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When you finish this class you will:

— Understand the Intelligent Power Peripherals
on SMPS devices

— Learn how digital PID control loops are
Implemented

— Understand the functional blocks of SMPS
firmware

— Understand Power-up Sequencing
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Agenda

® General Overview of the SMPS dsPIC30F
Processors

IPP PWM: Architecture and Programming

Data Monitor and Control Interface

e Lab1l

IPP ADC: Architecture and Programming

Faults and Current Limiting Features

e Lab?2

Buck Demo Board: PID control loop and firmware
e Lab3

Sequencing
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General Overview
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== The SMPS dsPIC® DSC Family

Intelligent Power
Peripheral

10-bit ADC

. 6-12 Ch.
Internal 1% 2000 Ksps
RC Oscillator
w/PLL

MICROCHIP t

Power Supply PWM
* 16-bit, 2-4 Ch.
dsPIC30F1010/202X * 1 ns Duty Cycle

dsPIC* DSC Core o

« 16-bit ALU * Phase Shiftable Outputs

+ 16 x 16 MAC 4
« Dual, 40-bit Accumulators

* 30 MIPS 2-4 Analog
Comparators (20 ns)
w/Programmable
References

16/32-bit Timers
Timers 1,2, 3
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EEEEEEEEEEE The SMPS dsPIC® DSC Family

e 30 MIPs MCU + DSP core

High Speed A/D: 10-bit, 2 MSPS

High Resolution PWM — 1.05 nsec resolution
High Speed Analog Comparators

Internal FRC + PLL

Extended Temp (125°C) Operation

Flash based controller

Small footprint package - 6 X 6 mm
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IPP PWM
Architecture and
Programming
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e High resolution PWM: 12 bits at 234 kHz
— 1.05 ns duty cycle resolution

e Individual deadtime values for each PWM
— Positive and negative deadtime
— 4.4 nsec resolution

e Extensive ADC triggering options

e Four PWM generators with eight 1/O and Four
iIndependent time bases
— Duty cycle resolution of 1.05 nsec @ 30 MIPS
— Dead-time resolution of 4.2 nsec @ 30 MIPS

— Frequency resolution of 8.4 nsec @ 30 MIPS
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® Supported PWM modes:
Standard Edge-Alignhed PWM
—  Complementary PWM
—  Push-Pull PWM
—  Multi-Phase PWM
— Variable Phase PWM
—  Fixed Off-Time PWM
—  Current Reset PWM
—  Current-Limit PWM

— Independent Time Base PWM
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e On-the-Fly changes to:
—  PWM frequency
—  PWM duty cycle
—  PWM phase shift

e Output override control
e Independent current-limit and fault inputs

® Special event triggers
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IPP PWM

e Basic PWM Architecture

Internal Bus

Master
Duty Cycle

Master
Time Base

PWM1

y 3

Dead-time

v

Generator

[

PWM2

Dead-time

v

Generator

v

A

PWM3

Dead-time

v

Generator

v

A

(—

I~

PWM4

A

Dead-time

v

Generator

v

v

Fault and Override

Logic

—X PWM1H
—X PWM1L

—X pwM2H
—X pwm2L

—X PWM3H
—X PWM3L

—X] PWM4H
—X PWM4L
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e PWM Frequency Generation

— Primary Time Base (PTMR) counter
— Individual Time Base Counter (PHASEX)

e PWM Duty Cycle Generation
— Master Duty Cycle (MDC) Register
— Individual Duty Cycle Register
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CLK

IPP PWM

PWM Generator (1 of N)

Counter RESE

Master Duty Cycle
MDC Dutycycle
Primary Time Base MD&»\l Mux 9/
B 1 4
PERIOD Comparator <
7 {PERIODEND 4 4
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Comparator >= LOAD  Counter LK
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© 2007 Microchip Technology Incorporated. All Rights Reserved.

11089 PS4

Slide

13



Universimy oF MICROCHIP

MASTERs 2007

Master Duty Cycle

MDC

IPP PWM

PWM Generator (1 of N)

Primary Time Base

A\ 4

Dutycycle

>

2

A

y

MDCS N T mux ©7

r ______ 1
| PERIOD
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1 ; PERIOD El\ID R
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CLK

IPP PWM

PWM Generator (1 of N)
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CLK

IPP PWM

PWM Generator (1 of N)

Master Duty Cycle
MDC Dutycycle
Primary Time Base MD&»\l Mux 9/
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IPP PWM
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IPP PWM

The PTCON Register: controls the general operation
of the peripheral

Enables the module
Controls IDLE behavior

Controls external synchronization features

PTEN: PWM Module Effapiedibi): PwM Time Base
Plek WM time base halts i
0 = PWM module is tisgbigd p

time base runs in

Stop=-Ha=tela=Moda-it
~

CPNIdROLodyNchrg

SYNCEN: Ex];érnal 'I?lme Base Synchror)lzamon,EnabJe b|t

hize Input Polarity bit

CpH Bﬂ’edmmi@olarltylls inverted (low active)

1 = External synch/romzatlon of pnmar»y’tlme bdse 1S enabled

U—/DYI

CINCIS lllujrdC'[Ive

0= Extemal synChronlzat|on of prm‘iary tvme,base is disabled

§¥NCOEN Primary Time Base!Sync Enable bit
\1 SYNCO output is enabled v

0‘— SYNCO output is disabled ; i ,

/’/I/l///’,/ /,/, ,/’// ,,”” \\\:: N \\\\ I,III
PTCON Reglster e NN T T
|‘I'. “PTEN .-~ -~ |/PTSIDL |[SESTAT SEIEN EIPU “.[SYNCPOL EBYNCOEN}
T 13 12 11 10 9 bits
SYNCEN | .-~ SYNCSRCJ2:0] SEVTPS[3:0]
bit7 6 5 4 3 2 1 bit0
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The PTPER register defines the primary time base
period for the PWM generators

— The least significant 3 bits are not implemented
— Bit 3 (LS implemented bit) represents 8.4ns @ 30 MIPS

PTPER Register

PERIOD[15:8]
bit1l5 14 13 12 11 10 9 bit8

PERIOD[7.3] L
bit7 6 5 4 3 2 1 bit0
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The Master Duty Cycle register defines the Duty Cycle
common to all modules

— May be used by any PWM as a source for the duty
cycle

Duty Cycle Computation
To get a 50% Duty Cycle: MDC = PTPER >> 1

MDC Register

MDCJ[15:8]
bit15 14 13 12 11 10 9 bit8

MDCJ[7:0]
bit7 6 5 4 3 2 1 bit0
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The PWMCONKX register controls the general
operation of each PWM module

— Enables independent time base mode
— Selects the source of the duty cycle
— Defines the operation of the deadtime logic

| DTC<1:0>: Dead-time Control bits
'l 00 = Positive dead time actively applied for all output modes

! 01 = Negative dead time actively applied Q,La,mmfmﬂe:. .
' 10 = Dead-time function is disabled MDCS: alf-li—gr' Lﬁg&fg% ]ié;rlﬁr‘gf%evﬁ;g Fméj'%:sl,t iod his PWM ger t\é‘(ator
[ Zm Resenee 1= Modrepisie sk DR TR R dengrl |
:' :' 0= D/CX I v vge [nformal |or9fort IS neraior \
’l k =< — = SN paX vl
I 1 ~‘~_~ PR \\‘\\ , \ A
1! e RTINS ~ T ’ A
h 1 ,/ /// ~‘~11\ \\\ \‘\N // 7\ \\
. . P e~ So S~o /’ \
PWMCONXx Register - SN
/ELTSTAT | CLSTAT [TRGSTATJ"FLTIEN CLIEN | TRGIEN.| “1TB-._[.”MDCS
' bitl5 14 L2013 12 11 10 9 bit8
1 e //
' DTC[1:0] e - - - XPRES IUE
bit7 6 5 4 3 2 1 bit0
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The PDCXx register sets the Duty Cycle for each PWM
module

— The dutycycle resolution is 1.05 nsec @30 MIPS

— The dutycycle value may be updated at anytime during
the PWM cycle, if the IUE bit is set in the PWMCONXx
register

PDCx Register

PDCJ[15:8]
bit15 14 13 12 11 10 9 bit8

PDC[7:0]
bit7 6 5 4 3 2 1 bit0
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IPP PWM

The PHASEX register:

Each PWM generator has its own PHASE register

It can be used either as a phase-shift value or as the
Independent Time Base Period

The phase resolution is 4 nsec @30 MIPS
The value moves the PWM signal “earlier” in time

The phase value may be updated at anytime during the
PWM cycle; the new phase value takes effect at the
end of the PWM cycle

PHASEX Register

PHASE[15:8]

bit15 14 13 12 11 10 9 bit8

PHASE[7:2]

bit7

6 5 4 3 2 1 bit0
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The DTRx/ALTDTRX reqgisters:

— Each PWM generator has its own Dead Time
Registers for rising and falling PWM edges

—  The dead time resolution i1s 4.2 nsec @30 MIPS

MIPS Resolution Dead-time Range
30 4.16 ns 0-17.03 us
20 6.25 ns 0-25.59 us

DTRx / ALTDTRx Register

DTR / ALTDTR][13:8]

bit15 14 13 12 11 10 9 bit8

DTR/ ALTDTR[7:2]

bit7 6 5 4 3 2 1 bit0
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Controls the ownership of the PWM pins
Controls the polarity of the PWM pins
Controls the pwm output mode

The IOCONX reqgister is the I/O Control register

I OTtpUT P Poterity it
VIR AR padiactive
, Qs h98'RIGASEIREY Output mgde
\ ‘\\ \ 10 = PWM_HO pin pair is jnthe Ph-u)uptg’
\ ! \ 11=Resérved .-~ Il e
||ll| “ ‘\‘ \‘// \ //’ ,// //’/ /' /
' 'V AN P R oo
|l \ \ /// \’// /// /// / 4
lll \ \‘ // g \ \ /, // / /
|| \ 1 .7 .7 \ \ , e / /
N v e ”/ \ L7 L / /
M . Y v - \ L7 - /
wIOCONX Register .-~ .- ML /!
1 v 7 g
1 PENH PENL ‘|.-POLH POLL ‘.- PMODI[1:0] OVRENH | OVRENL
bit15 14 13 12 11 10 9 bit8
OVRDAT[1:0] FLTDAT[1:0] CLDAT[1:0] z OSYNC
bit7 6 5 4 3 2 1 bit0
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IPP PWM

The FCLCONX register controls the Fault and Current
Limit Operations

Enables/disables the Fault operation

FLTMOD<1:0>: Fault Mode for PWM Generator #x bits

00 = The selected Fault source forces PWMxH, PWMXL pins to FLTDAT values (latched condition)
01 = The selected Fault source forces PWMxH, PWMXL pins to FLTDAT values (cycle)
10 = Reserved

11 = Fault input is disabled

FCLCONXx Register \
- - - ~ELSRC[3:0] CLPOL !
bit15 14 13 12 11 o 10 9 bitg
CLMODE FLTSRC[3:0] FLTPOL. FLTMODJ[1:0]
bit7 6 5 4 3 2 1 bit0
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Oscillator System
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Oscillator System

Oscillator System

e Dual Internal RC
— 9.7 and 14.55 MHz Industrial Temp
— 6.4 and 9.7 MHz Extended Temp

e 32x PLL with 480 MHz VCO

e External Source
— EC clock 6.0to 14.55 MHz
— HS Crystal mode 6.0 to 14.55 MHz

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Simplified Clock Block Diagram

:FPWM
OSCL Primary R P)IZL
- Oscillator 37
Clock
Swtiching | — ¢
lTUN Block
FRC
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FOSCSEL.: Oscillator Selection Configuration Bits
— Oscillator Selection

FNOSC<1:0>: Initial Oscillator Group Selection on POR bits

00 = Fast RC Oscillator (FRC)
01 = Fast RC Oscillator (FRC) with PLL module

10 = Primary Oscillator (HS,EC)

11 = Primary Oscillator (HS,EC) with PLL module
\\ ‘\ |'
RN \\ :l
So \ !
\\ \\ '|
\\ \ I',
FOSCSEL N |
- - - - - - ~JFNosc1 [FNOsco
bit 7 6 5 4 3 2 1 bit 0
11089 PS4 Slide 30
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Oscillator System

FOSC: Osillator Selection Configuration Bits
— Available Frequency Ranges

Temp. FRC Frequency PLL VCO
FRANGE _ :
Range (Nominal) (Nominal)
. Industrial 14.55 MHz 466 MHz (480 MHz max)
1 = High Range
Extended 9.7 MHz 310 MHz (320 MHz max)
Industrial 9.7 MHz 310 MHz (320 MHz max)
0 = Low Range
Extended 6.4 MHz 205 MHz (211 MHz max)
\\ \\ ,/ - e
S \ _- -
~ N \ P - -
N \ _ P - -
~ N \ _ P d - -
FOSC o0 N -7 ="
FCKSM[1:0] >~ |FRANGE | _---~"" - OSCIOFNC POSCMD [1:0]
bit 7 6 5 4 3 2 1 bit O

- - - - - - FNOSC1 | FNOSCO
bit 7 6 5 4 3 2 1 bit O
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e Summary. We have seen:

— The basic Architecture of the IPP PWM
— The registers used to program the PWM functionalities

— The clock generation system
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DMCI
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e New Graphical Tool in MPLAB® IDE

e Allows us to:
— Input variable values
— Display results graphically (up to four plots)

e The DMCI provides dynamic user configuration of:
— 9 slider controls
— 9 boolean (on/off) controls
— 35 Input controls (7 groups of 5)
— 4 graphs
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e A typical series of operational steps with the
iInterface would be as follows:

— Compile the application software
— Set up the interface as desired
— Run the application

— Halt the application using the control button at the
bottom of the tuning interface; the data will upload into
the interface
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e A typical series of operational steps with the
iInterface would be as follows:

— If you are not satisfied with the system performance,
you can change the various values on the Dynamic
Data Control/Input tabs of the interface; once you are
satisfied with the values, click the Start button on the
dialog to update parameter values and resume the
code execution

— Repeat the previous steps as required

— Once the application operation is satisfactory, you can
use the Save button in the interface to save the desired
parameter values to a file

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 36



MASTERs 2007 D M C I

e Buttons

— Run/Halt: "Run* write all values currently displayed on
the Dynamic Data Control tab to the target
RAM and continue code execution

"Halt" - Halt code execution, read all values

from the target RAM and reflect those values
on the dialog tabs

—  Save: Save the dialog settings to a file.
— Load: Load the dialog settings from a file.

— Refresh: Read all values from the target device RAM
and reflect those values on the dialog tabs.
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e Buttons

—  Exit: Exit from the interface dialog. Note: The
dialog always opens with default values. To
save your settings, click Save. Then load
your settings after you reopen the dialog at
another time.

— Help: On-line help information
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[+#]5lider 1

DMCI

Dynamic Data Control

Ml Data Monitor And Control Interface

[#]slider 2

L=l Dynamic Data Control Properties

[ I | ]
[ ||| (]

==

[]Boolean 1 []Eoolean 2
| | |
OFF Eﬁrl

| Slider 1 | Slider 2 |

Drynamic Data Control | Crynamic Daka Input | Dynamic Data Yiew |

Slider Control Settings
Global Symbols

Absolute Address

'fﬂ' Crynamic C}' Data
LR Range:
[#- drci_buFfer
‘- dmci_cnk Address:
o drci_ptr
- Freq _
o increment Data Size:
o sinesal
[Daka Range:
Display Format:

Selected Yariable:

|am|:- Upper Lirnit:
Address: Lowser Limik:
px934

L& Bits

Linsigred

Decimal

B5535

Ji:

Allow Refresh Update

[ ok

,][ Zancel J[ Help

L) i !I
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DMCI

Dynamic Data Input

M Data Monitor And Control Interface

| Dynamic Data Control | Dynamic Data Input | Dynamic DAt ]

Uzer Defined Group 1 IUzer Defined Group 2 General | Input 1 |
drci_ptr singval Edit Field Control Settings
|1zer Description 1 iM_I,I variable Glabal Syrbals Absolute Address

e
w

[]lnput 2

e
-

[]lrput 2

|I_'-'-Er [Descrption 2

[ ]

[ 1nput 2

Ulzer Descrption 2

[ ]

[ Irput 2

|!J:~==.i Description 3

[ ]

[Tinput 4

|I.I:-.'-i Dezcrphion 4

[ ]

[Tlnput&

||.i---er Descriphion 3

[ ]

[(Tlnput 4

||_| zer Deschiption 4

[ ]

[1lrput 5

@ Dweniarnic {:} SFRs

- amp

~dmici_buffer

o dmci_cnk

o dmci_pkr
freq
increment
-sineval

Selected Variable:

{:} Daka

Range: |

Address: |

Daka Size: | L0 Bibs

Data Range: | Lnsioned

Enkry Format: | Decimal A |

Increment Size: | 1 b |

Display Labels Display Yalues

Label Tesxt: | My wariable

||.|:-5| [escription & ||_! zer Desorption & kinewval
|
s variable
Address: Label Preview: rvh:'f
= ||| e
Allow Refresh Update
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Dynamic Data View

-

Drynamic Data Control || Dyvnamic Daka Inpuk | Dynamic Daka View araph 1

Graph 1 Graph Contral Settings

Dynamic Data View Properties

Data Capture Configuration
|:| Source Is Daka Capkure

Global Symbals Abaolute Address
(%) Dynamic () Data
amp Range:
+- dmci_buffer
dmi_cnt Address:
drci_ptr
=00 G20 S0 GE0
Bt e i B freq
240 2E0 ha] [=10]NH} . ,
increment Data Size:
sinenval
[Data Range:
Display Format: | Decimal
- Selected Variable: First Inde:x:
B arnp
B Lask Inde:x:
B Address:
- D334 Sample Count:
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e Summary. We have seen:

—  What the DMCI is
— How we can use it to change parameter values

— How we can use it to monitor the behavior of our
system
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Lab 1
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e Lab 1 isintended to:
— Review the IPP PWM achitecture
— Initialize the PWM peripheral
— Use the DMCI

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4
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e Inthis Lab, you will:

— Partl
e Initialize PWM 2
e Initialize PWM 3

— Part 2

e Experiment with the DMCI Interface to change the
features of the duty cycle of PWM 1

PWM1 is already Initialized
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Lab

e Solution

I PWM 2

1l Independent time base

Il Independent duty cycle

Il Frequency 150 KHz

Il Complimentary output

/l Duty cycle =25 %

/l Dead band of 50 nsec rising edge

/l Dead band of 100 nsec falling edge
e

PWMCON2 = (unsigned int ) 0x0200;

PHASE2 = (unsigned int ) PWM2_TBASE;
PDC2 = (unsigned int ) (PWM2_TBASE >> 2);
DTR2 = (unsigned int ) DTIME_50NS;
ALTDTR2 = (unsigned int ) DTIME_100NS;
TRGCON2 = (unsigned int ) 0x0000;

IOCONZ2 = (unsigned int )OxCO00O;

FCLCONZ2 = (unsigned int ) 0x0003;

TRIG2 = (unsigned int ) 0x0000;

LEBCON2 = (unsigned int ) 0x0000
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e Solution

1l PWM 3

Il Independent time base

Il Independent duty cycle

/l Frequency 150 KHz

/l Push-pull output

/l Duty cycle =50 %

I No dead band
e L

PWMCONS3 = (unsigned int ) 0x0280;

PHASES3 = (unsigned int ) PWM3_TBASE;
PDC3 = (unsigned int) (PWM3_TBASE >>1);
DTR3 = (unsigned int ) 0x0000;

ALTDTR3 = (unsigned int ) 0x0000;
TRGCONS3 = (unsigned int ) 0x0000;

IOCON3 = (unsigned int )OxC800;

FCLCON3 = (unsigned int ) 0x0003;

TRIG3 = (unsigned int ) 0x0000;

LEBCON3 = (unsigned int ) 0x0000;
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A/D Converter
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VELY IPP ADC

e General Features

— 10 bit Resolution, +/- 1 bit accuracy

— 2 Million Samples / sec conversion rate

— 6 to 12 input channels

— Analog Input Range: 0to 5V

— Low latency improves control loop stability
— Advanced Sampling Capability:

Individual triggers for each S&H
Samples may be simultaneous
Samples may be uniquely timed
Sample acquisitions are precisely timed

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 4



IPP ADC

e The SMPS ADC samples and converts inputs
Independently, and asynchronously of each other

e Data capture from time critical events is simplified with
sophisticated triggering capabillities

e Conversions are ALWAYS performed in “pairs” of analog
iInputs: (ANO, AN1), (AN2, AN3), etc ...

e Pairs represent voltage and current measurements

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 50
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e Output Buffers

— Each analog input pin has an associated output data
register

— The data buffers (registers) are NOT implemented as a
FIFO

— They are uniquely owned by each input
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IPP ADC

e Interrupt Management

— Interrupt requests are generated on a per pair basis

— Interrupts may be generated at the completion of first or
second conversion of the pair
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IPP ADC

Shared Internal
Sample & Hold

User

Sample & Holds

User Sample & Hold Enables

Result
Registers

T

Sample Trigger
Requests
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IPP ADC
[ [
s D

Shared Internal
Sample & Hold

: Result
7
’ 07 0 Registers

I
- AN

: ~0—

i : User !

- AN10 ~ 0— Sample & Holds |

| e

| !

| -

" EVEN User Sample & Hold Enables

! Inputs

I :

: Sample Trigger
e o — — — Requests
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Shared Internal
Sample & Hold

IPP ADC

User

Sample & Holds

User Sample & Hold Enables

Result
Registers

T

Sample Trigger
Requests
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e Lo

ant Iz—l-o .'

' g, Shared Internal

!ANB %—k’ | Sample & Hold
' : Result
I > -
: ’ 00— Registers

User

Sample & Holds

User Sample & Hold Enables

T

Sample Trigger
Requests
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Shared Internal
Sample & Hold

IPP ADC

User
Sample & Holds

User Sample & Hold Enables

Result
Registers

T

Sample Trigger
Requests
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IPP ADC

Shared Internal
Sample & Hold

User

Sample & Holds

User Sample & Hold Enables

Result
Registers

T

Sample Trigger
Requests
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IPP ADC

Shared Internal
Sample & Hold

User

Sample & Holds

User Sample & Hold Enables

Result
Registers

T

Sample Trigger
Requests
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ADCONX Regqgister

— Enables the peripheral

— Controls its operation in idle

— Defines the data output format
— Enables sequential sampling
— Defines the ADC clock

SECSAMPScaental Samnle Lnable.
ADON: Mﬂﬂmmtiﬁ@mwea;l\pAggp Star of e %3S dbg nx@@'sx&if &Rﬂaﬁzﬁieo@w@%ﬁ)é 2 Jmmaart@%mmS&H is sampled at
1 f AP ﬂmsmttaombddlgstsco 0 < cqntinue mod Ha operat g %Oﬁ‘}é‘?aflﬁ Péé
0 = A/p 6onBirseesDEH is sarffipl ed t% same W Lf (P (5 ? i 19 curre (
\ COTIVETSIOT process. 1 m-nuru-uél‘d- Ou a t Med  S&dshsame ?;‘ %S 'ar g‘l Sc} 2
(N 8@ eger Fadda 9
VA of the new conversmn’cwcg . / _____ P _-
\ \ \ N 7 \ rd \ T > e ————————— - —
\\ \/ ’I /I// ”’/ ”’, \\ \\ ’——’_, /
ADCON Regts’ter‘ Lol et ST %
1 ADON |~ ’ADPRZ { ADSIDL |/.~"- _}--7 - GSWIRG | - *\J FORM |
bit15 140 13 ) 12 11---77 10 9 bitg !/
N \ 4~ - - - 1
EIE ORDER. [ SEQSAMP| _.---""~ ADCSJ[4:0]
bit7 6 5 4 3 2 1 bit0
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ADPCFG<11:0>: A/D Port Configuration Control bits

— 1 = Port pin in Digital mode, port read input enabled
— 0 = Port pin in Analog mode, port read input disabled

ADPCFGx Register

: : - : PCFG11 | PCFG10 | PCFG9 | PCFG8
bit15 14 13 12 11 10 9 bit8

PCFG7 | PCFG6 | PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO
bit7 6 5 4 3 2 1 bit0
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ADCPCX register:
— Interrupt request enablgr

Pending conversion St/at
Software trigger /

Selects trigger source f
pair

D5 GOTIVEERI0N

§4 @pOtHET el 5qurce Selection bits
ects trigger sour for confersion of analog channels AN1 and ANO.
M mﬁtonversmn enabled

= idual software trigger selected
00010 = Global software trigger selected
00011 = PWM Special Event Trigger selected

00100 = PWM generatar #1 trigger selected
cof-analog channel

rigger selec

00111 = PWM generator #4 trigger selected

01100 = Timer #1 period match

01101 = Timer #2 period match
01110 = PWM GEN #1 current-limit ADC trigger

01111 = PWM GEN #2 current- I|m|t ADC trigger
perreRt=Hd ADC tri ggﬁ{en

SWTRGYy: Software Tr|gger 0 hit
copverslo dAN selecte,d by TRQSRT DiS).
IRQENO: Intg! ué 8%&%’6 kgft 00 ) rl
1= Enable | %emn'&ve@a'on% m%.@”'m o e U B e TP
=IRQisn [sion is complete |0|0|er
- Low \ ] TIo00~= figger e
\ RN ! {11001 = P\'NM—G‘EN #4’fauitADCtr|gger e
LY 1 ,” - ,’ - - -~ )
\ ADCPCx \Reglster T LT !
\ -7 e - -~ 1
\ \ 3 Z. ’ — =7 ’//, N
IRQEN‘Z PENDz SWTRGZz | .-~ 227 TRGSRCz[4:0] o
'\ bitd5 v\ NaA T 132277 Az AT 10 9 bit8 |/
\\‘ \\\ ’\<’\’\ ’,’:,’ T’/”/,” ,”’ ,’ II
W \\\\ ’,/’ "\,)\", - ,/”l’/ 2 i '
\ . — PERRN - /
| IRQENy | .PENDy\| SWTRGy |.--~ TRGSRCy[4:0] '
bit7 6 5 4 3 2 1 bit0
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e The ADCPCx registers:.

— Association to the channels pairs

Channels AN10 and AN11

ADCPC?2 Register

IRQENz| PENDz |SWTRGz TRGSRCZz[4:0]
bit15 14 13 12 11 10 bit8
Channels AN8 and AN9 IRQENy| PENDy |[SWTRGY| TRGSRCy[4:0]
bit7 6 5 4 3 2 bit0
ADCPC1 Register
Channels AN6 and AN7 IRQENz| PENDz |SWTRGZ TRGSRCz[4:0]
bit15 14 13 12 11 10 bit8
Channels AN4 and AN5 IRQENyY| PENDy |[SWTRGY TRGSRCy([4:0]
bit7 6 5 4 3 2 bit0
ADCPCO Register
Channels AN2 and AN3 IRQENz| PENDz |[SWTRGZ TRGSRCZz[4:0]
bit15 14 13 12 11 10 bit8
Channels ANO and AN1 IRQENyY| PENDy [SWTRGy TRGSRCy[4:0]
hit7 6 5 4 3 2 bit0
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® Interrupts

— The ADC module provides a common or “Group”
Interrupt request that is the OR of all of the enabled
Interrupt sources within the module

Global Interrupt Flag Status Register IFSO: ADIF

Global Interrupt Enable Control Register IECO: ADIE

Interrupt Priority Control Register IPC2: ADIP[2:0]
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VELY IPP ADC

® Interrupts

— Each ADCPC register has two IRQENX bits, one for
each analog input pair; if the IRQEN bit is set, an
Interrupt request is made to the interrupt controller
when the requested conversion is completed

— When an interrupt is generated, an associated
PXRDY bit in the ADSTAT register is set

ADC Pair x Interrupt Flag Status Register IFS2: ADCPXIF
ADC Pair x Interrupt Enable Control Register IEC2: ADCPXIE
. . . IPC9: ADCPXIP
ADC Pair x Interrupt Priority Control Register
IPC10: ADCPxIP
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IPP ADC

e Sample and Conversion

— The ADC module assigns two ADC clock periods for
the sampling process

— When operating at 24 MHz clock, the sampling period
IS:

2 X41.6 nsec = 83.3 nsec.
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VELY IPP ADC

e Sample and Conversion

— Each ADC pair specified in the ADCPCXx registers
Initiates a sample operation when the selected trigger
event occurs

— The conversion of the sampled data occurs as
resources become available

— The actual conversion process requires 10 additional
ADC clocks
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e Global Software Trigger
— Start Conversion Setting a Bit

— Select the Trigger Source per Pair

'l TRGSRC1<4:0>: Trigger 1 Source Selection bits

1 | Selects trigger source for conversion of analog channels AN3 and AN2.
! 00000 = No conversion enabled

1 00001 = Individual software trigger selected

00010 = Clobhal coftware triggor calactad

Ig%%glbl PWM Special Event Trigger selected

GSWTRG: Global Softwallre

When this bit is set by tde USETs S==bits-rrtiTe T
ADCPCX registers. ThIS bit rhust be cleared by the user prior to initiating another global trigger (i.e., !

this bit is not auto- clearlng): 1
~ T < ~ - 1,

mtmé s 13 /) 12 1 1@ 9 big /
[RGERy | PRUBR | SEasagA TRESEEA0] ]
bit7 6 5 4 3 2 1 bit0
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e Individual Software Trigger
— Select the Trigger Source per Pair
— Enable the Interrupt Request
— Start Conversion Setting a Bit
— ISR Code: ADClInterrupt

ADCPCx Register

IRQENz | PENDz | SWTRGz TRGSRCZz[4:0]
bitl5 14 13 12 11 10 9 bit8
IRQENY | PENDy [ SWTRGy TRGSRCy[4:0]

bit7 6 5 4 3 2 1 bit0
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IPP ADC

e Special Event Trigger (Master Period/Duty)
— Set Value in PWM Peripheral Register SEVTCMP

— Set Interrupt Enable bit and Postscaler in PWM
Register PTCON

— Select ADC Trigger Source in ADC Register ADCPCx
— ISR Code: PWMSpEventMatchinterrupt

| sfoEEn | PENDy SISSOBRGH DB] TRGSEENZ®RS[3:0]

bit7 6 § 4 3 2 i bitd
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IPP ADC

e Individual Triggers (Individual Period/Duty)
— Set Value in PWM Peripheral Register TRIGx

— Select the Trigger Output Divider in PWM Peripheral
Register TRGCONXx

— Select the Postscaler for Staggering Operation in PWM
Peripheral Register TRGCONX

— Select ADC Trigger Source in ADC Register ADCPCx

TR 3 TR % T

[[TROENY [T PENDY [ B&TRE) TBCS XQYIA0T— = ]

By & 5 % 3 Z i G
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IPP ADC

Triggers can be staggered relative to other PWM
generated triggers on a PWM Period Basis

ATimebase Period .

<«

L B 7

PWM2 SN 4

¥
—\S&H 1
—1 S&H 2%

ADC
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IPP ADC

e Summary. We have seen:

— The basic architecture of the IPP ADC
— How to program it to get the best performances

— The triggering capabilities
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Faults

e The Fault pins actually serve two different
PUIrPoSeS:

— Generation of Fault overrides for the PWM outputs; the
action of overriding the PWM outputs is performed
asynchronously in hardware

— The Fault pin inputs can be used to implement either
Current-Limit PWM mode
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Faults

e Bock Diagram

PWMxH,L
Signals
PWMx PWMxH,L
Generator
FLTDAT
/
A

\Analog Comparator 1

CMP1x X
CMP2x E \<Analog Comparator 2
CMP3x E \<Analog Comparator 3 3
CMP4x E \<Analog Comparator 4
_~ ! Fault Mode
E Shared Fault # 1 Selection
2:11; E Shared Fault # 2 Logic
Shared Fault # 3 (FLTMOD)
SFLT3
SELT4 % Shared Fault # 4
IELT2 E Injepenjent Fau:t # 1'.
IFLT4E Independent Fau t#%

FLTSRC
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FCLCONKX register:
ne fault input source for each PWM

ects t

— Se
— Se
— Se

ects t
ectst

ne fault polarity

ne operating mode

FLTSRC<3:0>: Fault Control Signal Source Select for PWM Generator #X bits

0000 = Analog Comparator #1
0001 = Analog Comparator #2
0010 = Apnalog Comparator #3

d condition)

/ q
L1Z)
Squttg)Polanty for PWM Generator #X bit

FL A 5ANSIOIGOMPRIALTF WM Generator #x bits
0 A1PROIOLREd B RdonREIER/EE PWMxH, PWMXL pins to FLTDAT values (latche
110@H<_rs%h§!@i‘1 W&%&%&Mes PWMxH, PWMxL pins to FLTDAT values (cycle

1 Oigﬂ%se 73
\ﬁﬂﬁi’ () BatH
1 L0 ,' 246 katea d Eault source |s Iow actlve

1 1011 — Chvo

“1~2100, 1110 = R
110Ts Independent Fawt#&(lFLTZ)

, 1111 = Ind‘e‘pendent Faulf #4 (]FLT4)
FCLCONXx Register .- \ N K ,
- - - &ESRC[S Ll CLPOL |/
bit15 4 13 12 11 R T bitg  //
CLMODE FLTSRC[3:0] ,FLTPOL / FLTMOD[1:0] i
bit7 (6) 5 4 3 2 1 bit0
© 2007 Microchip Technology Incorporated. All Rights Reserved 11089 PS4 Slide 77




Universimy oF MICROCHIP

MASTERs 2007

Faults
The IOCONX register:

Select the values output on PWMH and PWML when a
Fault Event Occurs

FLTDAT<1:0>: Data for PWMxH,L Pins if FLTMODE is Enabled bits
If Fault active, then FLTDAT<1> provides data for PWMxH

If Fault active, then FLTDAT<0> provides data for PWMxL
IOCONX Register '}
PENH PENL | POLH POLL .“"PMOD[1:0] OVRENH | OVRENL
oit? LM A ¥ 1 il
OVRDAT[1:0] FLTDAT[1:0] .-~ CLDAT[L1:0] - OSYNC
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The PWMCON register:

Enables the fault interrupt

Pending Interrupt Status Bit

FLTSTAT: Fault Interrupt Status

1 = Fault Interrupt is pending

0 = No Fault Interrupt is pending

This bit is cleared by setting FLTIEN = 0.

\

T , 3
‘|
‘\

\

I FLTIEN: Fault Interrupt Enable bit

p 1| 1= Faultinterrupt enabled
,/ e i | 0=Fault interrupt disabled and FLTSTAT bit is cleared
\ // /// ! - -
“\“‘ /// /// l" ’I ’,"’ ’,—"
“| / -’ 1’ ’I ”” --7
\ 4 ] PR _- -
PWMCONXx Register
\ ' . -
N\ FLTSTAT | -CLSTAT |TRGSTAT | FLTIEN [_-€{1EN TRGIEN ITB MDCS
bit15 14 13 12 11 10 9 bit8
DTC[1:0] XPRES IUE
hit7 (6) 5 4 3 2 1 bit0
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Current Limit

e The current-limit pins actually serve two different
purposes

e Current-Limit PWM mode

— If the selected current-limit input signal is asserted the
PWMxH,L outputs are forced to the values specified by
the CLDAT<1:0> bits in the IOCONX register

e Current Reset PWM mode

— A current-limit signal resets the time base If:
e CLMOD hitis zero (current limit disabled)
e XPRES bit in the PWMCONX register is ‘1’
e The PWM generator is in Independent Time Base mode

— This is used in some PFC applications
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Current Limit

Block Diagram

PWMxH,L
Signals‘
PWMx PWMxH,L
Generator
CLDAT
/

\Analog Comparator 1

CMP1x
CMP2x % \<A”a|09 Comparator 2
CMP3x IX] \<A”a|09 Comparator 3

CMP4x E §Analog Comparatoré

Shared Fault # 1 Fault Mode

sFLT1 X Sharod Fault 7 2 > Selection

SFLT2 E Shared Fault # 3 Loglc
SFLT3 X
Shared Fault # 4
SFLT4E Ind dent Fault # 1
IFLT?2 E ndependent Fau L
IFLT4E Independent Fault #%

CLSRC
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Current Limit

FCLCONX reqgister:
— Selects the Current limit input signal

— Selects the polarity
;| CLSRC<3:0>: Current-Limit Control Signal Source Select
—_ E n ab | eS th e m Od e /I 0001 = Analog Comparator #2

0010 = Analog Comparator #3
/ 0011 = Analog Comparator #4
0100 = Reserved

/ 0101 = Reserved
/ 0110 = Reserved
/ 0111 = Reserved

U 1000 = Shared Fault #1 (SFLT1)

,' 1001 = Shared Fault #2 (SFLT2)

I} 1020 = =

CLMODE: Current-Limit Mode Enable for PWM Generator #X bitll | N f T BhulGetTESRLTA) Pol_ar!ty for PWM Gener_ator #X bif

1 = Current-limit function is enabled 1100 = Hedervéte selected current—l!m!t source !s Iqw actlye
_ o T ! 1101 = Ipdepentens@aatedZ (iFem2)imit source is high active

0 = Current-limit function is disabled / 110 =

\ \ A -1 1111= Independent Fault #4 (IFLT4) !
\‘ ‘\ //// 1 /,”/ N \\\ 7 /]

\ ‘\ /’/ I .- s R \\\ / //II 'I

\ \ 7 !/’ 4 \\ ~ / V4 !

‘\ \ . ’,/ /”I // \\\\ \\\ / // II
+\ FCLCONX Register .- IR AU
VY vz -~ - = /

- - - / CLSRC[3:0] ~.L-CLPOL [
\ P - .

W bitl5 14 0 13 12 11 10 9 bit8
\ - e
\
| CLMODE |.-- FLTSRCJ[3:0] FLTPOL FLTMOD[1:0]

bit7 6 5 4 3 2 1 bit0
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Current Limit

|IOCONKX register:

— Select the values output on PWMH and PWML when a
Fault Event Occurs

CLDAT<1:0>: Data for PWMxH,L Pins if CLMODE is Enabled bits
If current limit active, then CLDAT<1> provides data for PWMxH
If current limit active, then CLDAT<0> provides data for PWMxL

IOCONX Register
PENH PENL POLH P\QL‘L\ PMODI1:0] QVRENH | OVRENL
islv & 5 o ¥ ? o4 Bifd
OVRDATJ[1:0] FLTDAT[1:0] CLDAT[1:0] E OSYNC
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The PWMCON register:

Enables the current-limit interrupt

Pending Interrupt Status Bit

CLSTAT: Current-Limit Interrupt S
1 = Current-limit interrupt is pending 1 = Current-I
0 = No current-limit interrupt is pendigg= Current-|

algs IBN: Curr

ent-Limit Interrupt Enable bit

Mmit interrupt enabled
mit interrupt disabled and CLSTAT bit is cleared

This bit is cleared by setting CLIEN===8=—= -
\\\ \\ \\/‘l: \\‘/ ,II
PWMCONX Register /-
FLTSTAT CLSTAT ['TRGSTAT| FLTIEN.] CLIEN [ TRGIEN ITB MDCS
bit15 14 13 12 11 10 9 bit8
DTC[1:0] XPRES IUE
hit7 (6) 5 4 3 2 1 bit0
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Current Limit

e Summary. We have seen:

— Fault operation

— Current limiting operation
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SMPS and ICD2

e SMPS Devices and ICD2

When the ICD 2 halts the device the PWM pins takes
the characteristics of the GPIO that is muxed on that pin

PWM1L and PWM1H are muxed with REO and RE1

If TRISE = OXO0FF then the pins will be tri-stated on a
halt

If TRISE = OXOOFC and PORTE = 0x0000 then the pins
will drive low on a halt

We can configure how the PWM pins behave on an
ICD2 halt
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Buck Board
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Lab 2
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MASTERs 2007 L ab 2

e Lab 2 is intended to:
— Review the PWM Fault
— Review Current Limit capabillities
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MASTERs 2007 L ab 2

e Inthis Lab, you will:

— Part A

e Initialize PWM 1.: fault (cycle condition)
e Initialize PWM 2: fault (latched condition)
e Cycle Condition Operation

— PartB
e Latched Condition Operation

— Part C
e Optional
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e Solution

/[ PWM 1: Fault control

/I Independent Time Base (ITB = 1)

/I Independent duty cycle (MDCS = 0)

/[ Complimentary output

/l Dead time disabled

/l Fault input at SFLT1

/[ Output low in fault

/I Cycle condition

B

PWMCON1 = (unsigned int ) 0x0280;

PDC1 = (unsigned int) (PWM1_TBASE >> 1);
PHASEL = (unsigned int ) (PWM1_TBASE );
DTR1 = (unsigned int ) 0x0000;

ALTDTR1 = (unsigned int ) 0x0000;

TRGCONL1 = (unsigned int ) 0x0000;

IOCONL1 = (unsigned int ) 0xCO00O;

FCLCONL1 = (unsigned int ) 0x0041;

TRIG1 = (unsigned int ) 0x0000;

LEBCONL1 = (unsigned int ) 0x0000;
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Lab 2

e Solution

/[ PWM 2: Fault control

/l Master Time Base (ITB = 0)

/I Master duty cycle (MDCS = 1)
/[ Complimentary output

/l Dead time disabled

/I Fault input at SFLT1

I/l Output low in fault

/[ Latched condition

PWMCON2 = (unsigned int ) 0x0180;
PDC2 = (unsigned int ) 0x0000;
PHASE2 = (unsigned int ) 0x0000;
DTR2 = (unsigned int ) 0x0000;
ALTDTR2 = (unsigned int ) 0x0000;
TRGCON2 = (unsigned int ) 0x0000;
IOCON2 = (unsigned int ) 0xCO00O;
FCLCON2 = (unsigned int ) 0x0040;
TRIG2 = (unsigned int ) 0x0000;
LEBCONZ2 = (unsigned int ) 0x0000;
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PID Control Loop
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VEY PID Control Loop

Classical Feedback-Loop Stabilization

I
— 1
—

i EA
_______ VREF

Sawtooth

\

1
SLOPE: -1 !

1
OPEN LOOP GAIN
1
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VEY PID Control Loop

From Analog to Digital

ID _
E‘E*‘\Prgﬁrc?rrnA a|?llf|er Gain

| = Integrative
D = Derivative

PLANT

VRer BIQ G
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VEY PID Control Loop

PID Structure in Analog: TimeDomain

Kp
UGS S I O~ PLANT . YO
K det) /dt
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VEY PID Control Loop

PID Structure Analog: Frequency Domain
(Laplace Transform)

K
X(s) :Qe(S)" ] K/s O u(s) PLANT - Y(S)
s Ky
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PID Control Loop

Output in the Analog Domain

u(t) = K o) + K, [e®)dt + K, de(t)
dt
_ K.s?+K s+K.
U(s):Kp+ﬁ+de= ‘ Sp '
S

U(S)A

N
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VEY PID Control Loop

PID: Derivation from Analog Counterpart
(Z Transform)

NN 1
K Up(2) T
Y
X(2) OE(Z). : 1ki11 Ui(2) e, U(z) PLANT . Y(2)

> kd (:|.—Z_1 Ud(Z)
T ‘
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LJoFIV] PID Control Loop

PID Equations

U,(z) =k,E(2) LY I 0!
k.T N )
U.(z) = — E(z) £E@), 15'11 Ui(2)
k z
U d (Z) — Td(l— Z_l)E(Z) p— ﬂlfr_d(l_z—1>ud()

KT K,
b1z +?

(- Z_l)_E(Z)
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LJoFIV] PID Control Loop

PID Equations

kK T+kT?+k,)-k T+2k, )zt +k,z7°
P P

V(2= Th-27)

E(z) =

U@)l-2")=K, +Kszt + K.z [E(2)

where

K K
Ky=k, +KkT +?O';KB :—(karZ?‘]');KC —

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 102



UUUUUU

LJoFIV] PID Control Loop

IIIIIIIIIIIIII

PID Equations

U@)-2")=[K, +Kyzt + K.z 2 [E(2)

u(n)=u(n-1)+ K,e(n)+ Kze(n-1)+ K.e(n-2)
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PID Control Loop

New value
Y RAM X RAM
Ka * e(n)
+
KB * < C(n-l)
+
Ke * e(n-2)
un) =u(n-1) +K,e(n) + Kge(n-1) + Ke(n—2) ~ Disearded
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PID Control Loop

Influence of P,I,D on Performances

Closed Loop : : : : Steady-State
Response Rise Time Overshoot | Settling Time Error
K, Decrease Increase |Small Change| Decrease
K, Decrease Increase Increase Eliminate
Ky Small Change| Decrease Decrease |Small Change
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PID Control Loop

Improvements to the Basic PID Design

FeedForward

Feedforward

:?

PI1D

Plant
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PID Control Loop

Additional Improvements

Also consider as errors:
e Second derivative (jerk): improves transient response
e Excess Current: reduce command if limit exceeded

 Dead Time Delay: removes offset caused by dead-time
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LJoFIV] PID Control Loop

Proportional Gain Effects

Sorce File: E Air 100_0_0.dmciplo Sorce File £ Z00_0_0.dmciplot
040 -

IR TP
A ————— 'Ill

10440 -

1020 - —

] pul

45

1010 +——

1000 -

1010 -

P Gain =400

1025 -

1015 4+— 1020 -~

1010 e (e e e e e e e )] o] ]
45 54 63 100 00 108 117 126 135 142 a 18 27 1 00 108 147 126 135 144
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LJoFIV] PID Control Loop

Integrative Gain Effects

93 108 117 126 135 144

Graph <
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Lor Vi PID Control Loop

Derivative Gain Effects

100 -

1020 - —

108 117 126

Graph 3 Graph 4

Somce File: [ acts nciplio Soumrce Fila:

1040 - 1040 -

1020 - s

1015 - L BN T
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Buck Board Hardware
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Uorv Buck Board Hardware

Output
capacitors

Buck Board Schematic: 5V output

Current
sense

Input Voltage divider

for feedback Main
MOSFET Inductor
a g L i
LTy /\n’:' m n =
E - | ’ ‘ \jym 3t 2 g
L z e E zi
: 52,25 " ¥ [ Driver Eqig 5 Driver vauT
.4'! - | :--é=|=5 . Tofacas . z . g
[ fb‘ﬁL:A \‘I.'.:':'_ 1 ] } * §
L, — 1 e
~ 5‘37 ET /
\v4 7 .
Free-wheeling diode _
Synchronous MOSFET | Slmulat_ed load
[ — . = l Switch
=} i E
E . e 4108 1
AT

Output Voltage divider
for voltage feedback
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UesM Buck Board Hardware

Buck Board Schematic: 3.3V output

JE
RFREEE P14 L2
FTCL ~ : -
E A M RN IR *?‘:f T LWOUTZ )
i s o= LR 1% —
Lz HWoH e
3 = -
< I g
:]E: B3 B e
3 [ "] z 'l n
R ¥ + T8C " a1
v 11"5 83 g ok . [TH:J,..EHM o 8 e e ] ez
5 E o AP — e i —J o — M
b wita R I~ i L i o w
e IRFR29857 e wl
FRLTa T W .
“:.;é e -‘Tl’l_;, J___ Ir:_‘;-;a-.c
T Bs3 WX TIFASA
R
PIH } Ay
. ok w5
[z Ny
A2 )
AN }
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Buck Board Firmware
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Uor Buck Board Firmware

SFR

wrAM | PID Variables

_/

Y RAM } PID Coefficients

Variable Allocation in RAM
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Buck Board Firmware

\ -
¢ - S G
\ . NG
\ i o0
\ aw Piar's
2 e N
. o S ~
. S
P
- S
- S
A \ S -
o \ - / -
. \ . -
- \ -
- 7y
N % . B
N . S
N . . /

. . AN A b
7 S <
, R
SN \
. NN L
. NS N -]
. AN YN -
4 S ~dy B
. N y, -
L, N - -
N ~e-
. N SRR
‘. R <
. heo 7 S~
[N ~.
~. Tm-- il
~ N -~
~ N \
~ N
~ \
~ N \

2N \/NDO T\NARIARI ES

SYSTEM VARIABLES

_____________

3.0 VOLT PID COEFFICIENTS

PROPORTIONAL ERROR_GAIN
INTEGRAL_ERROR_GAIN
DERIVATIVE_ ERROR_GAIN
JERK_ERROR_GAIN
EXCESS CURRENT_GAIN
FEED FORWARD GAIN
DEAD_TIME_GAIN

Variable AIIocatiQn iIn RAM




Uor Buck Board Firmware

PID computations performed in main idle loop

EXCESS-CURRENT =

ACTUAL CURRENT — MAXIMUM ALLOWED CURRENT

(If there is an excessive current issue, do not update integral
error)

FD FWD VOLT CMD =
Vout = Vin * DUTY_CYCLE
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Uor Buck Board Firmware

PID computations performed in ADC interrupt function

PROPORTIONAL ERROR =
COMMANDED OUTPUT — CURRENT OUTPUT VOLTAGE

INTEGRAL ERROR =

PROPORTIONAL ERROR > 0 = INCREMENT INTEGRATOR
PROPORTIONAL ERROR <0 = DECREMENT INTEGRATOR

DERIVATIVE ERROR =
CURRENT VOLTAGE ERROR — PREVIOUS VOLTAGE ERROR

JERK ERROR =
CURRENT DERIVATIVE ERROR - PREVIOUS DERIVATIVE ERROR

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 118



- .
Buck Board Firmware
|

INITIALIZATION

—————————————————————————————————————————————

ADC INTERRUPT

NORMAL
OPERATION

g - K g |

Firmware Description
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Buck Board Firmware

COLLECT ADC DATA:

. .,P-/mem 5.0 V
7 |PAIR 1 (AN2 — 3L EMRRENT / VOLTAGE 3.0 V|

—I’l\’lITIALIZATION , I N T PFD R:Z) WLSVARM B_

, NORMAL L
; OPERATION g

.____,____ —— LIt

" ADC
INTERRUPT | -7

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 120



U

EEEEEEEEEE MiCROCHIP

LcrVI '
Buck Board Firmware

A voltage control loop is implemented

PID OUTPUT =

PROPORTIONAL ERROR
INTEGRAL_ERROR
DERIVATIVE_ERROR
JERK_ERROR

EXCESS CURRENT
FD_FWD VOLT _CMD
DEAD TIME

PROPORTIONAL _ERROR_GAIN
INTEGRAL_ERROR_GAIN
DERIVATIVE_ERROR_GAIN
JERK_ERROR_GAIN
EXCESS_CURRENT GAIN
FD_FWD VOLT CMD_GAIN
DEAD TIME_GAIN

* Ok %k ok F  *  o*

+ + + + + +
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Buck Board Firmware

PWM Period PWM PWM PWM PWM PWM PWM
# #1 #2 #3 #4 #5 #6
Control
Loop on 5V buck 3.3V buck None 5V buck 3.3V buck None
Exec time
for control 2.0us 2.0us 0 2.0us 2.0us 0
loop
Period 2.5us 2.5us 2.5us 2.5us 2.5us 2.5us
length (400 Khz) (400K hz) (400 Khz) (400 Khz) (400 Khz) (400 Khz)

« 4us out of 7.5 are used in the loop computation (53%)

 There is enough room for the main loop
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PID Control Loop

e Summary. We have seen:

— WhataPID is
— What are its performances

— How the PID has been inmplemented in the software of
the Buck Demo Board

— What is the associated timing
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Lab 3
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MASTERs 2007 L ab 3

You can experience how the PID coefficients
Influence the system behavior

— Start with l and D gain =0

— Increase P gain until you get an output value close to
the desired one

— Increase | gain in order to decrease the residual error

— Increase D gain to reduce overshoot and settling time
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Sequencing

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11089 PS4 Slide 126



MASTERS2007 Seq u en C I n g

® Sequencing is the process of generating two or more
voltages with a specific profile and a specific time relation
between them

e Many electronic devices require their multiple supply
voltages be coordinated at power on and off to protect their
circuitry

e If the supply voltages are improperly applied, many
Integrated circuits can experience “Latch-up”
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MASTERs2007 Seq u e n C I n g

e Other systems require that specific circuitry be powered
prior (to put it in a known safe state) to the rest of the load
circuitry

e The most common power supply sequencing method is the
simultaneous ramp up and down

e The choice of power sequencing is very dependent on the
system reguirements
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MASTERs 2007 Seq u e n C i n g

Choose the method that meets system requirements

simultaneous . sequential
2.0V V 5.0v

d 3.3y /33y \
TN 77N

>

ratio metric offset

V 1 50V V
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UDFM
MASTERs 2007
Dev Tools Used In This Class:

dsPICDEM™ SMPS Buck Board (DM300023)

MPLAB® ICD2 In-Circuit Debugger (DV164005)
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Thank You
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