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ATMEL

2. Pin Configuration

Figure 2-1.  Pinning QFN48, 7mm x 7mm
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Table 2-1. Pin Description
Pin Symbol Function
1 PB5 Port B 5 I/O line (SCK / PCINT5)
2 MCUAVDD | Microcontroller ADC-unit supply voltage
3 ADC6 ADC input channel 6
4 AREF Analog reference voltage input
5 GND4 Ground
6 ADC7 ADC input channel 7
7 PCO Port C 0 1/O line (ADCO/PCINT8)
8 PC1 Port C 1 1/O line (ADC1/PCINT9)
9 PC2 Port C 2 1/0 line (ADC2/PCINT10)
10 PC3 Port C 3 1/0 line (ADC3/PCINT11)
11 PC4 Port C 4 1/0 line (ADC4/SDA/PCINT12)
12 PC5 Port C 5 1/0O line (ADC5/SCL/PCINT13)
13 PC6 Port C 6 1/0 line (RESET/PCINT14)
14 PDO Port D 0 I/O line (RXD/PCINT16)
15 PD1 Port D 1 1/O line (TXD/PCINT17)
16 PD2 Port D 2 1/O line (INTO/PCINT18)
17 RXD Receive data output
18 INH High side switch output for controlling an external voltage regulator
19M TXD Transmit data input / active low output after a local wake up request
Note: 1. This identifies the pins of the LIN SBC Atmel ATA6624
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Table 2-1. Pin Description (Continued)

Pin Symbol Function
200 NRES Watchdog and undervoltage reset output (open drain)
21 WD_OSC | External resistor for adjustable watchdog timing
22(1) ™ Tie to Ground — for factory use only
23 MODE Connect to GND for normal watchdog operation or connect to VCC for debug mode
24(1) KL_15 Ignition detection (edge sensitive)
25" PVCC Voltage regulator sense input
26 VCC Voltage regulator output
27 VS Battery connection
28" EN LIN-transceiver enable input
29 NTRIG Watchdog trigger input (negative edge)
30 WAKE System-basis-chip external wake-up input
31 GND Analog system GND
32 LIN LIN-bus input/output
33 PD3 Port D 3 1/0 line (INT1 OC2B/PCINT19)
34 PD4 Port D 4 1/0 line (TO/XCK/PCINT20)
35 GND1 Ground
36 MCUVDD1 | Microcontroller supply voltage
37 GND2 Ground
38 MCUVDD2 | Microcontroller supply voltage
39 PB6 Port B 6 I/O line (TOSC1/XTAL1/PCINT®6)
40 PB7 Port B 7 I/O line (TOSC2/XTAL2/PCINT7)
41 PD5 Port D 5 1/O line (T1/0COB/PCINT21)
42 PD6 Port D 6 1/0 line (AINO/OCOA PCINT22)
43 PD7 Port D 7 1/0O line (AIN1/PCINT23)
44 PBO Port B 0 I/O line (ICP1/CLKO/PCINTO)
45 PB1 Port B 1 I/O line (OC1A/PCINT1)
46 PB2 Port B 2 I/O line (OC1B/SS/PCINT2)
47 PB3 Port B 3 I/O line (MOSI/OC2A/PCINT3)
48 PB4 Port B 4 1/0 line (MISO/PCINT4)
Backside Heat slug is connected to GND

Note: 1. This identifies the pins of the LIN SBC Atmel ATA6624

ATMEL ;
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5. Electrical Characteristics (Continued)
5V < Vg <27V, —40°C < T, < 125°C, —40°C < T; < 150°C, unless otherwise specified. All values refer to GND pins

No. |Parameters | Test Conditions | Pin | Symbol Min. Typ. Max. Unit | Type*
10 |Internal Timers
Dominant time for
10.1 wake-up via LIN bus Vin =0V LIN tous 30 90 150 ps A
Time delay for mode
change from Fail-safe _
10.2 into Normal Mode via Ven =5V EN trorm 5 15 20 us A
EN pin
Time delay for mode
change from Normal _
103 I Mode to Sleep Mode via Ven =0V EN Yieep 2 7 12 HS A
EN pin
10.4 tTlr)rig dominant time-out |y, =0V TXD | tgom 6 13 20 ms A
Time delay for mode
change from Silent _
105 Mode into Normal Mode | VEN = %Y EN ton 5 15 40 Hs A
via EN
THRec(max) = 0744 X VS
THDom(max) = 0581 X VS
10.6 |Duty cycle 1 Vg=7.0V to 18V LIN D1 0.396 A
tBit = 50“5
D1= tbus_rec(min)/(2 X tBit)
THRec(min) = 0422 X VS
THpom(min) = 0.284 x Vg
10.7 |Duty cycle 2 Vg=7.6V to 18V LIN D2 0.581 A
tBit = 50“5
D2 = tbus_rec(max)/ (2 x tgy)
THRgeg(max) = 0.778 x Vg
THpom(max) = 0.616 X Vg
10.8 |Duty cycle 3 Vg=7.0V to 18V LIN D3 0.417 A
tgir = 96
D3 = thys recmin/(2 X tai)
THgee(min) = 0-389 X Vg
THDom(min) = 0251 X VS
10.9 |Duty cycle 4 Vg=7.6V to 18V LIN D4 0.590 A
tgir = 96U
D4 = tbus,rec(max)/ (2 x tgy)
10,10 (Slopetimefalingand 1y _ 7 oy 5 18y LIN | lsopEdal | 35 225 us A
rising edge at LIN tSLOPE rise
11 Receiver Electrical AC Parameters of the LIN Physical Layer
LIN Receiver, RXD Load Conditions (Cgyp): 20pF
Propagation delay of _
11.1 |receiver (Figure 5-1 on Vs= Z'OV to 18V RXD t_pd 6 us A
page 27) trxﬁpd - max(trxfpdr! trx,pdf) -
Symmetry of receiver _
11.2 |propagation delay rising Vs = 7'_0:/ o 12’ RXD te_sym -2 +2 ys A
edge minus falling edge | ™-sym ~ ™_pdr — 'rx_pdf

*) Type means: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
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6.4.3

6.4.4

ALU - Arithmetic Logic Unit

Status Register

9111H-AUTO-01/11

The high-performance AVR® ALU operates in direct connection with all the 32 general pur-
pose working registers. Within a single clock cycle, arithmetic operations between general
purpose registers or between a register and an immediate are executed. The ALU operations
are divided into three main categories — arithmetic, logical, and bit-functions. Some implemen-
tations of the architecture also provide a powerful multiplier supporting both signed/unsigned
multiplication and fractional format. See the “Instruction Set” section for a detailed description.

The Status Register contains information about the result of the most recently executed arith-
metic instruction. This information can be used for altering program flow in order to perform
conditional operations. Note that the Status Register is updated after all ALU operations, as
specified in the Instruction Set Reference. This will in many cases remove the need for using
the dedicated compare instructions, resulting in faster and more compact code.

The Status Register is not automatically stored when entering an interrupt routine and
restored when returning from an interrupt. This must be handled by software.

The AVR Status Register — SREG - is defined as:

Bit 7 6 5 4 3 2 1 0
T T H S v N Z C | sreG

Read/Write =~ RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

* Bit 7 — I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual
interrupt enable control is then performed in separate control registers. If the Global Inter-
rupt Enable Register is cleared, none of the interrupts are enabled independent of the
individual interrupt enable settings. The I-bit is cleared by hardware after an interrupt has
occurred, and is set by the RETI instruction to enable subsequent interrupts. The I-bit can
also be set and cleared by the application with the SEI and CLI instructions, as described
in the instruction set reference.

* Bit 6 — T: Bit Copy Storage
The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or
destination for the operated bit. A bit from a register in the Register File can be copied into
T by the BST instruction, and a bit in T can be copied into a bit in a register in the Register
File by the BLD instruction.

* Bit 5 — H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Is
useful in BCD arithmetic. See the “Instruction Set Description” for detailed information.

* Bit4 — S: Sign Bit, S=N @ V
The S-bit is always an exclusive or between the Negative Flag N and the Two’s Comple-
ment Overflow Flag V. See the “Instruction Set Description” for detailed information.

ATMEL s
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Table 6-27. Reset and Interrupt Vectors Placement in Atmel® ATA6612(")
BOOTRST IVSEL Reset Address Interrupt Vectors Start Address
1 0 0x000 0x001
1 1 0x000 Boot Reset Address + 0x001
0 0 Boot Reset Address 0x001
0 1 Boot Reset Address Boot Reset Address + 0x001
Note: 1. The Boot Reset Address is shown in Table 6-107 on page 298. For the BOOTRST Fuse “1”

means unprogrammed while “0” means programmed.

The most typical and general program setup for the Reset and Interrupt Vector Addresses in
Atmel ATAB612 is:

Address Labels Code Comments

0x000 rijmp RESET ; Reset Handler

0x001 rjmp EXT_INTO ; IRQ0 Handler

0x002 rjmp EXT_INT1 ; IRQ1 Handler

0x003 rjmp PCINTO ; PCINTO Handler

0x004 rjmp PCINT1 ; PCINT1 Handler

0x005 rjmp PCINT2 ; PCINT2 Handler

0x006 rjmp  WDT ; Watchdog Timer Handler

0x007 rjmp TIM2_COMPA ; Timer2 Compare A Handler

0X008 rjmp TIM2_COMPB ; Timer2 Compare B Handler

0x009 rjmp TIM2_OVF ; Timer2 Overflow Handler

0x00A rjmp TIM1_CAPT ; Timerl Capture Handler

0x00B rjmp TIM1_COMPA ; Timerl Compare A Handler

0x00C rijmp TIM1_COMPB ; Timerl Compare B Handler

0x00D rjmp TIM1_OVF ; Timerl Overflow Handler

0x00E rjmp TIMO_COMPA ; Timer(0 Compare A Handler

0x00F rjmp TIMO_COMPB ; TimerO Compare B Handler

0x010 rjmp TIMO_OVF ; Timer(O Overflow Handler

0x011 rjmp SPI_STC ; SPI Transfer Complete Handler
0x012 rijmp USART_RXC ; USART, RX Complete Handler
0x013 rjmp USART_UDRE ; USART, UDR Empty Handler

0x014 rjmp USART_TXC ; USART, TX Complete Handler
0x015 rjmp  ADC ; ADC Conversion Complete Handler
0x016 rjmp EE_RDY ; EEPROM Ready Handler

0x017 rjmp ANA_COMP ; Analog Comparator Handler

0x018 rijmp TWI ; 2-wire Serial Interface Handler
0x019 rjmp SPM_RDY ; Store Program Memory Ready Handler
0x01ARESET: 1di rl6, high(RAMEND); Main program start

0x01B out SPH,rl6 ; Set Stack Pointer to top of RAM
0x01C 1di rl6, low(RAMEND)

0x01D out SPL,rl6

0x01E sei ; Enable interrupts

0x01F <instr> xxx

9111H-AUTO-01/11
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When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2K bytes and the
IVSEL bit in the MCUCR Register is set before any interrupts are enabled, the most typical
and general program setup for the Reset and Interrupt Vector Addresses in ATA6613 is:

Address Labels Code

0x0000 RESET:
0x0001
0x0002

0x0003
0x0004

0x0005
.org 0xC02
0x1C02
0x1Cc04

0x1C32

1di
out
1di

out
sei

Comments

rl6,high (RAMEND)

SPH,r1l6 H

rl6, low (RAMEND)
SPL,rl6

<instr> xxx

jmp
jmp

jmp

EXT_INTO :
EXT_INT1 :

SPM_RDY :

; Main program start

Set Stack Pointer to top of RAM

Enable interrupts

IRQO0 Handler
IRQ1 Handler

Store Program Memory Ready Handler

When the BOOTRST Fuse is programmed and the Boot section size set to 2K bytes, the most
typical and general program setup for the Reset and Interrupt Vector Addresses in ATA6613

IS:

Address Labels Code

.org 0x0002
0x0002
0x0004

0x0032
.org 0x1CO00
0x1C00 RESET:

0x1C01
0x1C02

0x1C03
0x1C04

0x1CO05

jmp
jmp

jmp

1di
out
1di

out
sei

Comments

EXT_INTO ;
EXT_INT1 :

SPM_RDY 7

rl6,high (RAMEND); Main program start

SPH,rl6 :
rl6, low (RAMEND)
SPL,rl6

7

<instr> xxx

IRQO Handler
IRQ1 Handler

Store Program Memory Ready Handler

Set Stack Pointer to top of RAM

Enable interrupts

Atmel ATA6612/ATA6613 me—ssss—————
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Table 6-46 shows the COMOAT1:0 bit functionality when the WGMO02:0 bits are set to phase
correct PWM mode.

Table 6-46. Compare Output Mode, Phase Correct PWM Mode("

COMOA1 COMOAO |Description
0 0 Normal port operation, OCOA disconnected.
0 1 WGMO02 = 0: Normal Port Operation, OCOA Disconnected.

WGMO02 = 1: Toggle OCOA on Compare Match.

Clear OCOA on Compare Match when up-counting. Set OCOA on
Compare Match when down-counting.

Set OCOA on Compare Match when up-counting. Clear OCOA on
Compare Match when down-counting.

Note: 1. A special case occurs when OCROA equals TOP and COMOAT1 is set. In this case, the Com-
pare Match is ignored, but the set or clear is done at TOP. See “Phase Correct PWM Mode”
on page 149 for more details.

* Bits 5:4 — COMO0B1:0: Compare Match Output B Mode

These bits control the Output Compare pin (OCO0B) behavior. If one or both of the
COMOBH1:0 bits are set, the OCOB output overrides the normal port functionality of the I/O
pin it is connected to. However, note that the Data Direction Register (DDR) bit corre-
sponding to the OCOB pin must be set in order to enable the output driver.

When OCOB is connected to the pin, the function of the COMO0B1:0 bits depends on the
WGMO02:0 bit setting. Table 6-47 shows the COMO0B1:0 bit functionality when the
WGMO02:0 bits are set to a normal or CTC mode (non-PWM).

Table 6-47. Compare Output Mode, non-PWM Mode

comMoB1 COMOBO0O |Description
0 0 Normal port operation, OCOB disconnected.
0 1 Toggle OCOB on Compare Match
1 0 Clear OC0OB on Compare Match
1 1 Set OCOB on Compare Match

Table 6-48 shows the COMOB1:0 bit functionality when the WGMO02:0 bits are set to fast PWM

mode.
Table 6-48. Compare Output Mode, Fast PWM Mode!"
comMoB1 COMOBO |Description
0 0 Normal port operation, OCOB disconnected.
0 1 Reserved
1 0 Clear OCOB on Compare Match, set OCOB at TOP
1 1 Set OCOB on Compare Match, clear OCOB at TOP

Note: 1. A special case occurs when OCROB equals TOP and COMOBH is set. In this case, the Com-
pare Match is ignored, but the set or clear is done at TOP. See “Fast PWM Mode” on page
120 for more details.

126 Atmel ATA6612/ATA6613 m——————————————
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Figure 6-47. Phase Correct PWM Mode, Timing Diagram
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The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches BOTTOM.
When either OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 Flag is set
accordingly at the same timer clock cycle as the OCR1x Registers are updated with the dou-
ble buffer value (at TOP). The Interrupt Flags can be used to generate an interrupt each time
the counter reaches the TOP or BOTTOM value.

When changing the TOP value the program must ensure that the new TOP value is higher or
equal to the value of all of the Compare Registers. If the TOP value is lower than any of the
Compare Registers, a compare match will never occur between the TCNT1 and the OCR1x.
Note that when using fixed TOP values, the unused bits are masked to zero when any of the
OCR1x Registers are written. As the third period shown in Figure 6-47 illustrates, changing the
TOP actively while the Timer/Counter is running in the phase correct mode can result in an
unsymmetrical output. The reason for this can be found in the time of update of the OCR1x
Register. Since the OCR1x update occurs at TOP, the PWM period starts and ends at TOP.
This implies that the length of the falling slope is determined by the previous TOP value, while
the length of the rising slope is determined by the new TOP value. When these two values dif-
fer the two slopes of the period will differ in length. The difference in length gives the
unsymmetrical result on the output.

It is recommended to use the phase and frequency correct mode instead of the phase correct
mode when changing the TOP value while the Timer/Counter is running. When using a static
TOP value there are practically no differences between the two modes of operation.

In phase correct PWM mode, the compare units allow generation of PWM waveforms on the
OC1x pins. Setting the COM1x1:0 bits to two will produce a non-inverted PWM and an
inverted PWM output can be generated by setting the COM1x1:0 to three. The actual OC1x
value will only be visible on the port pin if the data direction for the port pin is set as output
(DDR_OC1x). The PWM waveform is generated by setting (or clearing) the OC1x Register at
the compare match between OCR1x and TCNT1 when the counter increments, and clearing
(or setting) the OC1x Register at compare match between OCR1x and TCNT1 when the coun-
ter decrements.

150  Atmel ATA6612/ATA6613 m————————————————

9111H-AUTO-01/11



Eesssssssssssssssssssssssssseeeeeeeess  Atmel ATA6612/ATAG6613

6.14.10 16-bit Timer/Counter Register Description
6.14.10.1 Timer/Counter1 Control Register A— TCCR1A
Bit 7 6 5 4 3 2 1 0
| com1a1 | comiao [comiBi [comiBo| - | - | WGM11 | WGM10 | TCCR1A
Read/Write R/W R/W R/W R/W R R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

¢ Bit 7:6 — COM1A1:0: Compare Output Mode for Channel A
* Bit 5:4 — COM1B1:0: Compare Output Mode for Channel B

The COM1A1:0 and COM1B1:0 control the Output Compare pins (OC1A and OC1B
respectively) behavior. If one or both of the COM1A1:0 bits are written to one, the OC1A
output overrides the normal port functionality of the 1/O pin it is connected to. If one or both
of the COM1B1:0 bit are written to one, the OC1B output overrides the normal port func-
tionality of the 1/0 pin it is connected to. However, note that the Data Direction Register
(DDRY) bit corresponding to the OC1A or OC1B pin must be set in order to enable the out-

put driver.

When the OC1A or OC1B is connected to the pin, the function of the COM1x1:0 bits is
dependent of the WGM13:0 bits setting. Table 6-53 shows the COM1x1:0 bit functionality
when the WGM13:0 bits are set to a Normal or a CTC mode (non-PWM).

Table 6-53. Compare Output Mode, non-PWM
COM1A1/COM1B1 COM1A0/COM1B0 |Description
0 0 Normal port operation, OC1A/OC1B disconnected.
0 1 Toggle OC1A/OC1B on Compare Match.
1 0 Clear OC1A/OC1B on Compare Match (Set output to

low level).

Set OC1A/OC1B on Compare Match (Set output to high
level).

Table 6-54 shows the COM1x1:0 bit functionality when the WGM13:0 bits are set to the fast

PWM mode.

Table 6-54.

Compare Output Mode, Fast PWM("

COM1A1/COM1B1

COM1A0/COM1B0O

Description

0

0

Normal port operation, OC1A/OC1B disconnected.

WGM13:0 = 14 or 15: Toggle OC1A on Compare Match,
OC1B disconnected (normal port operation). For all
other WGM1 settings, normal port operation,
OC1A/OC1B disconnected.

Clear OC1A/OC1B on Compare Match, set
OC1A/OC1B at TOP

Set OC1A/OC1B on Compare Match, clear
OC1A/OC1B at TOP

Note: 1.

A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 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 147 for more details.

9111H-AUTO-01/11
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6.17.5 Data Transmission — The USART Transmitter

The USART Transmitter is enabled by setting the Transmit Enable (TXEN) bit in the UCSRnB
Register. When the Transmitter is enabled, the normal port operation of the TxDn pin is over-
ridden by the USART and given the function as the Transmitter’s serial output. The baud rate,
mode of operation and frame format must be set up once before doing any transmissions. If
synchronous operation is used, the clock on the XCKn pin will be overridden and used as
transmission clock.

6.17.5.1 Sending Frames with 5 to 8 Data Bit

A data transmission is initiated by loading the transmit buffer with the data to be transmitted.
The CPU can load the transmit buffer by writing to the UDRn I/O location. The buffered data in
the transmit buffer will be moved to the Shift Register when the Shift Register is ready to send
a new frame. The Shift Register is loaded with new data if it is in idle state (no ongoing trans-
mission) or immediately after the last stop bit of the previous frame is transmitted. When the
Shift Register is loaded with new data, it will transfer one complete frame at the rate given by
the Baud Register, U2Xn bit or by XCKn depending on mode of operation.

The following code examples show a simple USART transmit function based on polling of the
Data Register Empty (UDREN) Flag. When using frames with less than eight bits, the most
significant bits written to the UDRn are ignored. The USART has to be initialized before the
function can be used. For the assembly code, the data to be sent is assumed to be stored in
Register R16.

Assembly Code Example'
USART_Transmit:

; Wait for empty transmit buffer
sbis UCSRnA,UDREnN
rjmp USART_Transmit
; Put data (rl6) into buffer, sends the data
out UDRn,rl6
ret
C Code Example™
void USART_Transmit ( unsigned char data )
{
/* Wait for empty transmit buffer */
while ( ! ( UCSRnA & (1<<UDREn)) )

/* Put data into buffer, sends the data */
UDRn = data;

Note: 1. The example code assumes that the part specific header file is included.
For I/0 Registers located in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI”
instructions must be replaced with instructions that allow access to extended I/O. Typically
“LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR".
The function simply waits for the transmit buffer to be empty by checking the UDREnN Flag,
before loading it with new data to be transmitted. If the Data Register Empty interrupt is uti-
lized, the interrupt routine writes the data into the buffer.

A ||'|E|,® 201
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The following code example shows a simple USART receive function that handles both nine
bit characters and the status bits.

Assembly Code Example'”
USART_Receive:

; Wait for data to be received
sbis UCSRnA, RXCn
rjmp USART_Receive
; Get status and 9th bit, then data from buffer
in r1l8, UCSRnA
in rl7, UCSRnB
in rl6, UDRn
; If error, return -1
andi rl18, (1<<FEn) | (1<<DORn) | (1<<UPEnN)
breq USART_ReceiveNoError
1di r17, HIGH(-1)
1di «rl6, LOW(-1)
USART_ReceiveNoError:
; Filter the 9th bit, then return
1sr rl17
andi rl17, 0x01
ret
C Code Example!”
unsigned int USART_Receive( wvoid )

{

unsigned char status, resh, resl;

/* Wait for data to be received */

while ( ! (UCSRnA & (1<<RXCn)) )

/* Get status and 9th bit, then data */

/* from buffer */

status = UCSRnA;

resh = UCSRnB;

resl = UDRn;

/* If error, return -1 */

if ( status & (1l<<FEn) | (1<<DORn) | (1<<UPEn) )
return -1;

/* Filter the 9th bit, then return */

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

Note: 1. The example code assumes that the part specific header file is included.
For I/0 Registers located in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI”
instructions must be replaced with instructions that allow access to extended I/O. Typically
“LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR”.
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6.19.4 Multi-master Bus Systems, Arbitration and Synchronization
The TWI protocol allows bus systems with several masters. Special concerns have been
taken in order to ensure that transmissions will proceed as normal, even if two or more mas-
ters initiate a transmission at the same time. Two problems arise in multi-master systems:

* An algorithm must be implemented allowing only one of the masters to complete the
transmission. All other masters should cease transmission when they discover that they
have lost the selection process. This selection process is called arbitration. When a
contending master discovers that it has lost the arbitration process, it should immediately
switch to Slave mode to check whether it is being addressed by the winning master. The
fact that multiple masters have started transmission at the same time should not be
detectable to the slaves, i.e. the data being transferred on the bus must not be corrupted.

* Different masters may use different SCL frequencies. A scheme must be devised to
synchronize the serial clocks from all masters, in order to let the transmission proceed in a
lockstep fashion. This will facilitate the arbitration process.

The wired-ANDing of the bus lines is used to solve both these problems. The serial clocks
from all masters will be wired-ANDed, yielding a combined clock with a high period equal to
the one from the Master with the shortest high period. The low period of the combined clock is
equal to the low period of the Master with the longest low period. Note that all masters listen to
the SCL line, effectively starting to count their SCL high and low time-out periods when the
combined SCL line goes high or low, respectively.

Figure 6-83. SCL Synchronization Between Multiple Masters
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Table 6-92. Status Codes for Slave Receiver Mode
Status Code Application Software Response
(TWSR) To TWCR
Prescaler Status of the 2-wire Serial
Bits Bus and 2-wire Serial
are 0 Interface Hardware To/from TWDR | STA | STO |TWINT | TWEA |Next Action Taken by TWI Hardware
Own SLA+W has been No TWDR actionor| X 0 1 0 Data byte will be received and NOT ACK will be
0x60 received; returned
ACK has been returned No TWDR action X 1 1 Data byte will be received and ACK will be returned
Arbitration lost in SLA+R/W as |No TWDR action or| X 1 0 |Data byte will be received and NOT ACK will be
0x68 Mast_er; own SLA+W has been returned
received; ACK has been No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
returned
General call address has been |No TWDR action or| X 0 1 0 |Data byte will be received and NOT ACK will be
0x70 received; ACK has been returned
returned No TWDR action X 1 1 | Data byte will be received and ACK will be returned
Arbitration lost in SLA+R/W as |No TWDR actionor| X 1 0 Data byte will be received and NOT ACK will be
0x78 Master; Gener.al call address returned
has been received; ACKhas |\, TwpRaction | X | 0 1 1 | Data byte will be received and ACK will be returned
been returned
Previously addressed with own | Read data byte or X 0 1 0 |Data byte will be received and NOT ACK will be
0x80 SLA_+W; data has been returned
received; ACK has been Read data byte X 0 1 1 Data byte will be received and ACK will be returned
returned
Read data byte or 0 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA
Read data byte or 0 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
Previously addressed with own Read data byte or 1 0 1 0 Switched to the not addressed Slave mode;
0x88 SLA_+W; data has been no recognition of own SLA or GCA;
received; NOT ACK has been a START condition will be transmitted when the bus
returned becomes free
Read data byte 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “17;
a START condition will be transmitted when the bus
becomes free
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Figure 6-97. An Arbitration Example

Vee
Device 1 Device 2 Device 3 .
MASTER MASTER SLAVE | weeeees Device n R1 R2
TRANSMITTER| |TRANSMITTER| | RECEIVER
A A
sbA «—Y y >
SCL - y y >

Several different scenarios may arise during arbitration, as described below:

* Two or more masters are performing identical communication with the same Slave. In this
case, neither the Slave nor any of the masters will know about the bus contention.

* Two or more masters are accessing the same Slave with different data or direction bit. In
this case, arbitration will occur, either in the READ/WRITE bit or in the data bits. The
masters trying to output a one on SDA while another Master outputs a zero will lose the
arbitration. Losing masters will switch to not addressed Slave mode or wait until the bus is
free and transmit a new START condition, depending on application software action.

* Two or more masters are accessing different slaves. In this case, arbitration will occur in the
SLA bits. Masters trying to output a one on SDA while another Master outputs a zero will
lose the arbitration. Masters losing arbitration in SLA will switch to Slave mode to check if
they are being addressed by the winning Master. If addressed, they will switch to SR or ST
mode, depending on the value of the READ/WRITE bit. If they are not being addressed,
they will switch to not addressed Slave mode or wait until the bus is free and transmit a new
START condition, depending on application software action.

This is summarized in Figure 6-98. Possible status values are given in circles.

Figure 6-98. Possible Status Codes Caused by Arbitration

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own N
Address / General Call 0

received

.| TWI bus will be released and not addressed slave mode will be enterec
| A START condition will be transmitted when the bus becomes free

Yes

Write 68/78 JDiata byte will be received and NOT ACK will be returned

Direction Data byte will be received and ACK will be returned

Read JGSt data byte will be transmitted and NOT ACK should be received
@v'@a byte will be transmitted and ACK should be received
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Figure 6-105. ADC Timing Diagram, Auto Triggered Conversion

One Conversion Next Conversion
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Figure 6-106. ADC Timing Diagram, Free Running Conversion

One Conversion Next Conversion
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|
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Conversion _/-) (-\ (_\ Sample & Hold
Complete MUX and REFS

Update
Table 6-97. ADC Conversion Time
Sample & Hold (Cycles from
Condition Start of Conversion) Conversion Time (Cycles)
First conversion 13.5 25
Normal conversions, single ended 1.5 13
Auto Triggered conversions 2 135
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6.21.4 Changing Channel or Reference Selection

The MUXn and REFS1:0 bits in the ADMUX Register are single buffered through a temporary
register to which the CPU has random access. This ensures that the channels and reference
selection only takes place at a safe point during the conversion. The channel and reference
selection is continuously updated until a conversion is started. Once the conversion starts, the
channel and reference selection is locked to ensure a sufficient sampling time for the ADC.
Continuous updating resumes in the last ADC clock cycle before the conversion completes
(ADIF in ADCSRA is set). Note that the conversion starts on the following rising ADC clock
edge after ADSC is written. The user is thus advised not to write new channel or reference
selection values to ADMUX until one ADC clock cycle after ADSC is written.

If Auto Triggering is used, the exact time of the triggering event can be indeterministic. Special
care must be taken when updating the ADMUX Register, in order to control which conversion
will be affected by the new settings.

If both ADATE and ADEN is written to one, an interrupt event can occur at any time. If the
ADMUX Register is changed in this period, the user cannot tell if the next conversion is based
on the old or the new settings. ADMUX can be safely updated in the following ways:

a. When ADATE or ADEN is cleared.
b. During conversion, minimum one ADC clock cycle after the trigger event.
c. After a conversion, before the Interrupt Flag used as trigger source is cleared.

When updating ADMUX in one of these conditions, the new settings will affect the next ADC
conversion.

6.21.4.1 ADC Input Channels

When changing channel selections, the user should observe the following guidelines to ensure
that the correct channel is selected:

In Single Conversion mode, always select the channel before starting the conversion. The
channel selection may be changed one ADC clock cycle after writing one to ADSC. However,
the simplest method is to wait for the conversion to complete before changing the channel
selection.

In Free Running mode, always select the channel before starting the first conversion. The
channel selection may be changed one ADC clock cycle after writing one to ADSC. However,
the simplest method is to wait for the first conversion to complete, and then change the chan-
nel selection. Since the next conversion has already started automatically, the next result will
reflect the previous channel selection. Subsequent conversions will reflect the new channel
selection.

6.21.4.2 ADC Voltage Reference
The reference voltage for the ADC (Vzgr) indicates the conversion range for the ADC. Single
ended channels that exceed Vgge Will result in codes close to Ox3FF. Ve can be selected as
either AV, internal 1.1V reference, or external AREF pin.

AV is connected to the ADC through a passive switch. The internal 1.1V reference is gener-
ated from the internal bandgap reference (Vgg) through an internal amplifier. In either case,
the external AREF pin is directly connected to the ADC, and the reference voltage can be
made more immune to noise by connecting a capacitor between the AREF pin and ground.
Vger can also be measured at the AREF pin with a high impedant voltmeter. Note that Vger is
a high impedant source, and only a capacitive load should be connected in a system.
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6.22 debugWIRE On-chip Debug System

6.22.1

6.22.2

6.22.3

282

Features

Overview

¢ Complete Program Flow Control

¢ Emulates All On-chip Functions, Both Digital and Analog, except RESET Pin

* Real-time Operation

¢ Symbolic Debugging Support (Both at C and Assembler Source Level, or for Other HLLs)
¢ Unlimited Number of Program Break Points (Using Software Break Points)

¢ Non-intrusive Operation

¢ Electrical Characteristics Identical to Real Device

¢ Automatic Configuration System

¢ High-Speed Operation

* Programming of Non-volatile Memories

The debugWIRE On-chip debug system uses a One-wire, bi-directional interface to control the
program flow, execute AVR® instructions in the CPU and to program the different non-volatile
memories.

Physical Interface

When the debugWIRE Enable (DWEN) Fuse is programmed and Lock bits are unpro-
grammed, the debugWIRE system within the target device is activated. The RESET port pin is
configured as a wire-AND (open-drain) bi-directional I/O pin with pull-up enabled and becomes
the communication gateway between target and emulator.

Figure 6-113. The debugWIRE Setup

27-55

VCC

dW =—— | dW(RESE)

GND

Figure 6-113 shows the schematic of a target MCU, with debugWIRE enabled, and the emula-
tor connector. The system clock is not affected by debugWIRE and will always be the clock
source selected by the CKSEL Fuses.
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Figure 6-118. Addressing the Flash Which is Organized in Pages'"

oroGRAY EEMSE PAGEMSB
COUNTER PCPAGE [ Pcworp
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY L I PAGE PCWORD[PAGEMSB:0]:
PAGE S INSTRUCTION WORD 00
\ o1
\ 02
1
<« \ N |
\ 1
\ 1
\ 1
1
\ 1
\ 1
1
\ PAGEEND
L
Note: 1. PCPAGE and PCWORD are listed in Table 6-123 on page 306.
Figure 6-119. Programming the Flash Waveforms"
F
A
~ ~
A B c D E B c D E G H
DATA 0x10 __ YADDR. LOWY DATA LOWY DATA HIGH, (xDDR. LOW Y DATA LOW Y DATA HIGHY_ XX __ Y ADDR. HIGI{ XX
XA1 _’ \
XAO —/—\_/ \
BS1 / — \
s /N N /N /\
R \/
RDY/BSY \_/_
RESET +12V
=
PAGEL / \ / \

Note: 1. “XX”is do not care. The letters refer to the programming description above.
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Figure 7-10. Output Low Voltage vs. Output Low Current (Vo = 3V)

I/O PIN OUTPUT VOLTAGE vs. SINK CURRENT

Vee =3V
1.2
1 125 °C
85°C
0.8
g / / 25°C
~ 0.6
_ / .
o /// / -40 °C
0.4
/
e
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—
0
0 2 4 6 8 10 12 14 16 18 20
VOL (V)
Figure 7-11. Output High Voltage vs. Output High Current (V¢ = 5V)
/O PIN OUTPUT VOLTAGE vs. SOURCE CURRENT
Vce =5.00v
52
5
. \
g . \\\\
5" NN 40°C
> \%\ 25 °C
44 85°C
125°C
4.2
4
0 2 4 6 8 10 12 14 16 18 20
low (MA)
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7.5 Instruction Set Summary (Continued)

Mnemonics Operands |Description Operation Flags #Clocks
CLI Global Interrupt Disable | <0 | 1
SES Set Signed Test Flag S «1 S 1
CLS Clear Signed Test Flag S«0 S 1
SEV Set Twos Complement Overflow. V 1 \Y 1
CLv Clear Twos Complement Overflow V<0 \" 1
SET Set T in SREG T T 1
CLT Clear T in SREG T«0 T 1
SEH Set Half Carry Flag in SREG H«1 H 1
CLH Clear Half Carry Flag in SREG H<«0 H 1

DATA TRANSFER INSTRUCTIONS

MoV Rd, Rr Move Between Registers Rd «Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd «Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd «K None 1
LD Rd, X Load Indirect Rd ««(X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd ««(X), X «X + 1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X X -1, Rd «(X) None 2
LD Rd, Y Load Indirect Rd «Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd «(Y), Y <Y +1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Y <Y -1, Rd «(Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd «Y +q) None 2
LD Rd, Z Load Indirect Rd «(2) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd «H2), Z «Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«Z-1,Rd «(2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd ««(Z + q) None 2
LDS Rd, k Load Direct from SRAM Rd «H(k) None 2
ST X, Rr Store Indirect (X) «Rr None 2
ST X+, Rr Store Indirect and Post-Inc. (X) «Rr, XX+ 1 None 2
ST - X, Rr Store Indirect and Pre-Dec. XX -1, (X) «Rr None 2
ST Y, Rr Store Indirect (Y) «Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y) «Rn Y «Y +1 None 2
ST -Y, Rr Store Indirect and Pre-Dec. Y <Y -1,(Y) «Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y +q) <Rr None 2
ST Z,Rr Store Indirect (Z) <Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. (Z2) «Rr,ZZ+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«Z-1,(2) «Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q) «Rr None 2
STS k, Rr Store Direct to SRAM (k) «Rr None 2
LPM Load Program Memory RO «(2) None 3
LPM Rd, Z Load Program Memory Rd «(2) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd «H2), Z «Z+1 None 3
SPM Store Program Memory (Z2) «R1:RO None -
IN Rd, P In Port Rd «P None 1
ouT P, Rr Out Port P «Rr None 1

Note: 1. These instructions are only available in ATA6613
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