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Mocne gaHHOro Kknacca Bbl 6yaeTe 3HaTh:

o Y10 Takoe MukponoTpebnsaLme MUKPOKOHTPOMEPHI,
Kakne pexmMmbl MUKpoOnoTpebneHus CcyLLLecTBYOT U Kak
MMM YNPaBnsThb

o Pasnnyna mexay texHonornamm nanoWatt u nanoWatt
XLP, Deep Sleep n gpyrumm pexkxmumamn yMeHbLLUEHUS
noTpeodbneHus

o AHanusupoBaTb U NPOEKTUPOBATb CUCTEMBI,
yOoBreTBopsaolme TpedboBaHUAM MUKPONOTpebNeHns

o Kak BbibpaTb Hanbonee noaxoadwmn PIC®
MWUKPOKOHTpoOnnep ¢ dpyHkunenm nanoWatt gns sawiero
yCTpOUCTBA

nology e orporated. All Rights Reserved. 1436 XLP




@ - Paspabotka c nanoWatt XLP
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Y10 Takoe HM3Koe noTpebreHne

broaxeT noTpebrneHua u ero
ninaHMpoBaHue
o [lpogunb nompebreHus

TexHonorna nanowWatt XLP

CoobOpaxeHusi no pa3paboTke cucrembli
o [llnaHuposaHue cucmemsl

Deep Sleep

Utorm n Ccbinku
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Hu3koe notpebneHue.

OnpepneneHun
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CONFERENCE 2010 UcrnoJsib3yeMble OMHOWEHUS

o MoLWHOCTDL:
Power (Watts )=V (volts )" | (amperes )

o 3akoH [xoyns:

Energy (Joules )=V (volts)” | (amperes ) t(sec)
o 3apsa.

g(coulombs )=1 (amperes)” t(sec)

Definition

3apsan (AOceK) 310 Tok 3a JaHHbIV NPOMEXYTOK BPEMEHM.

Mcnonb3yeTcsa Anga pacyeTa MOLLHOCTM Ha Kaxaoun dpase paboThl
NPUNOXEHUS UNK NS NOSIHOM eMKOCTK DaTapewn.

L chnolog; :.In(':-o'rp.(;rélted. All Rights Reserved. 1436 XLP



ROMFERENGE 200 Power Modes

o CylLlecTBYHOT HECKONBbKO PeXUMOB paboThl
MUKPOKOHTPOSIEPOB:

o HuHamudeckuu (Mnn AKmuegHhbIU)
o CuUCTeMHbIN reHepaTop 3anyLieH
o MapasuTtHoe, NeHepaTop, lNepudepusn, Agpo, NMNopThbl
o Cmamuyeckuu
o CuncreMHbIN reHepaTop BbIKMHOYEH
o MapasuTtHoe, NMopThbl
o CpedHee nompebrneHue
o WHTerpanbHoe notpebneHune 3a LMK padboTbl ycTpoucTBa

‘echnology Incorporated. All Rights Reserved. 1436 XLP




CONFERENGE 21 HAuHamuyeckoe nompe6bneHue

Time (us)
Definition

OuHamuyeckoe (AKTUBHOE) NOoTpebsieHne 3TO MOLWHOCTD,
noTpeodnsaemas noka npunoXxeHme akTUBHO U BbIMNOJNHAET 3a4aun.
OTa MOLLHOCTb B OCHOBHOM 0bpasyeTtcda Tokamu nepekntoyeHnss KMOI-

CTPYKTYP N aABNAeTCs PYHKLUMEN YaCTOTbl U HANPSXXEHUS.
[ononHutenbHast MOLWHOCTb NOTPebnsieTcs nepndpepruen n noptTamMmu.

echnology Incorporated. All Rights Reserved. 1436 XLP
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cwecen  JrIeMeHMbl OUHaMU4YecKko20 nompe6brieHus

o Motepu nepeknroyveHna KMOIT
TPaH3UCTOpPOB

o Bo Bpemsi nepekrntoveHnsa oba
OTKPbITbl HA HEKOTOPOE BpeEMS

o Yaule nepeknioveHna = aonblue
BKN = Oonblle notepu BbIX0

o EMKocCTb 3aTBOpa
o Harpyska npobaBnseTt eMKoCTb
(CV
o Bcerpa ectb napasnTHas
emkocTb (Cp) ~5-10pF
o HanpsxeHue nutaHus

o Hwke HanpskeHue 3HauunT
MeEHbLLE noTpebrieHne

~ . ©2010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 8
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MASTERSs
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JnieMeHmbl QUHaMu4ecKo20 nompebrsieHus

EmMkocTb (C) 3aBUCUT OT

o [dusanHa MmnKpocxembl

o

HanpsxeHue (V) 3aBucuT ot

~

o

YacTtoTa (f) 3aBuCcUT oT

o

o
o
o

Incorporated. Al Rights Reserved. 1436 XLP

BeibpaHHOW nepudpepumn

BbiGpaHHbIX KOMMOHEHTOB

[Ipu mocTostHHOM V!

P=CV2f

CucteMHOM 4YacToThl
QP EKTMBHOCTH KOaa
[Mpodunna noTpebdbnenns
TpeboBaHuin 3agaymn
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Cmamuyeckoe nompebrieHue

Time (Ms)
Definition
MoLwHoCTb B cTaTukKe 3TO n0Tpe6neHMe B pexume Korga npuﬁop

BKJTHOUYEH, HO He aKTUBEH (HanpumMep BbIKITKOYEH reHepartop).
NoTpebneHue onpeaensetca yredkamm B KMOI cTpykTypax,

paboton YacoB PeansHoro BpemeHun, cynepsmsopamMmmn, CTOPOXKEBLIM
Tanmepom, yTevykamm NOpTOB BBOAA-BbIBOAA U T.M. NpoLEeccamu.

echnology Incorporated. All Rights Reserved. 1436 XLP
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asiemMeHmMbI nompebrieHuUs1 8 cmamu4ecKom

MASTERSs

CONFERENCE 2010
pexume
VGATE

VSOURCE VDRAIN

source

Drain to substrate
leakage

YTeyKkun 3aBUCAT OT: -
o TexHOnorn4eckmx HoOpmM — MeHbLLE TPAH3UCTOPbI — BOMbLLE YTEYKM
(@) Hanpﬂ>|<eHV|e — HUNXe HanpﬂmeHme MeHblLUe yTeL-IKI/I

o TemnepaTtypa — Bbille TeMnepaTypa — CUNbHO BoMnblLUE YTEYKM

ManeHbkue mpaH3ucmopsbl yeesniu4duearom cmamu4veckoe nompebrieHue Ho
MeHbLUe AUHaMN4YecKoe noTpeodrieHue n MoryT paboTtatb npu 6onee HU3KOM
HanpsikeHUn. ManonoTpeonsowmMn An3amH 3TO cepust KOMNPOMMUCCOB Ha

~ . ©2010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 11
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MASTER
CONFERENCE 2011 CpedHee nompebreHue

1 e e e e
(‘)(Vactive | active tactive) + (Vstatic | static tstatic)

Pavg =

tcycl e

Power (MA*V)

Time (Ms)
Definition

CpenHAs MOLWHOCTL 3TO MOLWHOCTL, NOTPEeOfieHHas 3a NOJIHbIN
LUK paboTbl yCTpoOUCTBA, paboTaroLwero B akTUBHOM U
cTaTU4eckom pexumax. CpegHsast MOLLHOCTb BKNKOYaEeT MOLLHOCTb 3a

BCE BpEMA, BKIMHOYaA BpeEMA NnepeknoveHnda mexay aktmuBHbIM U
CTaTU4EeCKUM pEXNMOM.

hnology Incorporated. All Rights Reserved.
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CONFERENGE 200 N3mepeHue nompebrieHusi

~

o MynbTumeTp

o namepgaet 1ok (RMS) Yoo
o OBbl4HO TO4YHbIN A0 20nA-100nA device
under test
o Ocuunnorpacdc € WYHT-PE3UMCTOPOM Ha
Voo
o [na namepeHus n otobpaxxeHus

npoduns notpebneHns

Vdd

o 3HadyeHue Rshunt HY>KHO Bb|6paTb device
npaBuiibHO under test
o 10Q-100Q

~

o

o

- ~©2010 Microchip Te
ﬁ'\o e R

chnology Incorporated. Al Rights Reserved.

~

o bonbwon R, . MOXeT Bbi3BaTb
co6poc (BOR)

o Pa3pap koHaeHcaTopa Ha Vi,

N3amepseT [=C(AV/ At)

|/|CI'IOJ'Ib3yeTCFI anda namepeHmsa oveHb
MaJllblX TOKOB

1436 XLP

Vdd

device

under test

Slide 13
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broaxeT noTpedbneHus

N ero nnaHnpoBaHue
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8888

YBennueHve cpoka

paboThkI O

" BroaxeTt notpebneHunsa n
pexumbi pabombl

RUN [akTuBHOE noTpebneHue]
o  Takmupyromcs 50po u lNepucpepusi
o Tunosotli mok 50-360pA/MHz (3B, 25°C)
o LP INTRC (31kHz) do SpA (1.8B, 25°C, PIC24F04KA201)

DOZE (ANnA HEKOTOPbLIX KOHTPOSINIEPOB) [akTMBHOE NOTPEO.]
o 50po makmupyemcs rnoHUXeHHoU Yacmomodu, nepugepust - nosiHou
o 0Ob6bI4HO 35%-75% om moka e pexume RUN

IDLE (Ansa HeKOTOpPbIX KOHTPOJSINIEPOB) [akTMBHOE
notpebnenune]
o  5dpo He makmupyemcs, [Nepugbepusi makmupyemcsi U 8Krto4eHa
o O6bI4HO 25% om nompebrneHus e pexume RUN

SLEEP [cTtaTtnuyeckoe notpebnenune]
o O6biyHO 100NnA (3B, 25°C)
o  85°C do 1.35uA (1.8B, 85°C,PIC24F04KA201)

DEEP SLEEP (ans HeKOTOpbIX KOHTPOSINEPOB) [cTaTuy.noTp.]
o  SRAM, VREG, VBOR, RTCC - 8bIKn4eHbI

o O6biyHO 35nA (3B, 25°C)

echnology Incorporated. All Rights Reserved. 1436 XLP ' Slide 15
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" BroaxeT noTpe6neHua u MnaHu

AHasnu3 npurnoxeHusi

Pa36utb paboTy Ha HecKkonbko da3
o PaccuutaTtb TOK Ha Kaxkgomn dpase
o OnpeaenuTb CKOMbKO BPEMEHU 3aTPavYnBAETCS Ha KaXXaow cTaanu
o Paccuntatb notpebnenue Ha kaxxgon dase

PaccuuTtaTtb cpeaHI0Ol0 MOLWHOCTb BCEro yCTPOMCTBa

o MoxeT oHa BbITb YMEHbLUEHA 3a CHET MEHbLLUENO BPEMEHM B
aKTUBHOM pexunme?

o MOXHO N U3BMEHUTL HaMpPsXXEHWE, TaKTOBYHO YacTOTY, PEXUM
paboTbl HA MeHee noTpebnswmnn Ha ndon n3 ctaagun paboTbl?

Onpegenutb Xyawuun criyyam 1 nepecMoTpeTb
o MoryT 6bITb MCNONL30BaHbI ApyrMe KOMGUHaAUNN PEXNMOB?

NMoctpountb rpachumk notTpedbneHusn

CobpaTb, UsmepuTb 1 noaTBEepPANTL Npodunb NOTpeodneHns

: '-'w"o fIncorporated. All Rights Reserved. 1436 XLP Slide 16
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Pa3bouTtb Ha
¢dasbl

- ©2010 Microchip Te
ﬁ'\o i e DR

 BrogxeT noTpebneHus u

AHasnu3 npurnoxeHus

PacnucaHue

MpocbkinaHue, BbINONHEHUEe
npoueayp, nepeaaya AaHHbIX

PROCESS

echnology Incorporated. Al Rights Reserved.

1436 XLP

SO i o b 00
S\ 110000000000000000

OUTPUT
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Typlcal Appllcatlon Block Dlagram

MASTERs
CONFERENCE 2010
3.3V
Potentiometer
Analog
Temp
Sensor ‘ 1
MCP9700 | sz L1 [1 [] (1]
o]
=1
__r@ O—[
- S3
8Mhz _=|__|[||—|:
32kHz —[-]

sk

010 Microchip é'hr;ology Incorporated. All Rights Reserved.

1436 XLP

|2CTM
Serial E2
24AA256

1. YuTaTtb gaTumkK
2. 3anuckb B E?

3. 3anucb B USART
4. Xpatb 10s (no RTCC)
5. NMoBTOpPUTHL

Slide-~ 18




CONFERENCE 200 lNpogunb nompebneHus
Murumusupogame nnow,adb nod Kpusou

NOT TO SCALE Time (ps)
o Run A — U3mepeHue Temnepatypbl (800us)
o Run B — 3anucb B EEPROM (5ms)
o Loop/Sleep/ldle/Deep Sleep (10s)
o TaKTroBafi YHacToTa MOXeT MEeHATbLCA ANMHAMMNYeCKHN
o Pabo4yee HanpsiKeHMe TaKxKe MOXeT MEeHATbLCA

ANHaMUN4yeCKu

Slide 19

010 Microchip Technology Incorporated. Al Rights Reserved. 1436 XLP
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Bbi6pamb MK u
napamMempsl

MapameTpbl MOryT OGHOBNATLCA NpU
0BGHOBMNEHUN NPOrpamMmbl, NN Bbl MOXETE
3a4aTb JaHHble camu.

Mpumep: “ Pl C18LFxxJ11. csv”

Bbi6bpamb 6amapeuky

HoBble gaHHble No 6GaTapesam MoryT ObiTb
pob6asneHbl mogndmrkaumnen
“CustonBattery.csv’

Bbi6pamb pexxum

NMpoBepnTb U COXPaHNUTbL

echnology Incorporated. Al Rights Reserved.

~ -©2010 Micr
ﬁ'\o i

S B L4 4 4 VB8

MnaHunpoBaHue

M Microchip XLP Battery Life Estimator

L] Device Motes ]

i~ Step 1; Select Device

| - Step 2: Select Parameters

Voltage: m

nanoWatt XLP Battery Life Estimator

Temperature: m

|prc2aF1ska 102
Step 3: Select Battery
Description ] Capadty J Self-discharge J Nominal ¥ J Max cont. I ] Max pulse I J Motes ~
LiMnO2 (CR2032) 225 mAh 0.08 %6/mo(D, 25 uA) 30V 1.8 mA 12 mA ik
L{CF)n (BR2032) 190 maAh 0.04 % /mo{0. 106 UA) 3.0V 0.2mA 2mA * =
LiFeS2 (AAA) 1150 mah 0.05 %/ma{D.799 uA) 1.5V 750 mA 750 mA *
LiFeS2 (AA) 3000 mah 0.05 %o/mo{2.083 uA) 1.5v 2000 mA, 2000 mA x
Li-on (Approx. 'A") 2250 mAh 5 % fmo(0. 156 mA) 38V 2250 mA 2250 mA =
Alkaline (AAA) 1150 mAh 0.3 %/mo(4. 792 uA) Lo¥ * ad Drain rate affe
Alkaline (aA) 2850 mah 0.3 %/mo(11.875uA) 1.5V ¥ = Drain rate affe ¥
& | e
Step 4: AddModify Operational Mode -
Label ] Mode J Frequency l Time ] Current J Charge ] Peripherals
SLEEP w/RTCC DEEP SLEEP i 10 5/100%: 0,835 uA 2,319 nAh RTCC {w/ S05C)
i | k4
—Estimated Battery Life i~ Estimated Average Current - ~ Estimated Peak Current
J 23 years 245 days 13 hours ‘0.835 uA 0.835 UA
Load Settings Save Settings | Create Report Quit

1436 XLP

Slide 20
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Cneyudgukayus

Supply Voltage

3.3V @ 25°C

PIC24F16KA102 Primary Clock (FRC)

8 MHz @ 3.3V

PIC24F16KA102 Secondary Clock (LPRC)

31 kHz @ 3.3V

PIC24F16KA102 RTCC alarm period

10s

PIC24F16KA102 current consumption

from Battery Life Estimator

MCP9700 Temp Sensor read cycle time & current

800ps @ 6 pA

24AA256 EEPROM write cycle time & current

5ms @ 3mA

1436 XLP

e
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Bbi6pamb MK

Bbi6pamb
6amapelky

C

OueHnTbC

CoxpaHumb

pumep
nanoWatt XLP Battery Life Estimator

M Microchip XLP Battery Life Estimator

FBX

~Step 1: Select Device Step 2: Select Parameters

:_I Device Notes I

i Add/Modify mode

|PrC24F16KA 102 Voltage: [3.3v -|
~5tep 3: Select Battery -
Description J Capacity 1 Self-discharge ] MNorminal l Max cont. I J M3
LMnOZ (CR2032)  225mAh 0.08 %/mo(0.25u8) 3.0V 1.3 mA 12
Li(CF)n (BR2032) 190 mAh 0.04 % mo(0, 106 uA) 3.0V 0.2mA 21
LiFeS2 (AAA) 1150mAh  0.05 %/mo(0.793ud) 1.5V 750 mA 75
LiFe52 (AA) 3000mAh  0.05 %/mo(2.083uA) L5V 2000 mA 0
LiHon (Approx. 'A} 2250 mAh 5 %%/mao(0. 156 mA) 3.6V 2250 mA 27
Alkaline (AA4) 1150 mAh 0.3 % /mol4. 792 uA) L5V £ =
Alkaline (A4) 2850mAh 0.3 %/mo(11.875u8) 1.5V * *
Allabie o Ffmy AnEn .l A A e A LAY 4 Fu x =
&
—
[~ Step 4: Add/Modify Operational Mode
Label ] Mode i Frequency 1 Time 1 Current
RUM & - READ MCP9700 RUN 8 MHZ (FRC) 0.8m5/100% 3.057 mA
I
—
P ate | [~ Estimated Average Current | [~ Estimate
3 days 1 hour 13.05? mA (> cont. battery current) 13.05}" m
] L L

Bbi6pamb

~Mode Settings

Duration Additional System Current (optional)

[ jms =] e jua =]
Mame (optional)
l RLIN & - READ MCP2700
3 PIC Microcontroller Settings —
PIC Cperating Mode Peripherals

[RUN =|  |BOR<less than 4.5uA>
HLVD <less than 6.2 uA>
LPEOR <395 nA >

Clock Frequency RTCC (w/ 505C)<0.8 uA>

[8mHz (FRO) v|  [Timer1(w/S0SC)<0.73 uA>

WOT=<0.87 uA=

[~ Power Consumption -

Microcontroller Current
] 3.051mA

Microcontroller Charge
] 0.678 nah

Total Charge (uC + System)
J 0.679 nah

Total Current {uC + System)
] 3.057 mA

Cancel ]

I Load Settings Save Settings \ Create Report | I

[ o ]
Quit

i

Solution Ahead

ip Technology Incorporated. All Rights Reserved. 1436 XLP Slide 22
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JTO Haunydlee
pelwieHune?

=

MoxHo nu
caenaTtb nyyiwe?

ip c':'rhr-n'ology Incorporated. All Rights Reserved.

pu

OOHO U3 MHoz2ux 803MOXXHbIX peweHuu

M Microchip XLP Battery Life Estimator

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

|PIC24F16KA 102 _v| Device Notes i ‘ voltage: [3.3v v|  Temperature: [25 -] ‘

-Step 3: Select Battery 1
Description | Capadty | Self-discharge | Nominal v ! Max cont. I ! Max pulse 1 Notes )
LiMnO2 (CR2032)  225mah 0.08 %/mo(0.25ud) 3.0V 1.8 mA 12 mA *

L(CF)n (BR2032) 130 mAh 0.04 %/mo{0. 106 uA) 3.0V 0.2mA 2mA =

LiFeS2 (AAA) 1150 mah 0.05 %/mo{0.799 uA) 1.5V 750 mA 750 mA + T

LiFes2 (AA) 3000 mah 0.05 %/mo{2.083u&) 1.5V 2000 mA 2000 mA =

Li-on (Approx. ‘A7) 2250 mAh 5 % mof0. 156 mA) 3.6V 2250 mA 2250 mA *

Alkaline {AAA) 1150 mah 0.3 %o/mo(4. 792 up) 15V I " Drain rate affects capacdity

Alkaline (AA) 2850 mAh 0.3 %/mo(11.875uA) 1.5V * ad Drain rate affects capacity =

Allambim o £ e Lo, ey M feme £TA WA LAY 4w = = PR . R S T —

b3 [ >
~Step 4: Add/Modify Operational Mode

Label I Mode i Freguency i Time l Current i Charge I Peripherals

RUM A - READ MCPS700 RUM 8 MHZ (FRC) 0.8 m5/<1% 3.057 mA 0.679 nAh RTCC {(w/ S05C)

RUM B - WRITE EEPROM RUM 31KHZ 5msf<1% 3.016 mA 4,189 nah RTCC {wf S0SC)

LOOP DEEP SLEEP 5 10 5/99% 0.835uA 2.319 nAh RTCC {(w/ S05C)

sl e

Add ] Modify i Remave j

~Estimated Battery Life - - Estimated Average Current — Estimated Peak Current—————————————

i 9 years 20 days 18 hours 12.586 uA | ]3.05? mA ‘

Load Settings I Sawve Settings | Create Report Quit I

1436 XLP 23
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MASTERS BocmpeGoeaHHble oco6eHHocmu Power

CONFERENCE 2010

Management

'MbkocTb
o PasnuyHble BapuaHTbl TaKTUPOBAHUS
o OuHamunyeckn nameHsiemas 4actota U UCTOYHUKHN
o [lNepudepuna pazpabotaHa Ana mManonoTpednarLWmnX peXXxMmmMoB
o KoHdurypuposaHme nepmudepum n NICTOYHNKOB NPOBYKOEHUS

ManonoTtpeb6nsiowimne reHepaTopbl

o [lo3BonsaT oTcUUTbIBaTh BpeMsi ¢ nomolbo WDT, Timerl nnu
RTCC 6e3 HapyLweHus npodunsa noTpedrieHus

Manas yteuyka uncdppoBbIX BXOOOB
o O0ObIYHO < 50NnA, ANst HEKOTOPbLIX A0 5nA
o  MwnHnmMmnsnposaHo ctaTuyeckoe notpebneHue

BbicTpoe npobyxaeHue
o YMeHblIaeT Hepaboume noTepu BpEMEHHU

ncorporated. All Rights Reserved. 1436 XLP Slide 25 ;



LR nanoWa
CONFERENCE 211 nanoWatt Technology (2003)

o nanoWatt Technology nanoWatt

[Mossunack B 2003
Ctangapt ansa scex HoBbIX MK Microchip ¢ 2003

3akntodeHo B ansanHe MK, Tex.npouecce, nepudepum u
TaKTOBbIX reHepaTtopax 1 npouenypax TeCTupoBaHus

O

O

O

o Wrtorum:
o B nokoe (Sleep mode) mowHOCTb < 1uW
o @V |4 < 333nA (Pl C24H)
o @V | ,4 < 500nA (PIC16, PI C18, Pl C24F)

OnpeaeneHus
nanoWatt Technology

HaGop meTooOB NpoekTUpoBaHUs U pa3paboTKu MUKPO-
KOHTpOsepoB, obecneynBaroLmUin BO3MOXHOCTb NOTpebrieHus

MUKPOKOHTpornnepom meHee 1uW B xaywiem pexume (1 ,).

hnology Incorporated. All Rights Reserved. 1436 XLP
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CONFERENCE 211 nanoWatt Technology (2003)
nanoWatt

o IDLE mode
o CPU Bebikn, lNepudepunsa Bkn.

o BcTpoeHHbIN, BbicokockopocTHoM RC reHepaTtop (INTRC) ¢ PLL
U nporpammupyembim genutenem. lNossonser:

o bbICTpbIN cTapT 1MKCeEK-5MKCeEK

o [IByxckopocTHomn ctapT (cTtapTtyeT INTRC, 3aTeM nepekrnoyeHne Ha
KBapL, €Crlin HY>XXHO)

o [lepekrnoyeHne 4YacToThl Ha xoay
o PacwunpeHHbin WDT
o MakcnmanbHoe Bpema yBenu4yeHo ot 18mc no 131cek

o Mukponotpeonarowmmn Timerl (TMR1) n 32 Kl'y BTOpOM
reHepaTtop (secondary oscillator - SOSC)

o ManonoTtpebnarwmn, nporpaMmmMmHO KOHTponupyembin BOR
o CcTaHgapTHbIM BOR nepepaboTaH anga mMeHblLero notpebneHuns
o MoXHO nporpaMMHO BbIKIKOYaTb €CAN HE HYXXEH, Hanpumep B Sleep

‘ shnology Incorporated. All Rights Reserved. 1436 XLP Slide 27



nanoWa
CONFERENCE 211 nanoWatt XLP Technology (2009)

o nanoWatt XLP (exXtreme Low Power)
o [lNogasunack B 2009 Kak cneayollee passuTrue TexHonornm nanowatt

o Low leakage gate design employed throughout
o PaspaboTka un Texnpouecc npopaboTaH Ansa HU3KOro NnoTpebneHns
o CneuuwanusanpoBaHHas manonoTpednsaowas nepndepus

o Wtoru:
o Sleep: 100nA unu meHbe 13nA @1.8V
o Real-Time Clock Calendar (RTCC): 800nA wnu menblie 500nA @1.8V
o Watchdog Timer (WDT): 800NA unu menbwe 200nA @2.0V

Definition
nanoWatt XLP (eXtreme Low Power) Technology

Habop meToaoB NpoekTUpoBaHMSA 1 pa3paboTKn MUKPOKOHTPOMEPOB,
obecneynBaoWwmMn Tok NoTpedbreHns meHee 100nA B XOYLLEM PEXNME,
Tok RTCC 800nA n 800nA Ttok WDT.

Slide 28
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AR\ e N anoWatt > R—
CONFERENCE 207 nanoWatt XLP Technology (2009)

O6G30p cBOMCTB ManonoTpeodnarowen nepudepuu:
Deep Sleep (DS)
Deep Sleep Brown-Out Reset (DSBOR) 7% &
Deep Sleep Watchdog Timer (DSWDT) ¢ |
HWU3KMUN TOK yTEYKN BXOO0B

CneunduumnpoBaHbl Tak xe npm 60°C gns
baTapenHbIX MPUMEHEHN

o O

O

O

O

o [lMpumep pabomsli om 6amapeu (25°C)
o  Tun 6amapeu: Coin Cell (CR2032)
1ms RUN npu 1MHz, u Deep Sleep ¢ paspeweHHbiM RTCC

“— . PIC24FXXKA ¢ nanoWatt XLP - do 20 siem

0 Microchip Technology Incorporated. Al Rights Reserved. 1436 XLP ' Slide 29



.. nanoWatt —
CONFERENCE 200 MK ¢ deymsi Brown-Out Resets

o Brown-Out Reset (BOR)
cTaHgapTHbiM nanoWatt BOR
B HekoTopbIX KOHTponnepax Ha3biBaeTcs LPBOR

KoHdurypupyetcsa Ha 4 ypoBHSA HaNpPsXKeHUn
Tunosoe notpebneHne ~5mkA

o O U

O

Deep Sleep BOR (DSBOR) L

[ocTtyneH g OonosiHeHue K BOR B KOHTposinepax
c pexumom Deep Sleep

PunkcrupoBaHHbLIN nopor ~1.88
B HekoTopbIX KOHTpoOepax oo SHA

Slide 30
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MK ¢ de yMsi cmopo»(eebl Mu '
(WDT)

o Ctopoxesou Tanmep (Watchdog Timer
WDT)
o CtaHgapTHbIM nanoWatt WDT
o lawpt A0 200nA
o Mepuop: 1ms—131s

Deep Sleep WDT (DSWDT) 0P

o pocTtyneH e donoJsiHeHue Kk \WDT B
KOHTponnepax ¢ pexumom Deep Sleep

o [MpumMeHMM ANA NPUIOXEHUN, KOTOpbIle He
aKTUBHbI OONIroe Bpems

o DSWDT npogomnxaet Tukatb B Deep Sleep
pexunme

|awpt A0 37/0HA
NMepuoa:. 2.1mcek - 25.1 OHeu

echnology Incorporated. All Rights Reserved. 1436 XLP ' Slide 31




ASTERSs "O.D.ynb Ultra LOW-OF v

M
CONFERENCE 2010 (U L PWU)
o CTtaHpapTHbIN MOAYIMb ANA HEKOTOPbIX KOHTPOSJIepoB
© BHYTpPeHHM NCTOYHUK TOKa U BHELLHMN KOHAEHCaTop NO3BONAIOT
peann3oBaTb annapaTtHbIU TauMep C HU3KUM NOTpedneHnem
o TokK 75HA-160HA
o Bo3moxHo ccpopmupoBaTb BpeMeHHbI€ UHTepBasibl NOAOOHbLIE
DSWDT, Ho Ha 80% MeHbLlUe TOK noTpebneHuns
o [oTpebneHne ToKa He KaK y cTaHgapTHoro nopta B/B (mexay
JFIOr.ypOBHSAMM)
o DBpems 3aBUCUT OT TeMnepaTypbl U BIIAXXHOCTU

]
EXTERNAL | INTERNAL

~ . ©2010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 32
fiisiial Mt R i
TN RN ¢ L R, -




nanoWatt
CONFERENCE 200 Peripheral Module Control

o buTbl paspelwieHnsa nepudepun
o B pernctpe ynpasneHnua nepugepmen SFRs
o Bkn/Bbikn (hyHKUMOHUpPOBaHUA nepucgpepun
o Mpumep: AD1CON1<ADON>

o HeKoTopble KOHTpoONnnepbl UMET AOMNONMHUTESIbHbIE
OnTbl BbIKNYeHUsa nepudgepun Peripheral Module
Disable (PMD)

o PacnonoxeHbl B PMD peructpax
o 3anpeLwarT TaKTUpoBaHue BbIOpaHHOMU nepucepum

o CHMMaKT HanpsXxeHUe NMTaHUA ¢ BbiOpaHHOU nepudepum
o Mpumep: PVMD1<ADC1NMD>

TABLE 4-23: PMD REGISTER MAP

Flle Hams | &ddr | BIt15 | BIt14 | BIt13 |BR12 Bt BIt7 Blt O All Resets

FRID1 o7vh - - T3MD | TZMD = 1ZC1MD - P ADCINMD
FKD2 oiva — — — — 1D = QCIMD
FRD32 0774 = = = = CHPMD - = CRCPMD =
FD4 O7vE = = = = = = = O | CTMUMD | HLWDMD =

i '-'w"o fIncorporated. All Rights Reserved. 1436 XLP Slide 33



, o ETrALIET
CONFERENGE 11 Pexumbl pabomai

RUN
All systems running

DOZE
CPU slower than peripherals

IDLE
CPU off, Peripherals on

SLEEP
System clock off

DEEP SLEEP
RAM off, Vreg off

92010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP
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CONFERENGE 200 PIC16 XLP eeHepamop

Primar

=3 — cru g
(4X PLLJ Peripherals
[Secondary] A

OSC J

o N
Internal [ )
RC POSTSCALER

16MHz H— (31kHz to
500kHz — V77

31kHz

\. J

Optional Peripheral
» Clock Source

» WDT, PWRT
& FSCM

PI1C16 XLP Clock Options

ochip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 35
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CONFERENCE 211 PIC18 XLP 2eHepamop

Primary Peripherals
OSC J ‘

— (axpLL)
Secondary]
[ OSC J

@l N
Internal [ )
RC POSTSCALER

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

o V.

Optional Peripheral
» Clock Source

o » WDT, PWRT

& FSCM
P1C18 XLP Clock Options

~ .©2010 Microchip Technolog { Incorporated. All Rights Reserved. 1436 XLP . Slide 36
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ELR i

PIC24 XLP 2eHepamop

Ext. Clock Output

[ Primary ]

OSC J

4X PLL

)

J

Peripherals

[Secondary]

osc |

" Internal |

RC
8MHz

31kHz

e

POSTSCALER

-0
500kHz —

~

(1.95kHz to
8MHz)

DOZE
RUN

POSTSCALER

Optional Peripheral

> Clock Source

P1C24 XLP Clock Options

~ ' © 2010 Microchip Technology Incorporated. All Rights Reserved.
PO e O "0 2

» WDT, PWRT
& FSCM
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DONFERENCE 201 Run Mode

o Bce pecypchbl
aKTUBHBI

o [JAnHamMunyecku
peKoHpUrypupy
eMble
UCTOYHUKM
TaKTUpPOBaHUA

BTG 201'6 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP
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rNnepeKksin4deHue 4acmomsli

BTG 2016 Microchip Technology Incorporated. All Rights Reserved.

1436 XLP

Heckonbko
MCTOYHUKOB
TaKTUpPOBaHUSA

OnHamuyeckoe
nepeknYyeHme

JencrtByeT Ha
Bce yactu MK




nanoWatt XL
CONFERENCE 2010 rnepekKsin4deHue 4acmomasli

MASTERSs

o Hu3kaa yacTtota MOXeT COXpPaHUTb OonbLue
3HEeprun 4Yem UCNosib30BaHNe PEXNMOB
ldle/Doze

o Hwu3kaa TaktoBaa OeNCTBYET Ha BECb KpuUcTarnmn
o [1BOMHON 3anyckK
o Crtapt Ha INTRC 3a 1us-5us
o [lepekntoyeHune Ha KBapL (€Crm HYyXXHO)
o Pabota Ha INTRC noka 3anyctutca PLL
o Wcnonb3yeTcAa Koraa oxuaaeTca BHellHee
coObITe unu pabota c MmeaneHHOM
nepudepuen (ALUI, komnapaTtopsbl,
KOMMYHUKaALUNOHHbLIC NMOPTbI U T.I'I.).

Incorporated. All Rights Reserved. 1436 XLP




jﬁ\ ' nanoWatt X

CONFRRENCE 1 Doze Mode

] o UMYy v lMNamarb

I: Voo Vres Vbpcore pa6o-ral_o-r Ha
E NOHMXKEHHOM

I: POSC \ Post-Scaler LI QCTOTee O

[

[] INI'_II%C (@) nepMCbepMﬂ

L] [ e | paboTaeT Ha

eripherals o

A = sy NOSTHOW

] |2+~ pnaiog] | [ yacToTe

L 2=l o Tok HUXe Ha

L ~oc1l I 35-75% o1 Run

[ ] Timerl j

HEEEEENENNENN

Inco rporated. All Rights Reserved. D
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Ly
BbIKMOYeH

Nepudepusn
BKIIOYEHa
NMNoTpebneHue

no 25% oT
Run



- T —
ORTRENCE PeXxxumsbl Idle u Doze

o Korga HykHO ucnonb3oBaTtb ldle nnu Doze?
o 3ameHa umkna whil e(!l nterrupt)
o 3amegnsieMcsl B OXXngaHuu npepbiBaHUA

o Korga Hy)XHO o4eHb DObICTpasa peakuus Ha cobbiTne U

bbicTpoe npobyxaeHue.

o Hanpumep HyXXHO npoOyXxaeHune 3a BpemMs cConaMmepmumoe ¢
OAHOWU MHCTPYKLUUN

o Bo Bpemsa nepenayn no DMA

o Korpga ycTponcTBO A0MKHO NOCTOSIHHO OnpaLuMBaTh YTO-
TO UINN HaXoOUTbCS Ha CBA3U

hnology Incorporated. All Rights Reserved. 1436 XLP
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Pexum Sleep
minlnisisinicinlnlnls

(1 L1 1 1 P 1 1 1 1 ] [

VDD VREG VDDCORE

—— RAM

CPU

POSC \ -|Post-ScaIer

HS
INTRC

LP
INTRC

T10SC ////
SOSC

Flash

O O O & O & B & &

Inco rporated. All Rights Reserved.

1436 XLP

o

50-100nA 0e3
perynsatopa

3-5UA €
BCTPOEHHbIM
perynsatopom

CucremMHbIN
reHepatop v UMY
BbIKITHOYEHbI

RAM ocTaeTcsa
3anMTaHHOM

PerynaTtop
nutaeTcs

HekoTopas
nepudepmua moxer
paboTaTtb B Sleep
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ENEEEEEEEEEEEEEEEEEEE

Pexxum Deep Sleep

(1 L1 1 1 P 1 1 1 1 ] [

VDD

Vv

Vv

REG

DDCORE

POSC

HS
INTRC

™\

LP
INTRC

SOSC

T10SC

CPU

DSGPR (2)

—|Post-ScaIer

—— RAM

Flash

O O O & O & B & &

HEEEEENENNENN

Inco rporated. All Rights Reserved.

1436 XLP

<50nA

RAM He
3anuTbiBaeTcH

PerynaTtopbl He
paboTaioT

HekoTopas
nepudepus
paboTtaeT B Deep
Sleep

o DSBOR
o DSWDT
o RTCC

o INTO




DONFERENCE 201 Pexxum Deep Sleep

o [NuTtaHue Appa BbIKA.

o OTO 03HaA4aeT noTepto AaHHbIX B RAM, SFR-0B 1 nporpaMmmHoro
cYeT4yMKa

o [Ba DSGPR peructpa npegoctaBnisdoT BO3MOXHOCTb XpaHeHUsd
OaHHbIX B Deep Sleep

o Bpems npobyxaeHus BKoYaeT BpeMSI Ha yCTaHOBMNEHNE
HanpsKeHUda Ha perynaTtopa (ecnu BKil. BHYTPeHHUN VreQ)
o [lpocbinaHue Bbi3biBaeT Power-On Reset (POR)
o CraHpgapTHbIn Sleep
o Bo0O3MOXHO BbINOJSIHEHME NporpamMmMbl N3 Bxoaa B sleep
o Deep Sleep
o [lpocbinaHne ouymwaeT NPorpaMMHbIN CHETYUK

o MopTbl B/B He meHAOT coCcTOSAAHME

Slide 46
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Active Clocks

Peripheral Clocks
Timerl
Secondary OSC
INTRC

LPRC

ADC RC

Timerl
Secondary OSC
INTRC

LPRC

ADC RC

Active Peripherals

RTCC Timerl
WDT  INTX
BOR ADC
HLVD CVREF
Comparators
UART-RX

; "_ZOIOMICFOChIp Technology Incorporated. All Rights Reserved.

Wakeup
Sources

All
Software wake-up

1436 XLP

moeo no pexumam

Typical
Current

~50% of Run
Current

~25% of Run
Current

50-100 nA base

3-5 uA with
Internal
Regulator

Typical Usage

Applications with high-speed
peripherals requiring low
CPU use

Anytime device is waiting for
an event

Most low-power apps

a7
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,28T4719TDld

LE6TATOTOId

A
(@)
=
(©))
—
T
~
N
~

ZAvrT418TOId

0SHPT418TOId

nanoWa
CpaeHeHue coxpaHeHUs1 3Hepa2uu

TTC9v418T0Id

0SC9174718TOId

0ZM9r471811d

TOCVMY04t2ZOld

C0TVMA9T4YZOld

YOTVOPIrdrZOld

7009979 Cdtv2¢0Old

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 YkasaHbl TUNoBbIe (TYP) 3HaYeHns npu MMHUMaNbHOM V

- ©2010 Microchip Te
ﬁ'\o i e DR
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CONPERENCE 20 dgpgpekmueHOCMb KOMaHO
o CKONbKO KOMaHA HY)XHO ANA BbINOJIHEHUSA
3apgaun?
o Kaxagaa apxuTekTtypa umeeT CBOMU
OCODOEeHHOCTU

o W3yymte oueHkn Nnpon3BoauUTENILHOCTU, HaNnpuvep
EEMBC’s CoreMark ona npnénmsntenbHoOro EEM"—*'
aHanuaa BC

o [lpoBepbTe Ha cumyndartope

o [lpoBepbTe B Xenese

o OTnapoydyHaqa nnarta 16-bit nanoWatt XLP Evaluation
board cnpoeKkTupoBaHa ANnA TaKkoro aHanu3sa

o He cpaBHMBauTe TONbLKO Mo nepBou
cTpaHuue pgaTtawumTa!

UA/MHZz He nokaxxym eam rpasousbie
pe3yrnbmamal!

Incorporated. Al Rights Reserved. 1436 XLP



MASTERSs npumep 3¢ghghekmueHoOoCcmMu cucmembl
CONFERENCE 2010
KoOmMaHOo

o bonbwuHcTBO KOMaHA ansa PIC16 v PIC18 akBuBaneHTHbI, 3a
UCKNIOYeHUeM YMHOXeHuUs

o PIC18 nmeet ogHOUUKNOBBIN 8X8 YMHOXUTESb.
o PIC16 ecTb npouenypbl YMHOXeHUA

o Kak MHOro aHeprum TpebyeTcs Anf BbINOMHEHUA 8X8 YMHOXeHUA?

o PIC16LF727 @1MHz @1.8V @25°C

o SOHA/MHZ #i ncl ude <htc. h>
o Instruction cycle @1MHz = 4us T ) e /A
o 62 instruction cycles = 248pus unsigned int G
o 80MA * 1.8V = 144pW voi d main (voi d)
o  144pW * 248us = 35.7nJ b .
B = 4,
o PIC18LF46J11 @1MHz @2.0V @25°C e

o 275pA/MHz

Instruction cycle @1MHz = 4us
5 instruction cycles = 20us
2.0V * 275uA = 550pW

S50pW * 20us = 11nJ

o 0 0 v

Slide 51
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‘CUCTeMHbIN
CONPERENCE 20 AgpgpekmueHOCMb KomaHd

Benchmark execution time for your application using compiler

and a cycle-accurate simulator with stop watch features

BPICMCU -
B Competitor _

Normalized Execution Time
o = N W 1SN (@) ] (@))

Note: Industry Standard Benchmark Algorithms
Competitor 16-bit MCU family at 16 MIPS - Speed & Size trade off =5
PIC24F family at 16 MIPS using MPLAB® C Compiler for PIC24F with Optimization level O3

Slide 52
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Bbi6bop 6amapeu

o BblOOp TUNa 6aTtapeu nmeeT BaXKHOe 3Ha4YeHUe

~

O

IlnTnesble baTapen
OyeHb HU3KMIN camopa3paa,
Husknn Tok

Bbicokoe BHYTpeHHee conpoTuBrieHue. BbICOKMU UMNYNbCHLIU
TOK BbI3blBaeT NPOCagKy HanpshkKeHUs U yMeHbluaeT BpemMs
padoThbl

HosuHka! Jlntnesblie AA 3anemMeHTh!

~

o MMoaxopoawmn gManasoH HanpsHKeHUM AN MUKPOKOHTPOJIEPHbIX
npUMeHeHun

o Hwn3koe BHyTpeHHee conpoTuBneHne. BbiCOKUM BbIX. TOK
o Hu3knnm camopaspsag
LLleno4Hble anemMeHThbI
o BblcOKas eMKOCTb U BbICOKUM TOK
o YMeHblUueHUe eMKOCTU NPU yBeNnYeHUU ToKa
[MNepe3apsikaemble NiICd, NIMH v T.0.
o Bblcokun camopaspnn

o TpeOyloT YacToro nepesapsifga Aaxe rnpu HU3KOM TOKe
notpebneHun

o O

O

ogy Incorporated. All Rights Reserved. 1436 XLP 1 Slide- 53 G




CONFERENCE 01 Cneu,mbwkau,vm 6aTapeun npu 60 C

o bonbwuMHCTBO 6aTapen cneuncpnumnpyroTcs
no 60°C

o nanoWatt XLP Tenepb Tak Xxe nmeroT
cneuundumkauutro npm 60°

PIC24F16KA102 FAMILY

TABLE 29-8: DC CHARACTERISTICS: POWER-DOWN CURRENT (lrD) A

Standard Operating Conditions: 1 AV to 3.6V junless umermsq stated)
DC CHARACTERISTICS Crperating temperature -40°C = Ta = +85°C for Industrial ___ % ‘fn
X

Parameter
No.
Power-Down Current {IPD): PMD Bits are Set, PMSLFP Bit is ‘0"
DCED 0.200 ~40°C
DCAEDa _ 0.200 _ +25°0

T;.r|:|ni1::alm Max Units Conditions

echnology Incorporated. All Rights Reserved. 1436 XLP Blut"
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CONFERENCE 211 YnpaesneHue eHewWHUMU yensimu

o Bce anemMeHTbI Bcerga nop HanpshkeHuem

o anaBneHMe MNTaHnemM C NoMOoWbHO MHANBUAYAJIbHbIX PeXNMOB

3HeprocbepexeHus
3.3V

S2 (11 F{\ ]
£
Inig=

S3 ]
gMhz |
@

O

32kHz ]

BTG 201'6 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP
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CONFERENGE 20 YnpaeneHue eéHewHUMU uensmu

o PIC® MCU moryT nutaTb BHeLWHUe MUKpOCcXeMbl OT nopTta B/B

o FET-blI MOryT ncnonb3oBaTtbCcs ANA 3aNUTKU MOLLHbIX

notpedouteneun
3.3V

: |

S2 [ Vl\ (1 [1] Vi\ (111
=] [_cPO
Indg®
" s3

[

8Mhz _;I[Il—[

32kHz ]

; '*_ZOIOMlcrochlp Technology Incorporated. All Rights Reserved. 1436 XLP



CONFERENGE 211 yMeHbweHue nompebreHusi

FIGURE 26-1: PIC24F04KA201 FAMILY VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

3.60V
3.30vV -
3.00V ~
250V -r

1.80V

Voltage (VDD)

Frequency

YMeHbLleHne HanpsXkeHUus BAIMSIeT Ha aKTUBHOE U cTaTu4vyeckoe
norpebneHune

Ucnonb3ynte MMHUManbHoe HanpshkeHue

Nonpobynte ymeHbWNTL V ; HaXoasaChb B Sleep

echnology Incorporated. All Rights Reserved. 1436 XLP
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PIC18FXXJ11 Devices (Regulator Enable 1)
33

PIC18LFXXJ11 Devices (no Regulator)

258V

- ©2010 Microchip Te
ﬁ'\o i e DR

[ PIC18FXXJ11

Vob

VoocorelVoar

Vas

PIC18LFXXJ11

Voo

Voocore/Ncar

Vss

[ PIC1BLEXXJ11

Vob

VoocorelVoar

Vss

echnology Incorporated. All Rights Reserved.

UCTEMHbLIN
Acmoy4yHUK numaHus

HekoTopble nanoWatt XLP
KOHTpoONNepbl BbINOMHEHbI NO
HU3KOBONbLTHOMY NpoLeccy.

o fopo Tpebyet 2.5V nnn 1.8V

o nogcoeguHeHune 3.3V obBA3KkM TpebyeT
(LDO)

o HekoTopble F koHTponnepbl umeroT LDO
o LF oObbI4HO HeT

Bbioop:
o Wcnonb3ynte F KoHTponnepsbl ¢ BHYTp. LDO

o Wcnonbsynte 2.5V (mnn 1.8V) nepudpeputio
N NCTOYHUK MUTaHUS

icnonb3ynte HeCKONbKO UCTOYHUKOB

O

1436 XLP ' Slide - 58
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o [MpaBunbHbIN BbIOO

c MCP1702
ouT
= 1 uF Ceramic

0 Microchip Technology Incorporated. All Rights Reserved.

ynpaeseHue V y.ore

perynstopa MoXeT CHU3UTb
cTaTUyeckoe noTpedrieHne

o PIC18F46J11 Tok notpebnenma LDO ~3pA
o MCP1702 - BHewHun LDO, Tok meHee ~2UA

o [Ona manonoTpeonsawwmx npuMmeHeHMn BHewHUn LDO moxeT
ObITb Ny4YLWIUM BbIOOPOM

Battery

Cin
1 uF Ceramic

1436 XLP

MCP1702 Linear Regulator Specifications:
§2.0 pA typical quiescent current

§2.7V-13.2V input voltage

§Low Dropout Voltage: 650mV (typ) @250mA
80.2%/V Line regulation 0.2%/V

§Short Circuit & Thermal Shutdown protection

Slide- 59



CONFERENGE 211 MuHUMU3upoeames docmyn Kk RAM

~

o YteHne RAM TpebyeT OonbLUe MOLWHOCTUN YEeM YTeHne
FLASH

St andard_Rout i ne: /|l conpiles to 3 instructions

whil e(! _TLIF) i ++:

o Takmm cnocob6om mbl yntaem T11 F (donar

npepbiBaHMA Timerl) u 3anucbiBaeMm | BCe BpeMs B
LUKne.

o Ha 32MHz:
o Bpemsa unkna 187Hcek
o CpegHun Tok noTpebneHus B unkne 19.1mA

o TyT Mbl YnTaem 1 3anucbiBaeM RAM gBaxgbl Kaxable 187Hc
o HaMm genctBuUtenbHO HYXXHO Takasa CKOPOCTb peaKkummn?

AP e hnology Incorporated. All Rights Reserved. 1436 XLP
|FARE A G AR ¢
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CONFERENGE 211 MuHUMU3upoeames docmyn Kk RAM

Low Power Routi ne: /] conpiles to 8 instructions
while(! _T1IF){
| ++;

Nop() ;

Nop() ;
Nop() ;
Nop() ;
Nop() ; }

o Ha 32MI'y Bpemsa yukna 500HC
o YTeHue n 3anucb pam gsaxabl kaxable 500HC

o YMeHbWwunu notpedbneHne Ha 2.5MA

o YMeHbWUNu notpebneHue ~13% nytem gob6aBneHus
naTn NOP-oB!

0 Microchip Technology Incorporated. Al Rights Reserved. 1436 XLP




CUCTEMHbIN T
CONFERENGE 11 pekomeHOAayuu rno nopmam B/B

o Wcnonb3ynte BCTpOEeHHbIe pull-ups ans
KHOMOK

o BcTpoeHHble pe3ancTtopbl MOTyT ObITb BbIKITHOYEHbI
nocne geTekTMpoBaHUs

o Wcnonb3ynte BbICOKOSIPKME CBeTOAMOADI

o TpedbylT MeHbLLE TOKa AN TOU e APKOCTU
o 25mA — cBeTtoauoabl BUAHbI npu Toke 100MKA

o Wcnonb3yute UM BMecTO npamMoro ynpasneHus

‘echnology Incorporated. All Rights Reserved. 1436 XLP



o CUCTEMHbIN ¢
CONFERENCE 01 pekoMmeHdayuu no nopmam B/B

o Wcnonb3ynte NoATAXKY C BbICOKUM
COMpoOTUBIIEHUEM

o Wcnonb3yuTte KOHAEHCcaTopPbl C Mariou

yTe4yKkoun

o TaHTanosble MeT BOSbLLYIO YTEUKY
o MoxeT ObITb 60onble YyeM 1MKA @10MKP

o Kepamunyeckne MMeroT HaMMEHbLLYIO YTEeYKY
o ~20HO® @10MKD

o Pa3yMHO cTaBbTe ONMOKMPOBOYHbLIE KOHA.
(\) KG)K,EI,bIVI ,EI,O6aBJ'IF|eT TOK yTeL'lKM Equivalent capacitor model

o KopoTkue npoBOOHUKMU

o KopoTkne npoBOAHUKN — MEHbLLIE
COMNpOTMBNEHNE

| Incorporated. All Rights Reserved. 1436 XLP




CONFERENGE 12 uszbezalime sucswux exodoe' N

Typical Case Worst Case

1 BUcAWMKN BXoA 35 A 0.5 mA
2 BUCSILLUM BXOA 65 HA 1 mA
10 BucsiLuMn BXxon 305 uA 5 mA

o Bucawmun KMOI1 Bxoa
o bonTaetca Bokpyr Vp/2
o BbICOKMU TOK yTeuku
o AHTEeHHa — HaBOAKM OT BHELLUHUX CUrHamnoB

o W3berante BUcCAWMX BXOOOB
o YcTaHoBuTte HEUCNoJibdyemMbl€ BblBObl HA BbIXO[,
o YctaHoBute B O

Slide 64
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CONFERENCE 211 YmeHbweHue epeMeHU npochbinaHusi

o KBapu:
o 1024 umkna 3aTpavmBaeTcs Ha cTabunmaaymio 4acToThl

o Heobxoanmo 4TOOLI reHepaTop cTapToBas U Bbillesn Ha
CTAaOUNbHbLIN PEXUM

o O4YeHb ea)KHO Os1s1 HA0eXXHO20 3arlycKa 80 8cex memriepamypHbIX
pexumax

o 32mMmc @32klMu, 64Mkec @ 8MIy

o MoxeT ObITb CyLWeCTBEHHO OonbLle — MPU HEKOTOPbIX YCNOBUAX
no lc

o BHyTpeHHun RC (INTRC) reHepaTop:
o O6blvHO MK cTapTyeT 3a 1Mkc-5MKC oT INTRC

o J[BYXCKOPOCTHOM CTapT
o [lpocbkinaHne ot INTRC
o Y HekoTtopbix MK reHepaTop INTRC nmeeT TouHoCcTb A0 0.25%
o [llepeknoyeHne Ha KBapL, ecnim Heobxoauma ero TO4YHOCTb

ncorporated. All Rights Reserved. 1436 XLP Slide- 65 ;




e MORXOR
ROMFERENGE 200 YMeHbweHUe akmueHO20 MoOKa

o BbIKNMOYUTL HEHYXXHYIO Nepudepuro
o Bcsa nepndepusa nmeet ynpasnsatowme 6utel unu PMD 6uTtbl ans
BbIKNOYEHUS
o OnTuMusauus Koga

o  OKCNEPUMEHTUPYNTE C KOMOUHALMEN CKOPOCTN, pasMepoM Koaa U
HeobxoaumbiM O3Y 1 ncnonbL3ynte onNnTUMM3aTop Koda

o bbICTpOe BbINOMHEHNE KOga C MUHUMM3aumMen goctyna Kk O3Y
YMEHbLUNT NoTpebneHune

(@ OLl,eHI/ITe BpemMA BbINOJIHEHUA Ballero aiaropmrma
o [Ona npumepa:

o 32MHz Ha pa3nun4Hbix PIC MK gacT pasnnyHoe BpeMs BbINONTHEHUA
Koaa

o bonee 90% komaHa PIC® KOHTpONNepoB BbINONMHAKTCA 3a 1 LUKN
o becnnatHbin cumynatop B MPLAB® IDE

ncorporated. All Rights Reserved. 1436 XLP Slide- 66 ;




UNCTEMHbBIU T
CONFERENCE 2007 YMeHbWweHuUe akmueHoO20 mMoKa

o Wcnonb3ayute SPI nepudceputo eBmecrto 1°C™

& MeHbLLe 4yBCTBUTENbHOCTL K MOATArMBAaOLLMM
pe3ncTtopam

o bblCcTpee
o MeHbLWwe AuHamMuyeckoe noTpedneHue
o MeHbLUe BpeMsa Ha oOpaboTKy uHtepdenca

o MHoraa nepudepus, Takasa kak EEPROM, nmeet oba
TMnNa MHTepcbel‘/'lca

H =
SPI Serial EEPRGMS - |

Small Fast, Best Endurance

i '-'w"o fIncorporated. All Rights Reserved. 1436 XLP Slide 67
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Umo MoxHo ynyqduwump?

TEMPERATURE SENSOR
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LED1

R3 47@

o

@W@L

1@uF (Tant)

13.3K

18K RE

Trips when HLVDIN = 1.2V
Want to trip ot V4 == 2.8V

R7

LOW VOLTAGE DETECT

e SCHEMATIC A

Size Fev
A A1
MICROCHIP
Date 4 Sept 2005 Drawn by
Filename Powe118_LAS2_ASCH | Shest of 1
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Solution Ahead
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e Bo3MO)XHbIe peweHuUsi
U Calculate highest possible R

U Use internal pull-ups
U PWM instead of direct drive

U Use software debouncing

PIC24F16KA102 (1 Under drive high intensity LED
MODE ODE INDICATOR N
F— —— ) W 1
st B Tt (EN HLVD or ¥ HL LED
RAOJ 2 27
= crs7ool | 3 26 LED
e
-:L: 5 24 1 V_ TEMP)
6 23 HLVDIN ] —
— 47 22 U Power through
2 Vss | 8 21 = FET for high
=3 % U Increase pull-up [Rez} 9 20 s} (EN_V_HLVD) current loads
IO R value by 10x RAs] 10 19 e
‘ 1 RBA] 11 18
— _ RA4, 12 17
IIEHI 13 16 N Loamisr wies ) T A e ] )
TEMPERATURE SENSO 14 5 w Y Replace tantalum cap with ceramic

ONEMP) U1 I.RBS . K v o
= ol U Configure unused I/O pins as \/ S E
™ i outputs and drive low

c3 s e GND | .
NAC
1
VCC-MCP9700 MCPO7ee i N ) Trips whell HLVDIN = 1.2V »
— fucrszsl U Turn only when required, Want to fip ot ¥+ => 2.8V U Increase R values by 10x
then poll >

U Turn only when required,
then poll

/\ Title &CHE\AAﬂC 5

U Power through FET for high \size \ .
current loads Q

/ &RUCHIP Engineer !
Date] # Sept 2005 ——

SERIAL EEPROM
' Uz o]

[T
[=]

= =

25LC256
sel

Drawn by
Filenfime powet1e_Las2_ B.5cH | Sheet 7 of !

Go | \ ==

U1 Use SPlinstead of I)C™

U Power vial/O pins or FET
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Deep Sleep
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CONFERENCE 200 {Umo makoe Deep Sleep (DS)’?

o BblKnroYvyaeT nutaHue oT:.

o Appo, lNepudepuna, SRAM & perynatop
HaNPSAXXeHns

o HaummeHbLUee HanpsHkeHuUe: 4}
o Ho 13 HA ]f‘?
o RTCC B pexume DS go 500 HA

o MopTbl B/B ocTtaloTcs 3anuTaHbl U-Hé
MEHSAIT cocTosiHMe B Deep Sleep

o Bbloepute nepudepuio Kotopas
oyaeT npoaoskKaTtb padboTatb U MOXeT
npooyantb MK un3 Deep Sleep

‘echnology Incorporated. All Rights Reserved.
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O

O

- ©2010 Microchip Te
ﬁ'\o i e DR

MoxeT coxpaHutb Ao 90% ot Sleep

SRAM BbIKno4YeHa
o Peructpbl He coxpaHsatoT coctoaHme B DS
EcTb cneunanbHble perncTpbl Ans
COXpaHeHUA KOHTeKCTa
o [1Ba perucrtpa xpaHsT gaHHble B DS
o FLASH unn EEPROM MOXHO Ucnonb3oBaTth
ONA XpaHeHUs OaHHbIX
BHyTpeHHUM perynaTtop (LDO) BbiKNtoYeH
o He Bce MK umetot LDO

DS BbiI3bIBaeT Power-On Reset
o KoHTtponnep ctaptyet ¢ 0-ro agpeca

o SFR-bl ycTaHaBnMBalTCA B 3Ha4YeHMeE No
YMOJTYaHUIO

o RCON<DPSLP> 6uTbl ycTaHaBnmMBarTCS
annapartHo

echnology Incorporated. All Rights Reserved. 1436 XLP

GE i 8 YeM omsiu4ue om Sleep’?

Power Consumption

Active
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MASTERSs
CONFERENCE 2010

Low Power Mode
Definition

Wake-Up Sources

Sleep vs. Deep Sleep. CpaeHeHue

SLEEP

Core powered off,
Some peripherals can
operate, RAM retained
RTCC

Watch-Dog Timer
Brown-out Reset
Interrupt Pins
ULPWU

Power-On Reset
Reset Pin (MCLR)
Peripherals

UART (RX)

DEEP SLEEP

Core, Peripherals, SRAM &

Voltage regulator powered

off

DS RTCC

DS Watch-Dog Timer Power

DS Brown-out Reset \ Profile

INTO B

ULPWU :

Power-On Reset q
&

[

I?.L!n

Reset Pin (MCLR)

‘ Deep Sleepi
T

Wake-Up Time

Shorter (~1p-5uS typ)

Longer (same as POR)

v

Operation Time

Pin State
RAM State

Maintained

Maintained

Maintained

Two words maintained

- ©2010 Microchip Te
ﬁ'\o i e DR

echnology Incorporated. All Rights Reserved.
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CONPERENGE 0 Kozoa DS 3cpcpekmueeH’?

Korpa npunoxeHue:

o HeakTUBHO AnuTenbHOEe BpeMS
o bonee lcek

o TpebyltTcsa TOYHbIE BPEMEHHbBIE .....
MUHUManNbHbIM NOoTpebneHnem

o PaboTa npu akcTpemarnbHbIX TeMrnepaTtypax

o HyxHa aktuBHaa B DS nepudpepus (kotopas
MOXeT paboTaTb B DS)

Microchip Technolog /Incorporated. All Rights Reserved. 1436 XLP
2 L i
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MASTERS Ko23a DS acpepexmueen?

B BbiCOKOTEeMnepaTypHbIX
NPUIOXEHUAX:

W 25°C
B 60°C

430nA

N\
<
-
) —
—
-
@
| -
| -
>
O

25nA 20nA

Sleep Deep Sleep

PIC24F16KA102
25°C specifications - Typ |4 @ 1.8V
60°C specifications - Max |,4 @ 1.8V

010 "".' éi’nr?ology Incorporated. All Rights Reserved. 1436 XLP Slide 76




CONFERENCE 200 Umo pabomaem e DS’?

o RTCC

o [lpooomxkaeTt cyntaTtb BpeMS
o RTCC moxeT BblgaBaTb UMMYINbChI HA BbIXO4

o 1/O Pins
o CoxpaHAaT COCTOsIHME

o CneuunanbHble Deep Sleep peructpbl XpaHAT
COCTOSIHUNE.
o DSGPRO — DS General Purpose Register O
o DSGPR1 — DS General Purpose Register 1
o RTCC — Real-Time Clock Calendar

o DSBOR (Deep Sleep Brown-Out Reset)
o MoHuTopuHr V, B DS




MASTER
CONFERENCE 2010

PIC MCU Family

Family
Members

Flash
kB

Pins

Sleep

(nA)

DS
(nA)

WDT
DSWDT

(nA)

TMR1
RTCC

(nA)

PIC24FJ64GB004.

PIC18F46J11 2.0 6 16-64 28-44 54 13 820 850 275
PIC18F46J50 gz | 29 6 16-64 28-44 60 15 780 830 275
PIC24F04KA201 18 2 4 14-20 25 20 400 500 195
PIC24F16KA102 18 4 8-16 20-28 25 20 400 500 195
PIC24FJ64GA104 | 20 4 32-64 28-44 200 20 200 500 250

2.0 4 32-64 28-44 200 20 200 500 250

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

Lllecmb cemeticme — 26 koHmpoJsinepoes — u 6ydyujue
MK

- ©2010 Microchip Te
ﬁ'\o i e DR
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CONFERENCE 207 Break-Even Time MEFATEE ?

o Break-Even Time
o DS BbIkntoYyaeT nutaHme ¢ agpa, SRAM u perynartopa
o [lpwn npockinaHuto no DS:
o PerynaTtop BknrovaeTtcs
o BbinonHsaeTcsa npoueaypa POR
o CTtapTyeT reHepaTop
o BoccTtaHOBrNeHue KOHTeKCTa
o Bpems npocbinaHna (Wake-Up) ctaHoBUTCSA
OOMWUHAHTHbIM

o [Ona KOPOTKMUX NPOMEXYTKOB MPOChINaHNSA CTaHOapTHbIN
sleep mMoxeT ObITb 9 PEKTUBHBIM

Definition
Break-Even Time

Touka, korga Deep Sleep BbirogHee 4yem Sleep

hnology Incorporated. All Rights Reserved. 1436 XLP
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CONFERENGE 12 Cocmaenmouque epeMeHU npo6y)KdeHun

o 3anyck
cTabunusartopa HanpsXKeHus
o 00bl4HO 10MKC
o Tpebyetca ansa MK co BcTpoeHHbIM LDO
o Power-up Time
o 0Obl4YHO 72MC
o 3anycK reHepartopa
o Keapuy ctapTtyeTt 3a MUNNnUCeKyHabl
o PesoHaTtop moxeT ctapTtoBaTbh 3a 100-200MKC

o JBYXCKOPOCTHOM 3anyckK
o bbicTpbin RC reHepaTop ctapTyeT 3a 1-5MKC 4o 3agaHHOM TOYHOCTH
o MoxHo paboTaTb Noka He pasorHasncs Keapu
o [lepekntoyeHne Ha KBapL, ecnu Heobxoanma ero TOYHOCTb

reg Time (us)

Slide- 80
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CONFERENCE 211 Kpumu4eckasi mo4ka
- L
& OHeprus, noTpe6neHHas B pexume Sleep e

-O:

P =& ‘| av;
seep "¢ deesp Sleep :  supply

o JHeprua, notpeodbneHHasa B DS + nHuyumanusauma + POR

N

Po=& "1 & 71 2+§ & Y
DS §DS DS finit init; § POR POR ; supply

o KpuTudeckasa Touka, Korga aHeprus, noTpebnsiemas B pexume
Sleep ctaHOBUTCA TaKkoU Xxe Kak B Deep Sleep

o DBblOepuTe pexum, npm KOTOPOM HauMeHbLLee NoTpeobneHue:

o B HekoTopown Touke mowHocTe DS + POR + INIT 6ygeT mMeHbLUe YeM B
Sleep

o Ecnn npubop gonro cnut - ucnone3ynte DS

o Ecnn npnbop gomkeH yacto npocbkinaTtbcs, Toraa Sleep MOXeT ObIThb
nydwe 4yem Deep Sleep

hnology Incorporated. All Rights Reserved. 1436 XLP Slide-- 81



Deep

CONFERENCE 200 Ko20a ucrnosib3oeampb Deep Sleep’?

‘ PIC18F46J11

2 On-chip LDO ON
3.9uA SLEEP
3.1uA . .
E) Ty eak-cven Use DS when time E:Sh:!'fLEDi%JF]I;l
;4_» petween wake-up e_vent_s DEEP SLEEP
O Is longer than the time it
O takes to wake from DS
=) \ and turn on the LDO
© PIC18LF46J11
g \ NO on-chip LDO
< SLEEP
54nA /
. 13nA
1s 10s 100s 1000s
Time between Wake-up Events

Technolog; :.I..r:lc-orporated. All Rights Reserve

d.
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~

o

TABLE 4-21:

DS coxpaHsaeT nuTaHue 3TUX PerncTpos:

~

o

~

o

~

o

YHpaBnﬂmmMe perucTpbl DS

DSCON

o DS Control Register
DSWERC

o DS Wake-Up Source Registers

o Track source of wake-up from DS
(@]

~

(@]

Register should be polled upon wake-up
DSGPRO & DSGPR1

Pernctpbl obuero HasaHa4eHUsA Ans CoOXpaHeHUsA KOHTEeKCTa,
cTaTtyca unm coctosHusa B DS

16-6uTt gna PIC24

8-ouTt pns PIC18

DEEP SLEEP REGISTER MAP

Flls Hama

Lddr

Bit1s

Bit14

BiIt 13

BiIt12

Blt 11

Bitd

DSCON
DEWERC

0758
orss

DIEN

RELEASE

DEINTO | DSFLT

DSRTCC

DSMCLR

DEPOR

DEGPRI

073c

Desp Sleep Gensral Purpose Register

DEGPR1

arsE

Desp Sleep Gensral Pumpess Register 1

echnolog :.I..r:lc-orporated. All Rights Reserved.

1436 XLP
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CONFERENCE 211 DS Control Register

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

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

<iB> DSEN: Deep Sieep Enable Bit
1 = enters feep 8 cep on PVRSAV #)
C = 2nters Nornel S eep on PYRSAV 20

<14:2> Uni npl enented: Read as ‘'O’

<i> COBOR - Deep Sheop BORUEVent: bii
o the BB vas otV e S g BCR wentvasvdetestedutin iy Do b oy
i EROR e SN er e s Uie anicakis g tioy ey Eidiia it lielf S e bl BIOR il Sl Ko c B

_—
=<0 RELEASE 11O D Slate melease ot
fesilinanialaint s faiom Beeniidisaniic Ty inensicreiint ARl iinedEitak aiaanimriav e g et or i
r=riereane et gl RS s o R e R e Ta e S i eVl ouS e B v S SR g IR Solee Atuh il

to contral theitr states

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

echnology Incorporated. Al Rights Reserved. 1436 XLP




CONFERENGE 20 DSCON<REL EASE>

o Mpun POR (Power-On Reset) unu npocbinaHmm us DS
o /O port TRIS & LAT yctaHaBnnBarTCA MO YMOSTYAHUIO
o OSCCON<SOSCEN> oynwaroTcs

o Bbikn. SOSC (Secondary Oscillator)
o OOpaTute BHUMaHUe ecnu ncnosnb3yerca RTCC

o Anpo coxpaHaet coctosHue TRI'S, LAT & SOSCEN B cocTtoAHUM
[o Bxona B DS
o Core does this by setting DSCON<RELEASE>

o [Nporpamma AonxHa:
o PekoHdurypuposate TRI' S, LAT, & SOSCEN
o  Ounctute DSCON<REL EASE>
o Turns I/O and SOSC control back over to application
o BocctaHoBuTb RAM 1 KOHTEKCT

hnology Incorporated. All Rights Reserved. 1436 XLP Slide 85
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CONFERENGE 200 MCTOYHUKM NPOOYyXaAeHUsA

DSWSRC: Deep Sleep Wake Up Source Register (PIC24F16KA102)

) HS, ) HS, ) HS,
uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0 /W-0 uU-0 uU-0 R/W-0 /W- R/W-0 uU-0 R/W-0
I = = = = = = = DSINTO | OISFLT = - DSWDT [D$RT DSMCLR - DSPORI
15 0
<15: 9> Uni npl enented: Read as ‘0’
<8> DSENIG: I nterrupl on change bit
1l = ipterrupt cn change was asserted during DS
O Tiipteprupt cnochange was not asserted during £8

<7> DSFLT: DS Fault detected bit
1 = a fault occurred during DS and sone DS config settings nay have been corrupted
0 = no fault was detected during DS
<6: 5> Uni npl enented: Read as ‘0’

<> DSvlT: DS warch deg tiner tine oul hit
1 = the I8 VDT i1 med out durina DS

0 = the DS WOT gid net time ot during £S
~ <3>  DSRICC. DS Real Tine O ock Cal endar alarm bit
1 = the DSRTCC triggered an alarmduring DS
0 = the DSRTCC did not trigger an alarmduring DS

<2% DM R MR event b
ek he NEE RS e s an e ang asser teg iauping B
(8 ety e S B I D ST R R LTS o e it SR ) R LIRS fo 1A=t LA 61D BT Fo\ S ST R Ly () AT S L D

<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

g S chnology Incorporated. All Rights Reserved. 1436 XLP . Slide
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CONFERENGE 2 Linkn Deep Sleep

Wake-Up Event

Lo

Enable SOSC for RTCC
Configure TRI S & LAT

-- DS RESET ROUTINE --
Read DSWERC & DSCON<DSBOR>
Restore DSGRPO & DSGPR1
Clear RCON<DPSL P>
Clear DSCON<REL EASE>

-- STANDARD RESET ROUTINE --

Application Code <

Save context registers
Set DSCON<DSEN>

Enter Deep Sleep

Slide 87
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CONFERENCE 211 3acbinaHue e Deep Sleep

R G L L L L LR entering Deep Sleep Mbde Pl C24F16KA102
@ _FDS(DSWDTEN_ON & DSBOREN ON & RTCOSC _SOSC & DSWDTOSC _SOSC & DSWDTPS_DSWDTPSF)
; DSWDT & DSBOR are configured by the configuration bits (_FDS) and are not accessible at run tinme

; enabl e and configure DSWDT in configuration word FDS
; configure DSWDT clock in configuration word FDS

; enabl e DSBOREN in configuration word FDS

@ CALL ENABLE- RTCC ; configure and enabl e the RTCC and cl ock source
CALL SAVE- DSGPRO ; save context into deep sleep GPRO
CALL SAVE- DSGPR1 ; save additional context into deep sleep GPRL
CALL SAVE- EEPROM ; save any context that won't fit into DSGPRs i nto EEPROM or FLASH
BSET DSCON, #DSEN ; setting this bit means that sleep command will invoke Deep Sleep
PWRSAV #0 ; enter within one instruction cycle or the #DSEN bit will be cl eared

@ Pa3pewnTtb n ckoHdurypupoBatb DSWDOT & DSBOREN B 6uTax
KoHduUrypaumm (ecnm Hy>KHO UCMONb30BaTh)

@ Paspewuntb n ckoHdurypupoBatb RTCC (ecnu ncnonb3yeTtcs)

(3) CoxpaHuTk koHTeKcT B DSGPRO & DSGPR1 & EEPROM
@ YcTaHoBUTbL 6uT DSCON<DSEN> 1 BbizBaTb SLEEP mode

~ . ©2010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 88
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CONFERENCE 211 npockbinaHue u3 Deep Sleep

o DS coxpaHsieT cocTosiHMe noptoB B/B un
pernctpoB DS

o BO3MOXHO NpoCHYTbCcA U3 DS no

INTO (Interrupt 0)

DSWDT (Deep Sleep Watchdog Timer)

RTCC Alarm

ULPWU (Ultra Low-Power Wake-Up)

o O U

O

o TakK e MOXHO NPOCHYTbCA U3 DS, HO C
orpaHN4YeHNAMMN.
o Bxop copoca (MCLR)
o CoctossHua nopTtoB B/B copacbiBaeTca: DSCON<REL EASE>
HemMenJNnMeHHO Oo4YullaeTCcA

o CHaTHe nutaHms
o CoctossHua nopTtoB B/B copacbiBaeTcs
o Pernctpbl Deep Sleep He coxpaHAOTCA

Slide 89
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CONFERENGE 20 npockinaHue u3 Deep Sleep

}ooooooo0000000000000000000000000000000C exiting Deep Sl eep Mdde Pl C24F16KA102

| F RCON<DPSLP> = 1 ; are we at the reset vector because of wake-up due to Deep Sl eep?
{
CALL RESTORE- DSGPRO ; retrieve context fromdeep sleep GPRO
CALL RESTORE- DSGPR1 ; retrieve additional context from deep sleep GPR1
CALL RESTORE- EEPROM ; retrieve any context saved in EEPROM
@ CALL RESTORE-1O-PINS ; restore I/O pin configuration
CALL ENABLE- RTCC ; configure and enabl e the RTCC and cl ock source
@ BCLR RCON, #DSLP ; clear the DPSLP status bit
BCLR DSCON, #RELEASE ; clear the RELEASE bit and return control to the hardware
}

(1) BocctaHoBUTL DSGPRX perucTpbl U KOHTEKCT

BoccTtaHoBUTbL cocTosiHMe noptoB B/B,p aspewntb n
kKoHdurypuposatb RTCC (ecnu ncnonb3yeTtcs)

B Ouunctutb 6UTLI DSLP 1 RELEASE v BepHyTbCH B
ynpasBnsoLlyo nporpaMmmy

~ . ©2010 Microchip Technology Incorporated. All Rights Reserved. 1436 XLP ' Slide 90
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CONFERENCE 211 rnpochkbinaHue no DSWDT

o Deep Sleep Watchdog Timer (DSWDT)
o OtgenbHbIK OT cTaHgapTHoro WDT moaynb \)?"“ﬂ

o [ocTynHbI ABa UCTOYHUKA TaKTUpPOBaH =~

o Secondary Oscillator (SOSC)
o MoXeT ncnonb3oBatbcsl Ana TaKTupoBaHus

o INTRC
o Jlydwunin BbIOOp ANA HAOEXHOro NPUNOXeHUNA

o MoxeT npobyanTb Npu oTKase KBapua
o He HYXHbl BHeLLHWEe KOMMNOHEHTbI

o JocTtynHbl LlecTHaguaTb BpeMeHHbIX
UHTepPBanoBs:
2.1ms, 8.3ms, 33ms, 132ms, 528ms
2.1s, 8.5s, 34s, 135s
9 minutes, 36 minutes
2.4 hours, 9.6 hours, 38.5 hours

hnology Incorporated. All Rights Reserved. 1436 XLP



DONFERENCE 201 lpocbinaHue ¢ NnoMouw|bro RTCC Alarm

o RTCC Alarm

~

o HacTpounka dygmnbHMKa OT CeKyHA A0
OHA 1 roga

o MoxeT ncnonb3oBaTbCH TOT XKe
UCTOYHUK, 4YTO U anad DSWDT

o COXpaHEHMe dHeprum. no3BosseT
ncnoJsib3oBaTtb ABa NCTOYHUKA
TaKTUPpOBaHUA

o OnuymoHarnbHO: BbIXOd CEKYHAOHbIX
UMMYNbCOB UM CUrHan oyaunbHUKa
Ha BbiBOg4 RTCC Pin Bo Bpemsa Deep
Sleep

(@ I'Ipep,OCTaBnﬂeT npocCbinaHue nnum

CUrHan 6yaunbHUKa ANA BHELIHNX
YCTPOUCTB

el R w . b
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CONFERENCE 211 npockinaHue ¢ MOMoWw,bro ULPWU

Ultra Low-Power Wake-Up

[lopT Ha BbIXoA
nor.1 -
3apsag C1
BkniovyeHue ULPWU

HMI&NDIC’HNA’ULF‘WU s MNepexon B Deep Slee
RA1AMIC2NARET" """ . P P
RAZIANZWREF-/CWREF
RAANIAREF+C1INE
RAGIAMNA/SS T EEHLY DIN

[

FATOSCTAC LK Paspﬂ.q C1 manbiMm TOKOM

RAE/OSEC2CLKO

RCOMOS0MCKIRPT
RCTTIOSWUOERRFTZ
RCZAMNTTCTPLSRPTS

[lepexon 4yepe3 nopor
500mMB — npocbinaHne MK

Hanpml(eHMe

Bpems
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Extreme Low Power Microcontrollers

PIC® MCU Family 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 —g=| 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
PIC24FJ 64GBOO_4{,-_E:_: 2.0 4 32-64 28-44 200 20 200 500 250

m Cneundmkaumns paet Tunosble (TYP) 3HayeHUss Npyu MUHUManNbLHOM V,

ncorporated. All Rights Reserved.
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PIC18 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

| .©2010 Microchip echnolog_lncorporated All Rights Reserved. 1436 XLP Slide- 96
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conrsrencecs — Solar Energy Harvesting Development Kit

o JHeprus ot COsIHEYHOMU
OGaTapeu

o PaboTaeT kak oT
COJIHEYHOro cBeTa, Tak
N B NOMeELLeHUn

o 3apsap
TOHKOMNMNEHOYHbIX
aKKyMyJsiTOpoB

o CHabxeHue aHeprunemn
B TEMHOTE

o WpeanbHoe pewieHue
ANnA paano-4aTyUKoB,

MOHUTOPUHIa

TeMnepatypbl n

napameTpos. KUEHE O HERCTOYINSTVESTNG DEVElopment Ki
OKpyXatoLien cpeabl, (Fari 4 DI -
ANCTaHUMOHHOrO

ynpaBfieHus n
OXpaHHbIX AAaTYMKOB

: '-'w"o / Incorporated. All Rights Reserved. 1436 XLP Slide 97




cweecean RF Energy Harvesting Development Solution

o [lepepatynk 3BT 915MI'y Ana nepeaayv gaHHbIX U
6ecnpoBOAHOro NMTaHUA OLEHOYHLIX NNaT - 4aTYMKOB

o becnpoBogHoe nuTaHMe Ha paccTodHun o 12 — 15 meTpos

o Z2L1UT OUEeHOYHbIX nnart -
AaTYNKOB C BHELWWHUMU
aHTeHHamMu

© 21T JOYEePHUX_
paguomoayneun ons
cBsA3n Ha 2.4y

o XLP 16-bit
Development Board ¢
MRF24J40MA

o Touyka goctyna angd
Nony4YeHnsa gaHHbIX C
NaTYNKoB

i '-'w"o fIncorporated. All Rights Reserved. 1436 XLP Slide 98



MASTERSs
CONFERENCE 2010

MicrocHIP
Using the Microchip Uliea Low-Power Wakie-Up Module
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x R S .~ www.microchip.com/xIp

@_@ - @ wowwe . microchip. com fxdp

File Edit WView Favorites Tools Help

77 Favorites |ﬂ~ eXtreme Low Power | |

| 3 myMicrochip Login ~ English === CCC
A%\ MicrocHP -

f N
Home Products Design Support Applications BuyiSample Corporate What's New
d New!
@eg eXtreme Low Power ¥LP 16.bit Dev Board available
ks @ <

z i 5 XLP Battery Life Estimator
Overview XLP Technology Featured Products  Training & Support | Getting Started

PIC® MCUs with XLP are Battery Friendly

¥LP Intro
(2m13e)

Lowest power sleep modes with  Longest battery life with Most efficient performance across
flexible wake-up sources robustness & reliability features battery voltage range = 7. Compare PIC24 XLP
b Sleep currents as low as 20 nA + Enable battery lifetime = 20 years » 80% more single cycle instructions : tE' i
v Wake-up sources in every sleep mode » Maximum battery life for alkaline batteries  » Faster execution allows you to b[[‘16 g i
¢ Special low power BOR, WDT, RTC and lithium coin cells sleep longer Behchmarks

» Higher performance across 1.8 — 3V » High performance at low battery voltages {3m0is)

than MSP430

Find XLP Products
PG MG with NLP i sk 8 i wibriiin M40 LPUAD 38 3V PIC" MCU ve. M5P430 Instruction Set Efficlency

! Produ ction Tool
= || | g
- = = Ej [E . Resources
i g I=1 o
. = wi i jal o : : .
[rererreery PR AT i i } H i ;
Lowest Sleep Currents Maximize Battery Life with XLP Instruction Set Efficiency
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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 mergg,- 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,

a Data Signal Modulator and other paripherals that enable designers 1o combine mary Tunctions inte & single MCU. The PIC1GF12XX
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 CIZII'I‘IJ"CIHII'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, $44.95) and a motor control add on. The PICLEFL93T Plug-ln
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 PICIXF1BZX and PICLEF19XX MCUs are available in DFMN, PDIRQFN, S0IC, TOQFR TSS0P end UQFN packapes of verying 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
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All other trademarks mentioned herein are property of their respective
companies.

© 2010, Microchip Technology Incorporated, All Rights Reserved.

hnology Incorporated. All Rights Reserved. 1436 XLP Slide--103




