,

the third control 25 signals effective for (i) operating the register

2 ool Y CeahlendBRLERNE R 1 o KAnid oM AR P d TPt S 1o

t he genera pur poSe erattn ener al  pur pose perform
an ALU opefeurth ppuralisy of nmtarpc&ms m@h( hau\v)mgo@r auacﬂymme regl ster

file to 304 p- t f t
e third DRcoae vhignrpRdssled, B rbataten) fridd Uil ViRle LA 755

W08/ 44427the 1nstructlon execution um'p/ fq;gpzp,_duc%

m cr ogont rebh?thot:oﬁi:ebm %ighwlfsh% w&@p&is@;t% feRecdt IBn ¥ idne B

.instructio e%c g gg ¢hi ne Ode\rg?’lt i&éﬁ:flmreglster and a
constant v oppth; joaskruc Hnéxe $roducing 5

fourth conéfﬁécﬁngealfsrlh rut)eopem-al eing ebhecl ﬁegdmﬁﬁr @igenftd hprdwidd h ]

i nstructi rtth _contro S e i eratlngt e -

regi ster f?ﬁ% %Sgsfg‘\v}?dgf %g‘ cgﬁlgzﬁt o ﬁe%ﬁé" t( Qo q% i nput to

‘the gener ageperpbsputpuse( ALY, pr(am)dmvmdarmmeamnsuam aea]:ma asa

fourgp inp tfggr{:ﬂelg%g%r% L%Hepgiglﬁé‘g# ?Qljgoﬁ Q'ruatl(r}g_ C}he gener al

pur pose AL gerf |rf the dp-code, and (iv)
oper ati ng PREratyngt &hef gpae@:alsw@q%w e nﬁrftqm AT MgEr ation into

the regist he hoa bbiiraslr Yol kpas de)C lad r2dng ANDI, ORI,
SBR, and C%er ° b mlcr ocontroll e?%%‘cocl ai m 12Q]j!mvr§t here i nclr:Jdl ng a

fifth pl urEP?t}?’eSFSFﬁE't Fddei &9s storr FRe Pt Of f® ALY op- code whi ch
speci fies epeegtibar mu:bethesnregdrslt@r emwtﬁmwnulnsm‘ﬁmﬁiomfor -

‘prodyging {1i104¢38¢ Eﬁbx SBCI, ANDI, ORI, SBR, and CER.

-

13. The microcontroller of claim'lz further including a
flfth plurality of instructions each hav1ng a machine

20 op—code which speoxfles a reglster, the instruction
execution unit effectlve for produclng f£ifth control
signals in response to execution of one of the fifth
instructions, the fifth'control's1gnals effective for (i)
operating the register file to'providefthe contents of

25 the register as an input'to"the general purpose ALU, (ii)

| operatlng the general purpose ALU to perform an ALU
- operation spec1f1ed in the op—code, ‘and (iii) operating

the register file to store the output of the ALU"
operatlon 1nto the reglster, the fifth 1nstructlons

30  including COM, NEG, INC, DEC, TST, CLR, and SER. '



-

signals in response | on of one of the fifth instructions, the
fifth conwmdsmaigna mw,i’ (| ) operating the regi SPET/USISM4SD
provi de the contents*o |ster as an input to the general -
purpose ALU, (ii) operating the geheral-ﬁurpose ALUto perform an ALU

operation specified in the op-code, and.(iii) operating the register file

to store the output of the ALU operation into the register, the fifth
i nstructions40 Thensigdosentaal s ol MdaEQ 3 TEIrtEeR, inpduding a \Wo

98/ 44427 PCTéi&?@él Bel#d1i4Yy oiz4 mth:deﬁ&@regaUﬁavﬁgcaamabﬂnteurt her

i ncluding a six lurality struct.ions each aV|ng ﬁénachlne 0 code

whi ch speC|f?E§c%¢§typ&§hbﬁP%ﬁ%¥%$§M@ﬂﬂ§ﬁ§9ﬁwﬁl§a?ﬂ@ SPhaCeTen

execution ungaleéf ethevinbtiruetidy edtsduttion xmhwoeffebtsvanﬁb& in. .
response to exe utipon of, 5§&H£HH§}S'Xth nstructlons Qe si xt h,gontrol

5|gnalsseffeE¥? Wcipy gy SRS (1R THRBRARS R0 P EXOPHE 10 us
bit and (ii)obasnd owothehemnﬂh:omstﬁudﬁlﬁm:e,stﬂdessﬁkth ‘bbhtroft i onal |y

t t he, f et t th t i be .l oaded
o axecut| RiFEAE, aPregTNA S (O RSAENe' BRLHTH RRRb PR YK
di spl aced froesththeoskatms Mhﬁﬂandnﬂxiynbasedrmpbnothéyoahcameum& equal
to the displ I t BRNE
s SAETERLENA' WEadifpR! DAL el AL BREDBERATIE
BRVC, BRI D, BrRAES BRBGhaBRESe BREEt ipstmrrgionsto reclandedc Sor ol | er of
claim 14 furéﬂeeutmshuien%&a%ea SRUARL Rbedelbh ViRt thasb&ugﬁceens each

havi ng -a machi ne-op-code which specifies a register-pair const ant
val ue, t he |h%?PHEY|Bﬁaexéﬁﬂﬁ¥ﬁPlﬂﬁqd(ﬁFQRKFQ% %%?aB%BBueﬁn§h§eFFﬁq$n

control si gnﬂhﬁﬁtﬂc{:@&ao% 5atrpa9ﬁ63ﬁ'iﬁ1l aut wetn%faﬂe ;aeeﬁbhzz value,

i nstructi ons the.s ent , contro S e | eratlng

the. conbi ni nEPRRSHECEr I TGICHE Ui Eng BREee EREoRRGRrs B e -

regi st®s- pai BRsn,aBRmputsmaI trmmte,dlmmse;i Mt; (BRTS, BRTC,.BRVS, o
BRVC, BRID, BRIE, BRBC, BRBS BRGE and BRLT.

15.. The mlcrocontroller of clalm 14 further 1nc1uding a
20 __seventh plurallty of 1nstruct10ns each hav1ng a machine
op-code whlch speclfles a reglster-palr and’ a constant
_value, the 1nstructlon executlon unlt effectlve for- _
producing seventh control s1gna1s in response to '
'executlon of one of the seventh 1nstruct10ns, the seventh
- 25 control signals effective for (1) operatlng the comblnlng
'means of the register file to prov1de the contents of the
register-pair as an'input to the dedicated ALU, (ii)
prov1dlng the constant value as another input to the _
dedicated ALU, (111) operatlng the ALU to perform |
30 addltlon or subtraction, and (iv) operatlng the reglster
~ file to store the ‘result of the operation into the
reglster-palr, the seventh 1nstruct10ns 1nc1ud1ng ADIW
and SBIW.

35



provi di ng the consqam her input to the dedicated ALU, (iii)
operating the ALU t ﬂm'ﬂ”aﬂlﬂ dition or subtraction, andeﬂ%

~ oper at | ROPRMA44RZ i st*er file o store the result of the opBFEES o the
regi ster-pair, the seventh instructions including ADIWand SBIW 35 WO

08/ 44427 - PCT/ US98/ 05049 -424216. The microcontroller of claim
15 further including an eighth plurality of |nstructions each having a
machi ne op |ch eC|f e nd.a_bit.identi the
Mhetruct | o exechie cRigRreoRFFaL et oo P ThiBate; A mbnet dnghiring, ary,

signal s |r1erghthmpﬂﬂnakxtyubfoﬁnstruoeloﬁstbechlghvﬁngnatmachumms t he
ei ght h cont o 95 r Qi # eto
access the‘;r g‘lz #Qnﬁ%f‘éﬁ % b%tgé%ég? éhg Egtbggeﬁgqﬁftl i'er and
(ii) based'mngwnm$mrnm¢ioneenecuheoneuneu e@fecbnve Spri preduginger at i ng

the ffch " B ol N€igRY1s' B0l FUEPLARe EBCeRelitionBle bild &

i nclu crocontro claiml

|nclud|ng dﬂEFHe#ﬁ%ﬁhubﬁ$§ﬁ“ﬁ§%?h§:athﬁcﬁﬂﬁbtbp°@6G€°§p§éBP?ﬂﬁg a register
andda Constégf%ed@%wl féPe(i?"Sbbéﬁ&t@ﬁg%ﬁé?ké@&sﬁ&%ﬁ refiketbl uegfgas |

pr oduci ng con ro Si 0 0. €ex cu [ e

i nst ruct i orENe HeeEHFtep ﬂtgﬁﬁgsg ﬁi&ssBFFé ﬂPéegVoggelglﬁperatlng the
rﬁQIStir flideﬁtutﬁQWISndthﬂiyobaseﬁSupbnthheregtebne of thblt%?teanu to

. the I cat,ed ALU I OVi e,.const e I nput to

t he g@dlcat ¢&R?%$ﬁn%}f )°Bﬁ5? }Fﬁgtﬁﬁ 8@8# E?Eﬁ A%S ?5 act the
second |runnex§51nstrmutihn fthet eighth. 1mstruﬁheonscnncandunbléﬁnnﬁ claim
17 further jn¢! &9 a CPC instruction having & machi ne op-cede- specifying
first 30 “and second registers, the instruction execution unit :effective

for producing CPC control signals in response to executlon of the CPC
instruction, the CPC control 3 _ _

15 17. The mlcrocontroller of clalm 16 further 1nclud1ng a
CPI instruction having a machine op-code specifying a
register and a constant value, the instruction execution
unit effective for producing CPI control signals in
response to executlon of the CPI 1nstructlon, the CPI

20 control 51gna1s effectlve for (1) operatlng the reglster
file to provide the contents of the reglster as a first
1nput to the dedicated ALU, (11) prov1d1ng the constant
value as a second input to the’ dedicated ALU and (iii)
operatlng the dedlcated ALUD to subtract the second 1nput

25  from the flrst 1nput '

18. The microcontroller of claim 17”furthef ineludihg a

' CPC instruction haV1ng a machine op-code speclfylng first
30  and second reglsters, the instruetion executlon unit

effective for produc1ng CPC control 51gnals in response

to execution of the CPC instructlon, the CPC control

signals effective for (i) operating the register file to

provide the contents of the first and second registers as
35 inputs to the dedicated ALU and (ii) operating the

dedicated ALU to compute



signals effective f he reglster file to provi de the
contents WO!!&A@&‘M Imuummﬂﬁmlm sters as 35 - inputs PETUHS/BROA cat ed
ALU and (ii) operating ttheldedicated ALU to conpute . .\O 98/44427

PCT/ US98/ 05049 -43- Rerr] - Rerr] - C, whédre Rerr] is the first _
register, Rerr] is the second register, and Cis the carry bit. 5 19. The -
m crocontroller of claim18 further including a CP instruction haV|ng a
machi ne op- code sp&&si ryRag™ f?rsV 8R& second registers, the instruction

execution unit 10 ef&echgv&HQijggﬁhgéqggggkpontroI signals in response
to execution of the CP |nstrui%{ t he. CP cpntrol signals effective for
(i) operating the registfr 1S Q(ﬁﬁﬁQﬁﬂcEPQH% ontNEs of the first and
second.regi sters respectg vis ytlse ¢arey bid.second inputs to the dedicated
15 ALU_and (ii) operating the dedicated ALU to subtract the second i nput
fron1the5first.input 20. - The m crocontroller of claim 19 further

I ncl uding a 20 CPSE i nstruction having a machi ne op-code specifying

first and d f
bt odictng CPeRSondihs’ Wl Sroddft 821 EHCLOBIBIES 1! St Arlehia iy’ 4"
i nstruct i on R mmMmevgnw 3 maf:banev@pmod(a preskfiring fhest

register arld 'deddhd® LY 8 éhs, ceﬁéeafngt%ctt&w ethiton dawified by

the first and second registers respectlve first and second iLnputs to
t he gendPal p@ﬁﬁﬁﬁ?#ﬁﬂJf?¥|9r9$69aﬂgnﬁptﬁ9n§€ﬁérﬁlqgﬁﬁﬁxiﬁlﬂﬁfﬁﬁﬂ§ﬁnﬁﬁre

the first and SRRt deE SthéNep( ihskriatddnPehe! e USRS EL oélg\naﬂs

conpari son, optlonalky operating the fetch Means t,0 skip_ the n
instruction. effective for (1) operating the register file to prov1de

the contents of the first and second reglsters
_respectlvely as first and second inputs to the dedicated

15 ALU and (11) operatlng the dedlcated ALU to subtract the
second 1nput from the flrst input.

) 20. The micfocontrollef of claim 19 furthef'including a
20 CPSE 1nstructlon hav1ng a machlne op—code speclfylng
first and second reglsters, the 1nstructlon executlon
unlt effectlve for produc1ng CPSE control 51gnals in
~response to execution of the CPSE 1nstructlon, the CPSE
control 51gnals effective for (1) operatlng the register
25 file to provide the contents of the reglsters 1dent1f1ed
by the first and second reglsters respectlvely as flrst
and second inputs to the general purpose ALU (ii)
operating the general purpose ALU to compare the first
anq second 1nputs, and . (iii) based ‘upon the outcome of a
30 ocmparlson, optlonally operatlng the fetch means. to sklp_
' the next instruction. '



-
WD 98/ 44427 ' PCT/ US98/ 05049 -44- 21. The
m crocontrol | er oiﬂl!l’“ﬂ!“!‘“\“‘cl!‘“““r including a ninth plurali tg of .
i nst r ucWORU48%ch cgLa wRchi ne op- code which speci f | FCTAMPEM R cenent

~value, the instruction execution unit_gfigctive for -producing ninth 5
control signals in response to executi 6f%3f one of the ninth instructions,
the ninth control signals effective for operating the fetch neans so that

the next ingtructkign or gt I5..Qht al f ' ocati on
0 the progfin nEhS, pifreEondgilent bertist 0. 'Sy KHEIIEIS 4 0
current i nshiothi phubalityapfuinstqugitions: leach daviswgmentmactiing the ninth
“instructiong,,L di + LAP. 1 2.2 am o e 0 (o oller of claim
21 further ?ﬁc?ﬁé#ngﬂgﬁﬁﬁ?ES&E%&%%E@t?gﬁP;%%EmFﬁgfpﬁgﬁF%nq%&%cutjon unit .
effective fénsproghiPpgererntdom uwpitsediactivie fogpreduaingartitn of

the 1J§P i nébﬁﬁﬁbioaighassl NP reaplongle HoleUeTudfiildif idf oridTof ith&per ati ng
t he conbi ni ng neans 2 .of the_reqi,ster flleﬁhg- rovide the contents of
t wo registeP%nEQ_én§Fﬁ&F§18P§plg@@thPtQMQQgﬁf 1gnadsehfeRFivR fetch

means so t habrt bpepakingngheueiteh meahe lseadtdht! dheexratt i on i s obtai ned
froma locatiop in,the prograg.i 'y, that: is di:-laCeq¥fr m.; he. | ocation
of 25t nePREFPERASEP: BE IRORY S0%a ARSI tAbIS SRR R &
di spl acenenloeatiien 28. théhprogeanc memoatyl dthadf icl sispdhded tficom i tive udi ng -
a 30 20 te”igc {:T%ﬁ' beY +Rb icﬁ%&fe?ﬁ:t 'ﬁ@%ﬁ%@l’o@@\ﬂgn%t? &}P&IH@?%&P#Q&?;V‘“' ch
speciTres a drsplacement val'ug, e instruction €xecution unit-elTeclive
for produci hget dhsplacenedt vajmel,s the ndo¥dndastyustdans omefuding of  t he
tenth instryRgkpoRaa Fhe.tenth control signal's effective 35 - for (i) -
pushing the location in the programnenory of the next instructieon to be
executed onto the stack and (ii) operating the fetch neans so that the next
i nstruction to be | oaded for execution is obtained froma location in -~ WO
98/44%;7 ZEFT/¥§g8ﬁgggg%ontfoller of élaim'21 further including an

IJMP instruction, the instruction execution unit

effective for producing IJMP control signals in response

to egecution of the IJMP instruction, the IJMP control

signals effective for (i) operating the combining means

20 of the register file to provide the contents of two

registers as a singleudisplacement value and (ii). |

operating the fetch means so that the next instruction to

be loaded for execution is obtained from a location in

the program memory that is displaced from the location of

25  the current instruction by an amount equal to the single
‘displacement value. - -

23. The microcontroller of claim 22 further including a
30 tenth plurality of instructions'eaCh“havihg a machine
op-code which specifies a displacement value, the _
instruction execution unit effective for producing tenth
control signals in response to execution of one of the
tenth instructions, the tenth control signals effective
35 for (i) pushing the location in the program memory of the
next instruction to be executed onto the stack and (ii)
operating the fetch means so that the next instruction to
be loaded for execution is obtained from a location in



-45-. t he -program- rreamu | aced fromthe | ocation of the current .
i NSt ruct WO.9%/4442h ‘ mﬂm’ sﬂ’ﬂe di spl acement val ue, PCI/YOROH49 .
i nstructions includi hg RCALL #an . The microcontroller of claim

23 further including an | CALL |nstruct|on45the i nstruction execution unit

effective for producing | CALL control S|gnals in response 10 to execution

of the I CALL instruction, the | CALL control | s eff I ve for
operating th@h@oHWW r%%‘f\%r%]?éﬂ% +8gAiER a?‘ﬁ%efﬁ?nb &é"ﬁ’lfel‘é%n?gnt s
of two regi Stiies carrrerst aretﬂueﬁieﬁeb?nanvaimant( leq).xanuaio mhé he location.
in the progr of .t he, next stru t|o Q be e ted onto the
stack, and (aﬁégiﬁ? Wﬁdv?%%ef %ﬁ ﬁﬁg @ﬁuﬁﬁ)iééh?%ctlon to
be | oaded foRoanﬂnandNCABqutalned froma Iocatlonlln t he program.nmenory
that is_displaced fromthe |ocation of the current instruction by an anmount

equal té the single 20 di spl acenent value. 25. The mcrocontroller-of
claim 24 further including an eleventh plurality of instructions each

having a mohinie Fhe nfBr600Rephl chrsBICLlnth 3 imAIRATIH NGy dhe

i nstruction &ecutyon Unit Ve for UC|ng
i n"response A&Alecnsoructione bhethesaruvtnpn execridary it he el eventh

control S'9”@f¥éﬂ€f¥é'fﬁrfﬁroéhclﬁ EbﬁﬂlﬁE%n%&%ﬁks&%nﬂiéﬂihfkéﬁbonse
l'ocation in the pro ran1nenDr€B% g i1) operatlng fet.ch :means so t hat
d- e

t he nedf i nsttu@%esPtPBeCfo Leipshnsh %EW o%%‘f'\"’éﬂ in

the program rﬁrmfaas)téﬁfwﬂlﬁéomrhhyt ap&raa—iie:gebtex\eerﬁdmblriﬁﬁglqheme
I ncl udi ng RE}gg RETI

PCT/ US98/ 050 "ﬁ‘ls 1 ﬁ?‘vf? gSnPFB]"I‘SF She. CORERESyRE &Y0 ¢ he
i nstruction. ngmﬂtersLastafsxngbe ﬂispmaeemenm waammnsdll) pushlng

_ the location in the program memory of the next
15 1nstructlon to be executed onto the stack, and (111)
operating the fetch means so that the next 1nstructlon to
be 1oaded for execution . 1s obtalned from a location in
_ the program memory that is dlsplaced from the 1ocatlon of
the current 1nstruct10n by an ‘amount equal to the s1ngle
20 dlsplacement value.

_25._ The microcontroller-of'claim 24 further including an
_eleventh plurallty of 1nstructlons each hav1ng a machine

25 op-code which spec1f1es a dlsplacement value, the

' 1nstruct10n executlon unlt effectlve for produclng '

:eleventh control 51gnals 1n response to execution of one
of the eleventh 1nstructlons, the eleventh control
es1gnals effectlve for (1) popplng the stack to. obtaln a

30-: location in the program memory and’ (11) operatlng the
fetch means so that the next instruction to be’ loaded for
execution based on the location in the program memory
obtained from the stack, the eleventh instructions

including RET and RETI.
35



to executlon of theiwwmm , control signal s \/\,hi ch operate the
_status re ster to se i nterrupt flag. 27,
. m.¢rocon 270f claim 26 furt"her including a twelfth p|P6:;1‘gfq9§/9506?
"|nstruct|ons each having a machi ne 10 gp- code which specifies a
destination register and a data source, ~#RE instruction execution unit
effective for producing twelfth control signals in response to execution of
one of the tyelft i\N i ons. - | £th._cd | Si.gna ef fective for
(i) operati n%f heEPeglig' %%E glﬁbl;tg%e%ﬁe é‘tag'g‘sg}’t ﬁ’z‘e&?ﬁg'e@tl% of - a register
if the data snatmactsoa ee:gcuttepnam:t@l |f)1nt1he:apmgludes,rag1 sespdnse to
store 1nto the desbhtabhobs’ fles kR initrRRaess CLdritlcll ANt s i f

the data source Is a register ata source itse ata source -
i s a constan¥high opgrate the skatushregdstedt itohSethdheigdPhad/ and LDI .
28. The5n1cr9ﬁgg§fﬁbteflg§ claim 27 further including a PUSH i nstruction
specifying a register, thé instruction 25 execution unit effective for
produci ng PUSH control signals in response to execution of the PUSH
instruction, the PUSH control signals effectiVe'for'(i)'Updating t he stack

Bhck o rectlve The mirtbrpBtap1ify B gdaturaf Hirendd SHRTAIAY 4 "¢
PCT/U898/050ﬂ0e1£th p&uralh&ynbfransmtmammmnsﬁEadhmhawmhqlawmanhlnzlud|ng
a PoP iBS”USb' ag ép%&%oggeélg‘igssheﬁe St 1 Lt"e#sg’ct execu‘?. 1 O']E  he

effective for pro signals 1nres
POP i nstruct $eurcs, thl?elnaﬁrel@ﬁtlpéil egqegml@nem& iaffeatrive Jfowper at i ng

the stack topsbRieihie tiANERR! Sohieblobikhalie iPeistnddidd | 1) Updating

the stack pointer to point to previ ous Iocatlon In"the stack. -1 30. The
| n1crocontrolP%FcBFlepaPﬁl?@efﬁﬁtﬁbﬁ tHelidn dnatctions i the dMebH each

having a macBonerep- eddnals effectlve for (i) operatlng the register
15 file to access the contents of a reglster 1f the data -

_ source is a reglster and (11) operatlng the reglster file
to store into the destlnatlon reglster elther accessed
reglster contents 1f ‘the ‘data source is a reglster or the
data source itself if the data source is a constant

20 value, the twelfth instructions including MOV and LDI.

'28;' The mlcrocontroller bf claim 27 further 1nclud1ng a

PUSH 1nstructlon speclfylng a reglster, the 1nstructlon
25 execution unit effectlve for produclng PUSH control

s1gnals in response to execution of the PUSH 1nstruction,

the PUSH control s1gnals effectlve for (1) updatlng the

stack polnter to p01nt to a next 1ocatlon in the stack

and (ii) operatlng the stack to recelve the contents of
30 the reglster. '



speolfylng a port a the instruction execution unit effective
- for . prodMOi9884420r t m ﬂlm nal s .in response to exEUSWHOSH? one of
the IN and OQUT |nst t control signals. effective for (i)
operating the register flle {0 access t hd7regi ster and-(ii) either
transferring the contents fromthe accessed register to the port or
transferring the contents of the 200 port to the accessed register. 31.
The i crocord? ol | Bre origrarangolderhef icdaimizfy furtimy | hae wdingna t he

i nstructi on wyECik&LPusBibnCkpact i n§5a rdflstiduaiddindbi-aenionl
signals in res onse t o executlon. qQ he LPM' nstruction, the LPM control

signal s ef f RXGGRELOR ?P}toﬁgﬁﬁFFﬁgetEQQnBﬁﬂqﬂqﬁP R SNERRL, egi st er
file to provsﬁ;nals :enni-esponsé 00 ex@@uiits oS tthe pom tatedetsdsn, (i)

accessi t.a ocat n.of -t r-am- ne speci fi ed
byt he Ty o i R SEREE!, Bieoparg Bt v Fab PO XBIFTELYG BRR ¢ The
accessed(ﬁﬂstaakatoegtererth&5cont!ﬂt§yuhhﬁébf to the register and

T o8 Co0e,GpadCens PR BRRBROBIISNGY & LA § UphBRTchc] Ui no

-a thirteenth ISt ruc |on ex ron-unit
effective fckogatiomi kg therstenkh control S|gnals in response to execution-
of one of the thirteenth 5 instructions, the thirteenth control signals
effective for (i) operating the status register 'to access a bit therein.and
(ii) éi%her setting or clearing the accessed bit, ‘the thirteenth

i nst ruct i ons3d ncl penfis SEGcoRtFo1IEY 2 N1 a3 2 Sl SRr ﬁablu&Eﬁg ENS,
SEV, CLV, SET,.CLT BSET, and BCL

m cr ocont r o13%4 QWTCFBFFFSQEFBPFhePﬁqhﬂqﬁﬂ¥ﬂ?eﬂ1WE&P*W%t?ECFPGﬁ speC|fy|ng
a register, specifpingchi portSand exeRifisterinithefimetrwetion pr odUCI ng
Thotrucy on STRSERLoR, 4RRED HeRaLEIRe ¥od TSRS R (et her ating
the rdd st ersignalsoincresponse to execution of one of the IN and OUT
instructions, the port control signals effeotive'for'(i)
operating the register file to access the register and
| (11) either transferrlng the contents from the accessed
_register to the port or transferrlng the contents of the o
20 _ port to the accessed reglster,

31. The microcontroller of claim 30 further including an
LPM instruction, the instruction execution unit effective

25 for produclng LPM control s1gnals in response to. .
executlon of the LPM 1nstructlon, the LPM control signals
effectlve for (i) operatlng the comblnlng means of the
reglster flle to prov1de the contents of two reglsters as’
‘a, program address, (ii) acces51ng data in a memory

30 1ocatlon of the program memory spe01f1ed by the program
address, and (1ii) operatlng the reglster f11e to store
the accessed data in a reglster.
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register, (ii) Shlf nificant bit of the 20 accessed .
. register into the- c mﬂglmﬂmﬂmm fting the bits one position to the
- left, andVOi¥4eear kng seasdt Significant bit. 25 3RCT/USHRAS049

nicrOcontroIIer of claim 33 further |nclud|ng an LSR instruction specifying
a register, the instruction execution. unT#8&ffective for producing second

shift control signals in response to executlon of the LSR instruction, the

d shift t t, t t '
oo hobes T2 hothe ShUPRpBoREST AR 0B p1at bal, che BRGNS %01 L
accessed regithirteéantht pturaiiyybof, 1nstrhcsmohsyngheh&n&mmmcmﬁgwpos|t|on
to th ht W0 ,98/.44427
L0t S0 iy ioh, Ghedl LBOCHBE, UOpbeL RREARN oRlradhen HBQE142T
“an ROL instrRignslspini respngnser tgi executihn Dﬁsbnecbﬁforthexmhlmt@renhht
effectivg forlﬂé@ﬁ&@tﬂ&néhlﬁﬂeshhihseﬂi:ﬁol:oﬁ Qi" El?ﬂa'i%s ‘rfﬁé%ﬁl‘?re

executi on of struction cont nal s

effective for ?F)E%te?@??ﬁﬁlPﬁetFSgF§PEPsfFP€1§5350E85§°FE§5rég (i)

shifting the méﬁemeams(npneiahébeséeung( bk bléar&hgn&h@%cwseédol t
nmost  si %rﬂc{lcant 10

into the | east nt bit, and

bit into theﬁ%5€T3E% %%teeﬁﬁa g BE%F%PBFI@PgSPg&PS|§F§5

i ncl udi ng an cxuz|$Ez;UCLanSEpecctyyngEs,reusstSEv,thevunsmqutnnn 15
executifp uni ﬁﬁf&fﬁl S%ﬁé gaﬁfggggg fourth shift control signals in

response to exchtlon o fuction, the fourth shift contro
signals effective for (i) operating the register file to access the
register, (ii) shifting the bits one positiOn to the 20 right, (iii)
shifting the carry bit fnto the npst significant bit, and (iv) shifting the
| east signifitint e RHEECEPRtEalI§rppE. claim 32 further including an.

_ LSL instruction spec1fy1ng a reglster, the instruction
15 execution un1t effectlve for produc1ng first Shlft
control signals in response to executlon of the LSL
1nstructlon, the first shift control s1gnals effective
for (i) operating the register file to access the
_ register, (ii) shifting the most significant bit of the
20 accessed register into the carry bit, (iii) shifting the
bits one position to the left, and (iv) clearing the
least_significant bit.

25 34. The mlcrocontroller of c1a1m 33 further 1nc1ud1ng an
LSR instruction speclfylng a reglster, the 1nstructlon
execution unit effectlve for produc1ng second Shlft
control s1gna1s in response to execution of the LSR
1nstructlon, the second Shlft control signals effectlve

30 for (i) operating the reglster file to access the

' reglster, (11) shlftlng the least 51gn1f1cant b1t of the
accessed register into the carry bit, (iii) shlftlng the
bits one position to the right, and (iv) clearing the

| most significant bit.
35



25 37. -The nicroc ym 36 further including an
i nstruct i WO ST vi ﬁm"ﬂ mﬂ tl ” e instruction executi oﬁcﬁ‘mﬁm@ﬁ“l‘%ct i ve
for producing fifth shift d¢on¥rod stgnals in response to executi-on"of the

ASR instruction, the fifth shift control ~4Pgnals effective 30  for (i)
operating the reglster f|Ie to access the reglster (ii) shifting the bits

one position_to t and shifti t he | east signifjcant bit
into the car Py bi Eﬁ‘ 1cr ﬁgﬁéér of c P /B fﬁ%ﬁg’é}?i@ .
m crocontr ol er?L dfnsﬁmmtisé’nfspébﬁfynngl adregmt‘&wpﬁmstinmtrwtimcu fying

a register, the j siruc ni t t.ive . far ng smap

control S|gn£%$q éﬂ%g ?ggégt&QFlﬁﬁroP §%§ﬁﬁb 41%%%% he

swap conLroIcmn;ndkssiq?alsvnnfnespohseptbaEMBQﬁfxpneqﬁs#hs R¢Le t.-0

access er S n

accesseé reglgFﬁ%ﬁLT%ﬂgn Sﬁ ¥ﬁ29§1gpg?§n %%F%1 %; %g?#%#%ﬁ _

i ncluding a MRm)nsmmtlmg the rﬁgu-sm-em Cn@%ta@e&mlth%ffect ive for
roduci ng sl ol e n 0 EEP

P 9 ‘ifé%ecél-{}éf ggiﬁ "ah §ft!ﬁn EBQ &t% o%egwép H tdeunt

i nstruction, ectlve f aci:ng t-he

n1crocontroHl9fﬁﬂ1@#H£9 Sh%f%éﬁ?nﬁb@ cggry P& ﬁﬂﬁQMihﬁrkﬁﬁiﬁ of claim 39

further incl lsq.diﬁ.ﬁdﬁi@f'ﬂﬂﬁ UaABr (RY BHiFLIRC RIRD e tsidmesisantCU
reset 20 |ine, and‘fhdela gbi for asserting a signal on-the MCU reset
0

line affer d&tidyiinF9 Jrhe GREFBdPF-tine; the MU reset Line coupled to

cause a reset of the microcontroller upon the assertion of a signal by the .
del ay neans; the watchdog reset |line coupled to the delay 25 ° neans to
initiate a delay ‘period; .the mcrocontroller further including a VR

i nstructi on, 3dua|Thnrmmmrooonteomnemnoﬁncﬂalmn3EE§mmthercnmnlndingnanf

the WR I nst il 0l RIGEE0h VLAt s0338 Ul o SV il 1S HRLERGRO T e5et

line, thereby Initrating a

15 ‘execution unit effectlve for producing fourth Shlft
control signals in response to execution of the ROR
instruction, the fourth shift control signals effectlve
for (1) operatlng the reglster flle to access the
reglster, (ii) shlftlng the bits one p051tlon to the

20 rlght (111) shlftlng the carry bit 1nto the most .

| 51gn1flcant b1t and (1v) shlftlng the least 51gn1flcant
bit into the carry blt. _

25 37. The mlcrocontroller of clalm 36 further 1nc1ud1ng an
ASR 1nstructlon speclfying a reglster, the 1nstructlon _
executlon unit effectlve for producing flfth Shlft
control 51gnals in response to execution of the ASR
'1nstructlon, the flfth Shlft control sxgnals effectlve

30 for (1) operatlng the reglster f11e to access the
register, (11) shiftlng the bits one position to the

| right, and (iii) shlftlng the least 51gn1f1cant bit into
the carry bit.
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38;' The mlcrocontroller of clalm 37 further 1nclud1ng a
SWAP 1nstructlon speclfylng a reglster, the instruction
executlon unlt effectlve for produ01ng swap ‘control
s1gna1s 1n response to executlon of the SWAP 1nstructlon,
the swap control s1gna1s effectlve for (1) operatlng the
register file to access the reglster and (ii) swapping
the high and low nibbles of the aecessed reqisterl~“

39. The microcontroller of claim 38 further ihcluding a
SLEEP instruction, the instruction execution unit -

effective for produc1ng sleep control signals in response

to execution of the SLEEP 1nstruct10n, ‘the sleep control

-51gna1s effectlve for placlng the mlcrocontroller in a

sleep mode._

40. The mlcrocontroller of clalm 39 further including a
watchdog tlmer hav1ng a watchdog reset llne, an MCU reset
line, and a delay means for asserting a signal on the MCU
reset line after delaylng for a perlod of time; the McU
reset line coupled to cause a reset of the _
microcontroller upon the assertion of a signal by the
delay means;_the watchdog reset line coupled to the delay
means to initiate a delay period; the microcontroller
further including a WDR instruction, the instruction
execution unit, 'in'response'to execution of the WDR
1nstruct10n, effectlve for assertlng a 51gna1 on the
watchdog reset line, thereby 1n1t1at1ng a delay perlod.



