Komponenten zum Zahlen und
zur Messung von Zeitparametern

N, PKES
S 0 Wintersemester 06/07 J. Kaiser, IVS-EOS




1. zahlen
Aufgaben: 2. messen
3. erzeugen
4. uberwachen
1)
Ereignisse zahlen
2.)

Zeiten messen
Frequenzen messen
Perioden messen
Tastverhaltnisse messen (PWM-Signale dekodieren)
3.)
Zeitintervalle erzeugen
Impulsfolgen erzeugen
Frequenzen erzeugen
PWM-Signale erzeugen
4.)
Ausbleibende Ereignisse detektieren
Zeitstempel erzeugen




Watchdog-Timer: MaBnahme zur Erkennung von Fehlern.

Programmierbare Zahler/ Zeitgeber

» allgemeine Fuktionen
e Capture & Compare
e Puls-Weiten-Modulation (PWM)

Fallbeispiele:

Hitachi H8/300
Motorola 683xx




Der Watchdog-Timer wird bei der Initialisierung des Micro-Controllers aktiviert und lauft danach
ununterbrochen. Wird er nicht rechtzeitig zurlickgesetzt, |0st er einen Reset und damit Neustart
der Systemsoftware aus. Ein WDT kann durch Software nach der Initialisierung nicht deaktiviert

werden.
WDT Control Register Status Bits
Reload Value (8 Bit)
Vorteiler l
f=20 MHz J_I— . .
—>| eofe — > 16-Bit Zahler — >
Reset
f/2 oder 25us
f/128 420 ps
progr.

Spezialinstruktion (SRVWDT) setzt unteres Byte
des WDT zuruck und ladt oberes Byte mit dem
Reload Value aus dem WDTCON-Register

wird kontrolliert durch
Status Bit im WDTCON




Allgemeine Funktionen

__ Zahlermodus

Zahler « Zahlereignis
1.) v
latch ——— Register
Zahlereignis
Zahler Susatzbedi
zbedingun
2) y usatzbedingung
latch ——» Register

Zeitgeber (Timer) -Modus

Vorteiler up/down
(Prescaler)

—»1.on | p Zahler p Signal
system
clock T
Register
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Capture/Compare-Einheit

Compare-Register
v =
match
Komparator P Port >
A il
clock —®| +2n —» Zahler

v
v

Capture-Register

externes Signal

Capture: Generieren von Zeitstempeln fur externe Ereignisse
Compare: Erzeugen von Zeitintervallen und Impulsfolgen
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Compare Component

Compare-Register
system

clock N
+20n match
T [}
L
tmer FFFF, > 0000,
internal
) Counter
request
external
sources
Function: Generation of time intervals
Generation of puls trains
PKES e
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Capture Component

interrupt
request

A

Capture-Register edge
select
system
clock

timer FFFF, - 0000,
internal
Counter

request

4

1

external
timing

reload value
sources

Function: Generation of time stamps for external events

PKES |

Wintersemester 06/07 J. Kaiser, IVS-EOS




PWM (Puls-Width-Modulation) Komponente

Periodenregister

v

Komparator | match |
clock > Zahler < clear

PR ——

match

Komparator —P Port >

A

Pulsweitenregister

Funktion: Erzeugen von Impulsfolgen mit einer programmierbaren Frequenz und einem
programmierbaren Tastverhaltnis.
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Beispiel: Periode p=16

Pulsweite: pw=12  Tastverhaltnis: a:b=12:4
match/clear match/clear . match/clear
. >
Zihler<pw Zahler>pw || zzhler<pw Zahler=pw || o ler<pw
\ 4 a N b \ 4 Y b l
< 5 >le >

v

—

Periodenregister 16
¥ match
Komparator
A
- clear
Zahler B
A\ 4
Komparator
A
= peps  Pulsweitenregister 19
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Pulsweitenmodulation

Periode und Tastverhiltnis (duty cycle) Tastverhaltnis: Verhaltnis des

aktiven Signalpegels zum passiven
Signalpegel in einer Signalperiode p.

Periode p

A

v

50%

90%

| i I
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H8/300

3 x 8-Bit Zahler/Zeitgeber

1 x 16-Bit Zahler/zeitgeber (freilaufend)




EXt. ™ Clock Select OCRA (HL) ki——>

—p u u
nt S \|_|/ module H ItaC h I
« Comparator A data
™ bus H8/300
FTO AO j Overflow [ |
— s A LD Ke— 16-Bit Timer-Unit
CMB = _=
FIOE, « —| Comparator B

| 1T
CLc:)rgir: OCRB (H/L) <——> internal
J data

bus
ICRA(HL) ——>
ICRB (H/L) ::> OCRx Output Compare Reg.

A

A

> ICRx Input Capture Reg.
FTIA ICRC (H/L) % FRC Free Running Counter
FTIB * ICRD (H/L TCSR Control/Status Reg.
FTIC > ( ) TIER Interrupt Enable Reg.
| | [ <:::> TCR Control Reg.
FTID — TCSR TOCR Output Compare Cntr.

—' TIER <:::> FTOx Timer Output
FTix Timer Input
—1 TCR <:::> CMA Compare Match A
CMB Compare Match B
~— TOCR <:::> P

AL

_L:> Interrupts




EXt. 1 Glock Select OCRA (HL) kK'——>

nt CMA \I_I/ module H ItaC h I
» Comparator A data
9 bus H8/300
FTO AO ’ Overflow [
oear LR (HL) Ke——> 16-Bit Timer-Unit
CMB = =
FTOB, < —| Comparator B

| 1T
CL%r;[ir: OCRB (H/L) <——> internal
J data

bus
CRA (HIL) F——">
ICRB (H/L) ::> OCRx Output Compare Reg.

\ 4

\ 4

> ICRx Input Capture Reg.
FTIA ICRC (H/L) % FRC Free Running Counter
FTIB * ICRD (H/L TCSR Control/Status Reg.
FTIC > ( ) TIER Interrupt Enable Reg.
| | [ <:::> TCR Control Reg.
FTID — TCSR TOCR Output Compare Cntr.

—' TIER <:::> FTOx Timer Output
FTix Timer Input

. —t TCR <:> CMA Compare Match A
CMB Compare Match B

—! TOCR <:> P

NIAD

> Interrupts




Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0
ICIAE |CIBE ICICE ICIDE | OCIAE | OCIBE OVIE —
Initial value 0 0 0 0 0 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W —

ICIAE: Input Capture Interrupt A Enable (0: disable; 1: enable)
ICIBE, ICICE, ICIDE similar.

OCIAE: Output Compare Interrupt A Enable, Interrupt Flag for Compare/Match on OCRA
OCIAB: Output Compare Interrupt A Enable, Interrupt Flag for Compare/Match on OCRB

OVIE: Timer Overflow Interrupt Enable

PKES I
Wintersemester 06/07 J. Kaiser, IVS-EOS




Timer Control/Status Register

Bit 7 6 5 4 3 2 1 0
ICFA ICFB ICFC ICFD OCFA @ OCFB OVF OCLRA
Initial value 0 0 0 0 0 0 0 0

Read/Write  RI(W)*  RAW)* RAW)* RAW)* RAW)* RI(W)* RIAW)*  RIW

* durch Beschreiben mit "1" kann man die Flags zurlicksetzen.
Ein Beschreiben mit "0" (setzen) ist nur durch das HW-Ereignis mdglich.

ICF{A,B,C,D}: Input Capture Flag {A,B,C,D}, flags an input capture
OCF{A,B}: Output Compare Flag {A, B}, flags an match of FRC with OCR{A, B}.

OVF: Timer Overflow Flag
OCLRA: selects whether to clear FRC after a compare/match or not
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EXt. 1 Glock Select OCRA (HL) kK'——>

nt CMA \I_I/ module H ItaC h I
» Comparator A data
9 bus H8/300
FTO AO ’ Overflow [
oear LR (HL) Ke——> 16-Bit Timer-Unit
CMB = =
FTOB, < —| Comparator B

| 1T
CL%r;[ir: OCRB (H/L) <——> internal
J data

bus
CRA (HIL) F——">
ICRB (H/L) ::> OCRx Output Compare Reg.

\ 4

\ 4

> ICRx Input Capture Reg.
FTIA ICRC (H/L) % FRC Free Running Counter
FTIB * ICRD (H/L TCSR Control/Status Reg.
FTIC > ( ) TIER Interrupt Enable Reg.
| | [ <:> TCR Control Reg.
FTID — TCSR TOCR Output Compare Cntr.

— TIER <:> FTOXx Timer Output
FTix Timer Input
—1 TCR <:::> CMA Compare Match A
CMB Compare Match B
— TOCR <:> P

NLAD
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Timer Control Register

Bit 7 6 5 4 3 2 1 0
IEDGA @ |IEDGB | IEDGC | IEDGD | BUFEA | BUFEB | CKS1 CKSO0

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IEDG{A,B,C,D}: Input Edge Select {A,B,C,D}
BUFEA: Buffer Enable, selects whether to use ICRC as buffer for ICRA
BUFEB: Buffer Enable, selects whether to use ICRD as buffer for ICRB
Cks{0,1}: Clock select

00: internal clock/2

01: internal clock/4

10: internal clock/8

11: external clock
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Input Capture Control by TCR

BUFEA
IEDGA | IEDGC

L

Edge detect and

FTIA >—o capture signal .
generating circuit

ICRC ICRA FRC

BUFEA: Buffer enable A
IEDGA: Input edge select A
IEDGC: Input edge select C
ICRC: Input capture register C
ICRA:  Input capture register A

FRC: Free-running counter
IEDGA IEDGC Input Capture Edge
0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
0 1 Captured on both rising and falling edges of input capture A (FTIA)
1 0
1 1 Captured on rising edge of input capture A (FTIA)
PKES |
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EXt. 1 Glock Select OCRA (HL) kK'——>

nt CMA \I_I/ module H ItaC h I
» Comparator A data
9 bus H8/300
FTO AO ’ Overflow [
oear LR (HL) Ke——> 16-Bit Timer-Unit
CMB = =
FTOB, < —| Comparator B

| 1T
CL%r;[ir: OCRB (H/L) <——> internal
J data

bus
CRA (HIL) F——">
ICRB (H/L) ::> OCRx Output Compare Reg.

\ 4

\ 4

> ICRx Input Capture Reg.
FTIA ICRC (H/L) % FRC Free Running Counter
FTIB * ICRD (H/L TCSR Control/Status Reg.
FTIC > ( ) TIER Interrupt Enable Reg.
| | [ <:> TCR Control Reg.
FTID — TCSR TOCR Output Compare Cntr.

— TIER <:> FTOXx Timer Output
FTix Timer Input

. —t TCR <:> CMA Compare Match A
CMB Compare Match B

—! TOCR <:::> P

AAAD

> Interrupts




Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0

— — — OCRS OEA OEB | OLVLA | OLVLB
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

OCRS: Output Compare Register Select, OCRA and OCRB share the same address.
The OCRS defines which Register is selected.
OE{A,B}: Output Enable, enables/disables FTO{A,B}.
OVL{A,B}: Output Level, selects the logic level on FTO{A,B} when FRC and OCR{A,B} values match.
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Internal

Hitachi: 8-Bit Timer

1 von 3 identischen Einheiten

External clock sources Channel 0 Channel 1
clock source @p/2 op/2
THCI op/8 2p/8
E’ip."?:-z le."64
op/64 @p/128
op/256 ap/1024
ap/1024 op/2048
o Clock
Clock select TCORA
[
Compare-match A
- Comparator &
TMO Overflow |
TMRl ——= - TCNT
Clear
) - Comparator B
Control Compare-match B
logic
TCORB
TCSR
TCR

= V|

Interrupt signals

TCR: Timer control register (8 bits)
TCER: Timer control status register (28 bits)
TCORA: Time constant register A (8 hits)
TCORB: Time constant register B (8 hits)
TCNT:  Timer counter

Internal
2 | data bus
% o
2 < b
= b=
3 0
@ @
=
=
2
=
S



Motorola
32 Bit Embedded Processors
683xX

68332 (Standard)

68376 (Tou-CAN)

68375 (Automotive, 256k Flash)
68338 (Dragon Ball)




x =
VSTBY g o
CTM2C g
CTD[10:9)CTD[4:3] z
CPWM[8:5]
CANTX0
cmnxo—l
| Cs[i0g] | ADDR23TSTOECLK
TouCAN CHIP |_BGACK | 2 ADDR22/CSIPCH
MC68376 ONLY BR_| £ |, [rooRenCSePcs
m §|E ADDR20TTSTIPCA
FCO & [ ADoR1aiCEEPC3
£C1 FC2ITS5/PC2
FC2 FC1/CE4/PCH
o | FCOTSIPCO
ADDR T e
(2319] ADDR[18:0]
| DSACKG SIZVPET
| DSACKT. SIZOPES,_
AVEG ASIPES
RMC_| & E O5/PE4
[+
s g =] AMC/PE3
i,]8 AVECIPE2
[ sizo, | | DSACKIPES,
| sz | | DSACKOPEO,
DATA[15:0]
= - o
RW_
- RESET,,
i HALT
asm 0ADC 4K cPU32 BERR
SRAM MODCLK/PFO
RO Ui 1) | TRO7PF7,
TROB/PFE
TXDIRCS | Mooclk| 8 [ w | masPFs
@
PCS3/PQSE £lg —p—
PCS2/POS5 gle RGPS
PCS1/POSA @ [
= st CLOCK WFPFEI
422@@”—@3—» § TRGT/PF1
Mogm; CLKOUT
XTAL
MECECS0 EXTAL
3|8 XFC
| & VDDSYN
2|e e 28—
[ 0 TSTMETSC
i IEEMETS0:
o
quot | E
Freze | & FREEZE/IQUOT
BRFT_—
== TFETCH [
53zl B|lE PPIFE | BRPTIDSCLK
212|255 848 osi | 2 FETCHDS!,
Dso % TPTFEDSO__
PKES psclk | © |
1. PORT A PINS INCORPORATE OPEN DRAIN PULL DOWN DRIVERS |
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CANTX0

RXD
TXD/PQST
PCS3/PQS6
PCS52/PQS5
PCS1/PQS4
PCS0/SS/PQS3
SCK/PQS2
MOSIPQS1
MISO/PQS0
ADDR1

VDD

ADDR2
ADDR3

VSS

ADDR4
ADDRS
ADDRG
ADDR7

VsS

ADDR8
ADDR9
ADDR10
ADDR11
ADDR12
ADDR13
ADDR14
ADDR15
ADDR16

VDD

ACDR17
ADDR18

Vss
ANO/ANW/PQBO
AN1/ANX/PQB1
AN2/ANY/PQB2
AN3I/ANZ/IPQB3
AN48/PQB4
AN49/PQBS
ANS0/PQB6

PKES
Wintersemester 06/07

aooaoonaanonnoonnanaanannonn0nnnananar]

gt ugguurgiooouoggudooouud

EEEEEE am BN S o
= o =l ooww o [ -y oEwe [=p=g=g=]
Bggs2258,25 55 BZ885 583z 535 555585958
YR E====858,88085888,08888Rn88a0888285555w
ZEhEAAAALRRORRORRRR B8R RRR 28R R 0RRENO08288
gooooooonooooonoooooonooonooonoooononoooomn
ERRLRBAIBRLEIITERITICIRBLEE3BEB8I8NIIITYy
1 120
2 119
: O e
4 17
5 116
] 115
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20 m
21 MC68376 100
22 a9
23 a8
24 97
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28 a3
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VDD
PC2/IFC2/CS5
PC1/FC1/CS4
FCO/CS3
BGACK/CS2
BG/CS1
BRICSD
CSBOOT
DATAQ
DATA1
DATA2
VSS

DATA3
DATA4
VDD

DATAS
DATAS
DATAT
DATAB
vss

DATA9
DATA1D
DATA11
DATA12
DATA13
VSS
DATA14
DATA1S
VDD
ADDRO
PEO/DSACKD
PE1/DSACK1
PE2/AVEC
PE3/RMC
PE4/DS
PES/AS
PE&/SIZO
PET/SIZ1
AW

VSS

376 160-PIN QFP
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|  PuLSE wiDTH MODULATION 4».
= SUBMODULE (PWMSM) CPWMg
_ [ PuLse woTHmODULATION
- SUBMODULE (PWMSM?)
[ PuLse woTHMODULATION
-~ SUBMODULE (PWMSMS) CPWMs
PCLKT (fgys +2 0 fyys + 3] PULSE WIDTH MODULATION
- SUBMODULE (PWMSMS) CPWMS
TIME BASE BUS 1 (TBB1) o] OURLE RoTION
SUBMODULE (DASM10) CTD10
Lo
| MODULUSCOUNTER DOUBLE ACTION
- SUBMODULE (MCSM11) | SUBMODULE (DASM3) CTD9
5|52 -
= é a
23
Qo a § FREE-RUNNING
3 [£3 > COUNTER TIME BASE BUS 2 (T882)
£8 (%8 |  SUBMODULE (FCSM12)
== |0 = o
23|33
o v
-
-
= MODULUS COUNTER ~ ——m DOUBLE ACTION
i SUBMODULE (MCSM2) SUBMODULE (DASM4)
. BLE ACTION
TIME BASE BUS 4 (TBBY) sug%nuﬁc{m%m;
EXTERNAL CLOCK
{ ctvec )
GLOBAL TIME BASE BUS A
GLOBAL TIME BASE BUS B —

CTM4 BLOCK
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IMB:
Inter
Module
Bus

Host
Interface

System
Configuration

Development
Support & Test

Channel
Control

Parameter RAM

Http://mot-sps.com/mcu/documentation/pdf/tpupn03.pdf

Service
. Scheduler < .
> Timer
Channels
TCR1
> Channel 0
Channel $ TCR2
yy Channel 1
Channel 2
v
Microengine
Data
< > Control Store
< \ 4 »
. . Control Channel 15
Execution Unit & Data

Ext.
Pins



Timer Channels

Timer Base Event Register

A

Capture Reg.

Pin
Compare/Match Reg. » Control [~
2 Logic Ext.
Pin

|

>, = Comparator




Vorprogrammierte Funktionen:

Capture/Compare

Programmierbarer Zeit-Akkumulator (z.B. Betriebsstundenzahler)
Quadratur Encoder

Schrittmotorsteuerung

Pulsweitenmodulation

Periodenmessung (mit Erkennung zusitzlicher oder fehlender Ubergéange)

Frequenzmessung

http://mot-sps.com/mcu/documentation/pdf
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