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8-bit MCU Supplier Ranking

1991 1996 1998 2001 2005 2006-9 2010 2014

No. Rank Rank Rank Rank Rank Rank Rank Rank

1 Motorola Motorola Motorola Motoreola Motoreola Microchip Renesas Microchip

2 Intel NEC NEC Renesas Microchip | Renesas

3  Philips Philips ST-Micro NEC Microchip ST-Micro Atmel NXP

4  Mitsubishi Hitachi Philips icrochip NEC Freescale ST-Micro Atmel

5 NEC Mitsubishi Hitachi ST-Micro 5T-Micro Atmel Samsung S5T-Micro

6 Hitachi Toshiba Mitsubishi | Philips Atmel Freescale Freescale

7  Toshiba Matsushita Microchip Toshiba Toshiba NXP NXP Cypress

8 Siemens SGS-Thomson Toshiba Atmel Philips Cypress Cypress Datang

9 T Intel Siemens Matsushita Fujitsu Sony Panasonic  Si Labs
10 Matsushita — Microchip Tl Sanyo Infineon Fujitsu Fujitsu Samsung
11 National Siemens Fujitsu Samsung Sanyo Panasonic  Datang CEC Huada
12 SGS-Thomson Fujitsu Sanyo Mitsubishi Samsung Toshiba NEC (1Q) Holtek
13 Ricoh T Matsushita Infineon Matsushita Samsung Sony Spansion
14  MHS Sony Atmel Sony Sony Datang Toshiba Tongfang
15 nT Zilog Zileg T Sunplus SiLabs Si Labs SHIC
16  Sharp Sharp Sharp Fujitsu Micronas Holtek JSC Panasonic
17 Fujitsu Temic Sony Sunplus Novatek Infineon Holtek Sony
18  OkKi Sanyo Intel Zilog Intel Elan Infineon SH Fudan
19 Zilog National National Novatek Holtek Winbond Sonix Infineon
20 Sony Oki LG Semi Micronas Winbond Denso Elan Ixys

= Based on dollar shipment volume 1891-2074, Source. Gartner and Microchip
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MASTERs 2015 Function Enabling Building Blocks

Intelligent Analog
Sensor Interfacing & Signal Conditioning

8-bit PIC Microcontrollers

Waveform Control

PWM Drive & Waveform Generation (CILIEDISIE | High Endurance

Compare PWM Flash (Data)
ADC with Complementary
Comparators Complementary Peripheral Module
P \Waveform Generator Disable
Data Signal Peripheral Pin
DAC Select Crystal Free USB

ADC

Timing & Measurements
Signal Measurement with Timing & Counter Control

{

High Speed Numerically eXtreme Low Power CAN
Comparators Controlled Oscillator XLP Technology
. . Operational -Programmable Switch A
Safety & MO n |t0 rl n g Amplifiers Mode Controller Angular Timer (E)JUSART

Hardware Monitoring & Fault Detection

. Charge Time ETHERNET
Ramp Generator 10-bit PWM I MAC

Slope
Compensation

Communications
Wired, Wireless & Encryption

16-bit PWM RTCC 12C

Voltage Cyclical Signal
Reference Redundancy Check B Measurement Timer
Zero Cross

Capacitive Touch Sensing & LCD Control —— — T Keeloq®
— 110 {GOWE Timers Sub-GHz RF

Low Power & System Flexibility

XLP Low Power Technology, Peripheral & \

Interconnects .

LIN

SPI™




T

e Pa3nnyHblie (DyHKLUN
Ll Flexible Peripheral Integration

Functions 8-bit PIC Microcontrollers

Output & Signal Generation CPU Memory

Input & Sensor Interface

(Enhanced) Capture High Endurance

ARl Compare PWM Flash (Data)

| ADC with Complementary IDLE & DOZE

Computation Output Generator

Motor Control | Complementary Peripheral Module
Comparators -

Waveform Generator Disable
Data Signal Peripheral Pin
. . DAC Crystal Free USB
Power Conversion & Charging EEIN e Sslect

High Speed Numerically eXtreme Low Power

CAN

Comparators Controlled Oscillator XLP Technology
S stem & Sa.fet Mana ement Operational Programmable Switch )
Amplifiers Mode Controller Angular Timer (E)USART

: Charge Time ETHERNET
o | |EECCT TR i

Slope
Compensation

System Communications

16-bit PWM RTCC 12C
R

Timing & Counting

Voltage Cyclical Signal

Reference Redundancy Check B Measurement Timer e
| = I_—|ar_dw_are TEMP Indicator SPI™
Detect Limit Timer
Human Interface —_—
High Current . 8/16/20/24-bit Keelog®
Custom Functions LCD mTouch
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PyHKLMOHarbHas

UHTerpauus
Peripherals Enable Functions

F'MbkocTb
» Kactomusaums pyHKLUN
* BHyTpeHHMe coeauHeHUA
» AxanoroBas n LludpoBasa nepudepus
. I'Iep()aHasl-laquMe BbiBoAoB (Peripheral Pin Select
PPS

UHTennekT
* YnpaBnsiemble (pyHKLUN
* Bo3moxHocTb co3gaHna CamoagocTaTouyHOM
3amMkHyTom lNMetnn O6paTtHON CBA3M

* NMepudepusa HesaBucumas ot Agpa (CIP)

¢ MuHumusaumsa notTpedbneHus

* YBenu4yeHue ObICTPOAENCTBUA U OTKIMKA

CUCTEeMblI
* OcBoboxpaeT AApo Ansa Apyrux 3agad

Jlerko ncnonb3oBaTb
» MPLAB Code Configurator (MCC)
» OGneryaet pa3paboTky
e LUnpokun Habop cpeacTB pa3paboTKu
* OTnapgo4Hble nnartbl
* Reference Designs & Code Examples
* [porpammartopbl, OTNag4ymkn, AMynNATopbI

© icrochi ogy Incorporate

8-bit PIC Microcontrollers

CPU Memory
High Endurance
Flash {Data}
L] E .'_,.-
Paripheral
. o Disable Acceleratol
b Sl Perigheral PIn | N crystal Free Ust
Xirame Low Powea
0 Eﬂ i P Techno el
Operational RT
Amplifiers I :
Ntelligent g =
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Compensation Ohitra H‘IL:::“ Flexibllity
Voltage Ci
Reference Redunds S |
Zero Cross HrowWe anitorng 225U reme
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Intelligent Analog
Sensor Interfacing & Signal Conditioning
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Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Intelligent Analog
Sensor Interfacing & Signal Conditioning

ADC — Analog to Digital Converter
General purpose 8-/10-/12-bit ADC
ADC?/ ADCC-Analog to Digital Converter with Computation
General purpose 10-/12-bit ADC with automated analog signal computation (ex. Oversampling, averaging, etc.)
Comp — Comparator
General purpose rail-to-rail comparator
DAC - Digital to Analog Converter
Programmable voltage reference with multiple internal & external connections
HC I/0O — High Current 1/0
Up to 50mA or 100mA current drive on select I/O pins
HSComp — High Speed Comparator
General purpose rail-to-rail comparator with <50ns response time
OPA — Operational Amplifier
General purpose OPAMP for internal and external signal source conditioning
PRG — Programmable Ramp Generator
Analog ramp generator (with slope compensation) for Current/Voltage Mode power supplies
SlopeComp — Slope Compensation
Slope compensation for Peak Current Mode power supplies
VREF - Voltage Reference
Stable fixed voltage reference for use with integrated analog peripherals
ZCD — Zero Cross Detect
AC high voltage zero crossing detection for simplifying TRIAC Control, Synchronized Switching Control, & Timing


http://www.microchip.com/CIP

Mu:?n;:l-np MOH, Aun, KOMnapaTOp

NS TR General Purpose Reference & Analog Integration
Fixed Voltage Reference (FVR) JocTouHCTBa
a WOH gna nepudepun aq Bblicokasi MHTerpauusa ansa

g 1.024V/2.048V/4.096V: He 3aBucuT ot Vdd
q BHyTpeHHMe coeauMHeHMA U/unu Ha BbIBOA
ALN (ADC)

q 8-bit, 10-bit n 12-bit

q BHelwHue nnn BHyTpeHHME NOAKNIOYEHUS

q bbicTpoaencTeue go 100ksps

a HacrtpaunBaemble Tpurrepbl 3anycka

Komnapatop (Comp)

0 0 0 0

g Rail-to-Rail Bxoabl u Bbixoabl q

q DBHewHAs unu BHYTpeHHAA onopa

q Bbixog goctyneH Ha I/O nunn BHyTpeHHUe q
coeanHeHus q

q Bce BbiBOAbLI AOCTYMNHbLI CHapPYXuU q

BbICOKOCKOpOCTHOVI KoMnapaTtop q

(HSComp) SR

q YnpaBrieHue rmctepesucom

Ref
a CkopocTtb <50HC eference ‘
T Vout

Input
----O>3x ADC vuﬁbb

© 2015 Microchip Technology Incorporated. All Rights Reseﬁii — “'.LQOQﬁNEW
- blhi d ST ALY

o6paboTKku curHanoB U obpaTtHas
CBfi3b

YMeHbLleHune ctoumocTu N33
YmeHbLieHue nnowaanu MMM
He 3aBucuT ot agpa

Pa6ora B SLEEP

NMpumepbl npuMmeHeHUsA

UMnynbCcHbIe UICTOYHUKU NMUTAHUA
(SMPS) B pexxuMme ¢ NUKOBOro TOKa
(Peak Current Mode, PCM)

OcBelyeHue

YnpaBneHue gBuratenem
MU3mepeHue TokoB
OG6paboTtka curHanos

[ V,
Comp : zri’
° V.




e ALl c BbILIM;J;TeneM (ADC?)

MASTERS 2055 10-/12-bit ADC with Automated Analog Signal Analysis
AU c Bbluucnutenem IJocTonHCTBA
aq 10-/12-bit ALUIN obGwero npuMmeHeHUs ¢ NOCTOOpPaboTkKOM g YCKOpeHue onepauuu, KoTopble
AaHHbIX OObLIYHO AenakTcA NPorpaMmMHoO
a ABTOomMaTU3auMA MaTeMaTU4YeCKoUu ob6paboTku a YBenuyeHue ObiCTpOAENCTBUA U
pe3ynbraTta yMeHblUueHMne pa3mepa Koaa
a YcpegoHeHune aq bbicTpas o6paboTka eMKOCTHbIX
a Uudpoasa dunsrpauus KHOMOK
q CpaBHeHMWe c NOporom a YMeHblueHUue noTpebneHus
a MepeaunckpeTtusaums a He 3aBucur ot Aagpa
a Bbluncnenus pa6oratotr B Sleep a Paboraer B SLEEP

NMpumepbl npuMmeHeHUsA
a [Hatyuku
a dunbrpauus, obpaboTka cMrHanos

ADC with : Calculation via
. Computation Computation

| . Rolative T

i Calculation via
>

A Software

Example: Traditional ADC versus ADC with MATHPAK

i L L (N LAY
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MASTERs 2015
IBa He3aBucnmbIX AL onga ObICTPbIX OAHOBPEMEHHbIX

npeobpasoBaHUMn
Dual Analog-to-Digital Converters (ADC)

a OpHoBpemeHHOe namepeHue 2x kaHanoB 10-bit
a CkopocTb no kaxgomy kaHany 100ksps
aq ['mbkoe koHcUrypuposaHue sxogos ALl
q BblaeneHHble n oOwmne
q Pab6ora B sleep
INPUt @ ADC 1 ‘ L][l}
[locTonHCcTBA "
q bbicTpble namepeHus
a OpHoBpeMeHHble Npeobpa3oBaHUA 2-X KaHanNoB ®
aq bblicTpasa n kayecTBeHHas peanusauua eMKOCTHbIX Shared Input
KHonok mTouch, ymeHblleHue o6bema kopa u ®
pecypcoB sgpa
aq HesaBucumas ot agpa pabora
q Pab6ora B SLEEP

Input @=———'—=>p  ADC 2 ‘ Ll[l}

NMpumepbl npumMeHeHUs

q PasnunyHble ycTpoucTBa C U3MEPEeHUAMMU
g mTouch eMKOCTHbIe KHONKK & cnanaepbl
a MoOHUTOPUMHI HanpsXXeHMA NUTaHusA

© 2615 Miochp Technlogy ncoporsie: A R oot O SR | i A .+
bkl ahuuhbll s
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MASTERSs 2015 Dual Modes with Increased Resolution Near Ground

5-bit Digital to Analog Converter (DAC)

q Pe3unctuBHbIN penuTtenb \\
g Mode 1: MonHbIit gMana3oH VDD &——
g 32 waraortVdd go Vss
a Mode 2: OrpaHWYeHHbIN Anana3oH VREF+ Xl—f,,f—|
a 32 wara okono GND | REDE \\
q BHyTpeHHAA Mnu BHewWwHAsA onopa ——
aq Bbixoa LAl Ha BbiBog MK unu BHyTpeHHee R(xx)=z
ncnonb3oBaHue —
IlocToMHCTBA . !
a Bbicokas ToyHOCTb okono GND (£ R(31):_55 o | Internal &
a Bbicokas uHTerpaums ansa o6paboTkn CUrHanoB u g{ — < External
obpaTHas cBA3b Z

q YMeHbwweHue crommocTtu N3 n ymeHbLIEeHUe
pa3mepos I

a HesaBucumas ot agpa nepudepus
q Pab6bortaB SLEEP

NMpumepbl npuMmeHeHUsA y

q Peak Current Mode (PCM) Switch Mode Power
Supplies (SMPS)

a CsetoauogHble 6annacTbl U gpanBepa
a Onopa ana namepeHun
a Onopa ana komnapartopa Toka

R(xx) :';: (@) @Eﬂ o I

Limited Range

© 2015 Microchip Technology Incorporated. All Riﬁhﬁ ﬁimw
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MASTERS 2015 Full Range High Resolution Voltage Reference

8-/9-/10-bit LLAM(DAC)

aq Pe3uctuBHbIN genuTenb \\
q 8-bit LAM: 256 3HauYeHMit vbD ¢
a 9-bit HAM: 512 3Ha4yeHun FVR &——
g 10-bit UAM: 1024 3Ha4yeHumn VREF+ |Z|—,f’—|
q BHyTpeHHAA Mnu BHewWwHAsA onopa RMAXE \\
aq Bbixoa LAl Ha BbiBog MK unu BHyTpeHHee "{_
ucnonb3oBaHue R(XX) =
JJocTouHCcTBa i i;
q Bbicokasi TOUHOCTb 2
q Egg:a?rl:laa;; vg;;esrlfauuﬂ ansa o6paboTkn curHanoB u s R(XX):_-; O Internal &
q YMeHbwweHune croumoctu NI n ymeHbLLIEeHNE pa3mepoB S R(XX) == <QE Extermal
nn 2 - Quiipuiis
a HesaBucumas ot agpa nepudcepusn S !
a Pa6oraB SLEEP R =
NMpumepbl npuMeHeHUsA | RO J
q Peak Current Mode (PCM) Switch Mode Power Supplies f/f
(SMPS) VSS &—— P
a CsetoauogHble 6annacTbl U gpanBepa
a Onopa ana namepeHun
a Onopa ansa komnapartopa Toka veer- [X] 4
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MASTERSs 2015 Integrated Signal Conditioning
Operational Amplifier (OpAmp) HJocTonHcTBa

g Bxop v Bbixog Rail to Rail a Bbicokas uHTerpauus ansa oo6paboTku
a 2 MHz Gain Bandwidth Product (GBWP) curHanos u cuctem ¢ OC
g PasnunyHblie BXxogHble NCTOYHUKN a KoHdwmrypupoBaHue «Ha nety»

q BHewHue BbiBOADI g YMeHbLUeHue oOLen CTOMMOCTH

a Fixed Voltage Reference (FVR) a MeHbwe nnowaae M

a LA (DAC) q Hes3aBucumas ot sgpa nepudepusn
q B03MOXHOCTb BbICOKOOMHOIO BbIXxoAa * a PaboraB SLEEP
q Pexum eanHu4yHoro ycuneHumaA * anIMepr anMEHEHVIFl

q Bce BbiBoAbl AOoCTYNHbI Ha nopTbl MK a Peak Current Mode (PCM) Switch

Mode Power Supplies (SMPS)
OcBelyeHue

YnpaBneHue gBuratensimu
MU3mepeHue TokoB

OGpaboTtka curHanos

0 0 0 0

BN

FVR &—— — VY

AC Internal &
/'“ OpAmp > External

* Reference specific product datasheet for availability

il LK TiA
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MASTERs 2015 Integrated Signal Conditioning Examples

PIC Microcontroller

- DAC v,

OpAmp
V. -

Mpumep: NoBTOpUTENL HaNpPAXeHUNA
a UAI c BbIxoaHbIM bydepom
q Ycunurtenb B pexnme eauHN4YHOro ycuneHuns anda ymowHeHuns BbiXoaa

PIC Microcontroller

FVR Vs Vout
OpAmp "|X|_—
. V.
R1 =

VVNY T
Mpumep: UHBepTUPYOREIMN YCUNUTESD
aq CoBmectHO ¢ MUOH co3paeT MHBepTUPYIOLWUNA YCUNUTEsb
g WOH cVdd/2, ycuneHue 3apnaetcs cooTHoweHnemM ‘R2/R1’

el Lk !




Ml:‘lgn;\:mp Operational Amplifier

MASTERs 2015 Integrated Signal Conditioning Examples

PIC Microcontroller

VAN R
AR - y_____,_.-mﬂ T nannnm

NMpumep:. KomnapaTtop ¢ HacTpanBaeMbIM MOPOrom
a CosBmectHO ¢ MOH co3paeT HacTpanBaemoe OKHO npeobpasoBaHuUA
a [peobpasoBaHne aHanoroBoro curHana B uucpposoun
a MoxHo ucnonb3oBaTb Kak aHanoroBbIn aekoaep

PIC Microcontroller
Vpp ~77TTTTTTTTomTT e Vpp ~7TTTTTTTTTT oo
R2
VZANN Vv, Vi
R1 out
Voul2 - ’ V. FVR opame DX
ivAY i
R1 =
Vss ---------------------- VSS ----------------------

VV N
Npumep: OQuddepeHunarsHbIN YCUNUTESb
g CoBmectHO ¢ MOH co3paeT ycunutenb pa3HOCTHOro curHana ‘Vout = V1 — V2’
g WOH ycTtaHoBneH Ha Vdd/2, ycuneHue 3apaetca oTHoweHuem ‘R2/R1’




eSenr Slope Compensation

NS TR Stable Power Output for Current Mode SMPS
Slope Compensation (SC) JocTouHCTBa
q [MNunooGpasHaa komneHcauns B AMNynNbCHbIX a YBenuyeHue 3pPeKTUBHOCTU U
UcTtouHukax MNMutaHnsa ¢ ynpaBneHnem no rnuky Toka MUHUMU3aLMA CyOrapMoHU4ecKkomn
q [porpammupyemMbin HaKNoOH U YacToTa reHepaTopa reHepauuun

YMeHbLleHue CcTOMMOCTU
YnpouweHue ausanHa UAM

MNMpepoTBpalwaeT HeCTabMNLHOCTL ANMUTENLHOCTU
MMnynbca npu ckBaxxHocTu > 50%

q MHoOXecTBeHHble BHYTPeHHUe coeanHeHus Ans He3aBucumas ot sigpa nepudepus
3aMblKaHUs NeTnn obpaTHOM CBA3U

Pa6ota B SLEEP
a WHTennekTyansHoe ynpaBneHve WHTErpMPOBaHHOM
netnu OGpaTHOI CBA3M NMpumepbl npuMmeHeHUsA

q Peak Current Mode (PCM) Switch
Mode Power Supplies (SMPS)
PIC Microcontroller LED Drivers

- N

=) FET Drive

o)

0 0 0 0

Stable
Powgrcshiljpply ©@ﬁl@@]ﬁ ;
Instantaneous P@W@W

Current

¥
Average

\ Current/Voltage ‘/)

—P[ Compensation ]—

© 2015 Microchip Technology Incorporated. All Ri W




e Programmable Ramp Generator

MASTERS 2025 Analog Ramp Generator with Slope Compensation

Programmable Ramp Generator (PRG) JocTomHCcTBa

a AHanorosbin chopMmupoBaTtesib NUIOo06pa3Horo aq ['vbkocTb An3anHa UAIM
l(-lanpm;(el-m;l ana UIMmnynbcHbIX UcTouyHukoB MNutaHua q YMeHblueHne CTOMMOCTH
SMPS

. a He 3aBucur ot agpa
a Co3paeTt He3aBUCUMbIU CUTHaN KoppeKuum ¢

perynupyembiM HapacTaHueMm n/unu cnaga a Paboras SLEEP
a ['mbkocTb BHYTPUKOHTPOSMNEPHbLIX COeaNHEHUN Mpumepbl npyuMeHeHuUs

g WCcTOYHUKM nuTaHus
g CsetoamogHoe ocBeLleHMne

q PopmupoBaHue TpeyronbLHOro
curHana gnsa aHanorosoro LLINMM-
reHepartopa ¢ BbipaBHUBaHUEM No

Y LIeHTPY
100mA‘ FET Drive 2
Sttalle
Powgrcsl\ﬂpply ©ﬂﬂﬁ[@wﬁ
Peower

Current

PIC® Microcontroller

Average
Current/Voltage

.

—P[ Compensation ]—

© 2015 Microchi ogy Incorporated. i
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Zero Cross Detect (ZCD)

a OnpepensieT nepexon yepe3 Honb BXxogHoro

HanpsXXeHUs
a Ha BbiBoge nopaepxuBaeTcs NOCTOSAHHOE
HanpskeHue

a He TpebyeTcs BHEWHUX 3aWUTHBLIX 3/IEMEHTOB

a OnpepensieT NONOXuUTesribHbIA UNN OTpULIATESIbHbIN
curHan (go pesuctopa)

dopmupyeT npepbiBaHue npu nepecevyeHmnn Hyns
YctaHaBnuBaeTt chnar

a MoxHo ucnonb3oBaTb Ans onpeneneHnsa 4acToThbl
CeTeBOro HanpsHkeHus

a Bsa%pyroﬁ nepucepuen

0 0

OS5
< a [p<
> c =
Qo <A
N :
Y @
o =
I
- S

AC Input Zero
Crossing

0 0 0 0 0 Q0

Zero Cros"s Detect

High Voltage AC Zero Crossing Detection

IJocTonHCTBA
TupucTopHoe ynpaBrneHue
CuHXpoHM3auua ynpaBneHus pere
YMeHblLUeHne CTOMMOCTH
YMeHbLwweHune pasmepa MMM
He3aBucumas ot sigpa nepudepus
Pabota B SLEEP

NMpumepbl npuMmeHeHUA

q
q
q

CeTeBble NCTOYHUKU NUTAHUSA
Timing Control
BbiTOBaa TexHukKa

a YnpaBneHue TUpUCTOpPamMu
TupucTopHble guMMepbI

ZCD

Kbl vl ML AR R TR W —————e A . v
i L b ik (1L RN
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Waveform Generation
PWM Drive & Waveform Generation

001 NEW
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MASTERs 2015

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Waveform Generation

PWM Drive & Waveform Generation

CCP / ECCP - (Enhanced) Capture Compare PWM
1. CCP/ECCP: 10-bit PWM control with 16-bit capture & compare
2. ECCP: Addition of auto shut-down control

COG - Complementary Output Generator

Automated complementary output with control of key parameters such as: programmable rising/falling edge events, polarity, phase,
precision dead-band, blanking, & auto shut-down

CWG — Complementary Waveform Generator
Automated complementary output with control of key parameters such as: dead-band and auto shut-down
DSM — Data Signal Modulator
1. Modulate a carrier signal with digital data to create custom carrier synchronized output waveforms
2. LED Dimming Engine Functionality via interconnection with 10-/16-bit PWM, DSM, & OpAmp
NCO — Numerically Controlled Oscillator & 16-/20-bit Timer/Counter
1. Precision linear frequency generator (@ 50% duty cycle) with 0.0001% step size of source input clock frequency
2. General purpose 16-/20-bit timer/counter
PSMC — Programmable Switch Mode Controller & 16b Timer/Count
1. 16-bit PWM with dedicated 64 MHz clock source and event triggering

2. Automated complementar%output with control of key parameters such as: programmable rising/falling edge events, polarity, phase,
precision dead-band, blanking, & auto shut-down

3. General purpose 16-bit timer/counter
PWM — Pulse Width Modulation
General purpose 10-bit PWM control
16b PWM — Stand-alone 16-bit PWM & 16-bit Timer/Counter
1. High resolution 16-bit PWM with edge and center aligned modes
2. General purpose 16-bit timer/counter


http://www.microchip.com/CIP

MICROCHIP Enhanced / Capture Compare PWM
MASTERs 2015 PWM with Data Comparison Capabilities
Capture Compare PWM (CCP) JocTouHCTBa
g 10-p LUKM c 16-p 3axBaTtom / CpaBHEHUEM aq YnpoueHue apauBepa
aq 8-bit unun 16-bit Tanmepa a Hes3aBucumas ot agpa nepudepusn
q bbicTpasa peakuusa n
Enhanced Capture Compare PWM (ECCP) aBTOBbIKITIO4eHNe
a JononHuTenbHoe ynpasBneHue a 3axsat B Sleep
a (3) BbiIbupaemMble cobbITUA aBTOBbLIKNIOYEHUA MpumMepbl NpUMeHeHus

aq o (4) ynpaBnsemMbix Bbixoaa
a KomnnemeHTapHble BbixoAabl
a YnpaBneHue MepTBbIM BpeMeHeM

a YnpasrneHue npuBogamu
g WcTOoYHMKM nuTtaHun

g OcBeweHue

q WmnynbcHoe ynpaBneHue

CCP

Capture ;
L A 10-bit
8/16-bit Timer - PWM
Compare

ECCP

- P 10-bit Output
8/16-bit Timer b1 4 PWM - Controller
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M MporpamMmmMnpyemMbii UMNYNbCHbIN
MicrocHIP
MASTERs 2015 Ko HTp onne p

ynpaBnsembin 16-bit LULKM co cBonm TakTupoBaHuem

NMporpammupyemMmbin UMNYIbCHbLIU KOHTponnep [ocTouHcTBa

q Mo (6) 16-bit UMM BbIxogos g Bbicokasa yacTtoTta

q Ynpaengemble KOMMNNEMeEHTapHble Napbl BbIXOA0B YnpoLiaeTt Tononoruto
q ABTOBbIKIlOMEHNE & pecTapT BbicTpas peakumns n aBTOBbIKIIOYEHNE
q YnpasreHue rnonapHoOCTb YMEHbLUEHUS LWyMa OT NepeKsioyeHnsd
q YnpaeneHue mepTebiM BpemeHem @ @ HesaBucumag ot agpa nepudpepus
a YnpasneHue dasomn Pabota B SLEEP
a _BnaHkvpoBaHye Bxoaa (4] MpUMepbI NPUMEHeHNS

CBOM UCTOYHUK TakTUpoBaHma 64MI L,

a Bbixog (cppoHT/cnap) ynpasnsieTcst cobbiTusMK (BHELWHUE 1 3-(pasHbie NpuBoaa

0 0 0 0 0

o)

BHYTPEHHME COObITUS) N (SMPS)
a Pa3snuuHble pexmmbl BbIXOO0B a CBeToTexHuka
q BHyTpeHHMe/BHeLIHNE CTOYHMKN a VImnynbcHble perynaTopsl
q Pabotaet kak 16-bit Tanmep/c4eTUmK 00LLLErO NPUMEHEHNS

PSMC

8/16-bit 16-bit Output
Timer source : S ~ Controlle

Bujue|g

r

Aeja@g aseyd




weee  16-bit Pulse Width Modulation

Ll High Resolution with Independent Time Base

16-bit Pulse Width Modulation (PWM) JocTomHCcTBa
a YnpaBrneHue nepuoaom, pa3on, CKBaXKHOCTbIO U q YmeHbleHue EMI (Center Aligned)
CcABUIrom a ['mbkoe ynpaBneHue
a Pexumsbl ) aq [pepbiBaHus u Tpurrepsbl
a CraHpapTHbIN g TouHoe ynpaBneHue LLUNM
aq LUeHTpupoBaHHbLIU a MeHbuwe war
q YnpasrneHue ycTaHOBKOW/NMepeKstoyYeHnem no g [naBHble N3MeHeHUs

cpabaTbiBaHuto TatMepa a HesaBucumas ot agpa nepudepus

a PasnuyHble NCTOYHUKN TaKTUPOBaHUSA
qg PaspenbHas 16-bit BpemeHHas 6a3a NMpumepbl npuMmeHeHUA

a 4 pexuma cpaBHeHuUs a YnpaBneHue nNpuBoaoMm

a MoxeT paboTaTb Kak 0O6bI4YHbIM TauMep/CHEeTUYUK a Switch Mode Power Supplies
q B nape c DSM cospgaeTt moaynb aummupoBaHusa LED (SMPS)

a WHTennekTtyanbHoe ocBelleHue

q YnpaBneHue UBeTOM &
nnaBHoe AUMMUpPOBaHUEe

16-bit PWM

Clock Source = R G i 11—L—I

(1/2/4/8/16/ W ﬁ er

32/64/128)

Compare

U Interrupts Center Aligned

© 2015 Microchip Technology Incorporated. i
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MicRocHIS Data Signal Modulator

MASTERSs 2015 Custom Signal Modulation

Data Signal Modulator (DSM) JocTouHCTBa

a Mopaynauua Hecyweu (2) uncppoBbIMM AAHHbLIMU g YMeHbLlUeHue Koga

g Co3paeTt HacTpauBaeMbi CUHXPOHU3UPOBaAHHbLIU a Hes3aBucumas ot agpa nepudepusn

curHan q Pa6oraB SLEEP

a YnpaBneHue BHYTPEHHUMU U BHELWHUMMU CUTHaNamm n

a YnpaBneHue NonspHOCTbLIO BbiXoaa P“MePb' an_IMeH_eHVIFl
g Amplitude Shift Keying (ASK)
q Frequency Shift Keying (FSK)
q Phase Shift Keying (PSK)
a ®opmupoBaHue IrDA noToka
g CsetogamogHoe ocBelleHMne
aq Switch Mode Power Supplies

(SMPS)

DSM

Digital Carrier
(high)

Modulated Out . | | | | ||
Digital Data I L 1J L

Digital Carrier
(low)




e ®yHKLUOHaNbHbIe BO3MOXXHOCTMH

MASTERs 2015
NMpeunsnoHHoOe ynpaBrieHne CBEeTUIIbHUKOM

LED Dimming Engine
Interconnection of 10-bit/16-bit PWM, DSM, & OpAmp

q Stage 1: Overshoot Control q Stage 2: Decay Control
q PWM: 10-bit SMPS & 16-bit Dimming q Op Amp:
q Data Signal Modulator (DSM): q Tri-stated to prevent saturation
q Synchronizes PWM switching signals q 16-bit PWM:
q Combinatorial Logic Cell (CLC) q Freezes OpAmp compensation during “OFF”
q Optional to combine, invert, delay or latch control q LOAD disconnect for fast output “OFF”
SlgnalBimming Engine
Stage 1 PCMC
10-bit PWM for generating power supply Power Supply
switching frequency
Dimming Engine D
Stage 1&2 Carrier

Data

16-bit Dimming control signal generation

Dimming Engine — 1
Stage 1 >| iti Q C ‘
Programmable Ramp Generator for i
runtime-adjustable peak current mode 'Eﬂi’fetﬁ{ R
slope compensation : Feedback S
Dimming Engine; LOAD Disconnect
Stage 1 ‘
Rail — Rail OpAmp as error amplifier with Average Current Feedback
output disable for improved control loop R
performance minimizing LED current S
overshoot Dimming Engine -
. . . Stage 2
Dlmmlng;nglng Fast LED “Turn-OFF” during
L o age = dimming off-time via 16-bit PWM
Compensation “Freeze” via tri-state OpAmp _>[ Compensation
Network
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M.:g\-cmp Complementary Waveform Generator
MASTERS. 2013 Waveform Generation from Selectable Input Sources

Complementary Waveform Generator (CWG) JocTouHCTBa

a [JobGaBnsieT CUHXPOHHbIN BbIXOAHOW CUrHan OT a YacToTbl nepeknovyeHus
BXOAHbIX UICTOYHUKOB CUHXPOHU3UPOBaAHbLI
a [o 4 ynpaBnsaembiX Bbixoaa q Ynpouwaet Tononoruu. Mocr, lNyw-
a KomnnemeHTapHble BbIXOAHbI€ CUTHalbI Myn
q ABTOBBIKIIOYEHME U pecTapT a bbicTpas peakuusa Ha curHansl fault
q YnpaBneHue NonsApHOCTbIO a MuHuMHU3auMsA WyMOB Npu
q 3awWuTHbIW UHTepBan (MepTBoe Bpems) Ana cppoHTa nepeknoteHnn
u cnaga 00 He3aBucumas ot aapa nepudepus
BHeWHWe U BHYTPEHHME UCTOYHUKM TaKTMPOBaHUA a Paboras SLEEP
BHelwHue n BHYTPp€HHUEe UCTOYHUKUN CUTHala anIMepr anMEHEHVIFl

q YnpasneHue npuBogamMmmu

aqa WmnynbcHble NCTOYHUKN NUTaHUSA
g OcseweHue

q WmnynbcHoe ynpaBneHue

Input Source

|

N
S




N

MICROCHIP

MASTERs 2015

Complementary Output Generator
Waveform Generation with Enhanced Signal Control

Complementary Output Generator (COG)

Job6aBnsaeT CUHXPOHHbLIN BbIXOOAHOW CUrHan oT
BXOAHbIX NCTOYHUKOB

Oo 4 ynpaBnsieMbIX Bbixoaa

KoMnnemeHTapHble BbIXOAHbI€ CUTHAlbI

Bbixoa ynpaBnsieTcs coObITUAMU 3anycKa/copoca
ABTOBBLIKITHOYEHUE U pecTapT

YnpagneHue NonsipHOCTLIO (1) 2)
3awuTHbIN MHTepBan (MepTBOE Bpems) Ans

q

0 0 0 0 0 0

0 0 0 0

¢poHTa N cnapa

q

LLlar nameHeHus 5Hc

daszoBas 3agepxka €

BnaHkupoBaHue BxogHoro curHana @

BHeLwHMe N BHYTPEHHUE UCTOYHUKUN TaKTUPOBaHUA
BHeLwHMe N BHYTPEHHMNE UCTOYHMKU CUrHana

Input Source

IJocTonHCTBA

q

q

YacToTbl nepeknoyeHuns
CUHXPOHU3UPOBaAHDI

Ynpouwaet Tononoruu: Mocr, lMNyw-
Myn
BbicTpasa peakuma Ha curHansbl fault

MvuHumMmunsauuma wymoB npu
nepekn4YeHnn

He3aBucumas ot sigpa nepudepus
Pabota B SLEEP

NMpumepbl npuMmeHeHUA
q

i

1K

- Pulse
Generat

«Q

o
[

s s s s e e S S B S S B S S S

© 2015 Microchip Technology Incorporated. All Ri W

YnpaBneHune npuBogamu
MMnynbCHbIe NCTOYHUKU NUTAHUA
OcBelweHue

MmnynbcHoe ynpaBrneHue
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Ml:g:mn Numerically Controlled Oscillator

MASTERS 2015 Precision Linear Frequency Generator
Numerically Controlled Oscillator (NCO) JocTouHCTBa
q 16-bit ynpaBneHue 4acTtoTom * g JInHeMHOe n3aMeHeHUe 4acToThbl
g 1 MIly makcumanbHas yacrtoTta aq Bbicokoe pa3pelueHume no 4yacrtore
q 20-bit ynpaBneHue 4actoTom * a Hes3aBucumas ot agpa nepudepusn
g 16 My makcumanbHaa yacrtoTa q Pa6ora B SLEEP

Pa3nuyHble NCTOYHMKN TaKTUPOBaHUSA

a [OBa pexuma

q ®PukcnmpoBaHHaa ckBaxxHocTb 50% (FDC)
a Pe3oHaHCHble MICTOYHUKM NUTAHUSA

a Moaynauma wmnpuHbl umnynbca (PFM)

: o dnyopecueHTHbIe 6annacTbl
a MoxHo ucnonb3oBaTtb Kak 16-/20-bit Tanmep/cyeTumnk q yopecL,
o6Lero HazHauyeHus a [leHepartop 4acToThl

o)

NMpumepbl npuMmeHeHUA

. FDC .

NCO ; ;

Step Size 1< > :|
FIF|IF|F 50% Duty Cycle

Clock Source PFM

Iipig

Accumulator (20-bit

Overflow

Output Generation

— 1
A
v
B
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Timing & Measurements
Signal Measurement with Timing & Counter Control

001 NEW



T, y—————_—_—_—_—_—_—_——
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MASTERs 2015

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Timing & Measurements

Signal Measurement with Timing & Counter Control

AngTMR — Angular Timer
Phase angle timer for measurement & control of rotational and periodic events (ex. Motor, AC Mains, TRIAC, etc.)
CTMU — Charge Time Measurement Unit
Time measurement unit that provides method for temperature sensing, time measurements (down to 1ns), and mTouch sensing
HLT — Hardware Limit Timer & 8-bit Timer/Counter
1. Hardware monitoring for missed periodic events and fault detection
2. General purpose 8-bit timer/counter with external reset capabilities
NCO — Numerically Controlled Oscillator & 16-/20-bit Timer/Counter
1. Precision linear frequency generator (@ 50% duty cycle) with 0.0001% step size of source input clock frequency
2. General purpose 16-/20-bit timer/counter
PSMC — Programmable Switch Mode Controller & 16b Timer/Count
1. 16-bit PWM with dedicated 64 MHz clock source and analog event triggering
2. Automated complementary output control of key parameters such as phase, dead-band, blanking, & auto shut-down states
3. General purpose 16-bit timer/counter
RTCC — Real Time Clock & Calendar
Maintains accurate clock & calendar timing with external 32.768 KHz crystal
SMT — 24-bit Signal Measurement Timer & 24-bit Timer/Counter
1. Accurate measurement of any digital signal including: period, duty cycle, time of flight; instantaneous vs. average measurements
2. General purpose 24-bit timer/counter
TEMP — Temperature Indicator
Provides relative temperature measurements utilizing the ADC
16TMR — 16-bit Timer
General purpose 16-bit timer/counter
16b PWM — Stand-alone 16-bit PWM & 16-bit Timer/Counter
1. High resolution 16-bit PWM with edge and center aligned modes
2. General purpose 16-bit timer/counter


http://www.microchip.com/CIP

O Angular Timer

MicROCHIP _ _
MASTERs 2015 Automatically Converts Timed Based Events to
Degrees
Angular Timer (AngTMR) JocTouHCTBa
aq ABTOMaTU4YeCKU npenocTaBnseT npeobpasoBaHue g Bblcokasi TOMHOCTb
da3bl B yrnosblie BesIM4UHLI ANA yrnpaBreHus q YBenuueHue 6bICTPOAENCTBUSA
gopg:.:,gvl-lc;uh.:,lMMMMCﬂ nnm nepnogmnyecKmnmum q YMeHbLIeHue pazmepa Koga
a MoTopsbl, CeTeBble ycTpoiicTBa, Tpuaku, ... a Hesasucumas ot aapa nepucpepus
q Pab6bortaB SLEEP

a [NpeobpasoBaHne BpemMeHM BXOQHOro CUrHana B
YrnoBbie BeNMMUYUHbI

a ®opmMmupoBaHMe npepbiBaHUSA MO yrny anMepr anMeHeHMﬂ
q [eTeKkTnpoBaHusa nponycka umnynbca a YnpaBneHue aBuratensimm
a YnpowaeTt pa3paboTKky koaa (aNeKTpu4YecKMMM U BHYTPEHHero
q [lporpamma onepupyeTt 3Ha4YeHUAMMU YrnoB cropaHus)
aq ABTOMaTU4YecKaa NoAcCTpoMKa U3MEeHeHUNA g bbiTOBasa TexHUKa
4acToThl q OcBelweHue
q [lpolwe BblYUCEHUA
0e
1 Py
ann 3ﬁ.ﬁﬂ' 2
=
q) —
O . o
> ~ o
o s D
% 2
@) c
< o
180Q° ®

© 2015 Microchip Technology Incorporated. All Ri




Mu:?ncmn AﬂgUlar Timer

MASTERs 2015 p‘eMOHCTan‘Mﬂ
PIC16F161X Angular Timer Demonstration

®  MuKpOKOHTpOsep UCNOMb3yeT YrioBOW TaumMmep S TOYHOMU
YCTaHOBKU reHepupyemMoro u3oopaxeHusi, aBToMaTU4ecku
noAacTpavBasiCb NoA U3MEHSIEMYHO CKOPOCTb BpalleHUSA.

® Yrnosowu Tanmep npenoctaBnsieT cnocod onpeaeneHnUs BpalleHus,
onpeaeneHus yrra B HE3aBUCUMOCTU OT CKOPOCTU BpaLLeHUs n
YCKOPEHMUS.

® AnnapaTtHoe pelleHWe YMeHbLUaeT NoTpebnsaemMyro MOLWHOCTb,
yBenunuymBaeT 6biCTpoaencTBMeE U 0oCBObOXAAEeT AaApo ANs 3aaav
ynpaBneHus ceBeTtoaMoaamm.

® YnpaBnsetcsa ot PIC16F1619

® WUcnonb3yeT nepudeputo:
® Angular Timer — namepeHue CKOpOCTU BpalLeHUA
¢ ADC - patumk
®* BbiBoAgbl NopTa — YnpasneHue cBetogmogamu

¢ JaTyuk
®  CMHXpPOHU3aUUA

¢ 12 -cBeToanonos

puTaume o www.microchip.com/angtmrdemo



http://www.microchip.com/angtmrdemo

Ml:‘lgn\cmp Signal Measurement Timer

ST aT 24-bit usmepeHmne ntodbIX LNPPOBBLIX AaHHBLIX

24-bit Signal Measurement Timer (SMT) JocTtonHcTBa

q To4HOe namepeHue nodbLIX LUPOBLIX CUTHANOB a YMeHbLleHMe pa3mepa Koaa

aq [MNepuoa, ANUTeNnbHOCTbL UMNYyNbCa, YacToTa, q bBbICTpbIN OTKNUK HA BXOAHbIE

CKBaXXHOCTb, U Ap. CUrHanbl

a Bbicokoe pa3spelweHue 24-bit q ®PyHKUMOHMPOBaAHUE HE3ABUCUMO OT
aq [lo3Bonsier oTHOCUTENbHbIE NU3MEPEeHUS Aapa
q Pa3nuyHble npepbiBaHUS a PaboraB SLEEP

aq CoBnageHue nepuoga, uamepeHue nepmoaa,

ANUTEeNbHOCTbL UMNYnbCca
a (2) Data Capture interrupts lNpumMeptI npumeteHus
aq To4Hoe ynpaBneHue CKOpPOCTbIO
q Pa3nuyHble BXoAHbI€ MCTOYHUKMU AaMebeHMe CKODOCTH BDALLEHMS
a MoxeT ucnonb3oBaTtbCA Kak 24-bit Taumep odwero q P P paty '
AaTYMKN
NPUMEHEHWS OnpepeneHuve paccTossHUA
aq [MpumeHumMbI onNa gekogupoBaHMA NMPOTOKONOB q PeA P
nepeaayuy JaHHbIX a [HekogupoBaHue NPOTOKONOB
SMT
S o
I e Signel
Measu '
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MICROCHIP Temperature Indicator

ARSI Low Cost Temperature Measurements

Temperature Indicator (TEMP) JocTouHCTBa

aq A6conTHas TOYHOCTb +/- 5C q [eweBoe namepeHne Temnepartypbl
g B amana3soHe -40C & 85C q Yny4duweHune ToyHoctn RTC

q BHyTpeHHue coeguHeHus c ALIM a Hes3aBucumas ot agpa nepudepusn
a Cwm. Application Note: AN1333 q Pa6oraB SLEEP

NMpumepbl npuMmeHeHUA
q W3mepeHune Temnepartypbl
MCTOYHMKM NUTaHuA
YnpaBneHue gBuratensamm
OcBelweHue

BbiTOBas TexHMKa

q
q
q
q

Temperature

ADC Result

Indicator

>

Calibration #1 Calibration #2 fature based
ADC dhge© O

Temperature Range (-40C to 85C)
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MASTERs 2015

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Logic & Math

Customizable Logic & Math Functions

CLC - Configurable Logic Cell
1. Integrated combinational & sequential logic
2. Custom interconnection & re-routing of digital peripherals
MULT — Hardware Multiplier
MULTIPLY function of two 8-bit values with 16-bit result
MathACC — Math Accelerator
1. MULTIPLY, ADD, ACCUMULATE functions of 8-bit/16-bit values with 35-bit result
2. Calculates a 16-bit PID function based on configurable K, Ki, Kg constants with a 34-bit result


http://www.microchip.com/CIP

MIE&LHIP 0630 p C L C

MASTERs 2015

1 CLC ato nepudepus c

KOH(pnrypupyembiMmu 6a3oBbiMU
NOrM4YeCcKNMmn aneMeHTamMm

1 KombuHaumoHHasa noruka

1 Tpurrepbl [ Q—iéj—E_::)b:m—bgD}
1 3awenkn  —- —krR) B =
)

— S — S
1 T'nbkoe coeanHeHne ¢ BHYTPEHHUMM

U BHELWHUMUN CUTHAJ1aMU

19001 NEW




ko HocTtouHcTtBa CLC

MASTERs 2015

1 B3aummopeuncrtBue ogHou nepudepun ¢ gpyrom
WU CUTrHanamm, KotTopble pacLlunpsioT
BO3MOXHOCTU MUKPOKOHTpoOnepa

I YMeHblUeHune Yyucrna KOMNoHeHTOB U Nno
[r1

1 BbbicTpasa n acMHXpOHHasA
pea Ku M;I — Configurable Logic Cell ()

1 PyHKUMOHMpPOBaAHUE
He 3aBUCUT OT A4pa

1 PaboTaroT B SLEEP

© 2015 Microchip Technology Incorporated. All Rights Reserve d v 19001 NEW




e Bo3mMoxHoctu CLC

MASTERs 2015

1 Jlormyeckum 6nok ¢ 4 Bxogamu, 1 BbIXOAOM

1 Kaxabin 610K MOXeT ObITh:
1 AND-OR
1 OR-XOR
1 AND
1 S-R Latch
1 D-Flipflop
1 ORinto D-Flipflop
1 J-K Flipflop -
1 D-Latch R—

1  Bxoabl HazHa4yarTCA NOYTU OT NHOOOMU nepmbepvm\ "
noptoB B/B \< :

1  BbIxoabl Ha3Ha4YarTCA Ha BXOAbl ynpaBrieHUus
nepmbepuei/’l nnun 6onblMHCTBO BbiBOoaoB MK.

© 2015 Microchip Technology Incorporated. All Rights Reserve ﬂrﬂﬂml W




wee | ED Driver Example

MASTERs 2015

[ Application 2

v W v
N {hﬁ? vy Pixels gy,
System Communications A - -
Communicate serially to each pixel RGB Wsz2811 WS2811 [ e ws2811
intensit

Input & Sensor Interface

© 2015 Microchip Technology Incorporated. All Rights Res W i
AT YT T Ak




wee | ED Driver Example

MASTERs 2015

Single Wire
Communication

System Comrr

Communicate serially
intens

w3281

GB
Input & Sensoa

\

© 2015 Microchip Technology Incorporated. All Rights Res W i
AT YT T Ak
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MICROCHIP Typ|Ca| SOIUthn

MASTERs 2015

CPU Intensive Routine!!

START
transmitByte()

START
pizellipdate)
Last Be?, transmitByte()

latch () ‘

CPU is Required
Firmware

Routines that make
pixel changes

A 4

Read ambient light

bt_LOWY ()

- Sel ouipul HIGH 500nS
- Set output LOW 2000n5

- Sat output LOW for
50000nS

bit HIGH ()
- Set output HIGH 200005
- Sel oulpul LOW 500nS

¥

END
piellipdate()

Calculate pixel
intensity based on
ambient light

. 4

pixelUpdate()

&

YES

END
ransmitBytal)

Load next bit

© 2015 Microchip Technology Incorporated. All Rights Reserved 19001 NEW Slide 45




N

MICROCHIP 8_b|t P|C® MCU SOIUUO”

MASTERs 2015

Nepudepua HesaBnucumasa ot Aapa sameHseT

nporpaMmmMHyro peanusaumio Ha

annapaTHYIO SPiPor

SPI Master

SCK

SDO

\

Configurable Logic Cell \\

P
L

START
transmitByte()

bit_LOW ()
- Set autput HIGH 500n3
- Set output LOW 2000nS




MICROCHIP

MASTERs 2015

CPU Required

000 =mmple= ac 100 MHz | 2015=-10=-14 11:44:10.4466

8-bit PIC® MCU Solution

Firmware L

Routines that make

3 N

pixel changes

. 2 .

[ Read ambient light

' 3.7 us 5.7 us

Calculate pixel
intensity based on
ambient light

5

pixelUpdate() ]

WS281

SPI

WS2811

Configurable
Logic Cell

(CLC)

© 2015 Microchip Technology Incorporated. All Rights Reseﬁii — “'.LQOQﬁNEW
- blhi d ST ALY

Ml

Ws2811




e 8-bit PIC® MCU Solution

MASTERs 2015

i ...I__ o '|I|I

n] Ready |1|:|rm ammples at 100 MMz | 2015-10-14 11:46:10.468
s X L L died B L
D3 “.( | |

I
I
P X
| bl
I
I

Jami

CPU Required

Firmware

-

Routines that make
pixel changes

\ 4

[ Read ambient light

4

Calculate pixel
intensity based on

B i 1 5

0.3 LTus 3.Tus 5.7 U LT

B
(2]

T us 11.7us 13.7 us

-~

onfigurable
Logic Cell

Ml

WS2811

© 2015 Microchip Technology Incorporated. All Rights Reserved “49001 NE 2
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OObI4yHOe pelleHue

 Bca pabota genaetca aapom

e TpebyeTcss MHOIo pecypcos

 He peanusyetca Ha Manbix
yacToTax sgpa

START
transmitBytedy

“Bit_LOW ()
- Get output HIGH 500nS
- Bat ouiput LOW 200008

bil_HIGH ()
- Set output HIGH 200003
- Zab audlpi LOW S00RE

3
<>

EMD
tranamitSyted)

Load next bit

© 2015 Microchip Technology Incorporated. All Righ

=

B cpaBHeHUn

AnsTepHaTUBHOE pelleHune
 Bca pabota genaetca nepudepunen
o HAapo cBobogHO Ans Apyrux 3agad
* He TpebyeTcsa BbICOKas YacToTa

e MeHblUe noTpedbnexHne

* MeHbLie ueHa

SPI Port 3
SPI Master
SCK Configurable Logic Cell
sDO s
i s




N
MICROCHIP B CpaBHeHMM

MASTERs 2015

OOGbIYHOE pelle
 Bcsa pabota g
» TpebyeTtca MHOTQ
* He peanusyeTtcs
yactoTax agpa

ﬂUWU == YUTou

SPI Port \

bit_LiONY )

- et ut HEGH 500n3

- Sat ;J.rhgit LOW EEIEIE?nS SPI Master

SCK Configurable Logic Cell
bil_HIGH ()}
- Het oulput HI3H 200003
: zirﬂmﬂﬂ I rr'l.-'v.rﬁnru-ugI SDO ]
-'.‘\‘- -I) |

EMD
tranamitSyted)
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MICROCHIP
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T

Math Accelerator

Hardware Accelerated Math Functions

Math Accelerator (MathACC)
a MATH & PID c¢pyHKUun
a ®yHkumm MULTIPLY, ADD, ACCUMULATE

q

8-bit/16-bit 3Ha4yeHus ¢ 35-bit pe3synsraTom

q YeTtblpe pexuma

Multiply and Accumulate (MAC)
Add and Multiply

Simple Multiplier

q
q
q

q

© 2015 Microchip Technology Incorporated. All Ri
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q

3HakoBoe n be3 3HakoBOe YMHOXeHue
Mporpammupyembin PID KoHTponnep

16-bit PID doyHKUMN Ha ocHOoBe

IJocToMHCTBA

aq YCKopeHue BbIYUCIIEHUN

a YMeHbLleHMe pa3mepa Koaa

q YckopeHue PID ynpaBneHus

q [epudgepna HesaBucumas ot Aagpa
NMpumepbl npumMeHeHUA

q YnpasneHue aBuratensimu

a Uudposasa domnerpauusn

q YnpaBrieHue TemnepaTypou v ap.

KOHcpUrypupyembix koacpcpuumeHToB Kp,

Ki, Kd ¢ 34-bit pesynsTatom

W




N

MICROCHIP Math Accelerator (MathACC)
i 16-bit math in an 8-bit machine
O630p

[1Ba OCHOBHbIX peXxuma:.

®* ACC+=(A+B)*C
® Be3 3HaKoBOe crnoxeHue/yMHoOXeHne 6e3 HaKonseHus
¢ 3HakoBoOe CrnoxeHue/yMHOXeHue 6e3 HaKonmeHus
® Be3 3HakoBoOe croxeHue/yMHOXeHune C HaKonfeHnem
® 3HaKoBoOe€ CroXeHue/yMHOXeHUue ¢ HaKonJieHus

® Bblumncnenune PID (mode 101)
® PID =Kp + Ki/s + Kd*s

*YnpaBneHune pexumamm vyepe3 PIDXCONbits.MODE

© 2015 Microchip Technology Incorporated. All Rights Reserve d “49001 NEW . — -“ 2
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"l Math Accelerator
NASIENE 2055 LUundposon KUX bunbTtp

Finite Impulse Response (FIR) Filter:
y[n] = bo*x[n] + ba*x[n-1] + ... + bk*X[n-k] (ACC +=A *B)
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Ml:?ﬂ:l-np Math Accelerator

IREEERE-0E0 npUMeHeHne

MICFIQCII:HIP AN 1 00 1

IC Temperature Sensor Accuracy Compensation
with a PIC® Microcontroller EQUATIONS: MCP9800 2V ORDER

LN |

*j/jri*

.ﬁ.vtraguy
-

25 a0 75 100 125
Temperature (“C)

EQUATION
3.0 - Errorg ; = EC,(128%C - T,) (T~ =35°C)
1 LECT,~—35C) + Ervar
2.0 ] Whare:
Py ] N EC. = 150x10% ‘ore?
O 1.0 ] ECy = Tx10°°Crc
-] N - i
e . \\ / Emmargs = -1.5°C
8 0.0 - >-< kY 4\
. / ""'-"“Q EQUATION 9: MCP3700 2"C ORDI 6.0
§ 40— EQUATION -
< :/ \\\h Errory , = EC (2850 -T,)+(T,~- 4.0
-2.0 \ MCP9800 +EC[T,——40°Cy+ Ervoryy | O ls
A 4 _ o | & { Spec. Limits
. nmcp.lqmn o 5 207
'3.“ TTT T T T T 11 T =TT T T | i A | ECE = 244 x 1|]-ﬁ'ﬂsllﬂ.:? E 0.0 -
- 126 e 8 g g b4 i
-55 -35 15 5 25 45 65 85 105 1 EC; = 2x107%CrC-07CrC < ]
Errar = 2°C 1
Temperature (°C) = -2.0 \
4.0
50 -25 0
FIGURE 13:

Accuracy.

MCF39700 Calibrated Sensor
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Safety & Monitoring

Hardware Monitoring & Fault Detection
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Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Safety & Monitoring

Hardware Monitoring & Fault Detection

CRC/SCAN - Cyclical Redundancy Check with Memory Scan
1. Automatically calculates CRC checksum of Program / DataEE memory for NVM integrity
2. General purpose 16-bit CRC for use with memory and communications data
HLT — Hardware Limit Timer & 8-bit Timer/Counter
1. Hardware monitoring for missed periodic events and fault detection of external hardware
2. General purpose 8-bit timer/counter with external reset capabilities
WWDT — Windowed Watch Dog Timer
System supervisory circuit that generates a reset when software timing anomalies are detected within a configurable critical window


http://www.microchip.com/CIP

® T e,

i Cyclical Redundancy Check & Scan

MASTERs 2015

Cyclical Redundancy Check /Scan (CRC/SCAN) [locTtouHcTBa

g BbluucneHue ot 2-bit go 16-bit CRC q [lpocTasa peanusauusa craHaapToB
q Wcnonb3oBaHue AnsA pa6oTbl ¢ AaHHBIMU U 6esonacHocTu (Class B, UL, n np.)
naMmsiTbIo q BbluMcneHus He TOPMO3AT AAPO
a ABTOMaTM3upoBaHWe CKaHMpOBaHWe U BbluncneHne CRC (nepudbepus HesaBucuMmas ot siapa)
B P)OHOBOM pexunme q Pab6ortaer B SLEEP

q [MamaTtu nporpamm
q JHeproHeszaBucumou namsatu DataEE
a Bbluncnenmne CRC npuHumMmaemMbixX U nepeaaBaemMbIX

NMpumepbl npuMmeHeHUsA
q CTMpaanble MaLUUHbI

OaHHbIX a MukpoBONHOBKU
a KoHdurypupyembin nonnHom (nopaepxka Bcex q Cym"’]bﬂoe obopynoBaHue §
cTaHAapTHbIX peanusauun CRC) q YcTpoucTBa CBSAA3U U KOMMYHUKaLUU

a Bce onepauuu ckaHMpoBaHuUs ynpaBnsiloTcs

nporpaMmmMmHoO
Address 4—’_m

Memory Gomm%ntications
ata

Data m
A A

© 2015 Microchip Technology Incorporated. All Ri




Mm?mp Windowed Watch Dog Timer

MASTERs 2015 OKOHHbIU CTOPOXEBOU Tanmep

Windowed Watch Dog Timer (WWDT) JocTouHCTBa
aq [eTeKTnpyeT BpeMeHHble aHOManuum B Koae ¢ a KoHTponb Kputnyeckmx pyHKLumn
MOMOLLbIO KOHUTYPUPYEMOTO OKHa a YnpouiaeT peanu3auuio CTaHAApToOB
a MNopnepxka pyHKLMN OOBLIYHOrO CTOPOXKEBOIrO 6e3sonacHoctu (Class B, UL, n ap.)
TanmMmepa aq He 3aBucur ot agpa

g COpacbiBaeT MUKPOKOHTpPOSNEpP eCru:

q Pab6botaB SLEEP
aqa Ecnn WWDT nepenonHuncs (pyHKuus
cTangaptHoro WDT) NMpumMmepbl npuMeHeHus

g Ecnn WWDT cOpolueH paHblue BpeMeHU CTupanbHble MaLLUUHbI
Meykn / MUKPOBOSTHOBKU
g CunoBoun UHCTPYMEHT

0 0

Overflow

)
=
g
— Normal Operation
%
Underflow
A A :
Restart WWDT after 1 1 Time
proper execution RESET PIC MCU after

improper execution

© 2615 Mioatp Technlogy ncoporsie: A s oot b O SR | it A S .+
bkl ahuuhbll s
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MicrRocHIP Hal‘dwal‘e lelt Timer

AERSIERR <020 Hardware Monitoring & Fault Detection

Hardware Limit Timer (HLT) JocTouHCTBa
q PacwupeHue 8-bit Tanmepa/cueTymka c g YMeHbLUeHHue CIIOXXHOCTU Koaa
BO3MOXHOCTbLIO cOpoca no BHelHeMy COObITUIO q HesaBucumas ot aapa nepudepus
g AnnapaTHbI KOHTPONb Nponycka Nepuoan4eckoro q Pa6ortas SLEEP
coObITUA U AeTeKTUpoBaHue cboeB (OCTaHOBKA,
o6pLIB OC, 1 ap.) NMpnmepbl npumMeHeHns
aq Tanmep nepuoga ¢ BHeLWWHUM BXoAOM cOpoca g OrpaHnyeHUe KpUTUYECKUX BPEMEH B
g ['mbkoctb cucrtemax c 3aMKHYTOW neTneun
a Bbibupaembii Tpurrep cobbiTus obpaTHoW cBA3M
a Pa3nuyHble pexumsbl a McTouHnkn nuTakns
a CeMb UCTOYHMKOB TaKTUPOBaHUA a [Apaveepbl NpnBOAOE

g To4yHocTb Ao Y KomaHOHOro LUMKna

SJI9ALIQ
134

Hall Effect

Sensor
Example: Monitoring a motor for fault conditions
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Timer2/4/6 ¢ dpyHKUuUEeU
Hardware Limit Timer

HLT




Ml:?lcmp O 6 3 o p

MASTERs 2015

1 Hardware Limit Timer

1 Ucnonb3yeT BHewHee cobbiTue ang
Ctapta/OctaHoBa/Cbpoca Tanmepa

1 Timer 2/4/6

1 obaBneHo 6onblue BXOAHbIX MCTOYHUKOB U OMNLUUN
npengennTens

External Reset SW Interrupt
A

|

Fin >TxCON 3 CCPx

Source

€ 2015 Microchip Technology Incorporated, Al R R b RO OIOLAEYY | e .
o L s P 24 P 9 Mﬂunh\




o YnyJdweHuna T2/4/6

MASTERs 2015

1 TMRZ2 Tenepb ncnosnb3yeT He TOoNbKo Fosc/4
1 WmeeT cBOM BblerneHHble BXOAb

1  MoxeT ncnonb3soBatb Bbixog ZCD (geTekropa
nepexoaa 4yepes Honb)

1  bonbuwe onuun npeagenvuTens
1 Moagynu LULAM moryT ucnonb3oBaTtb nodon tammep

TxCLKCON i
CKPS$<2:0>: Timer2-type Clock Prescale Select bits ]\
111 = 1128 Prescaler Resenved 111
110 = 1:64 Prescaler TAINBF—— 110
101 = 1:32 Prescaler MANTOSC 101
100 = 1:16 Prescaler ZCD1 output
- 9 - TMR2 dk
D11 = j:8 Prescaler LFINTOSC it — 7
010 = 1:4 Prescaler e
1 = 1:2 Prescaler
A Fosc 01
= 1:1 Prescaler
FosC/4 000

Kbl vl ML AR R TR W ———— A R R . v
- b (1L RN




e BHewHun copoc ana 12/4/6

MASTERs 2015

1 BHewHune curHanbl NO3BONAIOT Nepe3anyCcTUTb
Tanmep unu OoCTaHOBUTDL €ro

bit 3-0 RSEL<3:0>: Timer2 External Reset Signal Source Selection bits

1111 = Reserved

1110 = Reserved

1101 = Reserved

1100 = CWGD

1011 = CWGC

1010 = CWGB

1001 = CWGA

1000 = ZCD1_output
0111 = TMR6_postscaled
0110 = TMR4_postscaled
0101 = Reserved

0100 = CCP2_out

0011 = CCP1_out

0010 = C2_OUT_sync'"}
C1_OUT_sync
T2IN

I.-’ .-- I-I -J




N Hardware Limit Modes — “One

MICROCHIP

MASTERSs 2015 S h O t "

1111 Timer starts when a falling edge is detected on the TMRX_ers,
resets upon TMRx _ers =1

+ 1110 Timer starts when arising edge is detected on the TMRX_ers,
resets upon TMRx_ers =0

+ 1101 Timer starts upon first TMRx_ers falling edge and restarts on
all subsequent TMRx_ers falling edges

1 1100 Timer starts upon first TMRx_ers rising edge and resets on all
subsequent TMRXx_ers rising edges

1 1011 Timer starts when either arising or falling edge is detected on
TMRXx ers

+ 1010 Timer starts when a falling edge is detected on the TMRX_ers
1 1001 Timer starts when arising edge is detected on the TMRx_ers
1 1000 Timer starts immediately upon ON =1 (Software Control)



N Hardware Limit Modes — Roll-

MICROCHIP

MASTERs 2015 Over PUISe

1 0111 Timer resets upon TMRx _ers =1

1 0110 Timer resets upon TMRx_ers =0

1 0101 Timer resets upon falling edge of TMRX_ers
1 0100 Timer resets upon rising edge of TMRXx_ers

1 0011 Timer resets upon rising or falling edge of
TMRXx_ers

1 0010 Timer starts when ON =1 and TMRx_ers = 0.
Stops when TMRx_ers =1

1 0001 Timer starts when ON =1 and TMRx_ers = 1.
Stops when TMRx_ers =0

1 0000 Timer starts immediately upon ON =1 (Software
Control)

© 2015 Microchip Technology Incorporated. All Rights Reserved
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=

merocie  KOHTPOMb YacToTbl ZCD

MASTERs 2015

- — =0 .

Reset

© 2015 Microchip Technology Incorporated. All Righ

Timer

Cause Interrupt

(All internal connections)

e ————e A N S . v
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Communications
General, Industrial, Lighting, & Automotive
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Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Communications
General, Industrial, Lighting, & Automotive

ACT — Active Clock Tuning for Crystal Free USB
1. Auto-tuning of internal oscillator when connected to USB host (eliminates need for external crystal)
2. Tunes internal oscillator to match accuracy of external clock source
CAN — Controller Area Network
Industrial and Automotive centric communication bus
LIN — Local Interconnect Network
1. Industrial and Automotive centric communication bus
2. Support for LIN when using the EUSART
MAC — Ethernet Media Access Control
10Mb/s Ethernet MAC for direct PHY interface
EUSART / AUSART — Enhanced/Addressable Universal Asynchronous Receiver Transceiver
1. General purpose serial communications
2. Support for LIN when using the EUSART
I°C — Inter-Integrated Circuit
General purpose 2-wire serial communications
SPI — Serial Peripheral Interface
General purpose 4-wire serial communications
Keeloq® Sub-GHz RF — Encrypted RF Transmitter
PIC MCU integrated sub-GHZ RF transmitter with proprietary Keelog® data encryption
USB — Universal Serial Bus
Support for full-speed USB 2.0 device profiles


http://www.microchip.com/CIP
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User Interface
Capacitive Touch Sensing & LCD Control
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Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

User Interface

Capacitive Touch Sensing & LCD Control

HCVD - Hardware Capacitive Voltage Divider Hardware GIZ2
Simplifies implementation & reduces overhead of mTouch sensing applications
LCD - Liquid Crystal Display
Highly integrated segmented LCD controller
mTouch — Microchip Proprietary Capacitive Touch Technology
1. Capacitive sensing for touch buttons & Sliders
2. Capacitive sensing for system measurements & detection (ex. Water level, intrusion detection, etc.)


http://www.microchip.com/CIP
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O0630p ocHoOBHOU nepudcepun

Ocob6eHHOCTU U AOCTOUHCTBA

Low Power & System Flexibility

XLP Low Power Technology, Peripheral & Interconnects

© 2015 Microchip Technology Incorporated. All Rights Reserved 19001 NEW
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Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

DOZE - Power Saving Mode

Ability to run the CPU core slower than the system clock used by the internal peripherals
HEF — High Endurance Flash

128B Non-volatile data storage with High Endurance 100k R/W cycles
IDLE — Power Saving Mode

Ability to put the CPU core to sleep while the internal peripherals continue to operate from the system clock
PMD — Peripheral Module Disable

Peripheral power disable hardware module to minimize power consumption of unused peripherals
PPS — Peripheral Pin Select

I/0 pin remapping of digital peripherals for greater design flexibility and improved EMI board layout
XLP — eXtreme Low Power Technology

Industry leading low power technology (LF variants only — unless otherwise noted)


http://www.microchip.com/CIP

MIE&EHIP ldle & DOZG MOdeS

MASTERs 2015 Scalable Performance & Power Consumption

Idle Mode

g CPU octaHaBnuBaeT BbINOMHEHUEe UHCTPYKLIUK
aq MNepudepusn npoponxaer paborarb

a YMeHblUueHUe NoTpetneHus Npu NpPoaoKeHUn
ynpaBrieHUsi CUCTEMOW

Doze Mode

aq Pa3nn4yHaa TakToBas 4yacTtoTa ona agpa v nepudepumn

q MacwrabupoBaHue nponsBoaAUTENILHOCTU Sapa U
nepucepumn

a JdocTuxeHue 6anaHca Mexay NPousBoaUTENbLHOCTLIO U - /

noTtpebérneHnem aHeprum

[ocTonHCTBA
q [poaneHue cpoka cnyx6bl 6aTapeun

q YMeHblleHMe noTpebneHnsa Ana ceTeBbIX YCTPOUCTB

Npumepbl npumMeHeHUs

aq [lNoTtpebutenbckana anNneKTpPOHUKaA
a Hatuyukun gbima n CO

q barapenHbie npnbopbl
q

MpubGopbl ¢ TPpedboBaHUAMU MUHMUMASILHOIO
noTpedneHus B XAyLWeM pexume

© 2015 Microchip Technology Incorporated. All Rights Reserved — 19001 NEW




e Peripheral Module Disable

MASTERS. 2013 Eliminates Power Consumption of Unused Peripherals
Peripheral Module Disable JocTouHCTBa
Pexum 1: q HyneBoe notpebrneHne BbIKITHOYE€HHOW
aqa WHamBnayanbHoe oTkinouyeHne nepudepun nepucepun
a OTtkniovaeT nepucpeputo oT namaTn a OnTumusauusA notpedneHuns

Pexum 2: YBenuueHue cpoka paboTbl OT baTapeun

a BbIknoyeHue TakTUpoBaHus Bcen nepucepun a YMmeHblUeHMe nNoTpebneHus Ans
ceTeBbIX YCTPOUCTB

0

PIC Microcontroller Mpumepbl NpUMeHeHnsA
Memory Map System q barapenHbie npnbopbl
Clock a Mpubopbl c TpeGoBaHUAMMU

MWHUMarnbHOro NoTpebneHus B
Xaylwem pexume

Peripheral = ¢

= Peripheral

= Peripheral

Peripheral

.?.




e High Endurance Flas

MASTERSs 2015 Non-Volatile Data Storage without EEPROM

High Endurance Flash (HEF)

aq 128B 3aHeproHezaBuCMMOM NamAaTH
q B obnactn namatu nporpamm
g 100k umknoB nepe3anucu

PIC Microcontroller

IJocTouHcTBA Flash Program Memory
q JHeproHesaBMcUMasi NaMATb AaHHbIX \ -
a [HeweBasn anbtepHatuBa EEPROM
a HapexHoe xpaHeHMe AaHHbIX

NMpumMmepbl npuMmeHeHUsA

aq JlorrmpoBaHue AaHHbIX

g Tabnuubl gaHHbIX

q YcCTaHOBKM KOHcpUrypauumm m KanmbpoBKu

Non-volatile
Application
Data

© icrochi ogy Incorporate



Ml:?lcmp Peripheral P|n SeleCt
Lol /0 Pin Remapping of Digital Signals

Peripheral Pin Select (PPS) JocTouHCTBa

q KoHdwurypupoBaHue nroboro umncppoBoro moaynsa Ha a OntnmanbHoe ucnosnb3oBaHUe
noooun nNuH nepudepun

q [pepoctaBnsaeT 6onblle BO3MOXHOCTEN NO ONTUMM3ALMK q  YnpowaeT cmeHy MK

q [unbkas HacTpouka cpyHKLUN a OnTtuMmmsaums TpaccupoBKU

aq MNopknrovyeHne ogHoun nepudcepun K Heckonbkum U/O

q [lNepeknioyeHue BO Bpems paboThbl

NMpumepbl npuMmeHeHUA

g Cuctembl Tpebyrowme BbICOKOU
V] PIC Microcontroller [Val . :ZLZ;%?zv;cTapewa MK
P oo oo oo > | ? gﬁ?ﬁﬁ;ﬁ;;g§6¥£§::pOBkw nnw
i MMHUMarnbHbIX pa3MepoB
- j======----- >
1
| 4--i i'->_|
0 L
T — 1 ----------- S
1
[ j&---mmeeead — »__|

il LK TiA



MQ eXtreme Low Power

b I(' -
MASTERS 2015 Industry Leading Low Power Technology d

eXtreme Low Power (XLP) JocTtomHCcTBa
a XLP™ tpe6oBaHusA q [poaneHue cpoka cnyx6bl 6aTapeun
aq Tok B pexume SLEEP : <100HA g YMeHblueHune nnge6ne|-m;| ansi
g Low Power Wake-up Timer: <800HA CeTeBbIX YCTPOUCTB
g WMcTo4yHUKM npocbinaHusa anMepr I'IpVIM&H&HVIFl

q [lNoTtpedburtenbckas aNneKTpoHUKa
a Hatuukun gbima n CO

q barapenHbie npndopbl
q

MpubGopbl ¢ TpeboBaHUAMU
MUHUManNbLHOro NoTpeéneHus B

Xaylem pexume
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PIC16(L)F1579
ob630p cemencTBa

Core Ihdébendent Peripherals Enable
Functions for Various Applications
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s CemeunctBo PIC16F1579

MASTERs 2015

1 [lepBble 8-bit PIC® MK ¢ He3aBucMMbIMUN 16-
bit LL/Mamw.

1 o 14 Kb Flash namsaTtu

1 HwnanasoH nutaHusa 1.8-5.5B
1 eXtreme Low Power

1 Kopnyca 14-20 BbiBOOOB

1 [Ona LED oceelweHnsd, ynpaBneHud
asuratenaMmm n gpyrnx npuMeHeHunm




— PIC16F1579

MASTERs 2015

O630p PyHKLMUM:

e ToyHbIN LLUUM

* AHanoroBble 6N1OKU ANA N3MepeHun n oo6paboTkn curHanos

« EUSART ana nocnegoBaTenbHbIX NpoToKonoB, Bkntoyas LIN n DMX
 HezaBucumasn ot aapa nepudepus

Focus Functions

Output & Signal Generation
Memory

Input & Sensor Interface NCTTEAreuall | High Endurance (EJUSART
aveform Generator Flash (Data)

. . Comparators 16-bit PWM Peripheral Pin LIN/DMX
System Communications ' Select |

DAC mTouch® extreme Low Power | By VIA NI TEG]s

o XLP Technology

Human Interface Voltage
Reference Timers




N —————— m—

MicrocHIP P I C 1X F1—5 7X

MASTERs 2015 16-bit LLAM-b1 n UHTepdencoi

B npousBoacrtee

PIC16F1575 . PIC16F1579
14KB / HEF / 1KB 14KB / HEF / 1KB

PIC16F1578
7KB / HEF / 512B
12x10b ADC, 5b DAC,
2xComp, CWG, TEMP,
4x16b PWM, PPS,
EUSART

PIC16F1574
7KB / HEF / 512B
8x10b ADC, 5b DAC,
2xComp, CWG, TEMP,
4x16b PWM, PPS,
EUSART

PIC12F1572
3.5KB / HEF / 256B
EUSART

Features & Memory

PIC12F1571
1.75KB / HEF / 128B

4x10b ADC, 5b DAC,
Comp, CWG, TEMP,
3x16b PWM

8 Pin 14 Pin 20 Pin




T RGB LED Color-Mixing Badge

MICROCHIP

MASTERs 2015 AeMo—nnaTKa

CwmeweHue uBetoB (RGB) ¢ noMoubH0

LM
i YnpaBnsetcs PIC12F1572 i
PIC12F1572 8-BIT MCU
N icnonb3yeT nepudeputo: AT T — g
I 16-bit LLUNM-bI ¢ He3aBucmon 6ason COLOR MIXING

1 5-bit LUAI, Komnapatopsbl, AL

I 3-x uBeTHbIN RGB cBetoanon Cree
[ Auto rotation of color
[ mTouch™ cnangep nameHeHus LBeTa

I MCP1640 nosbliwatowmn DC/DC perynatop

i PIC16F1455 USB koHTponnep
1 YnpasneHue ot K
I ['pachunyeckmin nHTepdenc ¢ ynpasneHnem
LBETOM
N [TuTaHne oT:
1 AAAA vnn USB

=
L=
-
of
E
L=
[+
(=]
i

CREE®

N bornbwe uHgbopmayuu, ekrrovas cxemy,
UCXOOHUKU, U Op. nocemume caum...

I www.microchip.com/RGBbadge

S 2015 Microchip Technology Incorporated, A R e i 00 e —— e A b e . .
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PIC16(L)F161x

Advanced Functional Control
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— PIC16(L)F161X

MASTERS 2015 Closed Loop control and Safety-Monitoring
with Core Independent Peripherals

MHmeepauus AHanozoeou u Ljugbposou lNepughepuu 8 maribix Kopriycax
. CemencTtBo u3 6 koHTponnepos, ol4Kb Flash n 1Kb O3Y
. 8-, 14- n 20-pin kopnyca
. 10-bit AU (go 15kananos), 8-bit LIAT, 2x KomnapaTtopa, 2 x 10-bit LUNM

Hoeas lNepugepusi Hezasucumas om Sdpa, komopasi pacwupsiem yHKUUOHasIbHbIe
B803MOXXKHOCMU
. Angular Timer (AngTmr)
. Math Accelerator (MathACC)
. 2 X High Current I/Os (100 mA)
. Peripheral Pin Select (PPS)

Lpyeas lNepugbepusi Hezasucumasi om 5dpa

o 4x Configurable Logic Cells (CLC)

2 X 24-bit Signal Measurement Timers (SMT)

Windowed Watchdog Timer (WWDT)

Cyclic Redundancy Check co ckaHupoBaHuem namatn (CRC/SCAN)
3 x Hardware Limit Timers (HLTs) n Zero Cross Detect (ZCD)
Complementary Waveform Generator (CWG)

High Endurance Flash (HEF) (aHeproHesaBncrmas namaTb JaHHbIX)

eXtreme Low Power Technology
. Tok B Sleep 20HA
. TOK B aKTUBHOM pexume 29MKA / MI'y



O PIC16(L)F161x

MicrocHIP —
MASTERs 2015 Closed Loop control and Safety-Monitoring

with Core Independent Peripherals

YTOo N3 cebsa npeacrasnaeT?

1 PasButue cemenctea PIC16F61x c Nepugepuet Hezasucumot om Hopa w
cneumanmsnpoBaHHbIMU TanMepamMmu

1 Mopxoant onsa cuctem ¢ TpeboBaHUAMM Mo 6e30MacHOCTU U HaAEXHOCTH,
ynpaBneHust ApuratensMmm u ap.

1. Windowed WDT (WWDT)
2. CRC with Memory Scan
3. 8-bit DAC
4. 2 X 24-bit SMT
= corows = T
PIC16F616 6. Hardware Limit Timer (HLT) — B
7.  Zero Cross Detector (ZCD)
Tonbko e PIC16F1614/5/8/9
8. ESUART
9. MATH
10. Angular Timer
ocTonHcTBA: 11. 10-bit PWM

1 OkoHHbIM WDT & CRC nomoratot obecneunts TpeboBaHust no 6e3onacHocTu
(Hanpumep UL & class B)
I [Mpocton nepexopn ¢ PIC16F61x
1 [Ang npunoxeHnn tmna:
1 BbITOBas TexHUKa, cTUparibHble MalWHbI

1 JIroGble npunoxeHusa obLwero HasaHa4YeHUA ¢ TpedboBaHMAMMU NO
dyHKUMOHaNbLHOU 6e30nacHOCTU



MICROCHIP
MASTERs 2015

Features & Memory

PIC12F1612
3.5KB / HEF / 256B
4x10b ADC, 8b DAC,
Comp, 2xCCP, CWG,

3XHLT, 2xSMT, WWDT,

CRC/SCAN, ZCD

PIC16F161x

Functional Safety and Motor Control

B npousBoacrtee

PIC16F1615
14KB / HEF / 1KB
4xCLC

PIC16F1614
7KB / HEF / 512B
8x10b ADC, 8b DAC,

2xComp, 2xCCP,
2XPWM, CWG, 3x16TMR,
3XHLT, 2xSMT, AngTMR,
WWDT, CRC/SCAN,
MathACC, 2xCLC, ZCD,
PPS, 2x100mA 1/0O,
SPI/12C, EUSART

PIC16F1613
3.5KB / HEF / 256B
8x10b ADC, 8b DAC,
2xComp, 2xCCP, CWG,
3XHLT, 2xSMT, WWDT,
CRC/SCAN, ZCD

PIC16F1619
14KB / HEF / 1KB
4xCLC

PIC16F1618
7KB / HEF / 512B
12x10b ADC, 8b DAC,
2xComp, 2xCCP,

2XPWM, CWG, 3x16TMR,
3XHLT, 2xSMT, AngTMR,

WWNDT, CRC/SCAN,
MathACC, 2xCLC, ZCD,
PPS, 2x100mA 1/0O,
SPI/12C, EUSART

XP
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S PIC16(L)F176X/7X

MASTERs 2015

MHorokaHanbHble UAT ¢ Gnokom gummmnpoBaHus

OI'ITVIMVI3VIpOBaHbI Aans MMI'IyﬂbCHbIX MUcTouyHnKOB

« Jo 28 K6 Flash namaTu dononHutenbHO UM pOBbLIE
No 4 6nokos UM ans LED ocBelueHus, B * [o 4x Configurable Logic Cell (CLC)

* Peripheral Pin Select (PPS)
*  WHTepdencol: EUSART & 1°2C™ / SPI

Ka)XaoMm:

e 10-bit LBAMN (DAC)
e 5-bit BAM (DAC)
. OnepaumoHHbIe ycunutenu (Op amps) dononHuTtenbHO AHarnoroBoe:
« BbicTpble komnapaTopbl (HSComps) * 10-bit AUR (ADC)

. 10-bit LLIKMM (ans MMN) * Ao 28 kaHanos

« 16-bit UM (aummupoBaHue) * Zero Cross Detect (ZCD),
» Data Signal Modulators (DSM)

« Complementary Output Generators (COG)
 Hardware Limit Timers (HLT)

* High-Current I/Os (100 mA)
eXtreme Low Power (XLP) :

PIC16F1777/9

Channel 1

PIC16F1773/6/8

Channel 1 Channel 2

PIC16F1768/9

Channel 1

=1 Channel 2
P |
O Pin
SRR

Channel 2 Channel 3

PIC16F1764/5

Channel 1

« 50 HA Sleep Current =

Ak Naakal

. 35 MKA/MINy Active Current

Channel 3 Channel 4

UUUUUUUUEbnuroiooy

ponppponppnpnennpennng

N
i)

U

»

DODCOOOCOOD
qorpnnnonenel
UL e LT

==

-----



S PIC16(L)F176X/7X

MICROCHIP

WASTERs 2019 Multi Channel SMPS with LED Dimming Engine

YTto U3 cebsa npeacraenser?

i NHTerpaumsa aHanoroBbiX U UndpoBbix 6110koB Ansa MMnynbCHbIX CTOYHUKOB
MutanHunga

i 14 — BbIBOOOB Ans 1-, 2- n Ao 4-x kKaHanoB npeobpasoBartens NUMTaHus
i Moaxoant ana LED n npeobpasoBatenen nutaHms

Memory

High Speed Comparators PIC16F176x
[ PIC16F75x ] IZDII Programmable Ramp Generator e

PWMs PIC16F177x

10-bit DAC

Zero Cross Detect

High Current I/Os

Core Independent Peripherals
PPS

0. Communication

HOONOORWNE

IocTonHCTBA
1 Anrpeng npmnbopos Ha 6a3e PIC16F75X n PIC16F178X
1 [NprMeHeHUs1 ¢ BbICOKOW CTEMEHBLIO NHTErpaummn aHanorosblx 6510KOB
1 [Mpumenumbl ons:

1 WU, KoppekTopbl MOLWHOCTU, YnipaBrieHne asuratenamu, Jatyumkm,
U3amepeHusn

1 CBetoanopgHoe ocBeweHue, bannacTtbl, KKM, noacsetka XKXKU

1  ABTOMOOUIbLHLIE XOA0BLIE U 3aAHUE Q)OHapM, 3apAAHUKU U OP.
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MICROCHIP

MASTERs 2015

B npousBoacrtee

4

PIC16F1765
14KB / HEF / 1KB

PIC16F1769
14KB / HEF / 1KB

Features & Memory

8x10b ADC, 5b DAC,
10b DAC, 2xHSComp,

3x16bTMR, DSM, CCP,
PWM, 16b PWM, ZCD,

2x100mA 1/O, TEMP,

PIC16F1764
7KB / HEF / 512B

OPA, PRG, 3xHLT,

COG, 3xCLC, PPS,

SPI/I°2C, EUSART

PIC16F1768
7KB / HEF / 512B
12x10b ADC, 2x5b DAC,
2x10b DAC, 4xHSComp,
2X0OPA, 2xPRG, 3xHLT,

3x16bTMR, 2xDSM,
2XCCP, 2xPWM, 2x16b
PWM, ZCD, 2xCOG,
3XCLC, PPS, TEMP,
2x100mA /0O, SPI/I2C,
EUSART

PIC16(L)F176X/7X

Multi Channel SMPS with LED Dimming Engine

O6pa3ubl: Q3’15
NMpounsBoacTBo: Q4’15

B
PIC16F1778 A
28KB / HEF / 2KB

N
PIC16F1776 |
14KB / HEF / 1KB

PIC16F1773 \\
7KB / HEF / 512B
17x10b ADC, 3x5b DAC,
3x10b DAC, 6xHSComp,
3XOPA, 3xPRG, 4xHLT,
3x16bTMR, 3xDSM,
3xCCP, 3xPWM,
3x16b PWM, ZCD,
3xCOG, 4xCLC, PPS,
2x100mA 1/O, TEMP,

SPI/I2C, EUSART /

PIC16F1779
28KB / HEF / 2KB

PIC16F1777
14KB / HEF / 1KB
28x10b ADC, 4x5b DAC,
4x10b DAC, 8xHSComp,
4xOPA, 4XPRG, 4xHLT,
3x16bTMR, 4xDSM,
4xCCP, 4xPWM,
4x16b PWM, ZCD,
4xCOG, 4xCLC, PPS,
2x100mA I/O, TEMP,

X.P

\

b

SPI/I2C, EUSART //
-

© 2015 Microchi

14 Pin 20 Pin

Technology Incorporated. i

28 Pin

40 Pin
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MicrocHIP CpaBHeH Me

MASTERs 2015

OObI4yHOe pelieHue UHTerpupoBaHHOE pelieHue
1 bonbluaa Harpyska Ha agpo 1 AnnapaTHag peanusauus,

1 CnoxHocTu B oTnagke 6e3 yu4acTua saapa

» Bonbluasg ney.nnata 1 MeHbLIe KOMMNOHEHTOB,

MeHbLlue [.nnaTa
1 [NapameTpbl 3agatoTcs
BHELLUHUMU 3NNIEMEHTAMMU

o o s __PIC16F1769 _
' L 16F1769 integrates analog | cPu i Not Required |

D

[ 1 c : :
| ' = 2 - xIT{l LED () ' T$ LED
A Vax T?} Str‘ing I #ﬁan‘m&ﬁiﬂ 1[[? T‘. Strirtg
b T’ 4 T ! ::; Glrbl!_bﬂr g‘ __\_E 2 \ ;
Q il ~ 1-—--1
C ‘I’_\F - v R }T)}‘
i ]- .
) K Re Rs
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NcRoct? (DYHKLMOHaNbHbIEe BO3MOXHOCTH

CraHgapTHbin MMI1 ¢ ynpaBneHmem no nuky toka (PCMC)

q Peak-Current Mode Switching Regulator Mimic Peripheral Set
q PWM: 10- or 16-bit resolution to pre-set periods and duty ratio ranges

q COG: Handles the port control to generate complementary waveforms, dead-time insertion and override shut-down
q DAC: 10-bit resolution on the selected reference source to generate the reference voltage for the error amplifier
q OPA: General purpose op-amp used as inverting error amplifier (externally compensated)
q PRG: Programmable Ramp Generator to apply compensation ramps to the PCMC comparator reference input
q COMP: Fast analog comparator (<50ns) is used as Peak Current Mode Comparator directly truncating the active on-
timeon a cycle-by-cycle basis
PWM Generator PIC Microcontroller FCMC
10-bit PWM for generating power supply Power Supply
switching frequency
PCMC Slope Compensation
P_rograrr_\mable Ramp Generator for R
runtime-adjustable peak current mode Il L

. Current
slope compensation Feedback

Error Amplifier

Rail — Rail OpAmp as error amplifier with
output disable for improved control loop
performance minimizing LED current
overshoot

Output Voltage Feedback

Compensation
Network




e ®yHKLUOHaNbHbIe BO3MOXXHOCTMH

MASTERs 2015
NMpeunsnoHHoOe ynpaBrieHne CBEeTUIIbHUKOM

LED Dimming Engine
Interconnection of 10-bit/16-bit PWM, DSM, & OpAmp

q Stage 1: Overshoot Control q Stage 2: Decay Control
q PWM: 10-bit SMPS & 16-bit Dimming q Op Amp:
q Data Signal Modulator (DSM): q Tri-stated to prevent saturation
q Synchronizes PWM switching signals q 16-bit PWM:
q Combinatorial Logic Cell (CLC) q Freezes OpAmp compensation during “OFF”
q Optional to combine, invert, delay or latch control q LOAD disconnect for fast output “OFF”
SlgnalBimming Engine
Stage 1 PCMC
10-bit PWM for generating power supply Power Supply
switching frequency
Dimming Engine D
Stage 1&2 Carrier

Data

16-bit Dimming control signal generation

Dimming Engine — 1
Stage 1 >| iti Q C ‘
Programmable Ramp Generator for i
runtime-adjustable peak current mode 'Eﬂi’fetﬁ{ R
slope compensation : Feedback S
Dimming Engine; LOAD Disconnect
Stage 1 ‘
Rail — Rail OpAmp as error amplifier with Average Current Feedback
output disable for improved control loop R
performance minimizing LED current S
overshoot Dimming Engine -
. . . Stage 2
Dlmmlng;nglng Fast LED “Turn-OFF” during
L o age = dimming off-time via 16-bit PWM
Compensation “Freeze” via tri-state OpAmp _>[ Compensation
Network
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MICROCHIP
MASTERs 2015

LED Dimming Engine
Interconnection of 10-/16-bit PWM, DSM, & OpAmp
a Synchronized input / output switching
Smooth signal switching
Prevents partial signal glitching
Stabilized output power
Lower code overhead

0 0 00

10-bit PWM
Dimming
Engine

16-bit PWM
Dimming
Engine

DSMg,
Dimming
Engine

q

q
q

Precise Switching
DSM + 16b PWM + 10b PWM

Compensation “Freeze” via tri-state OpAmps

Functional Enablement
LED Dimming Engine - Benefits

LED Dimming

a Reduces heat

a Increases LED life

a Minimizes color shift
Core independent operation
Operation while in low power SLEEP

N L Switching
n o Overshoot
[N

F

“ ,,'1 Verr
‘\‘ K4 Decay

y

LED Current
td

Fast “ OFF”
LOAD Switch via 16b PWM
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S Dual Independent Power Stages

MICROCHIP

s PIC16F1769 Demonstration

1 HesaBucumoe ynpaBneHue 2-9 nuHenkamm LED

1 AnnapaTHoOe yMeHblUueHUe 3aaepxKek:
Programmable ramp generator
DAC, ADC, Op-amps, Comparators

Direct LED drive via I/O pins Channel #1

- . Independent channel,
1 10-bit PWM PIC16F1769 Family: closed-loop control for
Create up to two

. independent channel
independent closed-loop P :
operation.
channels

Buttons
Center: Change mode, select
changes and select channels
Left/Right: Adjust each
independent channel selected.

Channel #2
Independent channel, closed-
loop control for independent

channel operation.

3 LED String #1
Independently
controlled

3 LED String #2
Independently
controlled
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Core Independent Peripherals Enable
Functions for Various Applications
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Ml:‘g\lcmp PlClG(L)F183XX

MASTERs 2015 Feature Rich General Purpose

YTOo N3 cebsa npeacrasnaeT?
i Cnepytollee rnokosieHne nonynspHoro cemencrea PIC16F182x

1 Copepxut cnepytowee nokoneHue lNepudepun Hesasmncnmon ot Agpa (CIP)
1 [ocTtynHbl B 8, 14, 1 20- BbIBOAHbLIX KOpnycax

1. CLC, NCO, PWM, CWG b e aen mee
PIC16F182x IZ::::' 2. Peripheral Pin Select % PIC16F183x

3. Idle, Doze, PMD

ocTonHCTBA
1 eXtreme Low Power (XLP)
1 BblcokokoHurypupyemas Nepundepus Hesasucumaga ot Agpa

i [MpocTon nepexon ¢ npeablayLunx nokoneHnn 8- ... 20-ebiBogHbIX MK
1 [Ang npunoxeHun:

1 YnpaBrneHusi npuBogamu

1 WcTo4yHMKM nuTaHuA

1 mTouch

1 KoMmyHuKauun

1 WU pp.



MICROCHIP
MASTERs 2015

Features & Memory

PIC16(L)F183XX

Feature Rich General Purpose & Safety Critical

PIC16F18326
28KB / 256B EE / 2KB

PIC16F18325
14KB / 256B EE / 1KB
2XxCWG, 4xCCP, 4xCLC,
2x(SPI/12C), EUSART

PIC16F18324
7KB / 256B EE / 512B
2XCWG, 4xCCP, 4xCLC

PIC16F18323
3.5KB / 256B EE / 256B
11x10b ADC, 5b DAC,
2xComp, 2xCCP,
2xPWM, CWG, NCO,
DSM, 2xCLC, PPS,
IDLE/DOZE, PMD,
TEMP, SPI/I°C, EUSART

PIC16F18313
3.5KB / 256B EE / 256B
5x10b ADC, 5b DAC,
2xComp, 2xCCP,
2xPWM, CWG, NCO,
DSM, 2xCLC, PPS,
IDLE/DOZE, PMD,
TEMP, SPI/I?C, EUSART

8 PIn 14 Pin

© 2015 Microchip Technology Incorporated. i

PIC16F18346
28KB / 256B EE / 2KB

PIC16F18345
14KB / 256B EE / 1KB
2XCWG, 2x(SPI/I2C)

PIC16F18344
7KB / 256B EE / 512B
17x10b ADC, 5b DAC,

2xComp, 2xCWG,
4xCCP,
2xPWM, CWG, NCO,
DSM, 4xCLC, PPS,
IDLE/DOZE, PMD, TEMP,

20 Pin



Ml:?l;:mp PIC16(L)F188XX

WASTERs 2012 Feature Rich General Purpose & Safety Critical

YTOo N3 cebsa npeacrasnsaeT?
i Cnepytollee nokosieHne nonynspHoro cemencrtea PIC16F88X
1 Copepxut cnepytowee nokoneHue lNepudgepun Hesasncnumon ot Agpa (CIP)
1 Haunbonblumne pasmepbl namatn O3Y B PIC16F1
1 [JoctynHbl B 28 1 40-BbIBOAHbLIX KOpnycax

PIC16F88X ':D:'

ocTonHCcTBA
1 eXtreme Low Power (XLP)
1 BblcokokoHurypupyemas Nepundpepus Hesasucumaga ot Agpa
i [MpocTon nepexon ¢ npeablayLunx nokoneHnn 28- ... 44-soiBoaHbIX MK
1 [Ang npunoxeHun:
1 YnpaBrneHusi npuBogamu
1 DBbITOBas TexHUKa
1 WHTepHeT Belen
1 lMpombliwneHHble NpuUbopbl U aToOMaTU3aLuma

Up to 56 KB Flash / 4 KB RAM

CLC, NCO, PWM, CWG

Safety-critical features — PIC16F188XX
Timers (WWDT,SMT,HLT,16bTMR)

IDLE, DOZE, PMD

ADC with Computation (ADC?)

2 x Communications (SPI, I2C)
Peripheral Pin Select

ONoOhAWNE

o ey Ty e A Y ————————— s o
R TTITYTIT (1Y




Mltg;\:mlﬂ PIC16(L)F188XX @

WASTERs 2012 Feature Rich General Purpose & Safety Critical

PIC16F18857 \
56KB / 256B EE / 4KB

PIC16F18856 )

28KB / 256B EE / 2KB

PIC16F18877
56KB / 256B EE / 4KB

PIC16F18876
28KB / 256B EE / 2KB

>
o PIC16F18855 PIC16F18875
c 14KB / 256B EE / 1KB 14KB / 256B EE / 1KB
< 35x10b ADC?, 5b DAC,
= 2xComp, DSM, 2xPWM,
PIC16F18854 5XCCP, 3xCWG, NCO,

o 7KB / 256B EE / 512B 3x16TMR, 2XSMT,
N 24x10b ADC?, 5b DAC, 3XHLT, WWDT, TEMP,
v 2xComp, DSM, 2xPWM, CRC/SCAN, 4xCLC,
S 5XCCP, 3xCWG, NCO, ZCD, PPS, IDLE/DOZE,
= 3x16TMR, 2xSMT, PMD, EUSART,
O 3XHLT, WWDT, TEMP, X
LL CRC/SCAN, 4xCLC, lCVe

ZCD, PPS, IDLE/DOZE, =

PMD. EUSART,
2X4fiiake @ //

28 Pin

40 Pin

B
\




e PIC16(L)F188XX

MASTERs 2015 Differentiating Features

1 Copepxut cnepytoulee nokoneHue lNepudcepun
He3aBucumom ot Agpa (CIP)

1 Haunbonbwue pasmepsbl namatn O3Y B PIC16F1

1 [epudepuna ons 3agay KOHTPONA U CUCTEM C
BbICOKUMU TPeOOBaHNAMU K HaOEXHOCTU

1 MukponoTtpebneHue
1 eXtreme Low Power (XLP)
1 Peripheral Module Disable (PMD)
1 Pexxuwmbl IDLE n DOZE

1 Closed loop feedback control

1 10-p ALUI ¢ Beivuncnntenem, Komnapatopbil,
5—ppL|, AII_'lI paTop
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PIC16LF1554/9 MCUs

8-bit, Dual ADC with up to 17 channels and Hardware CVD
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s PIC16LF1554/9

MASTERs 2015 Core Featu Fes

- MukpokoHTponnep obwero HasHa4YeHusa ¢ agpom “Enhanced
Midrange Core”
«  C-optimized, higher code density, 16-level deep stack

. AHanoroBas nepudepus
e [1Ba He3aBucumbix 10-p AL
* AnnapatHbin CVD
- WOH
 po 17 aHanoroBbIX KaHana

- Master Synchronous Serial Port (MSSP)
+ 12C, SPI, EUSART.

. eXtreme Low Power ana 6atapenHbIX NPUMEHEeHUN
*  ToK B akTUBHOM pexunme: ~ 30MKA/MI4
 Tok B Sleep: ~ 20HA

*Capacitive Voltage Divider

€ 2015 Microchip Technology Incorporated, Al R RS b RO OIOLAYY | e .
o L s P 24 P 9 Mﬂunh\




— PIC16LF1554/9

MASTERS 2015 ADC Features

2 ALUI MmoryT ucnonb3oBaTtbCcsi COBMECTHO UIU pa3aeribHoO
« 2x 100 Ksample/s npu ogHOBpeMeHHOM UCMNOSNIb30BaHUU
o CuHxpoHusauma ALI no coObITUAM
« 1 AU, Hanpumep ana obwero npuMmeHeHUs, BTopou ana mTouch.

10-6uTt AU, no 17 kaHanoB

e A0 7 BblAeneHHbIX KaHanoB Ha Kaxabin ALl
« 3 KaHana MoryT nepeknto4atbcs mexay asyma AL

MNpepbiBaHna AL
 [lpeobpa3oBaHUA B aKTUBHOM pexume U B Sleep
AU moxeTt BbiBoauUTbL MK 13 Sleep

ABTOMaTn4yeckKkume npeodbpaszoBaHus
 [lepuoanyeckoe ckaHUpoBaHUe KaHanoB
 bes BmewaTtenscTtia 10

© 2015 Microchip Technology Incorporated. All Rights Reserved ﬂ‘.I.QOOl NEW — _ -“ 2



Mu:?-;:mp PIC16L F1554/9

MASTERs 2015 Hardware CVD Features

1 Jloruka ynpasnexHua AL
1 CywecTBeHHOe YMeHbLUEeHWEe pa3mepa koaa
1 YBenuyeHune bbicTpoaencTeus sapa

1 OpgHoBpeMeHHbIn 3anyck CVD B gByx annapatHbix CVD
MoOAYynsX
I BbICprIVI OTKITUK CNCTEMbI C EMKOCTHBbIMW KHOIMNKaMu

1 HactpaunBaemas emkoctb YBX, oo 32n®
1 lNopaepxka 60NbLUIMX EMKOCTHBIX CEHCOPOB

1 lpepBaputenbHbIN 3apsaa v ynpaseHue BpeMeHeM
npeobpasoBaHus (7-p BblAeNeHHbIN Taumep)

I [nsa makcumanbHoro yBeJin4eHnAa 4yBCTBUTEJTbHOCTH

1 [IBOMHOE caMnnupoBaHue ¢ npeodpa3oBaHUAMMU
1 [lceBoo andodpepeHumnarnbHbIn pexum angd yCTpaHeHUsa BINAHNS LWYMOB

[OpauBep 3awmTHOro Konosua (2 Bbixoaa)
1 YBenuyeHne 4yBCTBUTESNBbHOCTU U YCTONYMBOCTM K LLUYMaM

© 2015 Microchip Technology Incorporated. All Rights Reserved “49001 NEW . — -“ 2



Ml:‘g\l;:mp PIClZF/PIC16F

MASTERs 2015 Family & Hardware CVD

PIC16F1518 i
28 KB / OEE / 1KB
17x 10-bit A/D

PIC12LF1559
14 KB / OEE / 512B
17 x 10-bit A/D

1 1
1 1
1 1
1 1
1 1
1 1
1 1
! 2 x 8-bit Timer, EUSART ! 5%%?';;
1 1
! MW@ ! 2x CCP /
1 1
> = =
1 1
. . PIC16F1516 \
o ! PlelZl e ! 14 KB / OEE / 512B
E ! 7 KB / OEE / 2568 ! e A A
1 X -bit 1
11 x 10-bit A/D B
(D) ! 2 x 8-bit Timer, EUS ! e
: Mﬂﬁ) !
2 ! ! 2x CCP )
=~ 1 1
$ ! !
PIC12F1501 \ l ) : PIC16F1513
; 1.75KB / 64 ! z'gég':/lfgg ! 7 KB / OEE / 256B
= 4x 10-bit A/D, ! e oA AT ! 17x 10-bit A/D
CU 1x Comp, DAC, I CLC. CWG NCEJ I EUSART
b CLC, CWG, NCO, X ’ ' : | MI2C/SPI
4x PWM ) ! AR Y ! aD
LL ’ ! S
| 1
1 1
. PIC16F1503 \ .
- PIC16F1512
PIC12LF1552 ! 3.5KB /128 !
: 3.5 KB / OEE / 128B
sOsEo | coie
1 x 8-bit Timer ! DAC MI2C/SP!I. ! EUSART
I RIC VD) ! CLC, CWG, NCO, !
! 4x PWM J !

8 Pin 14/20 Pin



