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Different Flavors of Digital Control

AEncapsulated

Switchers and PWM Controllers with digital logic providing enhanced fe
usually configured in hardware (e.g. resistors, capacitors)

Alntegrated, Software Configurable
Switchers and PWM Controllers with digital interfaceBNHgSYR be
configured by external, proprietary software (PC) or an external MCU
Alntegrated, Programmable
Switchers and PWM Controllers with open MCU core and dedicated pe
require firmware development design & programming tools
ADiscrete, Programmable

ABare MCUs/DSPs to be fully programmedibgreretjuiring external auxils
power supply and components
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DSP Special Requirements

ALowNoise Design Guidelines
APower Supply and Power Integrity
A Signal Integrity and ADC fodtDesign

AProtection & Safety
AFuSaManuals (1S026262) provided by CPU vendor

AFirmware Robustness & Quality Guidelines

AMotor Industry Software Reliability Associatio@ MISRA
A(A)SIL Standard=C 6150850 26262EC 60730

AFirmware Management & Versioning

A Git, Distributed Team Collaboration Versioning GabufeBitbucket)

A (AutomotiveJoftwardrocessmproveme@apabilitgEtermination
(A)SPICE
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SwitchhrMode Power Supply Design Process
From Schematics to Production and beyond

Hardware Design Tools

Physical

Virtual

Hardware

Circuit Circuit Thermal
Simulation Simulation, Simulation, Manual Bench Tests, Automated Bench Tests, Next Gen
(Behavioral) (SPICE) EMC Simulation, Rapid Prototyping Data Analysis & Test Reports
Protection
Software Design Tools
.EVBS Peripheral Configuration, Loop Design . Firmware Traceability, Reusability
Firmware : e Firmware . .
A Design eco system of individual tools .. ... Management & Documentation, of Existing Code
Examples A : ) Test & Verification . A
Models Model Oriented Design Tools Versioning | Verification & Test Base
Development Process oroduct Famil
: X o roduct Family
iy Circuit Slgnal_ e Pow‘,r Board (?lrc_:wt_ Member Product Cyc_le i
Component Integrity, Losses, e . Optimization, : Continuous
: Development : Verification Development/| Maintenance
Selection Noise, Thermals EMC Improvement
ATE Setup
—
> &2 . X
Q‘;&’% @o\» 6&% &8 Q\\% 6"0 . é\o*\
N V N ) <® N\
2 <O & > \ ol
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EVBs & Circuit Design Guidelines
Example: dsPIC33CK512MP606 Digital Power-RilModule
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GPIO Current Limit

_ ADC Input Anflias
and Surge Protection

Filters & Decoupling
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Low-Noise Design Guidelines
Supply Rall Impedance Profile Measurement

Digital ) . .
1 c Ground VDD Impedance profile measured at every decoupling capacitor
"“I" ““"I (unpowered and powered)

" b ~ dsPIC33C
3 ) | | :
[E— ] Target Impedance
=3 D — — IEE e ............. Y e o
% o ] = Bt ﬁ ///

e e ] "100m ‘.’/ / /
| 10m

100 1k 10k 100k ™ 10M
I“"III IIIIII Frequency (Hz)

C Anal —Trace1 ~—VDD_ON —VDD_OFF — AVDD_ON
b0 naiog — AVDD_OFF — VDD2_ON — VDD2_OFF — TLAY_ON
Ground TLAY_OFF

CE
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AStarter Kits

Compact boards for conceptual evaluation and
basic education, no further tools required

AEvaluation Boards

Dedicated designs build to showcase control meisads
topologies and component performance

ADevelopment Boards

Robust, well protected topology boards designed for
firmware development and enhanced debugging and
analysis

AReference Designs
NCl ose to Productiono des
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Digital Power Supply Control Overview

System Firmware Development & Test

Summary
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dsPIC33C Digital Power Starter Kit (DPSK3)

A Onboard dsPIC33CK256MP505 DSC

A PIC24F Auxiliary Microcontroller managing loads and protection circuit auto recov

A Two Independent DC/DC Converter Topologies:
A Synchronous Buck Converter
A Asynchronous Boost Converter

A Independent resistive loads
A Four selectable Constant Load Levels
A Three Selectable Step Load Levels

A Protection circuitry
A Over Current Protection (OCP)
A Over Voltage Protection (OVP)
A Over Temperature Protection (OTP)

A Development Features I8

anocum

A PKOB4 QOBoard Programmer/Debugger

e
.LD'.SI

L
i
,,,,,,,,,,,,

RRRRRRRRRRRRRRRR

A LC Display User Interface part_NO DM3300437

A USB/UART Bridge (Standard VCP)
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dsPIC33C Digital Power Starter Kit 3 (DPSK3)

Synchronous Buck
UART2-USB LCD
Bridge Display . | 3.3
e
Auxiliary dsPIC33CK |
256MP505 :
(5V +3333V) — | : | Synchronous Boost
. ‘ ;
PKOE - |
Debuggere& i |
Programmer g
6..14V
T Disable Signal
Buil ding blocks used in toda

presentation
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Control Software Block Diagram

Voltage Feedback Loop
:  (500kHz cycleby-cycle control)
REF |
REF i 3 error "0 [d] [ output= — Go(S) Vout
- (Compensator) . | (Plant)
e input Antl- !
1 ity _ Voltage
: Trigger Divider
ADC e
State Machine e ¥|N
Soft-Start 4—@ \Voltage
GPIO ) Divider
X » UVLO/OVLO/RegErT [, e |
= /
‘/l/__
L dsPIC33CK256MP505
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Control Software Block Diagram

GPIO

A 1x Complementary PWM .
A 2x ADC Input

CODE

A 1x Timer (hsinterval)  CONFIGURATOR PWM

A 1x General Purpose 1/O >

virTaupMr

TIMER

©

dsPIC33CK256MP505

Trigger

\ 4

ADC )

ADC
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(Plant)

VOUT

Voltage
Divider

VIN

\Voltage
Divider
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Control Software Block Diagram

Voltage Feedback Loop
(500kHz cycleby-cycle control)

error O [d] OUtpUt
REF é ; ; (Compensator)E _
input Antl-

Windup

A Type Ill Voltage Mode .
Feedback Loop with |\ MPLAB |
Antiwindup Limiter Eeunl]
and Tunable Reference

TR

dsPIC33CK256MP505
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Control Software Block Diagram

A Simple State Machine
for Soft Start and
Fault Handling

X IDE
-

State Machine TIMER

Soft-Start —

A 4

&

UVLO/OVLO/RegErTr |,

dsPIC33CK256MP505
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MCU Configuration MPLAB® Code Configurato

ﬂ' MPLAE X IDE w6.05 - buck-vmc : default
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help
FEES D@ e JE-T-H PR-L-QUB- D BER T D Wb msasnon:
Projects  Resource Management [MCC] = = |[ PnModie x| InterruptModule x| System Module x| Do)
Project Resources | Generate | Import.  fpor @ (O | 53 Easy Setup | = Registers |
* System Selected Package : OFN48

) Interrupt Module Pin Names | Module | Function

Start High | Amalog | Output WPU
() Pin Module REE ICD D D D D
L] L] [ [

) System Module — =

Device Resources

A, —_— - .
» Documents
. ° dsPICI3CK256MPS0S
» Libraries

¥ Peripherals \ CODE

EEEEE@EE

» & ADC EEIVNFIELIRATDR‘

b Lt CANFD - - -
‘v 13 9 15 16 17 18 19 20021 22 23 24

b [ ces

b B CLC | 2 B3R

» Il CMP_DAC ;EEEEE%EE_E..

r Q CRC ! ¥ [4

> B owa | Pin Manager: Grid View = Notifications [MCC] | =

> il Exntemupt | minNo: | 8 9 |10|11]12|21]22|25|26]27|33 343536 37 |45 46 47 48| 1 | 2| 7 15| 16|20 38]30 17 |24 2820 |04

> I High Resalution PWM PortA ¥ PortB ¥ PortC ¥
buck-vme - Dashboard | Mavigator | Core Versions [MCC] x & Direction 1/2]3 0 5 6|78 10[11 1212|1415 0 |1 5,67 10
MCC Core Versions &
» MPLAB® Code Configurator (Plugin) v5.2.1 | ] [ |

Libraries may be updated in the Content Manager.

l _| |_ l
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MCU Configuration MPLAB® Code Configurato

g MPLAB X IDE v6.05 - buck-vmc : default - O X
File Edit View MNavigate Source Refacto i a - 'Q- Search (Ctrl+I)
E E m %’9>": mjem Resource HaMEMt [Hcc] * (=] E( * :PC: 0x0| |oabsabdadcnovzc EHowan?
— Project Resources [Generate Import... | Export 9 | @  »/[Z)(@) | Pin Manager: Package... x| PWM Generator Summ... =
Project Resources | Generate ||_ ) .. H
v peripherss v Peripherals $388s§i10s54}
gﬁ :‘\?‘;; 9 % ADC" .::1::‘:“: R R TR T T a!izlﬁ]rﬂl
@O @31 rwm B[ et | comon ' P
¥ System v Wvesia
(' Interrupt Module 9 G) TMR1 : g:::: R TT-EI:“ ;EE
; Pin Module ¥ System ] o E]%E
./ System Module = " OFF T -
./ Interrupt Module : o T T !
De. ) Pin Module 1 oFF SR§ERAiEe
» Documen.. — 1 MEE v ’
> Libraries wi System MDdUIE !' = 5
» Peripherals I E
> Examples l PortB ¥ PortC¥
~ nction on 6(7|8|9(10{11|12(13|14|15| 0|1 | 2|3 | 4|5 6|7 (89|10
PWM1-H output a
PWM1-L output a
PWMEA output | e ElaEEEE BB E|EEEE R E B e E e B A B
PWMEB output B'EElEEEEEEE e e BB EE R B e B R B A B
buck-vmc - Dashboard | Navigator | Core Versions [MCC] x| & PWMEC output | R I R R I R N B T I B B
MCC Core Versions PWMED output R I R R N I O N B O O B
> VPLABS Code Configurator (Plugin) 5.2 o |eo NI
Libraries may be updated in the Content Manager. GPIO output 'h 'h 'h h 'h 'h 'h 'h 'h 'h ﬁ . 'h 'h k h 'h 'h ‘ h 'h 'h 'h 'h 'h 'h k 'h 'h 'h ‘ h '
TMR1  |TICK input R T B T B T B T I T T A T T BT BBk
@) .ms

13" OMICRON Lab Power Analysis & Design Symposium 2024 @ MICROCHIP



MCU Configuration MPLAB® Code Configurato

B4 MPLAB X IDE v6.05 - buck-vmc Projects x [ Resource Management [MCC] |
File Edit View Navi =2 buck-vmc
I E} mwe’- F"bs " = : ocabsabdadcnovze|
éects [ Resource Management [MCC] E] mc GEnEratEd ms R1 x |IZ|®@ Pin Manager: Package...x] PWM Generator Summ... | =]
wm 3 ~
=8 Header Files - 1
#- i) MCC Generated Files ﬁ Imtant Fies
[ Important Files - (S . y
G@[if) Linker Files @ Linker Files o
E—J.E Source Files [_3 % SMCE Fies l zﬂmunm:
-3 main.c : . e
E.l Frg MCC Generated Files : @ main.c —
B adctc 1 E
- dodc.c MCC Generated Files wa
3 interrupt_manager.c 1 . ﬁ:
% mec.c : & @ wCI C B
! pin_manager.c :
- pwm.c dock.c |
139 reset.c : @
@ e -1 interrupt_manager.c !
@ tmri.c : % MCC.C F 3 5
L yraps.c :
& [§F Lbraries : ) 1, | =
[ Loadables e % pin_manager.cC
: Success. ~
@ me.C Success.
- B reset.c S
- B system.c —
: Succeas.
- % tmrl.c Success.
Success.
% umc EEEEEEREEE R
liseconds)
Libran'esmaybeupda h Lbrm AANNNAAEN NN
@ [@@ Loadables .
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Complete Rapid Prototyping Courses }—M'CR“H'P

+ O X

v ™\ Creating a Digital Power Supph, X

<« > C m 22 mu.microchip.com/creating-a-digital-power-supply-from-scratc s & by ) ﬂ Paused

Creating a Digital Power Supply from Scratch

This class covers the entire process of creating a digital power supply. (Nov
2021)

Already registered? Sign In

v i' .'! pd r-r / D €D

About this course

This class covers the entire process of creating a digitally S

[ > Na Introducti 1 mi
controlled synchronous buck power supply based on the DHESERCAERCE Shluk)
; i . \ ) Evaluation Environment -

2 e
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MPLAB® PowerSmat Development Suite

ﬂ PowerSmart - [DAFirmware\MCU16ASMPS_CodeExamples\..\apps\power_control\config\dpsk3_buck_vmc.psproj] — O x

File Edit Tools 7
AERH, & 7O

Project Explorer Block Diagram Bode Plot

=83 MPLAB X IDE Project DPSK3 Type Il (VMC)

=K% Power Supply Control
{3 DPSK3 Type IV (VMC)
3 DPSK3 Type il (VMC)

Compensator Gain Plant Gain
Feedback VN

Loop Block ax
Voltage Loop Converter
Component Library REF —0@ Compensator m Voltage Plant [J—>vouT
] H(@) G(s)
Add or remove component libraries 1_ "r vComp VPLANT
to/from your project. 3P3Z Feedback Loop Plant Gain
EI Voltage Mode Control (VMC) 4
EI Peak Current Mode Control (PCMC) —\ |
i[5 Average Current Mode Control (ACMC ADC Tv(s)r*
E@ﬂ- Generic Filter Libraries T \I
L\ Moving Average Filter VREF
[¥]
< > Voltage Mode Controller

Description
Single, discrete Voltage Mode Control (VMC) loop
controlling the output of a single power stage.

J/ Status: MPLAB® X IDE project loaded successfully
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CompleteFeedback Loop Block Diagram

NPNZ CONTROLLER OBJECT

BuiltIn History
Manipulation Routines

v J SATURATION
OFFSET COMP-f-------—; Filter Coefficient | | Input/Output Data_ = /=~
SWAP TARGET- v Arrays History Arrays |
SOURC ' ! ) | MAX
S +
ALT SOURGE [ }H¢] . NPNZ _
A Digital Control Loop Routine _/_
INVER®) st (Assembly Function)
REFERENC Q\J——P '
ALT REFEREN - ?DD?DDD?DDD?D?
UPDAT §
e |l Function Triggers sl
GAIN TUN® [ J-o g
GAIN TUNE TIGGE remmeemmmeeneee Data Provider
Bypass Control ]
ENABLE) [ J-mmmmemeeee > L ]

Status and Control Register

v 1

STATUS CONTROL
24
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[ Basic Compensation Filter
3 Feature Extensions
1 Firmware API

--- SWAP TARGET

TARGET

ALT TARGED
MIRROR TARGET

ADC TRIGGERA
ADC TRIGGER'B

CASCADE FUNCTION TRIGBER
FUNCTION TRIGGERS'A

DATA OUTPUTAY
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BasicFeedback Loop Block Diagram

INITIALIZ

NPNZ CONTROLLER OBJECT

BuiltIn History

A 4

RESE
PRECHARG

SOURCE.—‘

Manipulation Routines

v

v

Filter Coefficient Input/Output Data
Arrays History Arrays
’ 4

&
l

v

@

A 4

NPNZ

REFERENCM

A 4

UPDATHE—

Digital Control Loop Routine
(Assembly Function)

O00000000000oaoo

MAX

— @l TARGET

1

Status and Control Register

v

?

MIN

STATUS CONTROL
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Control Loop Adjustment

“ PowerSmart Digital Control Library Designer v1.9.15.709 - [New PowerSmart Project.psproj]
File View Tools ?
D BEsSS % JIp e
File & Function Label Frequency Domain Execution Time Block Diagram Source Code Output Info

Name Prefix: |VCOMP | ® kS RS

k- | Frequency: e Hr_| Magnitude: e db | Phase: @ ° | Phase Errosion |0

Controller Source Code Configuration Advanced

Bode Plot Settings

Frequency

Controller Selection

i Start: 100 1z
40 : : - : 2= : Stop: Hz
30 i i Points: g@1

Controller Type: |4P4Z - Discrete Type IV Compensatol ~

Scaling Mode: |4 - Fast Floating Point Scaling w2

Input Gain

20 . — : Magnitude/Gain

Input Data Resolution: Bit
Input Signal Gain: |E

(4 Normalize Input Gain
[ Feedback Offset Compensation

Enable Singal Rectification Control

10 G g Min:
' Max:
Div:

0

Magnitude/Gain [dB]

Min:

. . . : : : Max:
Compensation Filter Settings : : - -

Sampling Frequency: Hz ! Div:
Cross-over Frequency of Pole At Origin: Hz Pole & Zero Placemen j : Options

I unwrap Phase

100 1000 :
Pole 1: 75k| Hz Zero 1: Ijl Hz i - ] show s-Domain
requency [Hz
Pole 3: Hz Zero 3: Hz —— Gain (z) = Phase (z) Phase (s) - Pole Locations -~ Zero Locations

/' Coefficients generated successfully Refresh Period: 18 ms Table Options ~ .
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Plant Measurement Setup

File View Tools 7
O BSS % dp 0

File & Function Label

Name Prefix: [VCOI"HD (i,

[] Create Array of Control Loops

1 v

Number of Control Loops:

ﬂ PowerSmart Digital Control Library Designer v2.3.0.1007 - [DAFirmware\MCU16ASMPS_(

4

Frequel

a |
E- |

Controller Source Code Configuration Advanced
[ use P-Term Loop Controller for Plant Measurements (&)

Nominal Feedback Level: ‘

Nominal Control Output: ‘

‘ E,?T819824218?5‘

(=2

[] Enable Feedback Loop Gain Modulation (AGC) !

P
1)

[] Enable User Extensions

/' Saving File:

B Nominal Feedback Level Calculator x
voltage Feedback _ shunt Amplifier  Current Transformer Digital Source psk_buck_vmc.X\sources\apps\power_control\confighdpsk3_buck vmc.pspr... — O >
Circuit
Code Output Info
Phase: @| * | Phase Errosion |0
Bode Plot Settings
Calculation '"""_"“"""""E— ________________________________ !““!-" 180 Frequenc}f
v Nominal Sense Voltage: v i i 150
focezskion Ed R £ L. E‘Nﬂ;ﬂiﬂﬂ Outp;llevel Cal(ulamr- . e Start: j HZ
‘:I [ 1.Ok{i Fixed Frequency Variable Frequency Phase Shifted PWM Stop: j Hz
oos Amplifier Gain: VIV Points: =
[ pifferential (signed) Signal Gain: _ T
Input Gain Declaration] : i
————————y — — .
....................................... Vi "
TPHZ\!
___________ : : Phase
PWM Time Base Calculation
00 e T Device Type: | dspic3c PWM Frequency: He Min: .
-75 4 Clock Frequency: Hz
-gﬂ Divider: + Max: 188 | o
Nominal Duty Ratio: %» B
Frequenfb' [ Signal Gain: OptiOﬂS
) e ) Unwrap Phase
Gain(z) - Gain (s) e Phase (s) — Output Galn DeClaratIO n g Show s-Domain
—— Phase (z)

Refresh Period: 10 ms Table Options ~ .

13" OMICRON Lab Power Analysis & Design Symposium 2024
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Plant Measurement

Unity Gain Loop (Proportional

Feedback
Gain

GHS)

Plant Controller):
T [ &) I w6
O(€ —_— € O €
| nm@_f_@v Veo Y P
j Cor 7 With:~ N
J Y 00 UL OY
37 . © O
AN |§ 0
Q /s
1: Dependent on Topology type and commutation
mode
PWM Logic Compensator
J)
- - + E:Ra
(// I'Il:z va Di ter ADC ‘
PCI Anti- — ) 47?
PWM K W@ Windup Un|ty
Gain Pl Gain REF :
GsunfS) T Loop

PCMC PWM Generator
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Measurement Setup

Plant
- \( N
j L
J VOUT
Vis
J COUT
i \_ v
Q/rg

F _— —_— _— —_— _— —_— _— —_— — —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _—
: 1C
| PWM Logic Compensator I R,
| A

+ R |
I /H Digital Filter ADC >—ett :
| PCI Anti- i Rb I
1 pWM PER Windup REF

I
I Clock I
I 1L :
I PWM Generator |
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Plant Measurement Result

=C > plm - 210214-GainPhase-DPSK3-buck-vmc® - Bode Analyzer Suite e M ONE) — O X
Home Measurement View Cursor ~
[ New [ save > >II . f,.f.
dB
Open a Save as Continuous Single Stop Transmission User-Range
EP Export Report / Gain v
File Measurement Hardware Setup Gain calibration
Frequency Sweep n Fixed Frequency Trace 1 Trace 2 : i Trace 1 o v
:: K4 Cursor 1 20.554 kHz -7.09 dB -12.822 ° |1u ]
Start frequency 100 Hz | 5280kHz|  -25.156dB|  -44.594 ° |10l Measurement Gain
Stop frequency 500 kHz IEE Delta C2-C1 32.336 kHz -18.066 dB -31.771 ° | Format ‘ Magnitude (dB) v ‘
ry
Center 250.05 kHz 60 BEES RS | ! | - 180 Yemax ‘ 60 dB ,‘
Tl : - 160 _ | .
S 4999 kH 50 Py l i Ymin -60 dB
pan z -vxﬁ‘%\ | ! - 140
| |
40 . : 120
R 0
- — — P, ! ' - 100 Measurement Gain
Sweep  Linear [ » | Logarithmic | &3 30 - & I 0
= h, ! : - 80 -
Number of points | 801 v @ g - J\'\_‘I : E | 0 £ Format ‘ Phase (°) ~ ‘
g | ; 40 %J Unwrap phase
. = | | = .
Level Constant Il Variable g | : o0 oo [] Begin ‘ Hz‘
a ! : £
Reference level -12dBm 3| | = | : 0 g [ End ‘ Hz‘
Shape level - (20 & .-
ape level... 3 40 Yinax ‘ 180 v‘
L=
- - o L 60 © || Ymin \ 180 ° 3|
Attenuator Receiver 1  Receiver 2 o =
© - -80
‘OdB vHOdB v\ = 100
- -120
Receiver bandwidth 100Hz w -140
\ -160
- ; \ -180
100 1k . ’I“O_|k ) 100k
ST requency (Hz =
Gain / Phase Measurement = new memory

[ ]| B 2023-02-19 | GL540C v [
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Control Loop Adjustment

“ PowerSmart Digital Control Library Designer v1.9.15.709 - [New PowerSmart Project.psproj]
File View Tools ?
D BEsSS % JIp e
File & Function Label Frequency Domain Execution Time Block Diagram Source Code Output Info

Name Prefix: [VCOMP | ® ke EE DX

@ ° | Phase Errosion |0

Controller Source Code Configuration Advanced

Bode Plot Settings

Frequency

Controller Selection

50

i i Start: 100 1z
40 : : - : 2= : Stop: Hz
30 i ; Points: g@1

Controller Type: |4P4Z - Discrete Type IV Compensatol ~

Scaling Mode: |4 - Fast Floating Point Scaling w2

Input Gain 50 - Magnitude/Gain

Input Data Resolution: Bit
Input Signal Gain: |E

(4 Normalize Input Gain
[ Feedback Offset Compensation

Enable Singal Rectification Control

10 G g Min:
Max:

0
Div:

Magnitude/Gain [dB]

Min:
Max:

Compensation Filter Settings

Sampling Frequency: Hz ! Div:
Cross-over Frequency of Pole At Origin: Hz Pole & Zero Placemen j : Options

I unwrap Phase

100 1000 :
Pole 1: 75k| Hz Zero 1: Ijl Hz i - ] show s-Domain
requency [Hz
Pole 3: Hz Zero 3: Hz —— Gain (z) = Phase (z) Phase (s) - Pole Locations -~ Zero Locations

/' Coefficients generated successfully

Refresh Period: 18 ms Table Options ~ .
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Plant
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Open Loop Measurement

Q Ies
PWM Logic Compensator
( ‘:( va Digital Filter b ADC
PCI Anti- i
PWM k W@ Windup
Galn Clock REF
Gsun(S) LI
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>
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Gain
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PCMC PWM Generator
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Open Loop Gain Measurement

=Hpplin 210214-GainPhase-DPSK3-buck-vmc® - Bode Analyzer Suite e OGO - O X
Home Measurement View Cursor ~
[ New [ save > >II . f,.f.
dB
Open a Save as Continuous Single Stop Transmission User-Range
EP Export Report / Gain v
File Measurement Hardware Setup Gain calibration
Frequency sweep [IEH Fixed SEEEE LZes [[EEE 2 el 9 Trace 1 o v
:: K4 Cursor 1 20.554 kHz 27.792 mdB 50.82 ° |1u ]
Start frequency 100 Hz _ 52.89 kHz -10.243 dB 1.439 ° |11 Measurement  Gain
Stop frequency 500 kHz IEE Delta C2-C1 32.336 kHz -10.271 dB -49.381 ° |1y Format ‘ Magnitude (dB) v ‘
-~
Center 250.05 kHz 60 I' 180 Ymax | 60 d& 3|
L - 160 _ -
Span 499.9 kHz 50 et Y | Yrmin ‘ -60 dB ,‘
N " | - 140
e 4 _
40 p= i I : 120
L st ' I i .
Sweep Linear I Logarithmic | &= 30 N =~ 1 100 Measurement Gain
T 1
Number of points 801 b v 20 : 2 Format ‘ Phase () v ‘
g e %J Unwrap phase
i c 10 = i
Level Constant B \variable 5 o [] Begin ‘ Hz‘
Reference level 12dBm 5| | = O é ] End ‘ Hz‘
c
Shape level... ,‘3 -10 - N Yimax ‘ 180 ° :‘
w
L=
_ _ 20 - 2 || Ymin \ 180 ° 3|
Attenuator Receiver 1  Receiver 2 o =
©
= -30 -
\ 0dB vH 0dB v\ =
_40 —
Receiver bandwidth 100Hz w
_50 —
- ) -60 -
100 1k . ‘I(IO_|k ) 100k
SuT requency (Hz =
Gain / Phase Measurement = new memory

[ ]| B 2023-02-19 | GL540C v [
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Digital Power Supply Control Overview

Rapid Prototyping

Summary
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Application Example
Intermediate DC/DC Bus Converter

Interleaved, non-isolated synchronous Buck Converter Single 9-15V Output

48V Rail Input Power with Enable Pin Power Good Output

Single Core DSC

Sequencing

VIN e

PG

POD ./

et t )

\ 4
A
A 4

Debugging Port / UART Interface
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Application Example
Intermediate DC/DC Bus Converter

Execution Manager / Task Scheduler

Current Sense Power Supply Diagnostics Debugging
Calibration N Task Task Task
Enable Input
Monitor
Startup Debugging
Preparation Sync Buck State Machine Falg;:?gsler Protocol
Power [ | SIS
Good
Startup Parameter Monitoring
Sequence PWM Mux ﬁ lcr)lputVfgtagfel .
utput Regulation
Phas_e “1 A Sself-Protection Logic
Balancing A Task Parameters
A Software Timing
A

Control Laye

1 Sync Buck e
— : - —
ReaiTime pgu |£ =

DC/DC Stage
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Application Example
Dual Charging Port USB PD Design

Automotive Input Power with C15/C30a-f-g Monitoring

Single Core DSC
(USB PD Software Stack)

FSBB Power Converter #1

FSBB Power Converter #2

USB Port #1 Controller USB Port #2 Controller

USB Port #1 Device Events USB Port #2 Device Events

Debugging Port UART Interface
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Application Example
Dual Charging Port USB PD Design

Execution Manager / Task Scheduler

Connection Status

A Device Type : : D :
A VID/PID Power Supply Diagnostics ebugging

A Output Voltage Task Task Task
A Current Limits

Negotiation Debugging
ﬁ g%w,fé;ﬁrs IRequestS 4-SWBB State Machine Falg;:?:gller Protocol
A Current Limits Stack

Parameter Monitoring
Input Voltage

Output Regulation
Self-Protection Logic
Task Parameters
Software Timing

etc.

UPD350 4-SWBB
Port RealTime
Controller Control Laye

o To T I To To

UPD350
Port
Controller
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Application Example
Data Center AC/DC Power Supply

Isolation

- LAre VA 3 ' ¥
T LT TTTTTT LTI TS TS

DC-Output
400Vi toi 48/12V Conversion

Power Factor Correction

Primary Controller Secondary Controller
AAC Input Tracking ADC Output Regulation
APower Factor Correction AcCurrent Sharing / Redundancy

ABulk Voltage Regulation AFan Control

AAuxiliary Power Control AS2P Communication

AP2S Communication AHost Communication

AEnergy Metering AFirmware Update Management
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Application Example
Data Center AC/DC Power Supgl¥Primary Sidd=irmware

Execution Manager / Task Scheduler

|

DC/DC Stage

40

Firmware
Manager
Task

Firmware
Manager
Service

Bulk Voltagg
Regulation
Task

AC Monitor
Task

Bulk Voltagsg
Regulation
Service

AC Monitor
Service

Power Supply
Task

IPFC State Machine

PLL PLL
Tracking Tracking
Driver Driver

PFC Stage

IPFC
ReaiTime g
Control Laye

IPFC

Advanced
Control Laye

13" OMICRON Lab Power Analysis & Design Symposium 2024

Diagnostics
Task

Fault Handler
Service

Debugging
Task

Debugging
Protocol
Stack
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Application Example
Data Center AC/DC Power Supgl{secondary Sidéirmware

Execution Manager / Task Scheduler

Sy

UL Power Supply Diagnostics Debugging
Sharing
Task fask oS -

Current Eault Handler Debugging

Manager Sharing Interleaved LLC State Machine : Protocol
Service

Service Service Stack

ILLC
ReaiTime g
| Control Laye

ILLC
B = 1010 Control Laye
—= 010

PFC Stage DC/DC Stage

Firmware
Manager

Backplane

Comm

Task Task

PMbus Firmware

Service
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MPLAB® PowerSmat Development Suite
MPLAB® PowerSmam Software Framework for dsPIC33 DSCs

Applications

Common Systen

RTOS Services
R5G2 [ [

Diagnostics
A
App Data
or Exchange

Service

(e.g.FreeRTOY System Driver Driver Driver Driver Driver
Configuration

/ Wﬂ’/ ‘%'/ »-/ Yz 7 Device Register Interface Laye

Third Party

dsPIC33 Target Device / Hardware
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MPLAB® PowerSmat Development Suite
MPLAB® PowerSmam Software Framework for dsPIC33 DSCs

Power Supply Control Task s

Common System
RTOS Services
PowerSmart A Power Supply Task Interface
R5G2 Diagnostics
A
App Data
Exchange

Service

System pLIB Drivel] cLIB Drived RT. €onirol
Configuration Loop

/’7;@’%/}- L Device Register Interface Laye
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MPLAB® PowerSmat Development Suite

MPLAB® PowerSmak Software GUI Components for dsPIC33 DSCs

Power Supply Control Task =

Common System
Services

A Power Supply Task Interface
Diagnostics
A

App Data
Exchange
Service

System i RT Control
Configuration Loop

//////;///4///////// JIII0000700007000000000000000000000000000277 Device Register Interface Laye |
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Model Oriented Design & Firmware Tesgt'©XIT
UsingPleximPLECS

AWhat is PLECS?
A Behavioral circuit simulation, optimized for power electro

A Available as standalone software or as building block for =5 ===
MATLAB Simulink e ——

A Simulation Options | c—
AVirtual Simulation B -]
A System simulation using component models only L s 25

A Additional coder and scripting allows state changes | — — -
A Processor In the Loop (PIL) T W 05 i
A Virtual system ciretitle executing real code on real targe! — — -

device G

A RealTime Simulation using #80x
A Real time signal simulation stimulating real target device
A Firmware now runs at full execution speed

——— L
s T e
s —
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PLECS PIL Firmware Test

File Edit Tools ?
hEDS D

E——g MPLAB X IDE Project
=% Power supply Control

o PowerSmart - [D:\Firmware\MCU16ASMPS_CodeExamples\..\apps\power_control\config\dpsk3_buck_acmc.psproj]

Project Explorer Block Diagram Bode Plot

A=A e A I
Flequen:y'. Hz | Magnitude: dB B¢ | Phase: * MR

ransfer Function

Data Series Name: ‘IPLANT

rt Simplis/MINDI Bode Plot

< b o RG]

0 180
™S

\ 150

0 120

20

0 Il \ \ 60
\ N
, N \ .

VL
\ e
\ =0

\ -120
|

Hz | Magnitude: dE B¢ | Phase:

o “LIRLANT (Mag)

. POWERSMART |

‘DEVELOFMENT SUITE !

. 4

[

- O X

§ Bode Plot Settings =

Frequency

Start: He

X
e LON

Magnituds /Gain LO

-
180 . .

150
Poi

120

= Magnitude/Gai

&0

30

)

50 Phase

-120 Max:

o
Phase [*]
e
=
a
@

13" OMICRON Lab Power Analysis & Design Symposium 2024

c\ MICROCHIP



