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Starter Kits

In System Programmers

Emulators Platforms

STK500 AVRISP ICE 40/50
STKS501 JTAGICE JTAGICE
STK502

STK500/STK501/STK502

STK500

Supports All AVR Devices
Interfaces with AVR Studio

Early Support for New

Devices Push Buttons, LEDs & RS232

STK501

STK500 Expansion Module for ATmega64/128

ZIF Socket & PCB Footprint

Onboard 32 kHz Oscillator

Additional RS232 Port

STK502

STK500 Expansion Module for ATmegal69
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ZIF Socket & PCB Footprint
Onboard 32 kHz Oscillator

Demo Application with Temperature Sensor

JTAGICE / JTAGICE mKll

Interfaced using AVR Studio

Real-Time Emulation in Actual Silicon

Debug the Real Device at the Target Level
Communicates Directly to the Device through 4-Pin JTAG Interface
One-wire Debug Interface (JTAGICE mkll only(
Supports

Program Breakpoints

Data Breakpoints

Full I/O View and Watches

Full Execution Control

ICE40/50 Emulator

ICESO

Emulates all Peripherals (Both Digital and Analog)
Supports all Instructions And Peripherals Real-Time
All Configurations Done from AVR Studio

Unlimited Number of Breakpoints

Source Level Debugging

Supports the Newest Members of AT mega
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And AT tiny Product Families

ICE40

Same Features as ICE50

,End Low Cost ICE for ATtiny13, ATtiny26, ATmega8, ATmega8515

ATmega8535

ICE50 Upgrade Available

WS (o0 (Sl |y pold G AVR &5 oo ol 59,

Product

AVRISP

STK500

STK501

STK502

JTAGICE

JTAGICE
mKill

ICE200

ICE40

ICES50

Tiny1l

*

Tiny12

*

Tiny13

Tiny15

Tiny26

*| ¥| *¥| *

Tiny28

Tiny2313

9051200

9052313

9052323

9052343

*| K| *| *

Mega8

Mega8515

Mega8535

Megal6

K| K| K| K| K| K| K| X[ K| ¥ K| ¥| *| *¥| *

Megal62

Mega32

Mega64

Megal28

K| | %[ *%| %

Mega48

Mega88

Megal68

Megal69

¥ K| K| K| K K| K| K| X| X| *| *
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"regfile = "M8def.dat$ S regfile =" 55550 cu pl"
crystal = 1000000$ SCRYSTAL = L 5,50 _uilS )5
$hwstack = 32 " default use 32 for the hardware stack
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P$swstack = 10

$framesize = 40

" default use 10 for the SW stack

" default use 40 for the frame space

dekdkkkokl sk ok 5k sk o % %k ok ok ok ok ok Kk FEk Rk Rk kkkkkkkkkkkkkkkkhkkhhkkhhhkhhhdhhkhhkhkkhhkkhhkhhhdhhkkhrkhkhhrkhhkhdhrkkhhkdhr

Config Pinb.3 = Input
Int_ring_detect Alias Pinb.3

Set Portb.3

Config Pinb.1 = Input

Q1 Alias Pinb.1

Config Pinb.2 = Input

Q2 Alias Pinb.2

Config Pinb.0 = Input

Q3 Alias Pinb.0

Config Pind.7 = Input

Q4 Alias Pind.7

Config Pind.6 = Input

03,5 (sah 0,8 (6399 lore 415, B.3 4L

Sgiue Jrasint_ring_detect s,u> s 4,Pinb3

(595 (oo (rB9y Fa)dSe V plp D &g 1Y oy

03,5 (534 0,5 (6399 Olyie 419, B.1 a0l

3 g Jaasiql s U 4Pinb.1

03 S (52 o Sy (555 Ol s 40 5y B.2 4L

Sgin 1502 sax oL 4Pinb.2

03,5 (s 0,5 (§39,9 Olyie 4 9, B.0 4L

Sginms ha303 w92 oL 4Pinb.0

03 S (g o S (5355 Ul sie 4 5y d.7 4l

3 g Jaa5iq3 was U 4Pind.7

03,5 Gz 0,8 (59959 Olye 4 9, A6 aily

Sgiun Jrasstd was oL 4Pind.6
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std Alias Pind.6__

03,5 (S 0,5 (53959 Olgie 4 9, d.0 Ly
Config Pind.0 = Output Sgiue Jrasled sax sb 4Pind.O

Led Alias Portd.O

05,5 (5ai 0y (53959 Olsie 42 5, B.7 4l
Config Pinb.7 = Output syiue Jsos  Rel_ring_loadbar sux ol 4Pinb.7

Rel_ring_loadbar Alias Portb.7

03,5 591 0,5y (69959 Olye 4 9, A5l
Config Pind.5 = Output Sgiue o5 Rel_ out wus b 4Pind.5

Rel_out Alias Portd.5

kkkkkskskkskkkskskdhdhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhkhhhkhhhkhhhkkhhkhkhhkkhkhkkhkhkkhkhkkhkkkkhkkhkhkkk
D|mAAS Byte WL’&J)‘A )_A.x.,..aup.)_:.:ézi-

Dim B As Byte <ol g9 5 B e iy yasun
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ForA=1To 10 Ve By SIA Gl

Ms) a5 G..su)..\.ai..‘o . ‘)a‘ ..\.wl; \ ;bm\ ‘)." .\....JL: . ;‘@xmnot ‘) W) dm‘ﬁ}w toggle GO

Toggle Led (oSe g aSn gl

Wait ).a_‘>l) )9.'1..»0 )l \.\.:Lo.v U’“"ﬁ) ‘_g‘)‘..\.ho )‘..\.A diu‘ 6|)J \)9.“: U‘“"?"Ql} n.\J_ISO\.\JLO k)’“"j) 6)‘..\M ..\JL: u..\.w L)’“"B) )‘U’“"
.4.;5.‘.40 oLx»‘,ol; Mla).v 6‘?‘)0 4.9[461...@&’ g.).\.ocb,]a}u.:‘ oﬁm‘s‘ooélﬁm‘
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Waitms 50
Next

Reset Led led ;o5 ogels

E L L e e e R e T L e e s e e s s s 2

Main:
B=0 90 RpB B
Do o plil ) 55 sla)l8
ol 040+l Int_ring_detect Lz 31
If Int_ring_detect = 0 Then oS e, |, Led
Set Led
Incr B : Wait 1 223 o il axly So 1 b lude

4.»5...0 ‘)_>| 9) A.AU).g ) U”‘ J>|.) Q‘)}lmé 9 Detect_dtmf 4.4[:).’)4) SP oy (S0 Oy

If B> 2 Then Gosub Detect_dtmf

Reset Led led ;0,5 ogels
End If if LL
Loop

kkkkhkkkhkkhkhkkhkhkhkkhkkhkkhhkkhkkkhkkhhkkhhkkhhkhkkhkkhkhkhkkkhhkhkhkhkkhkkhkkkhkkhhkkhkkhkkhkhkkkl

End ‘end program

kkkhkkkhkkhkhkkhkkkhkkhkkhkkhhkkhkkkhkkhhkkhhkkhkhkhkkhkkhkkhkhkkkhhkhkkhkkhkkhkkkhkkhhkhkkhkkhkkkl

:Detect_dtmf Detect_dtmfasl . s

led OS5 O3
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Set Rel_ring_loadbar

If std=1Then
A.0=Q1

Al1=Q2

A2=Q3

If A=1Then Set Rel_out
If A=10 Then Reset Rel_out
If A=12 Then
Reset Led
Reset Rel_ring_loadbar

Return

End If

Reset Led

abp py ol 0,5 9,
oS+ 1B
oS LA

do 4.aJ.>|).>‘
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Set Led

ST _std=1 3

A0 s 1Ql

A3=04

Rel_out S o4, oSl o a=1 3l

Rel_out

oS Lhgels oKl g0 a=10 51
o551 5y a=12 51

led S igel>
Rel_ring_loadbar s g5

ail> 4 sl

oSt AR LA

oS Lhgels I Led



WEND ; WHILE |\,S5 il 5tus s

S 1,85 by )] Djge 40 dil> cul a5 oyl pal B 1) pglae (o pd dilo G el LS @dlge pdm 5

Sgl \ ﬁ‘ﬁ—std AS...'LA) G

While _std =
Wend
Set Led oS o, lhled
End If

Loop L& IS5 gl dil> 4 el
Return
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8-bit Atmel Microcontroller with 8KB In-System
A t m e L Programmable Flash
ATmega8A

Features

* High-performance, Low-power AtmeleAVRe 8-bit Microcontroller
* Advanced RISC Architecture

— 130 Powerful Instructions — Most Single-clock Cycle Execution

- 32 x 8 General Purpose Working Registers

— Fully Static Operation

— Up to 16MIPS Throughput at 16MHz

— On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory segments

— 8KBytes of In-System Self-programmable Flash program memory
- 512Bytes EEPROM

— 1KByte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

— Data retention: 20 years at 85 + C/100 years at 25 « C()

— Optional Boot Code Section with Independent Lock Bits

¢ In-System Programming by On-chip Boot Program

* True Read-While-Write Operation

— Programming Lock for Software Security

* Atmel QTouch® library support

— Capacitive touch buttons, sliders and wheels

— Atmel QTouch and QMatrix acquisition

— Up to 64 sense channels

* Peripheral Features

— Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
— Real Time Counter with Separate Oscillator

— Three PWM Channels

— 8-channel ADC in TQFP and QFN/MLF package

 Eight Channels 10-bit Accuracy

— 6-channel ADC in PDIP package

* Six Channels 10-bit Accuracy

— 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

— Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and Standby
* |/O and Packages

— 23 Programmable 1/O Lines

— 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF

* Operating Voltages

—-2.7-55V

—-0-16MHz

* Power Consumption at 4MHz, 3V, 25 - C

— Active: 3.6mA

— Idle Mode: 1.0mA
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— Power-down Mode: 0.5pA
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2. Overview

56



The AtmeleAVRe ATmega8A is a low-power CMOS 8-bit microcontroller based on the AVR
RISC architecture. By executing powerful instructions in a single clock cycle, the ATmega8A
achieves throughputs approaching 1 MIPS per MHz, allowing the system designer to optimize
power consumption versus processing speed.

2.1 Block Diagram

Figure 2-1. Block Diagram

XTa

i

ALC T
NTEFFACE l " I

The AtmeleAVRe 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
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architecture is more code efficient while achieving throughputs up to ten times faster than conventional
CISC microcontrollers.

The ATmega8A provides the following features: 8K bytes of In-System Programmable Flash with
Read-While- Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23 general purpose I/O
lines, 32 general purpose working registers, three flexible Timer/Counters with compare modes,
internal and external interrupts, a serial programmable USART, a byte oriented Two-wire Serial
Interface, a 6-channel ADC (eight channels in TQFP and QFN/MLF packages) with 10-bit accuracy, a
programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and five software selectable
power saving modes. The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI
port, and interrupt system to continue functioning.

The Power-down mode saves the register contents but freezes the Oscillator, disabling all other chip
functions until the next Interrupt or Hardware Reset. In Power-save mode, the asynchronous timer
continues to run, allowing the user to maintain a timer base while the rest of the device is sleeping.

The ADC Noise Reduction mode stops the CPU and all I/0O modules except asynchronous 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.

The device is manufactured using Atmel’s high density non-volatile memory technology. The Flash
Program memory can be reprogrammed In-System through an SPI serial interface, by a conventional
non-volatile memory programmer, or by an On-chip boot program running on the AVR core.

The boot program can use any interface to download the application program in the Application Flash
memory. Software 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 ATmega8A is a powerful microcontroller that provides a highly-flexible and cost-effective solution
to many embedded control applications.

The Atmel AVR ATmega8A is supported with a full suite of program and system development tools,
including C compilers, macro assemblers, program simulators and evaluation Kits.

2.2 Pin Descriptions

221 VCC

Digital supply voltage.
222 GND

Ground.

2.2.3 Port B (PB7:PB0) — XTAL1/XTAL2/TOSC1/TOSC2

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B
output buffers have symmetrical drive characteristics with both high sink and source capability.

As inputs, Port B pins that are externally pulled low will source current if the pull-up resistors are
activated. The Port B pins are tri-stated when a reset condition becomes active, even if the clock is not
running.
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Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscillator
amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting Oscillator
amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7:6 is used as TOSC2:1 input
for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate Functions of Port B” on page 56 and

“System Clock and Clock Options”

2.2.4 Port C (PC5:PCO)

Port C is an 7-bit bi-directional I/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.

2.25 PC6/RESET

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical
characteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin for
longer than the minimum pulse length will generate a Reset, even if the clock is not running.

2.2.6 Port D (PD7:PDO0)

Port D is an 8-bit bi-directional 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 pull-up resistors are activated.
The Port D pins are tri-stated when a reset condition becomes active, even if the clock is not running.

227 RESET

Reset input. A low level on this pin for longer than the minimum pulse length will generate a reset, even
if the clock is not running.

2.2.8 AVcc

AVcc is the supply voltage pin for the A/D Converter, Port C (3:0), and ADC (7:6). It should be
externally connected to Vcc, even if the ADC is not used. If the ADC is used, it should be connected to
Vcc through a low-pass filter. Note that Port C (5:4) use digital supply voltage, Vcc.

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

2.2.10 ADC7:6 (TQFP and QFN/MLF Package Only)
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter. These pins
are powered from the analog supply and serve as 10-bit ADC channels.
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3. Resources
A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

4. Data Retention
Reliability Qualification results show that the projected data retention failure rate is much less than 1
PPM over 20 years at 85°C or 100 years at 25°C.

5. About Code Examples

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

6. Capacitive touch sensing

The Atmele QTouche Library provides a simple to use solution to realize touch sensitive interfaces on
most Atmel AVRe microcontrollers. The QTouch Library includes support for the QTouch and QMatrixe
acquisition methods.Touch sensing can be added to any application by linking the appropriate Atmel
QTouch Library for the AVR Microcontroller.This is done by using a simple set of APIs to define the
touch channels and sensors, and then calling thetouch sensing API's to retrieve the channel
information and determine the touch sensor states.The QTouch Library is FREE and downloadable
from the Atmel website at the following location:

www.atmel.com/qtouchlibrary. For implementation details and other information, refer to the Atmel
QTouch Library User Guide - also available for download from the Atmel website.

7. AVR CPU Core
7.1 Overview < ]

This section discusses the AtmelsAVRe fash | Program Ee
core architecture in general. The main Maosy — F | = |-_.

function of the CPU core is to ensure
correct program execution. The CPU must
therefore be able to access memories,
perform calculations,control peripherals,
and handle interrupts.

Figure 7-1. Block Diagram of the AVR
MCU Architecture Comtrol Lines

Drect Addressing
Indma Addmasing

O Module n

In order to maximize performance and parallelism, the AVR uses a Harvard architecture — with
separate memories and buses for program and data. Instructions in the Program memory are executed
with a single level pipelining.
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While one instruction is being executed, the next instruction is pre-fetched from the Program memory.
This concept enables instructions to be executed in every clock cycle. The Program memory is In-
System Reprogrammable Flash memory.

The fast-access Register File contains 32 x 8-bit general purpose working registers with a single clock
cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a typical ALU
operation, two operands are output from the Register File, the operation is executed, and the result is
stored back in the Register File — in one clock cycle.

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

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

The Program flow is provided by conditional and unconditional jump and call instructions, able to
directly address the whole address space. Most AVR instructions have a single 16-bit word format.

Every Program memory address contains a 16- or 32-bit instruction.

Program Flash memory space is divided in two sections, the Boot program section and the Application
program section. Both sections have dedicated Lock Bits for write and read/write protection. The SPM
instruction that writes into the Application Flash memory section must reside in the Boot program
section.

During interrupts and subroutine calls, the return address Program Counter (PC) is stored on the
Stack. The Stack is effectively allocated in the general data SRAM, and consequently the Stack size is
only limited by the total SRAM size and the usage of the SRAM. All user programs must initialize the
SP in the reset routine (before subroutines or interrupts are executed).

The Stack Pointer SP is read/write accessible in the 1/0O space. The data SRAM can easily be
accessed through the five different addressing modes supported in the AVR architecture.

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

A flexible interrupt module has its control registers in the I/O space with an additional global interrupt
enable bit in the Status Register. All interrupts have a separate Interrupt Vector in the Interrupt Vector
table. The interrupts have priority in accordance with their Interrupt Vector position. The lower the
Interrupt Vector address, the higher the priority.

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

7.2 Arithmetic Logic Unit — ALU

The high-performance AtmeleAVRe ALU operates in direct connection with all the 32 general purpose
working registers.

Within a single clock cycle, arithmetic operations between general purpose registers or between a
register and an immediate are executed. The ALU operations are divided into three main categories —
arithmetic, logical, and bit-functions. Some implementations of the architecture also provide a powerful
multiplier supporting both signed/unsigned multiplication and fractional format. See the “Instruction Set”
section for a detailed description.
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7.3 Status Register
The Status Register contains information about the result of the most recently executed arithmetic
instruction.

This information can be used for altering program flow in order to perform conditional operations. Note
that the Status Register is updated after all ALU operations, as specified in the Instruction Set
Reference.

This will in many cases remove the need for using the dedicated compare instructions, resulting in
faster and more compact code.

The Status Register is not automatically stored when entering an interrupt routine and restored when
returning from an interrupt. This must be handled by software.

MT8870D/MT8870D-1 1S02-CMOS

Features
ISSUE 3 May1995

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DC/DC-1 18 Pin Ceramic DIP
* Low power consumption MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP
MT8870DT/DT-1 20 Pin TSSOP

-40 °C to +85 °C

» Complete DTMF Receiver

* Internal gain setting amplifier

* Adjustable guard time

« Central office quality

wescription
* Power-down mode

The MT8870D/MT8870D-1 is a complete DTMF
* Inhibit mode receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
MT8870C/MT8870C-1 te;hniques to dgtect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus

interface.

» Backward compatible with

Applications
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* Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

* Paging systems

* Repeater systems/mobile radio

* Credit card systems

* Remote control

* Personal computers

» Telephone answering machine

MT8870D/MT8870D-1 1S02-CMOS

b= Q1
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PWDN Circuit VRef
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Figure 1 - Functional Block Diagram
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Figure 2 - Pin Connections

MT8870D/MT8870D-1 1SO2-CMOS

Pins

18 | 20 Name Description

1|1 IN+  |Non-nverting Op-Amp (Input).

2|2 IN-  [Inverting Op-Amp (Input).

3 GS  |Gain Select. Glves access to output of front eng diffarantial ampifier for connaction of
‘e20back resisior.

4|4 Vaet |Reference Voitage (Output). Nominally V2 Is usad 10 DIas Inputs 3t mig-rall (see Fig. 6
and Fig. 10).

515 INH  [InhibIt (Input). Logic high Inhitits the detection of tonas representing characters A 5, C
and D. This pin Input Is Intemally pulied gown.

5 | 6 | PNDN |Power Down (Input). Active high. Powers down the device anad nhibiis the oscliator. This
pin Input Is Intemally puled down.

7 OSC1  |Clock (input).

8 CSC2 [Clock (Output). A 3.573545 MHZ crysta connecied batween pins OSC1 anag 0SC2
completes the Intema oscliator crcut.

9 |10 Vie |Ground (Input). OV typica

10| 1 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q2. Thispin is
puled up Intemally.

11-[12-] Q1-Q4 |Three State Data (Output). When enabled by TOE, provige the code comesponaing 0 the

14 | 15 3st vald tone-par recelved (see Tadle 1). When TCE Is logic low, the aata outputs are high
mpadance.

15|17 S0  |Delayed Steering (Output).Presents 3 logc high when 3 recalved tone-pair has been
registerad and the output |3tch upa3ted; retums 10 |ogic Iow whan the voltage on SYGT fals
DElOW Vg,

16 | 18 ESt  |Eary Steering (Output). Presents 3 logic high once the dgital algonthm has detected 3
valid ton2 palr (sgnal condltion). Any momentary loss of signa condition wil cause ESt 10
retum to 3 logic low.

17 | 19| SUGT |[Stsering Input/Guard time (Output) Bidirectional. A voltage greater than V., oetecied at
St causes the device to ragister the detected 1on2 palr and update the output 1atch. A
voltage l2ss than V., frees the device 10 accept 3 new N2 palr. The GT output 3cts 1o
reset the extemal steerng tima-constant; its state Is 3 function of ESt ana the voitage on St

16 | 20 Vi |Positive power supply (Input). +3V typical.

7 NC No Connection.
16
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MT8870D/MT8870D-1 1SO2-CMOS

Functional Description

The MT8870D/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 to 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

MT8870D/MT8870D-1 1SO2-CMOS

prior to limiting. Limiting is performed by high-gain

comparators which are provided with hysteresis to

Voo -
prevent detection of unwanted low-level signals. The Qs %
| = —f\r‘:

outputs of the comparators provide full rail logic -

MTsTrov

e SR I
swings at the frequencies of the incoming DTMF
signals. Figure 4 - Basic Steering Circuit
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providing tolerance to small frequency deviations and variations. This averaging algorithm has been
developed 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”).

MT8870D/MT8870D-1 1S02-CMOS

Decoder Section

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

(see Figure 4) to rise as the capacitor discharges. Provided signal

! i DIAL TONEE
10 Ca 50

1 e

L oTuE Tones
‘ 07

J
' |
|
|

1 ] AN
(NN R

Figure 3 - Filter Response
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condition is maintained (ESt remains high) for the validation period (tGTP), vc reaches the threshold

(VTst) of the steering logic to register the tone pair, latching its corresponding 4-bit code (see Table 1)

into the output latch. At this point the GT output is activated and drives vc to VDD. GT continues to drive

high as long as ESt remains high. Finally, after a short delay to allow the output latch to settle, the

delayed steering output flag (StD) goes high, signalling that a received tone pair has been

registered. The contents of the output latch are made available on the 4-bit output bus by raising the

three state control input (TOE) to a logic high. The steering circuit works in reverse to validate the

interdigit pause between signals. Thus, as well as rejecting signals too short to be considered valid, the

receiver will tolerate signal interruptions (dropout) too short to be considered a valid pause. This

facility, together with the capability of selecting the steering time constants externally, allows the

designer to tailor performance to meet a wide variety of system requirements.

Digit | TOE INH ESt Qy Qs Q; Q,
ANY L X H z z Z z
1 8 X H 0 0 0 1
2 H X H 0 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 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
. H X H 1 0 1 1
] # H X - 1 1 0 0
Table 1. Functional Decode Table ry T 3 ™ " : 0 :
B H L H 1 1 1 0
L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH c H L H ! 1 1 1
D H L H 0 0 0 0
A H H L
IMPEDANCE X = DON‘T CARE B H h [ |undetected, the output code
will remain the same as the
c H H L |previous detected code
D H H L
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Guard Time Adjustment

In many situatio circuit shown in Figure 4 is applicable. Componentns not requiring selection of tone

duration and interdigital pause, the simple steering values are chosen according to the formula:
tREC=tDP+Tgtp

tID=tDA+HGTA

The value of tDP is a device parameter (see Figure 11) and tReC is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is Different steering arrangements may be used to
select independently the guard times for tone present (tGTP) and tone absent (tGTA). 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 tREC with a long tbo would be appropriate for extremely noisy

environments where fast acquisition time and immunity to tone drop-outs are required. Design

t5re=(ReC MV o/ Vop-V
Ry
ESt
3) decreasing late. (tare<tara)

tare =R, Cin[Vpo/(Vog-Vray]

Voo O | tera=(ReColin(Voo/Vrao

- Re=(R,R: MR +R3)
SUGT
Ry
ESt b) decreasing tata (tare>laTal

Figure 5 - Guard Time Adjustment

information for guard time adjustment is shown in Figure 5.
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o O— F=AAA MT8870D/
Power-down and Inhibit Mode c, R o MT8870D-1

A logic high applied to pin 6 (PWDN) will power down the

device to minimize the power consumption in a standby mode.

It stops the oscillator and the functions of the filters. Bl

Inhibit mode is enabled by a logic high input to the pin 5 (INH).

It inhibits the detection of tones representing characters A, B,

All resistors are = 1% tolerance
All capactors are +5% tolerance

C, and D. The output code will remain the same as the previous Ry=

detected code (see Table 1). VOLTAGE 'SA’N'M"F?

INPUT IMPEDANCE

Differential Input Configuration Zngies) =2 :S»(J—):

The input arrangement of the MT8870D/MT8870D-1 provides a

differential-input operational amplifier as well as a bias

Figure 6 - Differential Input Configuration

source (VRef) which is used to bias the inputs at mid-rail.
Provision is made for connection of a feedback resistor to B |
the op-amp output (GS) for adjustment of gain. In a single- ~ X3 7
ended configuration, the input pins are connected as e __L S
- . . o
shown in Figure 10 with the op-amp connected for unity osc2|T. ” o
gain and VRef biasing the input at 1/2VDD. Figure 6 s hows -
the differential configuration, which permits the adjustment =% of
X-tai=3 570545 MHz

Figure 7 - Oscillator Connection
of gain with the feedback resistor Rs.

Parameter Unit Resonator

Crystal Oscillator R1 Ohms 10.752

L1 mH 432

The internal clock circuit is completed with the c1 pF 4.984

.. . co pF 37.915
addition of an external 3.579545 MHz crystal a nd is

. . . am - 896.37

normally connected as shown in Figure 10 (Single- v % T02%

Ended Input Configuration). However, it is possible to able 2. Recommended Resonator Specifications

Note: Qm=quality factor of RLC model. i.e.. 1/2[1fR1C1.

configure several MT8870D/MT8870D-1 devices employing
only a single oscillator crystal. The oscillator output of the first device in the chain is coupled through a
30 pF capa citor 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.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOMSPEC POR
1151

The circuit shown in Fig. 9 illustrates the use of MT8870D-1 =
device in a typical receiver system. BTSpec defines the input
signals less than -34 dBm as the non-operate level. This
condition can beattained by choosing a suitable values of R1
and R2to provide 3 dB attenuation, such that -34 dBm input

Notes

R,=358K 021 1%
signal will correspond to -37 dBm at the gain settingpin GS of PaceceM i1

MT8870D-1. As shown in the diagram, the component values

of R3 and C2 are the guard timerequirements when the total

. .. Figure 8 - Non-Symmetric Guard Time Circuit
component tolerance is 6%. For better performance, it is

recommended touse the non-symmetric guard time circuit in Fig. 8.

orwe O— -,
input R, MT8870D-1 o
—{] N+ = Voo [1—o
—{ n- StGT [}
—{ cS Est[—1—= W R
Ry O Viar sto ———O
O—— v+ 10
O——— ] pwoN 3 J——o0
oSsC 1 2[3——a0
X Dm—c osc2 -0
/rc Mo ToE [ }—

| = 3.579545 MHzZ = 0.1%

-50V+5%

<XxXO0ODDNVZ

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vop 7
2 | Voltage on any pin V) Vg5-0.3 Vpp+0.3
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Ts71G -65 +150 *C
5 | Package power dissipation Po 500 mw

1 Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °C. All leads soldered to board.

Recommended Operating Conditions - Voltages are with respect to ground (Vss) unless otherwise
stated.

Parameter Sym Min Typ* Max | Units Test Conditions
1 | DC Power Supply ‘Joltage Voo 475 50 525 \
2 | Operating Temperature To -40 +85 C
3 | Crystal/Clock Frequency fc 3570545 MHz
4 | Crystal/Clock Freg.Tolerance Afc 01 %

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

DC Electrical Characteristics - voo=5.0vz 5%, Vss=0V, -40°C < To < +85°C, unless otherwise stated.

Characteristics Sym Min Typi Max Units Test Conditions
1 ;3; Standby supply current lopa 10 25 wh  |PWDN=Vpp
2 |  |Operating supply current oo 3.0 9.0 mA
P
3 | L |Power consumption Pa 15 mwW | fc=3.579545 MHz
v
4 High level input ViH 35 Vpp=5.0V
5 Low level input voltage Vi 15 Vpp=5.0V
6 | Input leakage current hafli 0.1 wh |V =V orVpp
7 : Pull up (source) current Ig 7.5 20 whA | TOE (pin 10)=0,
u ".“DD=5,D"-"
8 I Pull down (sink) current 5 15 45 wh [ INH=5.0V, PWDN=5.0V
= Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ | @ 1kHz
10 Steering threshold voltage Vst 2.2 24 25 Vpp = 5.0V
1" Low level output voltage VoL Vgg+0.03 No load
12 ¥ High level output voltage Vou |Vpp-0.03 No load
13 | T |Output low (sink) current loL 1.0 25 mA  [Vour=04V
P
14 | U [Output high (source) current | gy 0.4 08 mA | Vgoyr=46V
T
15| g [Vgesoutput voltage VRes 2.3 25 27 No load, Vpp = 5.0V
16 Y ref OUtpuUt resistance Ror 1 k()
— v - -
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Operating Characteristics - VDD=5.0V+5%, VSS=0V, -40°C £ TO £ +85°C ,unless otherwise stated.

Gain Setting Amplifier

Characteristics Sym Min Typt Max | Units Test Conditions
1 | Input leakage current lin 100 nA Ves=ViN < VDD
2 | Input resistance RiN 10 MO
3 | Input offset voltage Vos 25 m\/
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR 40 dB 0.75V<Vy<4.25V biased
atVger=2.5V
6 | DC open loop voltage gain AyoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 40 Vpp | Load = 100 k2 to Ve @ GS
9 | Maximum capacitive load (GS) CL 100 pF
10 | Resistive load (GS) RL 50 kQ
11 | Common mode range VM 25 Vpp | No Load

MT8870D AC Electrical CharacteristiCS - vbo=5.0V 5%, Vss=0V, -40°C <To <+85°C , using Test
Circuit shown in Figure 10.

Characteristics Sym Min Typz Max Units Notes’
Valid input signal levels (each -29 +1 dBm 123,569
1| tone of composite signal) 275 869 mVRNS | 1.2.3.5.6.9
2 | Negative twist accept 8 dB 236912
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +15% = 2 Hz 2359
5 | Frequency deviation reject +3 5% 2359
6 | Third tone tolerance -16 dB 2345910
7 | Noise tolerance -12 dB 234575910
_B Dial tone tolerance +22 db 2345891

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

*NOTES

. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.

. Tone duration= 40 ms, tone pause= 40 ms.

. Signal condition consists of nominal DTMF frequencies.

. Both tones in composite signal have an equal amplitude.

. Tone pair is deviated by +1.5 %z 2 Hz.

. Bandwidth limited (3 kHz ) Gaussian noise.

. The precise dial tone frequencies are (350 Hz and 440 Hz) + 2 %.
. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.

O©CO~NOOAWNPE
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MT8870D-1 AC Electrical CharacteristiCS - voo=5.0v+5%, Vss=0V, -40°C < To <+85°C , using Test

Circuit shown in Figure 10.

Characteristics Sym Min Typ* | Max Units Notes*
Valid input signal levels (each -31 +1 dBm | Testedat\/pp=5.0V
! tone of composite signal) 21 59 v, 123569
sl o 218 869 mVems
-37 dBm Tested at \Vpp=5.0V
2 | Input Signal Level Reject - 123569
109 m',"RMS ' !
3 | Negative twist accept 8 dB 2,386,913
4 | Positive twist accept 8 dB 236,913
5 | Frequency deviation accept +1.5%* 2H:z 2359
6 | Frequency deviation reject +35% 2359
7 | Third zone tolerance -18.5 dB 2345912
8 | Noise tolerance -12 dB 23457910
9 | Dial tone tolerance +22 dB 2345891

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

*NOTES

1. dBm= decibels above or below a reference 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. Signal condition consists of nominal DTMF frequencies.

5. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by +1.5 %+ 2 Hz.

7. Bandwidth limited (3 kHz ) Gaussian noise.

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 to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-
3400Hz.

13. Guaranteed by design and characterization.
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AC Electrical CharacteristiCS - vop=5.0v+5%, Vss=0V, -40°C <To <+85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min TypI Max Units Conditions
1 Tone present detect time tpe 5 " 14 ms |Note 1
2 | 1 |Tone absent detect time tpa 0.5 4 85 ms |Note 1
3 ,IA Tone duration accept trRec 40 ms |Note 2
4 'L Tone duration reject tREC 20 ms |Note 2
5 | G |Interdigit pause accept to 40 ms |Note 2
6 Interdigit pause reject oo 20 ms |Note 2
7 Propagation delay (St to Q) trq 8 " us  |TOE=Vpp
8 | O [Propagation delay (St to StD) teon 12 16 us |TOE=Vpp
9 l:rl Output data set up (Q to StD) taso 34 us |TOE=Vpp
10 E Propagation delay (TOE to Q ENABLE) | tprg 50 ns load of 10 k€L
T 50 pF
1 s Propagation delay (TOE to Q DISABLE)| te1p 300 ns |load of 10 k€
S0 pF
12 E Power-up time tpy 30 ms |Note 3
13 ur: Power-down time tpp 20 ms
14 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
15 | € |Clock input nse time t HeL 110 ns |Ext clock
16 l; Clock input fall time tuicL 10 ns |Ext clock
17 E Clock input duty cycle DCcL 40 50 60 % Ext clock
18 Capacitive load (OSC2) CLo 30 pF

*NOTES:

Typical figures are at 25°C and are for design

1. Used for guard-time calculation purposes only.

aid only: not guaranteed and

t

not subject to production testing.

2. These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.

3. With valid tone present at input, tpu equals time from PDWN going low until ESt going high.

Voo

MT8870DMT8870D-1

c,
DTMF O—|
Input a

o—
O——

bl

b

11
I
s}

TTWI%T“%

X-tal=3 570545 MHz = 0 1%

Figure 10 - Single-Ended Input Configuration
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MC78XXILM78XXIMC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Current up to 1A

* Output Voltages of 5, 6, 8,9, 10, 12, 15, 18, 24V
» Thermal Overload Protection

« Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Description

The MC78XX/LM78XX/MC78XXA series of three TO-220
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of ‘ ’
applications. Each type employs internal current limiting,

thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current. 1
Although designed primarily as fixed voltage regulators, D-PAK
these devices can be used with external components to

obtain adjustable voltages and currents. ﬂ

1. Input 2. GND 3. Output

Internal Block Digram

INPUT SERIES CuUTPUT
o ng PASS <
1 | ELEMENT 3

CURRENT SOA ’::/
GENERATOR PROTECTION <
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
-
>
3
THERMAL <
PROTECTION
l GND

]
nQ

75



Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for VO = 5V to 18V) VI 35 V
(for Vo = 24V) V| 40 vV
Thermal Resistance Junction-Cases (TQ-220) ReJc 5 °cw
Thermal Resistance Junction-Air (TO-220) ReJA 65 °cw
Operating Temperature Range TOPR 0-+125 °C
Storage Temperature Range TsSTG -65 - +150 °C

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < TJ < 125°C, 10 = 500mA, VI = 10V, Ci= 0.33(F, Co= 0.1(F, unless otherwise
specified)

MC7805/LM7805
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty=+25°C 4.8 50 52
Output Voltage Vo 50mA < lo = 1.0A Po = 15W vV
V=7V to 20V 475 50 525
Vo =7V to 25V - 4.0 100
Line Regulation (Note1) Regline | Ty=+25°C mVy
Vi=8Vto 12V - 16 50
10 =5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | TJ=+25°C lo =250mA to mVy
- - 4 50
750mA
Quiescent Current IQ Ty =+25°C - 50 8.0 mA
] 0 =5mAto 1.0A - 0.03 0.5
Quiescent Current Change AlQ mA
VI= 7V to 25V - 0.3 1.3
Output Voltage Drift AVO/AT | o= 5mA - -08 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta=+25°C - 42 - uv/No
— f=120Hz -
Ripple Rejection RR VO = 8V to 18V 62 73 - dB
Dropout Voltage VDrop lo=1A, Ty=+25°C - 2 - A
Qutput Resistance rQ f=1KHz - 15 - m£2
Short Circuit Current Isc V=35V, Ta=+25°C - 230 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be
taken into account separately. Pulse testing with low duty is used.
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Mechanical Dimensions

Package

200 020

TO-220
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