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8.2

8.2.1
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Moving Interrupts Between Application and Boot Space

The General Interrupt Control Register controls the placement of the Interrupt Vector table.

MCU Control Register - MCUCR

Bit 7 6 5 4 3 2 1 0

| o | - - PUD - - IVSEL IVCE | MCUCR
Read/Write R/W R R R/W R R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

- Bit 1 - IVSEL: Interrupt Vector Select

When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the Flash
memory. When this bit is set (one), the Interrupt Vectors are moved to the beginning of the Boot
Loader section of the Flash. The actual address of the start of the Boot Flash Section is deter-
mined by the BOOTSZ Fuses. Refer to the section “Boot Loader Support — Read-While-Write
Self-Programming” on page 320 for details. To avoid unintentional changes of Interrupt Vector
tables, a special write procedure must be followed to change the IVSEL bit:

1.  Write the Interrupt Vector Change Enable (IVCE) bit to one.
2. Within four cycles, write the desired value to IVSEL while writing a zero to IVCE.

Interrupts will automatically be disabled while this sequence is executed. Interrupts are disabled
in the cycle IVCE is set, and they remain disabled until after the instruction following the write to
IVSEL. If IVSEL is not written, interrupts remain disabled for four cycles. The I-bit in the Status
Register is unaffected by the automatic disabling.

Note:  If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLB02 is pro-
grammed, interrupts are disabled while executing from the Application section. If Interrupt Vectors
are placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are dis-
abled while executing from the Boot Loader section. Refer to the section “Boot Loader Support —
Read-While-Write Self-Programming” on page 320 for details on Boot Lock bits.

AT90CAN32/64/128 me——
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- Bit 4 — PUD: Pull-up Disable

When this bit is written to one, the pull-ups in the 1/O ports are disabled even if the DDxn and
PORTxn Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01). See “Con-
figuring the Pin” for more details about this feature.

9.3.2 Alternate Functions of Port A

The Port A has an alternate function as the address low byte and data lines for the External
Memory Interface.

The Port A pins with alternate functions are shown in Table 9-3.

Table 9-3. Port A Pins Alternate Functions

Port Pin Alternate Function
PA7 AD7 (External memory interface address and data bit 7)
PA6 ADG6 (External memory interface address and data bit 6)
PA5 AD5 (External memory interface address and data bit 5)
PA4 AD4 (External memory interface address and data bit 4)
PA3 ADS (External memory interface address and data bit 3)
PA2 AD2 (External memory interface address and data bit 2)
PA1 AD1 (External memory interface address and data bit 1)
PAO ADO (External memory interface address and data bit 0)

The alternate pin configuration is as follows:

« AD7 -Port A, Bit7
AD7, External memory interface address 7 and Data 7.

- AD6 - Port A, Bit 6
ADG6, External memory interface address 6 and Data 6.

- AD5-Port A, Bit5
AD5, External memory interface address 5 and Data 5.

- AD4 - Port A, Bit 4
AD4, External memory interface address 4 and Data 4.

« AD3 -Port A, Bit3
ADS3, External memory interface address 3 and Data 3.

« AD2 - Port A, Bit 2
AD2, External memory interface address 2 and Data 2.

- AD1-Port A, Bit 1
AD1, External memory interface address 1 and Data 1.

« ADO - Port A, Bit0
ADO, External memory interface address 0 and Data 0.
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9.4.10 Port D Data Register - PORTD

Bit 7 6 5 4 3 2 1 0

[FORTOY | FORTDG | PORTDS | PORTDA | PORTDS | FORTDZ | FORTD1 | FORTDO] PORTD
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

9.4.11 Port D Data Direction Register — DDRD

Bit 7 6 5 4 3 2 1 0

| pobo7 | ppDe | DDDs DDD4 DDD3 DDD2 DDD1 DDD0 | DDRD
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

9.4.12 Port D Input Pins Address — PIND

Bit 7 6 5 4 3 2 1 0

| PiND7 | PIND6 | PIND5 | PIND4 | PIND3 | PIND2 | PIND1 | PINDO | PIND
Read/Write RW RIW RIW RW RW RW RW RIW
Initial Value N/A N/A N/A N/A N/A N/A N/A N/A

9.4.13 Port E Data Register - PORTE

Bit 7 6 5 4 3 2 1 0

PORTE7 | PORTE6 | PORTE5 | PORTE4 | PORTE3 | PORTE2 | PORTE1 | PORTEO | PORTE
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

9.4.14 Port E Data Direction Register - DDRE

Bit 7 6 5 4 3 2 1 0

| poE7 | DDE6 | DDEs DDE4 DDE3 DDE2 DDE1 DDE0O | DDRE
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

9.4.15 Port E Input Pins Address — PINE

Bit 7 6 5 4 3 2 1 0

| PINE7 | PINE6 | PINE5S | PINE4 | PINE3 | PINE2 | PINE1 | PINEO | PINE
Read/Write RW RIW RIW RW RW RW RW RIW
Initial Value N/A N/A N/A N/A N/A N/A N/A N/A

9.4.16 Port F Data Register - PORTF

Bit 7 6 5 4 3 2 1 0

PORTF7 | PORTF6 | PORTF5 | PORTF4 | PORTF3 | PORTF2 | PORTF1 | PORTFO | PORTF
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

9.4.17 Port F Data Direction Register — DDRF

Bit 7 6 5 4 3 2 1 0

| poF7 | DDFeé | DDF5 DDF4 DDF3 DDF2 DDF1 DDF0 | DDRF
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

ATMEL o
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12.9.4

12.9.5
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Output Compare Register A — OCROA

Bit 7 6 5 4 3 2 1 0
| OCROA[7:0] ] ocro

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

Initial Value 0 0 0 0 0 0 0 0

The Output Compare Register A contains an 8-bit value that is continuously compared with the
counter value (TCNTO). A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the OCOA pin.

Timer/Counter0 Interrupt Mask Register — TIMSKO

Bit 7 6 5 4 3 2 1 0
I - | - 1T - 1 - OCIEOA | TOIEQ | TIMSKO

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

Initial Value 0 0 0 0 0 0 0 0

« Bit 7..2 — Reserved Bits
These are reserved bits for future use.

- Bit 1 — OCIEOA: Timer/Counter0 Output Compare Match A Interrupt Enable

When the OCIEOA bit is written to one, and the I-bit in the Status Register is set (one), the
Timer/Counter0 Compare Match A interrupt is enabled. The corresponding interrupt is executed
if a compare match in Timer/Counter0 occurs, i.e., when the OCFOA bit is set in the
Timer/Counter 0 Interrupt Flag Register — TIFRO.

- Bit 0 — TOIEO: Timer/Counter0 Overflow Interrupt Enable

When the TOIEO bit is written to one, and the I-bit in the Status Register is set (one), the
Timer/Counter0 Overflow interrupt is enabled. The corresponding interrupt is executed if an
overflow in Timer/Counter0 occurs, i.e., when the TOVO bit is set in the Timer/Counter 0 Inter-
rupt Flag Register — TIFRO.

Timer/Counter0 Interrupt Flag Register — TIFRO

Bit 7 6 5 4 3 2 1 0
I - | - | | - - OCFOA | TOVO | TIFRO

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

Initial Value 0 0 0 0 0 0 0 0

- Bit 1 — OCFOA: Output Compare Flag 0 A

The OCFOA bit is set (one) when a compare match occurs between the Timer/Counter0 and the
data in OCROA — Output Compare Register0. OCFOA is cleared by hardware when executing
the corresponding interrupt handling vector. Alternatively, OCFOA is cleared by writing a logic
one to the flag. When the I-bit in SREG, OCIEOA (Timer/Counter0 Compare match Interrupt
Enable), and OCFOA are set (one), the Timer/Counter0 Compare match Interrupt is executed.

« Bit 0 — TOVO: Timer/Counter0 Overflow Flag

The bit TOVO is set (one) when an overflow occurs in Timer/Counter0. TOVO is cleared by hard-
ware when executing the corresponding interrupt handling vector. Alternatively, TOVO is cleared
by writing a logic one to the flag. When the SREG I-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 set when Timer/Counter0 changes counting direction at
0x00.

AT90CAN32/64/128 me——
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The Timer/Counter Overflow Flag (TOVn) is set according to the mode of operation selected by
the WGMn3:0 bits. TOVn can be used for generating a CPU interrupt.

13.6 Input Capture Unit
The Timer/Counter incorporates an Input Capture unit that can capture external events and give
them a time-stamp indicating time of occurrence. The external signal indicating an event, or mul-
tiple events, can be applied via the ICPn pin or alternatively, via the analog-comparator unit. The
time-stamps can then be used to calculate frequency, duty-cycle, and other features of the sig-
nal applied. Alternatively the time-stamps can be used for creating a log of the events.

The Input Capture unit is illustrated by the block diagram shown in Figure 13-3. The elements of
the block diagram that are not directly a part of the Input Capture unit are gray shaded.

Figure 13-3. Input Capture Unit Block Diagram

DATA BUS (8-bi
- T LR -

TEMP (8-bit)

v

ICRnH (8-bit) I ICRnL (8-bit) | | TCNTnH (Sfblt)l TCNTnL (8-bit)

| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
>

TE |

ICNC3 ICES3
Noise Edge
1CP3 > > J B ICF3 (Int.Re
Canceler Detector
ACIC* ICNC1 ICES1
ICP1 - ¢ ¢
Noise Edge .
ICF1l (Int.R
Canceler o Detector o (In <

ACO*

Analog
Comparator

Note:  The Analog Comparator Output (ACO) can only trigger the Timer/Counter1 IC Unit— not
Timer/Counter3.

When a change of the logic level (an event) occurs on the Input Capture pin (ICPn), alternatively
on the Analog Comparator output (ACO), and this change confirms to the setting of the edge
detector, a capture will be triggered. When a capture is triggered, the 16-bit value of the counter
(TCNTR) is written to the Input Capture Register (ICRn). The Input Capture Flag (ICFn) is set at
the same system clock as the TCNTn value is copied into ICRn Register. If enabled (ICIEn = 1),
the Input Capture Flag generates an Input Capture interrupt. The ICFn flag is automatically
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13.9.1 Normal Mode

while the Waveform Generation mode bits do. The COMnx1:0 bits control whether the PWM out-
put generated should be inverted or not (inverted or non-inverted PWM). For non-PWM modes
the COMnx1:0 bits control whether the output should be set, cleared or toggle at a compare
match (See “Compare Match Output Unit” on page 125.)

For detailed timing information refer to “Timer/Counter Timing Diagrams” on page 134.

The simplest mode of operation is the Normal mode (WGMn3:0 = 0). In this mode the counting
direction is always up (incrementing), and no counter clear is performed. The counter simply
overruns when it passes its maximum 16-bit value (MAX = OxFFFF) and then restarts from the
BOTTOM (0x0000). In normal operation the Timer/Counter Overflow Flag (TOVn) will be set in
the same timer clock cycle as the TCNTn becomes zero. The TOVn flag in this case behaves
like a 17th bit, except that it is only set, not cleared. However, combined with the timer overflow
interrupt that automatically clears the TOVn flag, the timer resolution can be increased by soft-
ware. There are no special cases to consider in the Normal mode, a new counter value can be
written anytime.

The Input Capture unit is easy to use in Normal mode. However, observe that the maximum
interval between the external events must not exceed the resolution of the counter. If the interval
between events are too long, the timer overflow interrupt or the prescaler must be used to
extend the resolution for the capture unit.

The Output Compare units can be used to generate interrupts at some given time. Using the
Output Compare to generate waveforms in Normal mode is not recommended, since this will
occupy too much of the CPU time.

13.9.2 Clear Timer on Compare Match (CTC) Mode

7682C—-AUTO-04/08

In Clear Timer on Compare or CTC mode (WGMn3:0 = 4 or 12), the OCRnA or ICRn Register
are used to manipulate the counter resolution. In CTC mode the counter is cleared to zero when
the counter value (TCNTn) matches either the OCRnA (WGMn3:0 = 4) or the ICRn (WGMn3:0 =
12). The OCRnNA or ICRn define the top value for the counter, hence also its resolution. This
mode allows greater control of the compare match output frequency. It also simplifies the opera-
tion of counting external events.

The timing diagram for the CTC mode is shown in Figure 13-6. The counter value (TCNTn)
increases until a compare match occurs with either OCRnA or ICRn, and then counter (TCNTn)
is cleared.

Figure 13-6. CTC Mode, Timing Diagram

- 1V

OCnA Interrupt Flag
or ICFn Interrupt FJ
(Interrupt on TOP)

P

(COMnAl:0 = 1)
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- Bit 7:6 — COMnA1:0: Compare Output Mode for Channel A
- Bit 5:4 - COMnB1:0: Compare Output Mode for Channel B

- Bit 3:2 - COMnC1:0: Compare Output Mode for Channel C

The COMnA1:0, COMnB1:0 and COMNnC1:0 control the Output Compare pins (OCnA, OCnB
and OCnC respectively) behavior. If one or both of the COMnA1:0 bits are written to one, the
OCnA output overrides the normal port functionality of the 1/O pin it is connected to. If one or
both of the COMnB1:0 bit are written to one, the OCnB output overrides the normal port func-
tionality of the I/O pin it is connected to. If one or both of the COMNnC1:0 bit are written to one,
the OCnC output overrides the normal port functionality of the 1/0 pin it is connected to. How-
ever, note that the Data Direction Register (DDR) bit corresponding to the OCnA, OCnB or
OCnC pin must be set in order to enable the output driver.

When the OCnA, OCnB or OCnC is connected to the pin, the function of the COMnx1:0 bits is
dependent of the WGMn3:0 bits setting. Table 13-1 shows the COMnx1:0 bit functionality when
the WGMn3:0 bits are set to a Normal or a CTC mode (non-PWM).

Table 13-1. Compare Output Mode, non-PWM

COMnA1/COMnB1/ COMnA0/COMNBO/ Describtion
COMNC1 COMNCO P

0 0 Normal port operation, OCnA/OCnB/OCnC
disconnected.

0 1 Toggle OCnA/OCnB/OCNnC on Compare Match.

1 0 Clear OCnA/OCnB/OCNnC on Compare Match (Set
output to low level).

1 1 Set OCnA/OCnB/OCnC on Compare Match (Set
output to high level).

Table 13-2 shows the COMnx1:0 bit functionality when the WGMn3:0 bits are set to the fast

PWM mode.
Table 13-2.  Compare Output Mode, Fast PWM (!
COMnA1/COMnB1/ | COMnAO/COMnBO/ Describtion
COMNC1 COMNCO P
0 0 Normal port operation, OCnA/OCnB/OCnC
disconnected.
WGMn3=0: Normal port operation,
0 1 OCnA/OCnB/OCnC disconnected.
WGMn3=1: Toggle OCnA on Compare Match,
OCnB/OCnC reserved.
1 0 Clear OCnA/OCnB/OCnC on Compare Match
Set OCnA/OCnB/OCnC at TOP
1 1 Set OCnA/OCnB/OCNnC on Compare Match
Clear OCnA/OCnB/OCnC at TOP

Note: 1. A special case occurs when OCRnA/OCRNnB/OCRNC equals TOP and
COMnA1/COMNnB1/COMNCH1 is set. In this case the compare match is ignored, but the set or
clear is done at TOP. See “Fast PWM Mode” on page 128. for more details.

AT90CAN32/64/128 me——
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Table 13-3 shows the COMnx1:0 bit functionality when the WGMn3:0 bits are set to the phase
correct or the phase and frequency correct, PWM mode.

Table 13-3.
PWM™

Compare Output Mode, Phase Correct and Phase and Frequency Correct

COMnA1/COMnB1/
COMnC1

COMnA0/COMNBO/
COMnNCO

Description

0

0

Normal port operation, OCnA/OCnB/OCnC

7682C—-AUTO-04/08

disconnected.

WGMn3=0: Normal port operation,
OCnA/OCnB/OCnC disconnected.

WGMn3=1: Toggle OCnA on Compare Match,
OCnB/OCnC reserved.

Clear OCnA/OCnB/OCnC on Compare Match when
up-counting.

Set OCnA/OCnB/OCnC on Compare Match when
downcounting.

Set OCnA/OCnB/OCnC on Compare Match when up-
counting.

Clear OCnA/OCnB/OCnC on Compare Match when
downcounting.

Note: 1. A special case occurs when OCnA/OCnB/OCnC equals TOP and

COMnA1/COMNnB1/COMNCI1 is set. See “Phase Correct PWM Mode” on page 130. for more
details.

- Bit 1:0 - WGMn1:0: Waveform Generation Mode

Combined with the WGMn3:2 bits found in the TCCRnB Register, these bits control the counting
sequence of the counter, the source for maximum (TOP) counter value, and what type of wave-
form generation to be used, see Table 13-4. Modes of operation supported by the Timer/Counter
unit are: Normal mode (counter), Clear Timer on Compare match (CTC) mode, and three types
of Pulse Width Modulation (PWM) modes. (See “Modes of Operation” on page 126.).
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This bit selects which edge on the Input Capture pin (ICPn) that is used to trigger a capture
event. When the ICESn bit is written to zero, a falling (negative) edge is used as trigger, and
when the ICESn bit is written to one, a rising (positive) edge will trigger the capture.

When a capture is triggered according to the ICESn setting, the counter value is copied into the
Input Capture Register (ICRn). The event will also set the Input Capture Flag (ICFn), and this
can be used to cause an Input Capture Interrupt, if this interrupt is enabled.

When the ICRn is used as TOP value (see description of the WGMn3:0 bits located in the
TCCRnNA and the TCCRnB Register), the ICPn is disconnected and consequently the Input Cap-
ture function is disabled.

+ Bit 5 — Reserved Bit
This bit is reserved for future use. For ensuring compatibility with future devices, this bit must be
written to zero when TCCRnB is written.

- Bit 4:3 - WGMn3:2: Waveform Generation Mode
See TCCRnA Register description.

- Bit 2:0 - CSn2:0: Clock Select
The three Clock Select bits select the clock source to be used by the Timer/Counter, see Figure
13-10 and Figure 13-11.

Table 13-5. Clock Select Bit Description

CSn2 CSn1 CSn0 | Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk,o/1 (No prescaling)
0 1 0 clk,o/8 (From prescaler)
0 1 1 clk,o/64 (From prescaler)
1 0 0 clk,o/256 (From prescaler)
1 0 1 clk,o/1024 (From prescaler)
1 1 0 External clock source on Tn pin. Clock on falling edge.
1 1 1 External clock source on Tn pin. Clock on rising edge.

If external pin modes are used for the Timer/Countern, transitions on the Tn pin will clock the
counter even if the pin is configured as an output. This feature allows software control of the
counting.

13.11.5 Timer/Counteri Control Register C— TCCR1C

7682C—-AUTO-04/08

Bit 7 6 5 4 3 2 1 0
| FociA | FociB | FOCIC | - - ] Tceric

Read/Write R/W R/W RIW

Initial Value 0 0 0 0 0 0 0 0

AIMEL 19



units use a state machine that uses 2, 8 or 16 states depending on mode set by the state of the
UMSELnN, U2Xn and DDR_XCKn bits.

Table 17-1 contains equations for calculating the baud rate (in bits per second) and for calculat-
ing the UBRRn value for each mode of operation using an internally generated clock source.

Table 17-1.  Equations for Calculating Baud Rate Register Setting
Equation for Calculating Baud Equation for Calculating
Operating Mode Rate (") UBRRn Value
Asynchronous Normal mode ferkio ferki
BAUD = —/—F—— _ CLKio
(U2Xn = 0) 16(UBRRn+1) UBRRn = 16520D ~
Asynchronous Double Speed _ ferkio _ ferkio
mode (U2Xn = 1) BAUD = gUBRRn+ 1) UBRRn = epaup |
Terki Terki
Synchronous Master mode BAUD = WR:-FU UBRRn = 5BA [}UD -

Note: 1. The baud rate is defined to be the transfer rate in bit per second (bps)
BAUD Baud rate (in bits per second, bps).
fclk,, System I/O Clock frequency.
UBRRn Contents of the UBRRnH and UBRRnL Registers, (0-4095).

Some examples of UBRRn values for some system clock frequencies are found in Table 17-9
(see page 199).
17.4.2 Double Speed Operation (U2X)
The transfer rate can be doubled by setting the U2Xn bit in UCSRnA. Setting this bit only has
effect for the asynchronous operation. Set this bit to zero when using synchronous operation.

Setting this bit will reduce the divisor of the baud rate divider from 16 to 8, effectively doubling
the transfer rate for asynchronous communication. Note however that the Receiver will in this
case only use half the number of samples (reduced from 16 to 8) for data sampling and clock
recovery, and therefore a more accurate baud rate setting and system clock are required when
this mode is used. For the Transmitter, there are no downsides.

External Clock
External clocking is used by the synchronous slave modes of operation. The description in this
section refers to Figure 17-2 for details.

17.4.3

External clock input from the XCKn pin is sampled by a synchronization register to minimize the
chance of meta-stability. The output from the synchronization register must then pass through
an edge detector before it can be used by the Transmitter and Receiver. This process intro-
duces a two CPU clock period delay and therefore the maximum external XCKn clock frequency
is limited by the following equation:

fCLKio
Sxckn< 4

A IIIEI% 179
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19.2.3.8

19.2.3.9

19.2.3.10

19.2.3.11

19.2.3.12

19.2.4

The IPT begins at the sample point, is measured in TQ and is fixed at 2TQ for the Atmel CAN.
Since Phase Segment 2 also begins at the sample point and is the last segment in the bit time,
PS2 minimum shall not be less than the IPT.

Bit Lengthening

As a result of resynchronization, Phase Segment 1 may be lengthened or Phase Segment 2
may be shortened to compensate for oscillator tolerances. If, for example, the transmitter oscilla-
tor is slower than the receiver oscillator, the next falling edge used for resynchronization may be
delayed. So Phase Segment 1 is lengthened in order to adjust the sample point and the end of
the bit time.

Bit Shortening

If, on the other hand, the transmitter oscillator is faster than the receiver one, the next falling
edge used for resynchronization may be too early. So Phase Segment 2 in bit N is shortened in
order to adjust the sample point for bit N+1 and the end of the bit time

Synchronization Jump Width

The limit to the amount of lengthening or shortening of the Phase Segments is set by the Resyn-
chronization Jump Width.

This segment may not be longer than Phase Segment 2.

Programming the Sample Point

Programming of the sample point allows "tuning” of the characteristics to suit the bus.

Early sampling allows more Time Quanta in the Phase Segment 2 so the Synchronization Jump
Width can be programmed to its maximum. This maximum capacity to shorten or lengthen the
bit time decreases the sensitivity to node oscillator tolerances, so that lower cost oscillators such
as ceramic resonators may be used.

Late sampling allows more Time Quanta in the Propagation Time Segment which allows a
poorer bus topology and maximum bus length.

Synchronization

Arbitration

7682C—-AUTO-04/08

Hard synchronization occurs on the recessive-to-dominant transition of the start bit. The bit time
is restarted from that edge.

Re-synchronization occurs when a recessive-to-dominant edge doesn't occur within the Syn-
chronization Segment in a message.

The CAN protocol handles bus accesses according to the concept called “Carrier Sense Multiple
Access with Arbitration on Message Priority”.

During transmission, arbitration on the CAN bus can be lost to a competing device with a higher
priority CAN ldentifier. This arbitration concept avoids collisions of messages whose transmis-
sion was started by more than one node simultaneously and makes sure the most important
message is sent first without time loss.

The bus access conflict is resolved during the arbitration field mostly over the identifier value. If a
data frame and a remote frame with the same identifier are initiated at the same time, the data
frame prevails over the remote frame (c.f. RTR bit).
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- Bit 1 — FERR: Form Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine
on the whole CANSTMOB register.

The form error results from one or more violations of the fixed form in the following bit fields:

* CRC delimiter.
» Acknowledgment delimiter.
* EOF

- Bit 0 — AERR: Acknowledgment Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine
on the whole CANSTMOB register.

No detection of the dominant bit in the acknowledge slot.

19.11.2 CAN MOb Control and DLC Register - CANCDMOB

Bit 7 6 5 4 3 2 1 0
J CONMOB1 | CONMOBO | RPLV | IDE DLC3 | DLC2 | DLC1 | DLCO |CANCDMOB
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value

- Bit 7:6 — CONMOB1:0: Configuration of Message Object
These bits set the communication to be performed (no initial value after RESET).
— 00 - disable.
— 01 - enable transmission.
— 10 - enable reception.
— 11 - enable frame buffer reception
These bits are not cleared once the communication is performed. The user must re-write the
configuration to enable a new communication.
* This operation is necessary to be able to reset the BXOK flag.
» This operation also set the corresponding bit in the CANEN registers.

« Bit 5 - RPLV: Reply Valid

Used in the automatic reply mode after receiving a remote frame.
— 0 - reply not ready.
— 1 - reply ready and valid.

- Bit 4 — IDE: Identifier Extension

IDE bit of the remote or data frame to send.
This bit is updated with the corresponding value of the remote or data frame received.

— 0 - CAN standard rev 2.0 A (identifiers length = 11 bits).
— 1 - CAN standard rev 2.0 B (identifiers length = 29 bits).

- Bit 3:0 — DLC3:0: Data Length Code
Number of Bytes in the data field of the message.

A mElg 261
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- Bits 1, 0 — ACIS1, ACIS0: Analog Comparator Interrupt Mode Select
These bits determine which comparator events that trigger the Analog Comparator interrupt. The
different settings are shown in Table 20-1.

Table 20-1. ACIS1/ACISO Settings

ACIS1 ACISO Interrupt Mode
0 0 Comparator Interrupt on Output Toggle.
0 1 Reserved
1 0 Comparator Interrupt on Falling Output Edge.
1 1 Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACISO0 bits, the Analog Comparator Interrupt must be disabled by
clearing its Interrupt Enable bit in the ACSR Register. Otherwise an interrupt can occur when the
bits are changed.

20.3 Analog Comparator Multiplexed Input

270

It is possible to select any of the ADC?7..0 pins to replace the negative input to the Analog Com-
parator. The ADC multiplexer is used to select this input, and consequently, the ADC must be
switched off to utilize this feature. If the Analog Comparator Multiplexer Enable bit (ACME in
ADCSRB) is set and the ADC is switched off (ADEN in ADCSRA is zero), MUX2..0 in ADMUX
select the input pin to replace the negative input to the Analog Comparator, as shown in Table
20-2. If ACME is cleared or ADEN is set, AIN1 is applied to the negative input to the Analog
Comparator.

Table 20-2. Analog Comparator Multiplexed Input

ACME ADEN MUX2..0 Analog Comparator Negative Input

0 X XXX AIN1

1 1 XXX AIN1

1 0 000 ADCO
1 0 001 ADCA1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7

AT90CAN32/64/128 me——



Figure 21-1. Analog to Digital Converter Block Schematic
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The ADC converts an analog input voltage to a 10-bit digital value through successive approxi-
mation. The minimum value represents GND and the maximum value represents the voltage on
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21.8 ADC Register Description

21.8.1

286

ADC Multiplexer Selection Register - ADMUX

Bit 7 6 5 4 3 2 1 0
| REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUxo | ADmux

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

Initial Value 0 0 0 0 0 0 0 0

- Bit 7:6 — REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 21-3. If these bits are
changed during a conversion, the change will not go in effect until this conversion is complete
(ADIF in ADCSRA is set). The internal voltage reference options may not be used if an external
reference voltage is being applied to the AREF pin.

Table 21-3.  Voltage Reference Selections for ADC

REFS1 REFS0 | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AV with external capacitor on AREF pin
1 0 Reserved
1 1 Internal 2.56V Voltage Reference with external capacitor on AREF pin

« Bit5 - ADLAR: ADC Left Adjust Result

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register.
Write one to ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the
ADLAR bit will affect the ADC Data Register immediately, regardless of any ongoing conver-
sions. For a complete description of this bit, see “The ADC Data Register — ADCL and ADCH” on
page 289.

- Bits 4:0 — MUX4:0: Analog Channel Selection Bits

The value of these bits selects which combination of analog inputs are connected to the ADC.
These bits also select the gain for the differential channels. See Table 21-4 for details. If these
bits are changed during a conversion, the change will not go in effect until this conversion is
complete (ADIF in ADCSRA is set).

AT90CAN32/64/128 me——
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22. JTAG Interface and On-chip Debug System

22.1 Features

22.2 Overview

* JTAG (IEEE std. 1149.1 Compliant) Interface
* Boundary-scan Capabilities According to the IEEE std. 1149.1 (JTAG) Standard
* Debugger Access to:

— All Internal Peripheral Units

— Internal and External RAM

— The Internal Register File

— Program Counter

— EEPROM and Flash Memories
* Extensive On-chip Debug Support for Break Conditions, Including

— AVR Break Instruction

— Break on Change of Program Memory Flow

— Single Step Break

— Program Memory Break Points on Single Address or Address Range

— Data Memory Break Points on Single Address or Address Range
* Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
+ On-chip Debugging Supported by AVR Studio®

The AVR IEEE std. 1149.1 compliant JTAG interface can be used for:

» Testing PCBs by using the JTAG Boundary-scan capability

» Programming the non-volatile memories, Fuses and Lock bits

» On-chip debugging
A brief description is given in the following sections. Detailed descriptions for Programming via
the JTAG interface, and using the Boundary-scan Chain can be found in the sections “JTAG
Programming Overview” on page 351 and “Boundary-scan IEEE 1149.1 (JTAG)” on page 299,

respectively. The On-chip Debug support is considered being private JTAG instructions, and dis-
tributed within ATMEL and to selected third party vendors only.

Figure 22-1 shows a block diagram of the JTAG interface and the On-chip Debug system. The
TAP Controller is a state machine controlled by the TCK and TMS signals. The TAP Controller
selects either the JTAG Instruction Register or one of several Data Registers as the scan chain
(Shift Register) between the TDI — input and TDO — output. The Instruction Register holds JTAG
instructions controlling the behavior of a Data Register.

The ID-Register (IDentifier Register), Bypass Register, and the Boundary-scan Chain are the
Data Registers used for board-level testing. The JTAG Programming Interface (actually consist-
ing of several physical and virtual Data Registers) is used for serial programming via the JTAG
interface. The Internal Scan Chain and Break Point Scan Chain are used for On-chip debugging
only.

22.3 Test Access Port — TAP

The JTAG interface is accessed through four of the AVR’s pins. In JTAG terminology, these pins
constitute the Test Access Port — TAP. These pins are:

» TMS: Test mode select. This pin is used for navigating through the TAP-controller state
machine.

202 AT90CAN32/64/128 mee e —
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Figure 23-7. Boundary-scan Cells for Oscillators and Clock Options
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Table 23-5 summaries the scan registers for the external clock pin XTAL1, oscillators with
XTAL1/XTAL2 connections as well as external Timer2 clock pin TOSC1 and 32kHz Timer2

Oscillator.
Table 23-5.  Scan Signals for the Oscillators(@)®)
Enable Signal Scanned Clock Line | Clock Option Scanned Clock Line
when not Used
EXTCLKEN EXTCLK (XTAL1) External Main Clock 0
E [ [
OSCON 0SCCK xterna Crysta' ]
External Ceramic Resonator
OSC32EN 0OSC32CK Low Freq. External Crystal 1
TOSKON TOSCK 32 kHz Timer2 Oscillator 1
Notes: 1. Do not enable more than one clock source as clock at a time.

2. Scanning an Oscillator output gives unpredictable results as there is a frequency drift between
the internal Oscillator and the JTAG TCK clock. If possible, scanning an external clock is

23.6.5

preferred.

The main clock configuration is programmed by fuses. As a fuse is not changed run-time, the
main clock configuration is considered fixed for a given application. The user is advised to
scan the same clock option as to be used in the final system. The enable signals are sup-
ported in the scan chain because the system logic can disable clock options in sleep modes,
thereby disconnecting the Oscillator pins from the scan path if not provided.

Scanning the Analog Comparator

The relevant Comparator signals regarding Boundary-scan are shown in Figure 23-8. The
Boundary-scan cell from Figure 23-9 is attached to each of these signals. The signals are

described

in Table 23-6.

The Comparator need not be used for pure connectivity testing, since all analog inputs are
shared with a digital port pin as well.

7682C—-AUTO-04/08
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Table 23-9. AT90CAN32/64/128 Boundary-scan Order (Continued)

Bit Number Signal Name Comment Module
126 PB2.Control Port B
125 PB2.Pullup_Enable

124 PB3.Data

123 PB3.Control

122 PB3.Pullup_Enable

121 PB4.Data

120 PB4.Control

119 PB4.Pullup_Enable

118 PB5.Data

117 PB5.Control

116 PB5.Pullup_Enable

115 PB6.Data

114 PB6.Control

113 PB6.Pullup_Enable

112 PB7.Data

111 PB7.Control

110 PB7.Pullup_Enable

109 PG3.Data Port G
108 PG3.Control

107 PG3.Pullup_Enable

106 PG4.Data

105 PG4.Control

104 PG4.Pullup_Enable

103 PRIVATE_SIGNAL" -

102 RSTT (Observe Only) RESET Logic
101 RSTHV

100 EXTCLKEN Oscillators
99 OSCON

98 OSC32EN

97 TOSKON

96 EXTCLK (XTAL1)

95 OSCCK

94 0OSC32CK

93 TOSK

92 PDO0.Data Port D
91 PDO0.Control

90 PDO.Pullup_Enable

89 PD1.Data

36 ATI0OCAN32/64/128 mu e —



AIMEL

I 7

External Memory Timing (SRWn1 = 0, SRWnO = 1)

Figure 27-7.
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External Memory Timing (SRWn1 =1, SRWnO

Figure 27-8.
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Figure 29-49. Absolute Accuracy (TUE), Differential Inputs

Analog to Digital Converter - Absolute Accuracy (TUE)
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