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CCU4
Capture/Compare Unit 4
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Key features

>

CCU4 serves as timer, counter, capture,
compare

Shadow and buffer mechanism for
coherency

Interrupt and event generation

Highlights

One timer architecture serves any use
case. The regular and repetitive slice
structure allows portable software and
use of code generators.

Customer benefits

> Adjust the timer to the wanted application
> Synchronize hardware events to software
timing for real-time control

> Indication and propagation of events for
highest flexibility



CCU4
Capture/Compare Unit 4
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Key features

>

Modular timer approach with
repeated external functions

Flexible PWM generation
Flexible capture scheme

Highlights

The CCU4 is a flexible timer module,
comprised of four identical timer slices
tailored for single PWM generation and
signal conditioning.

Several input functions can be
controlled externally (via pins or other
modules) enabling a powerful resource
arrangement for each application.

Customer benefits

> Each specific application function can
be ported to any of the four timers

> Accommodation for any type of PWM
operation mode

> Capture scheme can cover a wide
range of signal dynamics
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CCU4
Modular timer approach

> Equal structure and same availability of features for each of the four timer slices
> Functions controllable via external signals do not depend on the selected signal
> Portability of code is not dependent on the used timer slice

> High amount of configurable external functions (11) make each timer slice a
very flexible HW resource for signal conditioning """ """ ""-"—"-~-—-~

(
|
| [ccua
: A function can be repeated or migrated to any of the 4 timers
" Option: Up/Down Count Control
ccu4 i Option: U /Downcggint Control
Each timer slice has an indentical availability of functions that can be | P e cca2
controlled via External Si | -
- . Option: Up/Down Count Control
| Timer slice CC43 ! P P ccal
- - T
| Timer slice CC42 | Option: Up/Down Count Control
Timer slice CC41 CC40
Timer slice CC40 Count
External q Event selection i U f
Signal € 4 Function . sage of the 6
event : Active: High/Low : Type of functions -
|
sources selection Falling/Rising selection functions i |
3 . |
L Start the Timer 2 | ime
= Stop the Timer : i _
i Capture intoreg. 0 & 1 | . T
GPIOS Tt Event0 Capture in_to reg. 2 &3 Count Input 1 [ ]
SN E true| | | Gate the Timer clock i U/D Control Count Down
Other [T 1] Evento Up/Down count direction Timer Thputi——L—— Countup
modules H—H Detect | |Load the Timer Kernel
HT Count events
1 false Status bit override with an
H— I |input value 1 —-—--—-—-" """ ""="—"=—"—"—"—"—"——
T Usage of up to TRAP for fail-safe op. r
1 3 events in parallel | Modulate the output ]
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CCu4

Flexible PWM generation

Each timer slice of the
CCU4 can operate in
center aligned or edge
aligned mode

Additional operation
modes like single shot,
counting or dithering
modes are also available

Update of the duty cycle
and period can be done
on-the-fly to
accommodate different
operation requirements

Additional external
controllable functions
give another degree of
PWM manipulation (e.qg.
timer gate, timer load,
timer clear, etc.)

o Timer slice CC 43
| Timer slice CC 42
| Timer slice CC41
Timer slice CC40
Ext | | Period | outout
xterna T utpu
functions | 16 bit timer | functions
| Compare Channel |
_ - 1 -~ -
- - - = -~ -~ ~
- - = —
| Timer | Edge Aligned | | Edge Aligned
Free Running Mode Edge Aligned Mode Period and duty cycle Adjustment
Option: Reset/Gate PWM generation
Period fQ— — — — — — — Period A - Period,qr _———— -
Interrupt Periody,t — — — A+ — — — o — -
Comparey, — — —_——t— —_—
Compare |— =— B — — — — — — Comparey — —_——_——
| N | |
| | = | = | | .
0 T T > 0 > 0 >
Reset (Clear): L | | m PWM: | | Time PWM: | __‘_‘
Gate Input:. I I N } %
! ! T1 T2 1 Tint T2v | TinalT2ne
| Counting | | Center Aligned | | Single Shot

Option: Up/Down Count Control

Count A

PN WAOO

»
>

0
Count Input: MUUM
U/D Control l_ Count Down

Input: Count Up

Time

Center Aligned Mode
Symmetric or Asymmetric PWM

Period y .

Asymmetric
~ Compare Level (II)|

Compare Symmetrig

Level(l) [

Period y e
0 \'7 »
1 Tim
t-t0 = <period>
10 tL
Start Stop
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CCU4
Flexible capture scheme

> Each timer slice of the CCU4 can
operate in compare and/or capture
mode

> Possibility of using the available four
capture registers in two modes:

- Two capture triggers
— One capture trigger

> A FIFO structure, with a full/empty
control, decreases the load on the
CPU when reading back fast capture
trigger info:

- Depth of 2
- Depth of 4

> FIFO structure will always return the
oldest captured value

Timer slice CC4y

External e Event selection -
Signal N . Function q Usage of the
Event » Active: High/Low » Type of functions »
selection selection functions
Sources Falling/Rising
J’U/ Start the Timer
1 Stop the Timer
— Capture intoreg. 0 & 1
11 Capture intoreg. 2 & 3
GPIOS — — ESEEETO o
. || Gate the Timer clock Ti
Oth - Event 0 |__|up/down count direction imer
er [ 1] Detect |___|Load the Timer Kernel
modules—¢ Count events
— fals Status bit override with an
. input value
N :Lilsage of up to - TRAP for fail-safe op.
—H euehits r ol Modulate the output

Two FIFO capture structures with a depth of 2

Capture Trigger 1 —'

———» Capture Trigger Distribution & Full-Flag Handling Logic

Capture
on
different
events

v S Ca

Empty
Capture register 3 Capture register 2

capture shift
E Capture register 1 @ Capture register 0
Full/ Full/
Empty’ Empty

Capture Trigger 0—|

—— > Capture Trigger Distribution & Full-Flag Handling Logic

Capture Trigger 1—

Capture
on the
same
event

One FIFO capture structure with a depth of 4
—— > Capture Trigger Distribution & Full-Flag Handling Logic T

T Full/ l TFuII/
Empty Empty
Timer Capture register 3 HE'—{ Capture register 2 }—‘

«
Capture register 1 Capture register 0
L
T Full/ Full/
Empty Empty

Capture Trigger Distribution & Full-Flag Handling Logic

Copyright © Infineon Technologies AG 2016. All rights reserved.




Agenda

Overview

Key feature: Modular timer approach with repeated
external functions

Key feature: Flexible PWM generation
Key feature: Flexible capture scheme
System integration

Application example

Copyright © Infineon Technologies AG 2016. All rights reserved.



CCU4
System integration

Intel_-rupts/ l I I I
cc1|1|4x T .gg';:ggts ;Q\e/aigéjgt?/stem integration offers several
R Timer sice ccao PWM + > Distribut.ion bus over the ERU for
q Fix:ftﬁﬁiqﬁ Functions autputs” :%s complex signal conditioning application
Compare Channel
L cases
> Usage of interrupts/service requests as
flexible connection for ADC conversion
g triggering (signal compression)
5 > Synchronous control over several
= Timers via the SCU
g > The CCU4 is agnostic to the type of
signal (feature and type: level, edge)
> Target applications:
— Motor control
< Distribution Unit for complex signal conditioning - Power conve rSion
2 — Human machine interface
r:i‘g *Several components may be present or not depending on the device — General purpose
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Application example
PWM for generic purpose (1/2)

Timer slice CC4y

the same time PWM to passive PWM

:EEIEE:I seslégcrt'f;n] Event selection Eggittii%r:] Type of functions Usage ove rv I ew
| I L H .'- Start the Tifner ‘ output
= = ot | | funcions For a standard PWM generation
sionals 5 (e application, three major
= . | functions can be controlled in
| | each CCU4 timer slice:
> Start PWM generation
Start
TRAP Edge Timer > Type of counting scheme
on) oFF Flanes TR (edge or center aligned)
Center
Start multiple timers at Forcing the aligned TRAP TRPSE=L

> Passive Level of the PWM

TRAP exit can be synchronized
with the PWM signal

The start of the PWM can be
applied to any combination of
timers.

In brief Additionally, a TRAP signal can
be configured to set the PWM in
Standard functions for generic PWM generation a pre-configured passive state.



Application example
PWM for generic purpose (2/2)

>

For the two available
counting schemes: edge and
center aligned, the duty
cycle and period values can
be updated on-the-fly

Additionally, a passive level
dictates where the PWM
signal turns OFF. The
passive level can be updated
also on-the-fly

In center aligned mode, it is
possible to generate an
asymmetric PWM signal. The
SW can update the Compare
Register (CR) in two
different instants, which
means that the rising edge
may not be aligned with the
falling edge

A _ _ _(CR)Z(PR) _
Period (PR) 7 __________________

Compare Level —

Timer (TR) |
. (CR)==0
T
Duty cycle Duty cycle = 100% —
Status Bit Duty cycle = 0%
PWM —
(passive level LOW)—I—I_l Duty cycle = 0% I

PWM
Dut le = 0%
(passive level HIGHJJ—I_I uty cycle ° I

[ sw | [ hw |
A

i

A 4 A 4

Timer (TRy)
A

CRS = value2| | |CR = value2
SySE =1 by Shadow
by Service

Req.

Transfer

Period (PR) e

Asymm. Comp. (II)

(Symm. Compare) — CR valu

Asymm. Comp. (I)

Symmetric PWM

| | l

Asymm. PWM

(y=0-3) I
(I

Phase shift | |
1

Application example - PWM generation: Detailed timing diagram
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Application example

PWM for power conversion (1/2)

CPU , CCU4
: cca1
“tees" e[ eca
—> ADC ,
Generating PWM
[ variable frequency |
| Fixed frequency | i S -
= . L
- Compare [~ — &) — — — — — — - |
D1 0 I : —>
Q 1 Cnl— PWM: | I |
o Y N2 N|
@ hd N
T1 T2 | ™ | T4 |
I || Fixed frequency + adjustment due to change on
Fbeack D1 the input voltage/load
Period g — — — — — — — -
4 I Period =f — — — — — S — = — — — — — oy — —
Np ‘ Co
Compare [~ — — —/~ — — — —— — — | - —_
Compare [~ — £ — — — — — — - |
Q1 | ! N
0 ) T »
PWM: _lil__l 1
X * *—
T1 T2 | T3 | T4l
Variable frequency + adjustment due to change on
the input voltage/load
In brief

Controlling different types of single phase power
converter topologies

Overview

Inside the power conversion
application domain, one has different
type of topologies that may request
different type of control methods.

With each CCU4 timer slice it is
possible to implement all the needed
requirements, such as: variable duty
cycle, variable switching frequency
and a combination of both.

The flexible connections between the
CCU4 and additional modules, e.g.
ADC, will simplify the task of
controlling and generating conversion
triggers for each application.
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Application example
PWM for power conversion (2/2)

With the extra
functions

controllable by
external signal, it Vi ki
is possible to
easily implement
a PFC stage.

Tavg

The CC40 slice is
used for noise

[
»

suppression. pwv UL M ML - ¢
© >
, Fixed Variable
,’ | Ton Torr

The CC41 slice is

used for PWM

I T
| |
| |
. . | \ | \
generation with | x'/! - i x'/\l i
fixed ON time- : Avoiding possEJIeF \ : _J © \\
| commutation losses start I start
! I
/ | 2
ON | OFF ON OFF ON
- e

Fixed ON time

Application example — PFC in Critical Conduction Mode: Detailed timing
diagram
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Application example

Sampling control with noise rejection (1/2)

Timer
slice CC40

Timer
slice CC41

In brief

> Storage of an external signal level after
noise suppression

Overview

A lot of signal conditioning
application cases involve not only
noise rejection but also sampling
control.

Noise rejection is normally needed
when the sampled sighal comes from
a noisy environment. Sampling
control can impose several
requirements, e.g. ADC periodic
triggers, controllable number of
conversions, etc.

CCU4 modularity and huge set of
external functions, provide a huge
flexibility for this type of signal
conditioning.



Application example
Sampling control with noise rejection (2/2)

CMP
trigger

Timer

slice CC40

Stop the Timer
Gate the Timer clock

Up/down count direction

Load the Timer

Count events

Status bit override with an input value
TRAP for fail-safe op.

Modulate the output

Timer Kernel

PWM
|

A

Timer

slice CC41

Gate the Timer clock
Up/down count direction

Load the Timer

Count events

Status bit override with an input value
TRAP for fail-safe op. -

Modulate the output

Conversion

tri
Timer Kernel @Eﬂ?ﬂ;

Timer

slice CC42

Stop the Timer
Gate the Timer clock

Up/down count direction

Load the Timer

Count events

Status bit override with an input value
TRAP for fail-safe op.

Modulate the output

Timer Kernel EVM

A
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Application example

Capture control with high dynamics (1/2)

Timer slice CC4y

Signal Function

External capture

l Event selection

selection selection

External signal

TN [\ w L

Rising Falling
@ T

— b

Type of functions Ufs:g;io: ntshe
Timer
Kernel
Capture intoreg. 0 & 1
Capture intoreg. 2 & 3

Two FIFO capture structures with a depth of 2

Rising—_ ——p )
v + v 4
[CH Period [/ Period
Timer —| capture shift
: ity
e )

Information for period and duty cycle (DC) is stored
into two different capture structures. It is more
straightforward for the SW to calculate/extract

period and duty cycle info.

In brief

One FIFO capture structure with a depth of 4
Rising & _

Fallin: —>
" [ Timer }—é—{l’erijd/Dc-é—{Peri:d/DSﬂ
L',—%Periof/DC—l%HPeriof/DC

Information for period and duty cycle (DC)
is stored into the same structure. More

flexibility in case of low access time from the SW.

Capturing the period and duty cycle of an external

signal

Overview

A common signal monitoring
function expected from a timer
module, is the extraction/storage
of the period and duty cycle
information.

Each timer slice can capture the
current value of the timer into a
register structure in any type of
edge configuration (rising, falling
or both).

This register structure can then be
read back by SW from a single
address that returns the oldest
captured value.

The timer can also be cleared
every time that a capture occurs.



Application example
Capture control with high dynamics (2/2)

Timer slice CC4y

If the Input capture

tr|g g er(s) frequ en Cy iS External capture |sjis?c2?c:n1 Event selectioi s';l'llggttiig: Type of functions Ufs:l?;it;fntshe
unknown (or has very Fiing Faing AN ML = i
large frequency < :>—’ = Timer
spectrum), the timer slice o oo T —
can use the Floating Example: Capture e — :
. trigger frequency can be ‘ ::::z'a'l‘gr ‘
Prescaler to automatically | between ootz and > .
adjust the clock frequency
to the input trigger time
stamp.
amp A2 s a2 a wEl o
A 1111 A VAV O U iy 11 AV VA Y O M W

This will end up in a
reduced interrupt/SW
activity (no need to have
an interrupt in each timer

roIIover) . + Clears the Timer and

reverts the prescaler to
A the beginning

Timer clock is
divided

+ Generates an interrupt
Application example - Unknown frequency capture: Timing diagram

— -Perfiod—————>+—————— —

— -0x0000" — — — — — -
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Application example
Signal compression with service requests (1/2)

CCcu4 H
S Overview
Timer slice CC40
Period | PORTS ) ) )
Sxternal 16 bit timer || QUtPUt oy %—» In some applications it may be
Compare Channel | exeral component| — n@cessary to generate several
- — | e Sl ADC conversion triggers
External m—atonod_1I 0 o NAWAWA synchronized with a PWM
functions| LGIRIttme G| functions FNATINATRENT S|g nal.
| Compare Channel | EERRRRRRRRZEN
4 J Additionally, a delayed
Interrupt Logic OR [ Version conversion trigger may also be
request needed for averaging or noise
estimation.
The CCU4 interrupt logic, give
In brief the flexibility to group several
triggers into just one service
request line.

> Using service requests to compress ADC

triggers This not only optimizes the
connectivity inside the
microcontroller but also offers a
better resource usage density.



Application example
Signal compression with service requests (2/2)

In the previous slide, we can cR)2 (R

A =

see that both timer slices e N < < I
are generating conversion
triggers for the ADC.

|
! (CR)==0
f
|

The CC40 is also generating

a PWM Signal that iS PWM T Duty cycle = 0%
controlling an external _ “ s 4
ADC Triggers —>

component.
While the CC40 is Period (PR)  — = —— = p——— = g ——— e |

generating a conversion ,
trigger every time that an comprretevel ===t/ 17/ 171/ /7 T/
update on the PWM is done,

Compare Level —

the CC41 is generating a ,

delayed conversion trigger - mlaEaaEeE s
(that can be kept even when e

CC40 is at 0% or 100%). (delayed conversion) (IS S W T——

This triggers are grouped ﬂ ﬂ
into just one service request
connection. Sequence seen at the ADC

Application example - Grouped conversion triggers: Timing 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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