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HRPWM iafineon

High Resolution PWM

HRPAH Highlights
Interrupt control —E“'E

“Filtering | | COUTO The features of the HRPWM make it a must

- | EZE:; have module, for cutting edge and optimized
| Sl [Bianiang SMPS (Switched Mode Power Supply)
e Slope generator I: applications development.
(:39) Clamping With three high speed comparators and
e hardware slope generators plus 4 high
PWM control e g control [ Pwm 4 resolution PWM generators (150 ps), it is
5| PWM high x4 el N IETIE possible to address several power conversion
oac resolution + PWM 6 . . . .
o PWM control channel TRAP | —— topologies with reduced SW interaction.
Key feature Customer benefits
> Comparator + HW slope generator > Monitor current/voltage for several SMPS
topologies with reduced SW interaction
> Complementary high resolution > Higher resolution enables SMPS control up
PWM outputs to 5 MHz with 10-bit PWM or highly
_ accurate low load scenario control
> Configurable PWM control scheme > Control of several SMPS topologies: half
bridge, full bridge, resonant, phase
shift,...
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HRPWM

Comparator + HW slope generator (1/2)

> High speed comparator (~20 ns) can be used to:

— Monitor coil current

- Monitor voltage over the switch

- Monitor voltage output
> The slope generator with a high speed DAC ( > 30 MS/s) can be used to:
- Reference control for the comparator

- Insert a decrementing or incrementing ramp to the comparator

HW controlled
slope

SW transfer;

External ramp

HRPWM
iL Vo Interrupt control
Slope generator F
D1 (DAC) —_—
Input
Q1 [1/Vo] ! functions e I/l
> Comparator + slope generator Comparator B B
(DAC) can be used to monitor &
different variable of the SMPS
> Different SMPS topologies can be 3 S
monitored via the CMP + slope - PWM set PWM h_lgh time
generator E‘“ resolution o
channel TRAP
> Link with the PWM channels enables

a self controlled PWM loop with
minimal SW interaction

COuT 0

1eapd WMd

Q1
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Comparator + HW slope generator (2/2)

> Due to the flexible arrangement of resources it is

possible to cover several control techniques:
Different SMPS

control techniques

— Peak current control

- Valley current control

| Interrupt control F@E

Slope generator
[(2).19]

Reference or
s slope

— Hysteretic control

— Average current control

Input

E’E functions

Peak
Ve TR T T A

- Voltage control

Comparator

=
b |

1e3]2 WMmd

> Each slope + comparator
can be used to control a
different control
technique

imei A
PWMIT1L____ I L

Voltage/|l//‘

pwM I LI L

PWM high Dead |
PWM set L 1
Timer I Se re[uthn u";e Q

channel TRap || Q1]

> Decrease BOM: c+__v____Hvy_st_e_reticv "
Ve 2 & N Timerd 4
— Internal slope generator pva‘—'.;.lT'_“ . y e

— Internal high speed DAC
— Internal high speed comparator
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HRPWM: complementary high resolution (imeon
PWM outputs (1/2)

>

>

4 high resolution channels with:

Can be used with: resolution

Interrupt control

150 ps resolution (up to 5 MHz f5 with >

10-bits) with complementary outputs Fi%,g
Resolution adjustment for rising, falling or Comparator
both i/ Vo slope generator

(DAC)
Dead time insertion with different values
for ON and OFF time

PWM high

SdWS oL

channel

CCUS8 timers

CMP + slope
gen

Compare
1

Bothofthe | [ 71 I\_ \
above PWMcontroll ———1 -$

oo

Pico phase 150 ps

Reference clock
min. 8.3 ns

PWM control
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HRPWM: complementary high resolution

PWM outputs (2/2)

(infineon

Each of the high resolution channels can be controlled depending on the wanted

control technique (e.g. fixed frequency, variable frequency, etc.)

functions: start, stop, gate, TRAP, etc.

Current/voltage
monitor

Vem—F=m=—-
IL*R;

Switching frequency
control

—f—>

> Start > TRAP
> Stop > Load
> Gate > etc

Addressing up to 4 complementary MOSFET pairs
Linking with the powerful CCU8 timers enable a very large superset of control

HRPWM

Interrupt control

Comparator

Input +
functions slope generator
(DAC)

PWM control

[couto]-

" PWM control PWM h_igh
Timer resolution
channel

Dead
time

TRAP
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Configurable PWM control scheme

> The complete HRPWM subsystem is comprised of:  Topologies

— 16-bit timers Control techniques

- CMP + slope
gen
- 150 ps
generators
> Covers all the SMPS

topologies and

control techniques ‘
HRPWM SMPS [irv]

world

Hysteretic

Vﬂ.—— - g =

Comparator
Input +
functions slope generator
(DAC)

PWM high
resolution

> Optimized resource
organization/usage
for any SMPS
topology

> Possibility of
controlling different
SMPS in the same
module

~ Peak

'I'imei A
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System integration

The HRPWM system integration offers
several advantages:

> Integration within a CCU8 module,
offers the broad set of features available
on each CCUS8 timer

> Distribution bus from CCU4/CCUS8 over
the ERU for complex signal conditioning
application cases

> Tight coupling between CSGs and HRCs
to avoid SW overhead

?8
2

Input Functions

coitrol

> Target applications

- Power conversion

*Several components may be present or not — Motor control

depending on the device - General purpose
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Application example
PWM resolution vs. f, (1/2)

vriving the swilch

Control
loop

&

)

-

12 V H. resolutio

(infineon

Overview

HRPWM

Monitoring Vg

ADC

<.

For a standard SMPS closed loop
control application, the ADC
sensing resolution needs to be
two times as precise as the

Vour allowed error of the voltage

In brief

SMPS resolution demand for high fs

O

Set

point

operating point.

The PWM generation needs to
accommodate the measurement
error by offering 2x the ADC
precision.

For an SMPS running at high fs
values, the normal PWM
resolution is not enough.

The HRPWM enables this error
compensation for fs values up to
5 MHz.
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Application example
PWM resolution vs. f, (2/2)

> Assuming the same
control performance
at 10% load, the
number of PWM
steps has to be
increased by a
factor of 10

> For a SMPS
operating at 1.5
MHz 4000 steps are
needed

> Each High
Resolution Channel
can generate ~
4470 at 1.5 MHz fg

> Normal CCUS8 timer
generates the MSBs
while a High
Resolution Channel
generated the LSBs

MSBs [Timer

HRPWM

Interrupt control

Input
functions

PWM

Comparator

+

Filtering
Blanking

slope generator

(DAC)

Clamping

high resolution
channel

(D)

(infineon

Also for step down converters
| the higher the stepping down the
higher the resolution demand

VOUT

Dead
time
+ ==

1

TRAP Q

O
Error

Timer slice

I|II¢IJM|IIII||||||I|||||II‘I|I|||||
>
Picophase Reference

150 ps (LSBs) clock (MSBs)

100% duty cycle = maximum
voltage for maximum load

«—f—>

PWM

10% duty cycle = maximum
voltage for minimum load

\4

is x10 larger
for the same
performance,

Application example low load conditions: detailed block diagram
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Application example (ﬁf'{neon
Buck converter — peak current control (1/2)

Ve = 3T~~~ A~ -
WO Overview
Timer 4 A The peak current control is a
A —T e common technique for a buck
Avoiding converter.

instability A;; XS~ /R AN T
L _MX/_\Z This control technique is comprised

2. s ¢| of two loops: current and

Peak Voltage voltage.
Comparator control control

<]:— Vier The cycle-by-cycle current loop
N w offers a very good response for

fast load transients. But this

'O Vour inner loop becomes unstable with
high duty cycle values. To avoid
this a ramp is added to maintain
e the wanted average current and
avoid the instability.

In brief A comparator with some filtering
capabilities is needed to avoid the
current commutation spikes.

Control a buck converter with peak current
control with the HRPWM
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Buck converter — peak current control (2/2)

> The HRPWM slope generator is programmed with the wanted slope value (via 3
parameters)

> The blanking stage is programmed with the wanted value to avoid premature
turn OFF of the switch

idi i (t
On-the-fly adjustments is Avoiding L (V)

possible. instability .
X | No DMA transfer is needed. —— b A;C 75
/ No SW interaction in steady o v
T, 27, 3T, t

> Via the ADC the
voltage loop is i

state. iLgf — —

monitored REn , Reference> Slow loop
connected to the avoided Clamping Software
HRPWM to control deary ADC
| High luti
. - set

switching
frequency fs

O VOUT

> Decreased BOM
and low CPU load

Application example buck converter — peak current control: detailed block diagram

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example: single stage PFC - Cinfineon
critical conduction mode (1/3)

vA k., -
; Overview
Iavg
Avoiding high H
) Zero current _ $vitching frequency/ The P.ower Factor Corr_ectlon (PFC)
crossing vottage mode technique, shapes the input current
=l —_conteol for turn OFF of the off line power supply to
PWMI A LN N NN - "t [ [feeiuteots maximize the real power
F:I)_(:: Va-|l-i:Fl:le L+ filtering | amplifier availability from the mains-
. Vin Ld% - voor Additional reason to use PFC, may be
WHY CrM? — L_ta1 P .
{} 1IN J [ the need to comply with some
> Current loop is T T 7 H
intrinsically stable | B regulation requirements.
—

> Reduced switching

losses because Several conditions are taken into
ON At lomar voltane. consideration to choose the PFC
. Diode turn OFF topology: cost, complexity,
efficiency, etc.

without reverse
recovery losses

> TON is fixed for a
given line voltage
and load current

For small output power applications,

condition the boost converter operating in
In brief Critical Conduction Mode (CrM) is
rie one of the most implemented
techniques.

> Single stage PFC controller



Application example: single stage PFC - Cinfineon
critical conduction mode (2/3)

> A complete implementation e Vpeak V.
with 1:1 map with usual

ith 1: i N
analog control can be done | v ;
with the HRPWM Q1 : l'>| @ OUT

> A comparator is used to 1 L : L.
monitor the set condition of the 1 I T
PWM signal (ZCD) - i o

|

> A second comparator with the

l?

slope generation is used to One-to-one map The scheme of the saw
monitor the turn OFF condition with external/ tooth can also be
(saw tooth generation is done analog control replaced by sensing

Vpeak

automatically in HW) ‘

Saw tooth config

> A CCU8 timer is used to w Start
perform the frequency w tzfv:vh P rtering| = g parator 1 § Ve |

clamping. Avoiding high

i i i filtering s |
switching frequencies =9, Comparator 0 Software
> Decreased BOM set . clear ADC
High resolution
Q1 channel

Start Vo
|
CCUS timer 0 Frequency

Application e_xample boost ‘ ! . clamp control

PFC: block diagram

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example: single stage PFC - @
critical conduction mode (3/3)

> A more resource optimized solution

can be achieved, by calculating the Vo
PWM ON time in software Vour
— @0

— Co

> The ADC is used to sample the
voltage error and also the voltage

input

> With the values
sampled by the
ADC, the software

optmization load or voltage input
changes

Ton is calculated via
Resource usage software to accommodate

calculates the new Vor Vo Ve
PWM T, values HRPWM
accordi ng |y cf:;::i“nz Comparator 0 LAbls
. Software
> Calculation of the T,y can be done High resolution
. . . . channel (= ——1
multiple times per line cycle if needed Tort] ! | i)
- — control value
> Very low BOM: only current CCUS timer 0 - | TR
amplifier

Application example boost PFC: block diagram with T,y calculation by SW

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example
Phase shift full bridge (1/3)

+ @ D1
1 2
Q Q 1 o +
° ] Ns Co Vour

. ® Q4 D2

The resolution loopback issue of the ADC vs For a 100 kHz phase shift modulation, the
the PWM signal is more severe than for the HRPWM can achieve 14-bits resolution.
normal PWM modulation This complies with the necessity of
Npwm > 2XNjypc

< f;
Q1 [ |
I
| ! |
| adjustment /
Q2 | Q1
| | | Q2 <+—¢—
- & »f Maxo L
Maximum phase The resolution of a phase |’|III CH T TEE T T T
shift only varies | —g shift is a factor of 4
from O to =/ 2 for lower than the normal ) «—>
the full control duty cycle PWM Picophase Reference clock
ranges modulation 150 ps (LSBs) (MSBs)
In brief

> Phase shift full bridge with high resolution

(infineon

Overview

The Phase Shift Full Bridge Converter
(PSFB) offers high efficiency for high
power applications. Efficiency values
can easily be within 90% to 95%.

The efficiency advantage comes from
the fact that the converter can
achieve Zero Voltage Switching
(ZVS) with reduced conduction
losses.

The phase shift PWM signals, drive
two pairs of complementary
switches, with normally 50% duty
cycle with a fixed frequency.

The amount of power transfer to
the output is then dictated by the
phase shift introduced between the
two legs.

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Phase shift full bridge (2/3)

> Each PSFB leg is controlled via
one CCUS8 timer and one high
resolution channel

> Each CCUS8 timer are
programmed with a fixed
frequency and a fixed duty cycle
(50 %)

> The high resolution channel 1 is
used to introduce the additional
resolution into the phase shift
value

> The timer control scheme for
the phase shift can be center or
edge alighed

D
f j.i' |

| @2+ g

4
—{_O ) }|
"””““"'H"”'""l‘ ||1||
+ /"
\ (LsBs)”
\\_- -—?

I
*
N\
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Application example
Phase shift full bridge (3/3)

> The phase shift value can be updated in every switching cycle MSBs+LSBs

(infineon

> Each dead time value is completely configurable and can be adjusted in every switching cycle

A
Period

Compare level

MSB Phase shift
value

fs

[
»

Period

Compare level
«

time

High resolution

Ly Dead

time

tart CCUS8 timer 1

Channel 0

Q2

\4

{ﬂbead Timed |

Q4

13 high
L, resolution ¢

T

:| time

| '—-_1_

I - -

i I High resolution

i Channel 1

Q3

Q2
Q4

I , tim:

. )

|f : I
| AR —
| g A—
— L TR e
: it
=1
Biipay L F
1 | II (|

time

Application example phase shift full bridge: timing diagram
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Application example
Maximizing resource utilization for SMPS (1/2)

Variable OFF time

+

Variable ON time

ip (1)

ic
Ay
Lo

AN

Variable frequency

Avoiding instability

In brief

> Improving resource utilization for

peak + ZCD

s _ Dead time
QAIQA, i Vour Ve|

Current control for
peak and zero crossing

Zero current detection

Peak current detection

Ramp compensation

Latch

SMPS

| Need for monitoring the switch OFF cycle-by-cycle |

| Need for monitoring the switch ON cycle-by-cycle | 'e)

(infineon

Overview

When a converter operates with a
variable ON and OFF time for the
PWM signal and a cycle-by-cycle
monitor is needed, it is necessary to
monitor two thresholds:

> the peak current
> the zero current crossing

Monitoring these two variables can be
resource consuming, especially when an
additional ramp needs to be injected
to avoid instability of the current loop.

The HRPWM combines all of these
three functions: ramp + peak +
zero current detection in just one
comparator and slope generation
Unit.



Application example

Giinesn

Maximizing resource utilization for SMPS (2/2)

> Each CMP + slope generator is
able to monitor both ZCD and
peak current

> The switch between the two
comparator input channels is done
automatically via HW

> The slope generator is
started every time that

Ibeak N€eds to be <ipeatbt 20>
sensed
> The ZCD reference compator

slope generator it

value is monitored _  ocsioie to
whenever the PWM signal |monitor both zCD

SMPS

| Need for monitoring the switch OFF cycle-by-cycle |

o— | Need for monitoring the switch ON cycle-by-cycle | |

ol @ l ze0] Ve] Vo]

ireak reference value

Ramp config

'HRPWM
Comparator and Slope

. and peak current
is ON

> Control up to 3 SMPS
with very low CPU
interaction

blanking

filtering

Generator (CSG)
Comparator i E |

CD

Z
lpeak

cycle-by-cycle
adjustment is

One time
config

possible

clamping

| RAMP || ZCD ref|

set

clear

control

Dead
time

Latch

High resolution
channel

Application example resource optimization: block diagram

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Application example
Multi-mode SMPS control

> Switching between operation modes due to load
or V;n/Vour modifications can improve converter

efficiency

> Each HRC can operate with two sets of resources

| High resolution channel 3

| High resolution channel 2

| High resolution channel 1

High resolution channel 0

Resource for
operation mode A:
> Timers
> Comparators
> Slope generators
> Etc.

Q1 |-} High Al*
— 5::?: Latch || resolution —
Q1 ] insertion Bl

AN

Peak ¢ Burst
control control
CRM <«—» Hysteretic
Peak Valley
control control

CRM <«—»DCM

I Mode switch
controlled by
W

Resources for
operation mode B:
> Timers
> Comparators

> Slope generators
> Etc.

> Each set of resources can be used to implement a

different operation mode

> Switch between the modes can be done on-the-

fly via SW

Giinesn

Comparator and Voltage
Slope Generation Control
cc‘l'm + NN DAC Sc'l:are
HRC = ADC
A
et res <f-1 ccuq
------- >
Vin © L] —O Vout
L1
Q1 | D1 N
1% -
Voltage
Burst mode oltag
control
lceus |
“5=
r HRC |
Iset res
RN
VINO —
L1
O

Application example multi-mode SMPS control: block diagram
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Disclaimer

The information given in this training materials is given as a hint for
the implementation of the Infineon Technologies component only and /
shall not be regarded as any description or warranty of a certain

functionality, condition or quality of the Infineon Technologies
component.

Infineon Technologies hereby disclaims any and all warranties and
liabilities of any kind (including without limitation warranties of non-
infringement of intellectual property rights of any third party) with
respect to any and all information given in this training material.
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