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34. Timer Counter (TC)

34.1 Description

6221H-ATARM-12-Aug-08

The Timer Counter (TC) includes three identical 16-bit Timer Counter channels.

Each channel can be independently programmed to perform a wide range of functions including
frequency measurement, event counting, interval measurement, pulse generation, delay timing
and pulse width modulation.

Each channel has three external clock inputs, five internal clock inputs and two multi-purpose
input/output signals which can be configured by the user. Each channel drives an internal inter-
rupt signal which can be programmed to generate processor interrupts.

The Timer Counter block has two global registers which act upon all three TC channels.

The Block Control Register allows the three channels to be started simultaneously with the same
instruction.

The Block Mode Register defines the external clock inputs for each channel, allowing them to be
chained.

Table 34-1 gives the assignment of the device Timer Counter clock inputs common to Timer
Counter0to 2

Table 34-1. Timer Counter Clock Assignment

Name Definition
TIMER_CLOCK1 MCK/2
TIMER_CLOCK2 MCK/8
TIMER_CLOCK3 MCK/32
TIMER_CLOCK4 MCK/128
TIMER_CLOCKS5 SLCK
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34.2 Block Diagram

Figure 34-1. Timer Counter Block Diagram
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Table 34-2. Signal Name Description

Block/Channel Signal Name Description
XCO0, XC1, XC2 External Clock Inputs
TIOA Capture Mode: Timer Counter Input
Waveform Mode: Timer Counter Output
Channel Signal TIOB Capture Mode: Timer Counter Input
Waveform Mode: Timer Counter Input/Output
INT Interrupt Signal Output
SYNC Synchronization Input Signal
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34.3 Pin Name List

Table 34-3. TC pin list

Pin Name Description Type
TCLKO-TCLK2 External Clock Input Input
TIOAO-TIOA2 I/0O Line A /0
TIOBO-TIOB2 I/O Line B 1/0

34.4 Product Dependencies

34.4.1 I/O Lines
The pins used for interfacing the compliant external devices may be multiplexed with PIO lines.
The programmer must first program the PIO controllers to assign the TC pins to their peripheral
functions.

34.4.2 Power Management
The TC is clocked through the Power Management Controller (PMC), thus the programmer must
first configure the PMC to enable the Timer Counter clock.

34.4.3 Interrupt
The TC has an interrupt line connected to the Advanced Interrupt Controller (AIC). Handling the
TC interrupt requires programming the AIC before configuring the TC.
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34.5 Functional Description

34.5.1

34.5.2

34.5.3

516

16-bit Counter

TC Description

The three channels of the Timer Counter are independent and identical in operation. The regis-
ters for channel programming are listed in Table 34-4 on page 529.

Each channel is organized around a 16-bit counter. The value of the counter is incremented at
each positive edge of the selected clock. When the counter has reached the value OxFFFF and
passes to 0x0000, an overflow occurs and the COVFS bit in TC_SR (Status Register) is set.

The current value of the counter is accessible in real time by reading the Counter Value Regis-
ter, TC_CV. The counter can be reset by a trigger. In this case, the counter value passes to
0x0000 on the next valid edge of the selected clock.

Clock Selection

At block level, input clock signals of each channel can either be connected to the external inputs
TCLKO, TCLK1 or TCLK2, or be connected to the internal I/O signals TIOAO, TIOA1 or TIOA2
for chaining by programming the TC_BMR (Block Mode). See Figure 34-2 on page 517.

Each channel can independently select an internal or external clock source for its counter:

* Internal clock signals: TIMER_CLOCK1, TIMER_CLOCK2, TIMER_CLOCKS,
TIMER_CLOCK4, TIMER_CLOCK5

e External clock signals: XC0, XC1 or XC2

This selection is made by the TCCLKS bits in the TC Channel Mode Register.

The selected clock can be inverted with the CLKI bit in TC_CMR. This allows counting on the
opposite edges of the clock.

The burst function allows the clock to be validated when an external signal is high. The BURST
parameter in the Mode Register defines this signal (none, XC0, XC1, XC2). See Figure 34-3 on
page 517

Note: In all cases, if an external clock is used, the duration of each of its levels must be longer than the

master clock period. The external clock frequency must be at least 2.5 times lower than the mas-
ter clock

ATOI1TS ANMO 26 ()
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Figure 34-2. Clock Chaining Selection

Figure 34-3. Clock Selection
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3454 Clock Control

The clock of each counter can be controlled in two different ways: it can be enabled/disabled

and started/stopped. See Figure 34-4.

* The clock can be enabled or disabled by the user with the CLKEN and the CLKDIS
commands in the Control Register. In Capture Mode it can be disabled by an RB load event
if LDBDIS is set to 1 in TC_CMR. In Waveform Mode, it can be disabled by an RC Compare
event if CPCDIS is set to 1 in TC_CMR. When disabled, the start or the stop actions have no
effect: only a CLKEN command in the Control Register can re-enable the clock. When the
clock is enabled, the CLKSTA bit is set in the Status Register.

s The clock can also be started or stopped: a trigger (software, synchro, external or compare)
always starts the clock. The clock can be stopped by an RB load event in Capture Mode
(LDBSTOP =1 in TC_CMR) or a RC compare event in Waveform Mode (CPCSTOP =1 in
TC_CMR). The start and the stop commands have effect only if the clock is enabled.

Figure 34-4. Clock Control
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34.5.5 TC Operating Modes
Each channel can independently operate in two different modes:

* Capture Mode provides measurement on signals.

e Waveform Mode provides wave generation.

The TC Operating Mode is programmed with the WAVE bit in the TC Channel Mode Register.
In Capture Mode, TIOA and TIOB are configured as inputs.

In Waveform Mode, TIOA is always configured to be an output and TIOB is an output if it is not
selected to be the external trigger.

34.5.6 Trigger
A trigger resets the counter and starts the counter clock. Three types of triggers are common to
both modes, and a fourth external trigger is available to each mode.

The following triggers are common to both modes:

518 ATOTS/ANMO2 6 ()
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ATMEL

e Software Trigger: Each channel has a software trigger, available by setting SWTRG in
TC_CCR.

* SYNC: Each channel has a synchronization signal SYNC. When asserted, this signal has
the same effect as a software trigger. The SYNC signals of all channels are asserted
simultaneously by writing TC_BCR (Block Control) with SYNC set.

¢ Compare RC Trigger: RC is implemented in each channel and can provide a trigger when
the counter value matches the RC value if CPCTRG is set in TC_CMR.

The channel can also be configured to have an external trigger. In Capture Mode, the external

trigger signal can be selected between TIOA and TIOB. In Waveform Mode, an external event

can be programmed on one of the following signals: TIOB, XC0, XC1 or XC2. This external

event can then be programmed to perform a trigger by setting ENETRG in TC_CMR.

If an external trigger is used, the duration of the pulses must be longer than the master clock
period in order to be detected.

Regardless of the trigger used, it will be taken into account at the following active edge of the
selected clock. This means that the counter value can be read differently from zero just after a
trigger, especially when a low frequency signal is selected as the clock.

34.5.7 Capture Operating Mode
This mode is entered by clearing the WAVE parameter in TC_CMR (Channel Mode Register).

Capture Mode allows the TC channel to perform measurements such as pulse timing, fre-
quency, period, duty cycle and phase on TIOA and TIOB signals which are considered as
inputs.

Figure 34-5 shows the configuration of the TC channel when programmed in Capture Mode.

34.5.8 Capture Registers A and B
Registers A and B (RA and RB) are used as capture registers. This means that they can be
loaded with the counter value when a programmable event occurs on the signal TIOA.

The LDRA parameter in TC_CMR defines the TIOA edge for the loading of register A, and the
LDRB parameter defines the TIOA edge for the loading of Register B.

RA is loaded only if it has not been loaded since the last trigger or if RB has been loaded since
the last loading of RA.

RB is loaded only if RA has been loaded since the last trigger or the last loading of RB.

Loading RA or RB before the read of the last value loaded sets the Overrun Error Flag (LOVRS)
in TC_SR (Status Register). In this case, the old value is overwritten.

34.5.9 Trigger Conditions
In addition to the SYNC signal, the software trigger and the RC compare trigger, an external trig-
ger can be defined.

The ABETRG bit in TC_CMR selects TIOA or TIOB input signal as an external trigger. The
ETRGEDG parameter defines the edge (rising, falling or both) detected to generate an external
trigger. If ETRGEDG = 0 (none), the external trigger is disabled.

519 ATOTS /A NMO:2 6 ()

6221H-ATARM-12-Aug-08


R
Highlight
 Í±ş¬©ż®» Ě®·ąą»®ć 

R
Highlight
 Ý±ł°ż®» ÎÝ Ě®·ąą»®ć


AIMEL

I ©)

Figure 34-5. Capture Mode
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34.5.10 Waveform Operating Mode

34.5.11

521

Waveform operating mode is entered by setting the WAVE parameter in TC_CMR (Channel
Mode Register).

In Waveform Operating Mode the TC channel generates 1 or 2 PWM signals with the same fre-
quency and independently programmable duty cycles, or generates different types of one-shot
or repetitive pulses.

In this mode, TIOA is configured as an output and TIOB is defined as an output if it is not used
as an external event (EEVT parameter in TC_CMR).

Figure 34-6 shows the configuration of the TC channel when programmed in Waveform Operat-
ing Mode.

Waveform Selection

Depending on the WAVSEL parameter in TC_CMR (Channel Mode Register), the behavior of
TC_CV varies.

With any selection, RA, RB and RC can all be used as compare registers.

RA Compare is used to control the TIOA output, RB Compare is used to control the TIOB output
(if correctly configured) and RC Compare is used to control TIOA and/or TIOB outputs.
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Figure 34-6. Waveform Mode
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WAVSEL = 00
When WAVSEL = 00, the value of TC_CV is incremented from 0 to OXFFFF. Once OxFFFF has
been reached, the value of TC_CV is reset. Incrementation of TC_CV starts again and the cycle
continues. See Figure 34-7.

An external event trigger or a software trigger can reset the value of TC_CV. It is important to
note that the trigger may occur at any time. See Figure 34-8.

RC Compare cannot be programmed to generate a trigger in this configuration. At the same
time, RC Compare can stop the counter clock (CPCSTOP = 1 in TC_CMR) and/or disable the
counter clock (CPCDIS =1 in TC_CMR).

Figure 34-7. WAVSEL= 00 without trigger
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Figure 34-8. WAVSEL= 00 with trigger
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34.5.11.2  WAVSEL =10
When WAVSEL = 10, the value of TC_CV is incremented from 0 to the value of RC, then auto-
matically reset on a RC Compare. Once the value of TC_CV has been reset, it is then
incremented and so on. See Figure 34-9.

It is important to note that TC_CV can be reset at any time by an external event or a software
trigger if both are programmed correctly. See Figure 34-10.

In addition, RC Compare can stop the counter clock (CPCSTOP =1 in TC_CMR) and/or disable
the counter clock (CPCDIS = 1 in TC_CMR).

Figure 34-9. WAVSEL = 10 Without Trigger
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Figure 34-10. WAVSEL = 10 With Trigger
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34.5.11.3 WAVSEL =01

When WAVSEL = 01, the value of TC_CV is incremented from 0 to OXFFFF. Once OxFFFF is
reached, the value of TC_CV is decremented to 0, then re-incremented to OxFFFF and so on.
See Figure 34-11.

A trigger such as an external event or a software trigger can modify TC_CV at any time. If a trig-
ger occurs while TC_CV is incrementing, TC_CV then decrements. If a trigger is received while
TC_CV is decrementing, TC_CV then increments. See Figure 34-12.

RC Compare cannot be programmed to generate a trigger in this configuration.

At the same time, RC Compare can stop the counter clock (CPCSTOP = 1) and/or disable the
counter clock (CPCDIS = 1).
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Figure 34-11. WAVSEL = 01 Without Trigger
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Figure 34-12. WAVSEL = 01 With Trigger

Counter Value Counter decremented by compare match with OxFFFF

A
OXFFFF

Counter decremented

by trigger
Rol i NG f _______________

Counter incremented
by trigger

I
1 I
] 1

| : |
] 1 .

Waveform Examples : : Time
I 1
TIOB _ , ! N S

1 1
I 1

L[
\_'

TIOA

34.5.11.4  WAVSEL = 11
When WAVSEL = 11, the value of TC_CV is incremented from 0 to RC. Once RC is reached, the
value of TC_CV is decremented to 0, then re-incremented to RC and so on. See Figure 34-13.

A trigger such as an external event or a software trigger can modify TC_CV at any time. If a trig-
ger occurs while TC_CV is incrementing, TC_CV then decrements. If a trigger is received while
TC_CV is decrementing, TC_CV then increments. See Figure 34-14.

RC Compare can stop the counter clock (CPCSTOP = 1) and/or disable the counter clock (CPC-
DIS =1).
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Figure 34-13. WAVSEL = 11 Without Trigger
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Figure 34-14. WAVSEL = 11 With Trigger
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34.5.12 External Event/Trigger Conditions

An external event can be programmed to be detected on one of the clock sources (XCO, XC1,
XC2) or TIOB. The external event selected can then be used as a trigger.

The EEVT parameter in TC_CMR selects the external trigger. The EEVTEDG parameter defines
the trigger edge for each of the possible external triggers (rising, falling or both). If EEVTEDG is
cleared (none), no external event is defined.

If TIOB is defined as an external event signal (EEVT = 0), TIOB is no longer used as an output
and the compare register B is not used to generate waveforms and subsequently no IRQs. In
this case the TC channel can only generate a waveform on TIOA.

When an external event is defined, it can be used as a trigger by setting bit ENETRG in
TC_CMR.

As in Capture Mode, the SYNC signal and the software trigger are also available as triggers. RC
Compare can also be used as a trigger depending on the parameter WAVSEL.

34.5.13 Output Controller

528

The output controller defines the output level changes on TIOA and TIOB following an event.
TIOB control is used only if TIOB is defined as output (not as an external event).

The following events control TIOA and TIOB: software trigger, external event and RC compare.
RA compare controls TIOA and RB compare controls TIOB. Each of these events can be pro-
grammed to set, clear or toggle the output as defined in the corresponding parameter in
TC_CMR.
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34.6 Timer Counter (TC) User Interface

Table 34-4. Register Mapping

offset(!) Register Name Access Reset

0x00 + channel * 0x40 + 0x00 Channel Control Register TC_CCR Write-only -
0x00 + channel * 0x40 + 0x04 Channel Mode Register TC_CMR Read-write 0
0x00 + channel * 0x40 + 0x08 Reserved
0x00 + channel * 0x40 + 0x0C Reserved
0x00 + channel * 0x40 + 0x10 Counter Value TC_CV Read-only 0
0x00 + channel * 0x40 + 0x14 Register A TC_RA Read-write® 0
0x00 + channel * 0x40 + 0x18 Register B TC_RB Read-write® 0
0x00 + channel * 0x40 + 0x1C Register C TC_RC Read-write 0
0x00 + channel * 0x40 + 0x20 Status Register TC_SR Read-only 0
0x00 + channel * 0x40 + 0x24 Interrupt Enable Register TC_IER Write-only -
0x00 + channel * 0x40 + 0x28 Interrupt Disable Register TC_IDR Write-only -
0x00 + channel * 0x40 + 0x2C Interrupt Mask Register TC_IMR Read-only 0

0xCO0 Block Control Register TC_BCR Write-only -

0xC4 Block Mode Register TC_BMR Read-write 0

O0xFC Reserved - - -

Notes: 1. Channel index ranges from 0 to 2.

2. Read-only if WAVE =0
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34.6.1 TC Block Control Register
Register Name: TC_BCR

Access Type: Write-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 4 2 1 0

I - I - I - I - I - I - I - | sywc |

e SYNC: Synchro Command
0 = No effect.

1 = Asserts the SYNC signal which generates a software trigger simultaneously for each of the channels.
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34.6.2 TC Block Mode Register

Register Name: TC_BMR

Access Type: Read-write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

| — | - | TC2XC2S | TC1XC1S | TCOXCO0S |

e TCOXCOS: External Clock Signal 0 Selection

TCOXCo0S Signal Connected to XCO0
0 0 TCLKO
0 1 none
1 0 TIOA1
1 1 TIOA2

e TC1XC1S: External Clock Signal 1 Selection

TC1XC1S Signal Connected to XC1
0 0 TCLKA1
0 1 none
1 0 TIOAO
1 1 TIOA2

e TC2XC2S: External Clock Signal 2 Selection

TC2XC2Ss Signal Connected to XC2
0 0 TCLK2
0 1 none
1 0 TIOAO
1 1 TIOA1
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34.6.3 TC Channel Control Register
Register Name: TC_CCRx [x=0..2]

Access Type: Write-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

| _ [ — [ — [ - | - | swrra | cikbis |  clken |

e CLKEN: Counter Clock Enable Command
0 = No effect.

1 = Enables the clock if CLKDIS is not 1.

¢ CLKDIS: Counter Clock Disable Command
0 = No effect.

1 = Disables the clock.

e SWTRG: Software Trigger Command

0 = No effect.

1 = A software trigger is performed: the counter is reset and the clock is started.
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34.6.4 TC Channel Mode Register: Capture Mode
Register Name: TC_CMRXx [x=0..2] (WAVE = 0)

Access Type: Read-write
31 30 29 28 27 26 25 24

- [ - T - T - T - R S
23 22 21 20 19 18 17 16

| — | - | - | — | LDRB | LDRA |
15 14 13 12 11 10 9 8

[ wave | cpctRc | - | - | - [ ABETRG | ETRGEDG |
7 6 5 4 3 2 1 0

[ toBois | LpbBstop | BURST | CLKI | TCCLKS |

e TCCLKS: Clock Selection

TCCLKS Clock Selected
0 0 0 TIMER_CLOCK1
0 0 1 TIMER_CLOCK2
0 1 0 TIMER_CLOCKS3
0 1 1 TIMER_CLOCK4
1 0 0 TIMER_CLOCKS5
1 0 1 XCO0
1 1 0 XCA
1 1 1 XC2

¢ CLKI: Clock Invert
0 = Counter is incremented on rising edge of the clock.

1 = Counter is incremented on falling edge of the clock.

e BURST: Burst Signal Selection

BURST
0 0 The clock is not gated by an external signal.
0 1 XCO0 is ANDed with the selected clock.
1 0 XC1 is ANDed with the selected clock.
1 1 XC2 is ANDed with the selected clock.

e LDBSTOP: Counter Clock Stopped with RB Loading
0 = Counter clock is not stopped when RB loading occurs.

1 = Counter clock is stopped when RB loading occurs.
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e LDBDIS: Counter Clock Disable with RB Loading
0 = Counter clock is not disabled when RB loading occurs.

1 = Counter clock is disabled when RB loading occurs.

e ETRGEDG: External Trigger Edge Selection

ETRGEDG Edge
0 0 none
0 1 rising edge
1 0 falling edge
1 1 each edge

e ABETRG: TIOA or TIOB External Trigger Selection
0 =TIOB is used as an external trigger.

1 =TIOA is used as an external trigger.

e CPCTRG: RC Compare Trigger Enable

0 = RC Compare has no effect on the counter and its clock.

1 = RC Compare resets the counter and starts the counter clock.
¢ WAVE

0 = Capture Mode is enabled.

1 = Capture Mode is disabled (Waveform Mode is enabled).

¢ LDRA: RA Loading Selection

LDRA Edge
0 0 none
0 1 rising edge of TIOA
1 0 falling edge of TIOA
1 1 each edge of TIOA

e LDRB: RB Loading Selection

LDRB Edge
0 0 none
0 1 rising edge of TIOA
1 0 falling edge of TIOA
1 1 each edge of TIOA
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34.6.5 TC Channel Mode Register: Waveform Mode
Register Name: TC_CMRXx [x=0..2] (WAVE = 1)

Access Type: Read-write
31 30 29 28 27 26 25 24

| BSWTRG | BEEVT | BCPC | BCPB |
23 22 21 20 19 18 17 16

| ASWTRG | AEEVT | ACPC | ACPA |
15 14 13 12 11 10 9 8

[ wave | WAVSEL ENETRG | EEVT | EEVTEDG |
7 6 5 4 3 2 1 0

[ cpcois | cpcstop | BURST | CLKI TCCLKS |

e TCCLKS: Clock Selection

TCCLKS Clock Selected
0 0 0 TIMER_CLOCK1
0 0 1 TIMER_CLOCK2
0 1 0 TIMER_CLOCKS3
0 1 1 TIMER_CLOCK4
1 0 0 TIMER_CLOCKS5
1 0 1 XCo
1 1 0 XCA
1 1 1 XC2

¢ CLKI: Clock Invert
0 = Counter is incremented on rising edge of the clock.

1 = Counter is incremented on falling edge of the clock.

e BURST: Burst Signal Selection

BURST
0 0 The clock is not gated by an external signal.
0 1 XCO0 is ANDed with the selected clock.
1 0 XC1 is ANDed with the selected clock.
1 1 XC2 is ANDed with the selected clock.

e CPCSTOP: Counter Clock Stopped with RC Compare
0 = Counter clock is not stopped when counter reaches RC.

1 = Counter clock is stopped when counter reaches RC.
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e CPCDIS: Counter Clock Disable with RC Compare
0 = Counter clock is not disabled when counter reaches RC.

1 = Counter clock is disabled when counter reaches RC.

e EEVTEDG: External Event Edge Selection

EEVTEDG Edge
0 0 none
0 1 rising edge
1 0 falling edge
1 1 each edge

e EEVT: External Event Selection

EEVT Signal selected as external event | TIOB Direction
0 0 TIOB input ("
0 1 XCo output
1 0 XC1 output
1 1 XC2 output

Note: 1. If TIOB is chosen as the external event signal, it is configured as an input and no longer generates waveforms and subse-
quently no IRQs.

* ENETRG: External Event Trigger Enable
0 = The external event has no effect on the counter and its clock. In this case, the selected external event only controls the
TIOA output.

1 = The external event resets the counter and starts the counter clock.

e WAVSEL: Waveform Selection

WAVSEL Effect
0 0 UP mode without automatic trigger on RC Compare
1 0 UP mode with automatic trigger on RC Compare
0 1 UPDOWN mode without automatic trigger on RC Compare
1 1 UPDOWN mode with automatic trigger on RC Compare
e WAVE

0 = Waveform Mode is disabled (Capture Mode is enabled).

1 = Waveform Mode is enabled.
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ATMEL

e ACPA: RA Compare Effect on TIOA

ACPA Effect
0 none
0 set
1 clear
1 toggle

¢ ACPC: RC Compare Effect on TIOA

ACPC Effect
0 none
0 set
1 clear
1 toggle

e AEEVT: External Event Effect on TIOA

AEEVT Effect
0 none
0 set
1 clear
1 toggle

e ASWTRG: Software Trigger Effect on TIOA

ASWTRG Effect
0 none
0 set
1 clear
1 toggle

e BCPB: RB Compare Effect on TIOB

BCPB Effect
0 none
0 set
1 clear
1 toggle

537 ATOTS /A NMO:2 6 ()

6221H-ATARM-12-Aug-08



ATMEL

e BCPC: RC Compare Effect on TIOB

BCPC

Effect

none

set

clear

toggle

e BEEVT: External Event Effect on TIOB

BEEVT

Effect

none

set

clear

toggle

¢ BSWTRG: Software Trigger Effect on TIOB

BSWTRG

Effect

none

set

clear

toggle
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34.6.6 TC Counter Value Register
Register Name: TC_CVx [x=0..2]

Access Type: Read-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I cv |
7 6 5 4 3 2 1 0

I cv |

¢ CV: Counter Value
CV contains the counter value in real time.
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34.6.7 TC Register A
Register Name: TC_RAXx [x=0..2]

Access Type: Read-only if WAVE = 0, Read-write if WAVE = 1
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I RA |
7 6 5 4 3 2 1 0

I RA |

* RA: Register A
RA contains the Register A value in real time.
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34.6.8 TC Register B

Register Name: TC_RBx [x=0..2]

Access Type: Read-only if WAVE = 0, Read-write if WAVE = 1
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I RB |
7 6 5 4 3 2 1 0

I RB |

* RB: Register B

RB contains the Register B value in real time.

34.6.9 TC Register C

Register Name: TC_RCx [x=0..2]

Access Type: Read-write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I RC |
7 6 5 4 3 2 1 0

I RC |

¢ RC: Register C
RC contains the Register C value in real time.
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34.6.10 TC Status Register
Register Name: TC_SRx [x=0..2]

Access Type: Read-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

| — | - | - [ - | - [ wmmoB [  wmmoa [ ciksta |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

[ ERes | 1brBs | 1brAas | CPCS | CPBS [ CPAS | towrs [ covrs |

e COVFS: Counter Overflow Status
0 = No counter overflow has occurred since the last read of the Status Register.

1 = A counter overflow has occurred since the last read of the Status Register.

¢ LOVRS: Load Overrun Status

0 = Load overrun has not occurred since the last read of the Status Register or WAVE = 1.

1 = RA or RB have been loaded at least twice without any read of the corresponding register since the last read of the Sta-
tus Register, if WAVE = 0.

¢ CPAS: RA Compare Status

0 = RA Compare has not occurred since the last read of the Status Register or WAVE = 0.

1 = RA Compare has occurred since the last read of the Status Register, if WAVE = 1.

CPBS: RB Compare Status
0 = RB Compare has not occurred since the last read of the Status Register or WAVE = 0.

1 = RB Compare has occurred since the last read of the Status Register, if WAVE = 1.

CPCS: RC Compare Status
0 = RC Compare has not occurred since the last read of the Status Register.

1 = RC Compare has occurred since the last read of the Status Register.

LDRAS: RA Loading Status
0 = RA Load has not occurred since the last read of the Status Register or WAVE = 1.

1 = RA Load has occurred since the last read of the Status Register, if WAVE = 0.

LDRBS: RB Loading Status
0 = RB Load has not occurred since the last read of the Status Register or WAVE = 1.

1 = RB Load has occurred since the last read of the Status Register, if WAVE = 0.

ETRGS: External Trigger Status
0 = External trigger has not occurred since the last read of the Status Register.

1 = External trigger has occurred since the last read of the Status Register.
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ATMEL

e CLKSTA: Clock Enabling Status
0 = Clock is disabled.

1 = Clock is enabled.

e MTIOA: TIOA Mirror
0 =TIOA is low. If WAVE = 0, this means that TIOA pin is low. If WAVE = 1, this means that TIOA is driven low.

1 =TIOA is high. If WAVE = 0, this means that TIOA pin is high. If WAVE = 1, this means that TIOA is driven high.
e MTIOB: TIOB Mirror

0 =TIOB is low. If WAVE = 0, this means that TIOB pin is low. If WAVE = 1, this means that TIOB is driven low.

1 =TIOB is high. If WAVE = 0, this means that TIOB pin is high. If WAVE = 1, this means that TIOB is driven high.
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34.6.11 TC Interrupt Enable Register
Register Name: TC_IERXx [x=0..2]

Access Type: Write-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

[ Emes | 1brBs | Lbras | CPCS | CPBS | CPAS | towrs | covrs |

COVFS: Counter Overflow
0 = No effect.

1 = Enables the Counter Overflow Interrupt.

LOVRS: Load Overrun
0 = No effect.

1 = Enables the Load Overrun Interrupt.

CPAS: RA Compare
0 = No effect.

1 = Enables the RA Compare Interrupt.
e CPBS: RB Compare

0 = No effect.

1 = Enables the RB Compare Interrupt.

CPCS: RC Compare
0 = No effect.

1 = Enables the RC Compare Interrupt.

LDRAS: RA Loading
0 = No effect.

1 = Enables the RA Load Interrupt.

LDRBS: RB Loading
0 = No effect.

1 = Enables the RB Load Interrupt.

ETRGS: External Trigger
0 = No effect.

1 = Enables the External Trigger Interrupt.
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34.6.12 TC Interrupt Disable Register
Register Name: TC_IDRx [x=0..2]

Access Type: Write-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

[ Emmes | 1brBs | Lbras | CPCS | CPBS | CPAS | towrs | covrs |

COVFS: Counter Overflow
0 = No effect.

1 = Disables the Counter Overflow Interrupt.

LOVRS: Load Overrun
0 = No effect.

1 = Disables the Load Overrun Interrupt (if WAVE = 0).

CPAS: RA Compare
0 = No effect.

1 = Disables the RA Compare Interrupt (if WAVE = 1).
e CPBS: RB Compare

0 = No effect.

1 = Disables the RB Compare Interrupt (if WAVE = 1).

CPCS: RC Compare
0 = No effect.

1 = Disables the RC Compare Interrupt.

LDRAS: RA Loading
0 = No effect.

1 = Disables the RA Load Interrupt (if WAVE = 0).

LDRBS: RB Loading
0 = No effect.

1 = Disables the RB Load Interrupt (if WAVE = 0).

ETRGS: External Trigger
0 = No effect.

1 = Disables the External Trigger Interrupt.

545  ATOTS /A NMO2 6 () o —



34.6.13 TC Interrupt Mask Register
Register Name: TC_IMRXx [x=0..2]

Access Type: Read-only
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

[ Emes | 1brBs | Lbras | CPCS | CPBS | CPAS | towrs | covrs |

COVFS: Counter Overflow
0 = The Counter Overflow Interrupt is disabled.

1 = The Counter Overflow Interrupt is enabled.

LOVRS: Load Overrun
0 = The Load Overrun Interrupt is disabled.

1 = The Load Overrun Interrupt is enabled.

CPAS: RA Compare
0 = The RA Compare Interrupt is disabled.

1 = The RA Compare Interrupt is enabled.
e CPBS: RB Compare

0 = The RB Compare Interrupt is disabled.
1 = The RB Compare Interrupt is enabled.

CPCS: RC Compare
0 = The RC Compare Interrupt is disabled.

1 = The RC Compare Interrupt is enabled.

LDRAS: RA Loading
0 = The Load RA Interrupt is disabled.

1 = The Load RA Interrupt is enabled.

LDRBS: RB Loading
0 = The Load RB Interrupt is disabled.

1 = The Load RB Interrupt is enabled.

ETRGS: External Trigger
0 = The External Trigger Interrupt is disabled.

1 = The External Trigger Interrupt is enabled.
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