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ALU - Arithmetic
Logic Unit

Status Register

ATMEL

Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data
Space addressing — enabling efficient address calculations. One of the these address pointers
can also be used as an address pointer for look up tables in Flash program memory. These
added function registers are the 16-bit X-, Y-, and Z-register, described later in this section.

The ALU supports arithmetic and logic operations between registers or between a constant and
a register. Single register operations can also be executed in the ALU. After an arithmetic opera-
tion, the Status Register is updated to reflect information about the result of the operation.

Program flow is provided by conditional and unconditional jump and call instructions, able to
directly address the whole address space. Most AVR instructions have a single 16-bit word for-
mat. Every program memory address contains a 16- or 32-bit instruction.

During interrupts and subroutine calls, the return address Program Counter (PC) is stored on the
Stack. The Stack is effectively allocated in the general data SRAM, and consequently the Stack
size is only limited by the total SRAM size and the usage of the SRAM. All user programs must
initialize the SP in the Reset routine (before subroutines or interrupts are executed). The Stack
Pointer (SP) is read/write accessible in the I/O space. The data SRAM can easily be accessed
through the five different addressing modes supported in the AVR architecture.

The memory spaces in the AVR architecture are all linear and regular memory maps.

A flexible interrupt module has its control registers in the 1/0 space with an additional Global
Interrupt Enable bit in the Status Register. All interrupts have a separate Interrupt Vector in the
Interrupt Vector table. The interrupts have priority in accordance with their Interrupt Vector posi-
tion. The lower the Interrupt Vector address, the higher the priority.

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Regis-
ters, and other 1/O functions. The 1/O Memory can be accessed directly, or as the Data Space
locations following those of the Register File, 0x20 - Ox5F.

The high-performance AVR ALU operates in direct connection with all the 32 general purpose
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 implementations 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 arithme-
tic 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.

10 ATEINY2.3 71 3 o ———
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Reset and
Interrupt Handling

Figure 7. Single Cycle ALU Operation
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The AVR provides several different interrupt sources. These interrupts and the separate Reset
Vector each have a separate program vector in the program memory space. All interrupts are
assigned individual enable bits which must be written logic one together with the Global Interrupt
Enable bit in the Status Register in order to enable the interrupt.

The lowest addresses in the program memory space are by default defined as the Reset and
Interrupt Vectors. The complete list of vectors is shown in “Interrupts” on page 46. The list also
determines the priority levels of the different interrupts. The lower the address the higher is the
priority level. RESET has the highest priority, and next is INTO — the External Interrupt Request
0. Refer to “Interrupts” on page 46 for more information.

When an interrupt occurs, the Global Interrupt Enable I-bit is cleared and all interrupts are dis-
abled. The user software can write logic one to the I-bit to enable nested interrupts. All enabled
interrupts can then interrupt the current interrupt routine. The I-bit is automatically set when a
Return from Interrupt instruction — RETI — is executed.

There are basically two types of interrupts. The first type is triggered by an event that sets the
interrupt flag. For these interrupts, the Program Counter is vectored to the actual Interrupt Vector
in order to execute the interrupt handling routine, and hardware clears the corresponding inter-
rupt flag. Interrupt flags can also be cleared by writing a logic one to the flag bit position(s) to be
cleared. If an interrupt condition occurs while the corresponding interrupt enable bit is cleared,
the interrupt flag will be set and remembered until the interrupt is enabled, or the flag is cleared
by software. Similarly, if one or more interrupt conditions occur while the Global Interrupt Enable
bit is cleared, the corresponding interrupt flag(s) will be set and remembered until the Global
Interrupt Enable bit is set, and will then be executed by order of priority.

The second type of interrupts will trigger as long as the interrupt condition is present. These
interrupts do not necessarily have interrupt flags. If the interrupt condition disappears before the
interrupt is enabled, the interrupt will not be triggered.

When the AVR exits from an interrupt, it will always return to the main program and execute one
more instruction before any pending interrupt is served.

Note that the Status Register is not automatically stored when entering an interrupt routine, nor
restored when returning from an interrupt routine. This must be handled by software.

When using the CLI instruction to disable interrupts, the interrupts will be immediately disabled.
No interrupt will be executed after the CLI instruction, even if it occurs simultaneously with the

14 ATEiNY2313 m—————————————————————
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Figure 12. Crystal Oscillator Connections

C2

— I—F XTALZ2
c1 7
o St x7AL1

GND

The Oscillator can operate in three different modes, each optimized for a specific frequency
range. The operating mode is selected by the fuses CKSEL3..1 as shown in Table 4.

Table 4. Crystal Oscillator Operating Modes

Recommended Range for Capacitors C1
CKSEL3..1 Frequency Range(" (MHz) and C2 for Use with Crystals (pF)
100 04-0.9 -
101 0.9-3.0 12 -22
110 3.0-8.0 12 -22
1M1 8.0- 12 - 22

Notes: 1. The frequency ranges are preliminary values. Actual values are TBD.
2. This option should not be used with crystals, only with ceramic resonators.

The CKSELO Fuse together with the SUT1..0 Fuses select the start-up times as shown in Table
5.

ATHiNY2313 m—————————————————————————
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* DI/SDA/PCINTS5 - Port B, Bit 5

DI: Three-wire mode Universal Serial Interface Data input. Three-wire mode does not override
normal port functions, so pin must be configured as an input. SDA: Two-wire mode Serial Inter-
face Data.

PCINT5: Pin Change Interrupt Source 5. The PB5 pin can serve as an external interrupt source.
* OC1B/PCINT4 - Port B, Bit 4

OC1B: Output Compare Match B output: The PB4 pin can serve as an external output for the
Timer/Counter1 Output Compare B. The pin has to be configured as an output (DDB4 set (one))
to serve this function. The OC1B pin is also the output pin for the PWM mode timer function.
PCINT4: Pin Change Interrupt Source 4. The PB4 pin can serve as an external interrupt source.
* OC1A/PCINT3 - Port B, Bit 3

OC1A: Output Compare Match A output: The PB3 pin can serve as an external output for the
Timer/Counter1 Output Compare A. The pin has to be configured as an output (DDB3 set (one))
to serve this function. The OC1A pin is also the output pin for the PWM mode timer function.
PCINT3: Pin Change Interrupt Source 3: The PB3 pin can serve as an external interrupt source.
* OCOA/PCINT2 - Port B, Bit 2

OCOA: Output Compare Match A output. The PB2 pin can serve as an external output for the
Timer/Counter0 Output Compare A. The pin has to be configured as an output (DDB2 set (one))
to serve this function. The OCOA pin is also the output pin for the PWM mode timer function.
PCINT2: Pin Change Interrupt Source 2. The PB2 pin can serve as an external interrupt source.
* AIN1/PCINT1 - Port B, Bit 1

AIN1: Analog Comparator Negative input. Configure the port pin as input with the internal pull-up
switched off to avoid the digital port function from interfering with the function of the analog
comparator.

PCINT1: Pin Change Interrupt Source 1. The PB1 pin can serve as an external interrupt source.
* AINO/PCINTO - Port B, Bit 0

AINO: Analog Comparator Positive input. Configure the port pin as input with the internal pull-up

switched off to avoid the digital port function from interfering with the function of the Analog
Comparator.

PCINTO: Pin Change Interrupt Source 0. The PBO pin can serve as an external interrupt source.

Table 26 and Table 27 relate the alternate functions of Port B to the overriding signals shown in
Figure 25 on page 53. SPI MSTR INPUT and SPI SLAVE OUTPUT constitute the MISO signal,
while MOSI is divided into SPI MSTR OUTPUT and SPI SLAVE INPUT.

56 ATHINY231 3



Table 29 and Table 30 relates the alternate functions of Port D to the overriding signals shown in

Figure 25 on page 53.

Table 29. Overriding Signals for Alternate Functions PD7..PD4

Signal

Name PD6/ICP PD5/0C1BI/T1 PD4/T0
PUOE 0 0 0

PUOV 0 0 0

DDOE 0 0 0

DDOV 0 0 0

PVOE 0 OC1B_PVOE 0

PVOV 0 OC1B_PVOV 0

PTOE 0 0 0

DIEOE ICP ENABLE T1 ENABLE TO ENABLE
DIEOQV | 1 1 1

DI ICP INPUT T1 INPUT TO INPUT
AIO - - AIN1

Table 30. Overriding Signals for Alternate Functions in PD3..PDO

Signal PD2/INTO/XCK/
Name | PD3/INT1 CKouT PD1/TXD PDO/RXD
PUOE | 0 0 TXD_OE RXD_OE
PUOV | 0 0 0 PORTDO « PUD
DDOE | 0 0 TXD_OE RXD_EN
DDOV | 0 0 1 0
PVOE | 0 XCKO_PVOE TXD_OE 0
PVOV | 0 XCKO_PVOV TXD_PVOV 0
PTOE | 0 0 0 0
DIEOE | INT1ENABLE INTO ENABLE/ 0 0
XCK INPUT
ENABLE
DIEOV | 1 1 0 0
DI INT1 INPUT INTO INPUT/ - RXD INPUT
XCK INPUT
AlO - - - -

2543K-AVR-03/10
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8-bit
Timer/Counter0
with PWM

Overview

Registers

ATMEL

Timer/Counter0 is a general purpose 8-bit Timer/Counter module, with two independent Output
Compare Units, and with PWM support. It allows accurate program execution timing (event man-
agement) and wave generation. The main features are:

Two Independent Output Compare Units

Double Buffered Output Compare Registers

Clear Timer on Compare Match (Auto Reload)

Glitch Free, Phase Correct Pulse Width Modulator (PWM)

Variable PWM Period

Frequency Generator

Three Independent Interrupt Sources (TOV0, OCF0A, and OCF0B)

A simplified block diagram of the 8-bit Timer/Counter is shown in Figure 27. For the actual place-
ment of I1/O pins, refer to “Pinout ATtiny2313” on page 2. CPU accessible I/0O Registers,
including 1/O bits and I/O pins, are shown in bold. The device-specific I/O Register and bit loca-
tions are listed in the “8-bit Timer/Counter Register Description” on page 75.

Figure 27. 8-bit Timer/Counter Block Diagram
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The Timer/Counter (TCNTO) and Output Compare Registers (OCROA and OCROB) are 8-bit
registers. Interrupt request (abbreviated to Int.Req. in the figure) signals are all visible in the
Timer Interrupt Flag Register (TIFR). All interrupts are individually masked with the Timer Inter-
rupt Mask Register (TIMSK). TIFR and TIMSK are not shown in the figure.

The Timer/Counter can be clocked internally, via the prescaler, or by an external clock source on
the TO pin. The Clock Select logic block controls which clock source and edge the Timer/Counter
uses to increment (or decrement) its value. The Timer/Counter is inactive when no clock source
is selected. The output from the Clock Select logic is referred to as the timer clock (clkyg).

The double buffered Output Compare Registers (OCROA and OCROB) is compared with the
Timer/Counter value at all times. The result of the compare can be used by the Waveform Gen-
erator to generate a PWM or variable frequency output on the Output Compare pins (OCOA and
OCOB). See “Output Compare Unit” on page 66. for details. The Compare Match event will also
set the Compare Flag (OCFOA or OCFO0B) which can be used to generate an Output Compare
interrupt request.

64 ATtiNY2313 m——————————————————
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Figure 37. Timer/Counter Timing Diagram, Clear Timer on Compare Match mode, with Pres-
caler (foy_yo/8)

« [JUUUTUUULUUUTU UL UUUU T UYL
(c?iﬁ/”s) F r r r

TCNTn

(CTC) L TOP -1 TOP BOTTOM BOTTOM + 1
OCRnx TOP
OCFnx
74 AT HINY 231 3 10— ——

2543K-AVR-03/10



2543K-AVR-03/10

Table 39 shows the COMOB1:0 bit functionality when the WGMO02:0 bits are set to phase correct
PWM mode.

Table 39. Compare Output Mode, Phase Correct PWM Mode("
coMoB1 coMoBO Description

0 0 Normal port operation, OCROB disconnected.
0 1 Reserved
1 0 Clear ORCOB on Compare Match when up-counting. Set OCR0OB

on Compare Match when down-counting.

Set OCROB on Compare Match when up-counting. Clear OCR0OB

on Compare Match when down-counting.

Note: 1. A special case occurs when OCROB equals TOP and COMOBH1 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 71 for more details.

¢ Bits 3, 2 — Res: Reserved Bits

These bits are reserved bits in the ATtiny2313 and will always read as zero.
* Bits 1:0 - WGMO01:0: Waveform Generation Mode

Combined with the WGMO2 bit found in the TCCROB 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 40. Modes of operation supported by the Timer/Counter
unit are: Normal mode (counter), Clear Timer on Compare Match (CTC) mode, and two types of
Pulse Width Modulation (PWM) modes (see “Modes of Operation” on page 68).

Table 40. Waveform Generation Mode Bit Description

Timer/Count
er Mode of Update of | TOV Flag
Mode | WGM2 | WGM1 | WGMO | Operation TOP OCRxat | Seton(M?

0 0 0 0 Normal OxFF Immediate MAX

1 0 0 1 PWM, Phase OxFF TOP BOTTOM
Correct

2 0 1 0 CTC OCROA | Immediate MAX

3 0 1 1 Fast PWM OxFF TOP MAX

4 1 0 0 Reserved - - -

5 1 0 1 PWM, Phase OCROA TOP BOTTOM
Correct

6 1 1 0 Reserved - - -

7 1 1 1 Fast PWM OCROA TOP TOP

Notes: 1. MAX = OxFF

2. BOTTOM = 0x00

ATMEL m



Phase Correct PWM
Mode

ATMEL

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. However, 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-, 9-, 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 resolu-
tion in bits can be calculated by using the following equation:

_ log(ToOP+1)

RPCPWM - log(2)

In phase correct PWM mode the counter is incremented until the counter value matches either
one of the fixed values Ox00FF, 0x01FF, or OXO3FF (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.

Figure 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 OCF1A or ICF1 flag is set accord-
ingly at the same timer clock cycle as the OCR1x Registers are updated with the double buffer

100 AT N Y231 3
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Internal Clock
Generation — The
Baud Rate Generator
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ATtiny2313

Figure 54. Clock Generation Logic, Block Diagram
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Signal description:

txclk Transmitter clock (Internal Signal).

rxclk Receiver base clock (Internal Signal).

xcki  Input from XCK pin (internal Signal). Used for synchronous slave operation.

xcko Clock output to XCK pin (Internal Signal). Used for synchronous master
operation.

fosc  XTAL pin frequency (System Clock).

Internal clock generation is used for the asynchronous and the synchronous master modes of
operation. The description in this section refers to Figure 54.

The USART Baud Rate Register (UBRR) and the down-counter connected to it function as a
programmable prescaler or baud rate generator. The down-counter, running at system clock
(fosc), is loaded with the UBRR value each time the counter has counted down to zero or when
the UBRRL Register is written. A clock is generated each time the counter reaches zero. This
clock is the baud rate generator clock output (= f,../(UBRR+1)). The Transmitter divides the
baud rate generator clock output by 2, 8 or 16 depending on mode. The baud rate generator out-
put is used directly by the Receiver’s clock and data recovery units. However, the recovery units
use a state machine that uses 2, 8 or 16 states depending on mode set by the state of the
UMSEL, U2X and DDR_XCK bits.

Table 48 contains equations for calculating the baud rate (in bits per second) and for calculating
the UBRR value for each mode of operation using an internally generated clock source.

Table 48. Equations for Calculating Baud Rate Register Setting

Equation for Calculating Equation for Calculating
Operating Mode Baud Rate(" UBRR Value
gsoﬁn: ?L%r;?iso’;jormal BAUD = __Josc UBRR = Josc_

16(UBRR + 1) 16BAUD

Asynchronous Double fosc fosc
Speed mode (U2X = 1) BAUD = mm UBRR = 8BAUD
Synchronous Master
mode BAUD = % UBRR = 2;‘;%)—1

Note: 1.

ATMEL

The baud rate is defined to be the transfer rate in bit per second (bps)
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e Bit 7 — USISIE: Start Condition Interrupt Enable

Setting this bit to one enables the Start Condition detector interrupt. If there is a pending inter-
rupt when the USISIE and the Global Interrupt Enable Flag is set to one, this will immediately be
executed.

e Bit 6 — USIOIE: Counter Overflow Interrupt Enable

Setting this bit to one enables the Counter Overflow interrupt. If there is a pending interrupt when
the USIOIE and the Global Interrupt Enable Flag is set to one, this will immediately be executed.

* Bit 5..4 — USIWM1..0: Wire Mode

These bits set the type of wire mode to be used. Basically only the function of the outputs are
affected by these bits. Data and clock inputs are not affected by the mode selected and will
always have the same function. The counter and Shift Register can therefore be clocked
externally, and data input sampled, even when outputs are disabled. The relations between
USIWM1..0 and the USI operation is summarized in Table 60 on page 149.

ATHiNY2313 m—————————————————————————
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Store Program
Memory Control and
Status Register —
SPMCSR
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The Store Program Memory Control and Status Register contains the control bits needed to con-
trol the Program memory operations.

Bit 7 6 5 4 3 2 1 0

| - | - | - | CTPB RFLB PGWRT | PGERS | SELFPRGEN | SPMCSR
Read/Write R R R R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

¢ Bits 7..5 — Res: Reserved Bits

These bits are reserved bits in the ATtiny2313 and always read as zero.
* Bit 4 — CTPB: Clear Temporary Page Buffer

If the CTPB bit is written while filling the temporary page buffer, the temporary page buffer will be
cleared and the data will be lost.

¢ Bit 3 - RFLB: Read Fuse and Lock Bits

An LPM instruction within three cycles after RFLB and SELFPRGEN are set in the SPMCSR
Register, will read either the Lock bits or the Fuse bits (depending on Z0 in the Z-pointer) into the
destination register. See “EEPROM Write Prevents Writing to SPMCSR” on page 158 for details.

* Bit 2 - PGWRT: Page Write

If this bit is written to one at the same time as SELFPRGEN, the next SPM instruction within four
clock cycles executes Page Write, with the data stored in the temporary buffer. The page
address is taken from the high part of the Z-pointer. The data in R1 and RO are ignored. The
PGWRT bit will auto-clear upon completion of a Page Write, or if no SPM instruction is executed
within four clock cycles. The CPU is halted during the entire Page Write operation.

* Bit 1 - PGERS: Page Erase

If this bit is written to one at the same time as SELFPRGEN, the next SPM instruction within four
clock cycles executes Page Erase. The page address is taken from the high part of the Z-
pointer. The data in R1 and RO are ignored. The PGERS bit will auto-clear upon completion of a
Page Erase, or if no SPM instruction is executed within four clock cycles. The CPU is halted dur-
ing the entire Page Write operation.

* Bit 0 - SELFPRGEN: Self Programming Enable

This bit enables the SPM instruction for the next four clock cycles. If written to one together with
either CTPB, RFLB, PGWRT, or PGERS, the following SPM instruction will have a special
meaning, see description above. If only SELFPRGEN is written, the following SPM instruction
will store the value in R1:R0 in the temporary page buffer addressed by the Z-pointer. The LSB
of the Z-pointer is ignored. The SELFPRGEN bit will auto-clear upon completion of an SPM
instruction, or if no SPM instruction is executed within four clock cycles. During Page Erase and
Page Write, the SELFPRGEN bit remains high until the operation is completed.

Writing any other combination than “10001”, “01001”, “00101”, “00011” or “00001” in the lower
five bits will have no effect.

AImEl@ 157
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Memory
Programming

Program And Data The ATtiny2313 provides two Lock bits which can be left unprogrammed (“1”) or can be pro-
Memory Lock Bits grammed (“0”) to obtain the additional features listed in Table 65. The Lock bits can only be

160

erased to “1” with the Chip Erase command.

Table 64. Lock Bit Byte("
Lock Bit Byte Bit No Description Default Value

- 1 (unprogrammed)

- 1 (unprogrammed)

- 1 (unprogrammed)

(
(
- 1 (unprogrammed)
(
(

- 1 (unprogrammed)

N W OO | N

- 1 (unprogrammed)

LB2 1 Lock bit 1 (unprogrammed)

LB1 0 Lock bit 1 (unprogrammed)

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

Table 65. Lock Bit Protection Modes!"
Memory Lock Bits Protection Type
LB Mode LB2 LB1

1 1 1 No memory lock features enabled.

Further programming of the Flash and EEPROM is
disabled in Parallel and Serial Programming mode. The

2 1 0 Fuse bits are locked in both Serial and Parallel
Programming mode.(")
Further programming and verification of the Flash and

3 0 0 EEPROM is disabled in Parallel and Serial Programming

mode. The Boot Lock bits and Fuse bits are locked in both
Serial and Parallel Programming mode.("

Notes: 1. Program the Fuse bits and Boot Lock bits before programming the LB1 and LB2.
2. “1” means unprogrammed, “0” means programmed

ATHiNY2313 m—————————————————————————



Programming the

EEPROM

Reading the Flash
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The EEPROM is organized in pages, see Table 70 on page 162. When programming the
EEPROM, the program data is latched into a page buffer. This allows one page of data to be
programmed simultaneously. The programming algorithm for the EEPROM data memory is as
follows (refer to “Programming the Flash” on page 167 for details on Command, Address and
Data loading):

1. A:Load Command “0001 0001".

2. G: Load Address High Byte (0x00 - OxFF).
3. B:Load Address Low Byte (0x00 - OxFF).
4. C: Load Data (0x00 - OxFF).

J: Repeat 3 through 4 until the entire buffer is filled.
K: Program EEPROM page

1. SetBSto“0".
2. Give WR a negative pulse. This starts programming of the EEPROM page. RDY/BSY
goes low.

3. Wait until to RDY/BSY goes high before programming the next page (See Figure 72 for
signal waveforms).

Figure 72. Programming the EEPROM Waveforms
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The algorithm for reading the Flash memory is as follows (refer to “Programming the Flash” on
page 167 for details on Command and Address loading):

1. A: Load Command “0000 0010".

2. G: Load Address High Byte (0x00 - OxFF).

3. B:Load Address Low Byte (0x00 - OxFF).

4. Set OE to “0”, and BS1 to “0”. The Flash word low byte can now be read at DATA.
5. SetBS to “1”. The Flash word high byte can now be read at DATA.

6. Set OE to “1”.
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Reading the EEPROM

Programming the
Fuse Low Bits

Programming the
Fuse High Bits

Programming the
Extended Fuse Bits

170

ATMEL

The algorithm for reading the EEPROM memory is as follows (refer to “Programming the Flash”
on page 167 for details on Command and Address loading):

1. A: Load Command “0000 0011”.

G: Load Address High Byte (0x00 - OxFF).

B: Load Address Low Byte (0x00 - OxFF).

Set OE to “0”, and BS1 to “0”. The EEPROM Data byte can now be read at DATA.
Set OE to “1”.

o kN

The algorithm for programming the Fuse Low bits is as follows (refer to “Programming the Flash”
on page 167 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. Give WR a negative pulse and wait for RDY/BSY to go high.

The algorithm for programming the Fuse High bits is as follows (refer to “Programming the
Flash” on page 167 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. SetBS1to “1” and BS2 to “0”. This selects high data byte.

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

5. Set BS1 to “0”. This selects low data byte.

The algorithm for programming the Extended Fuse bits is as follows (refer to “Programming the
Flash” on page 167 for details on Command and Data loading):

1. 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 “1”. This selects extended data byte.

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

5. Set BS2 to “0”. This selects low data byte.

Al

Figure 73. Programming the FUSES Waveforms
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Figure 77. Parallel Programming Timing, Reading Sequence (within the Same Page) with Tim-
ing Requirements(")

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— —

oL

-
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tBVDV
-—

tOLDV
-—

tOHDZ
-—

DATA —< ADDRO (Low Byte) >—$< DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)

XA0

XAl

Note: 1. The timing requirements shown in Figure 75 (i.e., toyxn, txnxL, @and tx px) also apply to read-
ing operation.

Table 76. Parallel Programming Characteristics, Voc = 5V £ 10%

Symbol Parameter Min | Typ | Max | Units
Vpp Programming Enable Voltage 11.5 12.5 V
Ipp Programming Enable Current 250 pA
tovxh Data and Control Valid before XTAL1 High 67 ns
txixH XTAL1 Low to XTAL1 High 200 ns
txHxL XTAL1 Pulse Width High 150 ns
txL DX Data and Control Hold after XTAL1 Low 67 ns
tyuwl XTAL1 Low to WR Low 0 ns
txLPH XTAL1 Low to PAGEL high 0 ns
tpLxH PAGEL low to XTAL1 high 150 ns
tavpPH BS1 Valid before PAGEL High 67 ns
teHpPL PAGEL Pulse Width High 150 ns
tpLBx BS1 Hold after PAGEL Low 67 ns
tLBX BS2/1 Hold after WR Low 67 ns
teLwL PAGEL Low to WR Low 67 ns
taviL BS1 Valid to WR Low 67 ns
twLwH WR Pulse Width Low 150 ns
twirL WR Low to RDY/BSY Low 0 1 us
tWLRH WR Low to RDY/BSY High!" 3.7 45 ms
twirs ce | WR Low to RDY/BSY High for Chip Erase(® 7.5 9 ms
tyLoL XTAL1 Low to OE Low 0 ns
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Serial Programming When writing serial data to the ATtiny2313, data is clocked on the rising edge of SCK.

Algorithm When reading data from the ATtiny2313, data is clocked on the falling edge of SCK. See Figure

79, Figure 80 and Table 79 for timing details.

To program and verify the ATtiny2313 in the serial programming mode, the following sequence
is recommended (See four byte instruction formats in Table 78 on page 176):

1. Power-up sequence:
Apply power between V. and GND while RESET and SCK are set to “0”. In some sys-
tems, the programmer can not guarantee that SCK is held low during power-up. In this
case, RESET must be given a positive pulse of at least two CPU clock cycles duration
after SCK has been set to “0”.

2. Wait for at least 20 ms and enable serial programming by sending the Programming
Enable serial instruction to pin MOSI.

3. The serial programming instructions will not work if the communication is out of synchro-
nization. When in sync. the second byte (0x53), will echo back when issuing the third
byte of the Programming Enable instruction. Whether the echo is correct or not, all four
bytes of the instruction must be transmitted. If the 0x53 did not echo back, give RESET a
positive pulse and issue a new Programming Enable command.

4. The Flash is programmed one page at a time. The memory page is loaded one byte at a
time by supplying the 4 LSB of the address and data together with the Load Program
Memory Page instruction. To ensure correct loading of the page, the data low byte must
be loaded before data high byte is applied for a given address. The Program Memory
Page is stored by loading the Write Program Memory Page instruction with the 6 MSB of
the address. If polling (RDY/BSY) is not used, the user must wait at least tyyp £ asy before
issuing the next page. (See Table 77 on page 176.) Accessing the serial programming
interface before the Flash write operation completes can result in incorrect programming.

5. A: The EEPROM array is programmed one byte at a time by supplying the address and

data together with the appropriate Write instruction. An EEPROM memory location is first
automatically erased before new data is written. If polling (RDY/BSY) is not used, the user
must wait at least ty,p geprom PEfOre issuing the next byte. (See Table 77 on page 176.)
In a chip erased device, no OxFFs in the data file(s) need to be programmed.
B: The EEPROM array is programmed one page at a time. The Memory page is loaded
one byte at a time by supplying the 2 LSB of the address and data together with the Load
EEPROM Memory Page instruction. The EEPROM Memory Page is stored by loading
the Write EEPROM Memory Page Instruction with the 5 MSB of the address. When using
EEPROM page access only byte locations loaded with the Load EEPROM Memory Page
instruction is altered. The remaining locations remain unchanged. If polling (RDY/BSY) is
not used, the used must wait at least t,,5 zzprom Pefore issuing the next page (See Table
77 on page 176). In a chip erased device, no OxFF in the data file(s) need to be
programmed.

6. Any memory location can be verified by using the Read instruction which returns the con-
tent at the selected address at serial output MISO.

7. At the end of the programming session, RESET can be set high to commence normal
operation.

8. Power-off sequence (if needed):
Set RESET to “1”.
Turn V¢ power off.
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ATMEL

BOD Thresholds and

Figure 125. BOD Thresholds vs. Temperature (BOD Level is 4.3V)
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Figure 126. BOD Thresholds vs. Temperature (BOD Level is 2.7V)
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Figure 137. Analog Comparator Current vs. V¢
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Figure 138. Programming Current vs. V¢
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Ordering Information

Speed (MHz)® Power Supply Ordering Code Package'" Operation Range

ATtiny2313V-10PI 20P3
ATtiny2313V-10PU® 20P3 Industrial

10 1.8 - 5.5V ATtiny2313V-10SI 20S (-40°C to 85°C)
ATtiny2313V-10SU@ 20S
ATtiny2313V-10MU® 20M1
ATtiny2313-20PI 20P3
ATtiny2313-20PU® 20P3 Industrial

20 2.7-55V ATtiny2313-20SI 20S (-40°C to 85°C)
ATtiny2313-20SU® 208
ATtiny2313-20MU? 20M1

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging alternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-

tive).Also Halide free and fully Green.
3. For Speed vs. V¢ see Figure 82 on page 182 and Figure 83 on page 182.

Package Type
20P3 20-lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
20S 20-lead, 0.300" Wide, Plastic Gull Wing Small Outline Package (SOIC)
20M1 20-pad, 4 x 4 x 0.8 mm Body, Quad Flat No-Lead/Micro Lead Frame Package (MLF)
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