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AIMEL

During interrupts and subroutine calls, the return address Program Counter (PC) is
stored on the stack. The stack is a 3-level-deep hardware stack dedicated for subrou-
tines and interrupts.

The 1/0O memory space contains 64 addresses for CPU peripheral functions such as
Control Registers, Timer/Counters, A/D Converters and other I/O functions. The mem-
ory spaces in the AVR architecture are all linear and regular memory maps.

A flexible interrupt module has its control registers in the I/O space with an additional
global interrupt enable bit in the status register. All the different interrupts have a sepa-
rate interrupt vector in the interrupt vector table at the beginning of the
program memory. The different interrupts have priority in accordance with their interrupt
vector position. The lower the interrupt vector address, the higher the priority.

Figure 5 shows the structure of the 32 general purpose registers in the CPU.

Figure 5. AVR CPU General Purpose Working Registers
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All the register operating instructions in the instruction set have direct and single cycle
access to all registers. The only exception is the five constant arithmetic and logic
instructions SBCI, SUBI, CPI, ANDI, ORI between a constant and a register and the LDI
instruction for load immediate constant data. These instructions apply to the second half
of the registers in the register file (R16..R31). The general SBC, SUB, CP, AND, OR
and all other operations between two registers or on a single register apply to the entire
register file.

Register 30 also serves as an 8-bit pointer for indirect address of the register file.

The high-performance AVR ALU operates in direct connection with all the 32 general
purpose working registers. Within a single clock cycle, ALU operations between regis-
ters in the register file are executed. The ALU operations are divided into three main
categories — arithmetic, logic and bit-functions.

The AT90S1200 contains 1K bytes On-chip In-System Programmable Flash memory for
program storage. Since all instructions are single 16-bit words, the Flash is organized as
512 x 16. The Flash memory has an endurance of at least 1000 write/erase cycles.

The AT90S1200 Program Counter is 9 bits wide, thus addressing the 512 words Flash
program memory.

See page 37 for a detailed description on Flash data downloading.
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Program and Data The AT90S1200 AVR RISC Microcontroller supports powerful and efficient addressing

Addressing Modes modes. This section describes the different addressing modes supported in the
AT90S1200. In the figures, OP means the operation code part of the instruction word.
To simplify, not all figures show the exact location of the addressing bits.

Register Direct, Single Figure 6. Direct Single Register Addressing

Register Rd
REGISTER FILE

OoP d

31

The operand is contained in register d (Rd).

Register Indirect Figure 7. Indirect Register Addressing
REGISTER FILE

Z-Register 30
31

The register accessed is the one pointed to by the Z-register (R30).

Register Direct, Two Registers Figure 8. Direct Register Addressing, Two Registers
Rd and Rr REGISTER FILE

31

ATMEL 7
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Status Register - SREG The AVR status register (SREG) at I/0 space location $3F is defined as:
Bit 7 6 5 4 3 2 1 0
$3F | @+ | = | v | s | v | N | z | c¢ | sReG
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 — I: Global Interrupt Enable

The global interrupt enable bit must be set (one) for the interrupts to be enabled. The
individual interrupt enable control is then performed in separate control registers. If the
global interrupt enable bit is cleared (zero), none of the interrupts are enabled indepen-
dent 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.

¢ Bit 6 — T: Bit Copy Storage

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source
and 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. See the
Instruction Set description for detailed information.

¢ Bit 4 - S: Sign Bit, S = NoV

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.

¢ Bit 3 - V: Two’s Complement Overflow Flag

The two’s complement overflow flag V supports two’s complement arithmetics. See the
Instruction Set description for detailed information.

¢ Bit 2 — N: Negative Flag

The negative flag N indicates a negative result after the different arithmetic and logic
operations. See the Instruction Set description for detailed information.

e Bit1-2Z: Zero Flag

The zero flag Z indicates a zero result after the different arithmetic and logic operations.
See the Instruction Set description for detailed information.

e Bit 0 - C: Carry Flag

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction
Set description for detailed information.

Note that the status register is not automatically stored when entering an interrupt rou-
tine and restored when returning from an interrupt routine. This must be handled by
software.

ATMEL 1
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MCU Control Register -
MCUCR

AIMEL

The MCU Control Register contains general microcontroller control bits for general MCU
control functions.

Bit 7 6 5 4 3 2 1 0
$35 | - - SE SM - Isco1l | Iscoo | Mcucr
Read/Write R RW RW R R RW RW

Initial Value 0 0 0 0 0 0 0 0

¢ Bits 7, 6 — Res: Reserved Bits

These bits are reserved bits in the AT90S1200 and always read as zero.

e Bit 5 — SE: Sleep Enable

The SE bit must be set (one) to make the MCU enter the Sleep mode when the SLEEP
instruction is executed. To avoid the MCU entering the Sleep mode unless it is the pro-
grammers purpose, it is recommended to set the Sleep Enable SE bit just before the
execution of the SLEEP instruction.

¢ Bit 4 — SM: Sleep Mode

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle
mode is selected as sleep mode. When SM is set (one), Power-down mode is selected
as sleep mode. For detalils, refer to the paragraph “Sleep Modes” on the following page.

¢ Bits 3, 2 — Res: Reserved Bits

These bits are reserved bits in the AT90S1200 and always read as zero.

e Bits 1,0 -1SCO01, ISC00: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt O is activated by the external pin INTO if the SREG I-flag and the
corresponding interrupt mask in the GIMSK register is set. The level and edges on the
external INTO pin that activate the interrupt are defined in Table 4.

Table 4. Interrupt 0 Sense Control

ISCO1 1ISC00 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Reserved
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

The value on the INTO pin is sampled before detecting edges. If edge interrupt is
selected, pulses with a duration longer than one CPU clock period will generate an inter-
rupt. Shorter pulses are not guaranteed to generate an interrupt. If low level interrupt is
selected, the low level must be held until the completion of the currently executing
instruction to generate an interrupt. If enabled, a level triggered interrupt will generate an
interrupt request as long as the pin is held low.

18 AT 90'S 120 () 1500000000000 —
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Analog Comparator The Analog Comparator compares the input values on the positive input PBO (AINO) and
the negative input PB1 (AIN1). When the voltage on the positive input PBO (AINO) is
higher than the voltage on the negative input PB1 (AIN1), the Analog Comparator Out-
put (ACO) is set (one). The comparator’s output can be set to trigger the Analog
Comparator interrupt. The user can select interrupt triggering on comparator output rise,
fall or toggle. A block diagram of the comparator and its surrounding logic is shown in
Figure 21.

Figure 21. Analog Comparator Block Diagram

VCC
ACD —>»
ACIE
PBO
+ L ANALOG
| INTERRUPT _>—> COMPARATOR
SELECT IRQ
PB1 T T L » ACl
ACIS1 ACISO
» ACO
Analog Comparator Control
and Status Register - ACSR Bit 7 6 5 4 3 2 1 0
$08 | Acp - ACO ACI ACIE - ACIS1 ACISO | ACSR
Read/Write R/W R R R/W R/W R R/W R/W
Initial Value 0 0 N/A 0 0 0 0 0

e Bit 7 — ACD: Analog Comparator Disable

When this bit is set (one), the power to the Analog Comparator is switched off. This bit
can be set at any time to turn off the analog comparator. This will reduce power con-
sumption in Active and Idle modes. When changing the ACD bit, the Analog Comparator
Interrupt must be disabled by clearing the ACIE bit in ACSR. Otherwise, an interrupt can
occur when the bit is changed.

* Bit 6 — Res: Reserved Bit

This bit is a reserved bit in the AT90S1200 and will always read as zero.

¢ Bit 5 - ACO: Analog Comparator Output

ACO is directly connected to the comparator output.

¢ Bit 4 — ACI: Analog Comparator Interrupt Flag

This bit is set (one) when a comparator output event triggers the interrupt mode defined
by ACIS1 and ACIS0. The Analog Comparator Interrupt routine is executed if the ACIE
bit is set (one) and the I-bit in SREG is set (one). ACl is cleared by hardware when exe-
cuting the corresponding interrupt handling vector. Alternatively, ACl is cleared by
writing a logic one to the flag. Observe however, that if another bit in this register is mod-
ified using the SBI or CBI instruction, ACI will be cleared if it has become set before the

operation.
AIMEL 27
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/0O Ports

Port B

Port B Data Register - PORTB

Port B Data Direction Register
— DDRB

Port B Input Pin Address —
PINB

0838H-AVR-03/02

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 uninten-
tionally changing the direction of any other pin with the SBI and CBI instructions. The
same applies for changing drive value (if configured as output) or enabling/disabling of
pull-up resistors (if configured as input).

Port B is an 8-bit bi-directional 1/O port.

Three I/O memory address locations are allocated for the Port B, one each for the Data
Register — PORTB ($18), Data Direction Register — DDRB ($17), and the Port B Input
Pins — PINB ($16). The Port B Input Pins address is read-only, while the Data Register
and the Data Direction Register are read/write.

All port pins have individually selectable pull-up resistors. The Port B output buffers can
sink 20 mA and thus drive LED displays directly. When pins PBO to PB7 are used as
inputs and are externally pulled low, they will source current if the internal pull-up resis-
tors are activated.

The Port B pins with alternate functions are shown in Table 8.

Table 8. Port B Pin Alternate Functions

Port Pin Alternate Functions
PBO AINO (Analog Comparator positive input)
PB1 AIN1 (Analog Comparator negative input)
PB5 MOSI (Data Input line for memory downloading)
PB6 MISO (Data Output line for memory uploading)
PB7 SCK (Serial Clock input)

When the pins are used for the alternate function, the DDRB and PORTB register has to
be set according to the alternate function description.

Bit 7 6 5 4 3 2 1 0
$18 I PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
Read/Write R/W RIW RIW RIW R/W RIW RIW RW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
$17 | pos7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 pDB0 | DDRB
Read/Write R/W RIW RIW RIW RW RIW RIW RW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
$16 | PNB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO | PINB
Read/Write R R R R R R R R
Initial Value N/A N/A N/A N/A N/A N/A N/A N/A

The Port B Input Pins address (PINB) is not a register, and this address enables access
to the physical value on each Port B pin. When reading PORTB, the Port B Data Latch
is read, and when reading PINB, the logical values present on the pins are read.

ATMEL 29
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AT90S1200

Port B Schematics Note that all port pins are synchronized. The synchronization latches are, however, not
shown in the figures.

Figure 22. Port B Schematic Diagram (Pins PB0O and PB1)
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Figure 28. Port D Schematic Diagram (Pin PD2)
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Figure 29. Port D Schematic Diagram (Pin PD4)
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Parallel Programming

Signal Names

AIMEL

the self-timed write instruction in the Serial Programming mode. During programming,
the supply voltage must be in accordance with Table 13.

Table 13. Supply Voltage during Programming

Part Serial Programming Parallel Programming

AT90S1200 2.7-6.0V 4.5-55V

This section describes how to parallel program and verify Flash program memory,
EEPROM data memory, Lock bits and Fuse bits in the AT90S1200.

Figure 30. Parallel Programming
AT9051200 =\

+12V ——»| RESET VCC
RDY/BSY +— PD1 PBO-7 [«—> DATA
OE —*| PD2

WR —{ PD3

BS —*| PD4

XA0 —*| PD5

XA1 —*| PD6

I — x7AL1

GND

In this section, some pins of the AT90S1200 are referenced by signal names describing
their function during parallel programming rather than their pin names, see Figure 30
and Table 14. Pins not described in Table 14 are referenced by pin names.

The XA1/XA0 pins determines the action executed when the XTAL1 pin is given a posi-
tive pulse. The coding is shown in Table 15.

When pulsing WR or OE, the command loaded determines the action executed. The
command is a byte where the different bits are assigned functions as shown in Table 16.

Table 14. Pin Name Mapping

Signal Name in
Programming Mode | Pin Name | I/0 | Function
RDY/BSY PD1 O | 0: Device is busy programming, 1: Device is ready

for new command

OE PD2 | | Output Enable (Active low)

WR PD3 | | Write Pulse (Active low)

BS PD4 | Byte Select (“0” selects low byte, “1” selects high
byte)

XA0 PD5 I | XTAL Action Bit 0

XA1 PD6 I | XTAL Action Bit 1

DATA PBO0-7 I/O | Bi-directional Data Bus (Output when OE is low)

0838H-AVR-03/02
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4. Give XTAL1 a positive pulse. This loads the command.

B: Load Address High Byte

1. Set XA1, XAO to “00”. This enables address loading.

2. SetBSto “1”. This selects high byte.

3. Set DATA = Address high byte ($00 - $01).

4. Give XTAL1 a positive pulse. This loads the address high byte.

C: Load Address Low Byte

1. Set XA1, XAO to “00”. This enables address loading.

2. Set BS to “0". This selects low byte.

3. Set DATA = Address low byte ($00 - $FF).

4. Give XTAL1 a positive pulse. This loads the address low byte.

D: Load Data Low Byte

1. Set XA1, XAO to “01”. This enables data loading.

2. Set DATA = Data low byte ($00 - $FF).

3. Give XTAL1 a positive pulse. This loads the data low byte.

E: Write Data Low Byte
1. Set BS to “0”. This selects low data.

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY
goes low.

3. Wait until RDY/BSY goes high to program the next byte.
(See Figure 31 for signal waveforms.)

F: Load Data High Byte

1. Set XA1, XAO to “01”. This enables data loading.

2. Set DATA = Data high byte ($00 - $FF).

3. Give XTAL1 a positive pulse. This loads the data high byte.

G: Write Data High Byte
1. Set BS to “1”. This selects high data.

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY
goes low.

3. Wait until RDY/BSY goes high to program the next byte.

(See Figure 32 for signal waveforms.)

The loaded command and address are retained in the device during programming. For
efficient programming, the following should be considered:

* The command needs only be loaded once when writing or reading multiple memory
locations.

e Address high byte needs only be loaded before programming a new 256-word page
in the Flash.

e Skip writing the data value $FF; that is, the contents of the entire Flash and
EEPROM after a Chip Erase.

These considerations also apply to EEPROM programming and Flash, EEPROM and
signature byte reading.



DC Characteristics
T, = -40xC to 85xC, V= 2.7V to 6.0V (unless otherwise noted) (Continued)

Symbol | Parameter Condition Min Typ Max Units
Vacio Analog Comparator Vee =5V 40.0 mV
Input Offset Voltage Vi, =Ved/ 2
lacLk Analog Comparator Vee =5V -50.0 50.0 nA
Input Leakage Current Vin=Veo/ 2
taceD Analog Comparator Voo =27V 750.0 ns
Propagation Delay Voo = 4.0V 500.0
Notes: 1. “Max” means the highest value where the pin is guaranteed to be read as low.
2. “Min” means the lowest value where the pin is guaranteed to be read as high.
3. Although each I/O port can sink more than the test conditions (20 mA at V¢ = 5V, 10 mA at V¢ = 3V) under steady state
conditions (non-transient), the following must be observed:
1] The sum of all I, for all ports, should not exceed 200 mA.
2] The sum of all I, for port DO - D5 and XTAL2, should not exceed 100 mA.
3] The sum of all I, for ports BO - B7 and D6, should not exceed 100 mA.
If o, exceeds the test condition, V may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test condition.
4. Although each 1/O port can source more than the test conditions (3 mA at Vo = 5V, 1.5 mA at V¢ = 3V) under steady state
conditions (non-transient), the following must be observed:
1] The sum of all |y, for all ports, should not exceed 200 mA.
2] The sum of all Iy, for port DO - D5 and XTAL2, should not exceed 100 mA.
3] The sum of all Iy, for ports BO - B7 and D6, should not exceed 100 mA.
If loy exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to source current
greater than the listed test condition.
5. Minimum Vg for power-down is 2V.

ATMEL 4
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External Clock Drive Figure 37. External Clock Drive
Waveforms forox
teLen — -« *— toneL
N/ N
— torex — ™

A

tCLCL d

External Clock Driv
ernal Cloc e Table 23. External Clock Drive

Vec=27Vt04.0V | Ve =4.0Vto 6.0V
Symbol Parameter Min Max Min Max Units
1ol Oscillator Frequency 0 4.0 0 12.0 MHz
toLaL Clock Period 250.0 83.3 ns
tcHex High Time 100.0 33.3 ns
toLex Low Time 100.0 33.3 ns
toLcH Rise Time 1.6 0.5 Us
toneL Fall Time 1.6 0.5 us
50 /A T'9/0'S 120 () 1500000000
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Typical
Characteristics

0838H-AVR-03/02

The following charts show typical behavior. These figures are not tested during manu-
facturing. All current consumption measurements are performed with all 1/0O pins
configured as inputs and with internal pull-ups enabled. A sine wave generator with rail-
to-rail output is used as clock source.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage,
operating frequency, loading of 1/O pins, switching rate of 1/O pins, code executed and
ambient temperature. The dominating factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as
C, * Ve * f where C| = load capacitance, V; = operating voltage and f = average
switching frequency of 1/O pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaran-
teed to function properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down mode with Watchdog
Timer enabled and Power-down mode with Watchdog Timer disabled represents the dif-
ferential current drawn by the Watchdog Timer.

Figure 38. Active Supply Current vs. Frequency
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Figure 43. Idle Supply Current vs. V¢, Device Clocked by Internal Oscillator
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Figure 44. Power-down Supply Current vs. V., Watchdog Timer Disabled
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Figure 45. Power-down Supply Current vs. V., Watchdog Timer Enabled

POWER DOWN SUPPLY CURRENT vs. V¢
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Figure 46. Internal RC Oscillator Frequency vs. V¢
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Packaging Information

20P3
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11

PIN
1
I I 101

E1

g

A

gguooogd [

t
e SR

| L ;

B1

i

COMMON DIMENSIONS
(Unit of Measure = mm)

C -
~ SYMBOL| MIN NOM MAX | NOTE
- eC
~~—— eB —»‘ A - - 5.334
A1 0.381 - -
25.984 - 25.493 | Note 2
7.620 - 8.255
E1 6.096 - 7.112 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-001, Variation AD. B 1270 - 1.551
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 2.921 - 3.810
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0203 — 0.356
eB - - 10.922
eC 0.000 - 1.524
e 2.540 TYP
09/28/01
TITLE DRAWING NO. |REV.
||||E 2325 Orchard Parkway | 9453 5,164 (0.300"/7.62 mm Wide) Plastic Dual 20P3 5
> San Jose, CA 95131 | |njine Package (PDIP)

AT 90'S 120 () 1500000000000 —
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20S

20S, 20-lead, Plastic Gull Wing Small
Outline (SOIC), 0.300" body.
Dimensions in Millineters and (Inches)*
JEDEC STANDARD MS-013

0.51(0.020)
0.33(0.013)

INInIninininininin f

7.60 (0.2992) 10.65 (0.419)
7.40 (0.2914) 10.00 (0.394)

PIN1ID__

1O
Juurououin

Il
L 1.27 (0.050) BSC

13.00(0.5118)
12.60 (0.4961) 2.65 (0.1043)

vTz.ss (0.0926)

i
0.30(0.0118) J f

0.10 (0.0040)

g 0.32 (0.0125)
f% 0.23 (0.0091)
1 1.27 (0.050) ‘ f

[~eel——

0.40 (0.016)

*Controlling dimension: Inches

REV.A  04/11/2001
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20Y, 20-lead Plastic Shrink Small
Outline (SSOP), 5.3mm body Width.
Dimensions in Millimeters and (inches)*

0.38 (0.015) _|
0.25 (0.010) |
IRIENINIRIENIE] (
5.38 (0.212) 7.90 (0.311)
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