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lipeo6pasoBarenn untepcheiicos USB-SPI
Ha HoBOM X51-mukpokoutponnepe EFM8UB1

Yactb 1

Anekceit Kyabmuxos (Mockga)

B ctaTbe paccmoTpeHbl annapaTHbie cpeacTBa (MPUHLUUNManbHble

cXxeMbl, BapuaHTbl pa3Bofku nnar u potorpacpum peasnbHbIX YCTPOMCTB)

M nporpaMmmMmHoe ob6ecne4vyeHue (MCXoaHble TEKCTbI MPporpamMmm

M UX OTTpaHCNIMPOBaHHblE BapuaHThbl B hex-popmaTte) ycTponcTB
npeo6pa3oBartenen uHrepdericos USB-SPI Ha 6a3e HOBEMLLNX
BbICOKOCKOPOCTHbIX MUHUATIOPHbIX X51-COBMECTUMbIX MUKPOKOHTPOJIEPOB
EFM8UB1 komnaHum Silicon Laboratories. MpumeHeHne atux
MWUKPOKOHTPOJINIEPOB B NOJO6HbIX Npeobpa3oBaTensax KapauHanbHO
CHMXXaeT UX CTOMMOCTb U ra6apuTbl, a TaKXe CyLLeCTBEHHO NoBbIllaeT
CKopocTb o6meHa. CTaTbsl COCTOUT U3 TPEX YacTen.

BBEREHUE

IIpeumyiecTsa 8-pa3psAgHbIX X51-COB-
MECTHMBIX MUKPOKOHTpOLIepoB (MK),
pa3paboranueix emé B 1980 r. KOMIIa-
HHUEH Intel, mepeyucaaTb HET HEOOXO-
JUMOCTH — OHH BCEM XOPOIIO HU3BECT-
Hbl. OJHAKO BEAyIIHE IIPOU3BOIUTEIN
B IIOCJIEJHEE BPEMS IIEPECTANIH YIEC/IATD
atuM MK gopxkHoe BHUManue. [Tocuen-
HHE pPa3paboTKu X51-COBMECTUMBIX
MK Takux komnaHui, kak Atmel, NXP,
TI u Ap. IPEKPATUIUCH HECKOJIBKO JIET
Ha3al. [IpuyuHa 3TOro, BEPOATHO, KPO-
€TCA B PA3/TUYHBIX MAPKETUHIOBBIX OCO-
OEHHOCTX, TPEOYIONUX AIPECCUBHOT'O
IPOABMKEHUS HA PBIHOK 3 2-Pa3psaHbIX
MK. OgHaKO BOCTPE6GOBAHHOCTD X5 1-COB-
mecTuMBIX MK, Ha B3IJIAJ aBTOPA, IO
CHX IIOp BBICOKA U, K COXKAJIECHUIO, HE
3aBHCHUT OT MAPKETUHIOBBIX HIOAHCOB.
BeposTHO, IO3TOMY TOIIOBBIE MOJEIN
x51-coBmecrumbix MK Benymux pupm
10 CUX IOP BBITYCKAIOTCS U MOJIb3YIOT-
Csl HEU3MEHHBIM CIIPOCOM.

B 2015 r. nocie npuo6peTeHus KoMIIa-
Huu Energy Micro, BblITyCKaBIen 32-pas-
psagupie MK EFM32 cOo cCBEpXMaJIbIM
NOTPEOICHUEM SHEPIUH, KOMIIAHUA
Silicon Laboratories caenana HaCTOSIIHE
IIPOPBIB, PA3pa06OTaB U BBIITYCTUB LIEIYIO
meany 8-pa3pAagHbIX X5 1-COBMECTUMBIX
MK EFMS8. Cpeau Hux — EFM8BB (Busy
Bee), ornuuaromuecss 60JIbIIUM KOJIH-
4eCTBOM BCTPOEHHBIX Iepudepuii-
HbIX ycTporicts, EFM8SB (Sleepy Bee) co
CBEPXMAJIBIM IIOTPEOJICHHUEM 3HEPIHUH,
a raxcke EFM8UB (Universal Bee), nmogaep-
sxuBaromue narepderic USB (06 ogHoM
u3 Hux (EFM8UB1) u noUAET peyn B 1aH-
HOM CTATBE).

Opnako Ha 3toMm Silicon Laboratories
HE OCTAHOBUJIACH U yiKe B 2016 1. BBIITy-
criiia HoBoe cemerictBo EFMSLB (Laser
Bee) co BcrpoenHbiM 14-paspsaanbim ALITT
C 4aCToOTOU gucKperusanuu 70 900 kI,
KOTODPBIN BKJIIOYAET BXOJHOM MYJ/IbTH-
IUIEKCOP U KOHTPOJLIEP IIPSAMOIO JOCTY-
ma Kk namATa — DMA (B cTaTbe Taxke oyzaer
NIPUBEAEH IPUMED UCIIOIb30BAHUS TOIO
MK). KpoMme Toro, 31t MK 060pya0BaHbI
4ETBIPbMs KOH(DUTYPUPYEMBIMHU JIOTHUYE-
ckumu 6710kamu (CLU), HO3BOJIAIOMIMU
IIPOEKTUPOBUIUKAM PEATIU30BATh KOMOU-
HALIMOHHYIO JIOTUKY U/HUIU CHHXPOHU3A-
TOpHI (T.€. pynxuu U, WIH, HE, My1bTH-
IUIEKCOPBI U TPUITEPHI) 6€3 IPUMEHEHUSA
BHEUTHUX KOMIIOHEHTOB. ITo cBoUM (pyHK-
LIUOHAJIBHBIM Oco6eHHocTAM EFMSLB
MoryT corepHn4dars ¢ MK C8051F06X co
BCTPOEHHBIM 16-pa3psuabiv AL co cko-
POCTBIO IPeoOpa30oBaHus 1O 1 MJIH o1e-
PpauMi B CEKyHy U UMEIOIIUMHU IIPAMOI
goctyl K maMatu (DMA), 4To 1103BoJisieT
3aIIMCBIBATh B IIAMATH pe3yabTaThl ALITT
6e3 yuactusa MK. ITociaegHui O CUX IIOP
BBIITyCKA€TCA, IIOCKOJIBKY JOCTATOYHO
BOCTPEOOBAH, HECMOTPS HA OTHOCUTEIb-
HYIO JJOPOTOBHU3HY U HEBBICOKYIO TAKTO-
BYIO yacToTy 25 MI'ti. Bee :xe MK EFM8 —
OIHOTAKTHBIE U MOI'YT Pa00OTATh HA MAKCH-
ManbHOU yacrore 50 MI'm (a EFMSLB1 — 1o
75 MTI'n), uiau, APYrUMHA CIOBAMH, MAKCH-
MaJIbHasg CKOPOCTb UX PAOOTBI COCTABJIA-
er 50 WIH onepanuid B cekynay (MIPS).
Biarogapsa o4eHb HU3KOH II€HE B Cpel-
HUX U 60JIbIINX IapTHAX, MK cemericTBa
EFMS, Ha B31JI:A/] aBTOPA, B HACTOAIIEE Bpe-
M1 HE UMEIOT AJIbTEPHATUBBL

Panee aBTOpPOM ObUIA OIIYOJIMKOBAaHA
CTaTbs O IIpeoOpaszoBarene UHTEpPQEn-

coB USB-SPI Ha 6aze MK C8051F321
U OECIUIATHO IOCTAB/IAEMOM KOMIIA-
Huerd Silicon Laboratories 6u6amnore-
ke USBXpress, MO3BOIAIONICH, HE BJa-
BasACh B IIOJAPOOHOCTH CHENU(PUKAITUN
unrepgerica USB, IpOCTBIMU CPEACTBA-
MU IPOU3BOJAUTH OOMEH HH(OpPMAIIU-
et C8051F321 ¢ KOMIIBIOTEPOM IIO 3TO-
My uHTep(ericy [1]. B CBA3U € BBIITYCKOM
HoBoro MK EFM8UB1, 060py/IOBAHHOT'O
unrepdericom USB U UMEIOMIETO CBEPX-
Masble ra6aputsl (kopiryc QFN20 pasme-
POM BCEro 3 x 3 MM), aBTOP PEIIMJI IIOIIPO-
60BAaTb €ro TAKXKE B POJIU IIPEOOPA30Ba-
Tensa uarepdercos USB-SPI. Pesynbrar
IIPEB3OLIEI CAMBIE CMEJIbIE OXKUTAHMSA.

JanbHenIee u310KeHuE OyieT BECTUCD
B CJIEAYIOLIEH IIOC/IEN0BATEIbHOCTH. BHA-
yajie OyAyT OIIMCAHBI AIIIIAPATHBIE CPEL-
cTBa IIpeobpasosarenci uHTepdEercoB
USB-SPI na 6aze MK EFM8UBI1 (11ipuHuu-
IIHAJIBHbBIE CXEMBbI yCTpOﬁCTB M MAKETHBIX
IUIAT, Pa3BO/IKA IUIAT U (pOTOrpaPHU rOTO-
BBIX YCTPOFCTB), 4 3aT€EM — IIPOIPAMM-
HBI€ CPEJICTBA (TEKCTHI IPOIPAMM, PEKO-
MEHJAIIUHU 10 KOH(PUTYPUPOBAHHUIO I1I0P-
TOB BBO/IA/BBIBO/IA C TIOMONIbIO MATPUIIbI
COEUHECHUMH, 4 TAKKE IO TPAHCIALIUU
IIPOrpaMM; CHHMKU 3KPAHOB, IOKA3bI-
BAIOIIMX PEAIbHBIE CKOPOCTH OOMEHA
USB-SPInT1.1L).

ANNAPATHBIE CPE[ACTBA
nPEOEPA30BATENEN USB-SPI
HA 6A3E MK EFM8UB1

B 3TOM pasgesie npeacTaBaeHbl YEThIPE
ycrporicrsa rpeoopaszosaresneii USB—SPI
Ha 6a3e EFMS8UBL.

IlepBO€ — HEU3OIUPOBAHHBIH IIPEOO-
pasosartenb USB—SPI ¢ o61muMu nensiMmu
«3eMIn» U nuTanusa unrepdeiicos USB
u SPIL. B aTOoM 11peoOpasosareiie UHTEP-
¢eric SPI paboTraer B IIOTHOM YETBIPEX-
IIPOBOJHOM PEKHME, T.€. OCYIIECTBIIICT
OOMEH C IIOMOUIBIO YETBIPEX CUTHAIOB:
MISO, MOSI, SCK u NSS.

BTropoe — H30/IMPOBAHHBIN IIPEOOPA30-
Batenb USB—-SPI, y koToporo nurepderc
SPI 06OpYyAOBAaH I'aJIbBAHUYECKOH pa3-
BA3KOH C IOMOIIBIO YETBIPEXKAHATIBHO-
ro 1 posoro uzossropa SI8642. Unrep-
deric SPI B 3TOM yCTPOUCTBE paboTaer
B YCEUYEHHOM TPEXIIPOBOJHOM PEXKUME,
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B KOTOPOM HCIIOJIB3YIOTCSI TOJIBKO CHTI-
Hanbel MISO, MOSI u SCK, a curaaa NSS
HE IIPUMEHSETCA.

Tperbe — U30JIHMPOBAHHBIN IIpeOOpa-
30Barenb USB-SPI Ha 6a3e 6-KaHAJIBHO-
ro nudpoBoro uzomsrropa SI8662. Taib-
BAHUYECKHU U30JUPOBAHHBIN HHTEP(DETC
SPI B 3TOM yCTPOYICTBE pabOTAET B YETHI-
PEXIIPOBOJHOM PEKHME.

YeTBEPTOE — U30JMPOBAHHBIN IPEO6-
pasosarenb USB—-SPI, B KOTOPOM OCy1IECT-
BJICHA I'AJIbBAHUYECCKAA N30 AU UHTEP-
¢erica USB ¢ nomompio U@ poBoro u3o-
msropa ADUM3160/4160, a uarepderic
SPI He U30JIMPOBAH U PAOOTAET B YETHI-
PEXIIPOBOJHOM PEKHME.

11 TECTUPOBAHUS ITUX IIPEOOPA30-
Baresnen USB-SPI B craTbe npeacrasiie-
HbI IB€ MAKETHbIC IIJIATHI. HCpBa}I — Ha
6aze MK C8051F061, Bropas — Ha 6aze
EFMSLB12.

B crarbe [1] A1 TECTUPOBAHUSA IIPEOO-
pasosaresnss USB-SPI Ha 6a3e C8051F321
6bUI UCIIOIBb30BaH MK C8051F067, ume-
IOIIMI aHAJIOTUYHBIE XAPAKTEPUCTUKU
(c Touku 3peHus uarep@etrica SPI) ¢ MK
C8051F061. B HACTOAMIEH CTATHE UCIIOJb-
30BaHa MakerHas mwata ¢ C8051F061.
IIpUYUHBI, 10 KOTOPBIM aBTOPOM H3IO0-
TOBJICHA HOBAas MakKeTHasA Iviata ¢ MK
C8051F061, COCTOSIT B CJIEIYIOIIEM.

Bo-nepBpIxX (1 3TO IV1aBHAs IPUYHUHA),
wiara-uepexoguuk st MK C8051F067
HUMeeT JBYCTOPOHHIOIO DPa3BOAKY [1],
KOTOPYIO OCYIIECTBUTb CBOUMH CHJIAMU
JOCTATOYHO IHIpobseMaTudHo. Iloaro-
My aBTOPOM Pa3BEJE€HA U HU3IOTOBJICHA
HOBas IUIATA-IIEPEXOJHUK C OFHOCTOPOH-
HeH pa3BOJAKOM, KOTOPasi HAMHOI'O IIPOIIIE
B U3I'OTOBJICHUH. DTA OFHOCTOPOHHSASA Pa3-
BOJIKA I10 BBIBOZIAM OT/IMYAETCA OT JBYCTO-
POHHE, IO3TOMY CX€Ma HOBOM MaKETHOM
IUIATBI OTJIMYAETCS OT CXEMBI, IPUBEAEH-
HO¥ B [1]. BO-BTOPBIX, MAKEeTHAsI ILUIATA U3
[1] moCTaTOYHO CI0XKHA, IOCKOJILKY UME-
€T HECKOJIbKO HEHYKHBIX OIIIUH, KOTOPbIE
B HOBOM MAKETHOM IJIATE OTCYTCTBYIOT.

Bropas MakeTHas 11aTa U3roTOBICHA
Ha 6a3e HoBoro MK EFMS8LB12 pa3pa-
601KN 2016 1. B CBOIO 0uepe/ip, a1a 1iara
U3TOTOBJIEHA 110 CJIEAYIOIIUM IPUYHUHAM.

Bo-niepBBIX, aBTOPY XOTEJIOCH IIPO-
BepuTh HOBBIII MK B pexxuMme oO6MeHa
uHdopmanueri ¢ ITIK no unrepgdericy USB
C IIOMOIIIBIO Ipeo6pasosareseit USB—SPI
Ha 6a3e MK EFM8UB 1. Bo-BTOpBIX, aBTOPA
3aMHTEPECOBAJIO CPABHEHUE CKOPOCTHBIX
XAPaAKTEPUCTUK OOMEHA 110 UHTEPPEUCY
SPI aByx MK: C8051F061 u EFMSLB12.
3aberas Buepén, MOXKHO OTMETHUTD, YTO
ckopocTb o6MeHa 1o SPI y EFMSLB12
npeBbICHIA TAKOBYI0 Y C8051F061 B 6 pas!
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Puc. 1. MpuuunnnanbHas cxema HensonupoBaHHoro npeo6pasoparens USB-SPI na 6aze EFM8UB1

nPVIHI.IVInVIAanbIE CXEMbI
YCTPOWCTB

IIpUHIUITHAIBHAS CXEMA IIPE0OPaA30-
Barena USB-SPI (cm. puc. 1) npenens-
HO IPOCTA U COJIEPKUT COOCTBEHHO MK
EFM8UB1 (DD1) u aBa padbéma. Ilep-
BbIN — USBmicroB-5S REV (X1), K KOTO-
POMYy HOAKIIOYAETCS KabeIb HHTEepde-
ca USB, u Bropout — mini USB-8S (X2),
Ha KOTOprﬁ BBIBCCHBI CUT'HAJIBI UHTEP-
derica SPI (NSS, MOSI, MISO, SCK), cur-
Han RST067 i c6poca (Reset) MK
C8051F067, ¢ KOTOPBIM IPOUIBOAUTCS
obmeH uHdpoOpManue 1o uHTepdency
SPI, 1 «3emJis1» (3TH K€ CUT'HAJIBI UCIIOJIb-
3yIOTCA ISl MOAKIIOUEHUA YCTPOMCTBA
K MakeTHOU 1uiare ¢ EFMS8LB12), a Tak-
2Kke curHasbl uaTepgerica C2 (RST/C2CK,
C2D u o0muit), NpegHaA3HAYEHHBIE JIUIS
IIPOrPAaMMHPOBAHUA  MHKPOKOHTPOJI-
snepa EFM8UB1 c nomompio USB-Debug-
aganrepa. llernouka R1-R2-C1 popmupy-
et curaaju copoca (Reset) MK nmpu nnojgaue
nuraHus (+3 B). OTo Hanpspkenue (Vdd
— 6-11 BBIBOJL), B CBOIO O4epe/ib, (POPMU-
pyercs BcrpoeHHBbIM B MK cTa6min3aTo-
pom +3 B, eciin muranue +5 B, npucyrcTBy-
sus BHTEpdErca USB,
IOMaJaeT Ha BBIBOABI Vregin u V. (7-1

IOIEeE HA JIMHUU V,

U 8-11 BBIBOJBI COOTBETCTBEHHO).

JIJ1s1 IpOrpaMMHPOBAHUSA YCTPOMCTBA,
IIOKa3aHHOI'O Ha PHUCYHKE 1, HEOOXOaU-
MO U3TOTOBUTH /IBA Ka6eJsIs C pazbéMaMu
(cm. puc. 2). [IepBblIi Ka6eIb COETUHSIET
pa3zpém USB-Debug-aganrrepa SCM-10
(X1) ¢ pazp€mom ycrporictBa mini USB-
8P (X2).I1o 3TOMY Ka6€10 B yCTPOHUCTBO
epesaoTcss CUrHaasl uarepgerica C2.
Bropoit xabenp nogaér nuranue +5 B
c pazpéma PC4TB(p) BII (X3) Ha MK yepe3
pa3bpém USBmicro-5P (X4).

B kauecTBe MHKPOKOHTPOJUIEPOB,
¢ KoTopbIMH conpsaraercas MK EFMS8UB1

no unrepgericy SPI, ObUIM BBIOPAHBL:
C8051F067/61, KOTOPBIi GbUI TTOAPOG-
HO OIIMCAH B cTaThbe [1], 1 HoBermmit MK
EFMS8LB12 pa3pa6orku 2016 .

s nopxmoueHus ycrporicrsa USB—SPI
K MaKeTHBIM 11atam ¢ MK C8051F061 u
EFMS8LB12 (X cXeMbI IIPUBE/ICHBI JaJIe€)
HEOOXOJIUMO U3IOTOBUTD Ka6€JIb I10 CX€-
Me€, IIOKa3aHHOU Ha PHUCYHKeE 3.

HeCKOJIbKO C/IOB O BXO/IHBIX U BBIXO/I-
HBIX Pa3bEMaX YCTPOUCTBA.

Jisa YCTPOKCTBA
Kk uarepdericy USB HCIOIB30BaH OTHO-
CUTEIBHO HOBBIU pa3zbéM USBmicro-5S
REV. On mmeer 3epkanbHOe (Revers)
PACIIOIOXKEHHE KOHTAKTOB HMHTEP(EH-
ca USB 1o CpaBHEHHIO CO CTAHJAPTHBIM
USB micro-5S. D10 KaK Heb3sA JIydlle
COOTBETCTBYET PACIIOIOKEHUIO KOHTAK-
TOoB USB MIC EFM8UB1 (1 C8051F321),
II03TOMY Pa3BOJAKA IUIATHI IOJIY4aeTCs
IIpoule U HaJAEKHEE, YEM IIPHU HUCIIOJIb-
30BAHMHU CTAHJAPTHOTO padbéMa. HoBbIN
Pa3béM JIErKO IPHOOPECTH, U 110 CTOU-
MOCTH OH HE€ OTJIMYAETCA OT CTaHAApT-
HOTO. BHelIHe 3TOT pazbéM OTIHYAET-
Cs1 OT CTAaHAAPTHOI'O TEM, YTO €I'O HIXK-
HSISL YACTbh, I7I€ PACIIOIOKEHBI KOHTAKTBHI,
IHpe BEPXHEN 4acTu (Y CTaHAAPTHOI'O
pazbpéma BCE HA0O0POT).

i nopxnioueHus K unrepgericy SPI
(B paboueM pexume) U uarepdercy C2
(V151 TPOTPAMMHUPOBAHUSA ) UCIIOJIb3YETCS
OJUH 8-KOHTAKTHBINA pa3béM mini USB-8S.
JTO IO3BOJIMWJIO BOOOIIE OTKA3ATbCSA OT
OTIEJIBHOIO pPa3zbéMa, IIPEJIHA3HAYECH-
HOTI'O I IporpamMmMmuposaHus MK, uro
VIPOCTUIO KOHCTPYKIHIO YCTPOMCTBA,
YMEHBUIWIO €r0 I'a6aPUTHI U IIOBBICHUIIO
Ha1EKHOCTh. CaM 110 cebe pazbéM mini
USB-8S masiorabapureH (SKOHOMUT MECTO
HAa IUIATE), EFO CTOUMOCTD HE IIPEBBIIIACT
CTOMMOCTB cTanaapTHoro USB micro-5S

HOIKIIOUECHHS
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ycTpoiicTBa K makeTHbiM nnatam ¢ MK C8051F067
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Puc. 2. Cxema ka6eneii ans nporpammupoBanus MK, BknouénHoro no cxeme, NoKa3aHHoii Ha pucyHke 1
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Puc. 4. Cxema ranbBaHM4ecKM1 U30NMpoBaHHOro npeo6pasosarens untepdeiicos USB-SPI (TpéxnpoBoaHoro)
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Puc. 6. Cxema ranbBaHu4ecKu U30/IMpoBaHHOro npeobpasosarens uutepdeiico USB-SPI (weTbipéxnpoBoaHoro)

H, 110 OIIBITY ABTOPA, OH UCKIIOYUTETHHO
HaJEXKEH.

JJ11 3KOHOMUHM MeECTAa B CTATbE CXe-
Ma COOTBETCTBUSI KOHTAKTOB OTBETHOT'O
pasbpéma (mini USB-8P), noaxitogaemo-

ro K pazpémy mini USB-8S, kOoHTaKTaM,
IpEeAHA3HAYECHHBIM I IIAaNKH, IPUBEE-
Ha B JOTIOJIHUTEJIbHBIX MATEPHUAIAX K CTA-
ThE, KOTOPBIE JOCTYITHBI [/ CKAUNBAHUA
HA CaiTe KypHaJa.
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Puc. 5. Gxema kaGeneii ans nporpaMmMupoBaHus
MK, BKNHOYEHHOro No cxeme, U306 paXXeHHOI
Ha pucyske 4

Kak y’xe yIIOMHUHAI0Ch, IA/IbBAHUYECKU
HU30JIMPOBAHHBIN IpeodpazoBaTenb USB—
SPI mpeacTaBiieH TPEMA YCTPOMCTBAMHM.

IIepBO€ yCTPOMCTBO (CM. pUC. 4) CKOH-
CTPYMPOBAHO Ha OCHOBE BBICOKOCKO-
POCTHOT'O YETBIPEXKAHAIBHOTO IUPPO-
BOro n3ossrTopa SI8642 (DD2), KOTOPBIH
IIOKA3aJI UICAJIBHYIO padoOTy C HHTEP-
dericom SPI, paboTaromum B TPEXIIPO-
BOJHOM pexkume [1]. 1 mporpaMmu-
posanua EFMS8UB1 (DD1) ¢ nomomibio
USB-Debug-aganrepa CUrHaJIbI UHTEP-
derica C2 BbIBEJECHBI HA TPEXIITHIPBKO-
BbIH pa3béM PLL-1x3 (X2). K unrepdeiicy
USB MK EFM8UB1 noax/Io4aercs ¢ IoMO-
mpio pazpéma USBmicro-5S REV (X1),
a k C8051F067 u EFMSLB12, pacmiono-
JK€CHHBIM Ha COOTBETCTBYIOIHUX MAKETHBIX
IUIaTax, 10 uHTEpdercy SPI — c noMmonipo
paszpéma PBDHH 2x3 (X3), mpeacTaBisaio-
LIETO COO0U ABYXPSAIHbBIEC THE3A C IIATOM
2,54 mM. OCTaIbHBIE OCOOEHHOCTH CXEMBI
y>Ke ObUIH OITUCAHBI.

s nporpammuposanust MK EFMS8UB1
B CX€Me€, IIOKa3aHHOM Ha PHUCYHKe 4,
HEOOXOAHUMO U3TOTOBUTB JIBA KA0E€JI 110
cxXeMaM, IIPUBEAEHHBIM Ha PHCYHKE 5.
OpuH — ¢ pazpémom USBmicro-5P (X4) —
JUISL IOJlaYM IUTaHuA +5 B onncan panee,
BTOpPOH — € pazpémamu SCM-10 (X1)
u PBL-1x03 (X2) — npuBes€H B HIKHEHN
4aCTH PUCYHKA 5.

XOoTs TaJbBAHUYECKH H30JIUPOBAH-
HBIA HHTEp(eric, padoraonuii B TpEX-
IIPOBOJJHOM pexuMe (CM. pucC. 4), IOKa-
32J1 XOPOUIHH PE3yabTaT IIpU padore ¢ MK
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Puc. 7. Cxema ranbBaHM4ecku U301MpoBaHHOro npeo6pa3sosartens unteptheiicos USB-SPI Ha 6ase
uucpposoro nsonsropa ADUM3160/4160 (4eTbipéxnpoBogHOro)
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Puc. 9. Cxema maketHoii nnartbl ¢ MK G8051F061/067
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Puc. 8. Cxema kabens nutanus ans
nporpammupoBanus MK, BkntoueHHoro no cxeme,
NpuBeAEHHOA Ha pucyHke 7

C8051F067, ipu pa6ore c EFMS8LB12 aTa
CcXeMa [10Ka3a1a JOBOJIBHO IIOCPEAICTBEH-
HBII PE3y/IbTAT 110 CKOPOCTH. [IPHYHNHBI
3TOrO — 60JI€€ HU3KAsl TAKTOBAsA YACTOTA
MK C8051F067 (25 MTI'11) 110 CPaBHEHUIO
¢ TakoBor y EFM8LB12 (50 MI'wr), a Tak-
JK€ YCEYEHHBIN TPEXIIPOBOJHBIN PEKHM
Pa6oThlL, B KOTOPOM cUrHaa NSS, cuHXpO-
HU3UPYIOIIHUHI NPUEM/TIEpeIady KaXK0-
ro 6aiTa, OTCyTCTBYET.

1151 yBeJIM4EHUS CKOPOCTH OOMEHA 110
uHTep@ericy SPI ObLT U3rOTOBJICH €é
OJITH U30TUPOBAHHBII IPEOO6PA30BATED
USB-SPI, HO y>ke pabOTAIONIUI B IIOJTHOM
YeTBIPEXTIPOBOHOM PEKUME (CM. PHC. 6).
B cxeme UCIIOIb3yeTCs BBICOKOCKOPOCT-
HOM 6-KaHAJIBHBIN IIU(DPOBOU U30IATOP
SI8662 (DD2), NO3BOJIAIONIHI IO6ABUTH
4eTBEPTBIN CUrHal uHTepderica SPI —
NSS. bnarogapss 3TOMy CUTHAJIy CX€EMa,
[IPEICTABIEHHAsI HA PUCYHKE 6, TOKa3a-
J1a 60JIEE BBICOKYIO CKOPOCTh OOMEHA 110
uHrepdericy SPI, ueM cxema, H300paKEH-
Hasg HA pUCYHKeE 4. PazbéMm X3 — yeThipe
JABYXPATHBIX ITAHTI'OBBIX HITHIPA C IIAI'OM
2,54 mm. [Ina nporpamMmuposBanus MK
EFMS8UB1 B cxeme Ha pUCYHKe 6 UCIIOJIb-
3yIOTCS T€ K€ Kabeau (CM. pUC. 5), YTO
M Jy1 IporpaMmuposanus MK no cxe-
Me, IPUBEAEHHOM Ha PUCYHKE 4.

Kak mnokazajio TeCTHPOBAHHE YCT-
POYICTB, CXEMBI KOTOPBIX H300PAKEHBI HA
pUCyHKax 4 v 6, ©I30JIMPOBAHHBIE IPEO6-
pasosarenu USB—-SPI 1o ckopocTu oome-
Ha HE MOT'YT CONIEPHUYATH C HEU30JIHUPO-
BAaHHBIM (CM. puC. 1).

T'aiIbBAHUYECKH M30JIMPOBAHHBIN IIpe-
obpazosaresnb unTepdeiicos USB-SPI
MOZKET OBITh OCHOBAH HE TOJIBKO HAa IIPHH-
yIe TraJIbBAHUYECKOH HU30JIALINU UHTEP-
derica SPI (cm. puc. 4 u 6), HO U HA HHOM
IIPUHIUIIC, A UMCHHO — HA I'aJIbBAHHUYEC-
CKOY U30JISIIIUHU caMoro uHTepgerica USB
C IIOMOIIIBIO XOPOIIO U3BECTHBIX ITU(PPO-
BBIX M30JATOPOB ADUM3160/4160 [1].
IIpEeNMyIIECTBO STUX MHUKPOCXEM B TOM,
YTO OHHM HE CHMIKAIOT CKOPOCTh OOMe-
Ha 110 unTepdeiicy USB. A BoT nudpo-
Bbl€ H30JITOPBI uHTepderica SPI cHu-
JKAIOT CKOPOCTb OOMeHa (OCOOEHHO
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Puc. 10. Cxema ka6ens ans nporpammupoBanus MK C8051F061/67 ¢ nomowbto USB-Debug-apantepa

no untepdeiicy JTAG
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Puc. 11. Cxema maketHoi nnatbl ¢ MK EFM8LB12

B TPEXIIPOBOJHOM pexume). Hegocrat-
ki ADUM3160/4160 — 6osiee KPyITHbII
kopmyc (SOIC16W pazmepom 10 x 10 mm),
4eM y HU(MPOBBIX U30JIATOPOB UHTEP(ET-
ca SPI, a TakKe IOCTATOYHO BBICOKAS II€HA,
KOTOPAas HA MOMEHT HAIIMCAHUA CTATbH [1]
B 2012 r. cocrasisuia okosno 1000 pyo. 3a
WTyKy. OZHAKO K HACTOAIIEMY BPEMEHH
1eHa Ha u3o/srropsl (ADUM3160) ynana
IIOYTH B 2,5 pa3a U CPABHSIACH C LIEHOM
G-KaHAIBHBIX IU(PPOBBIX H30ITOPOB
SI8662BC (0ko0 400 py6.), UCIIOTB3Ye-
MBIX B CX€ME, IOKA3aAHHOMN Ha PUCYHKE 6.
Kpome Toro, mukpocxemsr ADUM3160
6o0s1ee TOCTYIIHBL, yeM SIS662BC.
IToaTOMy OBLIO IPUHATO PELICHUE
CKOHCTPYHPOBATh Ipeo6Gpas3oBaTeb
unrepgdericop USB-SPI Ha 6a3e nudpo-
BBIX M30/s1TOPOB ADUM3160/4160 (cMm.
puc. 7). 3ab6eras Brepézn, OTMETHM, YTO
CKOPOCTHBIE XaPAKTEPHUCTHKH ITOJTyIHB-
LIETOCs IPEeOOPA30BATENA HE YCTYIIAIOT

XaPAKTEPUCTUKAM HEHU30JIUPOBAHHOI'O
npeo6pazosarenst USB-SPI (cm. puc. 1),
SIBJIIIOLIETOCS. CAMBIM CKOPOCTHBIM U3
BCEX IIPEOOpPa30BATEICH, IIPEICTABICH-
HBIX B HACTOAIIEH cTaThbe. YTO Kacaercs
CXEMBbI, IIPUBEAEHHOM HA PHUCYHKE 7, TO
OHa JOCTATOYHO IIPOCTA U B OTJEIbHBIX
KOMMCHTAPUAX HEC HYKTACTCA.

s nporpammuposanuss MK EFMS8UB1
B CXEMe€, U300PaKEHHOH HA PUCYHKE 7, Tpe-
oyercs aBa kabesst. IIepBbIi — I COIIPSLKe-
Hus ¢ curHanamu C2 USB-Debug-aamrrepa.
DTOT KabeJIb AaHAJIOTUYEH KAOETIO C Pa3b-
€émamu X1-X2, IIOKa3aHHOMY B HIDKHEH
YaCTH PUCYHKA 5. Bropori kabGesnb nogaér
IUATAHHE HA YCTPOUCTBO (7 1 8 BBIBOJBI X2
Ha PHUCYHKE 7) C TIOMOIIBIO JIBYX IIAHTOBBIX
THE3N (X4 Ha pUCYHKeE 8).

Cxema MakeTHOM 1uiatel ¢ MK
C8051F061 (cM. puc. 9) MO CpaBHEHUIO
CO CXEMOH, NPUBEIEHHON B [1], 3HAUM-
TEJIBHO YIPOIIEHA U COHEPKUT MHUHU-

MyM HEOOXOJUMOTO JJIsI TECTHPOBAHUS
YCTPOHCTB Ipeobpa3oBaTeneii UHTEP-
¢ericoB USB-SPL

B Hell UCHONB3yeTCsa CTAOMIN3ATOP
+3,3 B LP2950Z3.3 (DA1l), K KOTOpPO-
My C pazpéMa X1 nogaércsa nuraHue +5
B or craGuau3dupoBaHHOI'O HCTOYHU-
Ka ¢ TOKOM He meHee 100 MA. YCTponcT-
BO H30JIMPOBAHHOIO IIPEOOGPA30BATE/IA
USB-SPI, paGoramomero B TPpEXIIPOBO/I-
HOM PEXHUME, ITIOAKII0YACTCA K pa3bEMy
X2, IpeICTABISIONEMY COG0M 6-KOHTAKT-
HBIH IITBIPEBOM PA3BEM C PACCTOTHHUEM
MEXKIy IITBIPAMH 2,54 MM. YCTpOMCTBA
HEU30JIUPOBAHHOIO IIPEO6pa3oBaTE/II
USB-SPI u U301UPOBAHHOIO IIPEoOpa-
30BaTelIs, pAOOTAIOLIETO B UETBIPEXIIPO-
BOZHOM PEXKMME, IIOKIIOYAIOTCA K pa3bE-
My X3, IPEACTABIAIONIEMY COOOH YeThIpe
JABYXPATHBIX HAHI'OBBIX I'HE3/a C PACCTO-
STHHUEM MEXAY HUMU 2,54 MM.

JIByXKOHTAaKTHAasA 1lepeMblyKa P2 nipes-
HAa3HA4Y€HA I I1I0/JaYM WIH CHATHA (IIPH
HeobxoaumocTn) nutanus (VAdSPI) na
pa3bEMbI X2 1 X3 € IOMOMIBIO JPKaMIIE-
pa. Henouka R1-R2-C14 npegnaszHaue-
Ha yIs1 (POPMHUPOBAHUA CUTHAIA cOpOca
MK. KBapueBblii pe30HATOP C 4aCTOTOH
20 971 520 I't DOAKIIOUEH K BBIBOJAM
XTAL1 n XTAL2 MK ¢ 323eMJISTIOIITUMHA
KoHgeHcaTopamu C9 u C10. OcraibHbIE
KOHJICHCATOPBL CIYXKAT I IITATHOH
PaboThl MUKPOKOHTpPOJUIEPA. I UHAM-
KAy IIPUCYTCTBUA ITUTAHUA HA IIATE
HCIONIb3yeTcsa cBeToano LD 1 ¢ Tokoorpa-
HHUYHUTENBHBIM pe3ucTopom R3.

i nporpammupoBanusa MK o uarep-
¢ericy JTAG ¢ nomompio USB-Debug-
azanrepa UCHOIb3yeTC s G-IITHIPHKOBBIN
paszbém IDCOM, K KOTOPOMY MOKIIOUA-
€TCs1 KaGesIb IPOrPaMMHUPOBAHUS, COEIHU-
H}IIOIJ_[I/II;I BBIBO/JbI 41A1ITE€PA C BBIBOJAMHU
pasbéma X4. CxeMa TaKkoro Kadesd IIpu-
BeJieHa Ha puCyHKe 10.

Cxema MmakeTHO¥ 11aThl ¢ MK EFMSLB12
(cM. puc. 11) HECKOIBKO MPOIIE IPEIbI-
Jyuien. B HeM HCIIONIb3yIOTCA TAKHE K€
paspéMbl X3 U X4 1 NOAKIIOYECHUA
YCTPOHCTB, Pa6OTAIOINX COOTBETCTBEH-
HO C TPEXIIPOBOJHBIM 1 YETBIPEXIIPOBO-
JHbIM uHTepdercom SPI Ilenouyka R1-
R2-C1 cayxur st pOpMUPOBAHUS CUT-
Hata copoca MK (RSTLB1). Crabuiuzatop
LP2950Z3.3 (DA1) o6ecnieyuBacT MUTAHUE
IUIATBI HanpspKeHueM 3,3 B. K aromy cra-
owtmsartopy ¢ pazpéma X1 nogaéres nmura-
HHE +5 B OT cTabWIN3UPOBAHHOI'O UCTOY-
HHKA C TOKOM He MeHee 100 MA.

TpéxKoHTaKTHAs IlepeMbluKka P1 ciryxur
I IIOJa4yy nuTaHus +3,3 B (Ha ycrpon-
CTBA C U30IMPOBAHHBIM UHTEP(deticoM SPI
(cm. puc. 4 u 6)) win +5 B (Ha yCTporCcTBO
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C HU30JIMPOBAaHHBIM HHTep(dericom USB
(cM. puc. 7)) Ha pa3bémbl X3 u X4. [Togaya
IIUTAHUA OCYLECTB/IAETCA IyTEM yCTAHOB-
KU JIByXKOHTAKTHOI'O JKaMIIepa B COOT-
BETCTBYIOLIEE IIOJIOJKEHHUE.

B cxeMe UCIIOIb3yeTCs BHEIIHUL KBap-
1eBbIi reneparop SCO-223 (Z1) yacrorou
50 MI'11, BBIXOJTHO¥ CUTHAJI KOTOPOT'O IO~
KII04€H K BeiBoAy EXTCLK (30-1 BBIBOL).

IIpyu4nHa, 10 KOTOPOH HUCIOIb3YeTCs
HMMEHHO BHEIIHHHI KBAPLEBbIN I'€Hepa-
TOP, COCTOUT B Cieayronem. /1eo B ToM,
yro MK EFMSLB12 o006oOpynoBaH [IBY-
M BBICOKOYACTOTHBIMH BHYTPEHHUMU
T€HEePATOPAMHU YACTOTOM 25 U 75 MITi,
CTAaGWIBHOCTb KOTOPBIX, KAK OBUIO BBIAC-
HEHO B CTaThe [1], HE TTO3BOJIAET IIPOU3-
BOAUTH BBICOKOCKOPOCTHOH OOMEH IIO
uHTepdercy SPI c HeO6XOAUMOIT HATEXK-
HOCTBIO. Han€XHBINT BBICOKOCKOPOCT-
HOI OOMEH BO3MOKEH TOJIBKO IIPH YCII0-
BUH, YTO YACTOTA I'€HEPATOPA CTAOMIN-
3UpPYyeTCs KBAPLIEBBIM PE30HATOPOM. MK
EFMSLB12 060pyJOBaH BHYTPEHHHM
T€HEPATOPOM, IIPEAHA3ZHAUYCHHBIM [IJIA
NOAKIIOYEHUSI BHEIIHEIO KBAPLIEBOI'O
pe3oHaTopa K BeiBogam XTAL1 u XTAL2
(xak 1 C8051F061). OHAKO MAKCHUMAJTb-
Has1 4aCTOTA TAKOI'O IEHEPATOPA COCTAB-

MHMEHEPHbDBIE PELLEHMA
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Puc. 12. Cxema ka6ens ans nporpammupoBanus MK EFM8LB12 ¢ nomowbto USB-Debug-apantepa

no untepdeiicy G2

JISIET TOJIBKO 25 MI'll. A BOT MAKCUMAJIbHAS
4aCcTOTA BHENIHET'O KBAPIIEBOI'O I'eHepa-
TOPA MOXKET AOCTUTATh 50 MI'ly, mo3TOMYy
OH U 6B UCIIOJb30BAH aBTOPOM. Takou
I€HEPATOP [JOCTATOYHO /IENIEB, UMEET
MaJible pa3Mepsl (2 x 2,5 MM), U BCE, 4TO
TPEOYETCS JIJIsI €T0 PAOOTHI, — 3TO IOIATH
Ha Hero nurtanue +3,3 B (Ha 4-11 BBIBOJ,
Vdd), coequHuTh pa3penaioniiil BbIBO/,
OE (Output Enable — 1-11 BBIBOJ) € HaIIps-
JKEHUEM ITUTAHUS, 3a3€MJINTHh BBIBOJ
GND (2-11 BBIBOJI) U COEJUHUTDH BBIXOJI-
Hou curHain OUT (3-i1 BBIBO/) CO BXO-
pom MK (EXTCLK), npeHa3Ha4Y€HHBIM
JUISL TIO/TKJIIOYEHUS BHEIITHET'O T€HEPATO-
pa (30-11 Be1BOJ DD1).

LlinpokoghopmaTtHbI€ gUCHEN
__AU1s1 LUUPOKOU Kosien

AHVA-mMaTpuLbl ¢ yBeNMYEHHBIM YTyIOM 0630pa

e [lnaroHanu ot 2,5 0o 75 AomMoB
* PaspeLueHus ot 320x240 po 4K2K
* TemneparypHbI guanasoH ot —30 fo +85°

* ApkocTb 0T 250 fo 1600 Ko/m?

i nporpammupoBanusa MK o unrep-
dericy C2 ¢ nomompio USB-Debug-
aJanrepa UCHOIb3yeTCs TPEXIITHIPBKO-
BBIH pa3béM WF-03 (X2). Katomy pasbeé-
My HOJKII0YAETCA KA0€/Ib, COCAUHAIOIMNHT
BBIXOJJHOM pa3bEéM ajanrepa C pasbe-
MoM X2. CxemMa TaKOro Kabesis IIpUuBee-
HA HA PUCYHKe 12.

IIpooonacenue cmamou uumatime 6 cue-
oyrouem nomepe JHcypHand.
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