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o FrBERG IS
o {TJEEE CIP?

o CLC (Configurable Logic Cell)

o SMT (Signal Measurement Timer)
o TMR2,4,6 W/HLT

o PWM

o ZCD (Zero Cross Detector)

o AT (Angular Timer)
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_ab 0 - (R E G E
Lab 1 - FAARHY LED Al
Lab 2 - RGB =& LED {#i[§ CLC {12
| ab 3 - SMT Duty Cycle =k & EHf & M
Lab 4 - ZCD &R R H
Lab 5 - HLT/Timer2 &R
Lab 6 - ZCD 2 HLT/TMR?2 fig=% TRIAC
_ab 7 - Angular Timer Compare Mode

_ab 8 - ZCD M{irfz g TRIAC
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Application Building Blocks
o [EHEHSEAERYDIEE T SRR EE A Y

o Application = Function 1 + Function 2 + Function X ...
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Application Building Blocks
o« DIRE T BRI REE B 2 S AR GG
o Function x = Peripheral 1 + Peripheral 2 + Peripheral x ...
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General Lightin . .
- 8-bit PIC ® Microcontrollers

Automotive Lighting

Power Supplies CPU _ Memory

Smoke & CO Output & Signal Generation

s s Input & Sensor Interface

T SmallAppliance

— Motor Control
HVAC & Waterdseating

= Pol Tools Power Cog ' '-

GDO | "QVStem &:
Qo —— Function1

m Systemn Ca Perippe,.; 5

— P Timin
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Function x Hul .
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Custom Applications
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Intelligent Analog
Sensor Interfacing & Signal Conditioning

SR PERAE
K & HEBHHNEE

Waveform Control
PWM Drive & Waveform Generation

Timing & Measurements
Signal Measurement with Timing & Counter Control

P

—

ADC

ADC?

Comparators

DAC

High Speed
Comparators

Safety & Monitoring

Hardware Monitoring & Fault Detection

Communications
Wired, Wireless & Encryption

Operational
Amplifiers

User Interface
Capacitive Touch Sensing & LCD Control

Low Power & System Flexibility

XLP Low Power Technology, Peripheral &
Interconnects

Ramp Generator

Slope
Compensation

Voltage
Reference

Zero Cross
Detect

High Current
I/0

8-bit PIC Microcontrollers

(Enhanced) Capture
Compare PWM

Complementary
Output Generator
Complementary
\Waveform Generator
Data Signal
Modulator

Numerically
Controlled Oscillator

Programmable Switch
Mode Controller

10-bit PWM

16-bit PWM

Cyclical
Redundancy Check

Hardware
Limit Timer
Windowed WDT

High Endurance
Flash (Data)

Crystal Free USB

IDLE & DOZE

Peripheral Module
Disable

Peripheral Pin
Select

eXtreme Low Power
XLP Technology

Angular Timer
Charge Time
Measurement

CAN

(E)USART

ETHERNET

MAC
RTCC 12C
Measuriir?“lzzllt Timer LIN
Keelog®
Timers Sub-GHz RF
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o Small form -factor 20-pin packages:
o PDIP, SOIC, SSOP, QFN, UQFN

o Memory:
o 14KB Flash
o 1KB RAM

o 128B HEF with 100K Erase/Write Cycles

o Operating Characteristics:

o Configurable 32 kHz to 32 MHz operating
speed

o 1.8V (LF)to 5.5V (F) voltage range
e -40to 125°C temp range

e 50 nA SLEEP Current

o 35 UuA/MHz active current

e S i 275 T —— e b L
il AR b SELLAA Y

PIC16(L)F1619 Overview

10-bit 8/16-bit
:[ 12Ch ADC 1/2 Timers
High Speed :
2X e Angular Timer
; 24-bit Signal
l ERALIDAG Measurement Timer
:[ R\é?;tg%ie TEMP Indicator
Zero Cross 4x Configurable
Detect Logic Cell
2% 100mA I/O Math
Pins Accelerator

I 2X 10b PWM (E)USART
Capture
I Complementary
Waveform Generator LIN
High Endurance
Flash (Data)
Windowed WDT Peripheral Pin
Select

Cyclical
I Redundancy Check

Hardware
Limit Timer

I mTouch eXtreme Low Power
| XLP Technology
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Sensor Filter & Scaling

PWM Update

ADC Measurement

Close Loop Control

Application Logic

Communicate Data

Display Data

—R MCU Frr

==
)

i

CPU Time (uS)

R HE 77 M

= CPU Time (uS)
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CPU Time (uS)

Sensor Filter & Scaling
PWM Update
ADC Measurement

Close Loop Control = CPU Time (uS)

=
-

—
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Communicate Data

Display Data
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o fEEx(EF CIP FipYFER » FAEZ I A
1mS

o It could sleep for 800usecs in every loop
and save power.

o It could slow down to ¥ the clock speed
and save power or EMI.

e You could add more secret sauce and be
more competitive.
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Master Clear

USB Connector Reset Button

J2 (on back) mikroBus™ Header

. _J
2 - "3
L 1 i Yis " ¥ .
x — : . a8 Teluy F
~ . . 3 . +0
» [5[%)
- [

j_j y\lcnccn

Push _ RN4020
Button mTouch® LEDs Potentiometer Bluetooth
S1 Button S3 D4-D7 POT1 Module

Footprint




A Click Board Overview
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CIP V2B

RGB Light Input PWM Sinewave

LEDs

RGB Light
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1 9 0 e
— | VDD RAOICSPDAT [:rqifs— . e
5 RAIICSPCLK [T <<= > 2 > Z
2 vss RA2 <x}1— = o |~
RA3/MCLR/VPP |oe— oz o
RA4 ﬁ; o e o e
RAS = b o
) [ 22
GND :
HDR-2.54 Female 2x10 110-91-320-41-001 HDR-2.54 Female 2x 10
_lé_t, RCO GND
—:%I> RCI
= RC2
RC3 4
@ RCA RB4 forid- VDD
—= RCS RBS [ ! DNP .
—Sed RCO RB6 fort- HBk-2odizte-2xd HDR-2.54 Male 1x2 DNP ¥0
—i= RC7 RB7 ro— 2 J4
PICI6F1619-1/P o 10k g4
470R TACT SPST,
GND
OR
R37 R44 42 R43 0402
c Ik
S3
mTouch - D& ! D7
Button 6 S\RED \\zRED
HDR-2.54 Male 1x2
DNP
GND GND
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Configurable Logic Cell
(CLC)




o —
MICROCHIP C L C El/\j &‘&E‘\L

Regional Training
Centers

o —HEAFEI(CRYPNEETE K N as RS AN
5T s KN PAE E EL 78 S 2R HYBERG T RE

=
i
b

o [EEINZEFTF K PCB K7

o SHRFRGHYIRE ST SIE

o RIEEFEREIRIAZC MY BT FEElE




ﬂ/  —
Mlcggzmp C LC Jjjﬁ%
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o A {EE A S 1 (R YRS RS T R
o EEHEPS/ \THEE:
» AND-OR
o OR-XOR
o AND
» S-R Latch
o D-Flipflop
o OR into D-Flipflop
o J-K Flipflop
e D-Latch >

» Inputs selectable from nearly every peripheral and O
pin on device

o Output steerable to many peripherals an\#uost INS.

I-I-
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cat PhY yyy  Phels  yyy
System Communications - - .
Communicate serially to each pixel RGB Ws2811 WS2811 [ remrareeees WS2811
intensit

Input & Sensor Interface

Monitor ambient light and adjust pixel
intensity accordingl

A
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V
| eis gb**
System Comm n S .
intens

2 GB
Input & Sensor

Monitor ambient light ant
intensity accordi

K Light Sensor /
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A
100E
depend on controller 104
Voo '||| || '||
_q_"j 33R VDD OUTB OUTG OUTR 33R 33R VDD OUTE OUTG OUTR
a'é‘ DAT| — — — AN /——|DIN DO AN - = A\ —— DIN Dof—ANANA—Mm — — —
A g WS2812 WS2812 3R
8 GND}— = = ————__IGND GND - — GND —_———
WS2812 24 fir efEd 7=\ &% 0 4L &
G7, G6, G5, G4, G3, G2, G1, GO, R7, R6, R5, R4, R3, R2, R1, RO, B7, B6, B5, B4, B3, B2, B1, BO
J TIL
) T1H T1H B4 firye 1 AV4mhE > Hi FEEAFTET Ay 0.7us +-150nS
0.7us 0.6us
. T1L B%RH Ar7C 1 HY4REE > Low B HAFTET IS RY 0.6uS +-150nS
fiz7t 1 B4R
TOH HE A17T O IV4REE - Hi JEHA PR R 0.35uS +-150nS
TOL
“Ton” TOL B3] (L7 O A0 - Low JBHAFTRTHYAS] 08US + - 15015

0.35usS 0.8us

Reset Low B RHFAEIRF ] KA 50uS L |
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CPU is Required

Routines that make
pixel changes

Read ambient light

Calculate pixel
intensity based on
ambient light

pixelUpdate()

B =AY ERFIERSR (0.35uS) fR
oY MCU H DU EINE?

Light Sensor

vV \Y \'
Pixels
mﬁ me* oD 4D 4
an M Ml
WS2811 WS2811 [ s=ssssscmna WS2811
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CIPs B LURERR IR R BT P

SPI Port \
it_Low
SPI Master — ou:éﬂt HIGH 500nS
- Set output LOW 2000nS
SCK / Configurable Logic Cell

SDO [
J

\ _
++bit_count
Load next bit

END
transmitByte()
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CPU Required

i

Firmware

pixel changes

\ 4

[ Read ambient light ]

{

Routines that make ]

. 4

Calculate pixel
intensity based on
ambient light

A 4

|

PIC16F1 xx fi#

Light Sensor

pixelUpdate() J - y
{m% 34
i
WsS2811 WS2811
Configurable -
Logic Cell l
© 2015 Microchip Technology Incorporated. All Rights Re_serveﬁ. 2 w CIP “vance.RTC
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CPU Required

PIC16F1 xx fi#

B e SpI+ PWM

© 2015 Microchip Technology Incorporated. All Rights Reserved.
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Firmware

Routines that make
pixel changes

\ 4

Read ambient light ]

. 4

Light Sensor

Calculate pixel
intensity based on
ambientdi

onﬁgurable
Logic Cell

A

+ CLC HydH&

RE I ERASE L S 2R Y 83 1 i (i

- WS2811

30
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o 24 bit Timer/Counter @ FOSC resolution (32 MHz)
o Edge to edge measurements

o Measure Period & Duty cycle simultaneously

o Compare with set value — overflow Trigger

o Gate timer by window modes

o Generate interrupts on any event

o Pulse-Width Acquisition

o Period Acquisition

o Counter Overflow

ik
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Regiocnea’:t'le'rrasining ( S I\/I T)
W EH Timerl Gate HYIHEE:
o Extended to 24-bits

o 2 Independent gated counters with individual
capture registers

o Interrupts on all events
o 11 Modes of operation
o Multitude of Input AND Clock sources

m {117
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Input and.or Clock Sources
o PWMs

o Other timer overflows

o CCPs

o CLC Outputs

o ZCD

o Comparators

o /O pins (any pin via PPS — ST or TTL
based on pin setup)
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KA SMT Gated TimerfE

E A= PWM
{1y Duty Cycle

BRTME 26 5
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s E SMT TAERHZR “Period and
Duty Cycle Acquisition” k7B &}

FEEE Sy “Repeat” » 3BT
“Pulse Width Acquisition Interrupt”

= Hl] Duty Cycle

BRTME 32 H
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Zero Cross Detector (ZCD)
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AEI@”%EE@Q?E‘@ZEI’J{%E;
o HEMBEREAGERNBERHEIRE
Vg
I RSERIES = jjf;g
/\ +V,

— N —

ZCDxIN € |
R

ZS I = SWTENESEE s

HYEE i {8 & 300uA

TB3013 for more information on current injection.

VLAY
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Adding HLT




ﬂ/ — oy
Mllcggzl_-ll_P 7S Z[K FlEﬁ J |

Regional Training
Centers

o+ SRILBAI TMR2(4/6) 5 H% 23818 TS
o SHIEZ TR

o f%gﬁ[:bﬁjﬁ JE . Roll-Over Pulse (classic Method)
fu,u ﬁ’jé 7F fﬁ : Monostable (8 variations)
o %%ﬁ@?&ﬁ“ \JE : One-Shot (8 variations)

o External/lnternal Triggered Start/Stop/Reset
control options

L

» Increased options for Clock Sources and
Prescaler

nnnnnnnn




Mm Roll Over Pulse Mode

SR TMR2 et
o PRx & EEHARER ; EBEHEEA

o WWHIEENEH

e 0] ERREE ELA 4 12 Bl il
o it B] ERREE| H A E sl T B r B
TMRX
Output
'f Set
Prescale Reset TMRXx Flag
Clock Source > 11(248163264.128) | 2] TMRx
3 Y Postscaler
Comparator —> 1110 1°16
5 EO : :
TXCKPS - ¥ a
X
TXOUTPS

CIP Advance RTC " - . Sli 45
SRR ANN Y
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oyl

Clock 7 Period
Source

TMR
Postscaler

7 Triggers

Reset
Source

TMR
Prescaler

Operation
Method

|l
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mjfl

=

Hardware Limit
Timek
Clock 7Period
Source
Legacy:
e FOSC/4
Reset ULAISS
Expanded: Source Postscaler
e TXIN (2/4/6)
« SOSC 7Triggers
 FOSC Pr;-sl\gger
e HFINTOSC
(16 MHz)
« MFINTOSC Operation
(31.25 kHz) Method
e LFINTOSC
« CLC
e (output)
e ZCD
(output)

PR rT Ty SERUITAN




e
Mlcggzmp

Regional Training
Centers

Hardware Limit
Times
Clock 7Period
Source
TMR
Fizgel Postscaler
: Source
Legacy:
* NA 7Triggers
TMR
Expanded: Prescaler
e TxIN
(2/4/6)
e TMR Postscaled Operation
(214/6) Method
« CWG/COG
« CLC
 Comparator
(sync mode)
« CCP/PWM
e ZCD

T ——

HLT R %778

mjfl

=

Ty . SR
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mjfl

=

Hardware Limit

Clock 7 Period
Source

TMR
Postscaler

7 Triggers

Reset
Source

TMR
Prescaler

Operation
Method

Legacy:
* Roll-Over Pulse
(Repeating)

Expanded:

e Monostable
(Reset Available)

 One Shot
(Single Action)

R e L SR PLSEAL T NTE ——— e M 8 .
il ATTTTYAeY ULV L




1N HLT Simplified

MICROCHIP

s Block Diagram

Hardware Limit

Clock
Source

« CCP
(Fosc/4 only)
Reset » Timer 2/4/6

TMR
Postscaler

7 Triggers

Source

TMR
Prescaler

Operation
Method

LLLLLL VY - \\




1N HLT Simplified

MICROCHIP

s Block Diagram

Hardware Limit
Timek
Clock 7 Period
Source
Postscaler )
Source - 11
«1:2
7 Triggers ¢1:3
TMR «1:4
Prescaler «15
e 1:6
Operation : ;I‘L;
Method .19
«1:10
e 1:11
«1:12
«1:13
e1:14
e1:15
«1:16

e S i 15 T —— e b O
il AR b SELLAA Y




e HLT Simplified

MICROCHIP

s Block Diagram

Hardware Limit
Timesk
Clock 7 Period
Source
TMR
Reset Postscaler

Source
TMR

Prescaler « Auto Clear TMR ON
» Generate Interrupt
Operation
Method

Ty . SR
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Regional Training
Centers

MODE Start Reset Stop
Period Pulse
000 ON=1
001 ON=1&RS=1 ON=0Jor]RS=0
010 ON=1&RS=0 ON=0Jor]RS=1

Period Pulse with Hardware Reset

011 ON=1 RS = Rising/Falling ON=0
100 ON=1 RS = Rising ON=0
101 ON=1 RS = Falling ON=0
110 ON=1 RS=0 ON=0Jor]RS=1
111 ON=1 RS=1 ON=0[or]RS=1

PE: Period Elapse RS: Reset Source ON: TXCON <bit 7>

© 2015 Microchip Technology Incorporated. All Rights Reserved.
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FRESEELE

Monostable

T Fe] Y E T S L

MODE Start Reset Stop
Edge Triggered Start

001 ON=1& ON =0 [or] PE *
RS = 1St Rising

010 ON=1& ON =0 [or] PE *
RS = 1st Falling

011 ON=1& ON =0 [or] PE *

RS = 15t Rising/Falling

PE: Period Elapse

*Next clock after PE: [TMRx = PRX]

RS: Reset Source

ON: TXCON <bit 7>

© 2015 Microchip Technology Incorporated. All Rights1 Reserved. . &&9 CIP Advance RTC
g nws — = S L LRR
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One Shot

MICROCHIP
**8 MODE Start Reset Stop
One Shot
000 ON=1 ON =0 or PE*
Edge Triggered Start
001 ON =1 & RS = Rising ON =0 or PE*
010 ON =1 & RS = Falling ON =0 or PE*
011 ON =1 & RS = Rising/Falling ON =0 or PE*
Edge Triggered Start and Hardware Reset
100 ON =1 & RS = Rising RS = Rising ON =0 or PE*
101 ON =1 & RS = Falling RS = Falling ON =0 or PE*
110 ON =1 & RS = Rising RS=0 ON =0 or PE*
111 ON =1 & RS = Falling RS=1 ON =0 or PE*
Level Triggered Start and Hardware Reset
110 ON=1&RS=1 RS=0 ON = 0 [or] Held Reset
111 ON=1&RS=0 RS=1 ON = 0 [or] Held Reset
RS: Reset Source ON: TxCON <bit 7> *Next clock after PE: [TMRx = PRX]

© 2015 Microchip Technology Incorporated. All Rights Reserved. WQ CIP ﬁgvance RTC
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FIH ZCD =M 52k 38 K
wki% o Er@Eh HLT/Timer2 1y
Mono-Stable #%E] PWMS3 i

H 1.6mS BV

BRTME 3T H

B




]%§
Micacne Lab 6

Regional Trainin g
Centers

o FFH ZCD =M FFF52 87 A8 kg

o fiEaE HLT/Timer2 By Mono-Stable &y
BRI 1.28 mS HYHRE

o {EIH 1.28MS EHAYIFRIHE N ELEILL
TMR4 FyER%R) PWM3 B 16 ([

Duty Cycle 30% HJRRET

BRTME 44 H

VLAY
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The Angular Timer (AT)
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» Multiplies an unknown time based
signal into angle proportional clock

o The number of desired intervals stays
constant with a change In frequency

» Previously would be math intensive




& Angular Timer Simplified

MICROCHIP

HEEnaN s ing B I O C k D i ag ra. m

Angular Timer

Input
Signal

Captur
e Input

|

Reference
Clock

Resolution

Compare Value




A Angular Timer Simplified

MICROCHIP

s Block Diagram

Angular Timer

Input 7Period
Signal

Internal:
» CLC outputs Angle
« Comparator outputs Captur Clock
» Zero Cross Detect e Input
E I 7Compare
Angularx'ﬁﬁ;'mput pin Reference
Hloc Missed
Pulse
Resolution

Compare Value




A Angular Timer Simplified

MICROCHIP

s Block Diagram

Angular Timer

Input 7Period

Signal
Angle
ﬁ Capture Clock
External: Input
» Capture Input Pin VCompare
Reference
Internal: Clock _
- Comparator Output MIIDSSIed
e CLC Output ulse
« CWG Interrupt
Resolution

Compare Value




A Angular Timer Simplified

MICROCHIP

s Block Diagram

Angular Timer

Input 'yPeriod

Signal
Angle
Capture Clock
Input
‘VCompare
Reference
Clock Missed
Internal or External Clock
Pulse
Sources

'

Resolution

Compare Value

. ©2015 Microohip Technology incomorated Al REe et e BEIEPP S SRR TG s e R S v



A Angular Timer Simplified

MICROCHIP

HEEnaN s ing B I O C k D i ag ra m

Angular Timer

Input
Signal Internal:
* CLC input
Angl :
ngle » Timer 2/4/6
Capture Clock « SMT
Input
7Compare
Reference
Clock Missed
Pulse

o

Resolution

Compare Value
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A Angular Timer Simplified

MICROCHIP

HEEnaN s ing B I O C k D i ag ra m

Angular Timer

Signal
Angle
Capture Clock :
Input Interr_lal.
» CLC input
.7Compare
Reference
Clock Missed
Pulse

Internal:
o CLC input

o

Resolution

Compare Value
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A Angular Timer Simplified

MICROCHIP

s Block Diagram

Angular Timer

Input 7Period

Signal
Angle
Capture Clock
Input
Reference - |
Clock _ nternail.
Missed « CLC input
Pulse « Trigger ADC
conversion

o

Resolution

Compare Value




A Angular Timer Operating

MICROCHIP
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o Single Pulse

» Uses time between input ‘ 0
pulses to determine 0°

270° ¢

o Multi-Pulse
o Uses time between
missing pulse In input
stream

180°

nnnnnnnn
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o Computes the phase clock from 1 pulse per period

Period Event




Mm Multi Pulse Mode

o Computes the phase clock from 1 pulse per period
 Calculates the petiod ever '

Phase Clocks
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Microcontroller
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Conditioning
Circuit
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Microcontroller

— & BE 3 S E | 90° FOERRRHUE

Firmware

Read Input
— =
Conditioning H I\/l
Circuit Determine

Input Rotational
Signal Speed

SN2

Calculate

9(Q° interrupt
period

S

Set Output
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Angular Timer

7

ﬁ Capture i
External: Input

Internal: Internal:
e Comparator Output '7 -C_:LC input
e CLC Output -TrlggerADC
« CWG Interrupt conversion
Resolution

Compare Value
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Angular Timer

Capture ‘7
Input
7 Compare

Resolution

Compare Value

M -

Phase Count
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PIC16F161x

Firmware
Write Resolution

E\EBE%% and Compare Value

Conditioning
ot JL__TL

BREEMBMERZHT 90° 7

Input
Signal Resolution
9Q° Compare Value

Angular Timer
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Firmware
Write Resolution

= =} and Compare Value
’EWE_E% D
Conditioning
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359

Input
Signal Resolution
9Q° Compare Value

Angular Timer
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PIC16F161x

Firmware

Write Resolution
and Compare Value

| | 360 Steps

>

359

Resolution

[

Compare Value

Angular Timer
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D

AR E EEMEELEE] 0007

PIC16F161x

Firmware

Write Resolution
and Compare Value

360 Steps
>

Resolution

[

Compare Value

0 to 359 = 360

Angular Timer
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Firmware

Write Resolution
and Compare Value
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360

Resolution

[

Compare Value

Angular Timer
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Firmware

Write Resolution
and Compare Value

360

Resolution

Compare Value

Angular Timer
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Firmware
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and Compare Value

Conditioning
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9Q° Compare Value

Angular Timer
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WL

Angular Timer

Input
Signal

ATXINPPS

( Configurable \

Logic Cell 1

o
\DOJZ}—XI

LC10UT
J

Resolution REs AT @E@tb@%ﬁ%xf
BRI R CIEEHE
Compare Value Fr AR CLC NEPE4R
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DI ERReEH

7Compare
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o 3 {EFBILHY i/ i (7= (ATXCCy)

o LLEBUEZ:
o [LEZ ATXPHS (#AH(IL) to ATXCCy ( F/Z)

» Trigger an ADC conversion on
compare match

o THTERAT\
o Initiate interrupt and latches value of

ATxPHS whenever external signal occurs
(rising/falling)
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Mm Real World Applications

Regional Training
Centers

o CDI

o TRIAC Dimming

o UPS Sine Synth

o RMS Measurement

o ANYTHING PERIODIC
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MICROCHIP TRIAC Flnng
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MicROCHIP Math Accelerator (MathACC)
Regional Training 16-bit results in an 8-bit machine
PID Loop

Calculation Time
Math Accelerator (MathACC)

® Hardware Calculation Unit to
reduce computation time of
common mathematical
functions

A 250 ps

~1000
Instruction

® Decreases PID calculation time
by a factor of 150x on a PIC16

Execution Time
(Instruction cycles) @16 MHz

y
Instruction Cycles

® Decreases multiplication time
by a factor of 75x on a PIC16

w/o
MathACC MathACC
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Mfi‘é\cmp Math Accelerator (MathACC)

Seelote N ahe 16-bit math in an 8-bit machine
Benefits
® Better performance in applications requiring closed -loop control

® Much faster control loop bandwidth
® Reduces code size of closed-control calculation
® Better interrupt performance

® Flexibility to allow for multiple calculations to b e run in parallel
® Ability to context switch between multiple PID loops/math algorithms

® Saves power as calculations are completed almostin  stantly
® Run PIC® MCU at lower speed or enter SLEEP more often

© 2015 Mierochip Technology incorporated: Al RIS Res it s wllES5P 1O CRAL"" TTC | it s i b Sl S
—" TTTITVYESS aahhih!




ﬂ{y

MICROCHIP Math Accelerator (MathACC)
G Gl 16-bit math in an 8-bit machine

Possible Application Uses
® Motor control

® Brushed DC (BDC)
® Brushless DC motors (BLDC)

® Digital Filters

® Multiply and Accumulate mode can perform a MAC in 4 instruction
cycles

® Routines which are multiply dominant
® Taylor Series
® Cordic
® Division
* FIR/FFT

© 2015 Microcl

hip Technology Incorporated. All Righ vance
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Mfi‘é\cmp Math Accelerator (MathACC)

Regional Training 16-bit math in an 8-bit machine

Centers

General Overview
® Hardware math accelerator with two major modes:
® ACC+=(A+B)*C
® Unsigned add/multiply without accumulation ( mode 000)
® Signed add/multiply with accumulation (  mode 001)
® Unsigned add/multiply without accumulation ( mode 010)
® Signed add/multiply with accumulation (  mode 011)

® PID Calculation (mode 101)

® PID = Kp + Kils + Kd*s

® Mode control/switch by setting PIDXCONDbits. MODE

© 2015 Microchip Technology Incorporated. All Rights Reserv:
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woew  Add/Multiply Modes

Regional Training
Centers

Code Example of doing a 16-bit multiply:

// initialize A, B and C
intle © A = OXFFFF;
intle t B = 0:

intle t C = OXFFFF;

PID1SET = B:; /f load B to PIDxIN

EFIDIEK]l = C; // load C to PIDxE]L

PIDITHNH = & >»> B; /7 load the higher byte of 4 to PIDxINH
PID1IINL = 4; // load the lower byte of A to PIDxINL

while (PIDICONbit=.BU5Y) ; /4 wait for the calculation to be done

® Note: Awrite to PIDxINL triggers the calculation
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MicrocHp Add/Multiply Modes

Regional Training
Centers

Benchmark:
® Instruction cycles of doing a 16-bit multiply:

4
Signed
251
® MathACC
u Software
Unsigned 4
216
0 100 200 300

ﬁ
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i Digital Filter Applications

Regional Training
Centers

Finite Impulse Response (FIR) Filter:
® Impulse Response

® Frequency Response

M ripple bounds
dddddddddddd
aaaaaaaaaa

E
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i Digital Filter Applications

Regional Training
Centers

FIR Filter Design:
® y[n] = b o*x[n] + b 1*x[n-1] + ... + b k*x[n-k] (ACC +=A * B)

M impulse response

0.0000 0.0005 0.0010 0.0015 0.0020 00025 0.0030 0.0035

® Too many multiplies and adds?

- Why not use the MathACCl!!!
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i Digital Filter Applications

Regional Training
Centers

FIR Filter Benchmark:
® Takes 100us to do 8 coefficients(8 multiplies + 7 adds) each time
® RECALL: it takes over 200us to do 1 multiply in software!
® Real data measured by BODE 100:
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e PID Mode

Regional Training
Centers

Constant Inputs:| K1 =Kp +Ki * T + @ | K2=-(Kp+ 2*@) | K3 =$

Set point

 CE—
— 9' Z-l Z-l
| —

Accumulator

Feedback

36-bit
Result
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MicrocHIP P I D M O d e

Regional Training
Centers

PID mode MCC setup:
® The user only needs to determine Kp, Ki, Kd and T!

5 Initialize v) () ]
™ Enable Math Accelerator
Mode | PIDController & |
~Add/Multiply Mode ~PID Controller Mode
Operation | Addand Multiply 4 Kp 0.0< T 50 | <65535.0
Inputs unsigned inputs 4 Ki 0.0< [T| < 65535.0

Qutput unaccumulated

Kd 0.0 3 | <65535.0

A 0= 0 < 65535 | 0x0000 sampling time (T) " 01 | sec

B 0= 0 < 65535 | 0x0000

Scalar 16
C1x< 1 < 65535 | 0x0001 K1 = 5603
Result=(A+B)*C =0 K2 = -10400
0x00000000 K3 = 4800

Note: K1, K2 and K3 will be rounded by MCC (may need to scale Kp, Ki and Kd up)
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e PID Mode

Regional Training
Centers

PID setup Notes:

® Sampling Period T:
® Must be the sampling period of the system inputs
® Must be constant

® Scaler:

® Scalers should be implemented by the user to make K1, K2 and K3
integers

® Make the scaler a power of 2 to keep performance high.

© 2015 Microchip Technology Incorporate!
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MicrocHIP P I D M Od

Regional Training
Centers

Comparison of Results — Full PID Conversion
o Software only

errorPrev = error;

error = setpoint - adc_result; ~839 Instruction
arorAcc+=emor, — cycles for a 32-bit
errorDelta = error - errorPrev;

pid_result += error * Kp + errorAcc * Ki + errorDelta* Kd;  result

o Using MathACC

pid_result = MATHACC_PIDController(setpoint, adc_result);

5 to load Iinput ~18 Instruction cycles
7/ to complete the calculation for a 36-Dbit result
6 to save the result WHY SO FEW??7?
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Regional Training
Centers

Accumulator Notes:
® Integral windup
® Cannot solve all loops (slow response system)

Implementation:

® Handle the overflow: clamp the accumulator when it’ s about to
overflow.

//Interrupt service routine
void interrupt ISR (void)

IF (PIRSBITS.PIDIEIF==1&&PIESBITS.PIDI1EIE==1)
{
//saturate the PID1IOUT registers
PID1OUTHH=0XFF;
PIDIOUTHL=0xXFF;
PIDIOUTLH=0xXFF;
PIDIOUTLL=0XFF;
PID1IOUTHH=0XFF;
//clear the interrupt flag
PIRS5bits.PIDIEIF=0;

ip Technology Incorporated. All Rights Reserved
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Regional Training
Centers
SOFTWARE:
You may use Microchip software exclusively with Microchip products. Further, use of Microchip software is subject to the copyright notices, disclaimers,
and any license terms accompanying such software, whether set forth at the install of each program or posted in a header or text file.

Notwithstanding the above, certain components of software offered by Microchip and 3™ parties may be covered by “open source” software licenses —
which include licenses that require that the distributor make the software available in source code format. To the extent required by such open source
software licenses, the terms of such license will govern.

NOTICE & DISCLAIMER:

These materials and accompanying information (including, for example, any software, and references to 3™ party companies and 3™ party websites) are for
informational purposes only and provided “AS IS.” Microchip assumes no responsibility for statements made by 3 party companies, or materials or
information that such 3™ parties may provide.

MICROCHIP DISCLAIMS ALL WARRANTIES, WHETHER EXPRESS, IMPLIED, OR STATUTORY, INCLUDING ANY IMPLIED WARRANTIES OF
NONINFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY
DIRECT OR INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND RELATED
TO THESE MATERIALS OR ACCOMPANYING INFORMATION PROVIDED TO YOU BY MICROCHIP OR OTHER THIRD PARTIES, EVEN IF
MICROCHIP HAS BEEN ADVISED OF THE POSSIBLITY OF SUCH DAMAGES OR THE DAMAGES ARE FORESEEABLE. PLEASE BE AWARE THAT
IMPLEMENTATION OF INTELLECTUAL PROPERTY PRESENTED HERE MAY REQUIRE A LICENSE FROM THIRD PARTIES.

TRADEMARKS:

The Microchip name and logo, the Microchip logo, dsPIC, FlashFlex, flexPWR, JukeBlox, KEELOQ, KEELOQ logo, Kleer, LANCheck, MedialLB, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC3 logo, RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

The Embedded Control Solutions Company and mTouch are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM, dsPICDEM.net, ECAN, In-Circuit Serial Programming, ICSP, Inter-
Chip Connectivity, KleerNet, KleerNet logo, MiwWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code
Generation, PICDEM, PICDEM.net, PICKkit, PICtail, RightTouch logo, REAL ICE, SQI, Serial Quad I/O, Total Endurance, TSHARC, USBCheck, VariSense,
ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other countries.
All other trademarks mentioned herein are property of their respective companies.
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