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ABSTRACT
A device used for remote controlling appliances by DTMF coding has been designed and
built. The circuit is based on AVR MEGAI16 8-bit microcentroller. The input front-end consists
of ring detector and DTMF decoder chip, MT8870. The firmware was developed using ¢
language. The output has 4-channai relays. The control code can be sent by home phone or

wireless phone with simple coding easily
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‘eatures
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 I ¢
- On-chip 2-cycle Multiplier

Neonvolatile Program and Data Memories
- 16K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Write/Erase Cycles 8-bit AVR@

— Qptional Boot Code Section with independent Lock Bits

In-System Programming by On-chip Boot Program H
True Read-While-Write Operation M’crocontrOl Ier
- 512 Bytes EEPROM H
Endurance: 100,000 Write/Erase Cycles WIth 1 6 K Bytes
— 1K Byte Internal SRAM
— Programming Lock for Software Security |I1-Sy5tem
JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard Prog ram mable

— Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lack Bits through the JTAG Interface F Ias h
Peripheral Features

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

— One 18-bit Timer/Counter with Separate Prescaler, Compara Mode, and Capture

Mode ATmegai6

- Real Time Counter with Separate Oscillator 1
— Four PWM Channals
- 8-channel, 10-bit ADC ATmega 6L
8 Single-ended Channels
7 Diffarential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-criented Two-wire Serial Interface
- Programmable Serial USART Summary
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate Qn-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
- 8ix Sleep Modes: Idle, ADC Nojsa Reduction, Power-save, Power-down, Standby
and Extended Standby
* /0 and Packages
— 32 Pregrammable 1/O Lines
= 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
* Operating Voltages
— 2.7 - 5.5V for ATmega16L
~ 4.5 - 5.5V for ATmega1é
* Speed Grades
— 0 -8 MHz for ATmega16L
~ 0 - 16 MHz for ATmega16
+ Power Consumption @ 1 MHz, 3V, and 25°C for ATmegal6L
- Active: 1.1 mA
— |dle Mode: 0.35 mA
- Power-down Mode: < 1 pA

24B8HS-AVR-12/03

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

-
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Figure 1. Pinouts ATmega16
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(MISO) PBS ] 7 34 [ pA6 (ADCB)
(SCK) PB7 7] B 33 [ PA7 (ADCT)
RESET | 9 32 [ AREF
VCC [ 10 3111 GND
GND ] 11 30 |1 AVCC
XTALZ (] 12 29 [ PC7 (TOSC2)
XTALY 11 13 28 [ PCB (TOSC1)
{RXD) PDC [ 14 27 [Z PC5 (TDI)
(TX[) PD1 ] 15 26 [ PC4 ({TDO)
(INTO) P2 ::I 16 25 |11 PC3 {TMS}
{(INT1) PD3 ] 17 24 [7 pcz (TCK)
(OC18) PD4 [T 18 23 [} PCt (SDA)
(GC1A) PDS ] 19 22 [1 PCO {SCL)
(ICP1} PDS || 20 21 I PD7 (0C2)
TQFP/MLF
&N
Rz \FF e
s22-3 8583
leg2ER 2222
gonNc-o0DQ oo
PRPRESY9EssR
ANOnsraInrnn
o 44,.42, 40, 3836, 34
(MOSY) PBS (7] 1 33 |1 PA4 (ADC4)
(MISQ) PBB [ 2 32 [T PA5 (ADCSE)
(SCK) PB7 '] 3 31 7 PAB (ADCS)
RESET ] 4 30 [7) PAT (ADCT)
VCC ] 5 28 ™ AREF
GND ] & 28 71 GND
XTALz | 7 27 [ avce
XTAL1 O B 26 [ PC7 (TOSC2)
(RXD) PDO ] & 25 [1 PC8& (TOSC1)
(TXD) PD1 2] 10 24 [ PC5 (TON}
{INTO) PD2 1] 11 23 I PG4 (TDOY
12131415161713192021224
gooiomonaoTyg
MY OO0 N
EEEERLERRER
CEIEy  gEge
£8888 2stt

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

2 ATmegal6(L) mu————ea
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verview The ATmega16 is a low-power CMOS 8-bit micracontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clack cycle, the
ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the system

designer to optimize power consumption versus processing speed.

tlock Diagram Figure 2. Biock Diagram
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Pin Descriptions
vce
GND

Port A (PA7..PAO)

-

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 C1SC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 general purpase I/0 lines, 32 general purpase 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-hit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdoeg 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 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 /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 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 memary to be reprogrammed in-system
through an SPI serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boet 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 monolithic chip, the Atmel ATmegail6 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system developrment
tools inciuding: C compilers, macro assembiers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply valtage.
Ground.

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

Port A also serves as an 8-hit 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 PAQ to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistars are activated. The Part A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmega16(L) mes—————sss——
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ort B (PB7..PBO)

'ort C (PC7..PC0)

*ort D (PD7..PDO)

XTALA

XTAL2

AVCC

AREF

2466HS-4VR-12/03

Port B is an 8-bit bi-directional IO 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 ATmega16 as listed
on page 56.

Port C is an 8-bit bi-directional /O 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(TDN), PC3(TMS) and PC2(TCK) will be acti-
vated even if a reset occurs.

Fort C also serves the functions of the JTAG interface and other special features of the
ATmega16 as listed on page 59.

Port D is an 8-bit bi-directienal I/O 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 puli-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 ATmega16 as listed
on page 81,

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 36. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal ciock operating cireuit.
Cutput 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 Ve, even if the ADC is not used. If the ADC is used, it should be con-

necied to V. through a low-pass fiiter.

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

ATEL ;
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legister Summary

N — —
Address Name Bit7 Bit6 BitS BIt 4 Bit 3 Bit 2 Bit1 Bit 0 Page
$3F ($5F) SREG | T H 5 v N 2 C 7
$3E ($5E) SPH DR I R S i P SP1D 5P 5P8 10
$3D {$50) SPL SP7? SP6 5P§ SP4 SPa SP2 SP1 SP0 10
$3C (35C) GCRO Timer/CounterC Output Compare Ragister 83
$3B ($5A) GICR INT1 INTO INT2 - i IVSEL WCE 46, 67
$3A (35A) GIFR INTF1 INTFQ INTF2 i R | b e e 68
$39 {$59) TIMSK QCIE2 TOIE2 TICIEY QCIE1A OCIE1B TOIEY OCIED TOIED 83, 114, 132
338 (858) TIFR OCF2 TOvVZ ICF1 CCF1A QCF1B TV OCFO TOVD 84, 115,132
$37 [$57) SPMCR SPMIE RWWGSB : ] RWWISRE BLESET PGWRT PGERS SPMEN 249
%36 (§56) TWCR TWINT TWEA TWETO TWWC TWEN R TWIE 178
$35 (855) MCUCR SM2 SE SMD 1SC11 1ISC10 15C01 1SCo0 30, 68
$34 ($54) MCUCSR JTD 1ISC2 JTRF WORF HORF EXTRF PORF 39, 67, 229
$33 (853) TCCROD FQCQ WGEMAC COMOD WGMI C502 CS01 Cso0 81
$32 ($52} TCNTO TimerounterD (8 Bits) 83
§31 (8510 OSCCAL Oscllla.lur Calibrat‘inn‘ Ragistar 28
QCDR On-Chip Bebug Registar 225
$30 {¥50) SFIGR ADTSZ ADTS1 ADTSD L X ACME PUD PSR2 PSR1D 55,86,133,198.219
$2F (34F) TCCR1A COM1AY COM1AD COM1B1 COMiBQ FOC1A FOC1B WOGM11 WGEMI10 109
$2E (§4E) TCCR18 ICNT1 ICES1 L ] WEMIa WGM12 cs12 C511 cs10 112
$20 ($4D} TCNT1H Timer/Countert — Counter Ragisiar High Byte 113
§2C ($4C) TCHTIL Timer/Counter! - Countar Reglslst Low Byie 113
$2B ($4B) OCR1AH Timer/Counter1 - Output Compara Register A High Byte 113
§2A ($4A) OCR1AL Timer/Counter1 — Qutput Compare Reglster A Low Byla 113
$20 (549) QCRI1BH Timer/Counter1 ~ Output Compara Registar B High Byte 113
$28 (3483 CGCRIBL Timer/Counter1 - Qutput Compara Regisier B Low Byle 113
$27 ($47) ICR1H TkmeriCounter] - Input Capture Register High Byte 114
§26 (§46) ICRIL Timer/Caunter1 - input Capture Registar Low Byta 114
§25 1845) TCCR2 Focz | woeM20_ | comzi | come | wemer | csa2 | cs:1 | csw 127
$24 (344) TCNT2 Timer/CounlerZ {8 Bils) 129
$231843) OCR2 Timer/Counler2 Output Compara Register 129
$22 (842) ASSR o e R i R 15 As2 TCN2UB OCR2UB TCR2UB 130
§21 (341) WDTCR - . e WOTDE WDE WDPR? WDP1 WOPO 41
5209 (§40) UBRRH URSEL I e [ Dy UBRR[11:8] 165
UCSRC URSEL UMSEL UPM1 UPMJ USBS LCSZ1 LICEZ0 UCPOL 164
$1F (§3F) EEARH P - SR 2 SOy S T EEARS 17
| $1E (§3E) EEARL EEPROM Address Regisier Low Byle 17
[ s10an) EEDR EEPROM Dala Reglstor 17
$1C ($3C) EECR AT - T, AR SR EERIE EEMWE EEWE EERE 17
$1B ($3B) PORTA PORTAY PORTAB PORTAS PORTA4 PORTA3 PORTAZ2 PORTA1 PORTAD 64
$141537) DDRA DDA? LDAB DDAS ODAd DDA3 DDAZ DOAT DOAQ 6d
$19 (339) PINA PINAT PINAG PINAS PINA4 PINAJ PINAZ PINAj PINAD §4
$18(338) PORTH PORTBY PORTEG RORTBS PORTR4 PORTB3 PORTB2 PORTE1 PORTBO 64
317 {§37) DDRB LoB? D86 ooas DDB4 DDbB3 DRz Dpe1 DDBO 54
$16 {$36) PINB PINB7 PINBG PINBS PINB4 PINB3 PINB2 PINBA PINBQ &4
315 (835) FORTC PORTCY PORTCE PORTCS PORTC4 PORTCI FORTCZ PORTC1 PORTCO 55
§14 ($34) DDRC DDCY DDCB DDCS DDC4 DOC3 DDC2 DDCY pDCo 63
$13 ($33] PING PINCY PINCE PINGS PINC4 PINC3 PINC2 PINC 4 PINCO 65
$12 532} PORTD PORTLY PORTDE PORTDS PQORTD4 PORTD3 PORTD2 PORTD1 PORTD) 65
$11 (§31) ODRD DDD7Y pDD6 D005 DpD4 #i0]ak] CDG2 DDOD1 DoDo 65
$10 (330) PIND FINDY PINDE PINDS PIND4 PIND3 PING2 PIND1 PINDD 65
§0F 132F) SPOR SPI Data Ragisler 140
$OE ($2E}) SPSR SPIF WCOL iy ‘ Qe e =l — ] SPI2X 140
$00 ($z0) SPLR SPIE SPE PORD MSTR CPOL CPHA SPR1 SPR{ 136
30C {$2C) UDR USART /0 Data Registar 161
$0B ($2B) UCSRA RXC TXC UDRE FE DOR PE L2X MPCM 162
SOR {524 UCSRB RXCIE TXCIE UDRIE RBXEN TXEN LSz RXBB TX88 163
509 (329) UBRRL LSART Baud Rale Register Law Byte 165
$08 (528) ACSR ACD ACBG ACD ACI ACIE ACIC ACIS1 ACIS0 200
$07 ($27) ADMLU X REFS1 REFS0 ADLAR MLX4 MLIX3 MLXZ MUX1 MUXQ 215
$06 (§26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 217
$05 ($25) ADGH ADC Data Ragistar High Byts 218
$04 ($24) ADCL ADC Data Register Low Syie 218
$03 (323} TWOR Two-wire Serlal Interface Data Registar 180
$02 (527) TWAR Twas | Twas | TwAd | TwA3 | Twaz TWat | TWAQ | TWGCE i80

6 ATmega16(L) mee——————
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Address Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit ¢ Page
§31(521) TWSR TWS? TWS6 TWS5 TWSd TWS3 e 1 TWPSt TWPSO 179
$00 ($20) TWER Two-wire Serial Interface Bit Rale Register 178
otes: 1. Whaen the OCDEN Fuse is unpragrammed, the OSCCAL Register is always accessed on this agdress. Refer o the debug-
ger specific documentation for details an how to use the QCDR 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 /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 SB! instructions will operate on

2466HS-AVR-12/03

all bits in the IO Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SB instructions
work with registers $00 to $1F only.
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I
1struction Set Summary
Wnemonics Operands Description QOperation Flags #Clocks
ARITHMETIC AND LDGIC INSTRUCTIONS
AQD Rd, Rr Add two Registars Rd + Rd +Rr ZCNV.H 1
ADC Rd, Rr Add with Camy two Registars Rd = Rd+Rr+C Z.CNV.H 1
ACIW HdlK Add Immediata to Word Rdh:Rdi + Rdh Rd[ + K Z,CNV,8 2
5UB Rd, Rr Subtract two Reglsters Rd — Rd - Rr Z.CNV.H 1
SUBI Rd, K Subtract Constant from Registar Rd —Rd-K Z,CNV.H 1
S8C Rd, Rr Subtract with Carry two Ragislars Rd« Rd-Rr-C ZCNVH 1
S8CI Rd, K Subiract with Carry Constani from Reg. Rd + Rd -K-C ZCNV.H 1
SBY Rdl,K Subtract Immadiate fram Ward Rdh:Rdl + Rah:Rdi- K ZLNYS 2
AND Rd, Rr Logical AND Registars Rd « Rd « Rr ZN Y 1
ANDI Rd, K Logical AND Register and Constant Rd < Rds K Z,N.v 1 B
OR Rd. Rr Logical OR Registers Rd +- Rd v Rr ZNV 1
ORI Rd, K togical OR Register and Conslant Rd « RdvK ZNV 1
EOR Rd, Rt Exclusive OR Registers Rd « Rd @ Rr ZNV 1
COM Rd Ona's Complement Rd « $FF - Rd ZL NV 1
NEG Rd Two's Complemant Rd « $00 - Ro ZCNVH 1
SER Rd.K Set Bit{s) In Register Rd e« RdvK ZNV i
CHR Rd,K Clear Bit{s) in Register Rd + Rd # (3FF - K) Z NV 1
INC Rt Incremant Rd «+ Rd +1 ZNV 1
DEC Rd Decrament Rd « Rd - 1 Z NV 1
TST Rd Test for Zero or Minus Rd « Rd « Rd ZNV 1
CLR Rd Claar Registar Rd « Rd @ Rd 2NV 1
SER Rd Sel Register Rd « $FF Nong 1
MUL Rd, Rr Mulliply Unsigned R1:R0O + Rd x Rr 2.0 2
MULS Rd, Rr Multiply Signed R1:R0 « Rd x Rr ZC 2
MULSL Rd, Rr Muldply Sigred with Unsigned R1:R0 « RAd x Rr Z.C 2
FMUL Rd, Rr Fractianal Multiply Unsigned R1:R0 + (Rd x Ry << ] 2.C 2
FMULS Rd. Rr Eractional Multiply Signed R1:RO « (Rd x Rp<< 1 zZC z
FMULSY Rd, Rr F ractianal Mulliply Signed wilh Unsignad IR0 ¢ (Rdx Rr) << 1 Z.C 2
BRANCH INSTRUCTIONS
RJMP 3 Relative Jump PC—PC+x +1 Nong 2
WP Indiracl Jump to (Z) PCZ None 2
JMP k Diract Jump PC e Kk Nane 3
RCALL 3 Ralalive Subrouline Call PC—PC+k+1 None 3
ICALL Indirect Call to {Z) PC+2Z None 3
CALL i Direct Subrautine Call PG +—k Nona 4
RET Subrouting Return PC « STACK None 4
RETI Inferrupt Return PC « STACK § 4
CPSE Rd,Rr Compare, Skip If Equal if[RE=RHPC—PC+20r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z NV,CH 4
CPC Rd,Rr Campare wilth Carry Rd-Rr-C 2, N.V.CH 1
CPI Rd.K Compara Registar with Immediata Rd -K Z, NV CH 1
SBRC R, b Skip if Bit In Register Cleared it {Rr{b}=0) PC « PC+ 201 3 Nang 1/243
SBRS Rt b Skip if Bit In Register is Set If (Rr{)=1)PC < PC+20r3 Nene 11273
SRIC P b Skip if Bit in 110 Regisier Cleared ¥ (P(b)=0)PC « PC+20ar3 Nong 17213
SHIS P b Skip if Bil in 11O Register is Sel i {P{b)=1}PC+~PC+20r3 Nang 1/2/13
BRBS § K Branch |f Stalus Flag Set if {(SREG(s) = 1) than PCePC+k + 1 Nana 112
BRBC s, k Branch if Stalus Flag Cleared if (SREG(s) = 0} then PCePC+k + 1 Naona 1/2
BREQ k Branch if Equal f(Z=1}then PC+—PC +k 1 None 142
BRNE k Branch i Not Equal if {Z = 0)then PC «— PC +k + 1 Nena 1/2
BRCS k Branch if Carry Set iM{C=1jthen PC« PC+k+ 1t None /2
BRCC k Branch if Carry Cleared if (C=0)then PC ¢« PC+k +1 Kone 1/2
BRSH k Branch if Same or Higher if {C =0} then PC «— PC+k+1 Nane 112
BRLO * Branch if Lower if(C=1)then PC &« PC+k+1 MNone 112
BRMI K Branch if Minus il (N= 1) then PC « PC +k +1 Nane 1/2
BRFL X Branch if Plus Hf(N=0) hen PC+PC +%k +1 None 142
BRGE K Branch if Grealer or Equal, Signed if (N ©®V=0}than PC + PC +k + 1 None 172
BRLT k Branch if Less Than Zero, Sighed if (N V= 1}then PC « PC + Kk + 1 Nohe 1/2
BRHS k Branch if Half Carry Flag Set if (H=1)then PC « PC + k +1 None 12
BRHC k Branch If Half Carry Flag Clearad It (H=G)then PC e« PC+k+ 1 None 112
BRTS K Eranch if T Flag Set if (T=1)then PC« PC+k +1 Nane 1/2
BRTC k Branch if T Flag Cleared i {T=0)hen PC + PC +k+1 Nong 112
BRVS K Branch if Overflow Flag is Set H{v="1then PC « PC +k +1 Nona 112
BRVC K Branch if Overfiow Flag is Clearad i (VLG)‘_#EH_PC — PC+k+1 Mare 1/2

8 ATmega16(L) m———————ssssssa——
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Anemonlics ] Operands 1] Dascription Operation Flags #Clocks
RE l« | Beanch I intesnyt Enatied fihs A henPL Pl vkt N ALY
IRID | & | Branch if Interrupt Disagled if (17 0) thanPC + PC+k + 1 Nong /2
YATA TRANSFER INSTRUCTIONS
v | Rd, Hr Move Between Registars Rd + Rr None 1
AoV |! Rd, &r Capy Sﬂm‘ar oy R+ 1120 Fre TRr Nore T
]| Rd. K Load ImMadiate Rd + K Nong 1
b Rd, X Load Ingiract Rd e (X) Nope ] 2
o) RO, A ‘Load intirec) and Pasine. RO e (XL R K+ Nane 2
D Rd, . X Load Inditecl and Pre-Dec. X X-1,Rd & 0 Nane 2
D Ra Y Lozd Indran) Rt = ¥} Moy 2
) Rd, Y+ Load Indirect and Rost-Inc. Rd e~ (¥}, ¥ =¥ +1 Nane 2
D Rd, - ¥ Load Indirect and Fre-Dec. Y Y -1, Rd & (Y) Nane S 2
DD Rd,Y+q Lcad Inditect with Displacemant Rd & (¥ + g} Nope 2
LD Rd, 2 Load Indirect Rd ¢ {2) Nane 2
LD Rd, 7+ Upag Inditsct and Poss-Inc. Rd = 1Z), Z = T¥3 Nowg 2
LD Rd, \Z Load Indirect and Pra-Dec. Ze-£-1,RIE(2) Nona I 2
00 | R 2y Lot Iorlitecs vl Dapeman, P ) Mo !
o [ Rk .oad Direct from SRAM Rd o1k Norie 2
ST l X, Rr Store Indirect X} + Rr Nare 2
sT | x+ mr Storg Indiract and Pastinc. (X} 4 Rr, X e= X + 1 Nope 2
sT [ -x re | Store Indirect and Pre-Dec. [ % X1, ) eRr None 2
5T | . Re | _5tore Indirect [ e rr Nppe 2
5T f Y+, i1 f Btore inirect and Pos(-inc. f [V e R e ¥e1 Nrng 2
31 \ -, Rt 1 Svore intirect and Pre-oiae, Y= -4 () e-Rr None ] 2
ST Y+ Store |ndirect with Displacement (¥ +4) « Rr 2
8T Z, Re Stara ledkacl (2)« Re 2
ST Zr, Rr Store Inciract and Post-Inc. (Z}RLZed+1 2
57 -2 R Siara Indiad and Pra-lec. } 2 Z- 1 (2 e Ar 2 __ |
STD 2+a.Rr Stora |ndiract with Displacemant {Z +a) « Rr 2
578 k Rr Store Direct to SRAM tk) & Rr 2
LPM Load Program Memory RO & {Z) Nane | 3
LPM Rd. Z Load Program Memory Rd « {2) Nape 3
LR R, I Lopt Pivgam )Mﬂ 2 Rpsilnc A o 123, F eI e I 3
SPM $tore Program Memary {Z) &« R1:RQ Nepe -
IN Rd, R InPort Rd « P Nane 1
ouT P, Ar Qut Part P« Rr None 1]
PUSH Rr | Push Register on Stack STACK + Rr Nane | 2
POP Rd | Pop Regntor from Stack Rd ¢; STACK Nope ) P
BIT AND gIT-TEST INSTRUCTIONS —‘l
58 Pb Set BN G Regislar ] VD{EE) « 1 ] Ngne 2
Cat Pu Ciear BItin (1 ReQister | 10@P.6) « 0 Nene 2
LSt ad Lot Sl Lt Rt 1) 4 Reie, B}« 0 zoMy 1
LR Rd L ogical Shift Right Rd{n} & Rdin*1), RA(7) - 0 Z.CNYV 1
ROL Rd Rolate Lett Through Carry Rd(0}+C Rd(n*1}— Rdin),Ce-RA(7) 2.L.MV 4
ROR Ratata Righi Through cay Rd(7}6-C,Rd(n)— Rd{n+1),Ge-Rd(D ZONNV 1
: Arithenatic Stk Right R} = Rdrit 7, nai. 6 ZOMNY 1
Swap Nibbies RA(3-0)eRd(7..4),RI(7..4)RA(3..0) None 1
| Flag set | srEG(S) 1 SREG(8) 1
}_\‘EER s aty Tt SREGIS) D SRESGIS) 3
BST Rr, b Bit Stora from Register to T T+ R} T 1
BLD Rd, b Bt loag fnen T 10 Bagister Rt} e T Wige 2
BEC Sal Carry Ce1 C 1
Lo Clear Carry G0 C 1
BEN Sal Negativa Fiag N+ 1 N 1
CLN Clear NBgative Flag N+ D N 1
%ol Zero Flag FA 1z 1
Clear Z8ro Fla ] Zel J z 1
‘ol avnph Eonie T y 4
Srohal Mfarupr Disakie 1«0 [ 1
S8l Signey Test Flag s 1
I Clear Signed Test Flag ]?U 5 1
[ Set Twss Eomplement Overfiow. [ Vel Jl 1
Glear Twos Complament Ovarliow | Ve 1 )
Sel 70 SREC Te \_’_____v_{AT— ?
Clear Tin SREG b T—g T 1
L He dH 1

Sot Hal Carry Flag in SREG

2466HS-AVR-12/03
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]
AN N -~ —
Anemonics Operands Description Operation Fiags #Clocks
sLH Clear Half Carry Flag in SREG HeD H 1
ACU CONTROL INSTRUCTIONS
0P No Operation Nong 1
ILEEP Slesp (see specific descr. for Sleap funclion} None 1
YDR Waltchdog Reset {see specific dascr. for WDR/Aimar) None 1
IREAK Break For On-Chip Debug Only None MN/A

10 ATmegal6t(L) m——
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irdering Information

Speed (T\de} Power Supply Ordering Code Package Operation Range
8 2.7-55V ATmegal16L-8AC 44A Commercial
ATmega16L-8PC 40P6 (0°C to 70°C)
ATmegal6L-BMC 44M1
ATmegal16L-BAl 44A industrial
ATmega16L-8P! 40P6 (-40°C to B5°C)
ATmega16L-8MI 44M1 !
16 4.5-55V ATmegal§-16AC 444 Commercial
ATmega16-16PC 40P6 {0°C to 70°C)
ATmegal6-16MC 44M1
ATmega16-16Al 444 Industrial
ATmega16-16PI 40P6 {-40°C to 85°C)
ATmegal16-16MI 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 x 7 x 1.0 mm body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)

ATMEL "

2466H5-AVR-12/03
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ackaging Information

4A

1116 1T

!

PIN1 — o\ (,(

PIN 1 IDENTIFIER

TN
Fy &

| R G N R
| de—— PR Feal
! X B
CH o~ td
J L Al A2 ~A

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Ad 0.05 - 0.15
A2 0.95 1.00 1.05
(D] 11,75 12.00 12.25
1 4.90 10.60 10.10 | Note 2
E 11.75 12.00 12.25
Notas: 1. This package conforms to JEDEC reference MS-026, Variation ACD.
2. Dimensians 01 and E1 do not include mold protrusion. Allowable E1 9.90 10.00 | 1030 | Note2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B8 0.30 - 0.45
plastic body size dimensions including mold mismatch
3. Lead coplanarity is 0.10 mm maximum. € 0.09 - 020
L 0.45 - 075
e 0.80 TYP
10/6/2001
TITLE DRAWING NO. |REV.
AMEL 232° Orenard Faneway | a4, a4-tead, 10 x 10 mm Body Size, 1.0 mim Body Thickness, ™, 5
' 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

12 ATmega16(L) m——
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JP6

e D -
PIN
1
i
£1
U
A
Y
SEATING PLANE ' '
i i
Al
L A — .
-— e B1 - = B
e
e E -
COMMON DIMENSIONS
0° - 158° REF {Unit of Maasure = mm}
C - [ — T
T SYMBOL| MIN | NOM | MAX | NOTE
e eB " e ¢ L Cl| b 4% F F
Al 0.381 - & :
| $2.070 - 52.578 N0t9_2_
E 15.240 - 1___5.875 !
E1l 13.462 - 13.97Q Note 2
\{ g8 0.355___ -4 Q9.559 |
81 1.041 X 1.651

Notes: 1. This package conforms to JEDEC reference MS-C11, Variation AC.
2. Dimensicns O and E1 do nel incluge mold Flash or Profrusion. L 3.048 - 3.556
Mald Flash or Protrusion shall not exceed 9.25 mm (0.010"). e y 4

c foz | - [owm |
ob 15.494 - 17.526
. 2540 TYP B
09/28/01
TEL, 2025 Orchard Park TITLE DRAWING NO. |REV.
rchard Parkway Y " i D
AMEL ' . ca os131 | 20P8. 30lead (0.000 ;15.24 mm Wide) Plastic Dual 40Pg B

AIMEL

2466HS5-AVR-12/03 — —— —— —}
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S "
4M1
- (B
. _—
O i
Marked Pin# 11D 1
11
i1
i
[E] [
n
4
I b SEATING PLANE
a i
TOP VIEW m
»
[A]+ e
[Lh o .
| ‘—{D—Z—P____. Pin #1 Corner SIDE VIEW
| )
[ [DUDUUIUIUOUE
[ e
-] = COMMON DIMENSIONS
(3D ] (Unit of Measure = mm)
D [
E2| oo i SYMBOL| MIN NOM  MAX | NOTE
i - s A 080 090 - 1.00
; g Al - 002 | 005
R Bp=niy J = A3 0.25 REF §y ..
- - > i 0.18 ! 023 | 0.30
rnnnnﬂnﬂﬂﬂn D 7.00BSC
‘ . 520 | 54
-» [+{B] e | . bz 500 l 5.20 | 540
E T.00 85C :
BOTTOM VIEW e | 00 | 520 | s40
-] 0.50 BSC o
L | o3 | o5 | o078
Notes: 1. JEDEC Standard MC-220, Fig. 1 (SAW Singulation) VKKD-1. et
01/15/03
2325 Orchard Parw TITLE DRAWING NO. |REV.
A rehard Farkway | 44m1, 44-pad, 7 x 7 x 1.0 mim Body, Lead Pitch 0.50 mm
--l-l-‘-E!'“ San Jose, CA 95131 | Micio Lead Frame Package (MLF) 441 ¢

14 ATmegaTo(L) mmmmm——
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rrata

Tmega16(L) Rev. |

ATmegai6(L) Rev. H

ATmegal6(L) Rev. G

R4B6HS-AVR-12/03

The revision letter in this section refers to the revision of the ATmega16 device.

» IDCODE masks data from TDI input

1.

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly, Data to succeeding devices
are replaced by all-ones during Update-DR,

Problem Fix /f Workaround

If ATmegal6 is the only device in the scan chain, the problem is not visible.
Select the Device ID Register of the ATmega16 by issuing the (DCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device 1D Registers of preceding devices of the
boundary scan chain.

If the Device |Ds of all devices in the boundary scan chain must be captured
simultanecusly, the ATmega16 must be the fist device in the chain.

* IDCODE masks data from TD{ input

1.

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices
are replaced by all-ones during Update-DR.

Problem Fix { Workaround

If ATmegal6 is the only device in the scan chain, the problem is not visible.
Select the Device 1D Register of the ATmega16 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device |D Register and possibly data from
succeeding devices of the scan chain. issue the BYPASS instruction to the
ATmega16 while reading the Device |D Registers of preceding devices of the
boundary scan chain.

If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

* IDCODE masks data from TDI input

1.

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices
are replaced by all-anes during Update-DR.

Problem Fix f Workaround

If ATmega16 is the only device in the scan chain, the problem is not visible.

Select the Device ID Register of the ATmega16 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device ID Registers of preceding devices of the
boundary scan chain.

AImEL
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— Ifthe Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega 16 must be the fist device in the chain.

16 ATmega16(L) m—————
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1so2.cmos MT8870D/MT8870D-1
VITEL Integrated DTMF Receiver

-

Features ISSUE 5 March 1997
*  Complete DTMF Receiver Qrdering Information
* Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP
* Internal gain setting amplifier MT8870D3/DS-1 18 Pin SOIC
. Adjustable guard time MT8870DN/DN-1 20 Pin SSOP
. , -40 °C to +85 °C
* Central office quality
*  Power-down mode

* Inhibit mode

+ Backward compatible with i
MT8870C/MT8870C-1 Description

The MT8870D/MTB870D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
* Receiver system for British Telecom {BT) or digital decoder functions. The filter section uses

CEPT Spec (MT8870D-1) switched capacitar techniques for high and low
«  Paging systems group filters; the decoder uses digital counting

techniques to detect and decode all 16 DTMF tone-

" Repeater systems/mobile radio pairs into a 4-bit code. External compenent count is

* Credit card systems minimized by on chip provision of a differential input
*+ Remote control amplifier, clock oscillator and latched three-state bus
interface.

+ Personal computers
«  Telephone answering machine

- Sy
vbDh V3S VRef INH
F I
N Bias \ '
PWDN v Circuit VRef
Buffer |
= - Q1
Chip  Chi ;
Powzr Bias High Group J]_ Digital Code
Filter Detection Converter I E Ly
Algarithm and Latch Q2
+ :

N T%'g!a Zero Crassing

N - Filter Detectors > (13
Low Group |
GS Filtac I _&— > Q4
1o al! :
—>——-’ Chip - 5t Stee'mng Z&
Clocks GT Logic 3
e VA
¥ ¥
osci 0sc2 SUGT ESt STD TOE

S
Figure 1 - Functional Block Diagram
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IT8870D/MT8870D-1

ISO2-CMOS

Yin Description

1 18] vDD IN+ ] 1
2 17] syGT IN-[] 2
3 16]7] Est Gs[] 3
4 151 stb VRef[] 4
5 14[7] Q4 INH[] 5
6 13[] Q3 PWDN[] 6
7 12[] Q2 NC[} 7
8 117 a1 osc1l] s
9 10[] TOE osc2[] 9
VSS[_: 10 1] T0E
18 PIN PLASTIC DIP/SQIC 20 PIN SSOP

igure

Pin #
18 | 20 Name Description
111 IN+ Non-Inverting Op-Amp (Input).
2 IN- Inverting Op-Amp (Input).

313 GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4 | 4 VRret |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5|5 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN [Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

718 OSC1 |Clock (Input).

819 OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9110 Vss |Ground (Input). OV typical.

10 [ 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-112-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14115 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

151 17 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vg

16 | 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17119 | SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vyg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 ] 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16

4-12



IS0?-cMOS  MT8870D/MT8870D-1

Functional Description

The MTB870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus,

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal ta the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
priar to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

1L

SVGT

ESt

StD

MT3870D/
MTBB?O%[L tera=(RC)in(Vpp/Vrg)

Gre=(ROHV o Vog-Vrs)]

igure 4 - Basic Steering Circuit
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
develaped to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the "signal condition” in
some industry specifications) the “Early Steering”
{ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

A=697 Hz

ATTENUATION
(dB)

B=770 Hz
C=852 Hz
D=941Hz

E=1208 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

N

th

AB C D

ﬂ

1rkHz 1

I

H

o~
!

E F

FREQUENCY (Hz2)

ilter

esponse



IT8870D/MT8870D-1

ISO%-CMOS

ndition is maintained (ESt remains high) for the
lidation period (tgTp), V. reaches the threshold
T5t) Of the steering logic to register the tone pair,
«ching its corresponding 4-bit code (see Table 1)
lo the output latch. At this point the GT output is
stivated and drives v to Vpp. GT continues to drive
gh as long as ESt remains high. Finally, after a
wrt delay to allow the output latch to settle, the
zlayed steering output flag (StD) goes high,
gnaliing that a received tone pair has been
gistered. The contents of the output latch are
ade available on the 4-bit output bus by raising the
iree state control input (TOE} to a logic high. The
eering circuit works in reverse to validate the
terdigit pause between signals. Thus, as well as
yjecting signals too short to be considered valid, the
:ceiver will tolerate signal interruptions (dropout)
0 short to be considered a valid pause. This facility,
xgether with the capability of selecting the steering
me constants externally, allows the designer to
ailor performance to meet a wide variety of system
aquirements,

juard Time Adjustment

n many situations not requiring selection of tone
luration and interdigital pause, the simple steering
sircuit shown in Figure 4 is applicable. Component
ralues are chosen according to the formula:

tRec=tpptiGTe

to=tpaticra
Me value of tpo is a device parameter (see Figure
11) and tges is the minimum signal duration to be
‘ecognized by the receiver. A value for C of 0,1 uF is

terp=(RpC 1 )in[Vor/(Vpp-Vrsy)

C4

taTa=(R4Cn(Vpo/Vrsy
Re={R 1R/ (R1+Ra)

a) dacreasing tgyp; {grpstgra)

tare=(RC InVpp/(Vop-Vrs)]
tara=(ReCIN(Vop/Vrsy)

D
Cy 1 _ R
Re=(R4R2V(Ry*+Ry)
staT()
R
est b) decreasing tatar (taTPteTal

Adjustment

Vp

4-14

Digit | TOE | INH ESt Qy Qy Gls Q4
ANY L X H z z z z

1 H X H 0 0 0 1

2 H X H o 0 1 0

3 H X H 0 0 1 1

4 H X H 0 1 0 0

5 H X H 0 1 0 i

& H X H 0 1 1 o

7 H X H 0 1 1 1

8 H X H 1 0 v} 0

9 H X H 1 0 0 1

0 H X H 1 ] 1 0

* H X H 1 0 1 1

# H X H 1 1 0 0
A H L H 1 1 0 1

B H L H 1 1 T (]
c H L H 1 t 1 1

D H L H 0 0 0 o]
A H H L ]
B H H L undetected, the output code

will remain the same as the

c H H L pravicus detscted code

D H H L

Table 1, Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DONT CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may he used to
select independently the guard times for tone
present (lorp) and tone absent (tgys). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tggc with
a long tp would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



IsSo2-cM0s MT8870D/MT8870D-1

Power-down and Inhibit Mode

A logic high applied to pin 6 (FWDN) will pawer down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin & (INH). [t inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code {see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT88700D-1
provides a differential-input operational amplifier as
well as a bias source (Vge) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) far
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for upity gain and Vg,
biasing the input at '/,Vpp Figure 6 shows the
differential  configuration, which  permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit Is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MTB870D/MT88700-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

MTB88&70D/
MT82700-1

Rs  GS

3
Rj <
Ra
VRef
& —0

Ifferentjal t Amplifi
Qe {rineut Amplifier
1=R4=R5=100 k&2
Ry=60KE, Ry=37.5 kO
RatRs

All resistors are +1% tolerance.
All capacitors are £5% tolerance.

R3=
VOLTAGE GAIN (A, diff)= R"’

)
INPUT IMPEDANGE

ALY
(ZinpIFF) = 2 f Ry%+ (—m-c-

To OSC1 of next
T88700/MTAB700-1

C=30 pF
X-tal=3.579545 MHz

igure
Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Cco pF 37.915
Qm - 896.37
Af % +0.2%

— ——— — " -
Table 2. Recommended Resonator Specifications
Note: Qm=quality factar of RLC model, i.e., 1/2TTfR1C1.



IT8870D/MT8870D-1 1S02-CcMOS

pplications

ECEIVER SYSTEM FOR BRITISH TELECOM
’EC POR 1151 tarp=(ReC IV op/(Vop-Vrsy]

e circuit shown in Fig. 9 illustrates the use of = v,

T8870D-1 device in a typical receiver system. BT fomas(RiCa)intVoo/Vrs)
sec defines the input signals less than -34 dBm as
e non-operate level. This condition can be attained Re=(RiRJ(R;+Ry)
r choosing a suitable values of Ry and R, to
'ovide 3 dB attenuation, such that -34 dBm input
gnal will correspond to -37 dBm at the gain setting
n GS of MTB870D-1. As shown in the diagram, the
>mpanent values of Ry and C, are the guard time
:quirements when the total component tolerance is 201%%5.;( Qs 1
%. For better performance, it is recommended to Ry=2.2M 0 + 1%
se the non-symmetric guard time cireuit in Fig. 8. C1=100nF +5%

input Ry MT8870D-1
N,
IN- SYGT
—{ | GS Est Rs

:|—._
Ry  d Ve stp [—
O———— ] H U0
]
| —
]

O————— ] PwDN ok}
0sC 1 Q2 o NOTES:
= o,
Xi B oscz Q1 S Ry = 102K 1%

R, = 71.5KQ = 1%
Vss ToF R = 300K +1 %
C1,C; = 100 nF £ 5%
Xy = 3.579545 MHz +0.1%
VDD =50V +5%

nput Configuration for pec

a-16



IsSo2-cMOsS MT8870D/MT8870D-1

Absolute Maximum Ratings’

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 vV
2 | Voltage on any pin V| Vg5-0.3 Vpp+0.3 vV
3 | Current at any pin (other than supply) L 10 mA
4 | Storage temperature Tsto -65 +150 °C
9 | Package power dissipation Po 500 mw

1 Exceading thesa valuas may cause permanent damage. Functional operation under these conditions is not impliad.
Derate above 75 °C at 16 mW / °C.  All leads soldered to board.

Recommended Operating Conditions - vaitages are with respect to ground {Vgg) unless otherwise stated.

Parameter Sym | Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Voo | 479 5.0 5.25 v
2 | Operating Temperature To -40 +85 *C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freg.Tolerance afc +0.1 Y
1 Typical figures are at 25°C and are for design aid only: not guarantead and nat subject to production testing.

DC Electrical Characteristics - vy,=5.0vt 5%, Vag=0V, -40°C < T < +85°C, unless otherwise stated.
oo 88 Q

Characteristics Sym Min Typ? Max Units Test Conditions

1 S Standby supply current Ibpa 10 25 uA  |PWDN=Vpp

P |Operating supply current lop 3.0 9.0 mA
3 E Power consumption Po 15 mW | fc=3.579545 MHz

Y
4 High level input ViH 3.5 vV  |Vpp=5.0V
5 Low level input voltage ViL 1.5 V| Vpp=3.0V
6 | Input leakage current LT 0.1 WA | Vin=Vssor Vop
7 'F‘,' Pull up (source) current Iso 7.5 20 uA | TOE (pin 10)=0,

U Vpp=5.0V
8 g Pull down {sink) current lg) 15 45 A INHiS.OV, PWDN=5.0V,

Vpp=5.0V

9 Input impedance (IN+, IN-) RN 10 MQ |@ tkHz
10 Steering threshold voltage Vst 2.2 24 2.5 V. |Vpp=5.0V
11 Low level output voltage VoL Vgg+0.03| V |Noload
12 ‘a High level output voltage Von | Vpp-0.03 V  [Noload
13 | T [Qutput low {sink} current loL 1.0 25 mA  (Vour=04V
14 E Qutput high (source) current | Igy 04 0.8 mA  |Voyr=4.8V
15 ; Vgef OUtput voltage VRet 2.3 25 27 V  |Noload, Vpg = 5.0V
16 Vrer OUtput resistance Ror 1 kQ

h—
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

4-17
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ISO%-CMOS

perating Characteristics - vyp=5.0v5%, Vgg=0V, -40°C < T, < +85°C ,unless otherwise stated.
ain Setting Amplifier

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Input ieakage current N 100 nA | Vgs<ViN<Vp
2 1 Input resistance Ry 10 MQ
3 | Input offset voltage Vos 25 mv
4 | Power supply rejection PSRR 50 dB 1 kMz
5 | Common mode rejection CMRR | 40 dB 0.75 V < V) <4.25 V blased
at Vgegi=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fe 0.30 MHz
8 | Qutput voltage swing Vo 4.0 Vpp | Load 2100 k2 to Vgs @ GS
9 | Maximum capacitive load (GS) CL 100 pF
10 | Resistive load {GS) R 50 k(2
11 | Common mode range Veu 2.5 Vop | NoLoad

AT8870D AC Electrical Characteristics - v,=5.0v 5%, Vgg=0V, -40°C < Tp < +85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* Max Units Notes*
) Valid input signal levels (each -29 +1 dBm 1,2,356,9
t of composite signa
one of composite signaf) 275 869 | mVays | 1,2:3.56.9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 i Positive twist accept 8 dB 236912
4 | Frequency deviation accept +1.5% +2 Hz 2,359
5 | Frequency deviation reject +3.5% 2359
6 { Third tone tolerance -16 dB 2.3,459.10
7 | Noise tolerance -12 dB 2,3457910
8 | Dial tone tolerance +22 dB 234,589 11
t Typical figures are al 25 °C and ara for design aid only: not guarameed and not subject te production testing.
*NOTES
1. dBm= decibels above or below a raference powar af 1 mW into a 600 ahm load.
2, Diglt sequence consists af all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signai condition consists of nominal DTMF frequencies.
5, Both tenes in compasite signal have an equal amplitude.
6. Tone pair is deviated by £1.5 %t 2 Hz.
7. Bandwidth timited (3 kHz } Gausslan noise.
8. The pracise dial tone frequencies are (350 Hz and 440 Hz) %2 %.
9. For an aerror rate of better than 1 in 10,000.

10. Refsrenced to lowest level frequency component in DTMF signai.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.




1Iso%-cmos  MT8870D/MT8870D-1

MT8870D-1 AC Electrical Characteristics - vpp=5.0v15%, Vgg=0V, 40°C s To < +85°C , using Test Circuit shown

in Figure 10,
Characteristics Sym Min Typ* | Max | Units Notes*
4 | Valid input signai levels (each -31 +1 dBm Iezstg%aethDzs-ov
tone of composite signal) 218 869 | mVgys | T
. . -37 dBm Tested atVpp=5.0V
2 | Input Signal Level Reject 1235609
10.9 mMVYgus R
3 | Negative twist accept 8 dB 23,6913
4 | Positive twist accept 8 dB 236,913
5 | Freguency deviation accept +1.5%* 2 Hz 2359
6 | Frequency deviation reject +3.5% 2359
7 | Third zane tolerance -18.5 dB 2,3,45912
8 | Noise tolerance ~12 dB 2,3,4,5,7910
9 | Dial tone tolerance +22 dB 23458911
t Typical figures are at 25 °C and are far design aid only: nat guaranteed and not subject to production tasting.
*NOTES
1. dBm= decibels above or helow a referance power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3, Tone duration= 40 ms, tone pause= 40 ms.
4. Signat candition cansists of nominal DTMF frequencies.
5. Both tonas in composite signal have an equal amplitude.
6. Tone pair is deviated by 1.6 %t 2 Hz.
7. Bandwidth limited {3 kHz ) Gaussian noiss.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.
9. For an error rate of better than 1 in 10,000,

10. Referenced 1o lowest levsl frequency component in DTMF signal.
11. Refarencead to the minimum valid accept levsl.
12. Referenced to Fig. 10 input DTMF tene level at -25dB8m (-2BdBm at GS Pin) interfarence frequency range between 480-3400Hz.
13, Guaranieed by desigh and charactarization.



IT8870D/MT8870D-1 1802-CMOS

C Electrical Characteristics - v;,=5.0v45%, Y55=0v, -40°C < To < +86°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min Typt Max | Units Conditions
1 Tone present detect time tpp 5 11 14 ms  [Note 1
ﬂ T |Tone absent detect time toa 0.6 4 B.S5 ms |Note 1
E_: ,& Tone duration accept trec 40 ms |Note 2
4_1 PL Tone duration reject tgET 20 ms |Note 2
5 | G |Interdigit pause accept to 40 ms Note 2
w6_‘ Interdigit pause reject tho 20 ms |Note 2
7 Propagation delay (St to Q) teg 8 11 s (TOE=Vpp
Z 8 Propagation delay (St to StD) tpsip 12 16 s |TOE=Vpp
9 | 7 |Output data set up (Q to StD) tasio 34 us  |TOE=Vpp
10 | |, |Propagation delay (TOE to @ ENABLE) | tpre 50 ns  |load of 10 ke,
T 50 pF
1| ° Propagation delay (TOE to Q DISABLE)| tpp 300 ns |load of 10 ke,
50 pF
12 | P |Power-up time toy 30 ms  |Note 3
F Vzl Power-down time tep 20 ms
14 Crystal/clock frequency fe | 35759 | 3.5795 | 3.5831 | MHz
15 E Clock input rise time tHoL 110 ns Ext. clock
16 | 0 |Clock input fall time ot 110 ns |Ext. clock
17 E Claock input duty cycle DCqL | 40 50 60 % |Ext. clock
Tt? Capacitive load (OSC2) Clo 30 pF

: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

'NOTES:

i Usad for guard-time calculation purposas only.

2, These, user adjustable parameters, are not device spacifications. The adjustable settings of these minimums and maximums
are rgcommendations based upon netwark reguirements,

3. With valid tane present at Input, te; squals ime from PDWN going law until ESt geing high.

MT8870D/MT8870D-1
N

Von
SHGT
ESt
S0
Q4
Q3
Qz NOTES:
Q1 R1,R2=1ODKQ + 1%
R3=300KQ + 1%
C1,C7=100 nF £ 5%
X-tal=3.578545 MHz + 0.1%
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1IS0%-cMOos  MT8870D/MT8870D-1

EVENTSI | 8 E |

—rl trEC ,4— fd— t‘D—n* —p, too l(—

—

TONE TONE
TOME #n #n v 1 #n + 1

I

tl3F'—P ? 1 — L"tDA
tGTP——i — . e lg71a
1 _
A1 1 4 | —
top  |e—
J-bl |4 tasin

DECODED TONE #(n-1) ) ¥ | #n
|

'
lrsn -~

1t —7 . |
¥t

EXPLANATION OF EVENTS

A)
B)
<)

TONE BURSTS DETECTED, TCNE DURATION INVALID, OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

QUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED iN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT OURATION INVALID, GUTPUTS REMAIN LATCHED.

END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin
ESt
S54GT
G4-Q4
StD

OTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING QUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING iNPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-BIT DECODED TONE OUTPUT.

DELAYED STEERING CUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Qq-Q4 TO ITS HiGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP QUT DURING VALID DTMF SIGNAL.

TIME TQ DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TQ DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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TOSHIBA

ULN2803,04AP/AFW

TOSHIBA BIPOLAR DIGITAL INTEGRATED CIRCUIT SILICON MONQOLITHIC

ULN2803AP, ULN2803AFW, ULN2804AP, ULN2804AFW

8CH DARLINGTON SINK DRIVER

The ULN2803AP/AFW Series are high-voltage, high-current
darlington drivers comprised of eight NPN darlington
pairs.

All units feature integral clamp diodes for switching
inductive loads.

Applications incdude relay, hammer, lamp and display
{LED) drivers.

FEATURES

® Output current (single output)
500mA (Max.) (ULN2803AP/AFW series)

High sustaining voltage output
50V (Min.) (ULN2803AP/AFW series)

® Qutput clamp diodes

® Inputs compatible with various types of logic.
¢ Package type-AF . DIP-18pin

® Package type-AFW : 50L-18pin

ULN2BO3AP
ULNZBO4AP

PIP18-P-300-2.54F

ULN2803AFW
ULN2BOAAFW

S0OL18-P-300-1.27

Weight
DIP18-P-300-2.54F : 1.478g (Typ.)
SOL18-P-300-1.27 : 0.48g (Typ.)

PIN CONNECTION (TOP VIEW)

ULNZBD4AP / AFW 10.5k}  16~15v PMOS, CMOS

INPUT BASE 01 ©) 03 04 05 ©b 07 08 COMMON
TYPE RESISTOR DESIGNATION fel ] el (@) [l fl (2] ol o)
ULN2BO3AP/AFW 2.7kl TTL, 5V CMOS Y o

Pl_' EFE; EJ‘
JAYA A
mmmmmmﬁs

11 12 13 14 15 16 1B GND

961001 EBA1

@ TOSHIBA is continually working to improve the guality and the reliability of its products. Nevertheless, semiconductor

@ The information contained herein is subject to ¢hange without notice.

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerabifity to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
aperating ranges as set forth in the most recent products specifications, Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handhook.

The products described in this document are subject to foreign exchange and foreign trade control laws. )
The information contained herein is presented only as a guide for the applications of our products. No responsibitity
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPQORATION or others.

1998-04-24 17110



TOSHIBA ULN2803,04AP/AFW

SCHEMATICS (EACH DRIVER)

ULN28O3AP/ AFW ULN2804AP / AFW

H

3k)

W

—— -
5]
J»-——-—ﬂ—--
[ BEEEE B

o

GND
(Note) The input and output parasitic diodes cannat be used as clamp diodes.

MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Output Sustaining Voltage VCE (SUS) -0.5~50 Vv
Output Current louT 500 ma / ch
input Voitage ViN -0.5~30 v
Clamp Diode Reverse Voltage | Vg 50 Y
Clamp Diode Forward IE 500 5
Current

AP 1.47
Po issipati
wer Dissipation AFW Pp 0037131 (Nota) W
Operating Temperature Topr - 40~85 °C
Storage Temperature Tstg = 55~150 °C

[Note) On Glass Epoxy PCB {75 114 % 1.6mm Cu 20%)

1998-04-24 2/10



TOSHIBA ULN2803,04AP/AFW

RECOMMENDED OPERATING CONDITIONS (Ta= - 40~85°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.| UNIT
Qutput Sustaining Voltage VCE (sUS 0 — 50 v
= - o
pr‘-2:5ms, Duty = 10%, 0 _ 347
AP 8 Circuits
Tpw =25ms, Duty =50%,
L 0 - 123
Output Current I 8 Circuits mA 7 ch
utput turren OUT 13, =25ms, Duty = 10%, P I
AFW 8 Circuits
pr=25ms, Duty=50%,
. 0 - 90
8 Circuits
Input Voltage VIN o — 30 v
ULN2803AP 35 N 30
Input Voltage / AFWY v
YIN (ON)
{Output On) ULN2B04AP 8 _ 30
{ AFW
Clamp Diode Reverse Voltage VR — - 50 v
Clamp Diode Farward Z Rl D 200 maA
Current
AP Ta=85°C — — 0.76
o W
Pawer Dissipation AFW Pp Ta=85°C Note) 5 1 048

(Note) On Glass Epoxy PCB {75x% 114 1.6mm Cu 20%)
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TOSHIBA ULN2803,04AP/AFW
ELECTRICAL CHARACTERISTICS (Ta=25°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. [ MAX. | UNIT
CUIT
Vi =50V Ta=25C| — — 50
2‘:‘:2‘:; Leakage Icex | 1 [Vcg=50V Ta=85C| — | — | 100 | uA
| ULN2804AP / AFW VeE =50V VIN=TV [ — | — | 500
= A = — 1.3 1
Collector-Emitter Saturation louT =350mA, Ijy=500.A 6
Voltage VCE(sat) | 2 |loyT=200mA, I|N=350pA | — 1.1 1.3 Y
louT = 100mA, I|y=250pA [ — 0.9 1.1
ULN2803AP/
| AFW | : V|N =3.85V — | 093] 135 R
é‘u"r‘:;n . ULN2804AP/ |IN(ON) ViN= 5V — o35 o5 | ™
AFW ViN= 12V — | 10145
INtoFF) | 4 llour=500uA, Ta=85°C 50 65| — LA
ULN2803AP / VcE =2V, IgyT=200mA — — 24
AFW VcE=2V, louT =250mA —_ — 2.7
nbut Voltage v 5 3CET§§ :OUTi?ggmf\ T i-g v
(Output On) IN (ON) cE=2V, lgur =125m e :
ULN2804AP / VCE =2V, loyT = 200mA — | — | 60
AFW Vg =2V, louT=275mA — —_ 7.0
Ve =2V, lgyT =350mA — - 8.0
DC Current Transfer Ratio heg 2 |VeE=2V, InyT=350mA 1000 | — —
. Ta=25°C (Note) — —_ 50
cl Diode R
amp Diode Reverse Current IR 6 Ta=85°C (Note) = y- 100 HA
Clamp Diode Forward
Voltage VE 7 {lg=350mA " —_ 2.0 v
Input Capacitance N — — 15 | — pF
Turn-On Delay 1ON 8 RL=1250, VoyT =50V — 01| —
Turn-Off Delay 1oFF Ry = 125}, VguT =50V — o2 f— |

(Note) VR =VR MAX,
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TOSHIBA ULN2803,04AP/AFW

TEST CIRCUIT
1. lcex 2. VCE (sat): bFE 3. N (ON)
OFEN CPEN OPEN
l'“ l iy (ON)
OFEN Vee —_ OFEN
Vi J' VCE. YCE (saty ViN
4. N (OFF) 5. VIN{ON) 6. Ir
CPEN QPEN -—-l
N (OFF J louT 1 louT "l’R vg
- : QPEN
ViN (oM} VeE ,
,J, ,,l, OPEN
7. VF
VE ",fr
QPEN =

QPEN
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TOSHIBA ULN2803,04AP/AFW
8. tON. tOFF
INPUT OPEN Vour
P — -—E RL
PULSE i
GENERATOR — 1 DUTPUT

Note 2 I -

J’{Nnte 1 Mo . 4 lq 15pF

{Note 3}

Input Condition

tr t

0% 30% ViH
INPUT Z 50% 50% B
Moy 10% L 0

50us

Lton | _YOFF
YOH

QUTPUT

VoL

(Note 1) Pulse Width 50.s, Duty Cycle 10%
Output Impedance 508}, t;= 5ns, t4= 10ns
(Note 2) See below.

INPUT CONDITICN

TYPE NUMBER R1 VIH
ULN2B03AP/ AFW 00 3V
ULN2804AP / AFW 00 8V

(Note 3) € includes probe and jig capacitance

PRECAUTIONS for USING

Utmost care is necessary in the design of the output line, COMMON and GND line since IC may be
destroyed due to short-circuit between outputs, air contamination fault, or fault by improper
grounding.
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TOSHIBA ULN2803,04AP/AFW

W= Viy N - VIN
3 il T T
ULNZBO3AR / AFWY ULN2BOSAP / ARy |
: [ ] | 2 1T
: 3 | ,é : ) |
= Max. / = —!
£ | _— = | : N
i A
g Typ, i el E Max. P‘/
; : IL’ b . g /_J./" 2
- =
2 / _-r 2 | e TYP;_,_._—““-___
z Pl ol Min. z ’:“..--'"f'—:_ll—“"‘ |
;m’ ! b = __"')——-—— Min. >
0 ‘ 0 {
2 3 4 3 5 7 9 n
NPUT VOLTAGE vy (V) INPUT YOLTAGE Viy (V)
IQUT - VCE (sat) I[OUT ~ DUTY CYCLE
600 [ r j_ l— I— 500 —‘
_'1‘——"J——‘H 8 Circuits Active J
E P :é 400 —}— L
S a00 LSl 2 \ i
8 / £ 3 a
5 oAl A 5 __X 1IN ‘
: 1 : S T
% / £ 200
£ 20 L Lasrc wax. 2 N L _tenasc
3 y’ 3 Ao &
frd = o,
2 5 o ~ \;t:}
bh |
l_—.f
|2l ; S

bs 1.0 1.5 2.0 0 20 a0 B0 80 100

COLLECTOR-EMITTER SATURATION VOLTAGE
VCE (sat) (V) DUTY CYCLE (%)

hFE - lout hee ~ lpuTt
10090 ===z T = 10000 s ===z5
N2 I s;”f . 83 LNZE08 N .
., Sooo| WEN2EO3 e SH==SESE  song] Uehasos ¢ =" o
£ 3000 VCE=20V o JHE J-i- i £ 3p00| veg=2ov [ R 2 | H
g T e [ | / oo
g 1000 = Eit = Y 1000 = = B5°C e ¢
= 85°C A : 2 } 3 S T
g 50D H it ¥ w59 25%C] T
& 300 25— ? { l B S i —a0°c ] H
g & - a0°C T 3 1%'
S o100 = ! o100 —= e a
z 7 ! 5 — L
Y 50 i) 1 w 50 4 Il
£ 30 E 30 1
: M ) N7 il ) 1
2 A N
= T e o i 1| Pt e b = SEE
5 N I 0 1 i B 5 I RS T L ITTTO0L | ERA RS A I
1 10 100 1000 1000¢ 1 10 100 1000 16000
QUTRUT CURRENT loyT  (mA) QUTPUT CURRENT IgyuT  {(mA)
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TOSHIBA

ULN2803,04AP/AFW

POWER DISSIPATION Pp (W)

Pp - Ta
20
@ Type-AP Free Air ]
@ Type-AFW On Glass Epoxy
PCH
1.5 O (75x114% 1 6mm Cu 20%)

@ \ @ Type-AFW Free Air

~N
10 .._@—-l b\
ANY
3
NN
~
a5 > "
' \\";\
\\\\
I \\
\
0
0 S0 100 150

AMBIENT TEMPERATURE Ta {°C}
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TOSHIBA ULN2803,04AP/AFW

OUTLINE DRAWING
DIP18-P-300-2.54F Unit : mm

18 i
Tl ool r—lﬁ : —
&
a
< ~
o
1 T LT 1T LJ LT LTJCT S
¢ 23.1MAX »
22,6202 )
—
sl af
| @l O
i L"')L m
= P
N+
Vo) i
o i
| - AU——_"-&"-1 B0
2.54]

Weight : 1.478g (Typ.)
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TOSHIBA ULN2803,04AP/AFW

OUTLINE DRAWING
SOL18-P-300-1.27 Unit : mm

75201
10.310.2

i
¢

3
637 * g_ﬁ

Pge

il
=
{
230,
2.65MA
020

| =
T Al Z +| {
X 1 {
\-E[‘El ‘ 08502

Weight : 0.48g (Typ.)
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Code Program



/*****************************************************

This program was produced by the

CodeWizardAVR V1.24.8b Professional

Automatic Program Generator

7 Copyright 1998-2006 Pavel Haiduc, HP InfoTech s.r.1.

http://www.hpinfotech.com

Praject :

Version :

Date :14/3/2006
Author : FACG
Company : F4CG

Comments:
Chip type : ATmegal6
Program type : Application

Clock frequency  : 4.000000 MHz
Memory model : Small
External SRAM size : 0

Data Stack size @ 256

3R e ek ok R o O S ok o R S sk ok K K s ol ok K o R o e o Ok Sk e e ke ke st s e e e sk sk kok /

#include <megal6.h>
#include <siring h>
#include <delay.h>
#define led PORTD.7
#define refayl PORTB.O
#tdefine relay2 PORTB.1
#define rclay3 PORTB.2



#define relay4 PORTB.3
#define relay5 PORTB .4
#define hook PORTD.4

char realpass{4],keypass[4],k;
intbh2 =4i,z=0;;
static unsigned int bb =0b4 =0,b5=0b6 =0kl =0k2=0k3 =0k4 =0;

eeprom char pwd|4] = £1,2,3,4};

void beeb(void)

{
int i;
for(i=0:;1<100;1++)
{
hook *=1;

delay ms(2);

1/ return();

void chase()

{
switch(b4)}{
case 11:
ifibs == 1){
relayl = 1;

beeb();



)
else if(bs == 2){
relay2 =1,
beeb();
H
else iffb5 == 3){
relay3 =1
beeb();
3
else if(b5 == 4){
relayd = 1;
beeb();
}
break:
case 12:
iflbs == 1){
relayl = 0;
beeb();
delay ms(50);
beeb(};
i
else if(b5 == 2}{
relay2 =0;
beeb();
delay_ms(50);
beeb();
}
else ifths == 3)}{
relayd =0,
beeb();



delay_ms(50);
beeb();
}
else if(b5 == 4){
relayd = 0,
beeb(};

delay ms(50),

beeb();
3
break;
}
}
char chkpass()
{
b2 = memcemp(realpass keypass,4);
if(b2 == 0){
k3 =1,
return 1;
//place code
b
else{
return 0,
b
}
void keypwd(void)

{



switch(bb)
{
case 1:
keypass(0] = k;
break;

case 2;
keypass[1] = k;
break;

case 3:
keypass[2] = k;
break;

case 4:
keypass[3] = k;
bb = 0;

break;

H

void keyjal(void)
{
switch(bb)
t
case 1:
keypass[0] = k;
break;

casc 2:



keypass[1] = k;
break;

case 3:
keypass[2] =k;
break;

case 4:
keypass[3] =k;
kd =1:
bb = 0;

break;

/feeprom char pwd;

/f External Interrupt 0 service routine

interrupt [EXT_INTO] void ext_int0_isr(void)

{

kk++;

static unsigned int kk = 0

1

led ~=1;

iflkk == 3){
delay ms(200);
relay5=1;

led ~=1;

kk =0,
TIMSK=0x01;



/{ External Interrupt 1 service routine
interrupt [EXT_INT1] void ext_int]_isr(void)
{

z=10

bb++;

k = PINC&0x0f:

/b3 = chkpass();

ifk3 == 0

keypwd();

}

clse{

keyja()

}

// Timer O overflow interrupt service routine
interrupt [TIMO_OVF] void timer0 ovf isr{void)
{

ZHt;

]

i z= 420)
{



void main{void)
{

/f Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

/{ Func7=In Func6=In Func3=In Funcd=In Func3=In Func2=In Func1=In Func0=In
// State7=T State6=T State5=T Stated=T State3=T State2=T State1=T State0=T
PORTA=0x00;

DDRA=0x00;

/f Port B initialization

/ Func7=In Func6=In Func5=In Func4=0ut Func3=0ut Func2=0ut Func!=0ut Func0=0ut
// State7=T State6=T State5=T Stated=1 State3=1 State2=1 State1=1 StateQ=1
PORTB=0x1T;

DDRB=0x1F;

# Port C initialization

# Funce7=In Func6=In Func5=In Funcd4=In Func3=In Func2=In Funcl=In Func0=In
# State7=T State6=T State5=T Stated=T State3=T State2=T State1=T State0=T
PORTC=0x00;

DDRC=0x00;

/f Port D initialization

// Func7=0ut Funcé=In Func5=In Funcd=In Func3=In Func¢2=In Func!=In FuncO=In
// State7=1 State6=T State5=T Stated=T State3=P State2=P State1=T State0=T
PORTD=0x8C;

DDRD=0xD0;



#PORTD=0x8C;
DDRD=0x80;*/

/¢ Timer/Counter O initialization
/ Clock source: System Clock
# Clock value: 3.495 kHz

/# Mode: Normal top=FFh

/{ OCO output: Disconnected
TCCRO=0x05;

TCNTO=0x00;

OCRO=0x00;

// Timer/Counter 1 initialization

// Clock source: System Clock

// Clock value: Timer 1 Stopped

/{ Mode: Normal top=FFFFh

// OC1A output: Discon.

/ OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

X Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCRI1A=0x00;

TCCRIB=0x00;

TCNT1H=0x00;

TCNT1L=0x00,

ICR1H=0x00;

ICR1L=0x00;



OCRI1AH=0x00;
OCRIAL=0x00;
OCR1BH=0x00;
OCRI1BL=0x00;

/ Timer/Counter 2 initialization
# Clock source: System Clock
/#/ Clock value: Timer 2 Stopped
{/ Mode: Normal! top=FFh

/1 OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

{/ External Interrupt(s) initialization
H INTO: On

/{ INTO Mode: Falling Edge
#INT1: On

A INT1 Mode: Falling Edge
AINT2: Off

GICR|=0xC0;

MCUCR=0x0A,;

MCUCSR=0x00;,

GIFR=0xC0;

/f Timer(s)/Countetr(s) Interrupt(s) initialization

TIMSK=0x00;

{/ Analog Comparator initialization



// Analog Comparator: Off

/f Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

# Global enable interrupts
#asm("sej"

while(1}{

relays =Q;
for(i = 05i < 4;i++){
realpassli] = pwdlil;
}
while (k1 != 1}
{
chkpass(};
k1 = chkpass();
}
beeb(),
led ~=1;
delay_ms(50);
led *=1;
k1 =0,
while (k2 !=1)
{
iftkd == 1){
b4 = keypass[0],
bS = keypass[1];
b6 = keypass[2];

chose();



ifilb6 == 1){
k2=1;
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