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Capture/Compare Unit 8
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Key feature

>

CCUS serves as timer, counter,
capture, compare

Shadow and buffer mechanism for
coherency

Dead-time insertion

(infineon

Highlights

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

Two compare channels enable the
generation of up to 4 complementary
PWM signals per timer (16 per CCUS8).

Customer benefits

> Adjust the timer to the wanted
application

> Synchronize hardware events to
software timing for real-time control

> Generating complementary PWM
signals



CCUS8 infineon
Capture/Compare Unit 8

i

CCUT 4 identical timer slices H Ig h I Ig hts
CC83
[ccs2 hlh The CCUS is a flexible timer module,
c|c°8°031 ' comprised with 4 identical timer slices
Prescaler “ Dither “Concatenation] tallored for multl_phase PWM

| Period I Output
| 'L functions

16-bit timer 4

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

External I
Functions | | Compare Channel 1 | || | Dead
= time

Compare Channel 2
Capture 0| |Capture 2
Capture 1] Capture 3|

| Interrupt Logic

Key feature Customer benefits

> Modular timer approach > Each specific application function can
> Flexible PWM generation be ported to any of the 4 timers

> Flexible capture scheme > Each timer slice can generate up to 4

PWM signals (2 x complementary)
> Parallel capture and compare modes
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CCuUS8 (ﬁﬁneon

Modular timer approach

> Equal structure and same availability of features for each of the 4 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

ccus

A function can be repeated or migrated to any of thet timers| E
ption: Up/Down Count Contr i

CCcus : CC83

)
Each Timer Slice has an identical availability of functions that can be i ptenEeg Dt():u(gz(:ount Lonies
- - ]
controlled via External Signals - ] Option: Up/Down Count Control
| Timer Slice CC83 : CC81
| Timer Slice CC82 : Option: Up/Down Count Control
| Timer Slice CC81 ; Pin...—l ccso
Timer Slice CC80 | [
1
External Event selection 1| Pinx
Event Storial - Active: High/Low ::Im Type of Functions u:;?;::.:js' e 1
Sources Falling/Rising 1 Pi
_ o 1| _Finy
L Start the timer
Stop the timer
Capture intoreg0& 1
Capture intoreg2& 3

Gate the timer clock

GPIOS
Other
modules—

Up/down count direction Timer
Load the Timer Kernel

Count events
Status bit override vith an input

! 1
! |
4 ]
! 1
! 1
! ]
! ]
I value R == e o et A e S e e e e B S R e A R e e
Usage of up to TRAP for fail -safe op ‘

| O

[ENENENNNNENENNN]

LLTTTTETT]

TTITT]

3Eventsin parallel Modulate the output
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CCUS8
Flexible PWM generation

> Each timer slice of the CCUS8
can operate in center aligned
or edge aligned mode

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

> Complementary PWM signal
generation with dead time

> HW asymmetric PWM
generation

> Additional external

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

Gireon

Timer slice CC 83

CCus
C

Timer slice CC 82

Timer slice CC 81

Timer slice CC 80

External

functions

Period
16 -bit timer
Compare channel 1
Compare channel 2

Output
functions

Dead
time

~

Timer

Edge aligned

Edge aligned

Free running mode
Option: reset/gate

Edge aligned mode
PWM generation

Period and duty cycle
adjustment

Period -%—/\: ————— -€\/\ Period A——— 7" Periodn & — — — — ;-
Interrupt Interrupt Periocd T — — — S~ T T T
Compare 2|~ — — —é —————
¢ | Ct:mparﬁ+1 __________
Compare 1|~ — & —+ — — — =~ ompare « - &— — L
' [ P comorew = I
| | 0 f » |
0 > | f 0 >
T T > Tia | Time I~ 7
Reset : PWM 0 —O—’_'Tz_“— ; —i_‘_\
(Clean): I | Time PWM 1 M PWM: ||
ISSEE:— — PWM 2 |__Tla T2a T T2 | TiwaiT2d
pwM3 | 2
Counting Center Aligned Single Shot
Option: Up/down count |[Symmetric or Asymmetric
PWM by HW
Count, control Period A~ T AT T T Period A— ————— =2

h,

| >

Asymmetric

Symmetric

>

>
Time

Count Input : |

U/D Control I_ Count Down
Input Count Up

»
Time

1 Time

t1
Stop

ti—to= <period>
to
Start
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CCUS8
Flexible capture scheme

> Each timer slice of the CCU8 can
operate in compare and/or
capture mode

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

— 2 capture triggers
— 1 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

Gireon

Timer Slice CC8y
External Event selection . Usage of
event Signal [l Active: High/low, :;';f::'lz: Type of Functions the
sources Falling/rising functions
Start the timer -
|| = Stop the timer Timer
— | |Capture intoreg. 0 & 1 Kernel
— | |/Capture intoreg. 2 & 3 Capture
GPIOS ] [t Satethetimerclock— — — — — p+
| _ 4| Up/down count direction
Other [— ~ | Load the timer |_Compare
— 1 Count events
modules{ | Status bit over ride with an \
. I | input value N
[ | = [~ | TRAP for fail-safe op
| —] Usage of up to I Modulate the output
| "3 Events in parallel }—

Two FIFO capture structures with a depth of 2

capt“"elT"gge" —| ————> capture trigger distribution & full-flag handling logic

¢ TFuII/ ¢ TFuII/
Empty Empty

CapturelTrlgger_I ———» Capture trigger distribution & full-flag handling logic 7

Capture
on the
same
event

Ca pture apture register apture register
on hift
different o v
events apture register 1|—E—|Capture register o|

Full/ Full/

Capture Empty Empty

u
Trigpger 0 _| ————» Capture trigger distribution & full-flag handling logic

One FIFO capture structure with a depth of 4

Full/ Full /

Empty Empty

Timer Capture register apture reglster
LL—‘E‘—'Capture register li—g—kapture reglster

Full/ Full/
Empty Empty

Capture trigger distribution & full-flag handling logic
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CCUS8
System integration

Input
functions
control

Interrupts/
CCU 8x Service
Timer Slice CC 83 Requests
Timer Slice CC 82
Timer Slice CC 81
Timer Slice CC 80
Period

External 16 -bit timer || OutPut
Functions Functions
Compare Channel

PWM +
additional PORTS

outputs
—-=

uoissaidwod jeubis

Distribution Unit for complex signal conditionil

*Several components may be present or not
depending on the device

Copyright © Infineon Technologies AG 2016. All rights reserved.
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The CCUS8 system integration offers several
advantages:

>

Distribution bus over the ERU for complex
signal conditioning application cases

Usage of interrupts/service requests as
flexible connection for ADC conversion
triggering (signal compression)

Synchronous control over several timers via
the SCU

The CCUS8 is agnostic to the type of signal
(feature and type: level, edge)

Target applications

- Motor control

- Power conversion

- Human machine interface
— Connectivity

- General purpose
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Application example Cinfineon
PWM for generic purpose (1/2)

Timer Slice CC8y o
External ) .
ovent ||| SO | Event selection | Function f:x::’t?oonfs Usage ove rV|eW
| I L H L tart the tir_ner Timer Out?ut .
= pulllE TRAR for fal safep | kernel || functions For a standard PWM generation
External —] on assive . . q o
= L TRAP dead | [4xPW1] application, four major functions
= oo can be controlled in each CCU8
B timer slice:
> Start PWM generation
Start
TRAP Edge. Tme > Type of counting scheme
aligne Ext. |
on | oFF Contor TRAP (edge or center aligned)
Start multiple timers at FO;c\il\?lglihe aligned ;mdpo TRPSE =1
the same time 0 q
passive P =L ™ PWM 1 2 ] > Passive level of the PWM
Dead time

TRAP exit can be synchronized

with the PWM signal > Dead time insertion for
complementary signals

In Brief

Standard functions for generic PWM generation.

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

Additionally a TRAP signal can be
configured to set the PWM in a
pre-configured passive state.



Application example
PWM for generic purpose (2/2)

For the two available counting
schemes: edge and center aligned,
different dead times can be
programmed for the ON and OFF
thresholds

In a straightforward PWM generation
it is possible to output up to 4 PWM
signals from the same timer slice:
controlling up to two complementary
switches

It is possible to combine the two
compare channels and generate an
asymmetric complementary PWM
signal by HW

Dead time is programmable for both
compare channels. Different dead-
time for ON and OFF transition is also
available for each channel

Application example PWM generation: detailed timing diagram

Giinesn

Cccus
J Timer slice CC 83
| Timer slice CC 82
| Timer slice CC 81
Timer slice CC 80
Period Output
External 16 -bit timer functions
functions |[Compare channel 1
Compare channel 2||__time

Period (PR)

— — (CRU2ER) __

Ve
Compare level | o<cry<er
channel 1 | |
Compare level__ —fe— - —— |- ) —_——
|
channel 2 | ‘ | =0 |1
I ; 1 ] | T >
PWMO | | ! : —
from channel 1 : INo dead :D ty cycle = 0 % :Duty cycle =100%,
PWM1 \ | time l } | | |
from channel 1 | selected | Duty cycle = 0% |Duty cycle =100% : .
| | | |
PWM 2 | | I —_
from channel Z_I_:I : | |_=J I_;—l
| |
PWM3
| |
from channel ZJ_I b | | —
Dead time OFF > Dead time ON
A
PeriodPR)™ ~ 7|~~~ T T T T T T ANl T T T T T T T ¢
Compare level CR value 2
channel2 [T~~~ 7 T T T T T TINO A .. : ;
Compare level Q&\ijlg 777777777 | Ny Asymetric shift
1

channel 1

Symmetric PWM_|

Asymm.PWMO

from

Asymm .PWM 1
from channel 1

Dead time

Dead time
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Application example
PWM for power conversion (1/4)

cil Q1 D1 L1

-#
[ ]
° Co
Np- Ns

Ns

IA

L 2y
D2 Half-bridge 1

CCus8

| Timer slice CC83

| Timer slice CC82 New Duty Cycle
| Timer slice CC81

Timer slice CC80

v
Period Output
External 16- bit timer functions

functions||[Compare channel 1||| Dead i [ 2xPWM
Compare channel 2||L_time 2XPWM

C1 Q3E| E) D1 L1
5
. [ ] CO_
Np- Ns
Ns

C2.=,= Q4m:i>
D2 Half-bridge 2

In brief
Controlling half-bridges

CPU

ADC

(infineon

Overview

With each CCUS8 timer slice, it is
possible to control up to two half-
bridges with the same switching
frequency.

Each of the compare channels is
generating 2 complementary PWM
signals with configurable dead time.

Dead time values for half-bridge
1 can be different from the dead
time values of half-bridge 2.

In this application example, a second
timer slice (CC83), is being used to
generate the needed ADC conversion
triggers.

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example Cinfineon
PWM for power conversion (2/4)

When several half- o] CPU i L1
brldges dO nOt have _g Conversion values TT ° C NN
the same f,, one timer o | ADC L % -
I- b d H 3 Conversion triggers Ns
slice per bridge is 5 ccus
o - -
need ed . ; Timer slice CC 81 — s
g " fExtt:rnal 16 -bit timer functions
In this application Sombars chanaesi|l time @
Case, the Second Timer slice CC 80
compare channel is 1| extornol | [EE Bt mEE runcrions
used to generate the unctionsiiCompar chamnedl | B | 2w} o
conversion trigger(s)

for the ADC. With this ﬂ
a very good resource

H H H - \'6 ue for compare of channe! PeriodPR) —— ="~ """ R T T T T T T T
utilization is NP S "% updated to 2 new vaiue
guaranteed. comparelevel | awmew . NC | | bl N
channel 2 | |
Compare level - — — _gf— : ______________ ! ! <
Different trigger reme 0 | gt o pun f | time
' T 4 s1
stamp can be used for Jfumo | : I A S
ON and OFF time pwma L ! h—
frame. ;e‘a(!:tilt‘e Diad&ti‘me ) L : N L : - T
ADC trigger AD('C trigger PWM_i—i—w>
fsz

Application example two half-bridges with different f,: detailed block diagram

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example Cinfineon
PWM for power conversion (3/4)

CCus

(LN} -
Overview
Period Output Interleaved PFC
External 16 -bit timer || functions First phase
functions Dead - -
Compare channara| | tme. ([ {122 ] Phase shift full bridge There are several power

Timer slice cca1 ¥Phase shift N- phase converter converter topologies that
Period Output

riod vtk Sl Second phase L1 - 1
romerons|Camnare shaneai [ Desa | | |2.= [0° >360°] implement phase shift between
Compars otz _tme || |1 01 P one or more signals
Tmer sl e e *"““%T,T;‘ut Second phase| (o | (complementary or not).
External 16 -bit timer || functions ¢ = [0°, >360°]
runctions (Eompare channe S | time || 2w ] B

A known topology is the 2 or 3

> Compare channel 2 controls the phase shift: phase bUCk Converter or a
it can be a fixed phase shift or updated on a phase shift full br|dge
cycle-by-cycle way

> Each timer can then generate the

:i?‘?;opriate phase shifted signals with dead- While for a 3 phase buck
converter the phase shift is
In brief fixed, this is not true for a

phase shift full bridge.

With the CCUS8 timers it is
easier to control a phase
shift mechanism, for fixed
and/or variable phase shift.

> Phase shift control



Application example Cinfineon
PWM for power conversion (4/4)

CC80 timer is generating & e :J

the PWM signals for Q1 HE ADC : Py

and Q2 switches. These % recus S— L

are complementary signals Bl pers ot =

with dead time. 2 [ = | o IS Shad
3 s

With compare channel 2 of m'—nccgmpmam+ o 02

the CC80 timer it is possible c.,:,,,:!_ —

to start the CC81 timer. GND g\ Pull bridge

This will dictate then the [..... -

phase shift of CC81 Compare level - —>

regarding to CCS80. o annel 1 |

Q1

—_——t= T

Due to the fact that it is
possible to update the
compare channel 2 value on-
the-fly, the phase shift

Q2

|

|

/KT

I
|
|
|
|
|
|
|
|
|
|
I
|
|
|

|

T L

1
I
I
i
I
I
I
k

can be from 0 to > 360°. |cmreie | — J
Q3 9 De:Jianm)/

Application example phase shift

full bridge: timing diagram o

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example infineon
PWM for motor control (1/3) e

CCus

| Overview
Externat B 1ps4,m:‘mer = funs e ihii‘se A Ir:ldependent timers per
C::p::: :h::::lil time L™ |:> phase C i P
More flexibility ontrolling a 3-phase motor is
e I U a common application within
External 16 -bit timer functions Phase B
oo e el Phas the motor control world, that
W can be simply done by the
Timer slice CC82 — — cof 8e [ ad CCU8-
fExi:e!'nal ﬁ f"ontétli’:ns Phase C ]
enetions [Compare channel | IEETH| | | v c /s Each CCUS8 timer can
= IRIREA control a motor phase with
ccus complementary switches.
e om ) [ opase A + Phase B ﬁ . L
ermal c‘,m‘.,‘i.?ec.,anne.al R e If a higher resource utilization
— — Only 2 timers needed densi:cy is needed, it is
K ——c— More motors in parallel  poOssible to control with just
Emcons [ESpere chamreral o | | | Phase C ne timer, two ph in
i gomSarec:anne:; m Ioaasatllele ! t o p ases

. The CCUS8 timers are able to
In brief generate the proper PWM

patterns for_ SVM and block
> Motor control PWM commutation.

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example
PWM for motor control (2/3)

SVM pattern
generation can be
done in a
symmetric or
asymmetric way.

In asymmetric
fashion one timer
per phase is
needed.

Asymmetric way
gives more
flexibility for
sampling shunt
currents via the
ADC.

Symmetric SVM PWM

e

Asymmetric SVM PWM

A
Period PRy) ™ ——|— —— T~ T T T T~ 3
Timer (CC80)
Comparel ————ff—— — ——— —— — — =N\ —-
| |
| >
| -
time
PWM Ai__u L
PWM A- I I
Timer (CC81)
Comparel —r—————f———————"§—~————-
| |
| |
| |
l | >
| time
PWM B+
PWM B- I
Compare 1 | Timer (—CE §2 ——————
| |
| |
| |
| |
N |l I >
| !
PWM C+| ] | ' fme
PWM C- I I
Less time for

ADC sampling

A
Period (PRy)™ — —

Compare 1

PWM A +

PWM A -

Comparel m—————/—————— "\~ "
| |
| |
| |
l ] >
| time
PWM B +
PWM B - ‘ |
Timer (CC82)
Compare 1 —————————f—
|
Compare2 —————f—— TN
| I
| I
| |
N I } >
1 )
PWM C + — 1 me
PWM C - | I

More time for

ADC sampling

Application example SVM pattern generation: timing diagram
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Application example Infineon
PWM for motor control (3/3) e

Different block commutation patterns

> Several block \
commutation owm a IS U

Controlling synchronously and in

pa tte N I:z;?[::el all the PWM outputs PWM A- By ==
PWM B + ]
SCh e m es Ca n | IIv:ulti -chall'mlel pattelrr: | PWMB-| | —
I'Phase A+/ | |phase B+/ | | Phase C+/ | +
be controlled T oy oo wm hu
b t h e C C U 8 Timer slice CC 80 _ A tin:e
y fExtetr_-nal IGfE;‘::‘::‘i:Imer f“?‘l:::?;ES Phase A PWM A+ﬂﬂ”ﬂﬂ”ﬂﬂw "ﬂﬂ_"_"_”
> Link between | R e A T
imer slice + | |
CC U 8 a n d ! = 81Pe.riOfI . Output :x: :___| HHHHM .
POSIF fanctions | [ESRBAE ShenneiT [ pead | %Wa:le B owm A
: : Gompare channer 2 | |_time SRS o s 11
interface gives |reuecs X
- ags Period Output
flexibility for e o | Besa Phase C | pww as i~ 1[Il
any type Of c f e channel 2 ||L_time 2xpwh | PWM A- mm i 1

11 11 e 11
output pattern e =T LI i

generation. el I et 1

Application example block commutation PWM generation: timing diagram
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Application example (iﬁﬁneon
ADC triggering with service requests (1/2)

— Overview
s | tumer D | .. _
It may be necessary in some
- TiT:F_::sirltii;:;micrm - _'15-/5”_»%5_’_’ applications to gener_ate
functions | rapare channer]| U several ADC conversion
Timer sice Cc 82 DoRTS triggers synchronized with a

PWM signal.

External “bit timer D_ead B ry7 )
functions % time -|C/C P% I;\l*‘i*
tmerrupttogte[on [l onae g _conversions ,Ll* In a motor control application
request it may be necessary to
measure several shunt

currents in each PWM cycle.

In bI‘IEf The CCUS8 offers a way to
- - compress all the conversion
> Using the service requests to trigg'zrs o the ADC via fust
compress ADC triggers one signal. This enables a

better optimization of
resources and connectivity.

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example: signal compression with @eo/n
service requests (2/2)

7N Two triggers per cycle.
In this example, we are using period @y —— ===~~~ “Z R0\ u;;;stg;r:tz-_\;::?;n;vycan be
the second compare of each N B e S
timer slice to trigger a Compare 1~ AT \
delayed conversion trigger to | >
the ADC. Pwmar | S
PWMAT_I [_
All the triggers are grouped
together in a service request CE::LZ:ZF::I‘ ——————— S
line. | |
Additionally, the conversion PWM B+ 1 I I
timestamp for the second PWM B- I
180° part of the signals can Compare2 - ——————— AN
also be used to trigger a | |
conversion. This timestamp can N | i
be different from the first one. — 1w
PWMC-_4|—,__
Servicerequestx [ ®_9_ ——p | ToADCviaone

conversion signal
v "

v v v
conversions

Application example grouped conversion triggers: timing diagram
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Support material

Collaterals and
Brochures

Document

Videos

Contact
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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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