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1) Timer i :

Nutze den beigefiigten Datenblattauszug.
TCCRO=0xBB // 9400 1011 % (TC -mode Precalen = 64
TCNTO=6x10 / Stactier} = 14
O0CRO=O0X7F /123
TIMSK=0x02 // (JCIE = A
Taktfrequenz des Mikrocontrollers ist 8Mhz.

l.a) Registerbelegung — Multiple Choice 2/_5/3P
Richtig Falsch

Timer 0 ist ein 16 Bit Timer 0 ® v

Der Timer besitzt intern einen Zahler R 0 Vv

In einem Durchlauf kann dieser Timer keine Zeiten >35ms realisieren () &

Im CTC Mode zdhlt der Zahler immer bis OxFF ] B v

Uber TCCRO lésst sich der Timer stoppen | O

Der Prozessortakt ist von OCRO abhéangig ] R

1.b)  Berechnung der Zeit i /3P

Nach welcher Zeit wird der Output Compare Match Interrupt ausgefiihrt? Erlautere die einzelnen Rechenschritte.

1 g Mitz
R < SRR —_— - [y
{r presc + (A+ 0CRO) gy - [7+123) C]’%'_;é e

T . ——= 1,024 ms
T r

Toe =

€

(123 - 26) - £, = M3 6ms \/
—l

1.c) Timeranpassung _[L/4P
Was muss gedndert werden, um méoglichst nah an 2ms zu kommen? Erldutere die Rechenschritte und berechne die
resultierende Abweichung.
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L T 2%ms = 'frz P - 500 h=
OCRo = —‘C-G-“L—-4= Al _, . qua = OxF1
presc - Fr 64 - SooHz _

Focschung = 07 (bc idoalen Raudeden)

2)  Serielle Dateniibertragung

2.2) Signaliibertagung S sp
Uber die RS232 Schnittstelle eines PCs werden Daten iibertragen. Die Ubertragungsparameter sind 801. Welche Daten
wurden iibertragen? Markiere Start, Stop und Paritétsbit. Kam es zu einem Ubertragungsfehler?
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2.b) Einstellen des USART des ATMegal6 /3P
Die Taktfrequenz des Zielsystems ist 10 Mhz. Die gewiinschte Baudrate ist 115200 Baud. Verwende den "Normal
Mode” zur Generierung der Baudrate.

*  Welcher Wert wird im USART Baud Rate Register (UBRR) eingestellt?

*  Wie groR ist die Abweichung von der gewiinschten Baudrate (in Prozent)? Normel tade = pres< = %
«  Wird die Ubertragung mit dieser Abweichung funktionieren? Wo liegt die Grenze? \ A
¢ Durch welche MaRnahme lasst sich die Abweichung minimieren?
Banalrobe = YK VgRe = Jax 4 o 200NS. o a3 4
16 (1+ URRR) N6 Bod 16+ 115200 =
10 Mk
Bowd = — =~ - 125000 423990 L5 - 403,5v. > F = ~ES
4% (1 +4) A15 200

Diz Werkvosams, wndd mik deaem Febdnr MW‘W,‘M olie
3) Anwendungsbeispiel Yetwae fin ol MMQ— bet £ 27/ l‘l’l RV,
3.a) Multiple Choice %S /3p

Richtig  Falsch

Beim Start leuchtet die rote LED =
Wenn Taster1 gedriickt gehalten wird, dndert sich counter
standig
Mit den Tastern kann man hinauf und hinunter zahlen
Die rote LED ist abhéngig von counter
Durch héufiges Driicken von Taster1 kann man die griine
LED einschalten
counter kann nie groRer als 100 werden
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#include <avr/io.h>

int main(void) {.
unsigned char old_state=0, new_state;
unsigned char counter=0;

DDRC=0x03;
PORTC=0xFE;

while(1) {
new_state=PINC;

if ( (old_state&0x04) && ( (new_state&Odx04)==0) ) {
counter++;

} else if ( (old_state&®x08) & ( (new_state&0x08)==0) ) {
if (counter>0) counter--;

}

if (counter<5) {
PORTC=(PORTC&OXFC) |0x02;
} else if (counter>100) {
PORTC=(PORTC&OXFC) | 0x01;
}

old_state=new_state;

}

return 0;

} ;
3.b) Verwendung des 10 Bit ADC des ATMegal6 2 P

Der ADC wird fiir das obige Schaltungsbeispiel wie folgt konfiguriert: Multiplexer auf Kanal 0; als Referenz wird die
Spannung an AREF verwendet; das Ergebnis ist rechts ausgerichtet (siche Registerbeschreibung).

= - - - | - - ADC9 ADCS8 ADCH

|

ADC7 ADC6 ADCS ADC4 | ADC3 ADC2 ADC1 | ADCO ADCL
Wie groRB ist die Spannung Ux, wenn ADCH=0x02 und ADCL=0xA3 ist?

40C = Ox 2A3 2 ¢35 10 &4 D = 4024 Vg T 256V
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Vx" LA 2,5¢v = 1,69V
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ATmega16(L)
8-bit
Timer/Counter
Register
Description
Timer/Counter Control
Register - TCCRO ™
Reas'Wrie
el Vet ° ° ° ° ° 0 °
+ Bit 7~ FOCO: Force Output Compare
The FOCO bit is only active when the WGMOO bit specifies a non-PWM mode, However, for
ensuring compatibility with future devices, this bit must be set to 2ero when TCCRO is written
when operating in PWM mode. When writing a logical one to the FOCO bit, an immediate com-
pare match is forced on the Waveform Generation unit. The OCO output is changed according to
its COMO1:0 bits sefting. Note that the FOCO bit is implemented as a strobe, Therefore it is the
value present in the COMO1:0 bits that determines the effect of the forced compare.
A FOCO strobe will not generate any interrupt, nor will it clear the timer in CTC mode using
OCRO as TOP.
The FOCO bit is always read as zero.
+ Bit 3, 6 - WGMO1:0: Waveform Generation Mode
These bits control the counting sequence of the counter, the source for the maximum (TOP)
counter value, and what type of Wavelorm Generalion 1o be used. Modes of operation sup-
ported by the Timer/Counter unit are: Normal mode, Clear Timer on Compare Maitch (CTC)
mode, and two types of Pulse Width Modulation (PWM) modes. See Table 38 and "Modes of
Operation” on page 76.
Table 38, Mode Bit D
WGMO1 | WGMOO | Timer/Counter Mode Update of | TOVO Flag
Mode | (CTCO) | (PWMO) | of Operation TOP | OCRO Set-on
0 0 J Normal OxFF | Immediate | MAX
1 0 1 PWM, Phase Corect | OxFF | TOP BOTTOM
3 1 0 cTC OCRO | immediate | MAX
3 1 1 Fast PWM OxFF BOTTOM | MAX
Nowe 1. The CTCO and PWIO it deliniion names are now cbsclete. Use he WGKIDT 0 definiions.
However, the functionality and location of these bits are compatible with previous versions of
the Smer.
+ Bit 5:4 - COMO1:0: Compare Match Output Mode
These bits control the Output Compare pin (OC0) behavior, if one or both of the COMO01:0 bits
are set, the OCO output overrides the normal port functionality of the VO pin it is connected to.
However, nole that the Data Direction Register (DDR) bit corresponding o the OCO pin must be
set in order to enable the output driver,
(s TR T L e B ST 83
20667 -AVR-LT10
ATmegai16(L)
+ Bit 2:0 - CS02:0: Clock Select
The three Clock Select bits select the clock source to be used by the Timer/Counter,
Table 42. Clock Select Bit Description
CS02 | CS01 | CS00 | Description
0 0 0 'bmml‘l’mMWL»_‘ N
[] [} 1 clkyo/(No prescaling) B
0 1 0 Cliye/8 (From prescaler) o ]
] 1 1 cliy,/84 (From prescaler)
1 0 0 Chyo/256 (From prescaler) -
1 0 1 Cliyry/1024 (From prescaler) o
1 1 [ External clock source on T0 pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.
If external pin modes are used for the Timer/Counter0, transitions on the TO pin will clock the
counter even If the pin is configured as an output. This feature allows software control of the
counting.
Timer/Counter
Register - TCNTO ™ 7 o s + 3 2 ' e
TCNTOT 9] TowTe
Floms Wb LWN’W‘WTJW
sl Vabe ° ° ° ° ° ° ° °
The Timer/Counter Register gives direct access, both for read and write operations, 1o the
Timet/Counter unit 8-bit counter, Writing 1o the TCNTO Register blocks (removes) the compare
maich on the following timer clock. Modifying the counter (TCNTO) while the counter is running,
introduces a risk of missing a compare maich between TCNTO and the OCRO Register.
Output Compare
Register - OCRO o 7 0 s “« 3 2 1 0
[ ) ] ocme
Read'W e w
il Vee ° N ° L L L ° L
The Output Compare Register contains an 8-bit value that is continuously compared with the
counter value (TCNTO0). A malch can be used to generate an outpul compare interrupt, or to
generate a waveform output on the OCO pin,
Timer/Counter
Interrupt Mask e
Register - TIMSK
Flows Wite
sl Vahe ° ° ° ° ° ° ° °
+ Bit1-OCIEO: Ti Output pare Match Enable
When the OCIEO bit is written to one, and the I-bit in the Status Register is ul (one), lhc
Timer/Counter0 Compare Match interrupt is enabled. The
a compare maich in Timer/Counter0 occurs, that is, when the OCFO bit & is sotin Iho Tmr/Coun-
ter Interrupt Flag Register - TIFR.
S IEESRT N ¢ s TR I S 85
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When OCO0 is connected 1o the pin, the function of the COMO1:0 bits depends on the WGMO01:0
bit setting. Table 39 shows the COMO1:0 bit functionality when the WGMO1:0 bits are set to a
normal or CTC mode (non-PWM).

Table 39. Compare Output Mode, non-PWM Mode

COMO1 COMOO | Description
0 0 Normal port operation, OCO disconnected.
0 1 Toggle OCO on compare maich
1 0 Clear OCO on compare maich -
1 1 Set OCO on compare maich

*
Table 40 shows the COMO1:0 bit functionality when the WGMO1:0 bils are set to fast PWM
mode.

Table 40. Compare Output Mode, Fast PWM Mode

COMO1 COMO0 | Description
0 0 | Normal port operation, OCO disconnected.
0 1 Reserved
1 o Clear OCO on compare maich, set OCO at BOTTOM,
(non-inverting mode) —
1 | Set OCO on compare maich, clear OCO at BOTTOM,
(inverting mode)
Note: 1. A special case occurs when OCRO equals TOP and COMO1 is set. In this case, the compare
maich is ignored, but the set or clear is done at TOP. See “Fast PWM Mode” on page 77 for
more detals.

Table 41 shows the COMO01:0 bit functionality when the WGMO1:0 bits are set to phase correct
PWM mode.

Table 41. Compare Output Mode, Phase Correct PWM Mode

COMO1 | COMOO | Description
0 0 Normal port operation, OCO disconnected.
0 1 Reserved
1 0 Clear OCO on compare maich when up-counting. Set OCO on compare
1 1 Set OCO on compare match when up-counting. Clear OCO on compare
maich when downcounting.
Note: 1. A special case occurs when OCRO equals TOP and COMO1 is set. In this case, the compare
match is ignored, but the set o clear is done at TOP, See “Phase Comect PYWII Made™ on page
79 for more details.
L R e s e ‘ 84
MOET-AVR-OT 10
ATmegai6(L)
+ Bit o~ TOIEO: unter0 Enable
When the TOIEO bit is written to one, and the I-bit in the Status Rogulor is set (one), the
Timer/Counter0 Overflow interrupt is enabled. The orrupt is if an

Timer/Counter
Interrupt Flag Register
-TIFR

2066T-AVR-07110

overflow in Timer/Counter0 occurs, that is, when the TOVO bit is setin lho Timer/Counter Inter-
rupt Flag Register - TIFR.

el Vabe e ° ° ° ° ° ° °

+ Bit 1~ OCFO: Output Compare Flag 0

The OCFO bit is set (one) when a compare match occurs between the Timer/Counter0 and the
data in OCRO - Output Compare Register0. OCFO is cleared by hardware when executing the
corresponding interrupt handling vector. Alternatively, OCFO is cleared by writing a logic one to
the flag. When the |-bit in SREG, OCIEO (Timer/Counter0 Compare Match Interrupt Enable), and
OCFO are set (one), the Timer/Counterd Compare Maich Interrupt is executed.

= Bit 0~ TOVO: Timer/Counter0 Overflow Flag

The bit TOVO is set (one) when an overflow occurs in Timer/Counter0. TOVO s cleared by hard-
ware when execuling the corresponding interrupt handling vector. Allernatively, TOVO is cleared
by writing a logic one 1o the flag. When the SREG |-bit, TOIEO (Timer/Counter0 Overflow Inter-
rupt Enable), and TOVO are set (one), the Timer/Counter0 Overflow interrupt is executed. In
phase correct PWM mode, this bit is sel when Timer/Counter0 changes counting direction at
$00.



