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N3yyeHne BO3MOXHOCTEN ynpaBrieHUs
JHepronoTpedbneHnem BCcTpanBaeMbIX
CUCTEM.




T T erTr—

; 'l"\ '-:ff::.l, A :
Microckie MukpokoHTponnepbl ¢ nanoWatt XLP

Lenu

. MMASTERs 2011 2
N

[Tocne AaHHOro Knacca, Bbl byaeTe 3HaTb.

| PasHble pexxnmbl MUKponoTpedbneHus, u
ynpaBreHne NnMu.

. PasHunuy TexHonorum nanoWatt n nanowWatt
XLP, a Takke pexuma Deep Sleep n gpyrux
9HeprocbeperarLLmX PEXNMOB.

| AHanu3 1 NPoeKkTUpoBaHNE CUCTEMbI C
HaUMEHbLUMM 3HepPronoTpedrieHnem.

© 2011 Microchip 'i'echnologyl .crbo ated. All Rights Resserved .
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S MukpokoHTponnepbl ¢ nanoWatt XLP

. MukponotpebneHue

. MnaHnpoBaHue NoTpeodneHus.
. TexHonorua nanoWatt XLP

. Deep Sleep

. WUtorn n Ccbinkun
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 Mcroce 3 MukponoTtpebrnieHue
Pexxumbi Pabomabi

. CywiecTBYyeT HECKOJIbKO peXxXumMoB
paboTbl MUKPOKOHTpOEpA:
- duHamu4veckuu ( AKmugHbIU)

| CUCTeMHbIN reHepaTop BKIOYEH

. Mapa3utHoe, N'eHepaTop, Nepudcdepun, Aapo,
MopTbl I/O

. Cmamud4ecKkuu
| CUCTeMHbIN reHepaTop BbIKMIO4YeH
. Mapa3utHoe u MNMopTbl I/O

| YcpeOHEHHbIU

' HTerpanbHoOe noTtpedneHune 3a uenbin LUKN
NPUNOXeHUs
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Microckp MukponotpebneHue
nr B JuHamu4yeckoM pexxume pabomabi

MowHocTtb (HA*V)

Bpewms (ps)

Definition

OuHamuyeckoe (AKTUBHOE) NoTpebrieHne 3TO MOLWHOCTD,
noTpedbnaemas Korga npMdop akTUBEH U BbIMOJSHAET 3aga4u. JT1a

MOLLHOCTb B OCHOBHOM yxoauT Ha nepekntoveHne KMOIT cTpykTyp u
ABNAETCA (PYHKUMEWN YACTOTbl U HANpaXXeHud. [lononHutensHas
MOLLIHOCTb noTpebngaetca nepudpepuen n noptamu /0.

© 2011 Microchip Technologiy Iﬁcd-r-po-'rai?d.%Iﬁi%tsﬂ?gséw/ea. FTTITTIT T
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o JnemMeHmMblI OUHaMU4YeCKO20
. i nompeb6brneHus

o lNoTepu npu nepeknovYeHUn
KMOI TpaH3ucTopoB

o Bo Bpemsi nepekntoveHmna — oba
OTKPbITbl HA HEKOTOPOE BPEMS

o Yawe nepekntovyeHusi= donbLue
BKN. = OonbLLe notepb BbIXoa

o EMKoOCTb 3aTBOpa
o EMkocTtb Harpysku (C))

o [lapasutndeckas emkoctb (Cp)
Bcerga okono ~5-10pF

o HanpsixeHue nuTaHuA

o  Hwke nutaHme — meHbLue
noTpebneHue.

© 2011 Microchip Technolog;y Iﬁchbo1de.TAlﬁi&1 asmea dhidiahiabis




Microckp MukponotpeobneHue
- B Cmamuyeckom pexxume pabomsbi

MowHocTtb (HA*V)

Bpewms (ps)

Definition

CTtaTuyeckoe nortpebrieHne 3To NOTpedrneHue B pexmme Koraa
npuoop BKMNOYEH, HO HEe aKTUBEH (HanpumMep BbIKMOYEH
reHepatop). PaccenBaHue aHeprum onpegenderca yredykon 8 KMOIT
CTPYKTYpax, paboTon YyacoB peanbHOro BpEMEHU, CynepBn3opamu
NUTaHNA, CTOPOXEBLIM TanMepoM, yTeykoun rnoptos I/O u gp.

© 2011 Microchip Technologiy Iﬁcd-r-po-'rai?d.%Iﬁi%tsﬂ?gséw/ea. FTTITTIT T
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L8 o MukponoTtpebrnieHue *
. AneMeHMbI cmamu4ecKo20
nompeb6rieHusi
VGATE
Vsource g VbraN

Gate-junction tunneling

source

Drain to substrate
leakage

YTeuyku 3aBUCAT OT; -

| TexHonornm npoLecca — MeHbLUEe TPaH3UCTOPbI, OONbLLE YTEYKM
| HanpspkeHuns — HMXe HanpshkeHne, 03Ha4YaeT MEeHbLLE YTEYKU
. TemnepaTypbl — BbiCOKas TeMmnepaTypa yBenninBaeT yTeYKu

OHU Mo2ym pabomamb Ha 60Js1ee HU3KUX Harpsi)KeHUsiX, memM caMbIM
yMeHbuWwasi OuHamu4yeckoe nompebrieHue

m MeHbwue mpaH3ucmopskl yeesniu4uearom cmamu4veckoe nompebrieHue, HO

© 2011 Microchip Technolog;y Iﬁc&pd?d@d.%lmi&&as@ea. hia rrrTn Slide 9
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 Microce 4 MukponoTtpebrnieHue
YcpeoHeHHOe nompebrneHue

Pavg = : (‘)(Vactive, | active tactive) + (Vstatic, | static” tstatic)

tcycl e

MowHocTtb (HA*V)

Bpems (ps)
Definition

YcpeaHEHHas MOLWHOCTL 3Ta MOLWHOCTb NOTPEeONEeHHas 3a NOSHbIN
LUK paboTbl YCTPOUCTBA, paboTasa Kak B aKTUBHOM, TaK U
CTaTU4YECKOM peXxumax. YcpeaHeHHass MOLLHOCTb BKITHOYaEeT B cebs
BpeMS NMPOBEAEHHOE B KaXXJOM U3 peXmnmax, a Takke Bpems
NepeKtoYeHNa Mexay akTUBHbIMU N CTaTUMECKUMN PEXUMAMMN.

© 2011 Microchip Technolog;y Iﬁcé?po-'rai?d.%Imi%tgkasénea. dhibkiakEan
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Mcooe 4 [MnaHnpoBaHue noTpeodrneHus
. Pexxumbi pabomei.

| RUN [akTuBHOE]
| A0po u lNepuchepusi makmupyromesi Ha rosiHou Yacmome
| Tok 50-360pA/MHz (3V, 25°C)
| LP INTRC (31kHz) do SpA (1.8V, 25°C, PIC24F04KA201)

| DOZE (y HEKOTOPbIX KOHTPOJSNEPOB) [akTMBHOE]

| A0po makmupyemcsi MedrieHHee YeM repughepusi, nepughepusi
pabomaem Ha rosiHouU Yacmome.

Okorno 35%-75% moka e pexxume RUN

| IDLE (y HEKOTOPbIX KOHTPOJSISIEPOB) [aKTUBHOE]
| 50po He makmupyemcs, repugpepus BKII.
| Okorno 25% om nompebrneHusi 8 pexume RUN

| SLEEP [cTaTnueckoe]
. Okono 100nA (3V, 25°C)
| 85°C 1.35uA (1.8V, 85°C,PIC24F04KA201)

| DEEP SLEEP (y HeKOTOpPbIX KOHTPOMNEepPOB) [cTaTnyeckoe]
| SRAM, VREG, VBOR, RTCC — bikr.
| Okorno 35nA (3V, 25°C)

YBenuyeHue cpoka

paboTbl OT

© 2011 Microchip Technologiy Iﬁcd-r-po-'rai?d.%Iﬁi%tsﬂ?gséw/ea. FTTITTIT T Slide 12
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 Michoche 4 [MnaHnpoBaHue noTpeodbrneHus
AHasnu3 npuMeHeHuUs

Pa3ouTtb nporpammy Ha a3bl
| Paccuntatb TOK noTpebnsiembin Ha kaxxgon n3 as
| Bblncnntb BpeMs 3atpadmBaeMoe Ha KaXkayk U3 HUX
| Paccuntatb 0buiee notpebneHne Ha asax

PaccuutbiBaemM cpenHio0 MOLHOCTL BCEro yCTpomucTBa

I MoxeT nu 6bITb YMEHbLUEHA, 3a CHET YMEHbLLUEHNA BPEMEHN B
aKTUBHOM peXxunme?

MOXXHO N1 U3BMEHUTb HaNPSXKEHUE, TAKTOBYIO YaCTOTYy UM PEXUM
MUKpONOTpebneHunst Ha kakon-nmbo n3 gas?

Onpepgensem xyAwnnm BapuaHT U NepecMoTpeTb
| BO3MOXHO nn ncnonb3oBaHWe KOMOMHAaLMIA pa3HbIX PEXKUMOB?

© 2011 Microchip Technologyl corporated. All Rights Reserved. T ' Slide 13




et [lnaHupoBaHue noTpect

s MASTERSs 2011 s

L
&

Bs1oK cxema

1. YuTtaTtb paTumnkK
3.3V 2. 3anuckb B E2
L 3. 3anucb B USART
4. XXpatb 10s (with RTCC)
5. NoBTOp

S2 11 [
A
A ]

'SBE ......................

8Mhz J:_—||]|—[ .......................

© 2011 Microchip Technology Incorporated. All F?ig-hts.Re'sér-ved. Slide 14



=t [MnaHmpoBaHue noTpebneHus

Mpoghunb nompebreHus

KRN

MuHumu3suposame ririowadb Moo Kpueou

MowgHoctb (MA*V)

NOT TO SCALE Bpems (us)

I Run A — uameputb Temnepatypy (800us)
I Run B —3anuncb B EEPROM (5ms)

| Loop/Sleep/ldle/Deep Sleep Ha (10s)

| TakTOoBaf YacToTa MOXET MEeHATLCA ANHAMMUYECKU

| Pabo4yee HanpskeHUe MOXeT MeHATbLCA AUHAMUYECKMU

© 2011 Microchip Technology Inco-rpolrailga.1Aliaai5ht§hé‘sé’r-\h}ea. biidli
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[ThaHnpoBaHue noTpedneHna ¢
nanoWatt XLP Battery Life Estimator

M Microchip X1P Battery Life Estimator |Z|@|E|

Bbibpamb MK u napamepsbi

Hoeble MK pobaBnsitoTcs ¢ HOBOW BEpCUEN,
WU Bbl CaMn MOXeTe X Ao0aBnATb.
Ha npumep: “ Pl C18LFxxJ11. csv”

Step 1: Select Device 1 [~ Step 2; Select Parameters

|prc2aF1ska 102 =] Device Notes Voltage: |3.3v ~|  Temperature: |25 -

step o: Select Battery

Description | Capadty J Self-discharge | Nominal ¥ J Max cont. I | Max pulse I ] Motes ~
Bbibpamb 6amapeuKy || i s  somn  ocidmbimesy a0v  soma  2ea - :
Hosie Garapein woryr aobasnsercs (|20t ooty oy om om
n3meHeHnem dainna Lidon (Approx. 'a") 2250 mah 5 % /mo(0. 156 mA) 3.6V 2250 mA 2250 mA *
‘QustomBattery. osv? (et uome lismlisas iy D e
< | ¥

Step 4: AddModify Operational Mode -

Label | Mode J Frequency l Time ] Current | Charge I Peripherals

SLEEP w/RTCC DEEP SLEEP o 10 5/100% 0.835 uA 2,319 nAh RTCC (w/ 505C)
Beecmu pexumbl
u nompebneHue

< >

—Estimated Battery Life - i Estimated Average Current - 1 ~ Estimated Peak Current
HGPGCMOTpeTb |23years 245 days 13 hours }0-335 uA 0.835uA
U COXPaHUTb
Load Settings Save Settings | Create Report Quit

© 2011 Microchip Technology lﬁcJde‘reit’é‘d.'lAﬁi&m&as@ea. Shidlahianii Slide 16
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TexHonorus
nanoWatt XLP




S 7 -
Mool nanoWatt XLP
OmauyumernbHbIe ocobeHHOCcMuU

. T'nbkocTb
| PasnuyHble BapuaHTbl TaKTUpPOBaHUA
| OduHaMmunyeckn nameHsiemasi Hactota U MICTOYHUKNU
. lNepudoepusa ¢ mansiMm noTpebneHnem
| KoHdourypaumnsi MICTOYHUKOB NMPodyXOEHUS C MarbiM
notpebneHnem
. ManonoTtpebnsowmue reHepaTopbl
I Otcuet BpemeHn ¢ WDT, Timerl unn RTCC 6e3 HapyLueHus
nraHa notTpeodrieHns
| Hu3kue yteuku undppoBbLIX BXOOOB
| OObI4YHO < 50nA, nHorga 5nA

. Manoe Bpems npooyxaeHus
| YMeHblUaeTca NoTepsi BPEMEHM HaA NpobyXaeHne

© 2011 Microchip Technology Incorpo ated. All Rights Reserved. RN i Slide 18



;__ﬂ:.éﬁsszs nanoWatt XLP
TexHonoz2us nanoWatt (2003)

lw-f'_'w

I TexHonorna nanowWatt

| bbina npeacraeneHa B 2003
. Crangapt ans scex MK Microchip ¢ 2003

nanoWatt
Technology

B nokoe (Sleep mode) mowHoCTb < 1uW
I @V | g < 333nA (Pl C24H)

| @V |4 < 500nA (PIC16, PI C18, Pl C24F)

Definition
TexHonorna nanoWatt
HabGop MeToooB NpoekKTUpPOBaHUA U pa3paboTKu

MUKPOKOHTpOnJiepoB, o6ecne4ynBaroLiMi BO3MOXHOCTb NOTPeOneHuns
MUKPOKOHTposnepom meHee 1uW B xaywem pexume (1)

' ; el T e e ¥
© 2011 Microchip Technology Incorbora@d. All Rights Res



Mcaocue nanoWatt XLP

TexHonozuss nanoWatt (2003)
Pexum IDLE nanoﬁatt
| CPU Belkn, Mepudepus Bkn Technology

BcTpoeHHbIN, BbicokockopocTHOM RC reHepaTtop (INTRC) ¢ PLL
U NnporpaMmMmpyemMbiM NOCT- AeriutenemM no3BosnsieT Ham:

| bbIlcTpbIn cTapT 3alus-5us

. IByxckopocTtHou ctapT (ctapT Ha INTRC, 3atem nepexon Ha KBapu,
€CITN HY>XHO)

. OnHamun4deckn nepekrnovaemas yactorta
PacwupeHHbin nHtepsan WDT
| MakcumarnbHble Tanm-ayT yBenndeH c18ms go 131s

Timerl ¢ HU3kum notpeodneHmem (TMR1) u 32 kHZ BTOpOM
reHepaTtop (SOSC)

ManonoTpebnsawwmmn nporpaMmMHO KOHTponupyembin BOR
| CtaHpapTHbin BOR 6bIn nepepaboTaH Ans MeHbllero notpebnenus

| [MporpaMmMHO MOXHO BbIKNOYaTb €ro, Korga He Hy>XeH(Hanpumep B
Sleep)

© 2011 Microchip Technology Incorpo ated. All Rights Reserved. RN i Slide 20
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TexHonorus nanoWatt XLP (2009)

nanoWatt XLP (eXtreme Low Power)

[MpeactaeneHa B 2009 kak HOBOe rnokosieHne nanoWatt
TpaH3nCTOpbl C MEHBLLUNMU yTEYKaMK TOKa

Ctangapt ang Hoebix MK Microchip

CneuuanbHas manonoTpebnstowasa nepndepus

o MMASTERs 1011 =
i"!' .

Requirements Best specifications

achieved to date
. Sleep: 100nA unu mexHee 13nA @1.8V
| Real-Time Clock Calendar (RTCC): 800nA wnu meHee 500nA @1.8V
' Watchdog Timer (WDT): 800NnA unu meHee 200nA @2.0V

Definition
TexHonorua nanoWatt XLP (eXtreme Low Power)

TexHonorna Microchip ncnonbdyemas ansa gusamHa MUKPOKOHTPOSIEPOE
c noTpebrnieHnem Toka MeHeelO0nA B pexnme oxmagaHusi, 800nA c
3anyuweHHbiMm RTCC n 800nA c 3anywieHHbIM WDT.

' . g o e e e e . .
© 2011 Microchip Technology Incorbora@d. All Rights Res 4 | Slide 21
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oo nanoWatt XLP
TexHonorua nanoWatt XLP (2009)

s, MASTERs 2011 8
L i

O030p cneuynann3npoBaHHbIX OCOOEHHOCTEN
ynpaBrieHUsA NUTaHUeM:

. Deep Sleep (DS) __
. Deep Sleep Brown-Out Reset (DSBOR) {
. Deep Sleep Watchdog Timer (DSWDT)
| HW3KMW TOK yTEeYKM BXOO0B

. Cneuundomkaumum npu 60°C gnsa paboTbl C
baTapenkamm,

o [lMpumep numaHusi om 6amapeu (25°C)

o  Battery Type: Coin Cell (CR2032)
o 1mc RUN npu 1MHz, 3amem Deep Sleep ¢ eknroveHHbiM RTCC

S~ & PIC24FXXKA ¢ nanoWatt XLP - ZJo 20 siem

© 2011 Microchip Technolog;y Iﬁc&b&d@d.%lﬁi&&as@ea. hia {




e o nanoWatt XLP
K. Konmponnepsbi ¢ deymsi Brown-Out Resets

KRN

. Brown-Out Reset (BOR)
CtaHpapTHbIn nanoWatt BOR
B HekoTopbix MK HasBaH LPBOR

KoHurypupyeTca Ha 4 ypoBHA HaNpAXXeHUs

|
|
|
I OObIYHOE NoTpebneHne Toka ~5uA

Deep Sleep BOR (DSBOR)

. HoctyneH 8 donosiHeHUe Kk BOR B KOHTponnepax C
pexxumom Deep Sleep

B HekoTopbix MK 0o 5nA

© 2011 Microchip Technologiy Iﬁcd-r-po-'rai?d.%Iﬁi%tsﬂ?gséw/ea. dhialahian
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ey nanoWatt XLP
 masTems i o Konmponnepsi ¢ deyms Watchdog
Timers

. Watchdog Timer (WDT)
. CtaHgapTHbIM nanoWatt WDT
I lawpT 80 S00NnA
. MNMepuop Tanm-ayta: 1ms—131s

Deep Sleep WDT (DSWDT) XLP

. [loctyneH e donosiHeHue kK WDT Ha MK ¢
pexumom Deep Sleep

NMpmeHMM ANA NpUNOXeHUNn, KoTopble
Haxo4ATCcs O4ONIroe BpeMs HeaKTUBHbIe

DSWDT unaeT B pexume Deep Sleep npu
|awoT 80 370nA
NMepuoa Taum-ayta: 2.1ms-25.1 days

© 2011 Microchip Technolog;y Iﬁchbo1de.TAlﬁi&1 asmea hia { T



 Morooe e nanoWatt XLP
T moaynb Ultra Low-Power Wake-Up (ULPWU)

| CtaHpgapTHbIU MoAayrnb Ha 6onbwuHcTBe MK
I 75nA-160nA noTtpebnsieMbin TOK

| CpaBHUMbIN no Taum-ayty ¢ DSWDT, Ho Ha 80% MeHblLue
noTpeobrieHns Toka

He nnaBaeT u He NOTpeodNAeT Tak MHOro TOKa, Kak
cTaHgapTHbIK |/O nopT

Bpems npobyxaeHns 3aBMCUT OT TemnepaTypbl U BNaXXHOCTU

]

EXTERNAL | INTERNAL

— ANSLDG

i_TR =
:4'— WRITE

Low-power Wake-up Module

© 2011 Microchip Technolog;y Iﬁcé?po-'rai?d.%Imi%tgkasénea. dhialahian Slide 25




ot nanoWatt XLP
Peripheral Module Control

. buTbl paspeweHna nepudepuun
| Haxogutcsa B pernctpe KoHTpons nepudepuen SFRs
| Paspewaet/3anpewaeT cpyHKLMOHNPOBaHUE 3TON nepudcdepun

| YnpaBnawwme peructpbl AOCTYMHbI ANA YTEHUA U 3anNUCKU
I Mpumep: AD1CON1<ADON>

| HeKoTopble KOHTpOmnepbl MMeT B 400aBOK
AONONMHUTENbHbIE OUTbLI OTKNHOYeHUA nepucepun
Peripheral Module Disable (PMD)

| Haxopgarcsa B PMD peructpax
| OTKNnoYaeT TaKTUpoBaHue nepudepum
| YOupaeT nutaHue ot peructpoB nepudepumn
. Mpumep: PVD1<ADC1 VD>

TABLE 4-23: PMD REGISTER MAP

Flle Hame | &Addr | BIt15 | BIE14 | BIE13 [ BIR12 BIt D All Resets

FRID1 O07vD - - T3MD | TZMD ADCIMD
FKD2 o7va QCIMD

FlD3 o | — = =
orTE | — =

FD4 REFOMD | CTMUMD =

oy o 2 . s . L e
© 2011 Microchip Technology Incorporated. All Rights Reserved. | | Slide 26
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e nanoWatt XLP
Pabo4ue pexxumbl

RUN

Bce pabomaem e akmueHoMm
pexume

DOZE

CPU meodneHHee Yyem
nepucghepusi

IDLE
CPU ebikn, nepughepusi 8K

SLEEP
CucmeMHbIU 2eHepamop 8bIKI1

DEEP SLEEP
RAM ebikn, \'req ebIkn

— Tonbko B MK nanoWatt XLP

© 2011 Microchip Technology Inco-rpo}ailga.1Ali-§i5ht£hésé’r-\h}ea. biilaEian Slide 27




, Microcue 2 nanoWatt XLP
oy PIC16 XLP Clock Options

B

e
)y Y CPU &
—>(4X PLL) Peripherals
[Secondary] A

OSC J

a N
Internal [ h
RC POSTSCALER

16MHz H— (31kHz to
500kHz |—s M

31kHz

o J

Optional Peripheral
‘ » Clock Source

» WDT, PWRT
P1C16 XLP Clock Options

& FSCM

© 2011 Microchip Technologiy Iﬁcd-r-po-'rai?d.%Iﬁi%tsﬂ?gséw/ea. dhialahian




R "\ _+::::::' i .-: S Lt S - v _;:——m
Mo nanoWatt XLP
PIC18 XLP Clock Options

Primary Peripherals
OSC

L N\
(4x PLL)

Secondary]
OSC J

a N
Internal [ h
RC POSTSCALER

(31kHz to
16MHz 16MHz)
500kHz
31kHz

o J

Optional Peripheral
‘ » Clock Source

> WDT, PWRT
P1C18 XLP Clock Options

& FSCM

© 2011 Microchip Technology Incorporated. /Al Rights Resérved. | | | | 1 Slide 29
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Ul nanoWatt XLP
k. P1C24 XLP I'eHepamop

—p Ext. Clock Output SLEEP
Primary _
0SC Peripherals

—’(4x PLL)
[Secondary]

osCc D%ZE RUN

- \ (POSTSCALER)
Internal ( )

RC POSTSCALER
SMHz (1.95kHz to _ CPU

500kHz  f—s\ 8MH2)
G

31kHz

Clock Source

» WDT, PWRT
& FSCM

J
‘ Optional Peripheral

P1C24 XLP Clock Options

© 2011 Microchip Technology lﬁcSde‘rdt’é‘d.'lAﬁi&mﬂzas@ea. dhislahiabii Slide 30
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o Bce pecypchbl
aKTUBHbI

o [AnHaMunyecku
KOH(pUrypupyem
biI CUCTEMHbIUN
reHepaTop

© 2011 Microchip Technology Incorporated. All Rights Re.ser-ved.
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, mazron i1 8 nanoWatt XLP

ISR EN

] vee H veee H Veoeore e | ' & Heckonbko
N MCTOYHUKOB
G — e e TaKTUPOBaAHUSA
o H o MoxeT
= - nepeknoYyaTbCs
perpnerais | |- ANHaAMUNYECKMU
BOR
y Angiog i o BnusieT Ha Bce
o yactu MK
WDT
N = ]
[ , Timerl j

ISR REENENEEEEEN
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ooisss nanoWatt XLP
Clock Switching

| CMeHa 4acToTbl MOXeT COXpaHUTb Oonblue
3Heprumn yem pexumsl ldle n Doze

. [NloHWKeHHaqa YyacToTa BnudaeT Ha Bce Yyactun MK
. [1BOMHOM 3anyckK
| Ctapt Ha INTRC 3a 1us-5us
. [lepekntoyaemcs Ha KBapL, ecrnv Hago
. Pabotaem Ha INTRC noka xnem PLL
| YMeHblUueHMe 4aCcTOTbl UCNOMNb3yeTCcA NoKa
XAeM BHELWHUX COObITUN UNU MEeASNTeHHYIO

nepudeputo Takyro Kak AL, komnapaTop,
KOMMYHUKaUMOHHbLIN NOPT, U T.A.

© 2011 Microchip Technology Incorporated. All Rig
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Doze Mode

o CPU v namaTtb
Ha NOHUN)XXEeHHOU
yacTtoTe

o Mepudepuna Ha
NOSTHOWU
yacToTe

o 35-75%
norpeodneHunn
oT Run

© 2011 Microchip Technology Incorporated. All Rights Re'ser-vec
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ldle Mode

o CPU
BbIKNMIO4Y€eH

o [MNepudepus
BKIrirOYeHa

o 25%

| nortpeodneHus

sor ] | oT Run

Analog 555

INTO
wDT | |
rTcc | |

Timer1 | |

© 2011 Microchip Technology Incorporated. All Rights Resérved.
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 Miceacue 4 nanoWatt XLP
ldle u Doze Modes

. Korpga moryt pexxumbl Ildle nnu Doze pexumsbl
Mcnonb3o0oBaTbCA?
. 3ameHATb unknbl Whi l e(!' I nt errupt)
| 3ameansemMmcsi noka xagem nepudepuio Unu npepbiBaHune

. Korga Hy)kHa BbicTpas peakunsi Ha cobbiTue N OLICTPOE
npobyxaeHne
| MpobyxaeHne o6bIYHO 3a 1 NHCTPYKLUUIO

. Bo Bpemsa nepenay no DMA

. Korpa NPUNno>xXeHmne noCToAHHO ornpalinBaeT 4YTO-NMBOO
NN HaXo4anTCcA Ha CBA3N

© 2011 Microchip Technology Incorpo ated. All Rights Resserved




> t\\ __::::::?.. Ol
s e nanoWatt XLP
I"::;"‘%;.. _ SI Sl p M 0) d e

EEEEEEEEEEEEEEEEEEEEE

o 50-100nA 6e3
[ Voo M Vkee —1 Voocore CPU j p e rynﬂ TO p a
] [l o 3-5pAc
[ POSC \ —{Post-Scaler === RAM j B HyTpe HHUM
- - perynatopom
HS o [leHepaTop, CPU
1 |nTRe P ]
| BbIKSTHOY€HbI
N ——— 11 o RAM ocraeTcs
INTRC Bariphernls o
] | wor LI 3alMUTaHHOM
| [rose / s | o PerynaTtopbl
sosc L OCTaKTCHA
] = [ | BKITHOYEHHbIMM
[] T =rccil|] o HekoTtopas
] Crmen | nepudepunsa MoxeT
paboTaTb B pexume
HREREREREREREREREEEEN Sleep
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, asrens i 38 nanoWatt XLP
Deep Sleep Mode

EEEEEEEEEEEEEEEEEEEEE

[ Voo Vree |1 Voocore CPU j < 5 O n A
] [ ] RAM He nuTaeTcs
DSGPR (2)
E POSC \ Post-Scaler g RAM j Pe ry.l'lﬂTO p bl
2 E B BbIKITHOYEeHbl
 |ee | O HekoTtopas
L nepudepus
E INI'_I'FF)QC Peripherals j n pOD.OH)KaeT
T —ln pa6oTtaTb B Deep
DSBOR
T10SC / Analog SI ee p
] SOSC mm_;:m | o DSBOR
- (| ] 5 DSWDT
DSWDT .
| = ] o RTCC
[ Timerl j o INTO

OO 0o oOoono o
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 Mcrocie 4 nanoWatt XLP
Deep Sleep Mode

. NnTaHne agpa OTKNKOYEHO
. TloTtepsa aaHHbIXx RAM, SFRs u [NporpaMmMHOro cyeT4ymnka
. [1Ba DSGPR peructpa xpaHaT gaHHble B Deep Sleep
. Bpemsa npobyxaeHna BkIoyaeT BpeMS Ha
cTabunmaaumio Hanps)KeHNs BHYTPEHHEro perynsaropa
. MpobyxaeHune BbiI3bIBaeT Power-On Reset

. CtangapTHbIn Sleep
| MpoaomnxaeT BbINOMIHEHUE NporpamMmmbl nocne Sleep

. Deep Sleep

. MpobyxaeHne ¢ YNCTbIM NPOrpPaMMHbIM CHETHYUKOM

. MNopTtbl I/O He MeHAKT cocTosIHME

© 2011 Microchip Technology Incorporated. All Rights Resérved.
! \




Active Clocks

Active Peripherals

nanoWatt XLP
Umoe mabriuya u3z AN1267

WWELGH]
Sources

Typical
Current

T e T e

Typical Usage

ADC RC

Timerl

RTCC Timerl

All All All ~50% of Run Applications with high-speed
DOZE Software wake-up Current peripherals requiring low
CPU use
Peripheral Clocks | All All ~25% of Run Anytime device is waiting for
Timerl Current an event
IDLE Secondary OSC
INTRC
LPRC

50-100 nA base

Most low-power apps

Secondary OSC WDT  INTX
SLEEP | INTRC BOR ADC 3-5 UA with
LPRC HLVD CVREF Internal
ADC RC Comparators Regulator
UART-RX
Secondary OSC RTCC RTCC <50 nA base Long-life battery based
LPRC DSWDT DSWDT applications, applications
DEEP DSBOR DSBOR Peripherals with long sleep times
INTO INTO add
SLEEP MCLR incremental
ULPWU current

P~
© 2011 Microchip Technology Incorporated. All F
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nanoWatt XLP
CpasHeHue nompebrieHust

,Z8T419TOlId
LE6TAT9TOId
,2/4719T2ld
cOArT418TOId
0SMPT418TOId
TTC9%418121d
0GC9418101d
0ZM914718TIId
TOCVMY04t2ZOld
CO0TVMA9T4YZOld
YOTVOPIrdvZOld
¥0099O19C4¥22Id

Deep Sleep (nA) 13 15 20 20 20 20
Sleep (nA) 20 60 20 34 24 54 60 100 25 25 200 | 200
WDT (nA) 500 500 500 460 450 820 780 600 400 400 200 | 200
32kHz SOSC/RTCC (nA) | 600 600 600 650 790 850 830 600 500 500 500 | 500
1 MHz Run (pA) 80 93 80 131 125 275 275 131 195 195 250 250
Minimum Vg, (V) 1.8 1.8 1.8 1.8 1.8 2.0 2.0 1.8 1.8 1.8 2.0 2.0

m Current specifications are typical (TYP) values at minimum Vg

© 2011 Microchip Technology Incorporated. /Al Rights Resérved. | | | | 1 Slide 41
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Deep Sleep
Umo makoe Deep Sleep (DS)?

BbiknovyaeT nutaHue y.
. Anpa, nepudpepun, SRAM u peryndartopa

Hanps>XXeHUs
HaunmeHbllee noTpebneHue:
a
| B nydwem cny4dae 13 nA ]/}
. RTCC B TevyeHun DS go 500 nA 7 3

MopTkl /O ocTaloTcs 3anUTaHbl U 27
COXpPaHAIT CBOU cocToAHUA B Deep
Sleep

HekoTopas nepudepusa npogonxaeTt
pabdboTaTb U MOXeT NpoodyxaaTb n3
Deep Sleep

© 2011 Microchip Technalagy Mrpo a.e. Ri
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oo Deep Sleep
k. Omuu4usi om Sleep?

. lNoTtpebneHne Ha 90% meHbLUEe YeM Sleep

| SRAM BbIKnO4YeHa

. Peructpbl HE coxpaHatotca B DS
CneunanbHble perncTpbl Ansa coxpaHeHus
AaHHbIX

. [1Ba pernctpa coxpaHsatoT gaHHble B DS

| FLASH nnn EEPROM MoOXHO Takxke

NCMNOoJ1Ib30BATb AJ1A XpaHEHUA OaHHbIX

BHyTpeHHUN perynartop HanpsxeHusa (LDO)
BbIKNnO4YyaeTcs

I HeyBcex MK ectb LDO
NMpobyxaeHune us DS Bbi3bIBaeT Power-On
Reset

| BbInonHeHne nporpamMmmbl NpoaormKaeTca ¢
BekTopa RESET

| SFRs cbpacbiBaloTCA Ha cTaHOapPTHbIE 3HAYEHUS
| RCONKDPSLP> ycTtaHaBnuBalroTcAa annapaTtHO

Power Consumption

o -..-l_r'\ g ~ iy T r .
© 2011 Microchip Technology Incorbo?a@d.%lﬁi Res MTTTIMN [ Slide 44




Deep Sleep
Tabnuua cpasHeHusi Sleep u Deep Sleep

Low Power Mode SLEEP DEEP SLEEP
OnpedeneHue fAapo He nuTaeTcs, Aanpo, nepucdepusa, SRAM u
HekoTtopasi nepudepusa | perynatopbl Hanps>XxeHUs1 He
paboTtaeT, RAM coxp. NUTaKoOTCA.
Pecprbl RTCC DS RTCC
npob6yxoeHusi Watch-Dog Timer DS Watch-Dog Timer Power
Brown-out Reset DS Brown-out Reset 4 Profile -,
Interrupt Pins INTO T i
ULPWU ULPWU S
Power-On Reset Power-On Reset d
Reset Pin (MCLR) Reset Pin (MCLR) d :
. 0} : Sleep
Peripherals —_— P
UART (RX) ‘ Deep Sleepi
Mpo6yxdeHue Oxono (~1p-5uS typ) Oonblue (same as POR) L,

Operation Time

Pin State CoxpaHeHbl CoxpaHeHbl

RAM State CoxpaHeHbl 2 perucTtpa coxpaHeHbl

© 2011 Microchip Technology lﬁcJde‘reit’é‘d.'lAﬁi&m&as@ea. Shidlahianii Slide 45
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Koazda DS aghgpekmueeH?

o MMASTERs 1011 =
C4A

. Korpa npunoxeHwe:
| HeaktnsHO O0OsbLLYIO YaCTb BpeMeHI/I
| OBbIYHO Gonblue Yem 1c "

. TpebyeT TOYHblIE BPEMEHHbIE I/IHTepBaJ'IbI-C
MUHUMASbHbIM NoTpebneHmnem

| BbInonHAeTCcA Ha aKCcTpeMarnbHbIX
TemnepaTypax

. He TpebyeT MHOro nepudpepun (TosnbKo
nepudepunto cnocobHyto padboTtaTts B DS)

© 2011 Microchip Technologyl corporated. All Rights Reserved



e S Deep Sleep
- Kozda DS agpgpekmugeH?

B npunoxeHnax ¢ BbICOKOWU
TemMnepaTtypou.

W 25°C
H 60°C

430nA

20nA.

Deep Sleep

PIC24F16KA102
25°C specifications - Typ 1,y @ 1.8V
60°C specifications - Max |,y @ 1.8V

© 2011 Microchip Technology Inco-rpo'rai';d.'kliﬁightghésé?}ea. biidli
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Mcmcun Deep Sleep
- Ymo pabomaem e DS?

I RTCC ™
. [lpogomkaeT cunTaTb Bpems - A
. RTCC mMoXeT BblgaBaTb UMMYIbC KaXayl cekyHay

. /O Pins

| CoxpaHsAT COCTOsIHME

. CneumnanbHble perucTpbl Deep Sleep
COXPaHAIT 3HAYEHMUS.

. DSGPRO — DS Peructp obuiero HasHadyeHus 0
. DSGPR1 — DS Peructp obuiero HazHavyeHua 1
. RTCC — Real-Time Clock Calendar

. DSBOR (Deep Sleep Brown-Out Reset)
. MoHuTOpUHr Vp B TedeHun DS

. DSWDT (Deep Sleep Watchdog Timer)
© 2011 Microchip Technology corpofated. Al Righte Resded | | 1 [ 1/ 1| (|| XLp
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B r e ak & EV e n TI m e MIi?:":':;!..'.","..’."G'..‘..‘;'.'L.T.'-."r‘l'.i;;:?'.'r:l‘;*.iﬁ :
. Break-Even Time SR Do

| DS oTtknovaeT aapo, SRAM 1 perynatop HanpsaXeHus

. [pwn npocbinaHun nocne DS:
| Bkrnrovaetcsa perynatop HanpsikeHus
| BbinonHsieTca npoueaypa POR
| 3anycKaeTcsl reHepaTop
|  BoccTaHaBnMBaeTCA KOHTEKCT

| Bpemsi npobyxaeHust CTaHOBUTCSA AOMUHAHTHbBIM

. [Ana KOpOTKUX nay3, CTaHOaPTHbIUA pexum sleep MoxeT
ObITb Ny4LWMM BbIOOPOM

Break-Even Time

Touka, korga Deep Sleep noTpebnsaeT MeHbLue Yem Sleep

© 2011 MicrochipTechnoIogyl corporated. All Rights Reserved. RN ' Slide 49
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e Cocmaensarmouue epemMeHu
o npo6yxxdeHus

| 3anyck perynsitopa
| Okono 10us
. Tpebyetca ana MK co BcTpoeHHbIMLDO
Power-up Time
. Okorno 72ms
3anyckK reHepaTopa
| PesoHaTop moxeT ctaptoBatbl00us-200us

| 3anyckK ¢ 2Mf CKOPOCTAMM
| bbicTpbin RC reHepaTtop ctaptyeT 1us-5Us ¢ % TOYHOCTLIO
. ObpabaTbiBaeM NpuUnoXxeHwe, noka ctapTyeT KBapy

| lNepekntoyaemcsa Ha kBapL, ¢ PPM(MunnnoHHas gons)
TOYHOCTbIO, KOrga KBapL, rotos

Time (ps)

© 2011 Microchip Technology Inco-rpo}ai';d.1Almi5htghasé?}ec‘i. biilaEian




Moo Deep Sleep
- Koa0da ucnonb3oeampb Deep Sleep?

KRN

PIC18F46J11
2 On-chip LDO ON

3.9uA SLEEP

3.1uA . .
qc) T rear-even Use DS when time PICh18E46‘J 11
- caeve between wake-up events SEEP'@,LLSSPE
8 is longer than the time it
O takes to wake from DS
@) and turn on the LDO
@ PIC18LF46J11
C|>J \ NO on-chip LDO SLEEP
<

24nA

| ‘

1s 10s 100s 1000s

© 2011 Micr Ty r Slide 51
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Deep Sleep
Ynpaensrwouwue peaucmpbi DS

Pexxum DS coxpaHsieT NMTaHue 3TUX PErmcTpoB:

| DSCON
| YnpaBnawwmum peructp DS
DSWERC
| DS Wake-Up Source Registers
DSGPRO & DSGPR1

| Peructpbl obLiero HazHa4yeHMA ANsi COXpaHeHUs1 KOHTEKCTa,
cratyca unu uHdopmauumm B DS

| 16 out gna PI1C24
| 8ourt PIC18

TABLE 4-21: DEEP SLEEP REGISTER MAP

Flle Nama| addr | SIS Bit14 BiIt 13 BiIt12 Blt 11 Bitd

DSCON 0758 DIEN = = = = = = = = RELEASE
DSWERC | O7EA = = = = = DEINTO | DSFLT JSRTCC | DEMCLR DEPOR

DSGEPRI | O7SC Desp Skep General Pupose Regiser 0

DSGPR1 | O75E Desp Sleep General Pupose Register 1

e
Slide 52

© 2011 Microchip Technolog;y Iﬁcé?po-'rai?d.%Imi%tgkasénea. T




T T T T T e —

MICROCHIP Deep SI eep

= MASTERs 2011 28

-

- Ynpaensrowuu peacucmp DS

DSCON: Deep Sleep Control Register (PIC24F16KA102)

R/W-0 u-0 u-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-

I DSEN - - - - - - - = = - - - -

DSBOR| REL.

<15> DSEN: Deep Sl eep Enable Bit
1 = enters Deep Sleep on PWRSAV #0
0 = enters Normal | Sl eep on PVWRSAV #0
<14:2>  Uninpl emented: Read as ‘0’
<1> DSBOR: "Deep St eep BOR kEvent DIt
1 = the DSBOR was active and a BOR event was detected during Deep Sleep
0 = the DSBOR was not .active, or was active but did not detect a BOR event during DS
<0> : N State: Release DI
1 = Upon waking fromDeep Sleep, |/Opins maintain their states previous to DS entry
0 = release | /O pins fromitheir states previous to DS entry and allow TRES & LAT bits
to control their states

Legend: C = Clearable bit HS = Hardware Settable bit
R = Readable bit W = Writable bit lJ = Unimplemented bit, read as ‘0
-n = Value at POR 1" = Bit is set ‘0" = Bit is cleared % = Bit is unknown

3 o A g M ' K .
© 2011 Microchip Technology Incorporated. All Rights Reserved. Slide 53
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Mll:::n\cmn Deep Sleep

DSCON<REL EASE> Behavior

o MMASTERs 1011 =
L *

. Upon POR (Power-On Reset) or wake-up from DS
I 1/Oport TRI'S & LAT bits are reset to default
I OSCCON<SOSCEN> bit is cleared

| Disables SOSC (Secondary Oscillator)
. Has the effect of disabling RTCC

| Core holds TRI 'S, LAT & SOSCEN control in state they were Iin
before entering DS mode
| Core does this by setting DSCON<REL EASE>

. Application must:
| Reconfigure TRI' S, LAT, & SOSCEN

| Clear DSCON<REL EASE>
| Turns I/O and SOSC control back over to application
Restore RAM and context information

B
© 2011 Microchip Technology Incbrboqraed. All Rights Reserved




MICROCHIP

MASTERs 2011 Deep Sleep
DS Wake Up Sources

DSWSRC: Deep Sleep Wake Up Source Register (PIC24F16KA102)
) HS, ) HS, ) HS,
uU-0 U-0 uU-0 uU-0 uU-0 U-0 U-0 R/W-0 /W-0 uU-0 uU-0 R/W-0 /W- R/W-0 u-0 R/W-0
= = = = = = = DSINTO | OSFLT = - DSWDT |D$RTCLC |DSMCLR - DSPOR
15 0
<15: 9> Uni npl enented: Read as ‘0’
& DEENTO Rt rvins ton s olangetics
deee poie b s Bk ERGROeSMa s I Sel Eei St bt B
BiconhEel nunt to olangevas Nt ias seniiediair NG 158
<7> DSFLT: DS Fault detected bit
1 = a fault occurred during DS and sonme DS config settings nay have been corrupted
0 = no fault was detected during DS
<6: 5> Uni npl enented: Read as 'O’
<4 DSVET DS varch dog 1hmer time out bl
1= the D6 VDT tined out during DS
O = tne DS VDT did not e out auring DS
<3> DSRTCC. DS Real Tine Cl ock Cal endar alarm bit
1 = the DSRTCC triggered an alarm during DS
0 = the DSRTCC did not trigger an alarmduring DS
<7> DBMAR MAR event il
= whe  MOLR phin was-activesgnd rassertodaduring 06
e ssiet il RKpi s ik SR S taa s e Eamecitiinaioras el arion R goy
<1> Uni npl enented: Read as "0
<0> DSPOR: Power On Reset bit
1 =the Vdd supply POR circuit was active and a POR event was detected
0 = the Vdd supply POR circuit was not active, or was active but did not detect a POR event

. : o T o N
© 2011 Microchip Technology Incorporated.
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lpocbinaHue u3 Deep Sleep

o MMASTERs 1011 =
e o

. DS coxpaHsieT nopTbl |/O n pernctpbl DS

I BO3MOXHOCTb NPOCHYTLCA U3 DS no
I INTO (Interrupt 0)
. DSWDT (Deep Sleep Watchdog Timer)
I RTCC Alarm
. ULPWU (Ultra Low-Power Wake-Up)

. Mpobyant n3 DS, HO ¢ orpaHU4YeHnUsAMHU

| Master Clear pin (MCLR)

| CocTtosiHne nopTtoB |/O copacbiBaeTcs, MOTOMY 4YTO
DSCON<REL EASE> HeMeaneHHO o4yuLlaeTcs

COpoc nutaHus
| CocTtosiHne nopTtoB |/O copacbiBaeTcs
| Pernctpbl Deep Sleep He coxpaHAOTCA

© 2011 Microchip Technologyl corporated. All Rights Reserved
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o nanoWatt XLP
Extreme Low Power Microcontrollers

Family Flash Pins Sleep DS WDT TMR1 1MHz

Members kB (nA) (nA)  DSWDT RTCC Run

(nA) (nA) (HA)

PIC12LF1822 1.8 1 3.5 8 20 - 500 600 75

PIC16LF1827 1.8 5 3.5-7 18-28 20 - 500 600 80

PIC16LF1937 [LcD] 1.8 8 7-28 28-44 60 - 500 600 93

PIC16LF727 1.8 5 3.5-14 28-44 20 - 500 600 80
PIC18LF14K22 1.8 2 8-16 20 34 - 460 650 131
PIC18LF14K50 - 1.8 2 8-16 20 24 - 450 790 125
PIC18F46J11 2.0 6 16-64 28-44 54 13 820 850 275
PIC18F46J50 —gz:| 20 6 16-64 28-44 60 15 780 830 275
PIC18F46K20 1.8 8 8-64 28-44 100 - 600 600 131
PIC24F04KA201 1.8 2 4 14-20 25 20 400 500 195
PIC24F16KA102 1.8 4 8-16 20-28 25 20 400 500 195
PIC24FJ64GA104 2.0 4 32-64 28-44 200 20 200 500 250
PIC24FJ64GB004 | 2° 4 32-64 28-44 200 20 200 500 250

m Current specifications are typical (TYP) values at minimum Vg

© 2011 MicrochipTechnoIogyl corporated. All Rights Reserved. T ' Slide 58
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K. nanoWatt XLP Tools

P1C18 Explorer Board (DM183032)
PIC18F46J11 PIM (MA180023)

Explorer 16 Board (DM240001)
PIC24F16KA102 PIM (MA240017)

XLP 16-bit Development Board (DM240311)

C Compilers
Available from Microchip & HI-TECH
Available in free evaluation versions

oy e R ] o ‘.-q.'.-_'.-'-'\.-_'--'
© 2011 Microchip Technology Incorporat?d.1Almig‘;thtsfkasé?}ed. [N Slide 59
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| XLP Home Page

www.microchip.com/xlp

{= eXtreme Low Power - Windows Internet Explorer

@\ ﬁ‘ wowe . microchip. com fxdp

¥[B[>][x
File Edit WView Favorites Tools Help
5.7 Favorites i'ﬁ: eXtreme Low Power i 1
. myMicrochip Login = English | °CT @ CCC
A\Microcke
I SEET ~
| Home Products Desian Support Applications BuyiSample Corporate What's New
d New!
%ﬁ eXtreme Low Power LP 16-bit Dev Board available
E“;" L) =

: T ; HLP Battery Life Estimator
Owverview XLP Technology Featured Products  Training & Support | Getting Started

PIC® MCUs with XLP are Battery Friendly

¥LP Intro
(2m13=}
Lowest power SIEEp modes with Lnngest battery life with Most efficient pertumlance 4dCross
flexible wake-up sources robustness & reliability features battery voltage range - f"lTLF;E'e PIC24 XLP
b Sleep currents as low as 20 nA r Enable battery lifetime = 20 years » 80% more single cycle instructions : E'
b Wake-up sources in every sleep mode ¥ Maximum battery life for alkaline batteries  » Faster execution allows you to -P[C16 for Bowar
v Special low power BOR, WDT, RTC and lithium coin cells sleep longer Bencliniatis
» Higher perfformance across 1.8 - 3v ¥ High performance at low battery voltages 4 - (3mdis)
than MSP430 :
Find XLP Products
P WCL wath KLP i D 8 ieaps wcuuin RESR430 LPRAY aa 3V PIC" MCU vs. M5P430 Instruction Set Efficlency
1 Produ ction Tool
= I B | Gowspomct 3l
I o .v.
- = [ [..":I
. E; i Resources
P £ =] XLP Be
2 = i = - : Tec
WAL OR T T PR Mt A 107 I : } I I

Lowest Sleep Currents Maximize Battery Life with XLP Instruction Set Efficiency
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ESC & 2040 - FREE Tiwsisi
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eXtrame Low Powar
MoUs Maximize s

Microchlp Sets New Benchmark for Low-Power Microcontrollers:
Significantly Expands Enhanced 8-bit PIC® MCU Portfolio

New MCUs Feature Less Than 50 udsMHz Active Current; Industry-Leading Peripheral integralion

Microchip Techomlogy Ino. umeiled several new Bhal PIC* microcontmllers (MU=}
that sets the industry benchmark for lonw-powser microcontrdiars and peripharad
inegralion. These new MOUsS fealure sulive currenls ol less han 50 pi0MH:

and sleep currents down bo 20 A The PIC12F182X MCUs extend Microchips
Enhanced Mid-range S-bit core product line into the S-pin scgment. and

inchede mTouch™ copacitive touch-scnsing, and communizations penphorals.

The PICLEFLBXX MCUs feature & broad range of peripherals, such as mTouch
capacitive twouch-sensing module, LED dive, multiple commmications and mors
Pulse: Width Medulator (PWM) periphemis. Al of these genermbpurpose MCLs are:
wall suited tor applications in the appliance, consumer, industial and automaotive
markets, SMONg others.

nanoWatt XLP technology remains the standard for batteryriendly MCLIs, which,
oombinad with the extrermely low activecurrent conswnplion of these rew MCUs,
improves overall eﬂergg.- fficiency 1o levets cunently not readily svallable. Microchip's Enhanced Mid-range 8-bit architecture provides
an up to B0 increase in performancs, and 14 new instructions that result in up to AC% better code cxecution over provious-goncation
8-bit PICL6 MCLis. The PICAXFLE2XY MCUs include dual FC™F 5P interfaces, multiple PWW channels with independent time bases,

4 Data Signal Modulator and other peripherals that enable designers 1o combing many Tunctions Inte & single MCU. The PICLGF18XX
MCL= provide up 10 28 KB of Flash peogram memory and nsmerous enbanced capshdlities. The onchip LED drive supports up to 184
segrments and provides a low-power drive mode for inereased eMicency. The MCUs also inchde up o § PWM channels with independent
timea bases Tor {:IZII'I‘U"CI"II'IE. VEMMIS Mmotar typas and peripharals.

Designers can use Microehip's FL Evaluation Platform (part # DM164130:1, $29.98) for doveloping with Enhanced 8-bit PIC MCUs,
The: platform includes a Ad-pin development board populated with 2 PICLELFLS3T MCU, prototyping space, 3V LED glass, suppart for
the PICKIL™ 3 In-Circuit Debugger /Programmer (part & PG1EL130, 544.95) and a motor control add on. The PICLEFL93T Plug-In
Module (part f MALSODLE, 525} tor Microchips PICLE Explorer Board (part I DMLSI0E2, 308.99] |5 also availabie,

Microchip's PICDEM™ Lab Development Kit (part # DMLE2035, $124.50) can be used with the PICIXFLB2X MCUs. The kit comes
ocunphlele willk a developrnent bosrd conlaining fve popular B-bit PIC MCUs, & bag of dsorele oomponents, & debugdgen progranmes
and a CO containing a User's Guide, lals and applcation exarmples.

The PIC1XF1BZX and PICLEF1BXX MCUs are available in DFMN, PDIR QFM, S0IC, TOFR TS5OF and UFN packapes of varyving sizes.
from & to B4-pins; at prices mnging from 50089 0 $1.74 each, in 10,0000mit quantities.

Far more Information, visit Rttp s swwwmicros hip.con Enhanced

crochip.com

Micrecontrollers = Digital Signal Controllers * Analog * Serial EEPROMs

micto‘Ol“Tlo ﬂ.’ MAR ~
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MICROCHIP
s MASTERs 2011 88

o
L
&

JP12: nepeknto4yeHue
pPeXUMMOB NUTaHUA
MUKPOKOHTpoOnsepa

S7. nepeknoyeHune
pPEeXUMMOB NUTaHUA
nepudepumn

S4. nepeknoyeHune
T™MNa
MUKPOKOHTpoOnsepa

© 2011 Microchip Technology Incorporatéd. inFl.?ig'ht;Rélsér-\.ied. ey
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I

pakTM4Yeckas 4yacTb
O630p demonnamsl

ALEPIbbit Development board

JP10,1,2,3,7,6:
BKNnroYeHue/
OTKJIIOYEeHne

nuTaHuA
nepudepumn

JP5:
nepekxkrnyYeHne
TUMNa gatymka
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 Mcsoce S MpakTnyeckas YyacTb

- lpedycmaHoeka

EXT PS/USB

| JP9: BKNIOYEHO
JP12: B nornoxeHue U E A ‘

JP10,1,2,3,7,6:
BKITIOY€HbI

S7: B NorioxeHue
O]\

JP5: B nonoxeHue

S4: B nornoxeHue MCP9700

PIC24FK

ALEPIbbit Development board

© 2011 Microchip Technology Incorporatéd. inFl.?ig'ht;Rélsér-\.ied. ey Slide 65



, Microcu S Lab Exercise #3
. C6opka unu «4Yymo HaMm noHadobumecs»

| DM240311 16-Bit XLP Development Board
| Habop pe3uctoposB

| MynbTumeTp

| Mporpammartop/oTnagumk

|

USB kabenb:

| NMnTanne
| MoakntoyeHue K MNK yepes moct USB-UART

© 2011 Microchip Technology Incorpora{;d.'kliréiahtghgsé‘r‘\'ied. TTImn
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 Mcrocue S MpakTnyeckasa 4yactb
%, Bnok-cxema unu «<4mo MbI cobpasnu

LUukn paboTtbl
1. Onpoc gaT4yukoB
2. 3anucb AaHHbIX B E?
L 3. Mepepaya no USART
4. Oxunpanue 10c (RTCC)
5. MoBTOp UUKNA

3.3V

S2 1 0

Ao ]

e N |

Lt 2w
]

8MIy J:_—||]|—[ N - — o :

C : ;
L e | T
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Ve NMpakTnyeckasa 4yactb
. lModknroyeHue K K

=

Nocne nogknoyeHnsa no USB aemonnarta Komcons Oeficrsue  Bug  Cripaska
Mcnonb3yeT OAUH U3 cBo60AHbLIX COM- - @S 2E|
9 = = &l
noptoB. Kakou UM@HHO, MOXXHO NOCMOTpEeTL B .. 2, DVD 1 CD-ROM auckosoasi
o . . -- IDE ATASATAPI KoHTpORNEDE
HacTpoukax Windows: % i

ﬁ, OWcKoB0as! rMdKMy JNCKoE
] OWCKOBEIE YCTPONCTES
B, 35yKoBLIE, BMIS0 M MIPOBLIE YCTPORCTSA
- KnasmaTtypel
i J KoMnerTeR

MNMyck->Hactpounka->lNaHenb ynpaBneHusa->
Cucrtema->0O6o0pynoBaHue->[iucnertyep
YCTPOUCTB

KOHTpONAEDE! THOKMX AHCKOE
KOHTPONAEDE! YHWBEPCENEHOA NOCNEA0BSTENBHON WiiHE! LISE
MoHMTOpE
H_]. MEILUM M MHBIE YKESEIBAKIWHE YCTPOWCTES
r;yf MopTe! (COM 1 LPT)
------ r;y" ECP nopT npuHTepa (LPT1)
b USE Communications Port (COMa) e
i r;"i MocneaoBETENRHEI MopT (COM1)
------ r;"i MocneaoBaTENRHEI MopT (COMZ)
-4 Mpousccopel
[+-EE CeTeBRIE MNETEI
[+ -j CWUCTEMHEIE YCTPOMCTES

© 2011 Microchip Technology Inco-rpo}ailga.1Ali-§i5ht£hésé’r-\h}ea. biilaEian Slide 68




Unun BapuaHT ansa
Windows 7:
Myck->MaHenb
ynpasreHua->Cucrema,
Oanee - «Ancnet4yep
YCTPOUCTBY.

WL —

MaHens ynpasneHmna -
AOMELLHARA CTPaHKMLLE

E@' Aucnetuep ycrpoicTs
'@' Hacrpoiika yganesHoro
AocTyna

@' 33LLKNTE CHCTEMBI

@' JoncnHWTensHEIE napa+l
CHCTEME

© 2011 Microchip Technology Incorporaféd. %ITréidht;Rgsér‘\'ied. "

MpakTuyeckas 4acTb
lNooknroveHue k K

@ | @ Emle

4 ‘g user-ASTL1L|
I ety DVD w CD-ROM guckosoge
b g IDE ATA/ATAPT konTponnepel
b & Batapen
b A Bugeoagantepel
[ = ANCKOBBIE YCTPOWCTES
b -3, 3BYKOEBIE, BMAEO W WrPOBLIE YCTPORCTES
[ -2 Knaewatypel
{8 KomnetoTep
[ i Kontponnepe USE
b C_ KoHTponnepel 3anomMuHa oW YCTpoicTe
» -Ba MonnTope
I ﬂ MEILLW 1 MHEBIE YK33LIBAIOLLME YCTROWCTES

1 TNopTel (COMu LPT)
-./5" USB Communications Port (COM4

Mpoueccopel

b l‘-'l* CeTeBbIE 3AaNTEPEI

b M CuctemHele yoTpoicTEa

s Eﬁ ¥erpoicrea HID (Human Interface Devices)
b E5 Ycrpoiictea oBpabotkn nzobpakennii
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Tenepb HacTpanBaeM nporpamMmmy-

TepMuHan. 3anyckaem Realterm:

Ha Bknagke Display BbiOupaem
KopupoBky ANSI

Ditelay | Pt | Coptue | Pre | Bond | EdePot | 120 | 1202 | 2CHisc | Mec |

(T I ot e
C g 7 ewnamods
 Hedzpaca] | T fved T JHils
£ Hewrdoom | |5
i
[ h*e’?_ Dot Frama—
ool Beee ¢ =
::' ﬂ- - T
:_ . Roem _Cols
ity | resndbon] [1F 2] B0 3] I Scome
Orar Count:d CPE D

[lpakTnyeckasa 4yacTb

lMooknroyeHue k MNK

\n| Clens Freaza| 3|

e
Discommct
D2
TeD 3]
CT5
OCo 1]
DERIE]
Amg ]
BREAK
Ema

Port: & 5800 841 Hone

Ha Bknagke Port BbiIGUpaemM HYXXHbIU MOPT,
BbictaBnsiem Baud=125000 un HaXXnmaem KHOMKY
Open. Nocne HaxaTna S1 Ha nnaTte byaeTt

nepeAaHbl CTPOUYKU C UH(hopmaLMen.

& RealTerm: Serial Capture Program 2.0.0.69 -

242 hold 2 sec — change sensors

MCLR reset occurred.

DE: Idle

Current Sensor: POT Uoltage
Current Data...Addr: B:xB118 11-14-2011 A2 16:34:3@ UDD Uoltage:
Current Data...Addr: BxB128 11-14-2811 B2 18:34:38 POT Uoltage:
onsoff transmit
measurement
sec — change low power mode
sec — change SENsSors

Display Port | Capture] Pins | Gend | EchoPot| 120 | 1202 | 120Mise | Mise |

(ﬁaud [125000 ;]ka(js .:]EQDBH spy| [ o Change |
! h— p ; ~Software Flow Controb——
[Paity——-DataBits| (StepBits——— | |[= po i T
g Mone || & Bbits|| & 16t ¢ 2bits EI‘“ G #ton Char. .
. E\Eledn " 7hits | ~Hardware Flow Control- ir- Transmit X off Char:i‘lﬁ !
 het | € Bhits| | & None " RTS/CTS | o
(" Space|| © Bbite| | € DTR/DSR L RS485ts

3.338U
1.46%U

An| Clear| Freeze| ?|

[ Status

| Disconnest
_|RRD (2]

I TRD(3)
_|CTS (8]
_|DCo 1]
_|DSR [B)
_|Ring 3]

| BREAK

| Eror

{Char Count: 148493 [CPS:0

éPort: © 125000 8N1 Mone

B

© 2011 Microchip Technology Incorpo
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MicrocHe | MpakTuyeckas 4yacTb
MMooknroyeHue k MK

NMopsaaok o6paboTkn HaXXaTMM KHOMOK crneayloLwWwun.

S1 — Master Clear MUKPOKOHTpOInepa;

S2 — 3amep nokasaHUM AaTYUKOB U BbIBOA Ha 3KpPaH;

S3 — BKN/BbIKN BbIBOAA Ha 3KPaH,;

S2 3aXkaTta B Te4yeHue 2 ceK — nepeKknveHne akTUBHbIX 0aTYMNKOB,;

S3 3axaTa B Te4YeHMe 2 CeK — NepeKkrrYeHue pexmma HU3Koro notpeodneHums;

S2 3axaTta npu Haxatum S1 — ounctka EEPROM un RTCC;
S3 3axkaTta npu Haxatum S1 — nepepayvya nonHoro coaepxxnmoro EEPROM.

SHW3 - turn onsoff transmit
meazsurement

sec — change low power mode
zec — change sensors

© 2011 Microchip Technology Incorpo ated. All Rights Res
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 Mcrooe MpakTnuyeckas YacTb
- lMooknoyeHue k K

BHumMmaHue!

B pexume DeepSleep MUKPOKOHTpOSepomM obpabaTtbiBaeTcsl TONbLKO
HaXaTne Ha S2 u curHan 6yaunbHuka RTCC, no3aTomMy BbIBECTU €ro n3
paboTbl B pexxume DeepSleep no HaXXaTUO KHOMKU S3 He NONy4vYuTCA.

Henaem TakK:

1. 3axumaem S3;

2. Haxumaem u otnyckaem S2;

3. Mo npowecTBMM ABYX CEKyHAO OoTNycKaem S3.

o -..-l_r'\ g ~ iy T r .
© 2011 Microchip Technology Incorbo?a@d.%lﬁi Res MTTTIMN [ Slide 72
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Mcrocu | MpakTuyeckas 4yacTb
. Pabomaem ¢ npoekmom

OtkpbiBaem MPLAB IDE 1 nemMo-npoexT: C:\mastersXLP\source.
CTpyKkTypa npoekKTa:

* buttons.c — ¢pyHKUMKN geTeKTUpoBaHUA U 0OPaAOdOTKU HaXXaTUN KHOMOK S1 n S2;
e Ctmu.c — PyHKL UM pabOTbl C EMKOCTHLIMU KHOMKaMMU;

e eeprom.c — pyHuum pabotbl c EEPROM Ha nnarte;

* rtcc.c — PyHKUMM paboTbl C YacaMu pearibHOro BPeMeHM;

* SENSOors.c — (hyHKUMKU paboThbl C AaTYNKAMMU,;

e transmit.c — PyHKLUMM NOArOTOBKN N OTNpPaBKU AaHHbIX Ha [1K;

e uart.c — oyHKUMN nepeaaumn AaHHbIX No USART,

 XLP16Demo.h — 0CHOBHbIe KOHCTaHTbI paboTbl NnaThbl.

n . s g N " ) - -
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Pabomaem c npoekmom

Mcsocp MpakTuyeckas 4acTb

XLP16Demo.h.

#define USE_PWRCTL — ynpaBneHune nutaHmem nepudcepun;

#define USE_CAPTOUCH — ncnonb3oBaHne eMKOCTHbIX KHOMOK;
#define DEFAULT_MODE — pexum aHeprocoepexeHusi no yMmosn4aHuio;
#define DEFAULT_SENSOR — akTUBHbI€ CEHCOPbI MO YMOMYaHUIO;
#define OSC_MODE — pexum pab6otbl 8 My nnu 1 MlNy;

#define OPTIMIZE_A — ypoBeHb ontuMusauum notpedbneHusn A;
#define OPTIMIZE_B — ypoBeHb onTumMmusauum notpedrieHms B;
#define USE_RTCC_ALARM — ucnonb3oBaHue byannbHuka RTCC;
#define ALARM_PERIOD - nepuop cpabatbiBaHusa oyamnbHuka RTCC.

HacTpoinku no ymonyaHuio:

USE_PWRCTL — BbIKNIOY€EHO,;

USE_CAPTOUCH — BKno4eHo;

DEFAULT_MODE - yctaHoBneHo LP_IDLE — pexum Idle;
DEFAULT_SENSOR — yctaHoBneHo MODE_TEMP — gaTumnk TemnepaTypbl;
OSC_MODE - yctaHoBneHo MHz_8 — 8 Ml'y;

OPTIMIZE_A — BbIKINIOYE€HO;

OPTIMIZE_B — BbIKNIOYEHO,;

USE_RTCC_ALARM — BKnto4eHo;

ALARM_PERIOD — yctaHoBneHo TEN_SECOND — 10 cekyHa.

© 2011 Microchip Technology Inco ted. All Rights Resserved. T i Slide 74




MpakTnyeckas 4yacTb
EMKocmHbIe KHOMKU — xopowo, Ho DeepSleep
ny4duwe.

OTtkniovyaem EK, 3akommeHTUpOBaB ONLMIO .
#define USE_CAPTOUCH

Nepecobupaem NpoekT U NporpamMmmMmmnpyeM MUKPOKOHTpOIep.

* XLP16Demo - MPLAB IDE v8.50

fdefine 0O5C_8 /7 pexoa paborm ma 8 Mo : ; . Ii
fFfidefine 0OS5C1 /7 pexmeond paborm mHa 1 Mo S SR S L i FEOE A o e
Select Programmer #
D@ k| & & i
S /ERIENMTE CEHCOPDHEES HEHOMEHM g
fdefine USE_CLPTOUCH Checksum: 0Ox6548e =
| Very
f/ DEETOSS MO0 VMOITEISHME Read -
gdefine DEFAULT MCODE LP IDLE Blank Check All
i E
= ] XLP16Demo.mcp Erase Flash Device
ElD e = T Release From Reset fi 1
i Ty Hold In Reset =
- buttons.c

ciriu.c Abort Cperation
] eeprom.c Reconnect i 1
‘ -- main.c

Settings...
- F:k] ricc.c

Jm@?“@@%"ﬂlﬁm

© 2011 Microchip Technology Inco-rpo}ai';d.1Almi5htghasé?}ec‘i. biilaEian Slide 75




Microckp [lpakTnyeckasa 4yacTb
HayuHaem s3kcnepumMeHmMabl
OcHoBHas uenb nabopatopHon - — 2. Otknrunte USB-kabenb oOT
uccnenoBaTtb noTpeonsaemMbin nnarTbl.
MUKPOKOHTPOSISIEPOM TOK B pPa3fNYHbIX
peXxumax. 3. Otkniounte JP9 wn BcTaBbTe
pe3ucrtop 560.0m B
NMonpo6yem. oTBepcTua psagom ¢ JP9:

1. BbikntouuTte paboTy TepMuHarna, Haxas
Ha KHonky “Open”:

inz | Send | EchoPort| 12C | 1202 | 12CMisc | Mise |

j gpenl SF'-'ﬂl /Ehange v

. Software Flow Contro
stop Bit Receive 17
T 16t 2bis P_ eceive. Xon Char |
™ Tromermib Snfi Plaoe (10

. ; e g T i e M e ey . .
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 Menao [lpakTnyeckaa 4acTb
' Heckonbko ymo4HeHUU

1. Mpn oTknr4veHMn nnatbl oT USB nepea NOBTOPHbLIM BKIIIOYEHUWEM CTOUT OTKMHOUYUTb
nporpamMmmy-TepmMmuHan.

2. Mpun ucnonb3oBaHUN pe3ncTopa CIULLKOM OONbLLIOrO HOMWHAaria KOHTPOSfep MOXeT He
BbINTU U3 pexumoB Sleep u DeepSleep us-3a cnuwkom 60MnbLUOro NageHUs HanpsHxeHUsa B
uenn nutaHuAa. 34eCb MOXHO MNOCTYNUTb TaK — 3aMKHYTb nepemMbluky JP9, 3anyctutb
KOHTponnep, nepeBectu ero B pexum Sleep wnu DeepSleep, ycTaHOBUTbL pe3nUCTOp
GonbLworo HoMMHana, pasoMKHYTb nepembiyky JP9.

BbinonHseTca 3To ANA 3amepa CIMLIKOM MarieHbKUX TOKOB.

3. Mocne nepenporpaMmMMpoBaHMA MUKPOKOHTpoONJsiepa Ans Toro, YToobl yBUAETL B
nporpaMmme-TepMmuHane MH(OpPMaLMIO OT KOHTPOSiepa CTOUT HaXKaTb KHOMKy S1.

4. Ecnu 4TO-TO He Nnony4yaeTcsl — He CTOUT TOPONUTLCH.

§ e i ’ o " L
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[lpakTnyeckasa 4yactb
HayuHaem s3kcnepumMeHmMabl

Tenepb cHoBa nogknityaem USB, oTKpbiBaeM nporpammy-tTepMuHarn, nogakrnoyaem
MYNbLTUMETP B pexunme usmepeHusi MB Ttak, 4tobbl BUAETbL NageHne HanpsikeHUst Ha
pe3ucTope — KpacHbIM WynomMm Ha Touky VDD SRC, 4YepHbIM — Ha HOXKY pe3ucTopa.

KHonkon S3 nepeBoaMM KOHTponrnep nocneaoBaTteNibHO B PeXUMbI
Idle(pexxum no ymonyaHuio), Sleep u DeepSleep. OueHnBaem notpednsaemMbin
TOK, No 3aKkoHy Oma:

InopT = Upe3/Rpe3

© 2011 Microchip Technology lﬁcJde‘reit’é‘d.'lAﬁi&m&as@ea. Shidlahianii Slide 78




MICROCHIP

2. MASTERs 1011 2=

"

[lpakTnyeckasa 4yactb
CoxpaHsieM pe3yibmamabl

CHATble pe3ynbTaTbl NepeHocCUM B Tabnuuy:.
C:\mastersXLP\Pe3ynbTratbl.XIs

YpOoBEHE ONTHUMKMIALLMK Pemum pabote MageHwe HanpAxeHWA [MB] | NoTpebnAaembiii Tok [MmuA]
Idle 2131 2 663,75000
USE_PWRCTL Sleep 32323 40 403,75000
DeepSleep 332 415,00000
Idle 22 27, 50000
OPTIMIZE_A Sleep 3232 4040,00000
DeepSleep 333 416,25000
Idle 111 138,75000
OPTIMIZE_B Sleep 123 153,75000
DeepSleep 321 401,25000

R [Om] sool

BBoaum HOMMHan pe3ncTtopa B OM n napgeHue Hanpsa>xeHunA B mB, n0Tpe6n;|eMb||71
TOK CHUTaAEeTCA aBTOMATUYECKHMN MO 3aKOHY Oma.

o i ' " .
© 2011 Microchip Technology Incorb;ra@d. Irﬁ| ts Res
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[lpakTnyeckasa 4yactb
lIpodosnkaem aKcriepumeHmMbI

NMonpobyem nocrnenoBaTesibHO NOMEHATbL HACTPOUKN npoekTa. [ocne nameHeHMn
HacTpoOeK NoTpedyeTcsa KOMNUASLUA U NPpOorpaMmMupoBaHne KOHTponsepa.

* XLP16Demo - MPLAB IDE v8.50
File Edit Yiew Project Debugge

| [Retease <] @ 2 B @ @ | <

|F‘rngrammer Tools  Configl

0= H | JE Y ﬂ | select Programmer #
.
Checksum: 0x648e —
= W Read =
U3meHunTe nocnepoBaTesibHO BCe S Blank Check Al F
HaCTPOMUKU NPOEeKTa, KaXabiv pa3 = [ xLP16Demo.mcp Erase FlashDevice 1€
ElD e~ Release From Reset ki 1
KOMNUNUMpPYA NPOEKT W Habnrwpaas, Kak ey el Hold Tn Reset .
N3IMEeHUNTCA "OTpQGHeHMe KOHTponnepa. -- cimu.c Abort Operation
@ EEprom,c Reconnect i
-- main.c :
. F:k] e Settings...

{ /BREIENMTE CeHCODHHE BEHOTIEM

--._q,-tq. o - o g | ¥ 3
© 2011 Microchip Technology Incbrbo?a@d.%lﬁi Res ; | | Slide 80




TR T T ——— ‘m
- - a q i .

[lpakTnyeckasa 4yactb
MeHsieM Hacmpouku

1. MpenBaputenbHO MnonpobyeM AaTb KOHTPOMNEepy BO3MOXHOCTb
ynpaBnsaTb NnuTaHuem nepudepun. Ana 3Toro akTMBUPyeM OnuUMUIO;

#define USE_PWRCTL

M MeHsieM cocCTosiHMe nepekntoyatena S7 Ha «RB2». MNepecobupaeM npoexT,
nporpaMmMupyem KOHTpOssiep, 3amepsieM NoTpebneHne Ha pasHbIX pexmnmax.

// VIIpDRBIeHNE [IMTEHWEM IepHiepim
#define USE_ PWRC
{{ YpOBeHE ONTHMMMISLIO

fSEdefine S EERITENMeHMEe HEM

Programmer Tools  Config

File Edit W¥iew Project Debugge

fffdefine "/ OoONoIHHMTEeIEHOS

] select Programmer ¢
D@ k| & | ;
fdefine 0EC_B S/ pexios paborm Ha 8 MIn -
//g#define 0Q5CL pexyme pafors Ha 1 MTo Checksum: 0x648e = :
J VEry
P . e e Read
S/ EETIEOYMHTE CeHCOPpHEES RHOIMTEIL
fifdef 05SC & Blank Check Al
e, ; E
y gdefine USE_CAPTOUCH = 1 XLP16Demo.mep Erase Flash Device
fendif ElD T Felease From BEeset b 1
R Hold In Reset i
: - buttons.c
Im B ey {&] etmu.c Abort Operation
- :
! elease O & JE eeprom.c Reconnect L g
£ :
- main.c
Settings...
|?=j rtec. e
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Mool [MpakTuUyeckas 4yacTb

Mensiem Hacmpouku

2. Bknoyaem ontumusauyuio no yposHio OPTIMIZE _A:

#define OPTIMIZE_A

B 3TOM pexume OyameT OTKAKOYEHa BCHA Heucnonb3yemas nepudepus.
KoMnunupyem NpoeKkT U nporpaMmmMupyeMm MUKPOKOHTponnep.

{f YOpEETeHMe MMTaHMewM nepnbepnm
fdefine USE_PWRCIL
/{ YPOBEHE COTIMISSLIOI

fdefine OPTIMIZE & S Bzmm
fi#define OPTIMIZE B FF om
fdefine Q3L 8 // pexmns pabora Hi
fifdefine QS5C1 // pexmns pabora HI

3amep;|eM nageHue HanpsaxeHusa Ha pe3ncTtope.
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Mool [MpakTuUyeckas 4acTb

Mensiem Hacmpouku

3. Bknoyaem ontumusauyuio no yposHto OPTIMIZE B:
#define OPTIMIZE_B

B 3TOM pexunme b6yaeTt oTKnYaTtbca nepudepmuss N0 OKOHYaHUIO paboTbl C HEW.
Tak, Hanpumep, ALl 6yaeT oTKNYaTLCA NO OKOHYaHUIO 3aMepa.

ff YOIPEBIeHMe IHMTEHMeM ONepibepior
fdefine USE_EWRCTL

YEOEeHE OITHMMIISaIIIL

fdefine OPTIMIZE 2 f/ BHRIDYeHME H
fdefine OPTIMIZE B // DoONoIHMTelRH
fdefine O3C B [/ pemons peborm Ha 8 MIn
ffEdefine 0OS5C1 // pexos paborm Ha 1 MI'ng
S/ BHIEYHMTE CeHCOOPHNE HHOMHM

gifdef 0OSC_8

f/  #define USE_CAPFTOUCH

fendii

3amep;|eM nageHue HanpsaxeHuda Ha pe3ncTtope.
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Mirocup MpakTHyeckasa 4yacTb

"

Mynbmumemp — wimykKka moHKasi

U BOT Mbl CTONKHYNMUCbL C npooGrnemMou — noTpebrneHne B pexumax Sleep u
DeepSleep cTano HacTonbKO HU3KUM, YTO NMajdeHue HanpskeHUe Ha pe3uctope
560.0m wucuucnserca MukpoBonbTamu. MynbTUMeTpP, CcCKOpee Bcero, pnaet
3Ha4YeHue ¢ norpewHocTbio. Ecnn nonpo6oBaTb NOCTaBUTL pe3ucTop nobonblue,
TO KOHTpOMnJsiep He CMOXeT BbINTU U3 pexnmoB Sleep u DeepSleep, Tak Kak npu
BbiXxoQle BO3pacTeT MOTpebnseMbln TOK, a, 3HAYUT, U NafeHue HanpsXxeHus B
Lenu NUTaHus.

NMonpobyem cneaylowmin BapuaHT.
1. OTknwuute wucnonb3oBaHne 6OyaunbHuka RTCC — KoHTponnep Oyaer
BbixoauTb U3 Sleep unu DeepSleep TONbKO No HaXXaTUO KHOMOK.

Cpenartb 3TO MOXHO, OTKJTHOYUB ONUMUIO:

#define USE_RTCC_ALARM

fdefine ALZEM DPERICC TEN_SECONL
fdefine OHE SECCONC 10
$define TEN SECCONC 100
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 MECoee [MpakTUyeckas YacTb
Mynbmumemp — wimyka moHkKasi

"

2. 3amMKHUTe nepemMbiuky JP9 wu
noaknwunute nnaty K USB. Bmecto
pe3ucTtopa 560.0m ycTaHOBUTE
pe3ucTtop Ha 130 KOMm.

3. NepeBeauTe KOHTPOMNEP B PEXUM
Sleep unu DeepSleep yaepxuBaHuem
S3 B TeyeHue 2-X CeKyHA,

4. Pa3oMKHUTe nepemMbluyKy JP9 — TOK
noreyetr uyepes pesuctop. Ha crtonb

GonbLom pe3ucTope nageHue
HanpsbkeHne OyaeT yXe OLWYTUMO
ans MynbTUMETpA, 7 oyoer

BO3MOXHO 3aMepuUTb NoTpeodnsieMbin
TOK.

. ; e g T i e M e ey . .
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 Mcrooue 2 [lpakTnyeckasa 4yacTb
e MeHsieM Hacmpouku

4. MeHsieMm TakTOBYI0 Yactoty ¢ 8 MI'y Ha 1 MIw;:

/[#define OSC_8
#define OSC1

{/ VIpEBIeHMEe MMTEHMeM IepMbepiol

fdefine USE_EWRCTL

/f VPOEEHB OIITHMMMSSIIL

fdefine OFTIMIZE &2 S/ BHREIDNMeHME Hel

fdefine OFTIMIZE E S/ DONOIHMTeIRHOE

//gdefine OSC_8 // pemms paborm ma 8 Mo

gdefine O5C1 S/ pexins pabora ma 1 Mo

3amepsieM nageHue HanpsHKeHUs Ha pe3ncTope.
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[ThaHnpoBaHue noTpedneHna ¢
nanoWatt XLP Battery Life Estimator

M Microchip X1P Battery Life Estimator |Z|@|E|

Bbibpamb MK u napamepsbi

Hoeble MK pobaBnsitoTcs ¢ HOBOW BEpCUEN,
WU Bbl CaMn MOXeTe X Ao0aBnATb.
Ha npumep: “ Pl C18LFxxJ11. csv”

Step 1: Select Device 1 [~ Step 2; Select Parameters

|prc2aF1ska 102 =] Device Notes Voltage: |3.3v ~|  Temperature: |25 -

step o: Select Battery

Description | Capadty J Self-discharge | Nominal ¥ J Max cont. I | Max pulse I ] Motes ~
Bbibpamb 6amapeuKy || i s  somn  ocidmbimesy a0v  soma  2ea - :
Hosie Garapein woryr aobasnsercs (|20t ooty oy om om
n3meHeHnem dainna Lidon (Approx. 'a") 2250 mah 5 % /mo(0. 156 mA) 3.6V 2250 mA 2250 mA *
‘QustomBattery. osv? (et uome lismlisas iy D e
< | ¥

Step 4: AddModify Operational Mode -

Label | Mode J Frequency l Time ] Current | Charge I Peripherals

SLEEP w/RTCC DEEP SLEEP o 10 5/100% 0.835 uA 2,319 nAh RTCC (w/ 505C)
Beecmu pexumbl
u nompebneHue

< >

—Estimated Battery Life - i Estimated Average Current - 1 ~ Estimated Peak Current
HGPGCMOTpeTb |23years 245 days 13 hours }0-335 uA 0.835uA
U COXPaHUTb
Load Settings Save Settings | Create Report Quit
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estdy  [lnaHnpoBaHue noTpebneHus @ )
&

, MASTERS 01l 3 nanowatt XLP Battery Llfe EStlmatOr

800MKc - 6 MKA - onpoc TemnepaTypbl;
800MKcC - 6 MKA - onpoc NOTEHLMOMETPA,

5 mc - 3 MA —3anucb B EEPROM.
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lMnaHnpoBaHue noTpedneHna ¢
nanoWatt XLP Battery Life Estimator

D P Batte = d L]

Step 1: Select Device -l 5tep 2: Select Parameters

|PrC24F16KA 102 v| Devicenotes| | voltage: [3.3 MRE i/ Mod de

-Step 3: Select Battery [ Mode Settings -

Description J Capacity ] Self-discharge I MNorminal l Max cont. I ] M3 Duration Additional System Current {optional)
LMnOZ (CR2032)  225mAh 0.08 %/mo(0.25u8) 3.0V 1.BmA 12 E jms j I & ]uﬁ J_I
Li{CF)n (BR2032) 190 mAh 0.04 %/mo(0. 106 UA) 3.0V 0.2mA 21 .

LiFeS2 (AAA) 1150 mah 0.05 % mo(0.799 uA) L5V 750 mA 75 Mame (optional)

LiFe52 (AA) 3000 mAh 0.05 %/mo(2.083ud) 1.5V 2000 mA 20 | RUM A - READ MCPS700

LiHon (Approx. 'A} 2250 mAh 5 %%/mao(0. 156 mA) 3.6V 2250 mA 22|

Alkaline (AAA) 150mAh 0.3 %fmo(4792uA) L5V = * | _PIC Microcontroller Settings —

Alkaline (A4) 2850mAh 0.3 %/mo{1L875u8) 1.5V * * g

2II._I:_. Femn AnES Al [ BT Sy L PR L T A Y 4 rFar 3 = PIC Dwahng MOdE PETIDI"IEFB'S

— l RN L] BOR <less than 4.5 uA>
HLVD <less than 6.2 uA >
-Step 4 AddModify Operational Mode it LPBOR <95 nA>
Clock Freguency RTCC (wf 505C)<0.3 uA>
Label I Mode ] Frequency 1'I'|r'ne 1 Current |8 MHZ (FRC) :_] Timer1 (w/ SOSC)<0.73 uA>
RUM A - READ MCP9700 RLUMN 8 MHZ (FRC) 0.8m5/100% 3.057 mA WOT<0.87 uA>
-Power Consumption -

= Microcontroller Charge Microcontroller Current

= ! IU.E?BnAh IS.UElmA
< Total Charge (UC + System) Total Current {UC + System])
. | 0.679 nah | 3.057 mA
fMmated Battery Life - -Estimated Average Current | [~ Estimate
< 3 days 1 hour |3.05? mA (> cont. battery current) |3.E|5}" m I—I
[ oK Cancel I
L L
I Load Settings ‘ Save Settings ‘ Create Report | I Quit
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