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ATmega16(L)
External Reset An External Reset is generated by a low level on the RESET pin. Reset pulses longer than the
minimum pulse width (see Table 15) will generate a reset, even if the clock is not running.
Shorter pulses are not guaranteed to generate a reset. When the applied signal reaches the
Reset Threshold Voltage – VRST – on its positive edge, the delay counter starts the MCU after
the Time-out period tTOUT has expired.

Figure 18.  External Reset During Operation

Brown-out Detection ATmega16 has an On-chip Brown-out Detection (BOD) circuit for monitoring the VCC level dur-
ing operation by comparing it to a fixed trigger level. The trigger level for the BOD can be
selected by the fuse BODLEVEL to be 2.7V (BODLEVEL unprogrammed), or 4.0V (BODLEVEL
programmed). The trigger level has a hysteresis to ensure spike free Brown-out Detection. The
hysteresis on the detection level should be interpreted as VBOT+ = VBOT + VHYST/2 and VBOT- =
VBOT - VHYST/2.

The BOD circuit can be enabled/disabled by the fuse BODEN. When the BOD is enabled
(BODEN programmed), and VCC decreases to a value below the trigger level (VBOT- in Figure
19), the Brown-out Reset is immediately activated. When VCC increases above the trigger level
(VBOT+ in Figure 19), the delay counter starts the MCU after the Time-out period tTOUT has
expired.

The BOD circuit will only detect a drop in VCC if the voltage stays below the trigger level for lon-
ger than tBOD given in Table 15.

Figure 19.  Brown-out Reset During Operation
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ATmega16(L)
I/O Ports

Introduction All AVR ports have true Read-Modify-Write functionality when used as general digital I/O ports.
This means that the direction of one port pin can be changed without unintentionally changing
the direction of any other pin with the SBI and CBI instructions. The same applies when chang-
ing drive value (if configured as output) or enabling/disabling of pull-up resistors (if configured as
input). Each output buffer has symmetrical drive characteristics with both high sink and source
capability. The pin driver is strong enough to drive LED displays directly. All port pins have indi-
vidually selectable pull-up resistors with a supply-voltage invariant resistance. All I/O pins have
protection diodes to both VCC and Ground as indicated in Figure 22. Refer to “Electrical Charac-
teristics” on page 291 for a complete list of parameters.

Figure 22.  I/O Pin Equivalent Schematic

All registers and bit references in this section are written in general form. A lower case “x” repre-
sents the numbering letter for the port, and a lower case “n” represents the bit number. However,
when using the register or bit defines in a program, the precise form must be used, that is,
PORTB3 for bit no. 3 in Port B, here documented generally as PORTxn. The physical I/O Regis-
ters and bit locations are listed in “Register Description for I/O Ports” on page 66.

Three I/O memory address locations are allocated for each port, one each for the Data Register
– PORTx, Data Direction Register – DDRx, and the Port Input Pins – PINx. The Port Input Pins
I/O location is read only, while the Data Register and the Data Direction Register are read/write.
In addition, the Pull-up Disable – PUD bit in SFIOR disables the pull-up function for all pins in all
ports when set.

Using the I/O port as General Digital I/O is described in “Ports as General Digital I/O” on page
50. Most port pins are multiplexed with alternate functions for the peripheral features on the
device. How each alternate function interferes with the port pin is described in “Alternate Port
Functions” on page 55. Refer to the individual module sections for a full description of the alter-
nate functions.

Note that enabling the alternate function of some of the port pins does not affect the use of the
other pins in the port as general digital I/O.

Ports as General 
Digital I/O

The ports are bi-directional I/O ports with optional internal pull-ups. Figure 23 shows a functional
description of one I/O-port pin, here generically called Pxn.

Cpin

Logic

Rpu

See Figure 23
"General Digital I/O" for

Details

Pxn
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ATmega16(L)
Figure 23.  General Digital I/O(1)

Note: 1. WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clkI/O, SLEEP,
and PUD are common to all ports.

Configuring the Pin Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in “Register
Description for I/O Ports” on page 66, the DDxn bits are accessed at the DDRx I/O address, the
PORTxn bits at the PORTx I/O address, and the PINxn bits at the PINx I/O address.

The DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written logic one,
Pxn is configured as an output pin. If DDxn is written logic zero, Pxn is configured as an input
pin. 

If PORTxn is written logic one when the pin is configured as an input pin, the pull-up resistor is
activated. To switch the pull-up resistor off, PORTxn has to be written logic zero or the pin has to
be configured as an output pin. The port pins are tri-stated when a reset condition becomes
active, even if no clocks are running.

If PORTxn is written logic one when the pin is configured as an output pin, the port pin is driven
high (one). If PORTxn is written logic zero when the pin is configured as an output pin, the port
pin is driven low (zero).

When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn, PORTxn}
= 0b11), an intermediate state with either pull-up enabled ({DDxn, PORTxn} = 0b01) or output
low ({DDxn, PORTxn} = 0b10) must occur. Normally, the pull-up enabled state is fully accept-
able, as a high-impedant environment will not notice the difference between a strong high driver
and a pull-up. If this is not the case, the PUD bit in the SFIOR Register can be set to disable all
pull-ups in all ports.
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ATmega16(L)
The OCR0 Register access may seem complex, but this is not case. When the double buffering
is enabled, the CPU has access to the OCR0 Buffer Register, and if double buffering is disabled
the CPU will access the OCR0 directly. 

Force Output 
Compare

In non-PWM waveform generation modes, the match output of the comparator can be forced by
writing a one to the Force Output Compare (FOC0) bit. Forcing compare match will not set the
OCF0 Flag or reload/clear the timer, but the OC0 pin will be updated as if a real compare match
had occurred (the COM01:0 bits settings define whether the OC0 pin is set, cleared or toggled). 

Compare Match 
Blocking by TCNT0 
Write

All CPU write operations to the TCNT0 Register will block any compare match that occur in the
next timer clock cycle, even when the timer is stopped. This feature allows OCR0 to be initialized
to the same value as TCNT0 without triggering an interrupt when the Timer/Counter clock is
enabled.

Using the Output 
Compare Unit

Since writing TCNT0 in any mode of operation will block all compare matches for one timer clock
cycle, there are risks involved when changing TCNT0 when using the output compare unit, inde-
pendently of whether the Timer/Counter is running or not. If the value written to TCNT0 equals
the OCR0 value, the compare match will be missed, resulting in incorrect waveform generation.
Similarly, do not write the TCNT0 value equal to BOTTOM when the counter is downcounting.

The setup of the OC0 should be performed before setting the Data Direction Register for the port
pin to output. The easiest way of setting the OC0 value is to use the Force Output Compare
(FOC0) strobe bits in Normal mode. The OC0 Register keeps its value even when changing
between waveform generation modes.

Be aware that the COM01:0 bits are not double buffered together with the compare value.
Changing the COM01:0 bits will take effect immediately.

Compare Match 
Output Unit

The Compare Output mode (COM01:0) bits have two functions. The Waveform Generator uses
the COM01:0 bits for defining the Output Compare (OC0) state at the next compare match. Also,
the COM01:0 bits control the OC0 pin output source. Figure 30 shows a simplified schematic of
the logic affected by the COM01:0 bit setting. The I/O Registers, I/O bits, and I/O pins in the fig-
ure are shown in bold. Only the parts of the general I/O port Control Registers (DDR and PORT)
that are affected by the COM01:0 bits are shown. When referring to the OC0 state, the reference
is for the internal OC0 Register, not the OC0 pin. If a System Reset occur, the OC0 Register is
reset to “0”.
74
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ATmega16(L)
The PWM frequency for the output can be calculated by the following equation:

The N variable represents the prescaler divider (1, 8, 64, 256, or 1024).

The extreme values for the OCR1x Register represents special cases when generating a PWM
waveform output in the fast PWM mode. If the OCR1x is set equal to BOTTOM (0x0000) the out-
put will be a narrow spike for each TOP+1 timer clock cycle. Setting the OCR1x equal to TOP
will result in a constant high or low output (depending on the polarity of the output set by the
COM1x1:0 bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by set-
ting OC1A to toggle its logical level on each compare match (COM1A1:0 = 1). This applies only
if OCR1A is used to define the TOP value (WGM13:0 = 15). The waveform generated will have
a maximum frequency of fOC1A = fclk_I/O/2 when OCR1A is set to zero (0x0000). This feature is
similar to the OC1A toggle in CTC mode, except the double buffer feature of the output compare
unit is enabled in the fast PWM mode.

Phase Correct PWM 
Mode

The phase correct Pulse Width Modulation or phase correct PWM mode (WGM13:0 = 1,2,3,10,
or 11) provides a high resolution phase correct PWM waveform generation option. The phase
correct PWM mode is, like the phase and frequency correct PWM mode, based on a dual-slope
operation. The counter counts repeatedly from BOTTOM (0x0000) to TOP and then from TOP to
BOTTOM. In non-inverting Compare Output mode, the Output Compare (OC1x) is cleared on
the compare match between TCNT1 and OCR1x while upcounting, and set on the compare
match while downcounting. In inverting Output Compare mode, the operation is inverted. The
dual-slope operation has lower maximum operation frequency than single slope operation. How-
ever, due to the symmetric feature of the dual-slope PWM modes, these modes are preferred for
motor control applications.

The PWM resolution for the phase correct PWM mode can be fixed to 8-bit, 9-bit, or 10-bit, or
defined by either ICR1 or OCR1A. The minimum resolution allowed is 2-bit (ICR1 or OCR1A set
to 0x0003), and the maximum resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM reso-
lution in bits can be calculated by using the following equation:

In phase correct PWM mode the counter is incremented until the counter value matches either
one of the fixed values 0x00FF, 0x01FF, or 0x03FF (WGM13:0 = 1, 2, or 3), the value in ICR1
(WGM13:0 = 10), or the value in OCR1A (WGM13:0 = 11). The counter has then reached the
TOP and changes the count direction. The TCNT1 value will be equal to TOP for one timer clock
cycle. The timing diagram for the phase correct PWM mode is shown on Figure 47. The figure
shows phase correct PWM mode when OCR1A or ICR1 is used to define TOP. The TCNT1
value is in the timing diagram shown as a histogram for illustrating the dual-slope operation. The
diagram includes non-inverted and inverted PWM outputs. The small horizontal line marks on
the TCNT1 slopes represent compare matches between OCR1x and TCNT1. The OC1x Inter-
rupt Flag will be set when a compare match occurs.

fOCnxPWM
fclk_I/O

N 1 TOP+( )⋅
-----------------------------------=

RPCPWM
TOP 1+( )log

2( )log
-----------------------------------=
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ATmega16(L)
Timer/Counter1 
Control Register B – 
TCCR1B

• Bit 7 – ICNC1: Input Capture Noise Canceler

Setting this bit (to one) activates the Input Capture Noise Canceler. When the Noise Canceler is
activated, the input from the Input Capture Pin (ICP1) is filtered. The filter function requires four
successive equal valued samples of the ICP1 pin for changing its output. The Input Capture is
therefore delayed by four Oscillator cycles when the Noise Canceler is enabled.

• Bit 6 – ICES1: Input Capture Edge Select

This bit selects which edge on the Input Capture Pin (ICP1) that is used to trigger a capture
event. When the ICES1 bit is written to zero, a falling (negative) edge is used as trigger, and
when the ICES1 bit is written to one, a rising (positive) edge will trigger the capture.

When a capture is triggered according to the ICES1 setting, the counter value is copied into the
Input Capture Register (ICR1). The event will also set the Input Capture Flag (ICF1), and this
can be used to cause an Input Capture Interrupt, if this interrupt is enabled.

When the ICR1 is used as TOP value (see description of the WGM13:0 bits located in the
TCCR1A and the TCCR1B Register), the ICP1 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 TCCR1B is written.

• Bit 4:3 – WGM13:2: Waveform Generation Mode

See TCCR1A Register description.

• Bit 2:0 – CS12:0: Clock Select

The three Clock Select bits select the clock source to be used by the Timer/Counter, see Figure
49 and Figure 50.

Bit 7 6 5 4 3 2 1 0

ICNC1 ICES1 – WGM13 WGM12 CS12 CS11 CS10 TCCR1B

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

Initial Value 0 0 0 0 0 0 0 0

Table 48.  Clock Select Bit Description 

CS12 CS11 CS10 Description

0 0 0 No clock source (Timer/Counter stopped).

0 0 1 clkI/O/1 (No prescaling)

0 1 0 clkI/O/8 (From prescaler)

0 1 1 clkI/O/64 (From prescaler)

1 0 0 clkI/O/256 (From prescaler)

1 0 1 clkI/O/1024 (From prescaler)

1 1 0 External clock source on T1 pin. Clock on falling edge.

1 1 1 External clock source on T1 pin. Clock on rising edge.
113
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bottom Signalizes that TCNT2 has reached minimum value (zero).

Depending on the mode of operation used, the counter is cleared, incremented, or decremented
at each timer clock (clkT2). clkT2 can be generated from an external or internal clock source,
selected by the Clock Select bits (CS22:0). When no clock source is selected (CS22:0 = 0) the
timer is stopped. However, the TCNT2 value can be accessed by the CPU, regardless of
whether clkT2 is present or not. A CPU write overrides (has priority over) all counter clear or
count operations.

The counting sequence is determined by the setting of the WGM21 and WGM20 bits located in
the Timer/Counter Control Register (TCCR2). There are close connections between how the
counter behaves (counts) and how waveforms are generated on the Output Compare output
OC2. For more details about advanced counting sequences and waveform generation, see
“Modes of Operation” on page 122.

The Timer/Counter Overflow (TOV2) Flag is set according to the mode of operation selected by
the WGM21:0 bits. TOV2 can be used for generating a CPU interrupt.

Output Compare 
Unit

The 8-bit comparator continuously compares TCNT2 with the Output Compare Register
(OCR2). Whenever TCNT2 equals OCR2, the comparator signals a match. A match will set the
Output Compare Flag (OCF2) at the next timer clock cycle. If enabled (OCIE2 = 1), the Output
Compare Flag generates an output compare interrupt. The OCF2 Flag is automatically cleared
when the interrupt is executed. Alternatively, the OCF2 Flag can be cleared by software by writ-
ing a logical one to its I/O bit location. The waveform generator uses the match signal to
generate an output according to operating mode set by the WGM21:0 bits and Compare Output
mode (COM21:0) bits. The max and bottom signals are used by the waveform generator for han-
dling the special cases of the extreme values in some modes of operation (“Modes of Operation”
on page 122). Figure 55 shows a block diagram of the output compare unit. 

Figure 55.  Output Compare Unit, Block Diagram

The OCR2 Register is double buffered when using any of the Pulse Width Modulation (PWM)
modes. For the normal and Clear Timer on Compare (CTC) modes of operation, the double buff-
ering is disabled. The double buffering synchronizes the update of the OCR2 Compare Register
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ATmega16(L)
• The Oscillator is optimized for use with a 32.768 kHz watch crystal. Applying an external 
clock to the TOSC1 pin may result in incorrect Timer/Counter2 operation. The CPU main 
clock frequency must be more than four times the Oscillator frequency.

• When writing to one of the registers TCNT2, OCR2, or TCCR2, the value is transferred to a 
temporary register, and latched after two positive edges on TOSC1. The user should not 
write a new value before the contents of the temporary register have been transferred to its 
destination. Each of the three mentioned registers have their individual temporary register, 
which means for example that writing to TCNT2 does not disturb an OCR2 write in progress. 
To detect that a transfer to the destination register has taken place, the Asynchronous Status 
Register – ASSR has been implemented.

• When entering Power-save or Extended Standby mode after having written to TCNT2, 
OCR2, or TCCR2, the user must wait until the written register has been updated if 
Timer/Counter2 is used to wake up the device. Otherwise, the MCU will enter sleep mode 
before the changes are effective. This is particularly important if the Output Compare2 
interrupt is used to wake up the device, since the output compare function is disabled during 
writing to OCR2 or TCNT2. If the write cycle is not finished, and the MCU enters sleep mode 
before the OCR2UB bit returns to zero, the device will never receive a compare match 
interrupt, and the MCU will not wake up.

• If Timer/Counter2 is used to wake the device up from Power-save or Extended Standby 
mode, precautions must be taken if the user wants to re-enter one of these modes: The 
interrupt logic needs one TOSC1 cycle to be reset. If the time between wake-up and re-
entering sleep mode is less than one TOSC1 cycle, the interrupt will not occur, and the 
device will fail to wake up. If the user is in doubt whether the time before re-entering Power-
save or Extended Standby mode is sufficient, the following algorithm can be used to ensure 
that one TOSC1 cycle has elapsed:

1. Write a value to TCCR2, TCNT2, or OCR2.

2. Wait until the corresponding Update Busy Flag in ASSR returns to zero.

3. Enter Power-save or Extended Standby mode.

• When the asynchronous operation is selected, the 32.768 kHz Oscillator for Timer/Counter2 
is always running, except in Power-down and Standby modes. After a Power-up Reset or 
wake-up from Power-down or Standby mode, the user should be aware of the fact that this 
Oscillator might take as long as one second to stabilize. The user is advised to wait for at 
least one second before using Timer/Counter2 after power-up or wake-up from Power-down 
or Standby mode. The contents of all Timer/Counter2 Registers must be considered lost 
after a wake-up from Power-down or Standby mode due to unstable clock signal upon start-
up, no matter whether the Oscillator is in use or a clock signal is applied to the TOSC1 pin.

• Description of wake up from Power-save or Extended Standby mode when the timer is 
clocked asynchronously: When the interrupt condition is met, the wake up process is started 
on the following cycle of the timer clock, that is, the timer is always advanced by at least one 
before the processor can read the counter value. After wake-up, the MCU is halted for four 
cycles, it executes the interrupt routine, and resumes execution from the instruction 
following SLEEP.

• Reading of the TCNT2 Register shortly after wake-up from Power-save may give an 
incorrect result. Since TCNT2 is clocked on the asynchronous TOSC clock, reading TCNT2 
must be done through a register synchronized to the internal I/O clock domain. 
Synchronization takes place for every rising TOSC1 edge. When waking up from Power-
save mode, and the I/O clock (clkI/O) again becomes active, TCNT2 will read as the previous 
value (before entering sleep) until the next rising TOSC1 edge. The phase of the TOSC 
clock after waking up from Power-save mode is essentially unpredictable, as it depends on 
the wake-up time. The recommended procedure for reading TCNT2 is thus as follows: 
132
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IDLE No transfers on the communication line (RxD or TxD). An IDLE line must be
high.

The frame format used by the USART is set by the UCSZ2:0, UPM1:0, and USBS bits in
UCSRB and UCSRC. The Receiver and Transmitter use the same setting. Note that changing
the setting of any of these bits will corrupt all ongoing communication for both the Receiver and
Transmitter. 

The USART Character SiZe (UCSZ2:0) bits select the number of data bits in the frame. The
USART Parity mode (UPM1:0) bits enable and set the type of parity bit. The selection between
one or two stop bits is done by the USART Stop Bit Select (USBS) bit. The receiver ignores the
second stop bit. An FE (Frame Error) will therefore only be detected in the cases where the first
stop bit is zero.

Parity Bit Calculation The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the
result of the exclusive or is inverted. The relation between the parity bit and data bits is as
follows::

Peven Parity bit using even parity

Podd Parity bit using odd parity

dn Data bit n of the character

If used, the parity bit is located between the last data bit and first stop bit of a serial frame.

USART 
Initialization

The USART has to be initialized before any communication can take place. The initialization pro-
cess normally consists of setting the baud rate, setting frame format and enabling the
Transmitter or the Receiver depending on the usage. For interrupt driven USART operation, the
Global Interrupt Flag should be cleared (and interrupts globally disabled) when doing the
initialization.

Before doing a re-initialization with changed baud rate or frame format, be sure that there are no
ongoing transmissions during the period the registers are changed. The TXC Flag can be used
to check that the Transmitter has completed all transfers, and the RXC Flag can be used to
check that there are no unread data in the receive buffer. Note that the TXC Flag must be
cleared before each transmission (before UDR is written) if it is used for this purpose.

The following simple USART initialization code examples show one assembly and one C func-
tion that are equal in functionality. The examples assume asynchronous operation using polling
(no interrupts enabled) and a fixed frame format. The baud rate is given as a function parameter.
For the assembly code, the baud rate parameter is assumed to be stored in the r17:r16 regis-
ters. When the function writes to the UCSRC Register, the URSEL bit (MSB) must be set due to
the sharing of I/O location by UBRRH and UCSRC.

Peven dn 1– … d3 d2 d1 d0 0
Podd

⊕ ⊕ ⊕ ⊕ ⊕ ⊕
dn 1– … d3 d2 d1 d0 1⊕ ⊕ ⊕ ⊕ ⊕ ⊕

=
=

149
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The receive function example reads all the I/O Registers into the Register File before any com-
putation is done. This gives an optimal receive buffer utilization since the buffer location read will
be free to accept new data as early as possible.

Receive Compete Flag 
and Interrupt

The USART Receiver has one flag that indicates the receiver state.

The Receive Complete (RXC) Flag indicates if there are unread data present in the receive buf-
fer. This flag is one when unread data exist in the receive buffer, and zero when the receive
buffer is empty (that is, does not contain any unread data). If the receiver is disabled (RXEN =
0), the receive buffer will be flushed and consequently the RXC bit will become zero.

When the Receive Complete Interrupt Enable (RXCIE) in UCSRB is set, the USART Receive
Complete Interrupt will be executed as long as the RXC Flag is set (provided that global inter-
rupts are enabled). When interrupt-driven data reception is used, the receive complete routine
must read the received data from UDR in order to clear the RXC Flag, otherwise a new interrupt
will occur once the interrupt routine terminates.

Receiver Error Flags The USART Receiver has three Error Flags: Frame Error (FE), Data OverRun (DOR) and Parity
Error (PE). All can be accessed by reading UCSRA. Common for the Error Flags is that they are
located in the receive buffer together with the frame for which they indicate the error status. Due
to the buffering of the Error Flags, the UCSRA must be read before the receive buffer (UDR),
since reading the UDR I/O location changes the buffer read location. Another equality for the
Error Flags is that they can not be altered by software doing a write to the flag location. How-
ever, all flags must be set to zero when the UCSRA is written for upward compatibility of future
USART implementations. None of the Error Flags can generate interrupts.

The Frame Error (FE) Flag indicates the state of the first stop bit of the next readable frame
stored in the receive buffer. The FE Flag is zero when the stop bit was correctly read (as one),
and the FE Flag will be one when the stop bit was incorrect (zero). This flag can be used for
detecting out-of-sync conditions, detecting break conditions and protocol handling. The FE Flag
is not affected by the setting of the USBS bit in UCSRC since the receiver ignores all, except for
the first, stop bits. For compatibility with future devices, always set this bit to zero when writing to
UCSRA.

The Data OverRun (DOR) Flag indicates data loss due to a receiver buffer full condition. A Data
OverRun occurs when the receive buffer is full (two characters), it is a new character waiting in
the receive Shift Register, and a new start bit is detected. If the DOR Flag is set there was one or
more serial frame lost between the frame last read from UDR, and the next frame read from
UDR. For compatibility with future devices, always write this bit to zero when writing to UCSRA.
The DOR Flag is cleared when the frame received was successfully moved from the Shift Regis-
ter to the receive buffer.

The Parity Error (PE) Flag indicates that the next frame in the receive buffer had a parity error
when received. If parity check is not enabled the PE bit will always be read zero. For compatibil-
ity with future devices, always set this bit to zero when writing to UCSRA. For more details see
“Parity Bit Calculation” on page 149 and “Parity Checker” on page 156.

Parity Checker The Parity Checker is active when the high USART Parity mode (UPM1) bit is set. Type of parity
check to be performed (odd or even) is selected by the UPM0 bit. When enabled, the parity
checker calculates the parity of the data bits in incoming frames and compares the result with
the parity bit from the serial frame. The result of the check is stored in the receive buffer together
with the received data and stop bits. The Parity Error (PE) Flag can then be read by software to
check if the frame had a parity error.

The PE bit is set if the next character that can be read from the receive buffer had a parity error
when received and the parity checking was enabled at that point (UPM1 = 1). This bit is valid
until the receive buffer (UDR) is read.
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Table 69.  Examples of UBRR Settings for Commonly Used Oscillator Frequencies (Continued)

Baud 
Rate 
(bps)

fosc = 3.6864 MHz fosc = 4.0000 MHz fosc = 7.3728 MHz

U2X = 0 U2X = 1 U2X = 0 U2X = 1 U2X = 0 U2X = 1

UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error

2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%

4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%

9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%

14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%

19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%

28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%

38.4k 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%

57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%

76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%

115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%

230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%

250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%

0.5M – – 0 -7.8% – – 0 0.0% 0 -7.8% 1 -7.8%

1M – – – – – – – – – – 0 -7.8%

Max (1) 230.4 Kbps 460.8 Kbps 250 Kbps 0.5 Mbps 460.8 Kbps 921.6 Kbps

1. UBRR = 0, Error = 0.0%
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Special FunctionIO 
Register – SFIOR

• Bit 7:5 – ADTS2:0: ADC Auto Trigger Source

If ADATE in ADCSRA is written to one, the value of these bits selects which source will trigger
an ADC conversion. If ADATE is cleared, the ADTS2:0 settings will have no effect. A conversion
will be triggered by the rising edge of the selected Interrupt Flag. Note that switching from a trig-
ger source that is cleared to a trigger source that is set, will generate a positive edge on the
trigger signal. If ADEN in ADCSRA is set, this will start a conversion. Switching to Free Running
mode (ADTS[2:0]=0) will not cause a trigger event, even if the ADC Interrupt Flag is set.

• Bit 4 – Res: Reserved Bit

This bit is reserved for future use. To ensure compatibility with future devices, this bit must be
written to zero when SFIOR is written.

Bit 7 6 5 4 3 2 1 0

ADTS2 ADTS1 ADTS0 – ACME PUD PSR2 PSR10 SFIOR

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

Initial Value 0 0 0 0 0 0 0 0

Table 86.  ADC Auto Trigger Source Selections 

ADTS2 ADTS1 ADTS0 Trigger Source

0 0 0 Free Running mode

0 0 1 Analog Comparator

0 1 0 External Interrupt Request 0

0 1 1 Timer/Counter0 Compare Match

1 0 0 Timer/Counter0 Overflow

1 0 1 Timer/Counter1 Compare Match B

1 1 0 Timer/Counter1 Overflow

1 1 1 Timer/Counter1 Capture Event
221
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A debugger, like the AVR Studio, may however use one or more of these resources for its inter-
nal purpose, leaving less flexibility to the end-user.

A list of the On-chip Debug specific JTAG instructions is given in “On-chip Debug Specific JTAG
Instructions” on page 226. 

The JTAGEN Fuse must be programmed to enable the JTAG Test Access Port. In addition, the
OCDEN Fuse must be programmed and no Lock bits must be set for the On-chip Debug system
to work. As a security feature, the On-chip Debug system is disabled when any Lock bits are set.
Otherwise, the On-chip Debug system would have provided a back-door into a secured device.

The AVR JTAG ICE from Atmel is a powerful development tool for On-chip Debugging of all
AVR 8-bit RISC Microcontrollers with IEEE 1149.1 compliant JTAG interface. The JTAG ICE
and the AVR Studio user interface give the user complete control of the internal resources of the
microcontroller, helping to reduce development time by making debugging easier. The JTAG
ICE performs real-time emulation of the microcontroller while it is running in a target system.

Please refer to the Support Tools section on the AVR pages on www.atmel.com for a full
description of the AVR JTEG ICE. AVR Studio can be downloaded free from Software section
on the same web site.

All necessary execution commands are available in AVR Studio, both on source level and on
disassembly level. The user can execute the program, single step through the code either by
tracing into or stepping over functions, step out of functions, place the cursor on a statement and
execute until the statement is reached, stop the execution, and reset the execution target. In
addition, the user can have an unlimited number of code breakpoints (using the BREAK instruc-
tion) and up to two data memory breakpoints, alternatively combined as a mask (range) Break
Point.

On-chip Debug 
Specific JTAG 
Instructions

The On-chip Debug support is considered being private JTAG instructions, and distributed within
ATMEL and to selected third party vendors only. Instruction opcodes are listed for reference.

PRIVATE0; $8 Private JTAG instruction for accessing On-chip Debug system.

PRIVATE1; $9 Private JTAG instruction for accessing On-chip Debug system.

PRIVATE2; $A Private JTAG instruction for accessing On-chip Debug system.

PRIVATE3; $B Private JTAG instruction for accessing On-chip Debug system.
226
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controller state. The Bypass Register can be used to shorten the scan chain on a system when
the other devices are to be tested.

Device Identification 
Register

Figure 114 shows the structure of the Device Identification Register. 

Figure 114.  The Format of the Device Identification Register

Version Version is a 4-bit number identifying the revision of the component. The JTAG version number
follows the revision of the device. Revision A is 0x0, revision B is 0x1 and so on. However, some
revisions deviate from this rule, and the relevant version number is shown in Table 87.

Part Number The part number is a 16-bit code identifying the component. The JTAG Part Number for
ATmega16 is listed in Table 88.

Manufacturer ID The Manufacturer ID is a 11 bit code identifying the manufacturer. The JTAG manufacturer ID
for ATMEL is listed in Table 89.

Reset Register The Reset Register is a Test Data Register used to reset the part. Since the AVR tri-states Port
Pins when reset, the Reset Register can also replace the function of the unimplemented optional
JTAG instruction HIGHZ.

A high value in the Reset Register corresponds to pulling the External Reset low. The part is
reset as long as there is a high value present in the Reset Register. Depending on the Fuse set-
tings for the clock options, the part will remain reset for a Reset Time-Out Period (refer to “Clock
Sources” on page 25) after releasing the Reset Register. The output from this Data Register is
not latched, so the reset will take place immediately, as shown in Figure 115.

MSB LSB

Bit 31 28 27 12 11 1 0

Device ID Version Part Number Manufacturer ID 1

4 bits 16 bits 11 bits 1 bit

Table 87.  JTAG Version Numbers

Version JTAG Version Number (Hex)

ATmega16 revision G 0x6

ATmega16 revision H 0xE

ATmega16 revision I 0x8

ATmega16 revision J 0x9

ATmega16 revision K 0xA

ATmega16 revision L 0xB

Table 88.  AVR JTAG Part Number

Part Number JTAG Part Number (Hex)

ATmega16 0x9403

Table 89.  Manufacturer ID

Manufacturer JTAG Manufacturer ID (Hex)

ATMEL 0x01F
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Memory 
Programming

Program And Data 
Memory Lock Bits

The ATmega16 provides six Lock bits which can be left unprogrammed (“1”) or can be pro-
grammed (“0”) to obtain the additional features listed in Table 104. The Lock bits can only be
erased to “1” with the Chip Erase command.

Note: 1. “1” means unprogrammed, “0” means programmed

Table 103.  Lock Bit Byte(1)

Lock Bit Byte Bit No. Description Default Value

7 – 1 (unprogrammed)

6 – 1 (unprogrammed)

BLB12 5 Boot Lock bit 1 (unprogrammed)

BLB11 4 Boot Lock bit 1 (unprogrammed)

BLB02 3 Boot Lock bit 1 (unprogrammed)

BLB01 2 Boot Lock bit 1 (unprogrammed)

LB2 1 Lock bit 1 (unprogrammed)

LB1 0 Lock bit 1 (unprogrammed)

Table 104.  Lock Bit Protection Modes 

Memory Lock Bits(2) Protection Type

LB Mode LB2 LB1

1 1 1 No memory lock features enabled.

2 1 0

Further programming of the Flash and EEPROM is 
disabled in Parallel and SPI/JTAG Serial Programming 
mode. The Fuse bits are locked in both Serial and Parallel 
Programming mode.(1)

3 0 0

Further programming and verification of the Flash and 
EEPROM is disabled in Parallel and SPI/JTAG Serial 
Programming mode. The Fuse bits are locked in both 
Serial and Parallel Programming mode.(1)

BLB0 Mode BLB02 BLB01

1 1 1
No restrictions for SPM or LPM accessing the Application 
section.

2 1 0 SPM is not allowed to write to the Application section.

3 0 0

SPM is not allowed to write to the Application section, and 
LPM executing from the Boot Loader section is not 
allowed to read from the Application section. If interrupt 
vectors are placed in the Boot Loader section, interrupts 
are disabled while executing from the Application section.

4 0 1

LPM executing from the Boot Loader section is not 
allowed to read from the Application section. If interrupt 
vectors are placed in the Boot Loader section, interrupts 
are disabled while executing from the Application section.
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Figure 130.  Programming the EEPROM Waveforms

Reading the Flash The algorithm for reading the Flash memory is as follows (refer to “Programming the Flash” on
page 266 for details on Command and Address loading):

1. A: Load Command “0000 0010”.

2. G: Load Address High Byte ($00 - $FF)

3. B: Load Address Low Byte ($00 - $FF)

4. Set OE to “0”, and BS1 to “0”. The Flash word Low byte can now be read at DATA.

5. Set BS1 to “1”. The Flash word High byte can now be read at DATA.

6. Set OE to “1”.

Reading the EEPROM The algorithm for reading the EEPROM memory is as follows (refer to “Programming the Flash”
on page 266 for details on Command and Address loading):

1. A: Load Command “0000 0011”.

2. G: Load Address High Byte ($00 - $FF)

3. B: Load Address Low Byte ($00 - $FF)

4. Set OE to “0”, and BS1 to “0”. The EEPROM Data byte can now be read at DATA.

5. Set OE to “1”.

Programming the 
Fuse Low Bits

The algorithm for programming the Fuse Low bits is as follows (refer to “Programming the Flash”
on page 266 for details on Command and Data loading):

1. A: Load Command “0100 0000”.

2. C: Load Data Low Byte. Bit n = “0” programs and bit n = “1” erases the Fuse bit.

3. Set BS1 to “0” and BS2 to “0”.

4. Give WR a negative pulse and wait for RDY/BSY to go high.

RDY/BSY

WR

OE

RESET +12V

PAGEL

BS2

0x11 ADDR. HIGH
DATA

ADDR. LOW DATA ADDR. LOW DATA XX

XA1

XA0

BS1

XTAL1

XX

A G B C E B C E L

K
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Bod Thresholds And 
Analog Comparator 
Offset

Figure 188.  Bod Thresholds vs. Temperature (Bodlevel is 4.0V)

Figure 189.  Bod Thresholds vs. Temperature (Bodlevel is 2.7V)
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Figure 190.  Bandgap Voltage vs. VCC

Figure 191.  Analog Comparator Offset Voltage vs. Common Mode Voltage (VCC = 5V)
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Datasheet 
Revision 
History

Please note that the referring page numbers in this section are referred to this document. The
referring revision in this section are referring to the document revision.

Rev. 2466T-07/10 1.  Corrected use of comma in formula Rp in Table 120, “Two-wire Serial Bus Require-
ments,” on page 294.

2.  Updated document according to Atmel’s Technical Terminology

3. Note 6 and Note 7 under Table 120, “Two-wire Serial Bus Requirements,” on
page 294 have been removed.

Rev. 2466S-05/09 1.  Updated “Errata” on page 340.

2.  Updated the last page with Atmel’s new adresses.

Rev. 2466R-06/08 1. Added “Not recommended for new designs” note in Figure  on page 1.

Rev. 2466Q-05/08 1. Updated “Fast PWM Mode” on page 77 in “8-bit Timer/Counter0 with PWM” on page
71:

– Removed the last section describing how to achieve a frequency with 50% duty 
cycle waveform output in fast PWM mode.

2. Removed note from Feature list in “Analog to Digital Converter” on page 204.

3. Removed note from Table 84 on page 218.

4. Updated “Ordering Information” on page 336:

- Commercial ordering codes removed.

- Non Pb-free package option removed.

Rev. 2466P-08/07 1. Updated “Features” on page 1.

2. Added “Data Retention” on page 6.

3. Updated “Errata” on page 340.

4. Updated “Slave Mode” on page 140.

Rev. 2466O-03/07 1. Updated “Calibrated Internal RC Oscillator” on page 29.

2. Updated C code example in “USART Initialization” on page 149.

3. Updated “ATmega16 Boundary-scan Order” on page 241.

4. Removed “premilinary” from “ADC Characteristics” on page 297.

5. Updated from V to mV in “I/O Pin Input Hysteresis vs. VCC” on page 317.

6. Updated from V to mV in “Reset Input Pin Hysteresis vs. VCC” on page 318.
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