CIIELHUAJIM3NPAHU KOMITIOTbPHHA
CUCTEMHU




CepHUHU UHTEeP(PENCH B EHOYUIIOBUTE
MHUKPOKOHTPOJIEPH




ChabpKaHUE
» 12C
» D?B
» SPI



OO61M XapaKTEPUCTUKHU

» I2C — nHTepdenc 3a Bpb3Ka MeXay MHTerpaaHm
cxemu (Philips)

» D2B — uHTtepdodelic 3a umdposmu aHHN — HAACTPOMKA
Hag 12C (Philips)

» SPI — cepuneH nepudepen nutepdenc (Motorola)

» JTAG — (ATMEL)



NuTtepdeltic I2C

» Inter Integrated Circuit

» [1ByNnpoBOAEH CUHXPOHEH CEPUEH NHTepdeNcC 3a
BPb3Ka MeXKAy MHTerpaaHuTe cxemm (nepudepHu
4YMNOBE NI MUKPOKOHTPONEPU) B €4Ha NiaTKa



NuTtepderic I°C

» [1BYyNnpoBOAEH CUHXPOHEH cepueH nHTepdenc 3a
BPb3Ka MeXKay UHTerpanHute cxemu (nepudepHm
YMMNOBE UM MUKPOKOHTPOJIEPU) B €1iHa NJ1aTKa
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NuTtepdeltic I2C

JlocTonHcTBaA:

» Camo aBe NMMHUKM — nocsiegoBaTe/IHA IMHUA 33 AaHHMU
(SDA) 1 nmMHUA 3a cnHxpoHmusaumsa (SCL).

» [laHHOBATa IMHUA e ABYNOCOYHA N NMOCOKATa 3aBUCH
OT onepauynAaTa —4yeteHe njin 3anunc.

» Bceku enemeHT, cbeAnHEH C LWKMHATa, € NPorpamHo-
agpecmpyem CbC CBOM YHUKaNeH aapec.

» OTHOLWEHUATA MeXAY efleMeHTUTe moraT ga 6bvaat
M3rpageHu cnopes NpUHLKUNA rnaseH-nog4YNHeEH
(Master-Slave) nnun ga 6bae nocTpoeHa cuctema ¢
HAKOANKO rnasHu (Multi Master).



NuTtepdeltic I2C

JlocTonHcTBaA:

» PunTpaumAaTa Ha CMrHaauUTe BbTPE B MUKPOCXeMaTa
obe3neyaBa HEYYBCTBUTE/IHOCTTAa KbM CMYLLLEHUATA
Nno AaHHOBaTa NMHUA Ha UHTepdeiica.

» BpoAT Ha ycTpoKcTBaTa, KOMTO MoraTt Aa 6baaT
CbeANHEHU C eHa LWWNHa, ce orpaHnyaBa eanHCTBEHO

OT MaKCMMaHUA KanauuTeT Ha WnHaTta, konto e 400
na.



NuTtepdeltic I2C

» NocneposBaTtenHo 8-pa3pAaaHO ABYNOCOYHO
npeaaBaHe Ha AAQHHMN.

» CkopocTu:
= oT 0 o 100 KMNnobut/c B cTaHOAPTEH PEXKUM;

= 0o 400 Knnobut/c B 6bp3 pexknm (He ce noaabpr<a
OT BCUYKN MUKPOCXEMM).



NuTtepderic I°C
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NuTtepderic I°C

» CtapTt 1 CTon CbCTOAHMA
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NuTtepderic I°C

» Crapt, Cton n laHHW

_| - r —
SDA| "-.,,T-" START STOP —J] | SDA
B =

sc! | \ | sCL
L I

» [1aHHUTE, KOUTO Ce NpeaasBaT NoO AAaHHOBATA LUMHA, Ce
CUHXPOHM3UpPAT no HMBo 1 Ha SCL wunHaTa.
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NuTtepderic I°C

» NpepasaHe Ha 6aunT
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"Cron"- ycnoeune OAHHbLIX Ha WHHY

"Crapt’- ycnoeme |, 1 TaKT nepegaym . http://radiohlam.ru/?p=1024

13 (33 370 Bpema nepemércu)
1 OWUT AaHHbIX




NuTtepderic I°C
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NuTtepderic I°C

» 7-butoBa agpecaums

Apapec Ha nogYUHEeHuA

Kog Ha R/IW

YCTPOWCTBOTO Adpec

0000 000 0 ObuwoBannaeH agpec

0000 000 1 START 6ant

0000 001 X Appec Ha SMBUS

0000 010 X Pe3epBupaH 3a gpyrn dopmatm
Ha WKWHaTa

0000 011 X

0000 1xx X Pe3epBupaH 3a cnegsawm
paswmnpeHuna

1111 1xx X

1111 Oxx X 10-buTtoBa agpecayma Ha

noag4YnHeHWMA
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NuTtepdeltic I2C

Aapecanusa

» AIpeCHOTO 110Jie MOKe Jja Ce Bb3IIpUEME U
KaTO KOMaH/ia OT IMOAYUHEHOTO YCTPOUCTBO.

» AKo BcM4YKH 6UTOBe ca 0, rJIaBHOTO U30Hpa
BCUYKH YCTPOUCTBA.

R/W

0000000 O CTapTOB OAWT 3a 6ABHU YCTPOUCTBA

OOOOOOO 1 IIOATI'OTOBKA HA YCTpOﬁCTBaTa, KOHUTO UMAT

porpaMHa aJipecHa 4acT
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NuTtepderic I°C

» 7-butoBa aagpecauumsn

4 6buTta

3 buTa

Koa Ha TMna Ha
YCTPOWCTBOTO

Anpec

A2
Al
AO

SCL

» YcTpomcTBaTa MMaT YHUKANHU KOo4oBe, 3aNOMHEHMU BbTPE
B ymna.

elHa CMCTEMA)
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EEPROM - 1010 appec

LAl — 1001 agpec
RTC - 1101 000 (06ukHOBEHO nma camo egmnH RTC B



NuTtepderic I°C

» 10-butoBa agpecauus
S|ITTTOA9A8IR/W|A7A6...AIAO|R/W| ......

https://studfiles.net/preview/1938528/
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NuTtepdeltic I2C
SMBus

[[lvaa SMBus (System Management Bus — 1ivHa
3a yIIpaBJIeHHe Ha CUCTeMaTa) —
JIBYIIPOBOJEH UHTep(PENC 32 0OMEH Ha JaHHU
MEX/y MUKPOCXeMHUTE Ha pa3JIMYHU CUCTEMHH
KOMIIOHEHTU HAa KOMIKTHPA, a ChII0 U
Bp'b3KaTa UM C KOMIIOTHPA.

OCHOBHO npeHa3HaYeHHe HA MHTepdemrca —
yIIpaBJIEHUE Ha hodcucmemama Ha
30XpaHBAHemo U Censmcmeauume S
nodcucmemu.
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NuTtepdeltic I2C
SMBus

SMBus ce ocHoBaBa Ha uHTepderica I*C.

[[luHaTa MMa Bb3MOXKHOCT 33 IMHAMUYHO NPEKOHUTYPUPAHE
(cB'bp3BaHe U U3KJIIDUBAaHE HA MOTPeOUTENNTE HA IIIMHATA 110
BpeMe Ha paboTa) U aBTOMAaTUYHO 3a/laBaHe Ha aJipecuTe Ha
yCTpPOWCTBATA.

B cpaBHeHnue c [2C uMa MaJsiKa pa3J/iMKa B TPaHUYHUTE HHUBA Ha
CUTHAJIUTE), HO OCHOBHO Te Ca eJJHAaKBH.

[[lnHaTa faBa Bb3MOXXHOCT 3a BCHYKH BUJIOBE OOMEH, pa3pelleHH 3a
I°C, Ho MMa HI0AaHCHU B IpaBUJiaTa 3a reHepUpaHe Ha
NOTBBbPXKAEHUATA.

3a mHaTa SMBus BIOS uMa ctanzapTU3vpaHa noaapbxKa.

Ocob6eHocT Ha mMHaTa SMBus, cBbp3aHa c HeHWHaTa poJis B
yIIpaBJIEHUETO HA 3axXpaHBalllaTa CUCTEMA, € CIIOCOOHOCTTA 3a
A8MOHOMHA paboma — CbeJJUHEHUTE Ype3 Hesl yCTPOMCTBA MOratT
Jla 00MeHAT HHOpMaAIM, JlaXKe KOraTo 3aXpaHBaHETO Ha
[leHTpaJHUs npolecop (U APYTUTE NOACUCTEMH) OTCHCTBA.
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NuTtepoeiic D?B

» Crangapt Ha IEC 3a HUCKOCKOPOCTHH
MYJTUMACTbpP CEPUMHHA KOMYHHKAIL|UH 34
[IPUJIOKEHUS B JlOMalllHaTa aBTOMATU3aL U

» PaspaboTen ot Philips npe3 1980r.

» M3moJi3Ba ce 3a Bpb3Ka MeX/y MOJYJIN HA
pa3ctosHue 10 150 m.

» MakcuMasiHa ckopocT Ha ooMeH — 100 Kbps

» HapcTpoiika Hazg I°C v nmo3BoJsissBa Bpb3KH Ha I0-
roJIEMU Pa3CTOSHUSA
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NuTtepoeiic D?B

» /IBe IBYIIPOBOJHU BP'b3KU

» JlJornyeckute HUBA 1 1 0 ce Koaupat 4ypes

nudepeHIMaJHOTO HallpeXKeHre 3a BCSKa JBOHKa
2

/

2

/

Jlor. 1 - HampexxeHUe MexXay ABovKaTa > 120 mV
NpU TOK < 5 mA

Jlor. O - HanpexxeHHe MexXAy ABOMKaTa < 20 mV
IpU TOK < 5 mA
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NuTtepdeiic D’B
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NuTtepoeiic D?B

» 3 pexxuMa Ha pabora:

» Pexxum “0” — makcumMasiHa ckopocT 209
cuMB./cek. Kogupa ce c 0.

> PexkxuM “1” - MakcMaJiHa CKOpPOCT 2457
cuMB./cek. Koaupa ce ¢ 10.

> Pexxum “2" - MakcuMaJsiHa ckopoct 7760

cuMB./cek. (okoJio 100 KouTt/c). Kogupa ce c
110.
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NuTtepdeiic D’B

» PopMaT Ha JAHHUTE

1,2,36 12 6uta 12 6uta
S | Pexxum | Agpec Ha P | Agpec Ha P|A|Ynp. P|A|Oan- |E|P|A| dan- |E|P[A
[MaBHOTO noguymHe- none HU HW
YCTPOWMCTBO HOTO
YCTPOWCTBO

S - crapToB Out = 0
P — koHTpOJIEH OUT 110 YeTHOCT/HEUETHOCT
A — motepixaerne (ACKnowledge)

E — xpait ma nagauTe
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NuTepderic SPI

» Cepuen uaTepderic SPI - (Serial Peripheral
Interface - Motorola SPI)

» OCHOBHHU XapaKTEepPUCTUKH:

v [I'bJIHOAYTIJIEKCEH 3-TIPOBOJEH CUHXPOHEH
OOMEH Ha JJaHHU;

v Pexxum Ha paboTa - r/iaBeH WM NOJYHUHEH;

v OOMEH Ha JaHHU — NpeJaBaHe CbC CTAPIIUA OUT
HalpeJ;

v 3 WM 4-1IpOBOIHA CXeMa Ha Bp'b3Ka.
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HUHTepdenc SPI

» OCHOBHH XapaKTepPHUCTHKH:

= 0be3neyaBa BUCOKOCKOPOCTEH CUHXPOHEH
OOMEH Ha JaHHU MEX/1y MUKPOKOHTPOJIEPU U
nepuPepHU YCTPOKCTBA UM MEXKAY HAKOJKO
MHKPOKOHTPOJIEPA.

= Peasinsupa ce oT SSP — CUHXpOHEH CepHeH IOPT.

« K'bM Hero morar fia ce noAKJitouaT roJisiM 6pou
NOJYMHEHU YCTPOUCTBA.
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NuTepderic SPI

» MOSI (Master Out Slave In) — (m3xo01 OT TJIaBHUSA - BXO B

HO,D;‘E[I/IHGHI/IH)

» MISO (Master In Slave Out)— (13x01 OT TIOTUMHEHUS — BXOJI B

IVI aBHI/IH)

» SS (Slave Select) — n360p Ha MOJYUHEHOTO YCTPONUCTBO -

Bucokomo Huso Ha curHaJjia mo3BoJisiBa 0OMeH Ha AadHHH C I'VIABHOTO

YCTPOMCTRBO.
» SCK (Serial Clock) —
3a CHHXPOHU3allud Ha 3aImuca
NJIN YeT€eHeTO Ha JaHHUTE OT
YCTPOMCTBOTO. YIIPaABJISIBA C€ OT
I'JIABHOTO YCTPOMCTBO — NPOrpamHo
ce n3bmpaT KaKToO TaKTOBATa YeCToTa,
TaKa U akKTUBHUTE GPOHTOBE,
npeaAn3BUKBALLU M3MECTBAHETO Ha
buToBETE B M3MECTBALLUTE PETUCTPM

npu npuemaHe mn npu npeaaBaHe.
28
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HUuTepdenc SPI

» llociiemoBaTesrHO BRIIOUBAHE MO
MisQ ‘
Master |[§—— Slavel [€— €— Slaven [€
I: l 4 A
GLK | T
I ; -
v SS
Y /" SCLK » SCLK
\ L
\"\ 4 NnHUU Mgi‘ler :% ] E]Eﬂ EIE:;.:re
55 » S5




HUuTepdenc SPI
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HUuTepdenc SPI

» SPI xoutrposep B eqaountioB MK ma Motorola

Fosc
T 4

gecToTa

T

Select

SPDR

SPRI TSPRZT

SPI ¢
Interrupt
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NuTepderic SPI

» SPI rouTposep B ennounnioB MK ma Motorola — mporpamuo
JIOCTBIIHU PEruCTPH

Yropasaasam peructep SPCR
b7 b0
SPIE | SPE |IDWOM| MSTR | CPOL | CPHA | SPR1 | SPRO

SPIE — Interrupt Enable — macka 3a npexbcBanusara ot SPI

SPE — paspemasa (1) nau 3a6parasa (0) paborara Ha SPI
KOHTpOJIEPA.

DWOM - onpegnensa pesxmrMa Ha padora Ha moptT D.

MSTR — 1 - peskum Mactep, 0 — peskum CiieiiB Ha SPI
KOHTpOJIepaA.

CPOL — onpenesns mongpHocTTa (HMBOTO) HA TAKTOBHUS CUTHAI
CPHA - omupenensa dpasata Ha TAKTOBHUS CUTHAJI

SPR1 u SPRO — ompenenar TakToBaTa decroTa (CKopocTTa Ha
IIpeaBaHe)
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CPOL CPHA Pexum

. 0 0 0
UnTtepderic SPI
0 1 1
1 0 2
1 1 3
_< X )( X X X X X
CPHA=1 < >< X X >< >< 5 X 65 >< 7 >_ >t ms
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HUuTepdenc SPI

» SPI Kourposep B enaountioB MK ma Motorola —
IIPOTPAMHO JJOCTHIIHU PETHUCTPH

CPOL=0 __ "L/ UL LML
SCK  cpol=1—L g

SS \ [

Cycle # S 1o sys a7y
CPHA=0 MisOoZ Iz f{syays sl (o=
MOSIZ 1T 1z Y 4ys5 617168 =

Cycle# X ITIZ(syaysyIers e
CPHA=1 MISO 2 izt 2a) 516017068z
MOSI 2 L I 2 XYoo 7Bz
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HUuTepdenc SPI

» SPI pesxxumu

http://radiohlam.ru/?p=1194
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CPOL | CPHA
1] [1]
+ + + + + + + +
MO, H =¥V 5 =V H =VEH =¥H =¥ s =V5 =Y 5 =
MISO 5 FAE SAE FAE FAE FAE SAE SAE S
Mode1 |5CLK
CPOL | CPHA
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HUuTepdenc SPI

» SPI Kourposep B enaountioB MK ma Motorola —
IIPOTPAMHO JJOCTHIIHU PETHUCTPH

Perucrep Ha cbeTostHEeTOo SPSR

b7 b0
SPIF | WCOL 0 MODF 0 0 0 0

SPIF — d1ar 3a npexncBane.
WCOL — KoudaukT mmpu 3arumc.
MODF — pexxum “koH(pIUKT”.

@diarosete ce HyaupatT npu yererne Ha SPSR. Becexku ot
(hraroBeTe MoxKe na IpeIu3BHKA IPeKbCBaHe, aKO TOBA
e pas3pelieHo.
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HUuTepdenc SPI

» SPI Kourposep B enaountioB MK ma Motorola —
IIPOTPAMHO JJOCTHIIHU PETHUCTPH

I'emepupane Ha 3asIBKa 3a IIPEKbCBaHE

37

b7 b0
SPIE | SPE |[DWOM| MSTR | CPOL | CPHA | SPR1 | SPRO

b7 b0
SPIF |WCOL 0 |MODF 0 0 0 0




HUuTepdenc SPI

» SPI xKourposep B exaounnioB MK #a Motorola

Example: 4 channel, 12 bit AD Converter

12 bit -> needs 2 transfers

4 channel -> needs channel select

MSB first

AD converter 1s peripheral, samples/sends data at rising edge of clock therefore SPI needs to
send data at falling edge of clock.

CPOL=0, CPHA=0 or

CPOL=1, CPHA=I

Input 0..2.5V

2MHz max -> 83 ksamples/second max

+5V +2.5V
6811 . oM Lo maxner e [
o % REFADJ ADC ks A8
- = MF
oS CHO [€—
sS cs T
CLK SCLK oy e
l—*ﬂﬂmﬂ—haosn Dm_,mmm_‘ cH2 &
MISO DOUTS CH3 [€—
pGxp  AcND M [ ]
o Il [P
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NuTepderic SPI

[IpeaumcTBa Ha SPI

» [I'baIHOAYTIZIEKCHO NIpeJlaBaHe Ha JaHHU M0
nojpa3oupaHe.

» Tlo-BUCOKa ponycKaTeJsHa CIOCOGHOCT B CpaBHEHUE C
I°C vuiu SMBus.

» Bb3M0OKHOCT 3a MPOX3BOJIEH U300p HA A'bJKMHATA Ha
NakKeTa - [’ b/DKMHATA HAa NaKeTa He e orpaHrudeHa 10
oceM OHUTA.
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NuTepderic SPI

[IpeaumcTBa Ha SPI
» [IpocToTa HAa anmapaTHaTa peajiM3alUd:
= U31mos13BaT ce caMo YeTUPU U3BO/A.

= EHOMMOCOYHUSAT XapaKTepP Ha CUTHAJIUTE
[103BOJISIBA IPHU HEOOXOAUMOCT JIECHO Ja Ce
OpraHv3upa rajJiBaHU4YecKa pa3Bpb3Ka MexXay
rJIaBHOTO U MOJYHMHEHUTE YCTPOUCTBA.

« MakcvMaJiHaTa TaKTOBA YeCTOTa € OrpaHUY€eHa
caMo OT O'bP30JIEMCTBUETO HA YCTPOMCTBATA,
y4acTBalll¥ B 0OMeHa Ha JaHHHU.
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NuTepderic SPI

HepocraTsuu Ha SPI:

» Heo6xo4MMH ca oBede U3BOAH, OTKOJIKOTO 3a
natepdeiica I°C.

» [J1TaBHOTO YCTPOMCTBO He MOKe Ja ynpaBJsiBa
MOTOLH OT JAHHHU.

» HaMa nNoTBbpKAeHre Ha IPYUEeMAHETO HAa JAHHUTE
OT CTpPaHa Ha MOJAYHUHEHOTO YCTPOHUCTBO
(r;1aBHOTO yCTPOUCTBO MOXKe Jia IIpeiaBa JJaHHU
«HAaHUKBIEN).

41



NuTepderic SPI

HepocraTsuu Ha SPI:

» Hama onpepeJsieH OoT cTaHZapTa MPOTOKOJ 3a
OTKpHBaHe Ha I'pellKH.

» Hama oduiipasien ctaHAapT, KOeTO IpaBU
HEB'b3MOKHO CEPTUPUILIUPAHETO HA
YCTPOXCTBATA.

» Ilo pascTosiHMe Ha npeaBaHeTO UHTePpPeuchbT SPI
orcTblBa Hanpumep Ha UART u CAN.

» Hasnn4yre Ha MHOXKeCTBO BapHaHTU 3a peasiu3alus
Ha HHTep@deunca.
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