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s EMBEDDED SYSTEM S
V[ SEM-Ece - ARM MIcROCONTRBLLER AND. (jsecez) 'O O '8
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MODULE-L AR -8 CR BSBalsfi
ety il d ARM _3;2 BiT_Mic gocoN‘rgox,LsE aect Prby
Zntnductio_'{t - BARM COoRTEX M3 - ProCESSOR. Ay
> The vequiremenk 6‘3”’ highe» (9275Wh4ahce microcontrollers has beer
dviven %Loba.litd bt? the indwtvq’s Chahcain? needs;
[p7 example, micvo controllers  are WC;W'T&‘H 6 handle more woork
without increasing a Frrodad—fg kroquoncy or pouwer
= Micwcontovllers ave becomfma inc‘.?'ea.zsin?hj tonnected whethe? bt:(
_Univefo'sd Qerial Bus CUSB), Etherret, or wireless madio, and
hence, the processing heeded (6 support these Communtéation
channels  ond odvanced peviphevals ~ are growing.
- Qaheb’aj @.FPUCG.HO” CDMPfaKihj ison the Fise due & more gon'uSHCaﬁcp
E mwer jntef‘&aw) mu,w‘mgdja u?'mmentS, glj_g{-gm gFeed? an .
Convergence dB f)unchonalih'ea.
| (22 bit) 1
= The ARM (prtex —MZJFrocuSOr, the first d) the (ortex generakion J)
rocusovs  veleowed 1011 AR ( Advanced RisC (Reduced ‘Instouction b

ComPuhNa) Machinat) in c006. I
> T provides excellent performance of (ow count and comes with
“mamdFTnew ﬁeol’um Fmevioua&j oot lable cml% in hiﬂvh.end Ffocasm’..s.

5 3 addeses the mequitements o) 32 bit embedded procasor Lie —
® @Ea_fgr ferﬁmmance eﬁgdenuj— IF ollows move work 15 be done
without Increasing the ?Smcl"‘a”‘ff or Foum’ 'f‘ec;wm‘ments, .

(i) Low powey Consampf‘fon - Tt enablu (onﬁer ﬁuﬂ'ery[z-ée , e ec:f:ﬁgm

cvitical in  povtable oducks  like  coiveless nef@rk?nﬁ ‘
GiD Enhanceglf: determinism - Ik guam&u Yat critical tasks cnd mfé'rmftf
are gervied as quickly oa possible ond ina known number d eyeles.

iv) M C_"ELE % - OTF ensures that (ode éff.s in even the smallet

memoy Boo‘fprinfs.
() Ease d} we - Tk vaidea oasier ngrammabi&'fy ond debugging
qrowing number dj §-bit and l6-bit wers migrating 6 22 bits.

p—

émrﬂu ;




Vi) Lower cost solutions - T reduces B2-bi o

gy bt So cms wduc:u 32 bit émed s?z[a?n chre &
those o) ey 8-bit and l6-bit devics and enaba‘n? low- end,
82 bit micrvo controllers. - |

(Vi) Wide choice. of development tools - Ty auvailability of ddow-cost o

free com/)ilers b fult- geafaved dew@menk suites ~ from many

dmLoPmenf ool vendors.

- (prtex M3 chu.so*r bwlds on the guccess d}m ARMT Pwmsm,
| dlbual and yet deliver a hiﬂher Pmmgfn@ mfabiul:td.

= Tt can be mihd P?Dﬂrmmed minﬁ the Clancaua@e and are based
on a well- established architecture, af;FUcaJ.'iON code can be

| Fm'ted and rewed ea.aih?, mzdu.dnc(? d.o.veh?ment' time ond
testing costs.

> Tt introducit a no.d% ﬁaal‘ure& ond technolocies that meet the Spedyc
1?~ecltdvements d) the micvocontmller a'pf)&cah'ons Such ou

# non maskoble interrupts 597 evitical tasks,

* Mﬂh[‘d determinigtic nested vector ?niérmffs,

* akomic bit inanipujal‘ion, and

¥ an on:ional Menwrcd Proteckion Unit (Mpu)

Bo.dﬁqzoundﬁ ARM  and ARM Archi becture
> PRM was Jormed in 1990 ow Advanced KISC Machines Ltd.,

a joink venktwre oq H‘FP& Cbmpuf:ea‘, Feorn CnguJ:eT éf-mup, and

VLS1 Techno(ogtj.
- In @al, ARM intwoduced the PRME ,afoms

VLSI petame the initial (icen gee .
> Additional - companies, including Texow instruments, NEC, Sharp, and
o7 Micsodectaonics, licomed the ARM procisoy duigns . .

- ppplicakions d)y ARM processors s mobile phones, compules hard disks,
;Fe'rsonal difaftal weistants (PPAS), home entevtainment scfﬁ‘ems

elbe . |
-

o7 -tamillj , and




The (ortexMBProcusor versus Covtex-1M3- Based NMCUs.

CoRTEX M3~ CHIP I DEVE LOPED BY
E CoRTEK-M3 peauvg |+ ARM
i CORE/#’ /'/‘S'/S’/,S//W//’J
E’ L INTERNAL BUsS | % pevelLoPED BY
DEVELOPED BY C ‘L ‘L .L L CHIP CTUEEKS
s 0| | peripie- S i MANUER
peSIGN dl L=kraLs N
HOUSES:> ol :
A1 paivEn CTURERS [ RESET I/o ]

¢ e ) [ S s (R S gy (e gy g S = 3y B

> Ghe (lortex-M3 procusor is the Central mesin% wnit CCPU)J&
o microcontwller chip. Thaddition, a no.c% oH)e'r‘ Cmeonén‘Lffwafe

'o“ectuiv‘ed s:.rr Adhe wholt Cortex- M3 Fowscﬂ' -bavsed micro controUbt

> pler chip manufackurers license the Corterx-M.?i Pfoﬁ"ﬂs

they Can o e Cortex-M3 vamsw intheir silicon mlcdne;_&“,a.
a&din? memory; Favif;hemﬁsg inFuﬁ—'[ouﬁpif (_T,/D),a.ndo 37’«6

: : 1)
- (prtex-M3 Frba.asor-babza\ cqus TN ch%amni‘ mna-iadmrw wi

have diffevent memor sizes, types, Fga-iphe-d’aﬂa, w_vd ﬁﬁfﬂ-
> PRM does not manafackure procasors or sl the cﬂup;- = fzcwd,
> PRM liendes the chee.sor &eaicdns 55‘ business Pa n ; ”g
a ma]m”'rf:ti d) the werld’s  leading somi conduckor compariet

> Bared onthe PRM low- tost and Power e&ﬁicienl‘ 6CAL0Y’ dﬁucan&

1

Nh Te twumenfsp ﬂt’meﬂs OK
ners (suchas  NXP Cpmu,»), Texos Ins ;

:thf; f-;’:ﬁ thelr procuasors, hﬁca’own‘thcms, and system on CFUFS

Sou':ﬁom-zficsa,ﬂfed A intelloctual F’DF‘”L-?I (1P) f‘mém%- i h

> PRM alao licenses syctems- lovel TP awdL‘;N:t"rmﬁ~ SI:EE(;J ;,Z,awaé«e,
- PRM has olwefoFed a stwong booe 0} dove lopme % dwe)h?v i
and  soft ware Fmdud's lo  enable Fa”ft’ ners

pun F'aroducts- |




RRcH(TECTURE Versions

—-:PRM hoo continued (B o!we(ofo new pncssons ond 874&7)7 blocky.
O includes the Populafr RRMTTDMI procusor and more veconkly
PRM1176 TZ (F)- S’ procasor - wed in” high end applications such
os  Smart Phone&-

Fo'rexampfa

* ARMTTOMI procusor baved on  ARMUAT avchitecture
(he T is for Thumb instwuckibn mods Suppovt).

* ARMAE  processor based om ARMySE  avchiteclure includu
ARMA26E-S and PRMAHGE-S  procusone.

(the E is fo7 “Enhanced” Diﬂital Signal ?’wwsim? (PsP)
instouctions  fow multimedia, abecath)

® ARMIL povcesor bosed on  ARMvE avchitecture include new
6gature& memory lem Bceahtm and anﬁle cThSL"VQCHDW*MMP&

Daka (SIMD) nstouctions.
pRMVE  avchitecture alio  include the PRM1126T(F)-S, the

ARM1LBET2(F) -8 and the ARMILTETZ(F)-S.
The avchitechure is divided ints thoee profiles -
DA-pojil (PRMVT-A): Tkis def deafgned 591 }u?h. Fef5nrmanw open

‘calion ms. .
fph b-mﬁmpla;éz:usm which are d@:ﬂned ts handle comf&x
E high-end embedded raﬁnﬁ S%tems (039

lications such as ‘
aﬁ) g(jmbian, Kinux and Wrndows eﬂ?béd .

€04
{-?Eue Fromi:on sequives the hicdhed{‘ F‘ocusmﬂ powe; virtual memory
system suppovt with memory manacjement units (Mwus).

9) R- Rofile (ARMVT-R): Tk is dmicdned for high end embedded sysloms
in which weal- time Pevgamance is noeded, - ii
i Reai-'f'r'me,' hc‘th procacors— bormance procasors far@eéed pwmaw%
ok the Pu‘tahef ond weal time may kek afpbcahm like fu'gh -end
breaki Stdsx‘:ems and  hard drive Controllers with }u‘?h /)rocmfng

wer and lu'ﬂh welinbility.

%) M-Pojile (PRMVT-R): Tk js duigned for deeply embedded mic70

~conkmiter type syslims. @




* & targoks  low- cost applicakions  with processi

. with  protes et i

and mz power wmurﬁ;gafns, low inker ript [af;,? %{:j‘;ﬂezefm;w ;ﬁ‘ngt'
e critical oo well as industrial contwl ﬁfpﬂ'&aﬁom, el
veal - £ime  contwol stdéfems- 7
e THUMB -2 TECHNOLOGY

- The Tumb-2 technolo oxtended the Thumb Tnstsuckon Sek
Brchitecture (ISA) inb o hnahhj e&ﬁic.itml' and Fawerﬁu! ingtruckionsek .

ST delivers sigificant benefits n terms d) ease 4 we, code size,
and Parsofrmance.

chween the Thumb Tngouckion Sek in Thamb -2
Taditional  Thumb-

=  The ?elah.oné"ﬁp b
Technology ond the

Thumb-2 Technolo
32-bit and [6-bi
Thumlo instruckion set

——
—

/-/'
7 Cortex-M3

ARMvT-M
architecture

Thumb
inst suckions
(16 bits)

"&isasupemd' @} the vaior.w 16-bit Thumb incbyuckion-set , with
sdditional  (6-bit Tns bruchions alon?sfd.e 232-bit instouctions.

2 Jn 2003, PRM announced The  Thum b-2 inctouckion sek, which ica
new inskauckion supewseﬁ' o) Tramb Ingtouctions that containg  both

lbbit and 22 bit instruckions:
mfions to be caw’ied out inthe Thumb

stake, fhus auowmﬁ higher eg‘ﬁidenaj by mdacinca the humber d}
stabes  switching between  ARM ctali and Thumb stoke.
>t pouses small memovy Stj&fa’m dovicos Such a» micFocont?

and miua'nca the size d) the gwsw




| -

between Thum b stalz (l6-bit) nstruckions)

5> The Cortex M3 PVD

the Thumb-2 (and Traditional Thumb)

>The (ortex —M3 guﬂport's onll.,
instvuckion sek; ea[;ecia.w, - whes '&u{nb-z inotruckion <eb for all
wing  ARM instructions b;’f Some ofemh‘mw

rabons  Instead d)

YR traditional ARM pavcwssors.
> (bith support @:r both 32 bik instauckions in-the

(6 bit ond
Hewe Is ho need & switch “the procuso

Thumb-2  instwuction sek,
and PRM stalc

(22-bit im‘tmd'?'bm)-
cusor albo sup

Po’rh wlaﬁthned data accessess,
a%eal'uare meouobd owailable anl% in hiﬁ

h -end Procusou .

Tngtruction Sk dve lopment
- Two 'l event insl:md’ion sefs ave SuFPoqf-eA on The ARM (04807
the PRM instruckions thot ose 32 bits ond Thumb jnstouctions
ot ave (6 bits.

cessor  Can be dynam’mﬂrj

2 Durinci prog7am oxecokion, the
cwitched boween dhe ARM stalt and the Thumb stolz & wwe either

one o}q‘he ingtouchon sets.
vides only a sethset d) AKM

- The Thumb  instouction set Fw
ingkructions, bukb it ean Providﬂ hij?;ler Code cﬂensfhj_

- is u.aeléal. tw F«mdud‘s with {’:8 memn& fmqou'fement'g.

HPPLlCHT(DNSA _Q_E.. ARM | |

Te Cortex-M3 chuso'r vaidm a mriet-%d%.a}pphaa.ﬁﬂomﬂ
Froltend- T Covbex-M3 procsso? & w

umer

) &= - tost micTOON: :
) —LBE‘-’ et h('dl L wmmoﬂ[ﬁ Med (n cons

cuilid micotontvollers, wh ‘
Pmdu’ s fom La.rs (e aﬂ.eotﬂcaﬁ af:)p&anca.
—y Js lower Fowefa h‘(’ﬂh Pe’ ANCE 5 i

ol 6 32 bi

onchle  ombedded < A0 o b migrll
(o jucbs wjfhbfe'l‘he ARM aschitectuse.

dm v
2) ‘WED'__,‘L";@" The (ortex-M3 chuso'r has very ﬁt?h-}?erﬁo'rmizncz o
ond (ow Laiencg«, auowima it o be wed in aeol time sy& s..

ek -M3 chzd.f oy in aubvmotive

e =

i .
4> Henee a:‘dt— o idead afph'caf‘m g 5'”’ lor
induab'(d, @



= TF supports up o B o

Ffo" 240 external veckowed i -

| built-in futeb‘ufupt': conkvoller with wneted mf-:;;@t? Sw:t'h;ts
oand an OPHD‘naf MPU  which maku eadfﬁv MM‘Z‘P@ affhﬂf
inteamﬁid ond  cogk - semitive aulomotive applications: 7
3) Daker Communicakions -

> The proousor’s [low powe” and Pu'cah eg—ia‘enaj, wup&cf with
fnstrucgom in  Thumb-2 for bit- bield mavipulation , make the
(ortex -M3  ideal 501 many Communicakions — applications, such
ar Buslpoth and Zv'ﬁBee-

1) Tndwtvial  Contwl - | a
= In Tndwtsial control ?PW aﬁ:&'cafwﬂ—‘y simplicity, é'adi'
Fespon e , and weliability are Ketr éadovs. :

nkerrupt cabure, low inkersup

- The (orbex -M3 F’IDCesSo’r"s i
hond u‘nﬂ teataw (h')ake it a stvong

lakenty, and enhanced {)au[b-
condidalt in this are).

5) (onsumer Evbdacf3~ -
j""'fﬁﬂ many  (ongume? Pwéu&—ev— products, o high performance
MICTDPTDCN.COT e wed:

P The (prbex - M3 procuso, is a small procusew , i [wJNq eﬁgia'ent and
low in power and supports an MPU enabling Complex offuare o
| execult _wlu'[a Fvvuidéw? wbust memory ?wfeoh’on. B

’HRCH(.TECTUKE OF ARM CORTEX M8

> Pom lorbex - M3 ica B2abit WCFOIDD'DM&‘W~ Tt hava 32-bit
dwta.}path, a BRbit z'égfsﬁi bank, and 3R-bit memory :’nfeajaw.
- Tt hapa Horward architeckure which means a separalt
instruction bus ond  daks bus. TF allows irdtruckiond and
data ateesses o toke f&w ot The same Cime.

2 Asa ek, e mew Pgréo'rmanca increaves becawe data
ﬁg&;ﬁwdb not affect the inst ruckion pipe line .

i I} : Y . ‘ -

B ab-'h'-ha ’gdé"e lﬂwéj !nteigw ;}l nfbu;tz;e{gi bo;.th a}ohmfzed wsage




Cortex M3 Architechuse - an overvrew

Corbex- M3 SR
FProcessor Core S%SZW)J il :
g R‘ecaist'e'a' "%
Tneroupls L
¥y LE&} ‘\'\‘O 8 § § -l ‘gﬁ.:ﬁ Debug — NTaee
s it B - 84 - S[| | systam
§*\J £ 3 | Q oALUL 3
| | M@movgj dnteriace B e
= S s—— gaam o = |
:
JIhstwuckion M@”‘ZT Bida. |
) Pﬁ:ft . bus :
|
f i Deb
| Bus intevconneck {‘FI— L%Efe“%a& " #.m%
‘. i sl v
e
.J, Mo
Code Memory suslem and Prival Optional
- __menoTy Peri Foriphtialo -

— The insh;cﬁow ond 'obata bused chare the came memoa'cd space
(a w'u‘@ed Memoa’t‘{, S%&ﬁ )

- Ry ComeK aﬂ)b‘caﬁons.‘, which w@fﬁm moye memovy suys lim
wres, e the Corkex-K3 p’bcef.co; ?b@aﬂf an qahbnaf
Memovy  Protection Unit (# NMPU) and fe'xtzerga]gcﬁz J& can be

woed-
- IF _gu’ppoﬂ's both  Little endian ond bl? endian mermory
gysloms. : -
e g}f includes a no.d) Zymzd internal dzbu?ﬁfng components. Thue
companem‘s vide debugqi opemfz'om suﬁoorfs and 5’eahziu
Quch as AW}Z: poinbs an?j nznf'c/)famts. |
- & addition, optional COmfanené's /arovide debuag:h? features, suchay
instruckion twace, and vasiows types df debagﬁr'n? intexjacas.

___



VARIDUS  ONITS [N THE PRCHITECTURE-

— —

e Gortex -M3 pmcusor - architezbure bew incudu variows
wiils  Uke -
) Recafs{:em
2) Operalkion Modes
2) Netted Vechmed Intervupt (onkroller (NVIC)
4) Memovy M |
5) Bus Interjace
6 Memony Botection Unit.
7)  Instvuckion Set
8) Tnterrupts and Exceptions

9 Pebuqqirg suppont:
[ Registers . - RO~ R12—~ Cre— D2 it

The Gorbex-M3 procuso Re hao fneﬂl'st"ers Ko %maﬁh E+E, KI5,
R(3 (the stack pm'ni'er) ic banked, with enly ome ﬁofy d) the
RI3 visible aka time, RIA- link 7eqisla and RI5 ic Bogram

GunB- e Fundtions (and Banked 74425)
QQMQTHJ- Pcafr)se peﬁfsﬁi
General.~ Puspose Raﬁ?stﬁ
QonemL Pw)?x;se %i?&@?
Generdl Purrase kaﬁh&ﬁ
General. Purpose Regisln
Genewal Purpose K sﬂi
Gonesal Purpoce Eﬂaldﬂi
General Pmpose Regis D

General Rorpose Regig B

Genexad Ruspose ) I—quo wﬂigt@w .
General Rarpose 40

Genesal Eapose Réﬁisﬁi J
L leneral. Purpose Kuﬁis[a

Low rwﬁ?slﬁm

B R

[rRiz(=P) Main Stack Rint=? (4 sP), roaus Stadk Roinlzn (P
Link Ra?isfﬁr (kR)
'F?’Dca'lam wnfen CPC)

Registers i the Corberc -M3




Ro-RI2 General PMTPOSE ?eqfsbers
Thete ose 32 bit G}enem!i pwr pose wﬁu‘s tesc B‘W daka Oferaf‘iv’m.

Some _16-bit instyuckions can only accets a Subset o} thue
slou fbow isters, RO-R7) and 32-bit wg&ﬁd/mfmdfam

can aaq acceds (RO-RI2).
E!é_ - Stack Ponters
The Corbex M3 contains livo stack /:o'inl'ers (RI3). ’[I,eyam banked
So that cmbf one ic visible at a time.
DMain Stack poinker (MSP)~ The default stack poinke?, wsed by
the opmﬁn@ System (05) kernel and exegption hondleu.
2) froaus Otack }Pﬂ’fnf'e'f (Psp)- Ued by user applicakion code .
R - Link Reﬁjs{:er
When o subvouline is called, the Petum address s otored inthe
link 'mais ter.

R RIS- The F’mqmm__é_’-;unbff
The program ounker is e curvent program addvess. This

*reaisbzr can be woitten 5 contovl the programflow. |
(ortex M3 Prba«sSOT abpo has a noog s?fecial

g&daﬂ Qeqisl.’efs -
oaistere . They e as fellows” ) Bogram Stalus segistexs (PSRs)
S ? - 2) Tntesvupt Masb oegisters
geau'ol %Tslﬁm n Cortex-M3
o CPRINASH, FAULT MASK, and PASEPRI)
l:xu‘?;}éj frograum Qs mzﬁ‘:s‘iﬁa 2) Contol fmﬁisher (CoNTROL)
Tntewrupt mash §Feu‘aﬂ
512%!‘5}323’ ﬁeﬁ?s@ -
T
ConTe Cont“ﬂ? ; : ZUNCTIONS
o AiND THEIR fosler ===

&%@' Provicle artth e‘}:‘n % legic wsfnw o4 .
Ol artthmexi € ' -

o exoation statiws ond auzrmﬁexéw’f’” f ’fi&: Q?CMMI) »

privASk  Disoble inkersupts exwpt the non askab pup on

{
priiiy P e Hg [;n%jwmfy;fd o Lo ooy loel
BASE PR Dicable mre ' : s .
OONTROL  Define wWileaod sabw and Sack: pot gelockion

Sakiais

L -




These registers have Special
b‘f SFe?cIaJ :mwpinsfm%cﬁ ns and canbe accessed enly

Op@ra.hon moda
-'TF;e Cortex- M3 PVDCZJL‘O
= The oyera.Hon model

whether the procusor is wun
hondles like an inkervupt handlex or system

4 h.ad Tewo moda Qﬂd two | rfug[zﬁe fél/'éﬁ
(thwead mode and handﬂm modle) deternine

ning a hormal program of arwm*ng

an exc%ofron
exce)oHon handle. Pﬂw(aﬁw\ o
e
h n " -
?;Z‘;::‘nﬁ " &&Phon l Handlex mode |

(Ohen not fmhmﬂﬂ‘m QKCﬁf’hm | Tead mode | Thread mod.fa
handloy (e-% main WD |
| kuels in Costex M3,

| Operakion_ modus and Privlige Lues in Cortex }
— The Fw:[cge levels Cfmw fee‘;edlaud and wien level) provide a
mec hanism bﬁ’ Sa{-ﬂjua”d memory accedses ls comtical 7egions

ap well as wadx o basie Security modlel.

- Softwove inthe an(c@ed access lwel can switch the progmm inle the
wer acceds lwel wing the contwl VEﬁISf'er
cucor will always gwitch

< Wh Hon taked place the
bac: ntaah#lgfepw fudcd MPban’ Muf:: 6 the pre viow stali when

Q_x‘hn% QKCQ;)HO’Y? bancwéi"
Mlowed :QEMDTP mode

Stast oeph‘”” T ~
(wasek) adf . _
35 o

: ]%“Wl' lﬂ,ﬂeo\ EKOW m{; ]

g i A
> Hwer program cannot ckamge back o The

" les.
wn ngt‘o the (o {-mlregxs . Bat ngyamx#wconfmz

3t han aliey el whon veburni
T2 130,‘163 witch yocesor back th ivileged access when retur
_9 aaise: 4 S o mudes i

/m'vf&ged stall by




P

3) ?;j[t-in NESTED VECTORED INTEKRUPT CONTROLLER
1 (prtex- N3 prowusor ncludw an inkernpt  Conk .
Nested Vectored Jnterrupt &mml!;? Cz\.!lf:!.'c:),”omSL R e
LI Pm,,'cp_u a no-0} features - 1) Nested Interrupl sSupport,
2) Veckored inter rupt support
3) Dynamic /m“mby c/w:ged gc%oori'
4) Reduckion 2 fnl'efrcyob (a!‘encg
| 5) Wentpl- mmkz’ng.
DNested Tntevsupt Support - The NVIC provides neited

irf‘ernft Sfﬁooﬂ_- the extermu’ int’evnyyts Mc/mo_;!:
0% ?‘he.fgcfzz ercepHons Can be /mbgmmmed s di%erenf‘
P'rlow 7 .

2) Vectored  inferaupt support - When an interrupt i accepted,
the stavting oddsess o the  interrupt sexvice moubine (T5R) is
locaked foma veckor table in memery.

3) Dynamic  Prionity changes  support - priovity loyels o} Inter supts
can be cﬂzamaed by softuare duafrzg oun time.

%) Reduckion ok intervupt latency - Tk inelude numbes df advanced
&.mrurea o lower the 'm,tewmpf Latenaj like aulsmal—icsawng

and westomi ng DM *v?eﬂister contents, veducing delcuj in
swii:cﬁﬁnﬁ\ foom one T8k t5 another and handling 4 bt

ornival dk inrermpl:s-
5) Inter mashiing — dntervupts and system exceptions canbe
masked V’:ﬁed om their Fv?ori{-y level or ‘masked completely
wing the intevoupt masking tmaid:ers BASEPRI, PRIMASK and
FALLT MASK.

They can be wed & onsure that Hme-
finiched en time without bein? :‘M@rmpl'ed-

cxitical vk canbe




4)

5)

Inemovsr ME'E
_s(prtex M3 has a Pmdﬂé-m.ed memor '

' . map. Tt allowe the built-i
Pear:phwﬂa, gudm lrft'em.spt foni'wyller and Ao Eom/)oﬂerﬁ"s ¥
bk be accessed bﬂ simple memony  access instyeckions.

=2 The Pnedebined memory Map alpo allows the procusor tBbeth&/
or)#imized i;o’f Spead and ease d| inteﬁmﬂ'l'on In s%gt‘em-mea-aﬁdp
CSoc) designs.
Overall, the 4GB memor ¢ space can
a» Shown In Hﬁuﬂ-’-
The Cortex-M3 Memovy Map

be divided ints ranged

Rk Pivate posiphesats inchedling
ol build-iv intersupt cont ollest
System Lev (NVIC), MPu conkol nfr;?-?&fﬂ@
6XEDOD ODDD and cﬂ_abu% com;pme W
OXDE FEFFFF
Main wed a4 oxtzornal
EXE@FYIOl device PQWP;MMZ&
Ox AODDDOOO
Ox9FFFFFE &
b | lern
external RAM anhj wed as &
memory
0x 60600000
O X5 FFFEFFF :
DX40000000 Periphemls Mainly wsed as Pe’aﬂphﬂﬁa
Ox2AFFF FFFE gLy
; o ROV
X200000DD SRAM Mainly wed oo stakie R
e Main‘i{ wed -6@7 tode.
Cobe Plgo va‘e‘cﬂu exﬁf;mm
®x 000 0 0000 kel a&@g Powezfup-

The BvS Iterpace -
o Jiree bus fn,!'er&am which allows

(ortex -M3  procedco” haa :
bsfca:;(f Fm’cf:d'ioﬂ 6e’cchea ond daka accessés of the same time.

() Code memory bwes
2) S%@n buy
3) Peivall peripheral bua.

©




SwiTcHING BETWEEN FRM C(oDE

AND THOMB C(ODE

tn TRADITIONAL BN Processors Like PRMT.

|
|
!"‘ZZ (ode mem;; veqjon accek ls carried oult omthe

| memo? e, which physicall i

I’ 2l mz{ s phygically consist o} Fwobraes

- Thae ax o;ﬁmized for instruckion felehes for bast instauction
| oxecution S/pead.

= The swfla'm bw e wed t6 access memory and peripherals.
Tk provided accesc I the Stedre SRAM, }:w?P/wm!h, External RaM
- ko, extemal devica, and part Sthe Syslim- level memory
'maiom- s rharal bus wvides access Iz a part O} the
2 The }m‘vaﬁ Per! 2 4 e

| sujg’cem lovell memovy dedi cated 1 Pﬁmﬁ Fez’lphﬁaﬂl; such as

' debu rﬂﬁinca COmPonent's.

&) The Mpu_ (Memory Potechic” Unit).
eCp-;_f;~M5meT hao an th'o'nai MpU. Lt allows access

| qules t5 be Set uf{pr Friui[ﬁ?ed acceis and wer progran

access.

) THE INSTRUCTION SET
—*C;l;fMB p’rommj Supporfs the ’Uqcfmb—z h#?“l‘nshacﬁm s:t-
Tt allows 32-bit ingbruckions ond b-bit Instruckions 15 be wie

sqptier for High o deniiby and high efficiency

to we -
"o ie Hedible and werful yet e :
->a %;ﬁz best &\ bf; indbuction cet, Thest is a ovel head (interm

& both execulion time ond instouction space(as in biqurd) t6 switch

between the atula, anci AR M anmeHUMB Codus might need (6 be
| Cormpiled S rodly in ‘ f W . |
‘ "“ln{ﬁnuwfﬁz complexity an wduanfimaxzmam e&ﬁamaf‘dj_m
\ ARM sgf | mﬁ@; J%’""; ' [ Reburn
22 -bi i .
‘ inatvuctiont) i (e% BX LR
__________ l Ao s i l
m Main ; Lo "“ _——— — —
?{2 b&;b@ 'Eh Thum § ! Maln progqnarm
L tructiony) St 1 eq 53 l! in Thumb ¢
| b4 o




Q) Tnberrupts and Exceptions
> (ortex M3 protwsor  [mplements _ :

very e,%iatenq exceph'onP ham’l&}:o;.l HEN R DI Al d
=Tk has @ no-ck System excoptions fafm a ho .d) extermal
Tnterrupt  Requat (IR&s) (external intermupt inputs).

— There is nd ﬁaAi‘ interupt (F18).

-7 Tk mﬂml‘s nested int'eTWf»ts (a fu’gher- Fﬁo'rfhj inkerrupk
can ovawide O empt a Lowejr—-loriorfhf ?né‘ebwt'f\andha)_
M&Wﬁﬁ Jw‘t‘ like FIS8.

| Low power C@nsumpﬁon—

The (ortex- M3 procusor le cuitable varfows low-power
aFFumHons: | F jm* 4
- The (orbex—M3 Fvoc,usm is suitable for low power ded:'ans

Locawe O} the (ow galz eount
— Tt has power- caving mode SuFPcJ"rl:' (SLEEPING anel SLECPDEED.

— The processo?r an onter sleaf mode uafnﬁ WFI or WFE

inst sucHons.
al gePamJId clocks 69'«' oscential blocks, SO

— The olwign h

clocking clreuils [507 most Parrts c%ﬁae procuser can be
Qt'opped aluﬂn? s(ae,p.
s The Mtj stakic, g(jnchmnou.a, Sgnfhesizabﬁe cfw’gn makes
the Frocusor easy (6 be maHUqurecﬁ wing any low power

(014 s{'anclomd semfwnaludvr Pmczés f’echno[oeaﬁ.

(0) _D% SffEPorL's

The (ovlex M3 procsSor includes &Comr)mhemme daloneg
fea.@:ur& Ctb I'ELF SO&t'wam Cﬂéuel‘-’f*"eﬂ daaica'n'[‘hefr Pmdud&‘)-—
> Supports TTRG & Seial ~wire debug interjaces

- Based onthe CMESI?M‘ dbugqing cdution, pweascor stakus
67 memory contents’ can be Ccceised even whun the core s

mnm’nﬁ‘ @




- pC samplen ond cout

A

L Built=in Suppgﬂ- y six break Fafrufs and 5—0:,0' watzhfadm.

-+ OFHonal ETM for intvuckion  trace and data twce using DWT.
— New debugqing features including foult ctakus registe 7,

Nnew QXZCQP'HDWS‘, and Flah Fateh OP&VCIHOHS, H?ﬁdﬁﬁ
make Aebuﬁﬁmﬁ much eouier.

b TTM provides an easy-lo-use method & oubpuk debu%

inforvmation from  test eode -
wEers (nside the DWT pro vide code ~

F'D&iun? Enéo'tmaﬁm-




GENERAL PURPOSE REGISTERS.
> (ortex -M3 prowssor has  1egisBs Ko through R and a no-c} spedial
'reqis@u. % mﬁ “7 03 i)
~ 0 Hhrough Ri2. @ gonsalpurprie, buk ome. ) Jb bl Theanb ingtrction
C@%on accas Ko ﬂ.mugh R7 [tow Wﬁi‘s’@)) whetope 32 bit Thamb-2

imh truckil

ons can acceds all these rggisters.
~ Special meqislis hawe predefined funchions oand can only be accased by

S’pecial nzqis@ access  inmtruckion.

Kegistis in the (ortex-M3. |
S _ Name Fupctong (and bankecpm?m@)
RO G]Qngyn_ﬂ. F(.LTFOSQ 122?791?31
RI | General Puspose E’Qxﬁ?sm
R2 General  Paspose Reﬁigber
= Low
R3 General  uspose  Reqiele :
R4 General Rarpose ?U(ESE” Wﬂ‘-‘?b@?g
RS (%eneml owpow WQ ey
R& General Ruspese Rgﬂ}si:ev
i | Genescl Purpose k”e?ig o
KB o® General Rupose R “\!W 3
< Qorawl apoe Reqis™ | tigh
Rio: Geresal  Feapobe Re‘ﬁﬁt@r valelirs
_ R Fer ‘J‘Q%IS
Rl Genesal  Pupose Reqe
Elz ] Genodl PurPoxe Reﬁﬁter_,!
RI3 (M57) | [R5 (FEP) | Main Stack benls (45P)
Kl Link Reaist®(LR) Procars Qtack Psinll (PSP
KI5 i Zu_nﬁﬁ@?c)
_ KPSE Y P‘rogimm g{'aﬁ‘u.é PecngEjS CPSEQ gre_cjaﬂ
l Cf.nfewuf)f mauls reaiclDd
[FAULT T7ASH e prausiin.-
BASE FK]| cha
CONTROL [  (ontwl 'nacgis(ﬁ

aneral 'ECiTPO.Cé Ke@istai _@ y‘hrouqh__ K7.
> Thue ane abo called gn low vedgists. They can be accessed bgaﬂ’
b6 bit Thumb In¢truckion and all 32-bik  Thamb-2 instvuckions.

> Ty ae all 32 bilG; e reset value is unfm&‘c{néze.

@
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General Purpose’  Registie  RE through RI2 Thumb-2
eZgZd an

-a?heae are oboo H’f'hmy'f@. MMﬁCC&Si%é ) Bt
instruckions but not l)g all lég: bit %;dfmd'iong. =

'-'> Thare tmg)ixtexs ave all 32 bits; the veek value is mﬁmcﬁcf@@.

Stack  Pinter KI3

— k(3 i the stack pointer. There ase o SB in (ortex M3 Pocusor.

= Jk¢ duality allows two seprale sback m%mo'riel & b set up.

= The we d Qfedaﬂ. ?mfwud‘fmz.s allows the fe@%o& cerenk SP,
and other one s inacc:efsnble_ thwugh  move tb Special reqists

Lwom caeneml purpose vegister (MSR) and move SPec:’a.ﬂ reqisis

| ﬂenemﬂ» puwrpose vegisln (MES).

) Main Stack Pointer or SP-main - Ttis the desauu- SP. Ttis

| wed bttﬁoe (frgahnca Stffalfz'm (09 Kernel exception handlers, and

MGPPUMOMMH that vequive fﬁw'[ﬂacd access.

2) Pocus Stack Peinker or SP- procuc - dt i wed by the base- lovel

! aPPUaa.Hon code then not vunning an Qxcepﬁon hand ).

~» The inatauctions tw' acceasin? Stack mepory Ao POSH and FOP-.

example -
| pusd  [RO]s  RIB =RI3 -k, then memory (R13]=Ro

Pop ERD] > Ko = Memvry ER[B]) ‘then RlI3= RI3 +4
> The (ortex-M3 we a tull.deacencﬁin% stack arvangement .

| Link Reqisls KA

j-a R icthe link wﬂisf& (LR). Itic wed &5 ctore the vetum program

madn

Counter (PO when &' subvoukine o function i called. for example
Main PDW C:D" msemb&, z“”ﬁ“ﬁ“ﬂ*‘-’u tF can be wsed as R4 or LR)
| KL functiond ) Gall btund'icml u,ainca Branch with Links instruckion
3 PC= tuncﬁonla”d : .
e J LR = the hext insbrckion in main
functionl > Progpram code i punctiond
BX LR 35 Retum.
PZ%’TOM (ounter RIS o s i}
2Iric the Pm@ Counltts (FC) and in ausembles, todg an RIS or PC.
= The Value in FC 12 dﬁ,wml"fhan the location Qxewﬁ,,? i stgetion, hormally

by 4. ex- OXIo0D ; Mov Ro, PC; Ro= OXlD0X
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SPECIAL  REGISTERS
- The special vegisters in the (Cortex -M3 procusor includythe -
| ) Program Stabus ReCdt‘St'eYrs CPSES)

2) Intermpt Mack Registers (PRINASK , FAULT MASH, and BASEPRI).

3) Contwol ﬁe@:‘sber :
- fpeciaj w?isl'ers can only be accessed via MSR and MRS

instouckions; they do not have memory addresses
MRS <rg>, <special -veq> ; Kead s/pea‘afw;Jt‘sber
MSR <3/?€daf.. %@%ﬁréa%‘ wnl 6 Spea'af ?regi.st?x

_P_mqmm Qt'al'ws E'ﬁf.gt‘erh
“The PSRs ame subdi vided inte thwee stalws mz@fstzrs:

—» PlU3can be accessed féad'her or .sepqra,é-ety wa'n? the S‘/ﬂéc(h.l
yeqister access Instouckions [MSR and MRS.
= When they aie accersed as o Collockive tewm , the name %FSR iswsed.

(ombined Pmﬁmm Status K’eﬂ:'s ter (xPSR) inthe Cortex-M3.

21|20 29[ 28]27]26:04 24 |22: 0196|1510l A | 8 | 7 |6 |5 | &:0

xPSR |N |z | C| V|8Qlicd T 7 foa:;'pbiom e
EE Ef‘aﬂd! _’2 Cortex -M3 Pﬁmm Sttw 'Jizﬁisf;em :
Bit Description | _Bit - Deacrf,’ahom__,
TJL N 7 = & Sticky Safuwradion ‘);(aiu
7| zeto 10357| Gtermaph-Continuable. Suthuction &eD
c | Carmy/ Borrow bils/ oF THEN  insteuchion sfahuff‘; B
Y @mngw T |Thunpstols, %;%,W i
4 excabion ,,@ cage  ex tepli f{w ) oy
> PSKs be g [ 0oiealts which exaplion P?fbmmﬁ;%éé@%

Yom can dma.d udfna the MRS instvuckion. B whiieas FAPSR
Can also be cﬂza.n?ed wing the mer ingtvuckion, but EPSR andIPSK
fo

are meadomly. {5+ example= MRS 70, APSK; Read {og stale ine KO
MRS w0, IPSR;Kead Excplion/Interryptstale
MRS 70, EPSR; Kead Cxecubion stle

MSR =& APSR,70; While bl{agsfn[(?-
In PRM ansembler, wheh accedsing ZPSR (alf 3PSRs a4 one), the symbol

pPSRis wed: \ps  yp, PSR ; Read the combined Fmgmmsfa.m word
MSR PSR, 20 ; Wnl ﬁzwmﬁned?}a?rm stati word.
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Intevvupt Mook Teqisters  consists o) PRIMASK, FAULTMASK,
and BASEPRI nz@fsl'ers which ale wed 6 disable exceptions

- The PRIMASE and BASEPRI weoislis wsel i
disab&‘n% inbermpés in h’m:}qﬁ z%ﬁg t‘;ﬁ:‘jtﬁ tm/b orarily

— The FAULT MASK cawea fhe 0S kesngl time 6 deal with fau.d’
Conditions ond 0% wed fzm/aomri&j disable Joudt handlin
when o task Crashed. /

- O onsembly /mguaﬁep the MSR and MRS nstwuctions ase wed.
for exomple:

MRS 0, BASEPRI ; Kead PBaseprl vgyisle. ints RO
MRS  »0, PRIMASK; Read FRIMASK veqisls ints KO
MRS 90, FAVLTMASK: Kead EFAULTMASE registd infs RO

MSR BASEPRI, v0 ;, wwlk KO inl BASEPRT wayisls
MSR  PRIMASK, 70; Wrile RO inle PRIMASE registe
MSR  FAULTMASK, 70; WAL Ko infs FAULTMASK vegisl

Theae weﬁis@ camot be set in the wen accas lovel:
(ortex - M3 Tnterrupt Mask Kegiss
PRIMASK - AU 1 bit mqisker, when it is set, [t allows NMI and

havd feult xception; all other Inkervupli ond exceptions

o masked .
The de&aﬂﬂ' valug is 0, which means that no ma,dkm?

is set.
FAULTMASK - AL bit register, when it is sek, it allows anltf ﬂm NmZ,
and all fnf‘ermpf.’s and tault‘ };and&'n? exce)ph'ons are

disabled. '
The defoulk value is O, which maans that no makiing

is set.

BASEPRI - P wegister d) up&a 8bils whow it definet maoking
priovity level . (ohen it is Sek, it disable all inteyrupls
A) the came or lower loevel [(arger /Wiow'h{ value)
Hn‘@fw f;r!prit’y inkersupts can still be allowed.

The default Value sl set 6 0, The maakz‘ng function
is dicabled- o




The Conkwl| Register

-2 Jkiec a 2bit wcais@ and is wed fEdngne the Privi[aae level
ond the SP sdeckion.

CONTROL (1] bit- is adwayys O in handles, mode and howeverin
boead or baye lovel, it can be either D o7 1.

—>It is waitable o-an when the core is in Yhwead mode and
Fw'w’lujed, ;

- In the wer stali or handler meode, wafﬁn? 5 this A;‘z; g}wg-
allowed.- b

—> Another way to cﬂlanzae it W%Zﬁmﬁfﬁ bit 2 d) the
LR when in exception veturn.

CoN TROL[0] bit - is writable only ina privibged stale. Once it
onters the wer stale, the only oy b6 switch” back (& privileged
s [ trigger on intesrupt and change this in the exception

handlev:
B accas the ontrol wﬁfsfa, in ousembly ~ te

(ONTROL 3 Read CONTROL wgista mlo KO.
Write RO inlc  (ONTROL w?fe(a.

MRS 70,
MSR  CONTROL , 70;

Cortex-M3  C(ONTROL RE GISTER.

Bit Function

CoNTROL [L] Stack stakws: ;
. 1z Alternali stack ig wed (PSP)

0= W stack (MSP) is wed.
In Ymead ov base lvel, the alterale
ctack i PsP. No alternali stack in

handter mode.
Pocusor is in handler mod, when the

bik is 0.
CoNTRoL [0] p= Privikged in thread mode.
1= lWer §Zﬂ in thread mods.

" Fﬁy}{gge‘d?h ,ﬁggﬁdm mgdz (?’lDt' 'H\Tead de)) 'Hle Pﬁbwjor OPQTCZ@




OPERATION MODE

The  CGorbex -M3 procuser 5uﬂpoyts two modu and two
Privi(zﬁe levels.-
Opevokion  Modes and Privilege Levels in Gorbex -m3.

Prvileg ed

e Lﬂde}’ A
(When ’mnnfr}g an Handles mode %///{6//{0{/
exception handlles o g (not allowed)/)

[phan not quoning | Thuad mode Tivead mode
Hom
ankan@jﬂ) _ (conTROL [0] ©) (conTROL O] 1)
(og. main preran) # /

CONTROL}J] can be eithes O ord.

- (Uhen the Prmcwcsr IS 'mnnin? in thwead mode , it can be
in either the fo'n'vi or wer level, but handlers canonly
be in the Fr'lvilo.ﬁed ove -

= When the Fwwsw exibs weet, it is in thread mode, with

épriviluju:l access vighks:

> Inthe wer level (thread mode), access 6 the s%‘s&}n contro|

| sFacc L3698 = a.Fm'L' og'ﬂ')e meme y 'meﬁfon ﬁ‘” wn@?m‘aﬁm

; wﬁisbevs and debu%cain? Cgmponents — Is Hloeked=blocked.

f'-afb'vstmd:ions that access g/;aeciaf m?ickem ((ike MsSRr, exceﬁt-

; when acceasinra APSR) cannot be wied. o g,

= lhen a prgramming is sunning, at wen lwel tries & accas

ScS or sFeciai mﬂfsl‘efrs g A {5a1.c/if' exaep(—ion will eceur.

&



|

5

Privilo
hand

2

b Soffware ina privikged access level can St e Pmﬁa‘am Fi

the wer access lwel u.ain? the (ontio !l 7‘2?»?86291

— When on exafot‘iow Taky Pface, the procuser will afwwfs Switeh lza

privikged stals and setern (5 the previnu stale when exiting the
exception handler.

— H wer pregram Cannot dwmﬁe bock 6 e pn‘w’{cged Stals alimcf@,

btfqoﬂﬁnﬁ 5 the Control mgisfex

2 T how @ o ?a -%hrouejh on @ ex coption handler that Fmﬁmms

the contwol wegister o switch fheﬁpmcmw back into privilaged
acces (evel u?ﬁ:en %fuam'nﬁ @ {hmad Il {Dr [Qﬁ‘é’

Switching d  Operakion Mode ég ﬁ’pqmm;m_{zg the (ontnl %is*@
o7 !91_1 Exc':e,}o&ions. p
Switeh Busest gjﬁ;ﬁfnﬁ

mede by welk :
(& (ONTROL reqie - red s

23 accers
- The q%pm'[— ) both lwels I;Touidu a more Secuve tewel £ bt

anhiteckuse . Ex- hena waey program goed Lo due 6 INVIC, it wilf
ot be able G Coﬁ"aff Lonkol w?i.e@- MPU awids The w%jmm

accessin memory vegiond wed by /m'w'%ed “oeesses and blocke wwes

= & Simple  applications, there is no need lo sepanli the poivi (aged

and wer accac lewdli. There is o te need b5 we wer accerc lwel & nonced
& progronm the  (onkwl megisler.

> The wer a,op[icaﬁon stack 4 can be Separalid from the kerngl Stack

memory & owmid thin? as%la’m due 'fp stack Waﬁm orrpys In wuer
i Uier program mumning in thread mode  uaes PSP, & the

— fee B di . | |
exaaﬁm Emﬂﬂw wie the msp. The cw.?{zlu‘n? d} Sfs is aulomakic
upon enfering oy [eaw'ng the excoplion handlers.

B
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Suitdhing Fouser Mode ab Intermup
| Gnberwupt “Zerviee g Jrtermpt

:[;,fezr‘m}'){’ f : I
Main M£A: Routte CESR) )\
Frpqrom |
= ; S{Fackfnﬂ unsmcknlzﬁ

r
Trvead " Handler rmodls BTk g
| mﬁgﬁvi?amd) : Cpﬁvfb:g;d) : %d&gg)ﬁ Time
Su-’li'dlfn% g;_cusor Modg_ g_ngl_ 'vflzqg_ Lev&£ £ the%ft'
i?ntexwpf ! Tnterrupt Sowice Koubine §—+— Tntermpt
evonl; (IsRr) , exit
Main l ‘ |
prgra" A & !
:Stackma Ungtack{ hﬂ | _ :
(Fhmgl W,Ode l Hondley medle : T d oy, Time
(we) | (poivileged) L (we)

> The mode & access el d) Hhe procusor ase defined by the contro
Cen'meoicter. When the CR bit 'O 1s O, He fm)wm‘r modle aﬂgmﬁa
when an exception taku jolaca-

© lphen gontwl vegister Bit 0 is 1 (thmead ounning wer application),

both procssor mode and access level change stk when an' excaption
takes place .

5 (R bit O ic programmable only inthe privileged level - o awer-
9 .

level ?Qm o cwitch & Frivila?ed stati , it has te raise an
inte : |

l. 'Ex- upervfsm' call (8vC] , and wrile (& CONT ROL [D] within The

" handler.

®
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DEBUGGING SUPPORT -

= (ortex- Mapfowsw incdudes a no.q% dﬁbu@ﬁm? &eaﬁum such a4
f)wﬂram execukion ontls fhc&ldjng ﬁaﬂﬁhﬁ ay)d S(feﬂpfng,
instyuckion bveak PO‘intS) data MC'thbsp 'n?ﬁis'bexf and memory
accesses fvrbkflincﬂ and btracu.

ewbu%inca havdware in Cortex M3 precasor is bayed o Com_sighb

avchitecbure.
> T does not have a TTAG interface like Traditional ARN procusor

ingtead DAP (Debw% Bccess Pork) is a de.buad interface module

is decoupled from the Core and a b inkerface ab come el
= External debuggers Can access  Control mcajsi-ers 73 a'(abuci

| hordware 28 well as S’ldslﬂn memory. (When the procasor s i,

2 2

.Pebua fort , deice  Conbrols the DAP bus interface and it is
avilable a0 SW-DP (Seial wive ~TTAG). Tt supports traditional
JTQq FmL'Bwl oW &mia] wive JWOEJCDL

T AR ‘ '

egpegﬁ DP module oo | core sight )mbdacé' family can dbio be
~ Chip manu ckures  can we [choo se atach one # D
Fof’c’ moduﬂeéah‘; Fmvfde, the dﬂ[au? Inter face.. iligees | ebﬁ
- Jrabo includes -

ETM (Embedded Tace Macro coll) allows nktruction trace and

traced ih*ﬂ'fmaﬁoﬂ is Octtput -fhrouﬁh éTPIL{ CTracg Port '
| Interface Unit) and dhe debug host (PC) can collect the

execuked  ingtyuchon fng»rmabbn via c_z_:cfe'rnd trace ca Eburinﬁ

hadwawe .

Tn Cortex- M3 procssor, a ho.d} evenls can be wed

Evenly - .
B {:-ﬂ%ﬂey boetow dzbu@ ackions. B
- f?ebaa(j ovente (an be WaKP()f"ES, (,DO.&CJTPOI‘H&SJ M conditions,

or external debuqging segpeit 1[p signals-
= Ohen a cﬂabuﬁ event  taket Placa, $e (owlex M3 proceisoy
can eithes halk mode  (or) exeaele e dgbu% monitor excepﬁon

handles - @
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ond Trace (_DWT) in  (ortex M3 procuson _
“ i be wed stop the o :

3\ o s A ¢Sl
> (ohen datatrace ic wed, trawd dota  can be oui'Pu&L vgaﬁ,é
TPIL! - Mudbiple  troce devics can shave me single trace port
(TPIW).
b Tt slows aboo providag & Fluh fakch and Break peint (FPB)
unit  which can Perborm o gimple Eizikf_ol@ fenckion (o)
m an inS‘tmcHg'fi_ access me Flavh 1o a dfaktezreni
lecakion  1n SRAM. | |
L 1TV CEnstwméﬂfaﬁon Trace Macro clll) " povide a
RAoS wat:( for dg\pelq;ers o oubput data lo a d@buﬂﬁer
by writing  daka o 've%ister memory . |
1 Debugger Can colleck the data Via tace m%gﬁeaﬁm»%f:&w

interface and = display  or procus them. _
- It is oary b we and Futer than JTTAG oubpub.

—+Daka walth Pcsw- function i< vaid.cd bcd_ a Data Wakch Foint |

= The Pebugging Components  can be contyolled br{ DA P
|inter face bw  (o7) B"Oc’jnzm aunning o the Brocussr cove.

= P Tace fbﬁovmaﬁon s accessfblq fb'wm the TPIU.




EXCEPTIONS  AND INTERRUPTS

— The CDTE?JC"MB ‘5&(7(9)907& Aa no. a% erca,pﬁons) incﬁudinr&a ]S-ooecf
”0.0) chsﬁﬂ exegptions  and a no-d Inlerouply Cwnmm&/&:d&d
IR®.

- The no.d, inkerrupt inpubs on o (ortex -M3 micwocont 7o Lles
cﬂp,/ggnds on the individual &a!‘?ﬂ-

2 The f‘{P‘.C‘d m.gg inkernupt inpuls is l6 o7 32 bit.

Tt is @enemﬁcﬂ [onj Perilo‘mra&, except: Qﬁs[e_m Tick Timer aloo connectzs

3 inbervupt inpuk sfﬁnabs-

?There is aboa NMI (non maskable fwernpt) fn/;uf'signa! whuch
depends on the duign ¢ the  micw conbrolles o sgsfzm-on-alu;aﬁog).

= NMI could be connected [5 o Wakch dooy timer or a wit TP N

-in Q(Mk thok warms the procusor when “voltoge d below
agcertain love (. A b e

- NmZ can be ackivabed ok any time, even nght after the cove exily
Tk .

= R no-d) the syslm exceptions are fau@%and&h? exagptions that can be
Eriggered various  exr07  londtipns.

> NVIC abo Prow'dea a ho.o} toult stokbus negis tors <o that eryor

handlers @ determine the cawse d) the excoptions.
VECTOR TABLES
= (When an @mf,a-on cent takes P{ace o the Cortex- M3 and is
‘ acceptz’al dby the Pocusor core, the éoﬁespmdk'/?ﬁ ex ception handlen
is execuked. ‘
—>  Exeeplion handler addes is identtfred by Veckor Table mechanism.

= T Veckor table is an armz % word data jnside the Syslem memony,
each wepresenting the starting addvess ) one exceplion type.
= The leckor table is Telocatable and the velecation ic controlled by

a relocation register in the NVIC.
< Riter gesel, Kelocation Conkwl D’EﬁfSﬁ is veset 5 0. Vectortoble i
bcaked in addras  Ox00 after “vaet ( qxcefhm type1), the addres
) yosek veckor i 1 timesd) 4 (each word is hbyt) and W&qpe%)
is localid ab 6x0H Ox0p000%4 and NMI(h{pe?-) is localed in

2x A= 0Ox00 000 8. @




+The addvas  0x00O DOOOO i i
the MSP. e Rovsiric storg the starting value fov
- The LS8 Qadq [ )
exaoption veckor indicaker wheth e
6 Cii executed in the Thum) stali. er the exceptions
¥ tex -V 7 . :
PRy 3 : SuPprfs O'ﬂl(j humb instwckigns, The LSB } all
K&PhOﬂ’ veckors Shouﬂd be sek tt—b 1.
EanBLioﬂ Tgpes in Covtex M3
Exaption  Exception A -
Mucff £ on C‘)‘f)«ﬁf pe ?ﬂom‘bﬂ Funckion.
| Regel -3 (Hfah&{') Kesek
& NI | -2 Nonmons kable intezoupl :
B Hmd%aull' —| Pl closses 99 faulr whun W?APmoUnﬁ
bault hanollon, eannot be ackivalid becoue
itis curnentl disablod ovmas ked "";{
; g;ccgf;{—im ma.bnﬁ 8
4 Mom Manage  Seltable m manoge ment o
g B :taama”w Sektablo &m ¢ Yeceived bqt:nm bus srzf(&m
6 Cgﬂaﬁg [,guﬂ: Settable U«Mﬁe ‘bﬁfnd‘}5
. o Eé?&f
Iio é@c Qe able Wﬁgm{ el via SYC InsfmCHm
2 D@bﬁmmftw Qtabl ngd monite7
lu% PendSV Qtobls  Pendable seguart 8@9’ S(ﬁfm sewite
|5 SYSTICH coltable  Sularn tick time
l6-25% K8 : Shable  IKQ input #0-229
Veotor Toble Pefinition ajter Reset.
| Exception Type Addrass Clgel Exaption Vector
I8 - 255 ox48 - OXxZFF IR ¥2-239
7 Ox Ll kg #1
t6 Ox40 IR # 0
@ OFAc gyYsTIC K
I Ox38
3 Pend 8V
Ox3h R d
(2 O30 g
i x2C Dse\ligﬂ monitor
7-10 OxlC- OX28 Reserved
& bXx(8 Lﬂsaﬁa bc:u-LU:
5 Oxl4 Bus taull‘
4 Oxlo MemManas W
5 OX0C Hard
2z 0Ox08 NM|
| OxoH Rosek
0 0xoC e
T - ) _ Starhg?r volue d) the MSP,




- STACK MEMORY OPERATIONS :-

= In Cortex-M3 pwcucor, besides normal solbware - conbolled
‘ stack PUSH and POP, the gtacks PUSH and PoP opga'aﬁon.s are
alo cardied out gurtomatically when entening o exiting ar

| exception [ inkerrupt handler.

 Buic opevations g the Stack

—>In general , stack Opemﬁons are memory wrtle or read Wﬁm
 with the address sFea'ﬁ—ied by SP.

> Data in megisters is saved inp stack memory by a PUSH

} oFeraHon and can be vestored B mcaisters laker bya PoPeperation.
>The SPis adJuated a.wl'émaﬁmﬂy in PUSH and pPOpP so that maJHFLL
' data PUSH wlll not cawe old “stacked data 6 be evased:

- The bmch'o'n 0% e clack iclo store pegister contenks in memory

so that they can be settored laker, a.c%{’ér a Pmcmg}h? tauks is
ComPlefed. _
 Stuck Opevation Basict: One Regicter in Each Stack Opeation

Main 'F'roﬁ'mm

; Ro=X Ri=Y, R2=Z .

BL Junckioni
\Mo‘ni

poch {RoY; Store RO (o stack % adjuutSP
push 4RIY; store R s stack kadjut SP
pUSH o R2Y; store K2 t6 stack & eocdjual SP

oy Exewi‘ira? task gZ)D; Rl and R2
5 could be ‘chan
popP ’.szbzy; restove E;? and SPm-ad}‘mhad
pop  {RIY; 7estore Riand spre-adjuled
oop | Rols Yestore RO and gp ve-adjw

5 Back t& main pyogranm e e LR ; Reburn
; Ro=X, RI=Y, R2=Z
ondling read (POP) and the

..+« next Ingtruckions

ipre (PUSH), there muast bea Corres
25yt s (U0, B o i S . PoSh ki
= When PUSH/pop instruckions are wed, the SPis Increme ed/
decrement: matically.

iy o ' o 1 c=honn™ U e ] B




2

— (Lhen P-mﬁmm tonkwl returns B the main WM’W RO-R2

contents are the same as before.
—» Notice the ovder dJy PUSH and POP: The PoP orden must be the

reverse gy PUSH.
' Stack Gperation Bauics : Mulbiple Register Stack cpemakion.

Main Pmcarmm
g Rts .=‘-‘>i, Ri=YoB2=>2Z subvouktine
pusH {Ro-R2}; store Ro,RLR2 & stack
..t Execuking task (RO, Rl and &2

, could bechanged)

poP { Ro—R2b} zestore RO, Rl R2
4 _ BX LR 3 Keturn
> Back magn am
3 RO=X, Fﬂ:‘ﬁmfgzz
-e=. ; next instouctions
7 These Sperabions can be simpb'ﬁied; thaniss B with PUSH and
| POP instruckions anwinca mulkiple  (oad and store.
—» Tnthis case, the arderin? da ’fecaisber PoP is aulbmakically

vewersed by the Processor.
Stack @Pemﬁon Basics ¢ C)ombininﬂ Stack EQP and RETUEN_

Main L bt Sulowuline
; Ro=x, R1=Y, R2=2 functionl
; on
BL" SHdbipal saS e oy fro-R2, LR} ; Sawe meqisters
5‘mcﬁud£nﬁ link ‘Ybﬁist'e)"
oo 3 E'xewﬂna task CKO) Rl and R2
; could be clzan?ed)
/ PorP {ED -R2, PC} ; Restore ?Ecdfsl'ers and
L veturn

s Back 5 main procgram
; Ro=X, RI=Y, R2=%
...} next Instwuchons

_ Tt combines RETURN witha PDPoPeraﬁovJ. Ot is dene b thinz‘fhﬂ.Le

& the stack and PDPPEME] oo baék PC ot the end o} the su roukine,

e . . PR A



(N

The Two- stack moddl ii‘l'he Cortex-M3

The Corbex M3 hay hoo SPs: the MSFs and Hhe PSP. The SP
veaisker & be wed is conbwlled b? the cerbattl Cont ol mﬁt‘gl'er
bit 1. (ConTROL (4])

, CoNTRoL [4]=0: Both Thwead level and Handler e Main Stack.
ffntem]ok ﬁ Intervupt gomvice oubing. ﬁ_fnte-mpf exit i
evenl '

I
Man l ‘ )
pregras : Stacking Unstacking |
| | ; :
“Thread meocle : Handlex mode | Thread moole (l_f:!-e
(use M8P) | (we MSP) : (we MSP)
|

> lhen eombml CoNTROL [#4] is 0 the MSP is ued for both thread

mode and handler mode . :
- Here , the modh Pw m ond e excephon handlers share the

same stack memory 7eqion . Lt is the default setting after
Powef-u[)- _
conTroL[1]= 1 Thvead lwel Wes Powss Stack and Handler thes
Main Stachk. ) - ' _
(Notz - the cufomatic stacking and unstacking mechanism will we FSE,

where as  stack oFera,Hon;' incide the handles will wse MSP).
7 g b osswie routing (TSRE— dnterrupk
dﬁnl:eﬂ’upl.' L @terrulp W ) up

wen, /1 , exit
Main i ; : .
program : St chinq L@ﬂ.&tadqni !
; ‘ 5
Troead mode ! Handler mode : Thread mode  Time
(wse PsP) : (wme MsP) t (we PsP)

S lohen the CONTROL[A]is 4, the PSP is wed in thwead moda.
— Here the main program and the Qxccphbn handley can have
sefqmli stack memony D‘Ecat'ons.

- Tt can Pzneuenﬁ: ackack evror in a ey alopucah"on fpom damQﬂ}n?

the ctack wed the 0S. ‘
s i &?isg Zasumed -Phbcgﬁ' the wer afplieaﬂ'ion Uns anl(at_ in thead mode

and the 08 kernel executes in handlen mode.




(ortex-¥3 Stack implomentakion.

> The (ortex -M3  wes Jyll- descending stack eperakion modol

> The SP paints b the last data pushed o the stack memory ,
and the SP ducrements J’e&"m a hew FUSHofemﬁon

Corltex -M3 Stack  FUSH implementakion - chowe example execution
& the instruckion - PUSH {Ro].

| RO | Ox12B4h678 \pusH{Ro}

ﬁ A OCJC'L{pied O CZ(LLL! )‘ied
MEM;;; Occupied J:> gaaqo‘ f feﬂ SP
D ' -
AP Loat Pw.had&a%a <+—SP oxl123 %5678 | 3K
—'—v—‘—_"—_-""-_'__-..‘
=i GROW

> Ry POP ofera.l'ions;, e data is 7ead gwom the memory location
Poin{'er lo? SP, and then, thew SPis incremented.

> The contents in The memory location ave unc}:anﬁed but will be
overwritten when the next PUSH operal'ion takes PZQCQ.

Gortex - M3 Stack  FoP  implmentalion = acample - Pop (o)

A [occupied POP {Ro§ Occupied |

Oacu;'{)ieab Ocax:pied
g;;;ﬁi Occu {71 ed [—i—lJ> Oceupied
Dx|23#56T8 |+— SP Ox12345678 \\ AN
ot | :
i & Ko | 0x12345678
= each PUSH/pOP ion transters 4 (ocjt'ee dy data (each m@%ster

Contains L word , or hb«.,t—a), the SP ducrements [increments by 4
of a time or a muﬂ:iP& d 4 it movethan l%cdisber is pushed or

poppect : |
- Jnthe (ortex-M3, RI3 is deﬁmed oo the SR [(When an mf:ermpt

toker place, a he. fmiistews will be fuahed aukomatically , &
g

RI3 will wed th v thie stackin Ce4s. :

Cimilarly, the pushed
:xi{'inea auj\in.terﬁ‘upf F@%&m & the SPwiﬁaﬁjﬂ be dadju,a ed.
&2

i A s sl Ml S S | S N ) I NNy SO -< N o




KRESET SEQUENCE
Fetch initial Febch weset Instruckion
SPvalue Veckor /N Latiof

Resl — Addreis | hddess
L

— =S s R

Time

Ater the procuser oxits wesel, it will regd Lo weords

! 6’119"’1 memm'%f.
—  Ppddress  ©x00000000 : st‘aan? value og g2 (the SP)
— Pddress Ox00000004 : Kesel veckor (the sl'ar(‘inﬁ address

d Fwoﬁmm oxecution LSB should be set 1 b indicals

Thumb stalt).
' Tradi tional AR Pv‘ocearov behavior. Vrevious

2Tk dilgers 6'19”?
AR M d'iéwsom execuked Fmﬁmm code starting from addrets
Ox0- s in veclor table  in /me'ow prm devicu.

—>Tnthe (ortex-143, The initial value 5\»" the MSP is Fur at the

beﬂfnnl‘na d) he memovy map aﬁ“owed é? the veckortable,
which Contains vecko” address Vi

- The vector table can be welocalid s onother locakion later,
dui sam execukion.

- Th addition, the contents
not branch instruckions:

= The #TS& veckor Inthe vecto” table (excap{-rbn type I) isthe
ek | vector, which is He second Fiece 7 data 5etdned by the

yesel.

dﬂdcendin? ctack

= The stack opemh'oﬂ in the Cortex M2 isabfuﬂ
_lore store), the initial “SP value ghould be

(sp decremenk keto
ek [b the 61‘12# memory a{(:erﬁwe 'f'.oP 7 the stack m?fow.
m 0x20007C00

hove a stack memo vy range
the initial stack value chould be sek

- for emmPLe, > 1§ ¢fou
b e Dx20007FFF (158),

b 0x20008000.




i

— The vector fabla staats er the initi

veckor ' is the naek uect:ﬁt Wy T
7’| The (ortex -M3 vector addresces in the veckor table should
have their LSB set t6 1 o indicals that 1%@:1 coe Thumb

Cods-

Other memoTy
Ox 20008000 Cnial SPyolus
oxz0007FFC | 15¢ stacked item Dx2000 8000 &
@KZDOO(IFFg an Bfﬂcpﬁed Ef@m
Slack StackgTows
downuwarde

S et
Ox90007c00 = -~ " T e il

Flosh
0x0000 OO0 Bk ods
other exception | Reset
vecko7s | veckor
OxDODDOOOL
Oxp0000000 Ox 20008000 astl

Jmhaﬁ g{'adﬁ Egm Vaﬂaﬂ, and ¢mhaﬂ .mgzam Cocmfe'r Volue @flf’

w example han Oxlol inthe sesel vector;

ok address  OXI0O0.
(ortex-M3 can then stast B

- R that 2eason, the
where & the boot cod.o. gtarts

- Riter, the sk vector is &d‘rﬁed, '|’he
oxecute the ram the veset
novmol oPerms e

- It Is necessavy b have the SP fnii'ia.lized, becawe some O}'the
oxce ptions (such ca NMZ) can ha‘ppen sight ofter resek; and the

stack memovy tould be vequ 51: e handler d) those exceptions.
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ARM MICROCONTROLLER

et ol.o3.ig
VI SEM ECE - pND eMBEDDED sYsT eMS (19€céz) |

MoDULE-2 ARM CORTEX M3 INSTRUCTION SETs %}S.:'fafg‘;’v
AND  PROGRAMMING stm

ARM BASICS
Assem bler Lan%ﬁe: Basic S’yntax.
label

oPCodﬂ. of)erandi, operand2, . ... ; Comments
—2 The label is _gpl'.'iowg!,_ . Some 0} the instiuctions might have a.
lobel in Jvont o} instyuction so that the addres o) the instouckions
can be detetmined uain@ the label.
> The opeode  (the instauction) fpllowed by a number Jy operands,
where the first operand is the destination 9 the operakion. |
= The no.d) oPemnds in an instruckion depends om the type instruckion,
and the syntax fprmak 0} the oparand can alto be different.
for example - -
) immedioki datoa ave wually in the form #number,

MoV RO, #0x12; Set RO = 0x12 (hexadecimal)

Mov Rl # ‘A ; Sek Rl = ASCII characker A

The text after each semicolon (;) (s a commenk. Gmmenks -#:mﬁ
er  for humans & understand and donot affeck

. - . &
2) Define tonstants  wing ERU. (or) EQU —defnu cons tanks.
NVIC. IRQ_SETENO  EQU Ox EO0OE 100
I & EQU oxl .
NVIC_ IRQO_ENABLE €8 g ibiin

\pR RO, =NVIC_IRR.SETENO; ;LDK here is Pse.udq‘eade
s that tontert 6 a FC

s velative load bcf assemblor.
v Ri, HNVIC_IRO_eNaBLe 3 Move immedialt dota

; B waista
sk R4, [RO] s Enable IRQ 0 by writing

s R1 6 addvess in KO




2 A no-d) data de niion divectives ane am-tfabfe é‘D’?’ wwertion
# (tonstants Tnude aosémbl? tode.

For eXampb

(1) DCI CDeé»me (onstank Tnctruckion) can be wed 15 Coafc an
instouckion ré ur amsembley  Cannok generals the exack instruction
thak you want  and i You know e binary ods Dlm" the Instyuckion.

L ; . N
DI OxBEoD 5 Breakpoink (BEPTO), a (6bit nstyuckion.

(i) DcB (Define Comstent Bytm) for 49762 size wwnstant value,
suchos charackerd,
ex -
HELLO_TXT
DcB  “Hello\n", 0 5 mull terminated - string

(i) DCO (Define (onstant Data) ¢ word size constant valus
to define binary data in your

ex —

MY. NUMBER
DCD  OxI12345678
examp b code -
LDR R3, =MY_NUMBER ;Qet the memor addrets W%Mv'q%pg—
LDR R%, [RZ] 3 Qet the value Ox12345618 inK4

LpR RD, =HELLO- TXT  Gek the starting memory qddms S

: ; HELLO_TXT
BL Print TQX‘: C'alﬂ a —Funohoﬂ Qa:ﬂed ?ﬂn}:T&KE

) dJsF[a,tj sbnn?




2) Gene

Tnstruckion List - The :.:’mtrqgﬁans_; suppiov'ﬁféd by Yhe (Cortex-
M3 FrbcuSof can be cnﬂ'ecaéni?ed Qs - o il

Mnermonic
ADR

CLREX

LDM (mode)

LOR (type)
LDE (type)
LR (typaT

LDR Ctujpe)
LDRP

LDREX CtLjPe)

poP
pusH

sTM (mode)

eTR (type)
o BIR, (‘t\iFQ)T

e

instruckions -

D Memory accass instruckions g
data Pfowan? instruckions
2) Mulbiply and divide instouckions
%) Sql.’wfaﬁﬂ% st R
£ Bit fiddd  instouchions. - . .
6) Bmnch and  contwl instruckions.

) Miscellaneous inatru cbans

1) Memory Accats Tnstruckions

Description

lvad ;gc-ww:ive addrets

Clear exclusive

Losd maﬂl'fflt mcaisters

Load wcjigtef u.smca immediale 9‘.6341'
Load mﬁist‘er cuinca Wafster d“set
' Load maister ‘with uanivfhcjed- aceeds
Load mﬁist'er minﬁ PC-relative addrets.
Load 7eqister uaing PC - velative address
(two words)

-+ load 'me?fsté'f exclusive

Pcf 'a?_.caistem t-mm stack
Fluh 'o'"ecaisters onte stack.

Stove  mulkiple reﬂisters.

Store mjistor wfn% imediall offsek
Stowe maister uaing waisbw o&sd:
Stove zrecj}ster with un[m'uihcjed accais
Store veﬁist‘é'r ex clusive .-



- General Data "'R'Daasiga“ ‘Instruckions «

Mnemonic

ADC
ADD
ADDW
AND
ASR

- BIC

CLZ
CMN

cve
EOR
LsL
LSR
Mov
MovVT
MOV i
MVN
ORN
ORK
RBIT
REV
REVie
REVSH

Rok
REX

RSB
SeC

Sué
TER
TST

Description b =
Add with cav --
e g

hdd ; |

Logical AND

frithmetic shift sight

Bit clear (logical AND eme. valug with The
com plmenk &) anothes valus), o
Counk  leading zewes. |

Compai'e neﬁjiwz (Coqum one dala with
two's ComPMnenl' g anothi, data).
C’omFaré. o
Exclusive OR

Locaiea.ﬂ Shift Lept
Lo?ica.ﬂ Shi Ec'?hl.'

Move

N y
Lt ] Loy el

. Move top

Move (6-bit (Constankt
Move NOT prff Locjica.!, inverted valua)
Loﬁiqoﬂ OR. NOT . -

s Loaical O

Reverse bits
Reverse bzraf order inh a word
in each hal word

. Keverse
Reverse bf;& order in bottom hal&word and

sign extend

Rilabamghs

Rotaly might with extend
Rewerse subtvack

- Subtvack with Carry

Subtrack L sl s updald
' we b EX-OR, Z flogis 4y
Test ecszQiQn& (b:t T&MJ.S not S?;?‘Ed)

 Test ) 4
Clse 2 am‘cd ND; Z flog 40 “f”w" b 4RE

is wok skored).

Ve



Multiply and Dividy Tnstruckions

Mnamonic

MLA
MLS
MOoL
SPIV
SMLAL

SMULL
VDTV
UMLAL

oMuLL -

Mnemonic
SSAT

usaT .
Bitfield ‘Ingtwuckions

Mnhemonic
*.—-—-'—-d

BFC
RFL

- geX
L exTe
SKTH
UBFX
( UKTB
L UXTH

© Mulkiply and Subtrack, 32

Descri p ion

Mulbiply with accumddolz 32-bit vesull

bit el .

. Siqned divde

S’:'can*ed mu.u:iphj with accumulake
s - das Wi R
Signed mulkiply ((32x 32), Y4 bit mesult;
umiqned diw‘d@_l_ .S
L!nsicgned muu?pbfwdﬁ accumulate - "
(22x32 'I‘éLD, 64 btf seaulk WS e,

st i f{nsicined mulbiply  (22x32), 64 bit resulk.
Sal:uraﬁnﬁ Insf:m_cﬁonE s | T

Desc Yilpi'for_? .

.. . Signed saburalt

s Unsiqnéd safurote.

Deacwiption

git Field Clear

git Field Tnsert

Signed bit ield . extrack

. ':’S'iqn “extend o bljte
Sign extend 4 halpword
' Umsi(ane

d bit ki-eld. exbrack |
Unsiqpedf. e'xt”e_nd'ét bch’ew -

| uﬁ“Siqned“ extend. a 'hol{yv,iq"’dl i e

|




Branch ond Contwl Instvuckions

Mhemonic Descmption
g B?‘qnc,h :
BL Branch with Unk
BLx Branch indireck with lnk
BXx Branch indireck:
CBNZ Compare and branch i non-2€r0
o Compare. ond branch i zero
iy ) T}~ Then |
TBB Table branch byte
TBH Table  branch ho.%mord
Miscllaneows  Tnsbwuckions v |
Mnemonic DERE'HM
“epsIe Change proassor stalg, disable interrupts
CPSIE Change  procussor state, enable interrupts
DB lta nﬁemof barvier. s
DSB Dala Slfnc‘.hafanizaﬁén barvier
Is8 TnstyudHon 'Sffnchmniza.ﬁan baovier.
Mgs Move vom Speciol register o register
MSR Mowe from mcais&er (=] $‘x?uaﬂ mc'aisf:ér
NoP No oFeml:ion | Tl hoasd) Uy
SEV Send event '
SVC Supar visor. call
NFE L0 ait s By - Event
WFL Wait, fFor Intermut: o
U“SUPPO"WE_ Tnsbruckions C’[humb in&'l"wdfans o T"ﬂdiﬁ“’ggl afi f )
BLx label = % Branch with Unk: and exchange dte.
(Tna Jormat yith anediol Aok s BLX aliddiss chanaga 06 ARM stalt
bl M3 Shogs not Support the PN stals inotruckiono like this one that
i cwitch tothe PRMStAlL. wil 2@t in ~ emfﬁm'

aktemgt' .

SETEND — Thumb_ instvuckion,
the encliow conki@umhan '
dynawic endiom wing the SETEN

intyoduced in architecture Vo ; switchad
during vun time. Since Gorkex -MZ does ot For{:

istvuckion will veulk in a -6&(4!1‘ exception.
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MERC TRE Move (- Uwo. ARM ister 6’70145 Q:)ofrod,ésozr
S hBDG . vl . Load copwausor; oo memo:?-détaé’miw
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| and. double werd), A e 1 MR Y
* Mulbiple load and-_Sbfel_ eperakiont “tan be combined ink .
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o &, [&, Hepet] Grore word 6 memory loakio” &%& 1y
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orBd Rd, [, Fggset]l = v - Vﬂ%’ljbw
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| ADD Rd, Rd, Km Rd= Rd+ Rm

app  Rd, dimmed; Rd= B4 + immed

4o Rd, B, Himmed; RA=FRn T timmed
- ADC kd, &, Km ; Rd = Bt Rm +aarry ppp with aar iy
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in an add wha: I foyhtne%:/(jw M ng; /gf;’:jﬁb

bt pr méue o7 when to Wﬂﬁm by ‘
pusitive vl - fgﬁdm Wﬁd
16 branch _conditions ale dofjred  with tombinativ o} the fous
(N, T, ¢, and V) s he porfey
anple - eQ  lakel . Banch G oddrets label’ f X Mfuef
Tumb-2 > BEQ.W hbel ; Btk b addws label % Zbi'{a? rc cet

L
&nabhom & banchy 07 0771!1 (nditional Operakion

mbol &md:h&n ‘%H
EQ - Equal 7 det

NE Not e@ual Z (had

(S/Hs C‘am} m/ww;mm?m C ek

or damed

Ce o CﬁWydMﬂ/C//w lwer € cloas.

MI Minws [ Negakive N cet

PL Plus / ‘po.cif’fr/e orzery N Clear

Ve Over fow V Gt

Ve No over flow V Cleas.

H1 tnigned - hight ( cob ard X cler.

LS flmwaﬂed lower 07 Same C cloar or Z seb
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£ I¢ b thonoraqual X 4ek, or Vel and Velear or Nelwai
i !W i and Vb (Z==1 o7 fob
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T Thumb xirg‘ax = examF&

Bianch oondition  un adow e wed in  IF-THEN-ELSE  cfsuctures.
&- (mp g, kY lompe KO and K1 ;
ITTEE 4T 5 if Ro> RL hen

5 i by gint 2 galimenty execult,
51 ¢, 0T 2 dlalimenly
MovgT K2, RO : :;0 execull

MovgT R3,K1;  RE=KRi
Movie R2, R9; ke K2=RI
Movie R8,RL; R3 = KO

APSR ean be affected by the lowing.~
@) Mot ) the 16-bit BLU 0 uckions
' o with e € wfb«‘x ; ok- DDV

(i) 22 bit (Thumb)-2) RLU i
(i) Compare (ex- CMP) ond Tut (ex- T8D TEQ)

() Wil t APSR/xPS diseetty:
65t Tumb inctuckione (prithmetic skt N %, (, and Vg
Bt bt Thumb-2 inabwickion fhe ALU cpalion tan oithtt chanye {logt
e B '
Exomple -
mps W RY R, R25 Thic32 biF Tumb inobwuchion ufxfalﬂ‘ B"{aﬂ
32 bit Tumb  trobyuckion does nat updall ﬁfa?/

sonsd Ry, RLE2; U
voppE 1o divechive i wed with AR gecemble.

(it Thumb inotwuckion t—npda&’a 6—[01?

pD RO, R it
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boD RO, F0x1; T lbb
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(ompare (CmP) inbsuchion st — it subtsacks fwo valuts and wpdals ~—
floge (juot Like 2 SUBS), but the vk is not ;zuffd n any 3
ol |
example- CMP RO, R1 5 (alewlali Ko- R1 and WMZM
CMP Ko, #0x12; Cledale KO- (#OK/Z)M@J/M)[@?

lompare rgakive Em) imtractin= it comperes v veloe b npative

(fun'’e &mpmbad?a decond  vadut ; Z%LT}%{{; Y a?pda@{, bul The resdt
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[rtex-M2 with FRM archifeckure VLT povidls, ‘ |
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(BNZ\ - Wﬁd&fi»ﬁwﬁ:’dﬁz m The branch, i<
Ll : Leben
If the ZMi:meet [muﬁﬁfﬂ%%fn :

bunp (T L Bogrammivy %}agc)
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if (statw == 0) { //stobws 1s O if @ ic not in emad, address
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BL ctwehr
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Wl ic mt xemw

BL exit
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Nolo— The APCR VAlue ic pot a&ﬁedw’ szm (BZ ond CBNZ imtructions
londitimal Exetuion @f}@ 7T Jnatwuckiond: |
e I ~ dibimal code..
>0y IT (Tf-Then) bleck € noe » Aandling Small @
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il ginmx -

TEGy <yp <22 S o g IT inatouction (<>, <y, <2>

| : lam be Tor E)

insted <tond > <operands> 5 18F fnotyuction (<cond> mustbe

iy came an IT)

ooty <lond ov not tond> operands>; ond pustvuction (can be <Lmd2
; or < | wnd>

ind> operandis 5% ipatwckion (can be o>
o or <{ domd>
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(1)  Tubuetio Bawies and Memovy Barver Jnstwuctions
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V\wd #m&)cmLMl’ 2 Pmory QVSWM %etmmg ard ot W’P/@“
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ng (0lhe mm% fwiz’ddr? mﬁf?fﬂ - Df% (Palz %dm@%gfer

paroier) satwutkion 18 wied
Bammier Jntnuctiond: — are The g inotructions awaipble In @lexN3
Tutruckiom Dacription.
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Caturation Operations -

- The inotyuckior

SSAT- W

USAT-W

Nol - Kn -

> (otex M3 g,u”o:rﬁ Two

anfax {Bf_!fw_. SSAT

— Zubudin
<Rd>, H<immed >, <Rn>;

&yuﬁ* value,

Shift - Shift opemtion i }npuf’ valee Eefuw saturakion s Op
#16) N or #AR N.

inotouckions  thak fmvidx gfgﬂéﬂl and mi?md
eafurabion operaliond SSAT ond USAT fMW dafo to
| umi?med dmé” fwg i Mfecﬁmfg) (D@ i

5 ?atumﬁmr i< gmmo)?[y o

od 7 XEM /mca;fn?_ WM/Z@,FH J)?mbf

WF% __Zﬂwﬂ
= AL

> Jthe nlut adjusfed ﬁf: by removt e ¢ S
! 7'1@ _c;?mﬂmfbgm%sm 3 Z‘Z Eomfw’dy‘ a&)@

5 The tatrabion orpbion dves not venk The ,
fhe m;twi A gﬁisfwl’foﬂ i< gﬂfm!&:mfa&d in e A’/ﬁmf Wfﬂm

ond USHT hstouckion.
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{, <shift>4 Shtumabion o7 SW

>, H<immed>, <Kn2 { it} Saturkio gra ‘;ﬁiﬁ@

volue b an undi
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Ymal, an be




E)(@EIL - tfa 2) UE Slgned value s & be Satwabd
Sf?ﬁéd’ o A nlo & (§-bik
SCeAT. W RL, #16, RO
o Buide e dukinabion 72?/?@ Yo QUit in He APSK can alao pe affected
eyt :
< 8 gf’a? is seb 7 caburation Takes f[aaz in The o/mﬁoﬂ?dnd;‘[- canbe
duared by’ writing b e HPEK-
Geanpls 9 s’;ﬁngd Cuntion Kok
Grpuk (K0) Outpuk (KY) §Bit
Ox 00020000 OXOOOO TFFF Set
0 x 000D 8000 OXx 0000 TFFF Sel
DX 000D TFFE OX00 00 TFFF tn
0x 000D 0000 0X0000 0000 Unchanged
Ox EFEF €000 0 XFFFE §000 Unchanged
0x EEEF TFFF DXEFEF 8000 Sel
DX FFFE0000 OXFFFF8000 Sek
ti gred Gehwration. Operabi.
g / - - -
with
ﬁm[)&ﬁla unol, )
/\/ gahti:tfm
o! ol 0
xanpls. - (0 ¥ e waigned vl 3 5 s o & bt g™
whe— yor.w # H#E K
' ) 4 7] :
angls 6 Uil ST it
INPUT_, % 00020000 ouTPUT__ x 00DOFFEF — Set
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px0000 8000 O X 00LO80OD it ﬁed
OK0000TFFE ox QOLOTFEF iy
10000 0000 Dx 0000 ODOO unchanged
ox EFFFR000 Ox 6000 0000 Sek
OXFE PF €001 DX (000000 O Sekr
OXEFEF EEFP Ox 00000000 Gt
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Sovernd thefal  Dratvuctions In The lortex M3
_ ¢ :

) MoK and MRS — g fwo inotyuckons /mw‘d& occess I opecinl vegie Lo
ms R <§Re?>; <knd 5 il & wa‘ai R’e@‘f&i' W? :
MRS  KKn>, <§Re?>,;_ Move IS’"W (ffedaf ﬁeﬁrisi?f

bunple - T ode it waed 5 sebup e poons Clack poinler :
LDR RO, = Ox 20008000 3
msgk  FcP, KO
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e yetamd owd 204 (if MRS s wed) oill be Zer
stouckion 1o wed o Y wpdall. e s O the. CONTKOL

new value 597 Bocus Stack Foinles (pp)
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. whe JIB instruckion 1 vecommended ® b2 dhed et
Hab the effet A The ”?MMZ faked /b&xce immediately.
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MR (oNTRoL, RE; W wdue, 4) RYL inlo Lomtowl gicloL
Guial syl same pr M and MR Jpatmete? |
_g_?ﬂfl‘?l Dugcri phn. 2
PSR Tntzupt Stk i<
EPSR ' gxgw}n'tfn shabw W:«rﬂ (mwf as Zer)
Jepsk b Lompesilt 9] 7peR and EPSR
IaPsR 4 pomposit d) gpk and APSF
PSR B lompil 4 W2, EpSkyand TR
mep Main Stack poinkd
psp Pwouc Stack il
il MACK Normal, atciption 1K e
BASE PRI Normal  €xception /70707”"} mak mﬁ"; o
g3 € PRI_MAX e s ool exrgah’m /f}m’f s ﬁr%;wg{
Londitiond, wille iy bl 't Hafer than Vi ©
FAULTMASK Fult exception onk ”?’W (dipablet noymAl ww
CoN TR0 Lot ,gﬁ;f@f intemy)gj
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W

JIF-THEN  Snotwuckion block
up b anr Auccw{ima nctouckiona (ealled an TT blotk) Js be

— Tk allows
cwuammf oxeeuled.

—>The Zend > part el Wy s Condition A’?/mfm[a 20 [oditional boanch.

= Bach €] £, Ky>g<=> can be eitith T (THEN) o7 E (BOSE), thith
vejel b base tondition <eond> phstens It wed traditimal Syntax
ah o €8 NE GT or the Aike.

2 L% gf;eaﬁf ' he cetond imobruction
s The oxouulion  Condlitim for The +hird  (potruction.
o <oy Spfier The vaubim  oonditim o e fourth instreckin
> <ond> pecifes e boe cm!iﬁma? e matouckion Blok; the it
i touekion 50”000;!1?,:[? oxetubed Fg Qond> s e T
Uniiowo lomgh. &} T Tnatuction Block

TT Blogk (each d) <, <y> and<z5
L S be T o ) T

IT €48

Ondy e wnditimal. T <cond>
inobruction inotod <tomd> pppEs RO, RO, RL
Tooo Cﬁﬂdlﬁmﬂj JIT L% Leond> I7E  GE
inotsucon ot v <cond> pooge R0, ROKL
iotr2 Lomd 07 v (eond)y  APDLT KO ko,R3
T conditinal IT <xo<y> <omd> ITET 47
Jna bruckiono iratod Cemd> po0GT B RO, RS
2 o vty PPPLE RRRS T
kb3 omd o Y (ondD? prpGT €2, RY, #1
Gur conditinal IT {74y 7 &% \Jend> ~ TTETT NE
i buckions iptrd Lond ApPDNE RO, fég;gé
ity 2 < cond o (nd)? ApD ES Eg; E; o
inatr 3 {tomd 07 wliond)p PRONE AR
MoVNE RS, 5

iptrh <eomd or o (ondY




E?(amF[L -

if (R0 egpat RY) Then { CMP Ro,RLL  + (smpase ROand 1
k2= RA+RE ITTEE €9 ﬁngqm RY Tar'Thn
R3= R3/2 —>pDDEY RS, RY, RB‘ s &g@,ﬁ“@ Else

} ebe | . ASREY R3, £3, L, phithmalrc A JWM
02 = Ké + R7 PDDNE B3, KS, RS Mfif Yol
R3= R3/2 ASRNE B3, K3, 85 ithmetic ,g:u,wg

Putomatic Tmetion, & IT _inobwekion in_ AR assembles
Oiginal f}fsemﬁfit (oo Disassmbled fece fecombly e bl tode foom, Gensalid.

CMP RY, 42 Obeof‘ L
BDE§ Ro, Re,#1 CMP Ri 42
" IT  ES
PDDES ko, RL, #1

> [Dhen ARM cosemidis. 1< wed , and if & ronditin al - oxeckion inatouchion

I weA in Membbﬂ tode.  ouithotk <L TT  insbvuckion,
The mgq;umd TT inatsuetion Mrmhmmd

> T wasembles an inoe b
%) 8DV ond UDTV
,gtjm‘ax @)’r Xr?nea’ M ,U}M[?ﬂgd At

IV. W ARA> , ARo? > SRm>
LDIV. W <pdy, < Ro>, <Rm7?

Quult ic  Rd = Rn[Rm.
emmptv.- LpR  RO,= 30D 5
MoV RY, WO
UDIVeW K2 Ro, Ri

Ro/pi = SUD = 60 [mr) (OKBC)

o Iotwuckioms AL~

Roulbs 18 LRZ
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4)

REY, REVH, and REVSH -
SREV w weverses the favjfi order na data word, and FREVH
) moverd e
Yhe &1& order Tnoide & Aadd oA -
Examg& - Qo= Ox[23L 5678
Rev R1,RO 5 KL= 0x78% 342
Rev# R2, RO R2 = O0X3A412785%

> Rev and KEVH ave mrticarly o tver bing, dada between.
e adon. ad B i Yy efulr merny
- ReVSH i cmiks T REVH but it procuses The lowex
it s Sign extends the el
5@9& _ Ko = 0x33hh €829
REVSH R, RO >

ﬁaﬂ{'wofd andthon

Ri = OKFFFF998¢.

5| Rewrse Bit (RBIT)

RBIT inatouckion— wevenes the bit sdi, ina dida word.
@1‘@‘. - gBIT-w <Rd> Kn>

- Tris  very oweﬁuﬂ —ﬁn’ mesm? whial bt stweam in olata

fommunicakiond -
Example - RO = OXBAELOCAB
binasy walvg (1011 610D . 11100001 0000 | 100 0010 0011,

ey ppITW RO, RL:

wult 4 RO = ox(YB30R72D

é?wc{( vdue Cnoo_ moo_.omi_,.oooo_,looo_.om,_omo__non)
oxTB, SXTH, UXTB, and UXTH — ai four nobruction thed B

ond bCiOT}, word i a wode Linkax —
B u% UXTB <({Rd>,< En>

axte  ARdy, KK
&, <K yxTH <Ed>,<L&n>

&




S SXTB/SKTH , fhe data ave dign exterded wi bit [7] /bi[15]

. s
syt UXTB/ UXTH  Thy tmlue s zerv ex@dzﬁta £2-bit. i
meplv RO = Oxb55AACT65;

Tt ruchion Koqult
CXTB k1, KO, _ R1 =(OXFPFEFFES
oxTy R4, KO R{=0xFFFF 8165
UXTB R1, RO R| = 0x0DD00 065
oxTH  RL1, RO Ki = 0x0D00 8765

7) Bit feld Cleas_ and Bit Fietd Twark
PE— %M@fﬁ? cloae (-2l adjawlﬁ’ biks N oniy pes

Splac = pee py 4gdy, <Hlsbd, <Huwidh>

ition )a mﬁ/“s@

Barmple= o o, = OKI23HFEFF
BFCON ng ﬁIP} #8
Resulk - Ro = OX[23k FOOF.

Bit Eield M{é @_FE) co/p}gd [-31 bt (#m}dfﬁ) b%m one %ﬁ?&fé’z}" b cm{?
(ocabion  (#4sb) in ancther Wﬂi&fer

ta -
Gptox = gy 1 <y, <#bbY, <Awidh>

Eample- 1 pe RO, =px12345678
LDR  R1,=0x3355APCC
BEL. W R, RO, #8, #(6; Juet ko[i5:0] b K1 [23:8]

Rowlt - RI = 0OX3345678¢C
%) UBFX and SBEX - ane The unolgnied

extyack inptouckion? |
Gyt~ UBFX.W <R, RS, <(#Ash>, <Hwidthy

copn  <RAS, <Rns, <H# b, SHwidths

oo signed bit field

'




9 UBEX and EBFX

Ioreextmets a bt fuld from avegicter clating fom any s
(g‘/mdt{r;ed &y #lh) with ony widfﬂ[ f/éﬁfrgﬂ’é«% Hwidlh), zew extondo I
pod pubs i tho dutinalim 7T
panpl - 1OF Ko, = Dx 5678 ABLP
UBEX. W KL, KO, #4, #8

Roowk - R1= 0x000000BC

appx extacke 2 BiE field, bk 1K g axtendo It befpre putting
)t Ap tinalion wgfrﬁm

n a

Exanple - LpR KO, = D x5678ABCD
BEXM K1, RO, #4, #E
ResudE - Rl = Ox FFEEFEBC.
e wed l5 Trans &4

q) LorD_and STRD - a2l o patruckions which
two words &) data ﬁmm pr bl Wﬁsz‘?w
fqnfwc- , ,
1DRD W SR>, <Rxfe>, [Rn# +/- et ] {L}; Pre -induxed
RO <RefS, <Ref2, [Ra, # +/- ek dipet; st -indred
sTeD. W <Rx$>, <Rxf2>, [Rn, #4/- dyeet] {1} b - indlaxed
STRD.W  <Bxt>, <Rxf23, [Rn], #1/-ofgret > Rot indaxed
whe SR> - finst Aoctinakion [source wﬁ’i_cferg
<Rxf2> - setond Autination/Source f"é’ﬁfﬁ‘fi’??”-
= (ohn wing LD;;D avoid wirg dane mﬁm for Cn> and <Rt becue
an orwr I (orex M2, , { |
1 ) T tods meads 2 G4 alue bocalted in MO address 01000
; =0x[000
1R R2,=OK000 L i Ro= mumory X1,
P s Iy
3 ko= Mo Lo O“Dzﬂ Hen in /;a'e/’mf’e’m

(2) STRD I« swed o dtore 4 64-bityalue in memoy- (ode [s o
“o addrexing mode. 1R R2= X109 ¢ Gue addveis |
STRD. RO, RL, L[R2 Hox20]; Thid will gined )77
[oxlo24]=R4

ED ¢ [ox10.20) = R0, M




0) Table Brnch Byl

B B e (B
mplemenking bronch tobls. i Branch Halfoec CTBPDM#? M
> BB tnotouckion wes o banch 1able e gize Bfael

branch Toble o hal word dYfpel- &?&j - ety et DRGFEEE
s e e B BEOGa pro il 3 adngs 7o, e lolue e
Lnch {able. 18 maléiplied 2y o befrre 7§ added 5 FPCo

> became TR PG mlue is e curvenk ingtruckion addreds f(ua pu
the branch vange koY TBR is (2x259) 147 sl , and

'y, branch Tange o7 TEF s (2165533)+4 = 131074
- |» Both TBB and TBH support forward bronch only.

- Tee ha ‘quehetd gigntax=" - 18B.W [Rn, Kml
_where Kn is the e MemoTy Hpeet and B is the branch toble

e gran Is Loqal’ed ab ot Rm.
- The Te@ bmnd’l toble Canhb.fe . 'Cmaﬁ’ed s ﬁO((Dw.C" ‘.
Tes. W I:Pc,ROJ 3 when exéculing this im!:'n_éd*ion, chqy.al

pranch table I e
pee ((4at0 - bmhc“‘ab(ﬂ-)’/z)r:‘- NolZ .
T becasie T wlue is BEIE

pce ((datl” pranchtabe)l2)

- DB ((dast2 - brand! table)/2)

- ipcg: ((dat>T bmrcqukk)/z)
dest0 il B
e o Fxecte 1 RO =0

daft.i:.. s execube f KO= et
dut? . greake £ Ro=2
dat® . grecke ViR <




Téee o on -
peradion Assume , we we PC for Fh, we can dee The

i

operakion 44 shown i figuie-

Rm N P/vcjmm ke
Pc | T8B [PCRni Flow Nole: ‘ L
Rn (PC ) VAL_o[-;,.%]\ when . TBB ingtr uckion s
VaL_4 [7:0] executed, The current FC
TP valwe s at the addves

Sestan boled o Soranch toble.

gnRm [VALNLTOLZ T e A
WS RERERy s New PC (PC4) 2. VAL_N[7:0]

TeH Cperation —- for. TEH in struction, the procus i imilar exapt
the memory locakion & the branch toble item is located ak .

(Rn+ 2 *?m)_ and e moximum brand aéﬁ_:e.& s }u?hm &
> We assume that Ry is sk B FC A showon in fiqure. & Ro isithe
table branth insEvuckion is sk 5 RIS, e value wed for Rn willbe
e +b lecase 0 e Pip__el.im inm'Promsoar. ——<— :
Km N lPr can o NDE:
PC'TSH[Pc,fm,LSL@ ), ———> TeH [Pe,Rm, 5L
C redire, My
gn (PC H) vaL... 0(15:0]
vaL- 1 16:0]

- i

Rn 2 Rm VﬁL_ND‘g‘-Q']g——)\)NEW pc (PC 4) 2 vaL_N(i5:2]

Ten.w [PC, RO, LsL#dl - ]
e ie wed becaé

branch table : Y |
i | .- NolZ that :
pCT ((deat?© pranchtab e/ o yaluz 8 e bik

b1 ((dastl - bondh table)/2); .

DCI E(_‘deskz - bbr;ndah{—at:;)éﬁs dait? . e i ip ®0=2

DCI ((dastd ne e)/2); A NLE I )
d&to, Execule i ®0=0 deé-f‘g'“; Execls 1-5:20-3
l

d&lﬁ., Exew.w i+ ®o=1
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MODULE — 20 o
2 ARM (ORTEX M3 INSTRUCTION SETS AND PROGRAMMING —IL

—p

4

= The Lotex M3 Im%df

Provram tode can be [o inthe Code wegion y The Ofatic
f'ﬂe?j:% (skram) yq?m,% external sz

M.mﬁﬁ Q% mefex -M& M) e =
t Aec & Prof» é 17
The lortex<I3 prowusor hoo @ 54,(&} emery, Mj%ownk . 6<
ﬁlw e l OXFIFFFFFE
Exfef\?f_tlﬂmﬁp&ip Verdor speci e
“ETM -~ \ 1 OXEDIO0D0D
eIy PJ?V&(ZMPW Ok EQOEFEFF
Iomdﬁbuﬁ/
extelnel pye 6vlp 6000

[0X E0D HEFFF

Resonved _ | Privpde P’ea'i/?
NVIC oy é? e
e e et

: xDEPR
FPE ] External dwie
IT™ : _ i \_oxnooowoa
‘ OxqPPPFPFFE

- DWT
FxlBinal Bam

Mgihband allou

32 MB

| 2178 Lis s (58 | ox 6500000

[tmpBit-band 704100 oo 0xCPEFFEFF
: F”‘E’W"

0-S4E | Axy 00 ODOD
OX2EPEFFFPE

mBEEtrbmdaﬁu R B
e ] 0-6174 46X 20DODDOO
i oK |PEEEFFE
.. | Codle
(VB Bit-bandrvegm|, 0848 yx (7o 0O OODD
WS

= T nukes it eanlen K"fmf Sftwaie Btmmmm

Pﬂ:vdud' 5 amtel

hoo 2 il 4 hGE gaaddm Space -
‘ Fardom Hecds

ra?ioﬂ. |
70 code n the ccdgwﬂf ecoCe f‘f’hfﬂ )
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- (RO Instouckion febhes and  dota  accacer ave /)ez;pmd oves The.

Qf[% bus

> Ty thic region, a B2-MB wange s defined a» 2 blt-band alins -

[ it bndirg

L it bandihﬁ? gm,gg Q aompm wcwfdg memgmj ok agingle bit inThe
bit <band vegion.  for exawspk) ww'ﬁrz? o e OWM aling oy sels

or cleors (:iZQ CUW&?DMA? bit inthe  bit-band wﬁv}m'

> b obo onablu individual bitc (5 be w fo%léd borthout
{WE@WJWJ a vedl- modify - wile ﬁ%m:]ﬁﬁ dﬂl inotouckiona-

e &%w 106 dthe Skom and  fesiphuial mmory segion

M ) q[d, ;

B er &Ezan&f fom map oach word in an alins Wﬁf’m c’gmemﬂfy_
5 abit ina  bit-band mﬁi‘m % memory~

-+ The bit band wegion of‘pefmﬁm afﬁ/ﬁv&"& mfy b data aceexes no 9@
instucha o).

P e nat 0568 block & addmim e e allocated fs on-chip
Pew'fymm.

i

_ : , . : oA
+> Cnds 5 SROM son, (F Suppor [t érh,éwzd alias ’am" /s nacced:f‘
Tﬁf n:% Sulam pwo ;@’fﬁw 'éjffoiﬁ fnatouebion execulion ik regeon
ic not adlowed -
- Too Sotc o) [-G& Frumory Space ave allocatid o external eom and

i %I%%ﬁm@ép Hhe wo is shat de exerulion in e oxtonal ofé‘f/df
‘ i ic ot allwed ond Hhat aie Lome difporencey W %

i bov e Syslom - level Components [

Ly (ut 0568 morev) 1 ﬁwﬁf ys

fen}t%fwi bues, exloinal femf bug

T2t enably gwy% individual Bt in e bit- Emdznﬁ w?fm 5 be 5&‘7@&%
accesiply foma word- aﬁr“cfmé&.f o ddnes wﬁnﬁ p j}ﬁ?@ LDR tatvuechion.

+> The p?»-‘DU‘/J«W mmm{ fmp ncludid  Too hit- %dm&f W?]ﬁ%h “These oceupy

i, e Cﬂcﬁr? beha ot

am’ &M?’vﬁﬁéﬁ;ﬁa W/@W g@w '
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CORTEX -M2 Frogramming :
— Gortex M3 can b; F ammed Mf”? eif‘her‘as:embaf an uage, C
Language o7 }u‘ﬁh-mt fangaaﬁed Lke Nabiomal Tnétwuments Labuiew.
- n most embedded agplications, Cortex K3 procuso” dan be twed wheig
the soffware  aah be wuitten enh'mﬁ& th C (ar?aaﬁe.
- Dewetopé?s 69@5}%1’ we asrembl,y @juﬁ?e 5 a Coméf'na/é‘fom J}C
and aw:emb&j (an@u.a?e in Their /bfu'ﬁ 2.
- The Froczalw\z d} bu Zob‘n? and dowﬂk/mdth the veadtork image D‘v{q
b the i'm’ﬁd.‘ device I8 Zar?e(v dzlpmdenf on the tool wed.
A TﬁE;‘eal Dévewpmeﬁ_uf Hlow
= The conczfatsd} code ﬁenemr:‘cm 6(090 in terms d,} these \farioud 55954/
Soé{'wa're Frfbﬁyamé are avalloble dﬁmﬁoﬁn? @Tﬁ"ék-iwa?fp&wm-
5 Programmer neds assemblen, a. Coomple”s a inker, and binaiy 4

aznerakion utiibied.
- For ARM colubions, the Keal View Develgpment Sutke (RvDS) or Keal
View Gompiler Tools (RVCT) povide o e 8enemhbn fow, a shown in

9 fles Co) Olject filuC)
= = =7 Gt L
armee - fma—ﬁ-@ bl[ﬂ. ”,}M
CComPi[ﬂﬂ) N (-axt [ elp) / Py?:aj e
fmme]b (’bln)

Gpatkering loading scaipt '
ﬂf;;mw’lk
‘ @ (Linkes) @G”ﬂ;‘pmé%

rasembly [0 ) opjoet fitus ()

ﬁ] arﬁm ﬁ Disausembled code (- xd)

(‘wm}o;aﬁ) ExamElL Flow (Qing ARM Developmert ool

| The scakter - toadinc} _scn'ff: IS oFfz‘owal but G}ten recjw‘red Lwhen the
4 memory m bocomes more Complex. '
- PVDS alo conkodns a, Jézrﬁe m.d) ubibba, fﬂa!udthy on «fﬂl'e?raﬂd

Deve@pmenb Envionmenk (IDE) and  debuggers
i &),
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hing ¢

- oy beginners N embedded  prooFamming o C lan e
soﬂ-twaﬁ oﬁwe[opmmt‘ on the Ldzﬁ: ~M3 ;?ocm:z’ s e Z;:?choidcz

= TFis eaior ao the most 9 micyw cont ol vendo 7s me'afﬂ deviee
dviver libraries woitten mC 6 conkrl /znphmfa.

= Modun C compilss can enerali very ejprcient code , hence it is
better (5 ﬁpﬁmm ﬁf"éﬁ than g’fendc‘nﬁ a bt d time b f'ry lo
dﬂve(o/o lomplee Toutines i assembly (apﬁuﬂﬁe which is exm? prone
ond " lus Poﬁa.ble.

= Cie a queric ompubes lan ¢ omnd aﬁﬂ/ﬂnta?e being portab lo
and eayier 507 imp&,;néfthh??uc:nﬁ}olm O/)era.hbns ; ﬁm fcm? with
ausembbj lan 2

= A no.ag lortex- M3 rams examplu ase alhmd7 included

in the ingtallation d}’ffue ARM C Com/;fluz wducks like KVDS or
Koil Real View Micro conkvoller Development Kit (MDE-ARNM),

Ecample Qo Simple C_Program Uiing Real View povelopment Sz
= A normal program for the  Covbex- 13 conbains ak least the
“main " program and a vector table.
o Example- P main progiam “blinky.c” that togglu an

Light Emfffing Diode (L ED):

4 define  LED “((volatile unsi?neal int %) (ox DFFEOLOC))

int main (veid)

{int' i;  [lop (tounker for deby funckiom */

volakile ink js (% dummy volotile vaniable 5 /mzwnﬂ* C compilen
i from optimize the dﬂlay ouay %/

while (1)
Lep = 0x00; [* (Bgqle LEDN/
por (i=0; i<105 [+1) {j=0} (¥ dddayx/
Lep= 0x0l; (#(oggle LED¥/
for (i=05 i<103 144) {j=0:} [*dleloy %/

_}} welam O; | @




0%

dummtj exception handlers.

extern ink. main (veid);
/%

¥ Dummy handlers  Exceplion handless

*/ .
—irg, void NMZ _ Handller (void)

{ while(8);}
o void HardEud. Handller (void)
{ while ()5}
_irg void SV Hondles, (veid)
{while (1);}
—irg, veid Debugilon- Handle (void)
{ while (1)}
-irg, seid Pend SV Handles (void)

{ while ()3} ‘
—irg void StiSTE‘ck_ Handler(veid)

{ while (1) |
—irq vord ExtInk0_1K8 Hanaﬂﬁer@'md)

{while (4);}
-irg void Ext Intl_ IR Hanolle (void)

Joolale (4);]
|-, void &t Tntl IRQ Hondler (voicl)

fuhile (23]
-i7q void &t JInk2_ Tk8QHandler (Vofd)

{ while (1;}
iy, wid Ext nt3_2X6 Hardler (vor)

Juwlale (4);}

\

The t{[e “ectors.c" conkains the veclor table , ay wellad a number d) ‘

ex— (—,1 ed% wid (¢ comut  Exec Func Ptr) (Vo‘fd)_.irq,j,

C_Ech‘ FuncPtr) 0x20002000,
(Exec Func Ptr)- maln ,

NMI - Handlen, [% NMIr/
Hard Gudk- Handles,
0, /* Mem Manage_Han dles

in Cortex-t43%/

0,/% [emBus Fauu'_Haﬂd[e"i
in Corkex- M3 %/

0, & Usa?e Gault_ Handlles

in Cortex —1a3%/
o, (% Resesived ¥/

0, (% Resewed ¥/

o, [ Reserved %/

o) ﬂ—leﬁo@ﬂ’ed */

svc .. HandleA, =

6, (*bebug Mon.- Handlesn 17
lorlex— 93 %/

b /% ﬂewwa(#/

Pord SV Handlet

Sye Tick. Handles,

leExternal dnberruply %/

ext Ink O_IK8 tandles,

ExtInt L IRQ tandlex,

Ext Ink 2 ZRE thndlle,
Ext Tnk3_ IR Handles

Y
# pragma arm geclion

#‘ FTaeJma arm Seckion vodata =”€XcepHonS avea

| Exec FunkPer excopkion-table [ ] = { [k veclortable %

@
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T PAesum® -udl'n% RvVDS ﬂqwu_ﬁh Command, lene

$> RnEs "ﬁ - W b‘fink%.c =0 é&)?kv.o
$> avmec -¢ -g  —p veh
_ 1 07s.c -0 Vectors.o
Compile e famzﬁkamgu Lw'n% Kist __Kﬁ{.[ MDE - ARM

ad l'n RVDS. ‘ :
= The commond -~ line opt'ions and a few svm{a.si& inthe lnken
script (saaltering loading, file) have T2 Lo modified.

3 define HEAP. BASE 0x20D0I000

H#deline  STACK_BASE 6% 20002000
4 define HEAP-SIZE ((sTACK.BA SE- HEAP-BASE) /[2)
4 dekne  STACk- sIze ((STACK.BASE-HEAP-BASE Ya)

LoAD . REGTION OX 00000000  OX 0020 0000
VecToRS Ox0  Ox(CO

{ ; Provided b the wear in veckors.c
* CQKCQPHDnS_ama)

CopE OxC0 FIXEeD
{ * (+R0)

{bnm OX2000 6000  OX 000000
® (+RW, +Z1)

Hi HQ&P starts ot 4KB and carbws ufowarda
Hear),, Mem HEAP.BASE EMPTY HEAP.SIZE

}

13 Stack starts ak the end 9 the GkB d) RAM
33 And s downwards ﬁw 268
{Stack-Mam STAck _BASE  EMPTY -STACK_SIZE

J

| + >

0 KEIL MDK-ARM, itis possible (6 compile the Same program
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F)CCQ&SIB Memony - mappgcl Req:si‘efs in C
= There are Uariows wcu?o 6 access rnemow? ma.FPeof Pen/ohﬁml

yeaicters in C lamauafae
= FBY emmplﬂ Qyctem Tick (SysTicK) Timer inthe Corkex - M3 ic uaeol

peripher t6 demonstraty defferent access methods in C lan?u
- '_he, SYST!CH is a 24-bit timer thich Conkains ml? 6-our mc?:gl@rg
— Mebhodd - Ttic the easiest method — de,&-qmn% each ?’ecafsfmaaa

PdnbeT heval Ms as foinkers SVYSTICK
Accassing Fewiphe? o el :
e : | Times,
svmces_mm(&(fmaw Jwﬁ)&)zsoooeomﬂ) Re‘?‘&w
e.&'wz SYSTICK . LonD (X([ wladile. tigned long¥)(ox E000 €014]) Lcovis _|loxensoE0iC

% ne YSTICK.- VAL *CCw[a,h(.ewm oxEoooeozﬂ)))/ [ vaLue  |loxeoo0ECIB
define  SYSTICK. caLlp *CCUDW[Q ool Eouoeoxc))) \ “ReLosb | [PXEOODEOIM

cTeL [loxtoooEolo

[k Sekup BYSTICH %/
QYSTICK_LoAD OxFFFE; [/set velead value
SYSTICE_VAL  Ox02 /) (Cfass, ouvvenk value
SVSTICK_CTRL  0%55 Jenable SYSTICk ard seleck come olock

r—?Baaea\ onthe came method, A macre can be wed 6 convert

oddws valuws b C Foinﬁ:ea: i
- Melhod 2 - 1 te cﬂﬂbme the mzﬂisl’efs oo a dakba struckure,an
; Fruckure . :
d a ponker de%tned st R
ﬁqe?ﬁe egnidz FZUIQ :%[o;l' dtﬁemnl‘ buk the 36'1@' £
4-1. . |
Prl:h enaiavze :‘;ﬂ ﬁicc&smﬁ Peri hesal Reqgisters as Frinkers.
evw
Fitevhol & pee 9 G

Fdeline HW-REG (addr) (Y(wolbihile vl O (od )
¥ouine 8YSTICK_ CTRL b:cht>oEour:-chwMﬂ ;
¥define SYSTICK_LORD OXE0CDEDIY

Sdekine SYSTICK. VAL O<ECOOEOHR <¢ ox EDOOEDIC

H#defne SYSTICK.CALIB OXEDOO EOIC
[vaLve ]| oxE0D0E0IS

i :
e o [RELonD ||oxecod Eol4
HILREQ (SYSTICK_ LopE) OXFFFF s//Setrelamdube [ ctre |[oxeoopE0lO
HN_REG (SYSTICK _VAL)  OX0;3//Clons, cruwrent vidhud

. REG (SYSTICK_ CTRL) OX53//Enable sYSTIC K
[foand gedleck cove clock.

SYSTICKE Timedt
w:ﬂ}g‘@u
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This is the mebhod wed in (CMS1S Compucmf? device driver

ibraries
Accessing W Registers ay Pnters & Elements na

Data Struckure
g SY¥STICHK ..T(}fm.
{.'L[Fﬂdég sbouck CYSTICK
‘{uolaﬁu " dfomﬁcrﬂ!-; [ Systicle CoNTROL and Statupazgy/ Timed 7244
velahle undigned L.OAD ; (*syjs"ncz Relood Value Z;? OXECDOEOIC
volakile wnsigmed (oflg VAL ; /% Sys Tick Curvent-Value velser*/ _
o aneigaed ﬁnng ChLIB; (¥Sip Tk Calibration e 05 %/ oxEovbEsIE
S‘f‘g‘ Tick-Type; : OXEADD ED Iy
$rdefine  SysTick ((Sys Tick -Type ¥)OXEODDED W/ 6XEDOb EOlD
Ly Sqctick */ -- f

Subck<> LoAD OXFEFF} // Set veload value
quslick => VAL OxO [/ Clear cuvmond value

S‘y,chI:~—> CTRL 0x5% lEnable SYSTICK and Seleck Core l‘

Method 3 also wes data struckure, buk the bave address d)‘fhe
Perip%eml ‘s Ae{;ineal u,sin% o Scokter loadin% 1&: o (or linker
sco'iPt) duain% Unkfnca ctage.

i Povipheral — Bated Addves
g foend. B

iyt ((zero_init)) stwuck {
volatile. b “ long CTRLs [ *systick contopl %/
vslodile wsigmed (onll Reropd: fediptick meload®/ S Sy ks

Wing Seattes  Loading file .
1 e

volahle wwigm) lonf, VAL } fesyitick valug ®/
W[ﬁl:i(c gt g‘ned CAKIB: § [* Spsbick caliboabion %/ Timer
J gtffﬁk, sbrucks jetEss
. et
bx EGDOEDIC
oxEooDES Y

|

Tw oreali 2 dcatber load ﬁr‘ﬁe lo Pface the datn > L CTRL 0% EOOOED |0
Ao G 2 ectfic a&'d:zs e ‘

LORD_FLASH 0x0D000O

E{S‘ESTICK OXEODDEOL UNINIT
L }- SleﬁCk..TE%-DC‘ yd))
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~ Tn this case, the p yam code  wing the peii

. ? 24 AM h ] ‘:
e Feﬂphﬂal pba Fain!:er inau? ex abjed;-.m = e ey |
< The code 6(;? acce&sfn% the ”I'E@fst‘er is the same avin The cecond

method-
Method L - Tt ic the simplut- and vesults in lus efficient cods

i the othare as the addmus value 6‘07* e 'mafsfers

ove. stowed se}?aml'el,q oo constant.
— Psa sault, the tode size can be (m'ﬁé)’ ond rm’@ht- be slower as

it nequires move acceises o the }@ﬂmm memory {o seh«fp the

addvess  valuss: a
> dor_periphesal corlo tode ok only accessat 16 one megiste th
o tod 1 is identical tébifhe -, 72918 % the

Compa’b’éa\ w

efficioncy &} me
Method - 2 — Tt ie allows the wegisters in a Pearfphfsz s Share J'uat one
constant Bo’f’ base address value.

be wed bm' accas d}

— The immedialt d&sd’ address mode can
meﬂod wed in CMSIS.

oach vegister.  Ttis the
iciency oo mebthed2 ,

Method- 3 - Tt has the Same e%:
a Scalter loadinﬁ 61‘{9_ :

=Tt is mciuined when you are devebofinca o device dsives Ubraay

for a PeriFhemi that is wed in multiple devicas fand, the
loeripheml i not known until in the linking

Luk itis less

bay e odd ress 09 the
«Staﬂa),
| Tntrinsic Funchions
vy Dbl wed Tuot ike hormal C —funoﬁons. to hot C[anauaﬁe
can o}ltzn gpegdj Lication davelo menk and  tued 6 7@19.@45
Some ins Fruckions thak cannot be @ener mfn? noymal C-cods-
= Some C wmfi[ﬂm vaida intrinsic é—und‘ions for accasing
these gpecial incEruckions:
RealView C compiww and

PRI Compilor4 (including feo ‘ i
Keil MDK-ARM) Prov}d.o. the intrinsic gmdﬂom ; ( listed i
Table) 6\)? Commonlxd )

ok &

od  inctwuchions:




Tnstimic  Funchons Bovided in HEM Compitisa
ARM Compilie Tubingc  Fien ctram

pesambly Tnatouckions 3
CLZ =
ungiomed chow . clz (el n
e [olerfoid) G

veid_dicable - 19 (void)

CLREX
CP3IDI _
CPSIE I vsid. enable - irg, (veid)
CPSIB F veid. Qna@:'fe-'pfq/cmd)
LDREX [LDREXB | LOREXH andigned b ldwex (voladile void *pts)
LDRT/LDRBT/ LDR SBT/LDRUT/LORSHT  ungigned 1ok (dvt (condt volakile void b))
i tfo?dwnbpﬁwftjﬂ,

RelT tnoiamed ink_wbit CCU’?S! ned ink VG'D

REV bmg}?ned ?nhmt/(unsianéd int val) 0 L

ROR mﬂnw] koo (ungigmed inkval, umilgnea' inkshift)
ssSAT o T ssab (ink val, umiaaned ink sab)

sSev verd _ sev (veid) )

STREX [ sTREXB [STREXH ink_strex (ungiTeA it val, volabile veid ¥ot7)

STRT /STRBT/ STRHT void ink_ Strt(on ?Md inkval, const Volakile vGid *pt7)

USAT Tk uﬁtf nigndd ink val, metmm}mjf sab)

WNEE beid— 2,{[}0}_{;{

WEI vod— yod) ‘

BKPT _vejd—breakpont, | void — beeakpeint

Embedded Pesembls, and  Tndine Assemblen

= Thican ollernative for  intvinsic ctions whese it can

a,asem[g(q instruckons in  C-code-
/olzmazb

> JFis hew&and in ﬁow-.(wef Sgsfem eonkwl  (ov) B im
o ﬁmina critical woubine and # oecide B mealzmenf' it in
assembly for the past Peréwmanca--
2B Ty most d) PRI 0 Comf”W allpw e Proc(framme/r ts includle
aasembly code in 5vrm o) line assembles.

U, is wed bub in Reol U:Ing&»yjfm

= deiﬁoﬂaﬁ y inline  assem
instouctions in Thumb -2 l‘echnolo? '
Eeal View C

Accoss

does not SuFPoﬂ:
5 Embedded Psemblen Is included in new Vesion d}
s 30, and it supposts the nabouckion set in Thumb =2
value)

C’om]::'r
le - .
9 e‘mm.ri..- oum veid et Pl Mask Cumi?ﬂeo! it new-
E hese
todle .
/ﬁézmﬂum MASA now.value /) wnlt new volue t6 FAULTMASE
[/ Relbrurn (o aa,!lm@ progrm.

b } BX LK




Covtex Micyocontrolless Unit (Mcu) Software In L-erﬁace_ Standasrd

CMSIS- A Backj;ztd
= The CMSIS wod ped by ARM (5 allow wew of the lortex-1M3
micao controllers Cc'pcéw'n the most benefit f[yom all thye soltware

SDwHom s Md )
> T allows them [6 develop thet ombedded applicakion quickly and

mliabhd-
CMSIS F_rovid@:. a Standordized Fecess. Inkerfoce 525 Embedded

S ve Poducks
offu & gL Dovice drivey¥ UEW‘M% Micyo controtles
hmﬂwm

ind nruminthe
— The Gortex-M3 mi mconl:ﬁ“er are Gaining momeé
emb:ddacf : Umlgfgn mavkek c mmz and%mon Wg baged on
erqing. .
Corbex 143 rusor and setwases Yt S U qing-
J - a . LuHMS
— A nOd% Companiéd TDWdlﬁ mbéddéd _gobt-warg ‘S_D -
ind,udin? CodeP:E, daf:Ez Fmaﬁsinﬁ ibraries, anal variows mﬁtwaﬂ.
ond debug Solukions: . .
> b wa clarted In 2008 o memve sob&wam mab:[th( and inker-
- 1l ; nbopllea sof twad e
opemblhfldd} PrRl“l micsp cont? 3015 o lmd, s e
; i e (owtex-KI3
& o' standardized offwa inkerface (P
&rtcag?;‘w kea?mg’ﬂ ab weﬁﬂm&km)-d} Common @flsz and /o tuncHDM.
. Jﬂcﬂt‘c&ﬂﬁ

- The libw‘arra ic oloo .Cu”oﬁed b{/ soft wares
embedded 0S o vendore and fompi(er vendorsS:

D B




The aims ) CMBIS ad¢ -
= improve soff ware ability and vewsabiliby..

= enably sojtware  gplubion .gufptiers ts dzve(o/o voducks Hhak
Ccan work Seamlus with dwice Ubravied 6mmf variocd Silicon Vendor.
~allow embedded duvelppers 7 develop soffware quicker with an
easy - lo-we and standardized soltware M’erblaca-
= allo embedded sofbware 6 be wed on mulkiple Compl'(ﬁ Pradad:s.
- aveid device daiver mearabtlih( fgsues wing  coftware coludion
{;B’Dm mu.U'fFLt Sourced-

Rveas o) Standardation
The scope d} CMg1S involues standardizakion in 'f‘hetptlowiﬂﬁam—

) Hawclware Pbstaaction Layen (HAD _691 (ontex- M pwcuso” H‘gbevs L

Tt incude standardized ister dekiniﬁons ﬁm' NVIC, S{j{)m Conkrol
Block isters, SYSTICK "st'er’ MP“T@??SL'QYS) GMOQ a no-d% NVIC£

(ore re access funchons
2) Standardized sydlm exc_egﬁon names -
Tt allows OS and middle wore B we Stdfi‘em exceptions easi ly with-
~ouk Comraka.b:li isstes-
3) Standardized method 4 header: {ilo organizakion - |
Tk makes casien ggr wend 15 dearn new (rbex McU and improves

sojfware  portability- ‘
B) (ommon __m_g@ ﬁrﬁ %et'em iniHalizalion - :
Each  Micww contwollen Unit (MCU) vendor F,W;d@ o aTnit ()
tuncﬁvn in thelr dwice dyiver libmnj 607‘ essential selup ki
wng‘lcﬁumﬁo" , such aw initialization d clocks.
5) Stand aydized intvingic funchions - Intwinsic funchions aie novmally
wed 15 produce nskauckions that cannot ﬂeneral‘ac] b"cf Jec[Io C.
g) (pmmon access funckions _fp7. tommunication = Jk vaidfu a .Ce,ti%u i)
sk tware in-f;r_ggcn tunch'ons Common communication Ianbz'ﬁaw ;ng%.a‘ﬂnﬁ
univercal agtf)cﬁwnom 1 coiver/ EYansmitter (UART), Ethernel’, an

7) Standardized” way o7 ombedded sqbware & doberming SYeBM S25
e tg_. md sttam grec;wmaj is degned in device

S —

requency - Asojwase vasi
s, s AR

driver ceode-




TF allows embedded 08 6 Seb .

svm_m clock  frequency. up the SYSTICE wnit baved om the

Orgarisakion 4 CMSI& — (MSIS Stsuckure.
e

Usest

i __ el
| Lk

eos M

———

i Core rﬁ’M laiddle wore ' Phﬁal
cusis | A -Fapfcﬁom aocae Danctions [ |5 fupelibtcs
\’,@Wﬁww&wﬁ vector defjricion

Frotsor RTOS Kernel N%L—!\é-d ckor | |, 9 trace
e i os kemal | | keraupt, | |intertace

" Corlee Bt Boousers Snase g
divided inlo mulﬁph’. layou awéouaﬁ!-_ sl
_  Name delinitions, and helpen
d tore /Derfphviaﬁd-

The 0MSIS s

1) Core Perighwtl Access loyen  —

tund’ions access Core Wﬁfsbeﬁ.g an

2) Middle wave Pecess layen — '
— (oynmon method & access PwPMaﬂs ém' the softwas induwstry

3) Pevice riphusal, Accas layer (Mcu Specific) — Name ﬂwh‘om
oddvese definitions, and dsdver todle 5 access peripniioit:

4) Recess funckions _&1 évipherals (Mcu gPecj be) - Dpﬁonal
add&hﬁ'ﬂaﬁ LM[FQH 6unC,HO7IS épfr Peﬁf)hﬂaﬂd

() .




Using, CMSIS

CMseI8 {31 (o4 b
e — el ai Gre peripheidl
Gre_cm3. h acciS &
T intvinic funchions
‘ﬂ’,@ cmd. e 'rmF&zmgn['aﬁm
@}’/’f 1 & Shterrupk nom besand

| -, defini Hon
| ot fenchions
Startup cods ! ?5@1“_;’?_?8?%7:‘3 Fmdin@%ﬁaafzabm
K | | Davf&FeﬂifamaﬂJ
Othus, heados Bf[cu ) access le@ﬁ an
Di{;&ewmﬁ startup code for — addd;nc‘ojna;f,b adféeds

dikgem;wi' tool chain :
— The CMSIS s inWFomM inoide the dovice daive? library.
= each MCU dovice, the MCU yendor provides @ headss 61‘[0., which
PU.UA in odditonol heades {51'[&\ mcbui‘md b% e deviee dniver b'bm?y,
'mdu.dimd Hhe (ore Periphe’faj Access Laqe);(olﬁém.ed b«.{ BKM).

- The fle eve-cmd.h contains the Pevifohemﬂ mﬁfsl‘er deg-infﬁom and
access  qunchions t,sr the Cortec-M3 procusor Feafphénﬂa ke NVIC,

skem (ontwol Block wegisters, and SYSTICH fm?isfears.
—> Tralse conkains dedarabion d} CMS1S intoinsic eéunc&fons o allow
Ca'oplicaﬁ:zons B occers  intkruckions that cannot be -@enemt-ed mihﬁ

Jec/zso Clanguage. ‘ .

a@ oo Contains o é\.mcHDﬂ gmr oufpﬁfmﬁ a dﬂ-bu? meASaﬁe via
b Jnstrumenbation Trace Module (TTH).

= The lilo Cove—cmB.c_ (ontains implementakion 4} CMSI S inkainsic

[

em3.h u.am.ﬁ s?mp&

deBir&Hom.

- The system- <devie> h il (ontains  micro conto len specific inkevaupt
number deﬁiniHDWS, ond vipﬁemﬁ Wcaisf:ev definitions-

~+The gvatem_fduﬁca%c ﬁ‘; tonfaing a microcomtmw e Specigq‘c %uncHoﬂ?
Calﬂgd Sl#xté'mInil- ﬁw 9755?»9 tnitialization,

(50)




Benekls g’kCMSIS
— The main odvan s much belter goi&wah.e Fo«yt-a_bf[[ and

Wb'llihat, eady mi,ﬂmﬁow Letween di’bﬁemni' lorbex-M3

microconba Uers.
- Tk allows s6}tware ts be quickly thad Lebween (ortex-t3
oeducing Hime B markel:

and other (ortex-1B FI’DC%SO"-S;»

> Oith the CMSTS, thei” software vducks can become wm/;a.l-ibla_
fnaﬂudt'na

with device drivers {)rmm mu.U:‘?plﬂ microrontroller vendors.

Juture microcont7oller Frodud:s.
> ithout  the (MSIS, soffware should include a small libravy for
(ovtex-M3 ore funchioms o7 davelop rmulbiple confiqurakions &) thei®

P’»‘odud:-
W’] o % Embeddlodas/

micyoconto e Vehdore pot

H cMSIS

- % € o7 i a0 o ya
il L, exbedddoe] il cogiigosdh o s oo ki i olaive ey
- ﬁﬂ%&u Whiven. ndgpendeht and

ware Can be mcu vendor i

Compiley ool Vvendor mdp_,penda&
yink (dus than 168)sand

ot'P

>The CMSIS hma amall memoT bo ;
S balie oweids oveslapping & o2 piipheral driver cede  when
Wima gofhwae coda {7om oth szjects.
Si'andardized (ore

embeddad 0S o middle ware Can e
Qaccoss kund:ions in the doiver h‘bqu,

L, without  CMSTS, embedded OS o7 A wave needs 16 include pRCS
(ore.  RCCeAS {sand'ions and miﬂld: vood 16 include a ﬁuupew[)mm

dvivers- _
1,CMSTs is supported by mulkiple compile vendors, embeddad s

@m?‘tla and 'un with® diffevent cogmgwu-
_ .

> (With CMSIS,

{

aan




1y

usl?ng Assemb
>0k i possible 16 d:zydop the whole a.f?Pl(icaHow in owsemb e
-9¢ emall wajeol's bub dten much hardest tovlga;’;?nm

2 Wing assembley , it 8 easy (& ﬁd’ best opi‘fmiza.ﬁon bub incvease

drve Pmenl:' time

b Tt s memeuj dj%icuj,t‘ & handle Compﬁzx dota struclures
. t\mcﬁm Ubrarff mana.ﬁement

> ohenthe C lamca ¢ is wed ina szjéot. where the Fawt‘ O}W
P’m@f‘am is implzmented in mcembhj (ancauaﬁde =

% Bunctions that Cannot be implamenfed in C, suchaa direck Manifulaf—
-ion ¢} stack dalz o7 SFecia.ﬁ instyuckions thak cannot be
chznemi'ed Io? the C comFilca in novmal C-code.

*'ﬁ‘minrd- gitical auhing-

¥ Tight memo’rg veq,wvzmenﬂ::a Caudi Fart‘ d%‘b‘m Fmamm 5 be
wntten in MS@.M[th ﬁscﬂd: the mallest memory size.

:@Q_Inl’ef ce petween ngembgt @19—“
Rssembly tode and the & Pmﬂmm interact in vorious Situakiond.

for examPlﬁ
% lohen embedded aesermbly (or nline Ascomblosr) is wed in
de calls o buncﬁon or Subbouline imptamentecl

+ when C program )
in ossembler ina .se,'oamﬁé bi(n.. :
A lgu.nc,l:in::m ov cubroukine.

¥ When an &wcembhf Fybﬁmms calls
rom nwds & pass Pammeters ba

~for simpl cases, when a calling prg
cubsuking o7 funchion, it will e oe shese RO-R3, where RO is the
{;i'rs’c‘ Pafmmeﬂ’er , Rl k the S’ewnd, So on.

S - ' d o the funckion.
-ag,mwui, RO is wsed f)o'f' Wf"mn? a valw ak the en wﬁﬁneﬁuwwad

> Ro-R3 and K12 Can be aﬁ\mﬁed farﬂa tunc,Hon or
e conbents A Ri-RlIl should be sestored (6 the Fmviowd ctalz before

ontering the funckion,
stackk PUSH and POP.

2 Jris done b\ax




Ji

The first SCEE in Hssem[g!# qurammiﬁ_

The fist simple progrom can be lke this-

STACK_Top EQU  0x20002000; comstank 5mr SPsbqrh‘n?vaM
arep | Header (ode), CobE

pCD STACK_ToP ; Stack 55,9

peD  Stavt ; RKeseb veckor :
ENTER s JIndicalt f’oﬂmm oxecution stark hese

- Stast ; Stast 0} main progERm
5 initialize meqisters
MoV  «0, H#1p, S’taah'nca aooF counder vallee

MoV o1, #0; starting wesudt
s coleulafid 104+9+8,. .. .+

b
poD vl ,70; KL =RL+RO
SUBS 70, #1; Decrement KO, Uf?daﬁ- fla? (vs" suéﬁixy
BNE locp y 1f vesulk mot zewo Jum}; () loop
2 Result 18 mopw m R1

e N
B doad lop 5 Infinile lovp
END ; END Gt file-

ol stack pointer (sP) value,

- This Sim,)lﬂ- chd'fam tonbains the initi .1

the iitial Fmol]mm counter () value, and sekup mﬁ}gters an
does the MM calelabion in a loop.

%ocluciv_ﬁ Ou.&'ﬁuts
- The simrl.u‘t wa-la (o do (onneck Tg: micrownmuéf’

ic B on/okk the LEPs.
- uog:ji% I;M mx : Com/mg, outrur methods ic 15 send text messages

al
- %ﬁ%’lﬁzs‘?ﬂ% nberface comecﬂ‘fma Hmf@c:fr?oﬂf; uber and embedded Am’bdud

cﬂmbfmenl"
for example - o computer wnnin%a Windows S(Hslfm with te prer—

Terminal progrom ac!-fma as a console 5 Fmduca out puts.

B i

5 The oubside




6

-r’[_f')e C@ﬂ.‘ex M3 ossory dpao Mf Conl‘ain a UART }'l{.'e?fﬁacg) bu_é- ==
it s Fmvidfd ﬁ"‘ﬂ the Cﬂup mnuéad‘awﬁ& which Ouﬁ‘b"‘“ éﬁﬁinb‘dfﬁow
dovi s

"ﬂ.\’sw;:e ot o UART is available and hmé glabws 6 indicali
whether the transmit bu&er is m‘ff 5"’7 Eendin? oﬁajewdafq
A lowcost Bt Enviroomenk  for

" Oubpu"g
I} | e s
(ortex - M2
microcontyolley |

T A (lwe SMH'@T is needed inthe connech Ca.u,de. LS 232 hayq
dilferent thtaﬂe level than the microcontmolles Tjopins.

Oths, feabures o help oubpuk dﬂ—w%ﬁ% messages which ase

L

—

implomentid o lortex - M3, procisor

() Semi hosting, - Pefenolinﬁg sn-Hi O&W and code me’:ﬁ Suzo'rk,
gemihos’cin:a ( df_qptmﬂin% oul’ful‘ M .medmﬁed via a debug
Frobe device) can be be done Via cﬂf-bu% m?:sf:er inthe NVIC.

2) @Q'wmnl'aﬁo”[ Tac~ & wad-ﬁd a trace Fo’rl’:anal an external
Tace Mot Hnalndzar (Tpp) is available , inotead ) fw”? VART &

= The Tace port works much Jaster than UART and can difer more

data channels:
9) Jukrumentation trace via Seial- Wive Viewer (snv) -
T+ providee an SV eperakion mode m the Traee Pt &terdacz Unit
| ing low-cost
Gu). Tk ollovs outputs fom ITH &5 L2 captured wi
hardware instead Aa TPA-  F Fmvxﬂm il bandwidth and does ot

support  avge sme daka 'ffmmbe,q. 2
& S =




The “Hello _uyji" Example -

P'Nﬂmm b output & characker via UART (wohye  UART is awadable with
Stakus flog 6 indicali the trans Eagﬁu is mdr”uy gandmg ouk new
d@l’a?

UARTO.BASE EQU 0Ox4000C00D

VARTO. FLaq EQU UARTO. BASE t0x0I8

VARTO. DATA €80 UARTO_ BAsE +0x000
1 Subgroutine & send a ¢haractesvia URKT

T
; Assume Chavacker lsbe senk is in RO
Pusi  {RI, R2, LR} s Save wreqgisters
LDR RL, = UARTO. FLAG > Get the addss o UART Flag
IWait LbR R2, [R1] { Qet status {;!aa
TST K2, #0x20 ; Cheek Eamasmit  buffer pull flog bit
BNE Wat - 51{;‘:)(&& then wait until tmngmifbu&,ﬂ
5 s madtj
LDR  RL,= UARTO_DATA sotherwice load the addres g trans mit
519%@9' in R4 ‘
STRB Ro, [Ri] ,Ou-t'Fle— data_ (o t’ﬂﬂSMIl‘ buﬁﬁﬂ
Pop {Ri, R2, Pc} ; Kestore maistezs and Return.

NolL - F?ecaisl:er addresses ond Bit det{niﬁoﬂs wed hse ax ]"“’{' em""{’h‘g'

Subroukine b senk the text maisage E_ di?!&.li dovice.
Puks s Subroutine o send text metsage tp UART

. Assume thak the sl:ar:i;? ad;!fea:: g%m_tixtkd

5st*11n is in K1 and e

;b? jULL characker

pPUSH YRO, Ry, LK - Qauve wegisters
L] : ; 1 and incmmenl“addm.i

Pk LDRB Ko, Lm-],#i 5 Reod one c}lafacﬂ"ef
+ 1} Chapacker is NULL, stop

cBZ Ko, EXIT
BL Ruc s Otherwise , oubpuk characker to VART
g LooP : l?efaal’ the procuis for next chavacter

exiT pop {RO,RJ.,F’C} ; Restore W.ciisbem and Return.

® .

| . T T e



Bogram & digplay “Hello Werld" g

Loo

EXIT

WALT

STACK_TOP EQU ' OX 20002000}
UARTO. BASE EQU Oxh0o0CDOOY
VARTO- FLAG £QU UARTO. BASE+OXOI8
VARTO. DATA EQU UARTO_ BASE+0x0D0
AREA| Header Code| , CODE

g%[[)) STACK_ToP ; Stack Pointer initial valug
Start ; .
ENTRY r 3 Resek vector
Start 5 Start d} main ram
MoV Ro, #0 ;  Initialize wﬁfsf:er
Mov R1,30
Mov g2, 0

BL Unrk0nitialize ; Initialize the UARTO ‘
LOR RA, =HELLOTXT ; Set KL (5 starting addwss g stoing

g BL futs ‘
Dftbop B Dnfilop 3 Tnfinith leop
; Subvoukings . .
> “Puks T T T Subroubine B 3@‘14 stying (b VART L .S‘b’!'ﬂ? lsin R1 and

2 Rscume dhak e starting oddess of the E&
R e et] b o chaster

pusH {Ro,Rl, LRY ; Sawe megicters
P LDRB Ro, [RL] 41 ; Read chovacker and incremank oddrers
CBZ Ko, EXIT ; }} chamatter i NULL,S@}?

BL FRudkc » Othdwise, oul‘pul‘ chayacker 6 VART

B Loo? #he procus for next characke”
B {ro, 1, Pc}; Ratore negistevs ond Keburn
[ Put‘C- e ;—S’;J;wuﬁnp. to send a characker via UART

s Assume character & be Sent is in RO
PusH {RI,R2,LRY; Save egisters
LDR RLZUARTO.FLAG; Gt fhw addmis d) UART flag
Lor k2, (R1] ; Get stabw ‘({A? :
TST R2, #0x20 5 Check tyanomit bﬂé{—@?" fold M bit
BNE WALT 5 3L by then wait bl tramemit buffer is vea
LDR  Ri,= UARTO-DATA ; other wise oad the addresc o) Eronomi Buﬁev}ﬂ .
STRB Ro, [R1] . Ouffuk daka 5 tranamit

PoP {Rl, R2}, Pl 5 Rotbore Wﬁistéﬂ and Retusn

-— T e e — e ] oy el Ty e

2

UARTO Initialize
» Device specific not chown hire
: BX LR 5 Kebom
> HELLO _TXT

‘Dee “Hello wortd\n', 0 5 Nult terninated  Hello world stw'n?

| e eddge  Go




(9

wnl a predgrem @_dflf!ﬂ‘?y “chiStW tonfents ie., hexaolucimal value .

Puk hex 5 outpuk 1sterwalue in hexa decimal format
; Hsuzme m b be displayed in RO X

PUSH {RO-K3, LRY  ; Sane wcﬂisters

Mov R4, RO ; Save valu 16 be digplayed in K

Mov  Ro, $# 0’ 5 Starting the daPCan with ‘0x”

BL Rudc

Mov RO, 3 ‘x’

Bl bude

Mov R3, #8  Thitialize itembion counker

MOV R2, 428 ; Rotol bffcek gl

J1 RoR <RI, R2 s RotalZ data value [leff b? 4 bl (right 29)
AND ko, R, #oxF ; Extwact e (owest 4 bit :
eMP  Ro, HOxA s Gonwert B ASCIL

ITE  GE
mbGe Ko, #65  T§ taﬁ@er or equal 10. then Convert b A-F

i E b 0-9
ADDLT RO, #48  ; othestwise onVe¥
BL Rue Oubput 1 hex characke”
sugs  R3, #l1 s decrement jteration Counker |
BNE Li, g Re‘oea,t Eé iterakion Counker is not zeso

gig {RO’R% pPcy 3 otherwise vestore mgisl:ers and oetarn.

seaicker value in deeimal.

*. Dl UDIV R4, R0, KS ; Ry= EO[IO‘

Wilt a program (5 display g . |

fi !ﬁu_.t'g?ec '3 Subroutine & CQFSP[G!LI Wﬁusl'ev value 17
decimal,

!%ﬁme value tbéedisplaqed in RO. Since

ki i . chavacker
ik is 32 bit, the maximum numwd} el

';l 'mfsczﬁec:irn?ulf formal, indudin% null be¥mination
s 11,

pusH  {ro-B5, LRY 3 save weqister valuu
| , Gopy cutvent Stack Peinter 6 K3

MOV, R3,3F

SUB SF, SP, 312 ) Feserved Izb bykes as text buffen

MoV R4, #0 s Nul chavacter

STRE R4, [R3,# -4l Fuk null cﬁ.ﬁmcter at end d) text bufh »

wl xe
MoV Rb, 10 ?;eebmdividz value t5 decimal 10

L
2




MUL Rl R4, RS 5 Ri= Ry Falo
SUB  R2, RO, RL ; R2= Ro-(ga*0) = vemainder

aDD  R2, #48 s tonvert (6 ASCIT (R2 canonlybe 0-9)
STRB  R2, [R3,#-1]l ;Pub ASTIT chancker in bext ,pre-indixed
Movs Ko, Ry s Seb Ro= Divide vesdt and seb Z Haﬁ;iﬁhzo.
BNe DL 3Tt Ro(Ry) is almadVO)'fﬁlen thewe 18 no it
Mov Ko, R3 } Put RO (o storting locakion ) text buffen
BL  Puks 5DisPla,.f the vasult " wing Futs
aDD  SP,SP, ¥12  ; Retore Stack [ocakion
pop  {R0-R5, PC}  ; Rutore qad;_gfe;s ond Kebon.
Wrilt angasembly (anquage pogram (6 coleulaly the sum o) 1140
numbers wirﬁ DATA  memory .
STACK_ToP EQU (k20002000 ; ;onst'ani‘ 507 SP sﬁ’ari‘inﬁ valug
ARERA | Header Code|,CoDE; Code Avea
DCD  STACK_TOP ; Stack (o
DCD START 5 Resek
i ENTRY s Indicali Tam
TAR s Stast main progyam
MOY 0, 30 5J‘niﬁaﬂig‘; itemation gwg:rer
MoV 71, %0 s Qum=0
BACk ADD 71, 90 5 Sum= Sum 1RO
sugs 70, #1 s Dacremenk itexakion counlr, K© aﬂ‘d‘“r’d“ﬁ'ﬂp"%
BNE BACK ;@ count not zevo Continue addition. -
LDR 70,= Sum! s Pt addvus & MyDatal inlo KO
STR 74, ["] s Stowe the veulk 1 MljDaJ'al
INFILOOP B INFILOOP ; Infinile loop
pren | Heade Data), DAR ; Data  Area
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