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System-Level Integration 

Integrated control hardware allows for 

fewer, smaller devices that perform 

more complex functions 

Digital Power Benefits 

Higher System Efficiency 

Sense line and load 

changes and intelligently 

varies the power stage 

operation to optimize 

efficiency in real time 

Greater Power Density / 

Faster Control Loops 

Achieve faster operating 

frequencies and smaller 

components with dedicated 

power peripherals, feedback, 

and high resolution PWM 

control 

Broad Selection  

From ASSPs to 

Programmable uC to 

DSPs for high-

performance PFC, 

AC/DC, and isolated 

DC/DC power supplies 

Power Topology Flexibility 

Precise waveform control no matter the 

topology with high resolution phase control, 

period control, and duty cycle control 

System-Level Reliability, 

Monitoring, and Safety 

Optimize designs by collecting 

field power consumption data  



Digital Power Today:  Mainstream Applications 

Automotive 
Telecom 

Infrastructure 
Server Power Solar 

Application Examples: 

Å High End Computing 

Å High End Storage 

Å High End Networking 

Å PC Power/Gaming 

 

Driving Requirements: 

Å Regulatory standards  

Å Power Quality (PF and THD) 

Å Redundancy 

Å Advanced Housekeeping 

Application Examples: 

Å Solar Microinverters 

Å String Inverters 

Å Power Optimizers 

Å PV Inverters 

 

Driving Requirements: 

Å Efficiency 

Å Complex MPPT 

Å Extended Lifetime 

Application Examples: 

Å Bi-Directional DC/DC 

Å Battery Chargers 

Å Hybrid and EV Charging 

Stations 

 

 

Driving Requirements: 

Å Communication 

Å Reliability 

Å Fault Reporting 

 

 

Application Examples: 

Å Isolated and Non-Isolated  

DC/DC Converters 

Å Power Modules 

Å Telecom Rectifiers 

Å Wireless Basestation Power 

Å Uninterruptable Power 

Supplies (UPS) 

Driving Requirements: 

Å Power Density 

Å Efficiency 

Å High Frequency Operation 

Å Advanced Housekeeping 



Digital Power in the Near Future 

Consumer Industrial Home Automation 

DTV and UHD TVs 

High Power Adapters 

Lighting 

ñLike switch-mode regulation, digital control is not a limited technology. It has applications in embedded and 

external ac-dc power supplies, isolated and non-isolated dc-dc converters, telecom rectifiers, and lighting 

ballasts. Most importantly, digital has penetrated nearly all application segments, from high-performance 

computing to high-volume consumer productsò  

 -   Digital Power Electronics: Market Trends, Power Architectcures and Commercial Adoption, Third Edition 

Application Examples: 

Å Welding 

Å Tester 

Å Factory Automation (DIN 

Rail) 

Å Motor Control 



What is Digital Power? 
Generic Power System Block Diagram 

The controller block is what differentiates between a digital 

power system and a conventional analog power system 

Switches 
(FETs) 

LC 
Network 

Controller 
(Compensator) 

Vout PWM 

Vin 



An Example Switch-Mode Power 
Converter 

Å Itôs a Discrete 

Control System 

Å It uses an Analog 

Controller 

Å The Controller Is a 

PWM Generator and 

Compensator 

Compensator PWM 
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Analog Control System 
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Differential equations  
1st , 2nd, 3 rd,éorder 

Need to find:  
R1, R2, C1, C2 

Laplace Transform  

òAnalog 
Computationó 
Differential 

equations 



Digitally Controlled Switch-Mode Power Converter ï 
ñDigital Powerò 

Analog Controller is 

replaced with: 

Å A Digital Controller/MCU 

and 

Å Drivers and OpAmps 

(considered extra only in 

low-power, low-performance 

applications) 

V sense 

Set/Measure, report  

Voltage, 

Temperature, 

Current, faultsé  
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PWM Unit

CPU Comms 

Peripherals

Other 

Peripherals

Memory AC/DC Unit

Context  Save

Context  

Restore

ISR body

BG ISR

CNTL_2P2Z(1)

ADC_DRV(1)

BUCK_DRV(1)

CNTL_2P2Z(2)

ADC_DRV(2)

BUCK_DRV(2)

Com pensat i on  

Loop-1

Com pensat i on

Loop-2

(400 k Hz)

SSt ar t Seq

Com m s

Ot her ....

Code 

execution 

Å Still a discrete control system 

Å PWM generator is now a peripheral module 

Å Compensator Is now implemented via CPU executing S/W code 



Digital Control System 
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Differential equations  
1st , 2nd, 3 rd,éorder 

Difference equation  

Need to find:  
a1, a2, b0, b1, b2 

Laplace Transform  

Z  Transform  
OR 



Why Digital Control Techniques? 

Controller  
Analog 

or  
Digital ??  

PWM 

Sensor(s)  

Analog Controller Digital Controller 

+ 
Å High bandwidth 

Å High resolution 

Å Well understood 

Å Historically lower cost 

Å Insensitive to environment (temp, drift,é) 

Å  S/w programmable / flexible solution 

Å Precise / predictable behavior 

Å Advanced control possible (non-linear, adaptive,é) 

Å Can perform multiple loops and ñotherò functions 

Å Component drift and aging / unstable 

Å Component tolerances 

Å Hardwired / not flexible 

Å Limited to classical control theory only 

Å Large parts count for complex systems 

 

Å Bandwidth limitations (sampling loop) 

Å PWM frequency and resolution limits 

Å Numerical problems (quantization, rounding,é) 

Å AD / DA  boundary (resolution, speed, cost) 

Å CPU performance limitations 

Å Bias supplies, interface requirements 

Power Elec. 



Benefits of Digital Control 

Eliminate Components 

PFC Filter  
Bridge 

V V DC/DC 

Aux P/S 

Output 

ÂMultiple chips for 
control 

ÂMicro-controller for 
supervisory 

ÂDedicated design 

Traditional Analog 
Power Supply 

V PFC Filter  
Bridge 

V V 

Aux P/S 

V 

DC/DC 
Converter 
Control 

Multi-mode 
Power control 

MCU 
Supervisory 

Housekeeping 
Circuits 

Current/Load 
Sharing 
Control 

DC/DC V 

To Host 

PFC Control 

Interface 
Circuit 

Monitor 
(MCU?) 

Inrush/ 
Hot-plug  
Control 

I  I  I  I  Output 

PFC Control 

Interface 
Circuit 

Monitor 
(MCU) 

Inrush/ 
Hot-plug  
Control 

DC/DC 
Converter 
Control 

Multi-mode 
Power control 

MCU 
Supervisory 

Housekeeping 
Circuits 

Current/Load 
Sharing 
Control 

Reduce Manufacturing Cost 

Variable DC Output 

Better Performance Across Corners 

Failure Prediction 

One Device, Multiple DC Outputs 

One Design, Multiple Supplies 

Digital controller enables multi-threaded applications 

8 4 

5 1 

Power Digital  

Controller 



Different Digital Power Concepts and Controller 
Architectures 

1. Closed Digitally implemented controllers sold same way as Analog 
controllers  

- Such as UCC28630 and UCC29950 controllers 

 

2. Software managed, h/w implemented digital control 

 
ï Without open MCU (typically a configuration GUI) ï e.g. the UCC92xx family of 

digital POL controllers 

 

ï With open MCU ï e.g. TI UCD3xxx digital controllers 

 

3. Fully software executed control 

 
ï Typically requires cycle/cycle speed and parallel execution of DSP for control 

loops 

 

ï Integrated Hardware for A/D, D/A, analog comparators ï e.g. on C2000 MCUs 

 

http://www.ti.com/product/UCC28630?DCMP=digitalpower&HQS=sva-hvps-lpcc-digitalpower-quiz-evm-UCC28630-eu
http://www.ti.com/product/UCC29950?DCMP=digitalpower&HQS=sva-hvps-lpcc-digitalpower-quiz-evm-UCC29950-eu


C2000Ê Real-Time Microcontroller 
Color Key 

Sensing 

Actuation 

Processing 

Power 

Electronics Power 

Electronics 

C2000Ê MCU 

ADC(s) 
ADC(s) 

Capture Cap-

ture(s) 

QEP 
QEP(s) 

Trip Trip 

PWMs PWMs 

C28xÊ 

Core(s) 

VCU 

TMU 

FPU 

CLA 

Core(s) 

FPU 

DAC 
DAC 

Architecture and technology designed  

for real-time control applications 



Programmable Power Peripheral 

HS EADC 

x 3 
PID based 
Filter x 3  

HR DPWM 

x 8 

General 

Purpose 

ADC Digital 

Comparator 

x 4 

GPIOx SPI 

Communications 

PMBus/
I2C x2 

UART 
x2 

Timer 

Services 

OSC 

Fault Mux 

ARM7TDMI-S 

8KB 
RAM 

64KB 
Flash 

C
o
n
tr

o
l 

P
ro

te
ct

io
n 

Advanced 

Power 

Control 

Analog 

Comparator 

x 7 

UCD Integrated Digital Power Controller 

Communications:  

- Several communication 

peripherals providing 

flexibility for host 

communication. 

Enhanced 2p / 2z Digital 

Compensator with Simplified 

PID Structure  

(for Improved Performance and  

Simplified Compensation) 

DPWM 

Hardware mapped shut-down 

due to faults 

Fixed or adaptive sample trigger 

positioning 

Sync FET soft on/off and Ideal 

Diode Emulation 

Mode switching and Light Load 

Burst mode 

Advanced Power Control  

Å Current Share 

Å CPCC 

Å Synchronization 

Å Primary side Vtg sensing 

Å Flex and Current Balancing 

Protection:  

- Highly configurable to initiate 

CBC w and w/o pulse matching 

or system shutdown. 

Enhanced EADC (DAC 

Accuracy) with Hardware 

Dithering (3x 16 MHz, 1mV 

resolution offers best in class 

current sharing accuracy) 

ADC:  

- 12 bit SAR  

- Internal temp sensor 

- Dual sample and hold 

- Averaging  

- Digital comparators 

- PMBus addressing current 

sources 

Flexibility:  

- Digital Core enabling 

flexibility and manage 

housekeeping function. 

- Support on-the-Fly 

firmware update 

without power supply 

interruption 


