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Département EE
Durée : 2 heures. Sans documents. Sans calculatrice

Médian MC43

Exercice 1 : Programmation d’un variateur industriel

Partie 1 : Mesure des signhaux analogiques (7 po)nts

Un variateur industriel permettant le contréle veel des machines synchrones a aimants permaf(id®aP)
comprend un DSP TMS320LF2407A cadencé a 40MHz naluleur de tension a MLI et I'électronique de mesur
des grandeurs de contre-réaction. Le réle du DEBeemesurer les 3 courants de phase du motearpeisition
angulaire du rotor du moteur, de calculer les dtigaores de contrdle vectoriel et de délivrer lesnaigxk PWM
adéquats a I'onduleur de tension. Seule la mesg@dourants de phase est traitée dans cet exercic

DSP
TMS320LF2407 |—FPWM | Onduleur a
I MSAP
MLI .
QEP | ADC N
QEPA ADCINO { ‘N
QEPB ADCINl‘
. Capteur Capteur d
ADCIN2 Filtres Calibration P P .
de couraft position

Courants de phase - Cnom/5 - 955 tr/min

On définit les paramétres suivants :
- Fréquence d’échantillonnage : Fe 10
- Fréquence PWM : Fpwm.
Avec Fe = Fpwm = 10kHz

Courant (A)
o

Les courants a mesurer, représentés ci-contre, lest
caractéristiques suivantes : S j

- Fréquence fondamental : 0 < F1 < 1kHz TM Y
- Plage fréquentielle des harmoniques dues a la PVFWl > WWW WW‘WWWW
(Fpwm-4xF1) I T L1

- amplltUde Créte des COUFantS 0 < IC < 80A 0 0.001 0.002 0.003 04004163,250?5)0,006 0.007 0.008 0.009 0.01

On utilise des filtres anti-repliement analogiques chaque voie analogique. Les séquences de cimver
analogique numérique des voies ADCINO, 1 et 2 slddlenchées par le timer3 et la lecture des résulta
conversion s’effectue par la fonction d’interruptigée & INT1 et déclenchée par le module ADC.

Question 1 (1 point) :

Déterminer la fréequence de coupure des filtres-r@pliement pour préserver au maximum les transiode
courant, et représenter I'enveloppe spectraleidesisx a la sortie des filtres.

Question 2 (1 point) :

Le circuit de calibration permet d’adapter I'éteadde mesure des courants a la plage de tensidh3@) du
module ADC 10 bits. Exprimer N le résultat de casi@n en fonction du courant.

Question 3 (1 point) :

Déterminer le temps pris par une séquence de csiover Déterminer le pourcentage de la période
d’échantillonnage qu'il représente.

Question 4 (1.5 point) :

Ecrire en langage C la fonction d'initialisation @iumer 3 :void init_Timer3(void)

Question 5 (1.5 point) :

Ecrire en langage C la fonction d'initialisation doodule ADC :void init ADC(void) pour permettre son
fonctionnement en mode cascadé et start/stop.

Question 6 (1 point) :

Indiquer (en assembleur) comment initialiser lestewrs d’interruption pour associer l'interruptidir 1 du DSP a
la fonction :interrupt void interADC(void)
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Partie 2 : Transmission de données par liaison 6 points)

La liaison SCI du DSP est utilisée pour communicaec un micro-ordinateur. Le constructeur fouanitogiciel
de communication PC non étudié ici permettant leupatrage du variateur et I'affichage de donnéesétDdie
dans cette partie la programmation de la liaisohdsKDSP.

Question 1 (1 point) :

Les broches SCIRX et SCITX du DSP sont connectéesdriver/receiver de ligne RS232. Rappeler qaedlant
les limites des niveaux €électriques de la lignerespondant a la transmission des ‘0’ et des ‘Dnier également
la longueur maximale de la ligne et la vitesserdesmission maximale pour cette longueur de ligne.
Question 2 (2 points) :

Le module SCI est configuré dans le mode suivdi6200 bauds, données de 8 bits, pas de bit d& phibit de
STOP, RXINT activée en priorité faible (SCIRX Pitgr= 1). Ecrire en langage C la fonction d'init&dtion du
module SCoid init_SCI(void)

Question 3 (1 point) :

Ecrire en langage C la fonction d’émission d’urebebid putchar(unsigned int a)

Question 4 (1 point) :

Déterminer la vitesse de transmission utile maxénfahnde passante) en octets par seconde.

Question 5 (1 point) :

Indiqguer comment initialiser les vecteurs d’intgaian pour associer I'interruption INT5 du DSP ®XINT a la
fonction gérant le remplissage du buffer circulairgerrupt void interSCI(void)

Exercice 2 : Horloge temps réel 12C PCF8563 (7 pds)

Question 1 (1 point) :

Représenter schématiquement le principe de cormed@lusieurs composant 12C au bus 12C.

Question 2 (0.5 point) :

Décrire le principe de la dominance de bit et m&ccomment elle est définie pour le bus 12C.

Question 3(0.5 point) :

Indiquer quelles sont les adresses en lecture étritnre dUPCF8563

Question 4 (2 points) :

Représenter la trame 12C (a Iimage de celles sgmi€es dans la documentation) qui permet de’liezire
(secondes, minutes, heures) et la date (jour dg,jmir de la semaine, mois, siécle et année).

Question 5 (1 point) :

En négligeant les temps de traitement du processaitre, évaluer la durée de lecture de la datedtheure
lorsque le bus 12C est cadencé a sa vitesse maximal

Question 6 (1 point) :

En considérant que chaque accés au controleursta@, (stop, lecture, écriture) requiére 2 cycles grocesseur
cadencé a 40MHz, évaluer le temps de traitement @RtJassocié a la lecture de la date.

Question 7 (1 point) :

Indiquer quel est le principal avantage de I'ugition des interruptions d’un contréleur 12C.
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Annexes

Note:

Registre de configuration du DSP : SCSR1
15 14 13 12 11 10 g 8
Reserved CLKSRC LPMA1 LPMO CLK P52 CLK PS1 CLK PS0O Reserved
R-0 RW-0 RW-0 RW-0 RW-1 RW-1 RW-1 R-0
7 6 5 4 3 2 1 0
kN | ciken | cken | oren | onen | onen BBl 1LLADR
RW-0 RW-0 RW-0 RwW-0 RW-0 RW-0 R-0 RC-0

R = Read access, W = Write access, C = Clear, -0 = value after reset

Entrées/sorties numérigues multiplexées

PIN FUNCTION SELECTED MUX MUX CONTROL 1/O PORT DATA AND DIRECTION¥
(MCRx.n = 1) (MCRX.N =0) 232;?2; VALUE AT RESET 5 1
Primary Function /o (name.bit #) (MCRx.n) REGISTER DATA BIT NO. DIR BIT NO.
PORT A
SCITXD JOPAO MCRA.0 0 PADATDIR 0 B
SCIRXD JOPA1 MCRA1 0 PADATDIR 1 9
XINT1 JOPA2 MCRA.2 0 PADATDIR 2 10
CAP1/QEPT JOPA3 MCRA.3 0 PADATDIR 3 T
CAP2/QEP2 JOPA4 MCRA 4 0 PADATDIR 4 12
CAP3 JOPAS MCRA5 0 PADATDIR 5 13
PWM1 IOPA6 MCRA.6 0 PADATDIR 6 14
PWM2 IOPA7 MCRA.7 0 PADATDIR 7 15
Address Register Bit Number Register
Mnemonic 7 6 5 4 3 2 1 0 Name
EVEN/ LOOP- | ADDR/ Commu-
SToP PARITY scl scl scl omr
7050h SCICCR oDD BACK IDLE nication
BITS oay | ENBLE | A vone | CHAR2 | cHART | cHaro | Meate
RX ERR SW SCI control
7051h SCIOTLT | Reserved | \\roth | peger |Reseved [ TXWAKE | SLEEP | TXENA | RXENA | 2o f0%
BAUD15 Baud rate
7052h SCIHBAUD | “(icn” | BAUD14 | BAUDT3 | BAUDT2 | BAUDT! |BAUDIO | BAUD® | BAUDB | dci el
BAUDO Baud rate
7053h SCILBAUD | BAUD7 | BAUDS | BAUDS | BAUD4 | BAUD3 | BAUD2 | BAUDT [ o |0 o
> RX/BK TX | SCl control
7054h SCICTL2 [ TXRDY [ gypry Resisve INTENA | INTENA | register 2
7055h SCIRXST RX RXRDY | BRKDT FE OE PE | RXWAKE [R g | Receiver
ERROR eserved | status
Receiver
7057h SCIRXBUF | RXDT7 | RxoTé | RXDTs | RXDT4 | RXDT3 | RXDT2 | RXDT1 | RXDTO |55
7058h —_— Reserved —_—
—
7050h scImxBuUF | TxoT7 | TxoT7 | TxoT5 | TXOT# | TDT3 | TXDT2 | TXDT1 | TXDTO d:;ﬁ#::
SCITX SCIRX scl scl Priority
il SCIPRI - [Reserved | ooiqpity | PRIORITY | SOFT | FREE REsErEE control
BRR = CLKOUT

SCI Asynchronous Baud * 8 -
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Module ADC

ADC Control Register 1 (ADCTRL1)

15 14 13 8
| Reserved ‘ RESET | SOFT | FREE ‘ ACQ PS3 | ACQ PS2 | ACQ PS1 ‘ ACQ PSO |
RS0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
7 6 5 4 3 2 1 0
| cPs ‘CONT RUN‘ INT PRI ‘SEQ CASC‘ CALENA | BRGENA | HILO ‘ ST |
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Note: R =Read access, W = Write access, S = Set only, -0 = value after reset
Bit 15 Reserved
Bit 14 RESET. ADC module software reset
This bit causes a master reset on the entire ADC module. All register bits and

sequencer state machines are reset to the initial state as occurs when the de-
vice reset pin is pulled low (or after a power-on reset).

0 No effect
1 Resets entire ADC module (bit is then set back to 0 by ADC
logic)

Note: Using the RESET Bit in the ADCTRL1 Register

The ADC module is reset during a system reset. If an ADC module reset is
desired at any other time, you can do so by writing a 1 to this bit. After a NOP,
you can then write the appropriate values to the ADCTRLT1 register bits:

SPLK #01lxxxxxxxxxxxxxxb,ADCTRL]l; Resets the ADC (RESET = 1)

NOP ; Provides the required delay
; between writes to ADCTRLI1

SPLK #00xxxxxxxxxxxxxxb,ADCTRL1; Takes the ADC out of Reset
; (RESET = 0)
Note that the second SPLK is not required if the default configuration is
sufficient.
L '

Bits 13,12 SOFT and FREE. Soft and Free bits

These bits determine what occurs when an emulation-suspend occurs (due
to the debugger hitting a breakpoint, for example). In free-run mode, the pe-
ripheral can continue with whatever itis doing. In stop mode, the peripheral can
either stop immediately or stop when the current operation (i.e., the current
conversion) is complete.

Soft Free

0 0 Immediate stop on suspend

1 0 Complete current conversion before stopping

X 1 Free run, continue operation regardless of suspend

Bits 11-8  ACQ PS3 - ACQ PS0. Acquisition time window — prescale bits 3-0

These bits define the ADC clock prescale factor applied to the acquisition por-
tion of the conversion. The prescale values are defined in Table 7-3 and

Table 7-4.
Source  Source
Pre- z z
ACQ ACQ ACQ ACQ scaler quisition Time (CPS=0) (CPS=1)

# PS3 PS2 PS1 PSO (divby) Window (Q) (Q)
L) 0 0 0 1 2 X Tek 67 385
1 0 0 [ 1 2 4xTok 385 1020
2 0 0 1 0 3 6 X Toi 702 1655
3 0 0 1 1 4 8 x Te 1020 2290
4 0 1 0 0 5 10 X Tek 1337 2925
5 0 1 [ 1 6 12 X Tk 1655 3560
6 0 1 1 0 7 14 x Toi 1972 4194
7 0 1 1 1 8 16 X Tek 2290 4829
8 1 0 0 0 9 18 X Tek 2607 5464
9 1 0 [ 1 10 20 x Tg 2925 6099
A 1 0 1 0 1" 22 x Tk 3242 6734
B 1 0 1 1 12 24 x T 3560 7369
c 1 1 [ 0 13 26 X Tgk 3877 8004
D 1 1 0 1 14 28X Te 4194 8639
E 1 1 1 0 15 30 x Tg 4512 9274
F 1 1 1 1 16 32 x Tk 4829 9909

Notes: 1) Period of Tgik is dependent on the “Conversion Clock Prescale” bit (Bit 7); i.e.,

CPS=0:  Telk=1/CLK (example, for CLK = 30 MHz, Tejk = 33 ns)
CPS=1 Telk = 2% (1/CLK)  (example, for CLK = 30 MHz, Teik = 66 ns)

2) Source impedance Z is a design estimate only.

Bit7

Bit6

Bit5

Bit4

Bit3

Bit 2

Bit1

CPS. Conversion clock prescale

This bit defines the ADC conversion logic clock prescale
0 Fe=CLKA
1 Foi = CLK/2

CLK = CPU clock frequency
CONT RUN. Continuous run

This bit determines whether the sequencer operates in continuous conversion
mode or start-stop mode. This bit can be written while a current conversion se-
quence is active. This bit will take effect at the end of the current conversion
sequence; i.e., software can set/clear this bit until EOS has occurred, for valid
action to be taken. In the continuous conversion mode, there is no need to re-
set the sequencer; however, the sequencer must be reset in the start-stop
mode to put the converter in state CONVO00.

0 Start-stop mode. Sequencer stops after reaching EOS. This is

used for multiple time-sequenced triggers.

1 Continuous conversion mode. After reaching EOS, the sequencer
starts all over again from state CONVO0O (for SEQ1 and cascaded)
or CONVO8 (for SEQ2).

INT PRI. ADC interrupt request priority

0 High priority

1 Low priority
SEQ CASC. Cascaded sequencer operation
This bit determines whether SEQ1 and SEQ2 operate as two 8-state
sequencers or as a single 16-state sequencer (SEQ).

0 Dual-sequencer mode. SEQ1 and SEQ2 operate as two 8-state
sequencers.

1 Cascaded mode. SEQ1 and SEQ2 operate as a single 16-state
sequencer (SEQ).

CAL ENA. Offset calibration enable
When setto 1, CAL ENA disables the input channel multiplexer, and connects
the calibration reference selected by the bits HI/LO and BRG ENA to the ADC
core inputs. The calibration conversion can then be started by setting bit 14
of ADCTRL2 register (STRT CAL) to 1. Note that CAL ENA should be set to 1
first before the STRT CAL bit can be used.

Note: This bit should not be set to 1 if STEST ENA = 1

0 Calibration mode disabled

1 Calibration mode enabled

BRG ENA. Bridge enable
Together with the HI/LO bit, BRG ENA allows a reference voltage to be con-
verted in calibration mode. See the description of the HI/LO bit for reference
voltage selections during calibration.

0 Full reference voltage is applied to the ADC input

1 A reference midpoint voltage is applied to the ADC input

HI/LO. VReFHI/VREFLO selection

When the fail self-test mode is enabled (STEST ENA = 1), HI/LO defines the
test voltage to be connected. In calibration mode, HI/LO defines the reference
source polarity; see Table 7-5. In normal operating mode, HI/LO has no effect.
0 VREFLO is used as precharge value at ADC input
1 VREFH] is used as precharge value at ADC input

Table 7-5. Reference Voltage Bit Selection

CALENA=1 STESTENA =1
BRG ENA HI/LO Reference voltage (V) Reference voltage (V)
0 0 VREFLO VREFLO
0 1 VREFHI VREFHI
1 0 I(VReFHI - VReFLO) / 2| VREFLO
1 1 I(VREFLO — VREFHI) / 2! VREFHI
Bit0 STEST ENA. Self-test function enable

0 Self-test mode disabled
1 Self-test mode enabled
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ADC Control Register 2 (ADCTRL?2)

EVB SOC
SEQ

INTENA | INTENA
oo | socsear | seatesy | seai SEQ1 N R
(Mode 1) (Mode 0)

EVA SOC
SEQ1

RW-0
7

RS-0 RW-0 R-0 RW-0 RW-0 RC-0
6 5 4 3 2 1

RW-0
0

EXT SOC
SEQ1

INT ENA INT ENA
RSTSEQ2 | SOCSEQ2 | SEQ2BSY SEQ2 SEQ2
(Mode 1) (Mode 0)

INT FLAG
SEQ2

EVB SOC
SEQ2

RW-0

RS-0 RW-0 R-0 RW-0 RW-0 RC-0

Note: R =Read access, W = Write access, S = Set only, C = Clear, -0 = value after reset

Bit 15

Bit 14

Bit 13

Bit 12

EVB SOC SEQ. EVB SOC enable for cascaded sequencer
(Note: This bit is active only in cascaded mode.)

0 No action

1 Setting this bit allows the cascaded sequencer to be started by an
Event Manager B signal. The Event Manager can be programmed
to start a conversion on various events. See chapter 6, Event Man-
ager (EV), for details.

RST SEQ1/STRT CAL. Reset Sequencer1/Start Calibration
Case: Calibration Disabled (Bit 3 of ADCTRL1) =0

Writing a 1 to this bit will reset the sequencer immediately to an initial “pretrig-
gered” state, i.e., waiting for a trigger at CONVOO. A currently active conver-
sion sequence will be aborted.

0 No action

1 Immediately reset sequencer to state CONV00

Case: Calibration Enabled (Bit 3 of ADCTRL1) =1

Writing a 1 to this bit will begin the converter calibration process.
0 No action
1 Immediately start calibration process

SOC SEQ1. Start-of-conversion (SOC) trigger for Sequencer 1 (SEQ1). This
bit can be set by the following triggers:

[1 S/W — Software writing a 1 to this bit

(1 EVA - Event Manager A

(1 EVB - Event Manager B (only in cascaded mode)
[Q EXT - External pin (i.e., the ADCSOC pin)

When a trigger occurs, there are three possibilities:

Case 1: SEQf1 idle and SOC bit clear
SEQ1 starts immediately (under arbiter control). This bit is set and cleared, al-
lowing for any “pending” trigger requests.

Case2: SEQ1 busy and SOC bit clear
Bitis set signifying a trigger request is pending. When SEQT1 finally starts after
completing current conversion, this bit will be cleared.

Case 3: SEQ1 busy and SOC bit set
Any trigger occurring in this case will be ignored (lost).

0 Clears a pending SOC trigger.
Note: If the sequencer has already started, this bit will automatical-
ly be cleared, and hence, writing a zero will have no effect; i.e., an
already started sequencer cannot be stopped by clearing this bit.

1 Software trigger — Start SEQ1 from currently stopped position (i.e.,
Idle mode)

Note:

(ADCTRL2.5) bits also.

The RST SEQ1 (ADCTRL2.14) and the SOC SEQ1 (ADCTRL2.13) bits
should not be set in the same instruction. This will reset the sequencer, but
will not start the sequence. The correct sequence of operation is to set the
RST SEQT1 bit first, and the SOC SEQ1 bit in the following instruction. This
ensures that the sequencer is reset and a new sequence started. This se-
quence applies to the RST SEQ2 (ADCTRL2.6) and SOC SEQ2

SEQ1 BSY. SEQ1 Busy

This bit is set to a 1 while the ADC autoconversion sequence is in progress.

It is cleared when the conversion sequence is complete.

0 Sequencer is Idle (i.e., waiting for trigger)

1 Conversion sequence is in progress
After a start-of-sequence (SOC) is initiated, four NOPs need to be executed
before polling the SEQ1 or SEQ2 BSY bit.
Example code:

ADC_LOOPL:
LDP #ADCTRL1>>7

SPLK  #0100000000000000b,ADCTRL2 ;Reset for SEQl

SPLK  #0010000000000000b, ADCTRL2  ;SOC for SEQL

NOP ;Wait for Busy
;bit to set.
NOP
NOP
NOP
CHK_EOS1:
BIT  ADCTRLZ, 3 ; Wait for SEQL Busy bit
; to clear
BCND CHK_EOS1, TC ; If TC=1, keep looping.

A better approach would be to check the INT FLAG SEQn bit for end-of-se-
quence. This does not require NOPs, as the bit should already be cleared prior
to starting a sequenced conversion. To reiterate, the NOPs are required only
when polling the SEQn BUSY bit; interrupt-driven conversions do not have this
requirement.

RW-0

Bits 11-10

Bit9

Bit8

Bit7

Bit 6

Bit5

Bit 4

Bits 3-2

Bit 1

Bit 0

INT ENA SEQ1. Interrupt-mode-enable control for SEQ1

Bit 11 Bit 10 Operation Description
0 0 Interrupt is Disabled
0 1 Interrupt Mode 1
Interrupt requested immediately when INT FLAG SEQ1
flag is set
1 0 Interrupt Mode 2

Interrupt requested only if INT FLAG SEQ1 flag is already
set. If cleart, INT FLAG SEQ1 flag is set and INT request
is suppressed. (This mode allows Interrupt requests to be
generated for every other EOS.)

1 1 Reserved

1 This means that the last completed sequence is the first of the two sequences needed to assert
an interrupt.

INT FLAG SEQ1. ADC interrupt flag bit for SEQ1
This bit indicates whether an interrupt event has occurred or not. This bit must
be cleared by the user writing a 1 to it.

0 No interrupt event

1 An interrupt event has occurred.

EVA SOC SEQ1. Event Manager A SOC mask bit for SEQ1

0 SEQ1 cannot be started by EVA trigger.

1 Allows SEQ1/SEQ to be started by Event Manager A trigger. The
Event Manager can be programmed to start a conversion on vari-
ous events. See chapter 6, Event Manager (EV), for details.

EXT SOC SEQ1. External signal start-of-conversion bit for SEQ1

0 No action

1 Setting this bit enables an ADC autoconversion sequence to be
started by a signal from the ADCSOC device pin.

RST SEQ2. Reset SEQ2

0 No action

1 Immediately resets SEQ2 to an initial “pretriggered” state, i.e.,
waiting for a trigger at CONVO08. A currently active conversion se-
quence will be aborted.

SOC SEQ2. Start-of-conversion trigger for Sequencer 2 (SEQ2)

(Only applicable in dual-sequencer mode; ignored in cascaded mode.)
This bit can be set by the following triggers:

[J S/W — Software writing of 1 to this bit

[J EVB - Event Manager B

When a trigger occurs, there are three possibilities:

Case 1: SEQ2 idle and SOC bit clear
SEQ2 startsimmediately (under arbiter control) and the bit is cleared, allowing
for any pending trigger requests.

Case 2: SEQ2 busy and SOC bit clear
Bit is set signifying a trigger request is pending. When SEQ2 finally starts after
completing current conversion, this bit will be cleared.

Case 3: SEQ2 busy and SOC bit set
Any trigger occurring in this case will be ignored (lost).

0 Clears a Pending SOC trigger.
Note: If the sequencer has already started, this bit will automatical-
ly be cleared, and hence, writing a zero will have no effect; i.e., an
already started sequencer cannot be stopped by clearing this bit.

1 Software trigger — Start SEQ2 from currently stopped position (i.e.,
Idle mode)

SEQ2 BSY. SEQ2 Busy
This bit is set to a 1 while the ADC autoconversion sequence is in progress.
It is cleared when the conversion sequence is complete.

0 Sequencer is idle (i.e., waiting for trigger).

1 Conversion sequence is in progress.

INT ENA SEQ2. Interrupt-mode-enable control for SEQ2

Bit 3 Bit 2 Operation Description
0 0 Interrupt is Disabled
0 1 Interrupt Mode 1
Interrupt requested immediate on INT FLAG SEQ2 flag
set
1 0 Interrupt Mode 2

Interrupt requested only if INT FLAG SEQ2 flag is already
set. If cleart, INT FLAG SEQ2 flag is set and INT request
is suppressed. (This mode allows Interrupt requests to be
generated for every other EOS)

1 1 Reserved

T This means that the last completed sequence is the first of the two sequences needed to assert
an interrupt.

INT FLAG SEQ2. ADC interrupt flag bit for SEQ2

This bit indicates whether an interrupt event has occurred or not. This bit must
be cleared by the user writing a 1 to it.

0 No interrupt event.
1 An interrupt event has occurred.

EVB SOC SEQ2. Event Manager B SOC mask bit for SEQ2
0 SEQ2 cannot be started by EVB trigger.

1 Allows SEQ2 to be started by Event Manager B trigger. The Event
Manager can be programmed to start a conversion on various
events. See chapter 6, Event Manager (EV), for details.
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Timers du DSP

Registre de contréle général des timers GPTCONA

15 14 13 12-11 10-9 87
| Reserved ‘ T2STAT ‘ TISTAT | Reserved I T2TOADC | T1TOADC |
RW-0 R-1 R-1 AW-0 RW-0 RW-0
8 54 3-2 1-0
| TCOMPOE ‘ Reserved T2PIN TIPIN |
RW-0 RW-0 RW-0 RW-0
Note: R = Read access, W = Write access, -n = value after reset
Bit 15 Reserved. Reads return zero; writes have no effect.
Bit 14 T2STAT. GP timer 2 Status. Read only.
0 Counting downward
1 Counting upward
Bit 13 T1STAT. GP timer 1 Status. Read only.
0 Counting downward
1 Counting upward
Bits 12-11 Reserved. Reads return zero; writes have no effect.
Bits 10-9  T2TOADC. Start ADC with timer 2 event.

00
01
10
1"

No event starts ADC

Setting of underflow interrupt flag starts ADC
Setting of period interrupt flag starts ADC
Setting of compare interrupt flag starts ADC

Bits 8-7

Bit6

Bits 5-4

Bits 3-2

Bits 1-0

T1TOADC. Start ADC with timer 1 event.

00
01
10
"

No event starts ADC

Setting of underflow interrupt flag starts ADC
Setting of period interrupt flag starts ADC
Setting of compare interrupt flag starts ADC

TCOMPOE. Compare outputenable. If PDPINTX is active this bit is set to zero.

0

1

Disable all GP timer compare outputs (all compare outputs are put
in the high-impedance state)

Enable all GP timer compare outputs

Reserved. Reads return zero; writes have no effect.

T2PIN. Polarity of GP timer 2 compare output.

00  Forced low

01 Active low

10 Active high

1 Forced high

T1PIN. Polarity of GP timer 1 compare output.

00  Forced low

01 Active low

10  Active high

11 Forced high

Registre de controle individuel des timers : TXCON (x=1,2,3 ou 4)

15 14 13 12 11 10 9 8
| Free | Soft ‘ Reserved | TMODE1 J TMODEO | TPS2 | TPS1 ‘ TPSO I
RW-0 AW-0 RW-0 RW-0 AW-0 RW-0 AW-0 RW-0
7 6 5 4 3 2 1 0
L ‘ TENABLE ‘ TOLKS1 | TCLKSO ] TOLD1 ’ TOLDO ‘ TECMPR ‘g&%ﬁnﬁil
RW-0 AW-0 RW-0 RW-0 RW-0 RW-0 AW-0 RW-0

Note:

R = Aead access, W = Write access, -0 = value after reset

T Reserved in T1CON andT3CON

Bits 15-14

Bit13
Bits 12-11

Bits 10-8

Free, Soft. Emulation control bits.

00
o1
10
1

Stop immediately on emulation suspend

Stop after current timer period is complete on emulation suspend
Operation is not affected by emulation suspend

Operation is not affected by emulation suspend

Reserved. Reads return zero, writes have no effect.

TMODE1-TMODEQ. Count Mode Selection.

00
01
10
1

Stop/Hold

Continuous-Up/-Down Count Mode
Continuous-Up Count Mode
Directional-Up/-Down Count Mode

TPS2-TPSO0. Input Clock Prescaler.

000
001
010
on

x/1 100 x/16
x/2 101 x/32
x4 110  x/64
x/8 11 x128

X = device (CPU) clock frequency

Bit7

Bit 6

Bits 5-4

Bits 3-2

Bit 1

Bit 0

T2SWT1. Inthe case of EVA, this bitis T2SWT1. (GP timer 2 start with GP tim-
er 1.) Start GP timer 2 with GP timer 1’s timer enable bit. This bit is reserved in
T1CON
T4SWTA3. In the case of EVB, this bit is T4SWT3. (GP timer 4 start with GP
timer 3.) Start GP timer 4 with GP timer 3's timer enable bit. This bitis reserved
in T3SCON

0 Use own TENABLE bit

1 Use TENABLE bit of TICON (in case of EVA) or T3CON (in case
of EVB) to enable and disable operation ignoring own TENABLE

bit
TENABLE. Timer enable.
0 Disable timer operation (the timer is put in hold and the prescaler
counter is reset)
1 Enable timer operations
TCLKS1, TCLKSO. Clock Source Select.
5 4 Source
0 0 Internal
o 1 External
1 0 Reserved
1 1 QEP Circuitt (in case of Timer 2/Timer 4)

Reserved (in case of Timer 1/Timer 3)
*This option is valid only if SELT1IPR =0
TCLD1, TCLDO. Timer Compare Register Reload Condition.

00 ‘When counter is 0
01 When counter value is 0 or equals period register value
10 Immediately

11 Reserved
TECMPR. Timer compare enable.

0 Disable timer compare operation

1 Enable timer compare operation
SELT1PR. In the case of EVA, this bit is SELT1PR (Period register select).
When set to1 in T2CON, the period register of Timer 1 is chosen for Timer 2
also, ignoring the period register of Timer 2. This bitis a reserved bitin TICON.
SELT3PR. In the case of EVB, this bit is SELT3PR (Period register select).
When set to1 in T4CON, the period register of Timer 3 is chosen for Timer 4
also, ignoring the period register of Timer 4. This bit is a reserved bit in T3CON.
0 Use own period register

1 Use T1PR (in case of EVA) or T3PR (in case of EVB) as period
register ignoring own period register
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PCF8563 : Horloge temps réel
(Extrait du datasheet)

Functional description cLkout
J 7

The PCF8563 contains sixteen 8-bit registers with an auto-incrementing address oscl —H OSCILLATOR 1 g | CONTROLSTATUS 1 | 0
register, an on-chip 32.768 kHz oscillator with one integrated capacitor, a frequency 0500 « 2 32.768 kHz DIVIDER CONTROL/STATUS 2 | 1
divider which provides the source clock for the Real Time Clock/calender (RTC), a s ;TEST'LDSSNL §
programmable clock output, a timer, an alarm, a voltage-low detector and a 400 kHz INT OURS B
12C-bus interface. vss —- [ voLtace DAYS s

. . . . v, 8 DETECTOR WEEKDAYS 6
All 16 registers are designed as addressable 8-bit parallel registers although not all 0D —— CSOLLATOR CONTROL ONTHSICENTORY 17
bits are implemented. The first two registers (memory address 00H and 01H) are MONITOR LOGIC VEARS s
used as control and/or status registers. The memory addresses 02H through 08H are MINUTE ALARM 9
used as counters for the clock function (seconds up to years counters). Address T HOUR ALARM A
locations 09H through OCH contain alarm registers which define the conditions for an scL ° 12c-8Us DAY ALARM B
alarm. Address ODH controls the CLKOUT output frequency. 0EH and OFH are the soa <5, | INTERFACE ADDRESS f—N| WEEKDAY ALARM__ | C
timer control and timer registers, respectively. REGISTER CLKOUT CONTROL | D

TIMER CONTROL E
The seconds, minutes, hours, days, weekdays, months, years as well as the minute PCF8563 TIMER F
alarm, hour alarm, day alarm and weekday alarm registers are all coded in BCD
format.
MM
When one of the RTC registers is read the contents of all counters are frozen. e
Therefore, faulty reading of the clock/calendar during a carry condition is prevented.
Slave address. Register organization

Table 4:  Binary formatted registers overview
Bit positions labelled as x are not implemented. Bit positions labelled with 0 should always be written with logic 0; if read the
could be either logic 0 or logic 1.

Address  Register name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit 0

|1|0|1|o|0|0|1|RfW|

‘-— group 1 —-L_ group 2—-‘

00H control/status 1 TEST1 0 STOP 0 TESTC 0 0 0
01H control/status 2 0 0 0 TITP AF TF AlE TIE
O0DH CLKOUT control FE X X X X X FD1 FDO

Clock/calendar read/write cycles 0EH timer control TE x x x x X D1 TDO
OFH timer <timer countdown value>

Table 5: BCD formatted registers overview

from slave from slave from slave
{ Bit positions labelled as x are not implemented.
| s | SLAVE ADDRESS ‘ 0|A| 'WORD ADDRESS. IA T oA |A| b ‘ Address  Register name VBCD format tens nibble BCD format units nibble
EE— A e Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
3 2 1 0 3 2 1 0
R opes 2 2 2 2 2 2 2 2
auto increment 02H seconds VL <seconds 00 to 59 coded in BCD>
uto i
memory word address 03H minutes X <minutes 00 to 59 coded in BCD>
ez 04H hours X x <hours 00 to 23 coded in BCD>
Fig 13. Master transmits to slave receiver (write mode). 05H days X X <days 01 to 31 coded in BCD>
06H weekdays X X X X X ‘ <weekdays 0 to 6>
07H months/century C X X <months 01 to 12 coded in BCD>
from slave from slave from slave from master 08H years <years 00 to 99 coded in BCD>
1 ) ] ) O9H minute alarm AE <minute alarm 00 to 59 coded in BCD>
| s | SLAVE ADDRESS ‘OIA‘ "WORD ADDRESS| ‘AI s I SLAVE ADDRESS ‘IIA T oAt IAI———;/ 0AH hour alarm AE X <hour alarm 00 to 23 coded in BCD>
P P P PR
0BH day alarm AE X <day alarm 01 to 31 coded in BCD>
RV RW nbtes OCH weekday alarm AE X X X ‘x ‘ <weekday alarm 0 to 6>
at this moment master transmitter auto increment
becomes master receiver and memory word address
PCAB565 slave receiver ("~
becomes slave transmitter
o acknowledgement Table 9:  Seconds/VL (address 02H) bits description
Bit Symbol Value Description
7 VL 0 clock integrity is guaranteed
1 integrity of the clock information is no longer guaranteed
lastbyte 6to0 seconds 00 to 59 this register holds the current seconds coded in BCD format; example: seconds
wcer2 e o aadrete register contains x101 1001 = 59 seconds
Fig 14. Master reads after setting word address (write word address; read data).
o Table 14: Weekday assignments
from +‘ frommester from mester Day Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| s | SLAVE ADDRESS | 1 |A| T oata I Al RN l 1] P | Sunday X X X X X 0 0 0
P L PR
¥ J r J f Monday X X X X X 0 0 1
RAW byt last by
nones et Tuesday X X X X X 0 1 0
auto increment auto increment
word address word address
e Wednesday X X X X X 0 1 1
Fig 15. Master reads slave immediately after first byte (read mode). Thursday X X X X X 1 0 0
Friday X X X X 1 0 1
Saturday X X X X X 1 1 0

Table 15: Months/century (address 07H) bits description

Bit Symbol Value Description
7 century!’l this bit is toggled when the years register overflows from 99 to 00
0 indicates the century is 20xx
1 indicates the century is 19xx
4t00 month 01to 12 this register holds the current month coded in BCD format, see Table 16

717



