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= " ar o Y L4
4. 11180 UTP #iian30a 173 (Cross Wire) aidnuuesadsaunazaounines
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IP=10.1.1.3

Ethernet adaptee Local Area Connection:

Connection-specific DHE Suffix
LRBAER N SSRN 0 o aemmmremes 1w 2 o0 | B SR g
Subpec flask™ > IEVe e

Default Gateway) .

= o . o . =y = Sy W o
3UM 4.3 Mslefad . ipeorifig: IR NP Address ATUNIR D S0MO NI Aoanadoy

inging 16.1.1.1 with 32 bytes of data:

eply from 1B.1.1.1: bhytes=32 time=4ms TTL=128
eply from 1B.1.1.1: bytes=32 time=3ms TTL=128
Reply from 18.1.1.17 bytes=32 time=3ms TTL=128

Reply from 18.1.1.1: bytes=32 time=2ms TTL=128

Ping statistics for 106.1.1.1:

Packets: Sent = 4, Received = 4, Lost = B (Bxz loss).
Approximate round trip times in milli-seconds:

Minimum = 2ms, Maximum = 4ms, Average = 3ms

Ui 4.4 waldnnms1emiaa ping 10.1.1.1TA0% 10.1.1.1 151 1P Address YoauasANATOL
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waaiimsdesve lwindme v smenldfeendeu e

] http:/f10.1.1.1/

g nesimsdlaaaiuzsensiyouns (Listening) laomsillanneia 5000
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[ Server
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Features

* High-performance, Low-power AVR® 8-bit Microcontrolier
* 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-Programmabile Flash
Endurance: 10,000 Write/Erase Cycles
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 1024 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 2K Byte Internal SRAM
— Programming Lock for Software Security
* JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
~ Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
- Four PWM Channels
— 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
Programmable Serial USART
Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
— Six Sleep Modes: Idie, ADC Noise Reduction, Power-save, Power-down, Standby.
and Extended Standby
* 1/O and Packages
~ 32 Programmabie I/O Lines
—~ 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/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
* Power Consumption at 1 MHz, 3V, 25 C for ATmega32L
- Active: 1.1mA
~ Idie Mode: 0.35 mA
— Power-down Mode: < 1 pA

t

ATMEL

AImEL

®

8-bit
Microcontroller
with 32K Bytes
In-System
Programmable
Flash

ATmega32
ATmega32L

Summary
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Note: This is a summary document. A complete document
is available on our Web site at www.atmel.com.



Pin Configurations

AIMEL
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Figure 1. Pinout ATmega32
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————————————— A TMega32(L)

Overview 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.

Block Diagram Figure 2. Block Diagram
PAO - PA7 PCO0-PC7
vce 4 4 4 Y 4 4
4
S SN I
PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
: L
GND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE

P = I = S—
< Mg

AREF
=3
TIMERS/
le—» e TOR
|- PROGRAM STACK L] COUNTERS OSCILLA
COUNTER POINTER
| i
PROGRAM - | TT™] INTERNAL
" FuasH LR OSCILLATOR
i { 4. P
INSTRUCTION GENERAL WATCHDOG OSCILLATOR —
REGISTER - PURPOSE TIMER
r REGISTERS _—l:”—{p
J; A X ‘I, XTAL2
INSTRUCTION MCU CTRL. e
DECODER t X =1 Tamving RESET
l z
CONTROL INTERRUPT Bl v R
LINES UNIT o
I
STATUS
AVR CPU REGiSTeR [ %l EEPROM
FrogRaene Pl sl UsaRT
'\ COMP.
5 INTERFACE
< — =)
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
v v v v o “
PBO - PB7 PDO-PD7

AIMEL 3
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Pin Descriptions
vce
GND

Port A (PA7..PA0)

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 efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrofiers.

The ATmega32 provides the following features: 32K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K
byte SRAM, 32 general purpose /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 seleciable power saving-modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter,,SRAM, Timer/Counters, SP} port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling ali 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 /O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode; the crystal/resonator Oscillator is running while the rest of the device is sieeping.
This allows very fast start-up combined with low-power consumption. in Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue {o 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 downioad the application program in the Application Flash memory. Soft-
ware in the Boot Fiash 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 monolithic 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.

Port A also serves as an 8-bit bi-directional I/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 PAQ to PA7 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) weeessssssesssssssssssssssssssmmn——————
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Port B (PB7..PB0)

Port C (PC7..PC0)

Port D (PD7..PDO)

RESET

XTAL1

XTAL2

AvCC

AREF

2503HS-AVR-03/05

Port B is an 8-bit bi-directional 1/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 ATmega32 as listed
on page 55.

Port C is an 8-bit bi-directional 1/O port with internal puli-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) wilf be acti-
vated even if areset occurs.

The TDO pin is tri-stated 'uniess TAP states that shift.out data are entered.
Port C also-serves the functions of the JTAG interface and other special features of the
ATmega32 as listed on page 58.

Port D is an 8-bit bi-directional /O port with-internal pull-up resistors (selected for each
bit). The Port D outputbuffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulied low will source
current if the pull-up resistors are activaied. 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 areset, 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.

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

nected.to V. throughialow-pass filter.

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

ATMEL ;
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Register Summary

s i =LA e
Address Name Bit 7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit 0 Page
$3F (§5F) SREG i T H 3 v N z c ]
$3E ($5E) SPH = = E - SP11 SP10 sPg SP8 10
$3D ($50) SPL sP7 SP6 SP5 SP4 SP3 sP2 SP1 SPO 10
$3C ($5C) OCRO Timer/Counter0 Oulput Compare Register a0
$3B ($5B) GICR INTA INTO INT2 = i 2 IVSEL IVCE 45, 65
$3A ($5A) GIFR INTF1 INTFO INTF2 = = = = g 66
$39 ($59) TIMSK OCIE2 TOIE2 TICIET OCIE1A OCIE1B TOIE1 OCIED TOIEQ 80, 110, 128
$38 ($58) TIFR 0CF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCFO TOVO 81, 111, 128
$37 ($57) SPMCR SPMIE RWWSB — RWWSRE BLBSET PGWRT PGERS SPMEN 246
$36 (356) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 175
$35 (§55) MCUCR SE SM2 SM1 SMO 1SC11 1SC10 ISCO1 1SC00 30, 64
$34 ($54) MCUCSR JTD ISC2 = JTRF WDRE BORF EXTRF PORF 38, 65, 226
$33 ($53) TCCRO FOCO WGMOO coMo1 COMOO WGMO1 cs02 Cso1 €S00 78
$32 ($52) TCNTO Timer/Counter0 (8 Bits) 80
% OSCCAL Oscillator Calibration Register 28
3117 51" QCDR On-Chip Debug Register 22
$30 ($50) SFIOR ADTS2 ADTSS ADTSO - ACME PUD BSR2 PSR10 54,83,129,196,216
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COMYBY | FOGIA, FOC1B WGM1 WGM10 105
$2E ($4E) TCCR1B ICNC1 1CES1 = sy WOMI), WGM12, ts12 c511 CS10 108
$2D ($4D) TCNT1H Timer/Counterd — Gbunter Register High BylE - 100
$2C (34C) TCNTIL Timer/Countr1,# Counter Regsiet [ow Byle) 109
$28B ($48) OCR1AH Timer/Cognter? - Output Compare Register A High B 109
$2A ($4A) OCR1AL Timer/Qounier1 - OUtpul Compare Register A'Low Byte 109
$29 ($49) OCR1BH TimerfCognter1 - Output Compane Register8 High Byte % 109
$28 (548) OCR1BL TimgrlCaunter ! - QueRul Compars Reisten Blkow Byle 100
$27 (847) ICR1H Tiner/Counter1 — Input Caplue RegistarHigh Byte 110
$26 ($46) ICRIL TimedCoupter1 - input Gaptire r Low 110
$25 ($45) TCCR2 Foczo|  Wemzo 11T Eomd com2o [ woMer ‘sl 1L ¢Sy cs20 123
$24 ($44) TCNT2 Timer/Cotinter2 (8 Bits) ¢ 125
$23 ($43) OCR2 Timar/Counler2 Oulptit Compare Register - 125
$22 ($42) ASSR 1-=~T 1 .- 172101991 IV Abohse TCRZUE QUR2UE JCRAE 126
$21 (341) WDTCR - Z] WDTOE WoE woP2 WDBY WDRD 40
5207 S40y® UBRRH URSEL } : Ifre‘- AY, UBRRYL1:8] ) - 162
UCSRC URSEL SEt 411 o rwen o ocuses | - weszi ucszo LCROL 160
S1F ($3F) eeavn | BB Vo S|l E- W e v L ¢ — || J=iiEARY EEARS 17
$1E ($3E) EEARL EEPROM Adgress Register Low Hyte . 17
$1D ($3D) EEDR EERROM Dala Register ] 17
$1C ($3C) EECR LY 8 - 0N [S9E S et FEMWE EEWE _EERE 17
$18 ($38) PORTA PORTAZL PORTAS PORTAS' FORTA4 PORTAS- PORTAZ PORTA1 PORTAD 62
$1A ($3A) DDRA DDAT boas | DOAS D0A4 DDAS Frouk2 DDA DDAD 62
$19 (539) PINA PINAT PINAS PINAS ™ [T ) Pinas PINAZ PINA2 PINAT PINAD 62
$18 ($38) PORTE PORTBT? PORTES PORTES . | PORTBAG PORTEI PORIB? PORTB! PORTBD 62
$17 ($37) DDRE DDB7 DDB6 ) DDBS DOB4 DDB3 DDB2 DDB1 DDBO 62
$16 ($36) PINB PINB7 PINBE d PINBS PINB4 - PINB3 PINB2 PINB1 PINBO 63
$15 ($35) PORTC PORTC7 PORTCE PORICS PORTCA PORTC3 _PORTGZ PORTC1 PORTCO 63
$14 ($34) DDRC DDC? DDCE DOCS DDC4 DDC3 DDC2 oDC1 DDCO 63
$13($33) PINC PINC7 PINCE PINCS ) PINCA PINC3 PINC2 PING1 PINCO 63
$12 (§32) PORTD PORTD? PORTD6 PORTDS PORTD4 PORTD3 PORI1DZ PORTD1 PORTDO 63
$11 ($31) DDRD DOD7 DDD6 DDO5 "] DDD® DDD3 DDD2 DDD1 DDDO 63
$10 ($30) PIND PIND7 PINDG PINDS PIND4 PIND3 PIND2 PIND1 PINDO 63
SOF ($2F) SPDR SPI Data Register 136
SOE ($2E) SPSR SPIF WCOL = = = = 5 SPI2X 136
$0D ($20) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 134
$0C ($2C) UDR USART IO Data Register 157
$0B ($28) UCSRA RXC TXC UDRE FE DOR PE u2x MPCM 158
$OA ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXBS TXB8 159
| soa(s29) UBRRL USART Baud Rate Register Low Byle 162
$08 ($28) ACSR ACD ACBG ACO ACI ACE ACIC ACIS1 ACISO 197
$07 (§27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 212
$06 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO0 214
$05 ($25) ADCH ADC Data Register High Byte 215
$04 ($24) ADCL ADC Data Register Low Byte 215
$03 ($23) TWDR Two-wire Serial Interface Data Register 177
$02 ($22) TWAR awae | Twas | was ] Twas | twaz Twal | Twao TWGCE 177
6 ATmegal32(l) e o ST TSI
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B SRR aaamasanines AT mega3Z(l)

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 Page
$01 ($21) TWSR TWST TWSE TWS5 TWS4 TWS3 - TWPS1 TWPS0 176
U RS T RS -
Notes: 1. When the OCDEN 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 OCDR Register.
2. Refer to 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 memory 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

all bits in the I/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.

ATMEL 7
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Instruction Set Summary

AIMEL

L _[C]

Mnemonics { Operands l Description ] Operation Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd Rd+Rr ZCNV H 1
ADC Rd, Rr Add with Carry two Registers Rd Rd+Rr+C 2,CN\V,H 1
ADIW Rdl,K Add Immediate to Word Rdh.Rdl Rdh'Rdl + K 2LCNV,S 2
SUB Rd,Rr Subtract two Registers Rd Rd-Rr ZCNVH 1
SUBI Rd, K Subtract Constant from Register Rd Rd-K 2,CNV H 1
SBC Rd, Rr Subtract with Camry two Registers Rd Rd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg Rd Rd-K-C Z,CNVH 1
SBIW Rdi,K Subtract immediate from Word Rdh.Rdl  Rdh-Rdl-K ZCNV,S 2
AND Rd, Rr Logical AND Registers Rd Rd Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd Rd K ZNV 1
OR Rd, R Logical OR R Rd  RdvRr ZNV 1
ORJ Rd, K Logical OR Register and Constant Rd  RdvK Z NV 1
EOR Rd, Rr Exclusive OR Registers Rd.__Rd Rc ZNV 1
CoM Rd One's Comp Rd  $FF “Rd Z,CNV 1
NEG Rd Two's Compl Rd  $00 Rd Z,CNVH 1
SBR Rd.K Set Bit(s) in Register Rd RdvK ZNV 1
CBR Rd K Clear Bit(s) in Register Rd"™ Rd ($FF-K) ZNV 1
INC Rd Increment Rd Rd+1 ZNYV 1
DEC Rd Decrement Rd “Rd 1 Z NV 1
TST Rd Test for Zero or Minus Rd _Rd Rd Z.NV 1
CLR Rd Clear Register Rd Rd Rd ZNV 1
SER Rd Set Register Rd ~ §FF None 1
MUL Rd, Rr Multiply Unsigned R1:R0. RdxRr 2,C 2
MULS Rd, Rr Muttiply Stgned R1:R0 Rd x Rr, 2.C 2
MULSU Rd, Rr Muttiply Signed with Unsigned R1:R0 ~ Rd x Rr Zc 2
FMUL Rd, Rr Fractional Multiply Unsigned R1:R0 (Rd x Rr)<< 1 2.C 2
FMULS Rd, Rr Fractional Multiply Signed R1.RO ' (Rd xRr)<<'1 .6 2
FMULSU Rdi Rr Fractonal Mulhelx S'ﬁned with Unsngned R1.R0 (Rg x Rr) << 1 2.C 2
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC. PC+k +1 None 2
JMP Indirect Jump to (Z) PC 2 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) PC /2 None 3
CALL k Direct Subroutine Call PC K None 4
RET Subroutine Return PC ~ Stack None 4
RETi Interrupt Return PC_~ Stack 1 4
CPSE Rd,Rr Compare, Skip f Equal #{Rd=RrNPC _PC+20r3 None 1/213
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,K Compare Register with Immediate Rd K Z,NV,CH 1
SBRC Rr, b Skip if Bit in Register Cleared W {Rr(b)=0)PC PC+20r3 None 1/2/3
SBRS Rr, b Skip 1f Bitin Register ts Set if(Rr(b}=1)PC_PC+20r3 None 1/2/3
SBIC P.b Skip If Bit in YO Register Cleared if{(P(b)=0)PC" PC+20r3 None 1/2/3
SBIS P.b Skip if Bitin VO Register is Set if(P(b)=1)PC__PC+20r3 None 1/213
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1)then PC PC+k + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0)then PC PC+k + 1 None 1/2
BREQ k Branch if Equal if(Z=1)thenPC PC+k+1 None 1/2
BRNE & Branch f Not Equal d(Z=0)thenPC PC+k+1 None 1/2
BRCS k Branch if Carry Set f({C=1)thenPC PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if(C=0)then PC PC+k+1 None 1/2
BRSH K Branch if Same or Higher f(C=0)}thenPC PC+k+1 None 1/2
BRLO k Branch if Lower f{C=1)thenPC PC+k+1 None 1/2
BRMI k Branch if Minus f(N=1)thenPC PC+k+1 None 1/2
BRPL k Branch if Plus f(N=0)thenPC PC+k+1 None 1/2
BRGE k Branch i Greater or Equal, Signed if(N V=0)thenPC PC+k+1 None 1/2
BRLT k Branch # Less Than Zero, Signed (N V=1)thenPC PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)thenPC PC+k+1 None 112
BRHC k Branch if Half Carry Flag Cleared f(H=0)thenPC PC+k+1 None 1/2
BRTS k Branch 1if T Flag Set f{(T=1)thenPC PC+k +1 None 1/2
BRTC [3 Branch if T Flag Cleared f(T=0thenPC PC+k+1 None 1/2
BRVS 3 Branch if Overflow Flag I1s Set if(V=1)then PC PC+k+1 None 1/2
BRVC L3 Branch if Overfiow FEE 1s Cleared if(V=0)}thenPC PC+k+1 None 1/2
8 ATmega3d2(L) we———
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch ¢ Interrupt Enabled f{1=1)then PC  PC+k+1 None 1/2
BRID k Branch if Interrupt Disabled i {1=0) lhsn PC PC+k+1 No@ 112
DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr Move Between Registers Rd Rr None 1
MOvVwW Rd, Rr Copy Register Word Rd+1Rd Rr+1Rr None 1
LDl Rd, K Load immediate Rd K None 1
LD Rd, X Load Indirect Rd (X} None 2
LD Rd, X+ Load Indirect and Post-Inc Rd (X)X X+1 None 2
1D Rd, - X Load Indirect and Pre-Dec X X-1,Rd (X) None 2
LD Rd, Y Load Indirect Rd (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd (Y)Y Y+1 None 2
LD Rd, - Y Load Indwect and Pre-Dec Y Y-1,Rd (V) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd (Y+q) None 2
LD Rd, Z Load Indirect Rd  (Z) None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd (2).Z Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec Z 7Z-3,Rd (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd  {Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd (k) None 2
ST X.Rr Store Indwect Xy Rr None 2
ST X+, Rr Store Indirect and Post-Inc )7 R X X+1 None 2
ST - X,Rr Store Indirect and Pre-Dec. X X-1:  Rr None 2
ST Y, Rr Store indirect (Y}__Rr None 2
ST Y+, Rr Store Indirect and Post-Ing UL =Ry ~=y=r~ None 2
ST -Y,Rr Store Indirect and Pre-Dec. Y . Y-1.(Y)Rr None 2
STD Y+q,Rr Store Indirect with Dispk: t {Y+q) Rr None 2
ST Z, Rr Store Indirect 2} Rr None 2
ST Z+, Rr Store Indirect and Post-ing 2}y ~R,Z Z+1 None 2
ST -Z, Rr Store Indsrect and Pre-Dec 2 Z2-1,(2). Rr None 2
STD Z+q.Rr Store Indirect with Displacement (Z+g)  Rr None 2
§T7S k, Rr Store Direct 1o SRAM {k} Rr None 2
LPM Load Program Memory RO ' (2) None 3
LPM Rd, Z Load Program Memory Rd (2) None 3
LPM Rd, Z+ Load Program Memory and Postdnc Rd (Z).2 " Z+1 None 3
SPM Store Program Memory {Z) . R1 RO None

IN Rd, P In Port Rd P None 1
ouT P, Rr Qut Port P .Rr None 1
PUSH Rr Push Register on Stack Stack . Rr None 2
POP Rd Pop Rtalster from Stgg Rd  Stack None 2
BIT AND BIT-TEST INSTRUCTIONS

S8t Pb Set Bt in /O Register YOPb) 1 None 2
CBI Pb Clear 8it in 1/O Register Ho@Pb) 0 None 2
LSt Rd Logical Shift Left Rd(n+1). Rd(n),Rd(0) 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) . Rd(n+1),Rd(7) 0 ZCNV 1
ROL Rd Rotate Left Through Camy Rd(0] CiRd(n+1) Rd(n),CRd(7) ZLNV 1
ROR Rd Rotate Right Through Carry RA(7} CRd(n) Rd(n+1),C Rd(0) ZCNV 1
ASR Rd Anthmenc Shift Right Rd{n)  Rd{n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3.0) Rd(7..4)Rd(7..4) RI(3.0) None 1
BSET s Flag Set SREG(s).| 1 SREG(s) 1
BCLR s Flag Clear SREG(s) 0 SREG(s) 1
BST Rr. b Bt Store from Register to T T__Rr{b) T 1
BLD Rd, b Bit load from T to Register Rd(b) T None 1
SEC Set Carry c 1 C 1
CLC Clear Carry cC 0 C 1
SEN Set Negative Flag N 1 N 1
CLN Clear Negative Flag N 0 N 1
SEZ Set Zero Flag Z t z 1
CLz Clear Zero Flag zZ 0 4 1
SE} Global Intefrupt Enable 11 I 1
cu Global Interrupt Disable 10 1 1
SES Set Signed Test Flag s 1 S 1
CLS Clear Signed Test Flag S ¢ S 1
SEV Set Twos Comptement Qverflow. v 1 \ 1
CLv Clear Twos Complement Overflow vV 0 \ 1
SET Set T in SREG T 1 T 1
CLY Clear T in SREG T 0 T 1
SEH Set Half Carry Flag in SREG H 1 H 1

ATMEL
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Mnemonics Operands Description Operation Flags #Clocks
CLH Clear Half Carry Flagin SREG H 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr _for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/timer) None 1
BREAK Break For On-Chip Debug Only None N/A

10 ATmega32(L) m———————
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Ordering Information

Speed ('I\'IIHz) Power Supply Ordering Code Package“) Operational Range
ATmega32L-8AC 44A C ial
ATmega32L-8PC 40P6 O(?Cmtm‘;rg;g
ATmega32L-8MC 44M1 (0°C to 70°C)
ATmega32L-8Al 44A |
2.7-55V ATmega32L-8PI 40P6
ATmega32L-8MI 44M1 Industrial
ATmega32L-8AU@ 44A (-40°C to 85°C)
ATmega32L-8PU® 40P6
ATmega32L-8MU®@ 44M1
ATmega32-16AC 44A c il
- 40P6 ommercia
ATmega32-16PC S (0°C to 70°C)
ATmega32-16MC
ATmega32-16Al 44A
16 4.5-55V ATmega32-16PRI 40P6
ATmega32-16M! 44M1 Industrial
ATmega32-16AU%) 44A (-40°C to 85°C)
ATmega32-16PU®@ 40P6
ATmega32-16MU? 44M1
Notes: 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.
Package Type
44A 44-lead, 10 x 10 x 1.0 mm, Thin Profile Plastic Quad Flat Package (TQFP)
40P6 40-pin, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7 x 7 x 1.0 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

ATMEL
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Packaging Information

44A

Notes:

(RORLIROAGD  DOACRA0OALD

PIN 1

PIN 1 IDENTIFIER

HDELIRL
Z |- @

N o %

Bl s

(]

(0ANAARANAT, OOOAAGNATNL
i
m

RN

g

I I

AT
NING Y ar

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL{ MIN NOM MAX | NOTE
A - - 1.20
At 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 { 10.10 { Note 2
E 11.75 12.00 12.25
1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch. c 0.09 0.20
3. Lead coplanarity is 0.10 mm maximum. : _ :
L 0.45 - 0.75
e 0.80 TYP

10/5/2001

TITLE

AIMEL 2325 Orchard Parkway |10 44 1ead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,
7

» San Jose, CA 95131

0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

DRAWING NO. [REV.
44A B

12
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ATmega32(L)

PIN
1

B
q -«
s

0 T O

S0 N N
i

T e

| E 1
et
CMEJW REF
! eB

Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC.
2. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 4.826
Al 0.381 - -
52.070 § 52.578 | Note 2
E 15.240 7 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
B1 1.041 - 1.651
L 3.048 - 3.556
C 0.203 - 0.381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01

TITLE

San Jose, CA 95131 | injine Package (PDIP)

AIMEL 2325 Orchard Parkway | 44p6. 40.1ead (0.600"/15.24 mm Wide) Plastic Dual
———C)

DRAWING NO. |REV.
40P6

B

AIMEL

2503HS-AVR-03/05 T ©
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44M1

ATMEL

- 5]

O
\—Marked Pin# 11D

e B . TP O W e O e W T s T e W e VY o

p—SEATING PLANE

TOPVIEW a1l
-
N -
= ,
, - [~ V—Pm #1 Corner SIDE.VIEW
Vs \
Ut uuuumgug - =
1 Cc—1 | OptionA %llr; ;Hle
=3e R AL 2 - R
- . =3 COMMON DIMENSIONS
- T4-CZ {Unit of Measure = mm)
> a «
Ed = & symeoL| MiN | nom | max | NOTE
- = OptionB_"pir 4y A 080 ({090 | 1.00
-] — Chamfer
— &E (C 0:30) A1 - 002/ | 0.05
Yy D Da'= A3 0.25 REF
— = b 018 | 023 | 030
i 7.00 BSC
Pin #1
Notch p2_|'500 | 520 | 540
(020 R)
£ 7.00 BSC
BOTTOM VIEW E2 500 | 5.207 5.40
e 0.50 BSC
_ 059 | 064 | 069
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-3.
020 | 026 | 041
3/18/05
TITLE DRAWING NO. |REV.
AIMEL 2% ) Orchard Parawa | 44m1, 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm, 4101 F
S======e San.Jose, 5.20 mm Exposed Pad, Micro Lead Frame Package (MLF)

14
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HOLTEK

HT12A/HT12E

2'2 Series of Encoders

Features

¢ Operating voltage
- 24V-~5V for the HT12A
- 2.4V~12V for the HT12E

¢ Low power and high noise immunity CMOS
technology

¢ Low standby current: 0.1pA (typ.) at
Vpp=5V

¢ HT12A with a 38kHz carrier for infrared
transmission medium

Applications

Burglar alarm system
Smoke and fire alarm system
Garage door controllers

Car door controllers

General Description

The 2'2 encoders are a series of CMOS LSIs for
remote control system-applications. They are
capable of encoding information which consists
of N address bits.and 12-N data bits. Each ad-
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are transmitted together with the header bits

Selection Table

s Minimum transmission word

- Four words for the HT12E

- One word for the HT12A

Built-in oscillator needs only 5% resistor
Data code has positive polarity

Minimal external components

HT12A/E: 18-pin DIP/20-pin SOP package

Car alarm system

Security system

Cordless telephones

Other remote control systems

via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select-a TE trigger on the HT12E or a DATA
trigger on the HT12A further enhances the ap-
plication flexibility of the 22 series of encoders.
The HT12A additionally provides a ‘38kHz car-
rier for infrared systems.

FunctionjAadress| Address/| Data h 4 Carrier | Negative
Part No. No. | Data Ne.| No. Oscillator | Trigger / Package Output. | Polarity
455kHz 18 DIP
HT12A 8 0 4 N D8-D11 20 SOP 38kHz No
_— 18 DIP
HT12E 8 4 0 oscillator & 20.S0P a No

Note: Address/Data representspins that can be addressor data according to the decoder require-

ment.

April 11, 2000
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Block Diagram

TE trigger
HT12E

0s8Cz2 0OsCi
O O

TEO—>  Osciliator j—v +3 Divider Data Select} 0y pouT
& Buffer

l 7

Sync
ACO— ™ Cireut

WO H*B;r%ﬁ—

AD8 ---——-AD11 vDD , VSS

DATA trigger

HT12A

X2 X1
. Data Select :

Osciliator ’—> -576 Divider "—D ZBU%EJ—-PODOUT

LM O———— l 3

i Sync
AOO—P * ™ Circut

W O—¥

O L
pe D11 VDD, VSS

Note: The address data pins are available in various combinations (refer to the address/data table).
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HT12A/HT12E
Pin Assignment
8-Address
4-Data
Ay \v
= ) 3 ]
4 Y B = & 3 g 3 N
3 u] = ] - . =]
- ] ] ] - | 3 |
- o] - E 3 | - ]
- u 3 - . - 0
- = - 0 2 = J al
- u| 3 E = | 3 =]
3 | - 4 .| 51 u|
- ] - .| - 3
Pin Description
Pin Name | I/O c Intern?l Description
onnection
CMOS IN
Pull-high
(HT124)
AO~A7 I NMOS Input pins for address AO~A7 setting
TRAN(?};’{;SSION These pins can be externally set to VSS or left open
PROTECTION
DIODE
(HT12E)
NMOS
TRANSMISSION
AD8-AD1L| I GATE Input pins for address/data AD8~AD11 setting
PROTECTION | These pins can be externally set to'VSS or left open
DIODE
(HT12E)
Input pins for data D8~D11 setting and transmission en-
D8-~DI1 I CMOS IN able, active low
Pull-high These pins should be externally set to VSS'orleft open
(see Note)
DOUT (0] CMOS OUT Encoder data serial transmission output
CMOS IN Latch/Momentary transmission format selection pin:
L/MB I Pull-hich Latch: Floating or VDD
g Momentary: VSS

3 April 11, 2000
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Pin Name | /O Intem?l Description
Connection

TE I ?311\1/[1?}?1;1}\11 Transmission enable, active low (see Note)

0SC1 I | OSCILLATOR 1 | Oscillator input pin

0SC2 O | OSCILLATOR 1 |Oscillator output pin

X1 u OSCILLATOR 2 | 455kHz resonator oscillator input
X2 OSCILLATOR 2 i 455kHz resonator oscillator output
VSSs
VDD

— Negative power supply, grounds

(6]
1
I — Positive power supply

Note: D8~D11 are all data input and transmission enable pins of the HT12A.
TE is a transmission enable pin of the HT12E.

Approximate internal connections

NMOS
TRANSMISSION CMOS OUT OSCILLATOR 1

GATE

B &

Absolute Maximum Ratings

Supply Voltage (HT12A) .on.......... -0.3V.to 5.5V Supply Voltage (HT12E) .........i..... -0.3V to 13V
Input Voltage.......c..ite.cns Vgs-0.3 to Vpp+0.3V Storage Temperature......c...0.... =50°C to 125°C
Operating Temperature..........it.; ~20°C to 75°C

Note: These are stress ratingsonly. Stresses exceeding the range specified under "Absolute Maxi-
mum Ratings” may cause substantial damage te the device. Functional operation of this device
at other conditions beyond those listed.in the specification’is not implied and prolonged expo-
sure to extreme conditions may affect device reliability:

4 April 11, 2000
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HT12A/HT12E
Electrical Characteristics
HT12A Ta=25°C
Test Conditions i
Symbol Parameter Min. | Typ. | Max. | Unit
Vpp Conditions
Vbp Operating Voltage — 24 3 5 v |
3V — ] 01 1 pA
Iste Standby Current Oscillator stops
5V — | 01 1 pA
] v N 200 | 400 | pA
3V | No load —
Ipp Operating Current ] fO(;CZZSSkHz
] 5V_J — 400 800 pA
) Vor=0.9Vpp (Source) -1 -1.6 mA
Ipour {Output Drive Current | 5V
Vo1=0.1Vpp (Sink) 2 3.2 — mA
Vig "H"” Input Voltage - — 0.8Vpp | — Vop v
Vi "L” Input Voltage — 0 02Vpp| V
D8~D11 Pull-high
V =0V —
RpaATA | eistafics 5V ['VpaTa 150 11,300 | kQ
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vob Conditions
Vob Operating Voltage - — 2.4 5 12 v
3V OAORCH | 1 pA
Isrs Standby Current Oscillator stops ——
12V — 2 4 pnA
K
Ipp Operating Current “EL 1Yo Joud r':— —r—io i & 1
1ov | fosc=3kHz L 150 300 | pA
) Von=0.9Vyp (Source) -1 -1.6 el mA
Ipout |Output Drive Current 5V. a——
Vo1,=0.1Vpp (Sink) 1 1.6 — mA
Viu “H” Input Voltage 0.8Vpp Vop A%
ViL "L" Input Veltage 0 — A402Vppi V
fosc Oscillator Frequency 5V | Roge=1.1MQ — 3 — kHz
RTg TE Pull-high Resistance | 5V/'| Vig=0V — 15 3 MQ
5 April 11, 2000
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Functional Description

Operation

The 212 series of encoders begin a 4-word transmission cycle upon receipt of a transmission enable
(TE for the HT12E or D8~D11 for the HT12A, active low). This cycle will repeat itself as long as the
transmission enable (TE or D8~D11) is held low. Once the transmission enable returns high the en-
coder output completes its final cycle and then stops as shown below.

® | |

—»| & <1word
Encoder
DouT
Transmitted
e~ 4words ~p] le— Continuously —pla— 4 words —p]

Transmission timing for the HT12E

08-D11 ] [
Key-in
—»{_j& <1 word
rg:g eT[ with 38kHz carner
le— Transmitted —
> &= 2word Continuously S

Transmission timing for the HT12A (L/MB=Floating or VDD)

D8~D11
Key-in l I L J (all dala=1)
—»] [ <1word j& 7 words -]

Encoder
DOUT

> o oS o o Tapmtes " af et o
1word (alidata=1)
Transmission timing for the HT12A (I/MB=VSS)

6 April 11, 2000
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Information word

If L/MB=1 the device is in the latch mode (for use with the latch type of data decoders). When the trans-
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then
stops. On the other hand, if L/MB=0 the device is in the momentary mode (for use with the momentary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
outputs a complete word and then adds 7 words all with the "1” data code.

An information word consists of 4 periods as illustrated below.

, 7

> e !
i

—pig data code ’i
i period 1

T
l
=

Composition of information

Address/data waveform

Each programmable address/data pin can be externally set to.one of the following two logic states as
shown below.

G
oy B LICR S O s

i € | LG\ RT3 oy B I

Address/
= Data Bit

Address/Data bit waveform for the HT'12E

fosc ﬁ
" o 38kH
One mmml ﬂ Imm ﬂ " H Im arrier
Data Bif
“Zero" " " “m H mlm mmmm " m ""“ Im " " ““ |“ m mmm l“

= DataBit ie

o T . AN TR

—» Address Bit i

Address/Data bit waveform for the HT12A

7 April 11, 2000
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The address/data bits of the HT12A are transmitted with a 38kHz carrier for infrared remote con-
troller flexibility.

Address/data programming (preset)

The status of each address/data pin can be individually pre-set to logic "high” or "low”. If a transmis-
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad-
dress/data serially in the order AQ to AD11 for the HT12E encoder and AQ to D11 for the HT12A
encoder,

During information transmission these bits are transmitted with a preceding synchronization bit. If
the trigger signal is not applied, the chip enters the standby mode and consumes a reduced current of
less than 1pA for a supply voltage of 5V.

Usual applications preset the address pins with individual security codes using DIP switches or PCB
wiring, while the data is selected by push buttons or electronic switches.

The following figure shows an application using the HT12E:

AR

OSC1’ 0sC2

Transmission

pout medium

VDD A0 A1’ A2 A3 A4 A5 _AB A7 VSS WE AD§ AD9 AD10 AD1

IRE

-

P R

The transmitted information is as shown:

Pilot | A0 Al A2 A3 A4 A5 A6 A7 |-ADS8 | AD9 | AD10 | AD11
&

Synec. 1 0 1 0 0 0 1 1 1 1 1 0

8 April 11, 2000
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Address/Data sequence

The following provides the address/data sequence table for various models of the 212 series of
encoders. The correct device should be selected according to the individual address and data require-
ments.

Address/Data Bits
Part No. F—f
1 2 3 4 5 6 7 8 9 10 11
HT12A A0 Al A2 A3 A4 A5 A6 A7 D8 D9 | D10 | D11
HTI12E A0 Al A2 A3 A4 A5 A6 A7 | AD8 | AD9 |AD10|AD11

Transmission enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmission is enabled by applying a low signal to one of the data pins D8~D11.
Two erroneous HT12E application circuits

The HT12E must follow closely the application circuits provided by Holtek (see the "Application cir-
cuits”).

¢ Error: AD8~AD11 pins input voltage > Vpp+0.3V

% 0sC2 VDD ‘—TH%
OsC1 AD11

TE AD10
VeS ADY
AD8 < o
(8 M B
HT12E

9 April 11, 2000



HOLTEK i ’ HT12A/HT12E

¢ Error: The IC’s power source is activated by pins AD8~ADI11

12v
0sC2 VDD : ?
0sCt
TE
vSS
HT12E
Flowchart
* HT12A * HT12E

Standby mode

| ?

Data with carrier 4 data words
seral output transmitted

b

NGl Transmission
still enabled

Yes

4 data words
transmitted
continuously

L—ao 4

Sendthe
last code

Send "1" 7 imes for
all.of the data codes

Note: D8~D11 are transmission enables of the HT12A.
TE is the transmission enable'of the HT12E.
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Oscillator frequency vs supply voltage
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HT12A/HT12E

Application Circuits

({fff f1ff

Vbo 100
R
10kQ 8050

Note: Typical infrared diode: EL-1L2 (KODENSHI CORP.)
Typical RF transmitter: JR-220 (JUWA CORP.)

HT12A

12

7

Transmitter Circuit A

_>~o—H A0 vop |18 ?

b o~o_2] A1 pouT 17|

b o~o—3] A2 osc1{16

o~o—4 A3 oscz &

b o2 A4 TEP4 3%

$oo-8as 11

b o~o—{as ap1012 5

b8l A7 apspls
Hvss ., aosfld o

7 HT12E
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HOLTEK

2'2 Series of Decoders

Features

e Operating voltage: 2.4V~12V

Low power and high noise immunity CMOS
technology

Low standby current

Capable of decoding 1122 bits of information
Pair with Holtek’s 2~ series of encoders
Binary address setting

Received codes are checked 3 times

Applications

¢ Burglar alarm system

¢ Smoke and fire alarm system
e Garage door controllers

e Car door controllers

General Description

The 22 decoders are a series'of CMOS LSIs for
remote control system applications. They are
paired with Holtek’'s 212 series of encoders (re-
fer to the encoder/decoder cross reference ta-
ble). For proper operation, a pair of
encoder/decoder with the same number of ad-
dresses and data format should be chosen.

The decoders receive serial addresses and data
from a programmed 2~ series of encoders that
are transmitted by a carrier using an-RF oran
IR transmission medium. They compare the se-
rial input data three times continuously with

Selection Table

e Address/Data number combination

- HT12D: 8 address bits and 4 data bits

- HT'12F: 12 address bits only
e Built-in oscillator needs only 5% resistor
Valid transmission indicator
Easy interface with an RF or an infrared
transmission medium
* Minimal external components

e Car alarm system

e Security system

s | Cordless telephones

s | | Otherremote control systems

their local addresses. If noerror or unmatched
codes are found, the input data codes are de-
coded and then transferred to the output pins.
The VT pin-also-goes high to indicate a valid
transmission.

The 2 X series of decoders are capable of decod-
ing informations-that consist of N bits of ad-
dress and 12-N bits of data. Of this series, the
HT12D is arranged to provide 8 address bits
and 4 data bits; and HT12F is used to-decode 12
bits of address information.

Function Data
Q dtgms VT | Oscillator Trigger Package
Part No. No. No. | Type
HT12D 8 4 L N} RC oscillator| DIN active "Hi"/| 18 DIP/20 SOP
HT12F 12 0 e l V' | RC oscillator | DIN active "Hi” | 18 DIP/20 SOP

Notes: Data type: L stands for latch type data output.

VT can be used as 2 momentary data output.

July 12, 1999
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2'? Series of Decoders

Block Diagram

08C2 0SC1
C Oy

*

v

Osciffator -(T/ll_di"—v

DIN O—p Buffer 'r

Data Shift
Register

.
i Latch Circuit

» Data Detectorl—‘ l

>

Sync Delector] [Comparalor l‘ > Comparator] Control LogicJ

[

A4 r

Transmission Gate Circuit 1

—

5

A
Buffer !h—b(

vDD VSS

Data

Note: The address/data pingare available in various combinations{see the address/data tabie).

Pin Assignment

rptiresereeetiedd

Touguuoraer

Pty vt pp bbb bt

OO DODOOOOLra

RSeS|

|SREENRSASRERGREAS|

NSNS NN AN

[EREEERNEREESREE RN
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HOLTEK # 2'? Series of Decoders

Pin Description

Pin Name | 'O Intern:-il Description
Connection

NMOS X .
AO~All 1 | TRANSMISSION Input pins for address A0~All setting

GATE They can be externally set to VDD or VSS.

-

D8~D11 0 CMOS OUT Output data pins
DIN 1 CMOS IN Serial data input pin J
VT 0 CMOS OUT Valid transmission, active high
08C1 I OSCILLATOR | Oscillator input pin
0SC2 0 OSCILLATOR | Oscillator output pin
VSS I — Negative power supply (GND) 4
VDD I Positive power supply

Approximate internal connection circuits

NMOS
TRANSMISSION CMOsS OUT CMOS IN OSCILLATOR

GATE

Absolute Maximum Ratings

Supply Voltage.........coot ileeeverinein -0.3V.to 13V Storage Temperature............... -50°C to 125°C
Input Voltage..................«d Vgs-0.3 to Vpp+0.3V Operating Temperature .............. -20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi-
mum Ratings” may cause substantial damage to the device: Functional operation of this de-
vice at other conditions beyond those listed in the specification is'not implied.and prolonged
exposure to extreme conditions may affect device reliability.

3 July 12, 1999
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22 Series of Decoders

Electrical Characteristics Ta=25°C
T Test Conditions r T
Symbol Parameter Min. | Typ.; Max. | Unit
Vop Conditions L
Vpp Operating Voltage 24 5 12 v
5V — jo01 pA
Ists Standby Current ———1 Oscillator stops
12V — 2 4 vy
Ipp Operating Current sy | Noload — | 200 400 | pA
% fosc=150kHz
Data Output Source Vou=4 5V
I Current (D8~D11) v on=4.5 -1 ] -16 o mA ]
0]
Data Output Sink Voar=0.5V.
Current (D8~D11) S 116 — | ma
VT Output Source Current Vou=4.5V =1 -1.6 — LmA
Iy 5V |
VT Output Sink Current VoL=0.5V 1 1.6 —_ mA
Vig "H"” Input Voltage 5V — 3.5 — 5 v
ViL "L" Input Voltage 5V — g 0 — 1 v
fosc Oscillator Frequency 5V | Rpgc=51kQ l — 150 — kHz

July 12, 1999
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2'? Series of Decoders

Functional Description

Operation

The 2" series of decoders provides various com-
binations of addresses and data pins_in differ-
ent packages so as to pair with the 2 series of
encoders.

The decoders receive data that are transmitted
by an encoder and interpret the first N bits of
code period as addresses and the last 12—-N bits
as data, where N is the address code number. A
signal on the DIN pin activates the oscillator
which in turn decodes the incoming address
and data. The decoders will then check the re-
ceived address three times continuously. If the
received address codes all match the contents of
the decoder’s local address, the 12-N_bits of
data are decoded to activate the output pins
and the VT pin is set high to'indicate a-valid
transmission. This will last unless the address
code is incorrect or no signal is received.

The output of the VT pin is-high only when the
transmission is valid. Otherwise-itis always
low.

Output type

Of the 2" series of decoders, the HT12F has no
data output pin but its VT pin'can be used as a
momentary data output. The HT12D,; on the
other hand, provides 4 latch type data pins
whose data remain unchanged until new data
are received.

Address ‘Qutput|Operating
Pins Type | Voltage
8 Latch ,|©2.4V~12V

12 2.4V~12V

Flowchart

The oscillator is disabled in the standby state
and activated when a logic "high” signal applies
to the DIN pin. That is to say, the DIN should be
kept low if there is no signal input.

P
v

Standby mode '

No Disable VT &
ignore the rest of
this word
Yes 4

Address bits
matched 7

Store data

’———————D

Match
previous stored
data ?

Yes

3 times
of checking
completed 7

Lateh data
to output &
activate VT

2

Address or
data error ?

Yes
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Decoder timing

Encoder T
Transmisston I I L I i
Enable i

|4~ <1 word
Encoder l
DOUT
Tral itted
e~ 4words — " Je— Con?i?)zlousty —dle— 4 words —»| "
&> 2" clocks || 2 clocks
Decoder VT l l

|4~ check —¥ I~ check —¥
Latched ) )F
Data Out \

Encoder/Decoder cross reference table

Package
Decoders Data Pins | Address Pins | VT | Pair Encoder | Encoder Decoder
Part No.
DIP [ SOP | DIP | SOP
HT12A i8 20
HT12D 4 8 N 18 20
HTI12E 18 20
L HTI12A 18 20
HT12F 0 12 Vv 18 20
HTI12E 18 20

Address/Data sequence

The following table provides address/data sequence for various models of the ' series of decoders. A
correct device should be chosen according to the requirements of the individual addresses and data.

Address/Data Bits
=D, | ST 32 b/ IASAARa NN 2 ST O 10~ | |l
HT12D ‘ A0 Al A2 A3 Ad A5 A6 A7 D8 D9 | D10 | D11
HT12F l A0 Al A2 A3 A4 Ab Ab A7 A8 A9 A10 | Al11

Part No.

6 July 12, 1999
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Oscillator frequency vs supply voltage
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50 fOSCE (HT12E encoder)
fosce (HT12A encoder).
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Application Circuits

SN w7,

VDD
>~ a0 VDD 18 @ >~ a0 VDD ﬁ
~o-Zaq viflo oAt il o
>~ osc1[8 ~o-3la2  osc1He
~o-Has  oscz ~o-4ns  oscolts B

IS
o R |5
A%
O

il W DIN o2 ag DN
~o-2{as D11 >~o-las PXT] L
S~o-"tag p1of2 o S~ 125
i -
05 o=

HT12D HI12H

Notes: Typical'infrared receiver: PIC-12043T/PIC-12043S (KODESHI CORP.)
or LTM9052 (LITEON CORP.)

Typical RE receiver: JR-200 (JUWA CORP.)
RE-99 (MING MICROSYSTEM, U.S.A.)
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