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SPI PIROTOCOL

1- Lntsoduction -

* 8P (Sexstal ?evs‘l}:he,zsoﬂ, Tatestace) s a wynchzous, gull-doplex,
moastex - slove communicotion pzotocel developed by Motosola.

* Tt uﬁ&e}y used in embedded and automotive oystems to
conmnect micxocortbsollexs with Pe,zs‘iPhezsoSLb Like sernows ,
EEPROMSs , ADG/ DACSs , Flash memosy and &ThPluxﬁn i

* Communicotion s alwaya Snitsat d °
ated. by the I
Jenesates the clock . t y the Moatez , which

Master Slave
MOST =—-==—=---- -» MOSI (Data In)
MISO 4-----———-- - mIso (Data Out)
SCK e —— -b Sck (Clock Tn)
C8  mmmmmmmeeo > ¢S (Active Low)

* IMIOST - Mostex Oub Slave Tn

* MISO - Mastex In Slave Oub

+ SCK - Sesial Clock fzom IMastes

+ C8/88 - Chip Select (active Qouy, enables oneslove )

3. Key Featuses i

* Full - duplex communication .

* High »speed (upto ters of mMHz) .

+ Simple hasdusazse Tntexgace ( MOST, M180, scK | ¢s) .

+ Suppozts mulHFle Slaven (each needs cs) .

+ Configusable woxd »ize (common\\( 8 bits , can be 16/38).
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L. SPT Txame Foxmat (with Modes) -

Clock (SCK):

MOST (Tx): 1 0140132 1.9 %

MISO (Rx): 0410 0420 4%%

. Data. 1» ohifted bit by bit with each clock pulwe .

+ MSB - {isnt (dejoult) ox LEB {isat &epen&fna on conﬁauzsoﬁc?on .
« Modes (cPoL4 CPHA) :

Modle CPOL CPHA Clock Idle Dota Sampled
0 0 0 Low R’im?na Edge

£ 0 L Lousr 'Fbaﬂ.ﬁna E',ciae
& 1 0 Hi’ah | —F"m‘?na E&ﬁe’
9

1 1 H?ah - KTﬁ?nﬁ Ecﬂ.ﬁe

» CPOL :- Clock PolmsitY ,
- CPHA - Clock Phone .

5. Psacticol, Automotive Use Cosed -

* Senvozs : Pessuze , accelesometess , and Yempezatuse
AENH0¥A connect via, SPIL o the ECU .

* Flash T"lemoz&x : Into{:rfmmeni: syaterms and dashboaxds use
SPI Flash ttﬁ Fismurase mtozaae .

. &DT,@P\&\C&. . Trwstsumertt clustes ond Tntotcﬁnmerrb dlisplays
o-tten ube SPI contxollezs .

E Rel?o.b‘il?%y : SPI eviauses tcm'b , detexminishics communi -
cotion , uhich o csucioll Jox avtomotive sageby -
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Interview Q&A

1- What 16 APT and uJ'?'l\( W used, ?

= SPT ( Sesiol Pe‘:S?Phe‘tSQQ. Tntesfoce) ma wynchsonous , full -
duplex comm unication psctocsl wheze dlata 16 exchan
between o moastes (usually MICU/ pocesnos ) and oné os moxse

wlaves (Rensoss , memozy devices , diisplays) .
+ Used. becowse of s hTah wpeed. , a@‘?mPl‘i cfi-l:\( and Lour ovezhead. .

. Tdeal 0% whost sange , boazd -Level communicodion n e,mbe;:i&/
avtometive myh-bemh "

: szicoﬂ, use cose : Flosh memos

. Y > ADC| DAC chipa ,%ennoss ,
mEot&mmcnt h\{-ﬁhem ECU»s .

- Explain the 4+ SPT modles .
= Hegined, bxc Clock Pol&ﬁi‘\:\l (croL) and Clock Phase ( CPHA) :
- MMode O :-Clock 1die Qowr , dota sampled, on 25‘1&116 eciae .
+ Mode L = Clock idfe Lowr, dato »sampled. on éBQﬂTna edlae :
* Modle & =Clock idle Hciah 5 cﬁfﬂ:aﬁbamp\eol ort fallin e&ae-
+ I¥ode B = Clock idle H{ah , dota sampled. on zs%‘ina ecﬂ@e-

L&U:‘,.‘( MM‘ Becovse mastes and slave must vaethe same
mode ox data coszuption cceuss .

3. Can APT handles mulﬁp\e Slave s '?
= Yes . Two o.Fstoo.c.heada )

1+ Chip Select (CS) =-Each slave has tts owen €8 Fﬁntzsom'\’he
moastes . Only one C$ active at a.4ime .

& acﬁh\( Chatn - Pevices connected. Tn wexsles , dota posses
-ﬁ-umuah each wlave . (Used $n yshci-!ﬁt xea‘ibte?s,b 0% LED dx\wess)

L. What 1% i)cﬁ«ax Cha‘irﬁna n &APT ? : ’
= -Prtechn'icl,ue. wheze multiple slaves axe connected. inwezies .

* MOST. of mastes —> Slave L —> ASlave & — Hlave § —
back o mastex .

- ata mh‘it’ch ﬁﬁouah the chom C}.‘ike a P?Pel?ne) .

A
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+ Useful when many. deviced axe present bub pin count must be

&
muni mig ed . :

G- Why 14 HPT s fostes than TLC s

=> Because :
« Bla a&cﬂxemh‘ina oveshead, (T2C hap addxess + ACK C\(c\&b) :
« Dedicated Lines tox Tx /Rx (F51 cﬂUPlex.) -

*+ Can sun at much hi'ahe?s clock abfaeedl:b C10- 100 MHz ud ~ 400 KHz
—~ L MHz qoe T&C)"

' S‘imple Piscrl:oc,e«?. ~ Qess oveshead, .

6 What happena 1§ tuwo slaves axe selected ,ﬁmul'{:aneou;bly ?
=> Both wlave dxive the M1SQO Line at the vame ime —> bua
contﬁc’c — comsurtedl dota and Po&m‘?b\e hazdusoxe cﬂ.amae

(% not P*éo‘bectecﬂ. bX seaatoss ) .
@&%&M‘ le@-\@b eENbUBEC On\Y orne CS Line w ashve .

. Typical SPT clock wpeedo Tn automotive Rystens ?
= Vazies by devices and use Cobe :
* 1-5MHz —> Comymon 0% »ensoss (+em Fewsod:uue ) PEEABUTE ,
accelesometess ) -

* 10-20MHz —> Used %D?S Tlash memozsies , EEPROIYIs ,
Tn%ohoinment ﬁcomae :

. HTahe.“& clocks Poﬁh‘ib\e (50-100MHz) in advanced ECUs bub
depends on hazduwaze cﬂebian € EMT consbrainta .

8- What % BSP in SPT
= BSP = Boozxd SUPPo‘é'b Po.c.k(lﬁe .

. Psovidea Lowr - Level dxivess tms hasduaze ?eﬁ‘iphezsa%
(Like SPT ,TaC,CAN) OB o x:.Pec"ictIc, boaxd./ PBOCEARROT -

» Tn SPT context : BSP containg ?n‘iﬁqﬁ@od:fon code , pinmux
wethnas , and dsives APLs 4o accems SPT hoxdusoxe }¥om
Linux 0¥ RTOS .

. Without BSP , e,na‘ineeﬁh uould need. 4o manua!l?.u{ c,ont—?auzse
xea‘i*,tea,b )
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9. SPT vas UART vh T%(C -

Teotuxes SPT i B UART

Duplex Foll (vosT/ Halt (bidizec- | Full (Tx/Rx)
s ) +ionnal ¥DA)

Speed, H?ah (10s o} MHz)| Medivm (uptoa Medivm (upto a.
$ew MHz) Few MHz)

Pins Le+ CMOST , 00K, 9, (#DA ,5CL) | & (Tx/Rx)
130, CS pex
Hlave )

Mol -slave  [Yea Cvia €O Lines | Yes (ad&-csehmcina) No
0% c9.0.°mY chain)

Hiwtance Shozt ( boasd - | Shoxt - medivm | Medivm
Qevel )

Use Case Flash ,ermsosh , Con{\’aumﬁon PG «—>MCU,
ciubP\O,Y' : TCs , WEHO0ER - | GPS mModwle .

10- Howr does Linux handles SPT P
= Linux PrsovTci,e;b SPT. Accens via the hp?&ev %zsame,u:o‘ék :

- Hevices appeas o | dev/wpidev X.Y
+ Unex -space applications uae loctl () calls o conﬁaune mode
wpeed, , and, taansjes data .
- Example ﬁ‘beph :
1 Open device : open C“/cﬂ.a\!/m?'iciev 0.0 “, O_RDWR )
a.- Configuse with Toctl ({d, HPT - TOC-MESSAGE-wR - MODE

L 4 modle )
3. Txanses with loctl ({d , HPL_TOC_MESSAGE , d4x) .

Note - T avtomotive l..muoxh ﬁtemﬁ , NPT & commonlsi uvaed In
MCUs , aoﬂcewo.@ y Ingotaiment Aystems units 0% yMemozy
wenkosh , and pesiphesol communication .
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@& F\&vonJcaaevh and, i)?ﬁa&uan%o.aeb of; SPT :
= Acﬂ.uqntoﬂgv@w :

» Fastez than T*C and. UART . VvV

« Full-duplex tsanspes . v/

« Flexible conﬁaunaﬁon .V
N Simple 95025 Fo‘int—ﬁo- Po‘in'ls communication . v

@Tﬁa&uantaag_&:

. Moze P‘inrb Eeclu‘izsccﬂ. (CS{oseachwlave) - XK

. No addzessing mechaniam LikRe T2C . K

. No tnbutlt exxsos detection . X

. Limited Yo shost - distance communicotiont . R
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Practical Code Snippets

(A) Baxe - Metal, MCY Example g&l

° /] SPT Montex Initialization
void SPL _Tnit (void) {

DDRB |= (L<<PB5) | C1<<PB%);// MOST , SCK as output
DDRB ¢= ~ (1<« PBE); II MISO as input
SPCR = (1< sPE) | (L<< MSTR) | ( 1<<SPRO); // Enable,
} Mostex , 15/16
void SPT _ Tsansomit Cuinta_t data) {
SPDR = data ; .
while (1 (PR 4 (L<<dPIF))) ;3 /] Walk tox completion

Uintd_t SPI_Receive (vad) {

ushile (1 (#PARE (L<<wPTF))) ;
setusn %PDpR |

).

(B) Linux Uses - SPace Elxo.mple C’bP‘l’&W)

o Finclude <wtdio.h >

4 Include <fentl.h >

# nclude < vnintd.h >

# include <wya [ Toctl.h >

4 Include < Linux /»p1 /spidev.h >

vt main () {
mt ¢d = open (*/dev/xpidev0.0*, 0-RDWR ) ;
uint8_t tx L1 = { oxAA, Ox55 } ;
vntd -t xx & = {0},

vint 3 -t :taFeecq. = 500000 ,;
uintd_t bits = d , mode =0 ;
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toctl C§d , HPT_TOC- WR-MODE , ¢ mode ) ;
ioctl ($d , WPL_TOC_WR_BITS_ PER—WORD , & bita) ;
toctl (’B'CH' ’ ﬁPI_'IOC_UJR-MAK._.)bPEED_HL ,‘#abpee&).i
whsuct ﬁp?-?oc_‘bnanvb%-eis ts =4

.'bx_..but = CUnbﬁane& ,Q.Dna Jbx
c3x _bug = ( Unb"\anE& .Q,oria) X

‘qened,
‘ bpeecﬂ._hz = hpee& y

- bite - pes_wozd. = bitws ,

I ¥
foctl C§d,%PI-TOC-MessAGE (L) ;443D 5

Pﬁ?ﬂt%— (" Rcce‘fue& y A0gx Joax\n”®, xx Lo), 58X LLl Vs
I clone C%—cﬁ.) 3

xetuzn O ;

}.

oy

+ SPT :- fost, Jull-duplex , whost -sange communication patocet..

. Unen MOST, MISO , SCK,CS .

- Opexates 1 4 modes (cPoLd CPHA) .

- Key in awtomotive and embedded. wystemn (wensoss ,memozy ,
d.?vhp\o.\cta) .

: M Knous, - odvarttages , &?sbo&uantaae,b , intesview OFA ,
and. psactical code .

el T
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