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< Y 1
WuNuNvee Stack
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D

F0oo
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32Gen Purpose
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Fooz0

FO0SF
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$013FH025F

1 2.7 Tasead e anizennui (8]

229 Semaesldausiall

F0000

HFEF

A - register low byvte
A - register high byte

Y- register low bwte
% - register high byte
L - register |low fwie
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7 0
[ FOO
Ri EI ]
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Rid E
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a2 BiC
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MINA 2.1 AUANHULVOINDINDT

No-load No-load Rated Rated Rated Stall
Part. Voltage
speed current speed current | Torque | Torque
number
VDC PRM AMP RPM AMP Kg.cm | Kg.cm
ZGA37RG
12 48 0.1 36 0.271 3.02 4.53
104
ZGA37RG
12 12 0.1 7 0.271 8.36 12.5
267
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Us DUT1 ODUT3 Uss

18y B3, 20
2 % % 12
N © >~ i i 2l IN3
1 11
ENABLE1 C  ENABLES
Us Us
3 % % 15
IN2 © l/ i i \J O  IN4
4,5.6.7
8 18 14.15.16.17
m920293p3-91 OUTZ OUT4 L

= ¢
5UN 2.22 2993mglu IC 1wes L293D [11]
Y @ < Y 9y ~ @ o
ﬁnﬂiﬂﬁ\iﬁi"lﬂﬂiﬂ(’lu@'nsll@ﬂ IC L293D il$WiLlllﬂ’Jﬁ]g‘]_]3$ﬂﬂﬂﬂﬁﬂﬂjﬂﬁ]§mﬂi~l@mi’)iuﬂﬂ
. o =& Y o N Y Y I a Y A 1
H-Bridge 314734 2 jﬂﬂﬁgﬁﬂﬁTN"IiﬂGlﬁﬂlﬂ DC ll@m't’)ﬁllﬂ 261 T%Lﬂuaﬁimaﬂmummmm

22199301811 IC L293D dzlaunanenny

MINAN 2.2 AUANBULYI IC 10T L293D

Symbol Parameter Value Unit
V. Supply Voltage 36
o Logic Supply voltage 36
4 Input voltage 7 A%
V,  [Enable voltage 7 A%
1, Peak output current (100 uS non repetitive) 1.2 A
P, [Total power dissipation at 5 W
T e, Tj |Storage and junction temperature -40 to 150 °C
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Vs B af] EnasiE 2

LRI

1 2.2 1IAPYRA IC BT L293D [11]

TN 2.3 ATNANNATIV0Y IC Lﬂ®§L293D

INPUT ENABLE (*) OUTPUT
H H H
L H L
H L zZ
L L zZ

Z = High output impedance

(*) Relative to the considered channel

LA ) N

——————— = 0.
—————— - - DLE%g
Yo — - — o = = BT
ir Iy
L]
b (.
4171 @n aff

Ui 2.24 nsnlgaidnyazaes IC 1wes L293D [11]
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Features
* High-performance, Low-power AVR® 8-bit Microcontroller
* Advanced RISC Architecture
= 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz _®
= On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
- 32K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Write/Erase Cycles 8_bit AVR®

- Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program Mic rocontroller

True Read-While-Write Operation

- 1024 Bytes EEPROM with 32K ByteS

Endurance: 100,000 Write/Erase Cycles

- 2K Byte Internal SRAM
— Programming Lock for Software Security In'SyStem
* JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard P rog ramma ble

- Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FIaSh
* Peripheral Features

- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bit Timer/C ounter with Separate Prescaler, Compare Mode, and Capture

Mode ATmega32

Real Time Counter with Separate Oscillator
Four PWM Channels ATm egaszL
8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x = =
— Byte-oriented Two-wire Serial Interface Preliminary
— Programmable Serial USART
- Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with S eparate On-chip Oscillator
- On-chip Analog Comparator Summa I'y
* Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
* 1/O and Packages
— 32 Programmable I/O Lines
- 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
* Operating Voltages
- 2.7 -5.5V for ATmega32L
- 4.5 -5.5V for ATmega32
* Speed Grades
- 0 -8 MHz for ATmega32L
— 0-16 MHz for ATmega32

Rev. 250365-AVR—10/02

Mote: 1his 1S a summary document. Acomplete documentis
‘ mEl avaiable on ourweb site at www.atmelcom.
——
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Pin Configurations

Disclaimer

AlMEL

Figure 1. Pinouts ATmega32

PDIP
) -
(XCKITO) PBO O] 4 40 B PAD (ADCO)
(T1) PB1 ] 2 38 b PA1 (ADCY)
(INT2IAIND) PB2 ] 8 38 b PAZ2 (ADC2)
(OCOIAINT) PB3 ] 4 a7 [0 PA3 (ADG3)
(55) PE4 ] & 28 [0 PA4 (ADCY)
(MOSI) PBS O] 6 35 [ PAS (ADCSH)
(MIS0) PBE O] 7 34 [0 PAG (ADCE)
(SCK) PB7 ] & a3 [0 PAT (ADCT)
RESET ] § 32 [0 AREF
vee O 10 31 [0 GnD
GND ] 11 a0 [0 Avce
XTAL2 O] 12 29 [0 PC7 (TOSC2)
XTALT ] 13 28 [0 PC6 (TOSCT)
(RXD) PDO ] 14 27 b PCs (TDD)
(TXD) PD1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 18 25 [0 PC3 (TMS)
(INT1) PD3 ] 17 24 [ PC2 (TCK)
(0C1B) PD4 ] 18 23 O PC1 (5DA)
(0C1A) PD5 ] 18 22 O PCO (sCL)
(ICP) PDE ] 20 21 [0 PD7 (0C2)
TQFP/MLF
sa
8z 8 ____
=3 L‘_ S -om
~Z 2 = oo
IE2=C8 2222
e s D
oLonoo O>000 0
goooonnonnn
B 44, q42, (40,938, 205534
(MOSI) PB5 ] 4 33 [0 Pa4 (ADCYH)
(MIS0) PBE ] 2 a2 |3 Pas (ADCH)
(sck) PB7 ] 2 31 1 Pas (ADCH)
RESET ] 4 30 [ PAT (ADCT)
vee O] § 28 |1 AREF
GND O] 8 28 [0 GND
XTALZ O 7 27 [ Avce
XTALL O] 8 28 [1 PCT7 (TOSC2)
(RXD) PDO ] 8 26 [0 PC6 (TOSCY)
D) PD1 ] 10 24 [0 PC5 (TDD)
(NTO) PD2 o 11 23 [0 Pc4 (TDO)
12'%14' %1671 g %202 12
RN EERERERERERERERE]
Mo DD ()0 D — M
OO0 opD=2=0000
[T I I R o) oooo
c@zEy Zzg6
238%e  8BcE

Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

2 A T M @ Qa3 2 L) s ——

250365-AVR-10/02
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Overview

Block Diagram

2503B5-AVR—10/02

ATmega32(L)

The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram

vco

L

r | PORTA DRNERS/EUFFERS | | PORTC DRVERS/EUFFERS |
GND | PORTA DIG TAL INTERFACE | | PORTC DIG TAL INTERFACE |
< o >
AVCC ! e T
,,< MUX & | ,I ADC v
ADC INTERFACE
AREF S —
* TIMERS/ -
PROGRAM STACK o COUNTERS OSCILLATOR
COUNTER POINTER
T
PROGRAM | [ INTERNAL
FLASH OSCILLATOR

PAD - PAT
L 4 4 & & X A&

PCO-PCT
L & X 4 4 &

i

INSTRUCTION
REGISTER

INSTRUCTION
DECODER

CONTROL
LINES

GENERAL
™ PURPOSE
REGISTERS

e/

AVRE CPU

STATUS
REG ISTER +

COMP.
INTERFACE

WATCHDOG
TIMER

MCUCTRL.
& TIMING

INTERNAL
BaciLLATH
OSCILLATOR

USART

it

I

—

T
OSCILLATOR ':[ —
o

| PORTE DIGITAL INTERFACE | | PORTD DIG ITAL INTERFAGE |
| PORTE DRAWERS/BUFFERS | | FORTD DRIVERS/EUFFERS |
» S I r Y Y Y Y VY CY
PED-PET

AIMEL

PDO-PDT
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Pin Descriptions
VCC
GND

Port A (PAT..PAD)

ATMEL

The AVR core combines a rich instruction set with 32 general purpose working registers
All the 32 registers are directly connected to the Arithmetic Logic Unit {ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code sfficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega32 provides the following features: 32K bytes of In-System Programmable
Flash Program memaory with Read-While-Write capabilities, 1024 bytes EEFROM, 2K
byte SRAM, 32 general purpose I/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only)
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device Is sleeping
The ADC Noise Reduction mode stops the CPU and all I/O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystaliresonator Oscillator is running while the rest of the device Is sleeping
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monaolithic chip, the Atmel ATmega32 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega32 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Part A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability
When pins PAD to PAT are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmega32(L) m——

2503BS-AVR—10/02
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S A TMmega32(L)

Port B (PBT7..PBO0)

Port C (PCT..PCO)

Port D (PD7..PDO)

XTAL1
XTAL2

AVCC

AREF

About Code
Examples

2503B5-AVR—10/02

Port B is an 5-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega3?2 as listed
on page 55.

Port C is an 8-bit bi-directional IO port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2{TCK]) will be acti-
vated even if a reset occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.

Paort C also serves the functions of the JTAG interface and other special features of the
ATmega3?2 as listed on page 58.

Port D is an B-bit bi-directional IO port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega32 as listed
on page 60.

Reset Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be con-

nected to Ve through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.

AIMEL :
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AIMEL

Register Summary

Address Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit 0 Page
[ SeF 58 ) SREG 1 T H 5 W N z C 8
$3E (35E) SFH = = = = P11 5P 1D 5RO 5P i
$30 ($50) SPL 5P7 SPE 3PS 5P4 5P3 5P2 5P 5P1 i
$3C (35C) 0 CRO Timer/Counter( Output Compare Register 50
538 (356) GICR INTI INTD INT2 = = = IWSEL IVCE 45, 85
FIA (354 GIFR INTF1 INTFD INTF2 - = - = = [
530 (350) TMSK OCIEZ TOIE2 TICIE] OCIETA OCIEIE TOIET 0CIED ToIED 4D, 110, 127
38 ($558) TIFR OCF2 TOM2 ICF1 OCFIA OCFIB TOwI OCFD ToWD 81,111,128
537 (357) SEMCR SPMIE RWWSE = RWWSRE BLESET FGWRT FGERS SPMEN 246
538 (556 TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 175
$35 ($55) MCUCR SE M2 st Shill I5C1 1510 15co1 15C00 30, B4
534 (354) MCUCSR JT0 15c2 2 JTRE WDRF BORF EXTRF FORF 38, 65, 226
533 (553) TCCRD FOCD WEMID COMOT COMOD WEGMO1 Cs02 [ Cs00 8
531 (552) TCHTD Timer/Gounter( (£ Bits) 80
" OSCCAL Oscillater Calibration Register 28
$317 (551" -
0COR On- Chip Debug Register 272
530 ($50) SFIOR ADTS2 ADTS1 ADTSD - ACME FUD PSR2 F3RID 54.43,120,106.216
SIF (34F) TCCRIA COMIA] COMIAD COMIEBI COMIBD FOCIA FOCIE WG 1 WEM1D 105
32E (34E) TCCRIB ICHGT ICES | # W13 WEM1Z c812 o511 C310 108
32D (34D) TCNT1H Timer/Counter] — Counter Register High Byte 108
$2C (340) TCHTIL | TimeriCounter! — Counter Register Low Byte 108
$2B ($48) 0 CRIAH Timer/Counter] — Qutput Compare Register A High Byte 108
F2A (544 OCRIAL Timer/Counter! — Qutput Compare Register A Low Byte 100
520 (340) OCRIBH | Timer/Counter! — Output Compare Register B High Byte 108
$28 (548) OCRIBL Timer/Counter1 — Output Compare Register B Low Byte 108
$27 (547} ICRIH Timer/Counter! — Input Capture Register High Byte 110
$26 (546) ICRIL Timer/Counter! — Input Capture Registar Low Byte 10
525 (545) TCCR2 Focz | womo | comar | comze | wemar | csaz | csa | £520 122
524 ($44) TCHT2 Timer/Counter? (£ Bits) 124
323 (543) 0CR2 Timer/Counter2 Output Campare Register 125
522 ($42) ASSR = = = = A52 | 7tcwous | ocRraue [ TCRoug 125
521 (341) WDTCR - - - WOTOE woe | wor2 | wort [ woro 40
; UERRH URSEL = = = UBRR[I 1 5] 182
F20% (5407
UCSRC URSEL UM S EL UK 1 UKD uses | ucsz | wcsa | ucRoL 180
$1F (33F) EEARH - - - - - | - | - | EEaRs 17
$1E(33E) EEARL EEF ROM Address Register Low Byte 17
$10 (330) EEDR EEP RONM Data Register 17
16 ($3C) EECR 5 = 5 L EERIE EEMINE EEWE EERE 17
$18 (538) PORTA PORTAT P ORTAS F DRTAS PORTA4 FORTAL FORTAZ PORTAI PORTAD 62
314 (534) DORA DOAT DDA DOAS DDA4 DDA3 DDAZ DOAD DoAD 82
$10 ($30) FINA FINAT PINAG FINAS FINA4 FINAZ FINAZ FINAL P INAD 62
$18 (538) FORTE PORTET FORTES FORTES PORTES FORTEZ FORTEZ PORTET PORTBD 52
517 (537) DORE DDET DOBE DOES DDB4 DDE3 DDEZ DO DOED [F]
516 (536) PINB FINBT PINBE FINBS FINB4 FINB3 FINBZ FINB1 FINED 53
515 (535) FORTG PORTCT FORTCEH FORTCS FORTC4 FORTCI FORTCZ PORTCI FORTED 83
514 (534) DDRC 0oc7 DDCE DDCs Doc4 ooci DDcz DDl Doch [F]
$13 ($33) PING FINCT PINCE FINCS FINC4 PINC3 FINC2 FINCI FINCD 83
512 (§37) FORTD PORTD? P ORTDE FORTDS PORTD4 FORTD3 PORTOZ PORTD PORTOD 83
511 (531) DDRD 0oo7 DDD& DDDs 0004 0003 oooz ooo1 DoDD 3
$10 (530} FIND FINDT FIND# FINDS FIND4 PIND3 FINDZ FIND1 FINDD 83
SOF ($2F) SFOR 5F| Data Register 136
SOE ($2E) SPER seie | weoor | = | = | - | = | = | spox 138
$00 (520) 5PGR sPiE | sPE | oDoro | wmsTR_ | cPoL | cPHAa | SPRI_ | SPAD 134
UG (52C) UDR USART U0 Data Register 157
0B (528) UCSRA Ric | T#c | uwore | FE | oor | PE | U2X | mrom 158
S0A (524) UCS5RE Ricle | TwciEe | worie | Rxew | TxEW | wcsz | RXBE | TXEA 150
$00 (520) UBRRAL USART Baud Rate Register Low Eyte 182
08 (328) ACSR ACD ACEG ACO ACI ACIE ACIC ACIS 1 ACISD 187
507 (527) ADMUX REFS1 REFS0 ADLAR WU MUX3 hiLx2 WAL T MUXD 2
506 ($20) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADFS1 ADF $0 214
505 (525) ADCH ADC Data Register High Byte 215
504 (524) ADCL ADC Data Register Low Byte 215
303 (523) TWOR Two-wire Serial Interface Data Register 177
$02 (322) TWAR Twea | twas ] Twes ] Twes ] Ttwes | Twar | Twar ] _TwecE 177
6 /A T @ G232 (L)

250385-AVR—10/02
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EEEEEEEEEEEEEEssssssssssssssssmmnm A TMega32(L)

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit 0 Page
S01 ($21) TWSR TWST TWs8 e TW54 TWS3 = TWES1 TWPSD 176
ﬁn ﬁzﬂ) ng Two-wire Seral Interface Bit Rate Reiister 175
Motes: 1. When the OCDEMN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the CCDR Register.
2. Referto the USART description for details on how to access UBRRH and UCSRC.
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memaory addresses
should never be written.
4. Some of the status flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

2503B5-AVR—10/02

all bits in the 1/O register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.

AIMEL E
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Instruction Set Summary

AIMEL

e
Mnemonics | Operands Desc Operation Flags #Clocks
TR R
ARITHMETIC AND LOGIC INSTRUCTION
ADD Rd, Rr Add two Registers Rd — Rd + Rr ZCNVH 1
ADC Rd, Rr Add with Carrytwo Registers Rd+~— Rd + Rr+ C Z,C.NMH 1
ADI Rl K Add Immediate to Word Rdh:Rdl — Rdh:Rdl + K Z,C.NWS 2
SUB Rd. Rr Subtract two Registers Rd — Rd - Rr Z.C.NWH 1
SUEBI Rd, K Subtract Constant rom Register Rd — Rd - K Z,0.NWH 1
SBC Rd, Rr Subfract with Carrytwe Registers Rd+— Rd - Rr- C ZCNVH 1
SECI Rd, K Subtract with Carry Constant fom Reg. Rd— Rd - K- C Z,C.NWH 1
SBIW Rdl.K Subfract Immediate from Word Rdh:Rdl — Rdh:Rdl - K ZL.NWS 2
AND Rd, Rr Logical AND Registers Rd ~— Rd * Rr ZNW 1
ANDI Rd, K Logical AND Register and Constant Rd~— Rd* K ZNV 1
OR Rd, Rr Logical OR Registers Rd — Rd v Rr ZNN 1
ORI Rd, K Logical OR Register and Constant Rd — Rd v K ZH.W 1
EOR Rd, Rr Exclusive OR Registers Rd — Rd 0 Rr ZNW 1
CoM Rd One’'s Complement Rd — §FF - Rd Z.C.NW 1
NEG Rd Two's Complement Rd — $00 - Rd ZC.NVH 1
SER Rd, i Set Bit(s}in Register Rd+— Rd vK ZNW 1
CBR Rd K Clear Bit(s) in Register Rd — Rd * (§FF - K} ZNN 1
INC Rd Incrament Rd — Rd + 1 ZNN 1
DEC Rd Decrement Rd — Rd - 1 ZH.W 1
T5T Rd Test for Zers or Minus Rd — Rd - Rd Z NN 1
CLR Rd Clear Register Rd — Rd O Rd ZH.W 1
SER Rd Set Register Rd — §FF None 1
MUL Rd. Rr Wiultiply Unsigned R1-RD ~— Rd x Rr Z.C 2
MULS Rd, Rr Multiply Signed R1:RD — Rd x Rr ZC 2
MULSU Rd. Rr Wultiply Signed with Unsigned R1:RD — Rd x Rr ZC 2
FMUL Rd, Rr Fractional Multiply Unsigned RIRD — (Rdx Ay << | Ze 2
FIULS Rd, Rr Fractional Multiply Signed R1:R0 — (Rd x Rr) << 1 Z.C 2
FRULS U Rd_ Rr Fracticnal Muh\gl; Siﬁned with UnsiEned R :ﬁ — (Rd xRy << 1 ZC 2
ERANCH INSTRUCTIONS
RJMP k Relative Jump PC+— PC+k +1 None 2
1JMP Indirect Jump to (Z) PC—2Z None 2
JMP k Direct Jump PC—k None 3
RCALL k Relative Subroutine Call PC—PC+k+1 None 3
ICALL Indirect Call to {Z) D& Hone 3
CALL k Direct Subroutine Call PC—k Hone 4
RET Subroutine Refumn PC+— STACK None 4
RETI Interrupt Retum PC — STACK 1 4
CPSE Rd,Rr Compare, Skip if Equal if(Rd=Rr)PC— PC+20r3 None 11213
CP Rd.Rr Compare Rd - Rr Z. NV.CH 1
CPC Rd,Rr Compare with Carry Rd - Rr-C Z, NV.CH 1
CP1 Rd, i Compare Register with Immediate Rd - K Z NVCH 1
SERC Rr, b Skip if Bitin Register Cleared if (Rr(b)=0) PC — PC +20r3 Nona 1213
SBRS Rr. b Skip if Bitin Register is Set if(Rr(b)F1)PC— PC+20r3 None 1213
SBIC P.b Skip if Bitin I/0 Register Claared if (P(b)=0}FC— PC+20r3 Nona 11213
SBIS P.b Skip if Bitin /0 Registeris Set if(P(bF1)PC— PC+20r3 None 14213
BRES s k Branch if Status Flag Set if (SREG({s)= 1)then PC—PC+k + 1 None 112
EREC 5.k Branch if Status Flag Cleared if (SREG(s)= 0)then PC—PC+k + 1 None 112
BREQ k Branch if Equal if(£= 1)then PC— FC+k+ 1 None 112
ERNE k Eranch if Mot Equal if(Z=0)then PC— PC+k+ 1 None 112
ERCS k Eranch if Carry Set if(C = 1)then PC—FC +k+1 None 112
BRCC k Branch if Carry Cleared if(C = D)then PC+— PC +k+ 1 Nona 112
BRSH k Branch if S5ame or Higher if(C=0)then PC—PC+k+1 None 112
BRLO k Branch if Lower if(C=1)then PC—PC+k+1 None 1/2
ERMI k Branch if Minus if(N=1)then PC— PC+k+1 Hone 112
BRFL k Branch if Plus if (N = D)then PC+— PC +k+ 1 None 112
ERGE k Eranch if Greater or Equal, Signed if (N 0= D)then PC+— PCs+k+1 Nona 112
ERLT k Branch if Less Than Zero, Signed if(N O V= 1)then PC— PC+k+1 None 112
BRHS k Branch if Half Carry Flag Set if(H= 1)then PC+— PC +k+1 Nona 1/2
ERHC k Eranch if Half Carry Flag Cleared if{H=D0)then PC—FC +k+1 None 112
BRTS k Branch if T Flag Set if (T = 1)then PC— PC+k + 1 None 112
ERTC k Branch if T Flag Cleared if(T = 0)then PC— PC+k+ 1 None 112
BRVS k Branch if Overfow Flag is Set if (W= 1)then PC—PC+k+ 1 None 112
&VC 3 Eranch if Overfow Flaﬂis Clearad if W= U]w PC—PC 4k m 1/2

8 ATmega32(L) m——————
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o
Mnemonics Operands Description Operation Flags #Clocks
ERIE k Eranch if Interrupt Enabled if(1=1)then PC—PC+k+ 1 Hone 112
ERID k BlanchiflmerruE Disabled if(l= U}ﬂ\e_n PC—PC+k+1 w 1/2
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Mowve Between Registers Rd — Rr None 1
M OWVW Rd. Rr Copy Register Word Rd+1:Rd — Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd — K None 1
LD Rd, X Load Indirect Rd — (X} Hone 2
LD Rd, X+ Load Indirect and Post-Inc. Rd — (). X —X =1 None 2
LD Rd,- X Load indirect and Pre-Dec. X—=¥X-1,Rd+~ (X) None 2
LD Rd, ¥ Load indiract Rd ~— (¥} None 2
LD Rd, Y+ Load indirect and Post-Inc. Rd— (¥),Y—Y+1 None 2
LD Rd.- Y Load Indirect and Pre-Dec. Y+—Y¥-1,Rd+~(Y) None 2
LDD R, ¥+g Load Indirect with Displacement Rd— (Y +q) None 2
LD Rd,Z Load Indirect Rd — (2} Hone 2
Lo Rd, Z+ Load indirect and Post-Inc. Rd — (2L Z— Z+1 None 2
LD Rd,-Z Load Indirect and Pre-Dec. Z—Z-1,Rd — (Z) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd — (Z+q) None 2
LDS Rd, k Load Direct from 5 RAM Rd ~— (k) None 2
ST X.Rr Store Indirect (X)— Rr None 2
ST X+, Ar Store Indirect and Post-Inc. X)— Rr, X — X +1 None 2
5T - %, Rr Store Indirect and Pre-Dec. X—=¥X-1.(X)—Rr None 2
ST ¥, Rr Stora Indirect {¥)— Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y)=— Rr.Y—Y+1 None 2
5T - ¥, Rr Store Indirect and Pre-Dec ¥+~ ¥-1,(Y)—Rr None 2
STD Y+q.Rr Store Indirect with Displacement (Y+q)— Rr None 2
ST Z.Rr Store Indirect (Z)— Rr None 2
5T Z+, Rr Store Indirect and Fost-Inc. E)— R.Z—Z+1 None 2
5T -Z, Rr Store Indirect and Pre-Dec. Z—Z-1,(Z)— Rr None 2
STD Zaq.Rr Store Indirect with Displacement (Z+4q)— Rr None 2
STS k, Rr Store Directto 5RAM (k)— Rr None 2
LPM Load Program Memory RO — (T} None 3
LFM Rd,Z Load Program Memory Rd ~— (Z) None 3
LPM Rd. Z+ Load Program Memory and Post-inc Rd — (Z). 2+~ Z+1 None 3
SPM Stare Program Memory (Z) — R1:RD None
IN Rd, P In Port Rd — P Hone 1
out P, Rr Out Port P — Rr None 1
PUSH Rr Push Register on Stack STACK — Rr None 2
POP Rd PnE H&ﬂister fram Stack Rd — STACK w 2
EBITAND BIT-TEST INSTRUCTIONS
SEI Pb Set Bitin U0 Register WO(Pb)—1 Hone 2
CEI P b Clear Bitin D Register 1/0{Pb)— 10 None 2
LSL Rd Logical Shif Lett Rd{n+1) — Rd{n), Ra{0) — D ZONV 1
LSR Rd Logical Shik Right Rd(n} — Rd{n+1), Rd(7} — 0 ZLNV 1
ROL Rd Fotate Left Through Carry Rd(0)—C.Rd{n+1)— Rd{n).C—Rd(7) ZONV 1
ROR Rd Rotate Right Through Carry Rd(7)—C Rd{n)— Rd{n+1).C—Rd(D) ZONV 1
ASR Rd Adithmetic Shit Right Rd{n)— Rd{n+1).n=0_6 ZONV 1
SWAP Rd Swap Nibbles Rd(3..0)—Rd(7.4),Rd{7_4)—Rd(2_0} Hone 1
ESET s Flag Set SREG(s)— 1 SREG(s) 1
BCLR s Flag Clear SREG(s) — 0 SREG(s) 1
EST Fr.b Eit Store from Registerto T T — Arb) i 1
ELD Rd, b Bit load from Tto Register Rd(b)— T None 1
SEC Set Carry C—1 H 1
CLC Clear Carry c—0 C 1
SEN Set Negative Flag N—1 N 1
CLH Clear Negative Flag N—0 N 1
SEZ Set Zero Flag =1 Z 1
CLZ Clear Zero Flag Z=10 Z 1
SEl Global interrupt Enable I= 1 1
cLI Global Interrupt Disable 1—0 | 1
SE3 Set Signed Test Flag =1 5 1
CLS Clear Signed Test Flag §—10 5 1
SEWV Set Twes Complement Overfow . W1 W 1
CLV Clear Twos Complement Overflow Ve 0 W 1
SET SetTin SREG T 1 T 1
CLT Clear T in SREG T+0 T 1
SEH SetHalfCarry Flagin SREG H 1 H 1

2503B5-AVR—10/02
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pren

Mnemeonics Operands Description Operation Flags #Clocks
e

CLH CIearHaIfCanI Flaﬁin SREG H 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) MNone 1
WDR Watchdog Reset (see specific descr. for WDR ftimer) None 1
ERE AK Blea_k For On-Chla Debug Only None NIA

10 ATmega32(L)
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Ordering Information

Speed (MHz) Power Supply Ordering Code Package Operation Range
8 27-55V ATmega32L-8AC 444 Commercial
ATmega32L-8PC 40PE (0°C to 70°C)
ATmega32L-8MC 44M1
ATmega32L-8Al 444 Industrial
ATmega32L-8PI 40PE (-40°C to 85°C)
ATmega32L-8MI 44M1
16 45-5.0V ATmega32-16AC 44h Commercial
ATmega32-16PC 40PE (0°C to 70°C)
ATmega32-16MI 44M1
ATmega32-16Al 44A Industrial
ATmega32-16PI 40PE (-40°C to B5°C)
ATmega32-16MC 44M1
Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7% 7% 1.0 mm body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)

AIMEL L

2503B5-AVR—10/02
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Packaging Information

44A
44-lead, Thin {1.0mm) Plastic Quad Flat Package
(TQFP), 10x10mm body, 2.0mm footprint, 0.8mm pitch.
Dimension in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB
12.25(0.482
PIN1ID (B “JWM&;; sQ
= — 0.45(0.018)
0.80(0.0315) Easc1 = 0.30(0.012)
10.10(0.394)
~9.90(0 386) ~%
r 1.20(0.047) MAX
0.20(0.008) 0~
ﬂ L 0.75(0.030) 0.15(0.008)
045(0.018) 0.05(0.002)
*Controlling dimension: millimeter
REV.A  04/11/2001
12 A TiMme g a32( L) mm—
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40-lead, Plastic Dual Inline

Package (PDIP), 0.600" wide
Dimension in Millimeters and (Inches)*
JEDEC STANDARD MS-011 AC

52.71(2.0/5)
51.94(2.045) PIN

1
101 I T I

%

( 13.97(0.550)
.| 13.46(0.530)

!

g~ otd g

}‘* 48.26(1.900) REF 4_‘

4.83(0.190)MAX

i f ) )
SEATING ¥
PLANE { " }j f
3.56(0.140) 0.38(0.015)MIN
3.05(0.120) L [}560[}22)
18360 065) 0.38(0.015)
2 54(0 100)BSC 1.27(0.050)

15.88(0.625

)
"fs 24(0. 600)’"
0.38(0.015) é \J\ BT RER
0.20(0.008)

P —

.1

*Controlling dimension: Inches

REV.A  04/11/2001

AIMEL L
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44M1
o
o _on
Q
\— Marked pin#1 identifier
L
-
E] T
0
=
g
L
)
S
TOP VIEW
E
o
SIDE VIEW
@ PIN #1 CORNER
U U U U U U U U U L COMMON DIMENSIONS
(*Unit of Measure = mm)
[ ]
— N = SYMBOL| MIN | NOM | MAX | NOTE
— — A 080 | 090 | 100
— — Al 000 002 | 005
g g 3 0.25 REF
B
EH — — b 0.18 | 023 | 030
—. P D 7.00 BSC
— — D2 | s [ 520 | 540
— L J O E 7.00 BSC
= L E2 500 | 520 | 540
AnnnnnnNannn : 050B5C
E‘_'II“ 4.| |‘_|E| L 035 | 055 075
BOTTOM VIEW
NOTE 1. JEDEC STANDARD MO-220, Fig 1 (Saw Singulation), VKKD-1
0829101
TITLE ;
ey I L el I 1)
14 ATmega32( L)
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Errata

ATmega32 Rev. A There are no errata for this revision of ATmega32.

AIMEL 1
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Data Sheet Change
Log for ATmega32

Changes from Rev.
2503A-03/02 to Rev.
2503B-10/02

AIMEL

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

10.

11.

12.

13.

Canged the endurance on the Flash to 10,000 Write/lErase Cycles.
Bit nr.4 - ADHSM - in SFIOR Register removed.
Added the section “Default Clock Source” on page 23.

When using External Clock there are some limitations regards to change of
frequency. This is described in “External Clock” on page 29 and Table 118 on
page 286.

Acdded a sub section regarding OCD-system and power consumption in the
section “Minimizing Power Consumption” on page 32.

Corrected typo (WGM-bit setting) for:

— “Fast PWM Mode"” on page 73 (Timer/Counter0)

— “Phase Correct PWM Mode” on page 74 (Timer/C ounter0)
- “Fast PWM Mode” on page 118 (Timer/Counter2)

— “Phase Correct PWM Mode” on page 119 (Timer/Counter2)

Corrected Table 67 on page 162 (USART).
Updated V,;, I, and I, parameter in “DC Characteristics” on page 284.

Updated Description of OSCCAL Calibration Byte.

In the data sheet, it was not explained how to take advantage of the calibration
bytes for 2, 4, and 8 MHz Oscillator selections. This is now added in the following
sections:

Improved description of “Oscillator Calibration Register — OSCCAL” on page 28 and
"Calibration Byte" on page 256.

Corrected typo in Table 42.
Corrected description in Table 45 and Table 46.
Updated Table 119, Table 121, and Table 122.

Added “Errata” on page 15.

16 /A T @ Qa3 2 L) 1
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Lyz 253 THOMSON

L293D

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

= G00mA. OUTPUT CURRENT CAPAEBILITY PER
CHANNEL

s 1.2A PEAK OUTPUT CURRENT (NON
REPETITIVE) PER CHANNEL

s ENABLEFACILITY
s OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 1.5v
(HIGH NOISE IMMUNITY

s INTERNAL CLAMPS DIODES

DESCRIPTION

The L293D is a monolithic integrated high voltage,
high currentfour channelvriver designedto accept
standard DTL or TTL logic levels and drive induc-
tive loads (such as relays solenocides, DC and
stepping motors) and switching power transistors.

To simplify use as two bridges is pair of channels
IS equiped with an enable input. A separate supply
innputis provited formthe logic, allowing operation
at a low voltage and internal clamp diodes are
included.

PRELIMINARY DATA

Powerdip
12+2+2

ORDERING NUMBER : L2533D

This device is suitable for use in switching applica-
tions at frequenciesup to 5 KHz.
The L293D is assembled in a 16 lead plastic
packege which has 4 center pins connacted to-
gether and used for heatsinking.

BLOCK DIAGRAM

N1 O— O IN3

ENABLE } O— —O ENABLE 2
IN 2 O—] 2 —O IN&
4,5,1213 i L2330
L é O 56573
ouT2 OUT4

October 1991 -
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ABSOLUTE MAXIMUM RATINGS

Ssymbol Parameter Value Unit
Vs Supply Valtage 35 %
Vas Logic Supply voltage 36 W
Vi Input voltage 7 v
Ven Enable voltage T W

lo Peak output current (100us non repetitive) 1.2 A
Prat Tatal power dissipation at T gound.pins = B0°C 5 W
Tstg, Tj | Storage and junction temperature -40 to 150 i
CONNECTION DIAGRAM
ENABLE 1 V55
INPUT | INPUT &
QUTPUT 1 oUTPUT &
GND GND
GND GND
QUTPLT 2 OUTPUT 3
INPUT 2 INPUT 3
¥s ENABLE 2
THERMAL DATA
Symbol Parameter Value Unit
Rth-j-case | Thermal resistance junction-case max 14 *CIW
Rth j-case | Thermal resistance junction-ambient max 80 ST
2f6 s% sog
ST
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ELECTRICAL CHARACTERISTICS (For each channel, Vs = 24V, Vgs = 8V, Tamp = 25 °C, unless
otherwise specified)

Symbol Parameter Test conditions Min. Typ. Max. Unit
Vs Supply voltage Vss 36 v
Vs Lagic supply voltage (pin 16) 45 36 W

I Total quiescent supply Vi=L 1,=0 Ven=H 2 6
current (pln 8} W, =H lo=0 Wen=H 16 24 mA
Ven=L 4
Total quiescent logic supply - 1 i
55 current (pin 16) Vi=L le=0 Wen=H 44 60
mA
Vi=H lg=0 Wen = H 16 22
Wen =1L 16 24
Input low voltage
Vi | (pin2, 7,10, 15) 0.3 15 v
Input high voltage
Vii | pin2, 7, 10,15) Vss STV 23 Vss Y
Wee = TV 23 T
Low valtage input current £ o
I (pin 2, 7,10, 15) ViL= 1.8V 10 uA
High voltage input current
[T (pin 2, 7, 10, 15) 235 Vin £ Vs -0.6Y 30 100 uA
Venl | Enable low voltage (pin 1, 9) -03 15 v
W anH Enable high voltage (pin 1, 9) Ves =TV 23 Ve i
Wes TV 23 T
Low voltage enable current =
lenL (pin 1, 9) WenL = 1.9W -30 -100 LA
- High voltage enable current 9.3V € Vany < Ve -0 6V 210 V.
(pin 1, 9)
Source output saturation _
Veesatd | “yoltage (pin 3, 6, 11, 14) hai= =D BA e 18 4
Sink output saturation voltage

WCEsatl (pins 3, 6, 11, 14) lo +0.64 1.2 18

VE Clamp diode forward voltage I, = 600 mA 1.3 W

t Rise time {*) 01to09V, 250 ns

tt Fall time () 09t00.1Vs 250 ns

T Turn-on delay (%) 0.5 Vita 0.5V, 750 ns

ti Turn-off delay (*) 05Vto 0.5Y, 200 ns
(*) See fig1

IC7 S%S-IWMSO& =5
S/ B e e ety

TassmsItemseenuuuaziauasosemlsaludmsuynaaninsg 82



L293D

TRUTH TABLE (Cne channel)

INPUT ENABLE (%) OUTPUT
H H H
L H L
H = 74
L s yd

Z =High output impedance
(*) Relative to the considered channel

Figure 1. Switching Times

AsY;

¥ ;

Vo

S 4171

4/6

TassmsItemseenuuuaziauasosemlsaludmsuynaaninsg

&3




L293D

POWERDIP PACKAGE MECHANICAL DATA

DIM. mm inch

MIN. TYP. MAX. MIN. TYP. MAX.
al 0.51 0.020

B 0.85 1.40 0.033 0.055

b 0.50 0.020
b1 0.38 0.50 0.015 0.020
D 200 0.787

E 8.80 0.346

= 254 0.100

e3 17.78 0.700
F 7.10 0.280
| 5.10 0.201

L 3.30 0.130
4 1.27 0.050

= b1

O 1 1 11

sog 516
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSOM Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSOM Microelectronics. Specifications mentioned
in this publication are suhject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSOM Microelectronics products are not authorized foruse as critical components in life support devices or sy stems without express
written approval of SGS5-THOMSON Microelectronics.

©® 15994 SGS-THOMSOM Microelectronics- All Rights Reserved

SGS-THOMSOM Microelectronics GROUP OF COMPANIES
Australia - Brazil -France - Germany - Hong Kong - Italy - Japan- Korea- Malaysia - Malta - Morocco - The Metherlands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - LS A,

66 o
Ly7 $53;THOMSON
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