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Abstract

This project consists of building a universal remote controller, which can be used to
control any kind of device capable of communicating its user interface. The remote
device works based on an infrared technology and allows the user to control any of the
home appliances. The idea and design of this project are considered as a multi-
communication between transmitter and receiver, because the remote control device
combines many remotes into one and has an ability to control up to fifteen appliances
that are commonly used at homes. The transmitter contains 15 independent inputs and
has a carrier wave frequency of 38 kHz, which is the same for almost all infrared
remote controls. Similarly, the receiver has 15 independent outputs, each of which can
operate separately, The SAA3004 transmitter integrated circuit (IC), which is designed
for infrared remote control systems, is used as a main IC on the remote control itself.
As for receiver part, PIC16C55-XT/P is used as a microcontroller to control the
infrared receiver operations due to the increased number of Input/Qutput pins. Both
ICs are programmed accordingly to provide a multi- communication. A desktop lamp
and fan are used as the example appliances to be remotely controlled. The control of
these appliances is associated with ON/OFF switching application. Since a remote
control has become a part of the everyday life, in this project, an infrared remote

control system is designed to prove the universality of it.
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CHAPTER 1
INTRODUCTION

When there are several controllable devices in a certain space, controlling them
all in an efficient way requires much thought on the user interface and usability issues.
Today’s solutions differ from a local mechanical switch to a complex distributed
controlling system. One part of these is different remote controllers, which people are
using in their everyday life. Another solution is a universal infrared remote control,
which can perform all functions of different remotes of various brand appliances that

arc used at homes [2].

1.1 Background of study

Remote controls have become more sophisticated in recent years. They are able
to operate a large indefinite number of home entertainment equipment. However, the
"universality" of remote controllers comes into question as entertainment devices add
more features and functions to their standard controls [3]. Some remote controllers will
not operate certain brands, and many do not come equipped with enough buttons to
control all of the features of any given device, This leaves many consumers with no
choice but to own a number of remote controls, each for a specific device or task.

A universal remote controller was invented to be able to turn the television on, control
the lights, speed of fans, temperature of air conditioners, close the blinds or drapes - in
fact, virtaally anything electrical. With this device now it is possible to turn off all the
lights in the house from the bedside or turn on all the lights with one press to scare
away intruders.

The protocol, most commonly used in home entertainment remotes is Infrared (IR). It is
line-of-sight only, and the transmission range is usually limited to about 30 meters,
however, an IR distribution system can provide virtually unlimited range. IR is not a
secure method of communication, as the codes are openly published in an industry

standard IR code library. Universal IR remotes have this library built in, which allows




them to control most of any manufacturer's devices. For controlling components whose
codes are not in the library, learning remotes are available everywhere which can be
taught the code of any device. A common feature of universal remotes is the ability to
group commands, so as to actuate, with one device, several components

simultaneously.

1.2 Problem statement

Nowadays there is usually a unique remote controller for every infrared
controllable appliance (See Figure 1.1, where RC stands for Remote Control). Every
manufacturer has its own style in their user interfaces and they can be totally unique.
So, if a person can use a certain remote controller properly, it does not necessarily mean
one can use all the possible remote controllers. Even if the appliances would be from
the same manufacturer, the user interface of the remote controllers can differ a lot. Most
of the appliances have some kind of special functions and might need some special
controls. So, it might be impossible to use the similar user interface to control different
appliances. When we try to use the same remote controller to control different kind of
appliances (see Figure 1.2, where URC stands for Universal Remote Control) there has
to be several functions for one physical controller in different situations. Therefore, a
universal remote controller was invented to prove the universal applicability. By
universal remote controller the user can control all of the infrared controllable

appliances used at home.

RC : Appliance

' RC

Appliance |

RC

Figure 1.1: Traditional way to remotely control




URC

Figure 1.2: Remote controlling using a universal remote controller

1.3 Objective and Scope of study

The main objective of this project is to provide a working prototype of a
universal infrared remote control transmitter and receiver on a Printed Circuit Boards
(PCB) creating the smallest and simplest set of commands that will provide the greatest
flexibility. The control system should perform the operation of remote control for home
appliances such as fan and lamp. An additional objective of the project is to create a
command code using Microsoft Visual Basic to control these appliances from
computer. At the end, the system should be user-friendly and reliable.

Scope of project’s work is divided into two parts, FYP1 and FYP2 semesters:
FYP] semester:

o Research and analysis on materials related to project.

» Project planning.

o Finalize the project’s objectives and deliverability.

e Define what are the hardware and software required for the project’s
implementation.

o Get familiar with PCB design and learn how to work on it.

e Get familiar with PIC microcontroller and learn how to program it.

e Learn how to study the signal codes transmitted from remote control.




Design, implement, test and prove the viability of an infrared single-channel

receiver circuit.

FYP2 semester:

.

Define a universal infrared remote control transmitter and receiver circuits.
Learn how to decode the transmitted signals for remote control input buttons.
Program the PIC Microcontroller that is being used at the receiver part
accordingly by using the obtained signal codes for remote control.

Implement and test the remote control system, and work on it to prove the
universality.

Additionally, learn about the computer parallel port and create a command code
using Microsoft Visual Basic that will give the instructions to the transmitter
from computer.

Complete the project and achieve all the required objectives.




CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 What is Infrared?

Infrared (IR), just like any light ray, is an electromagnetic radiation of a
wavelength longer than visible light, but shorter than microwave radiation. The name
means "below red" (from the Latin “infra” - "below"), red being the color of visible
light of longest wavelength. A very interesting phenomenon that can be observed is that
anything material above absolute zero (-273.15 degrees Celsius or 0 Kelvin), radiates in
the infrared, even ice emits infrared radiation. We as a human being cannot see IR,
because our eyes are designed for visible light. Even though IR is not visible to the
human eye, our skin can sense it [4].

The electromagnetic spectrum classifies electromagnetic energy according to frequency

or wavelength.

101 105 108 1010 101! 101€ 1018
Hz Hz H=z Hz Hz Hr H=z

Figure 2.1: Electromagnetic spectrum

Figure 2.1 represents the electromagnetic spectrum, which ranges from energy waves
having extremely low frequency (ELF) to energy waves having much higher frequency,
such as X-rays. A horizontal bar represents a range of frequencies from 10 Hertz
(cycles per second) to 10'® Hertz [5]. Some familiar allocated frequency bands are

labeled on the spectrum. Approximate locations are as follows.




10! Hertz: extremely low frequency or ELF.

10° Hertz: AM radio

10® Hertz: FM radio

10" Hertz: Television

10" Hertz: Microwave

10'® Hertz: Infrared (frequency range is below the visible light spectrum)
10" Hertz: Visible Light

10'® Hertz: Ultraviolet (frequency range is above the visible light spectrum)

10'® Hertz: X-rays

2.2 How does an infrared system work?

As it was mentioned, an IR radiation is the region of the electromagnetic
spectrum between microwaves and visible light. In infrared communication, light
emitting diode (LED) transmits the infrared signal as bursts of non-visible light. At the
receiving end a photodiode or photoreceptor detects and captures the light pulses,
which are then processed to retrieve the information they contain.

Generally, an IR system comprises three sections: the transmitter, the emitter and the
receiver [6]. The emitter is sometimes located within its transmitter. It is known, that in
any communications system there are transmitter, transmission medium, receiver, and
system noise [23}. The transmission medium that provides a means of transporting
signals between transmitter and receiver can be as simple as a pair of copper wires or as
complex of sophisticated microwave, satellite, or optical fiber communications system.
In infrared systems, the transmission medium is a modulated carrier of harmless
invisible infrared light.

Infrared is interesting, because it is easily generated and does not suffer electromagnetic
interference. It is nicely used in communication and control, but not perfect, because
some other light emissions could contain infrared as well, and that can interfere in this
communication. The sun is an example of light emission, since it emits a wide spectrum
or radiation. IR signal is contained within the room in which it is used, so even adjacent
rooms may use identical IR systems without interference among them.

IR products are compact and lightweight. While installing or using IR system, it is
essential to consider that the visible components of the transmitter and the receiver

must face each other without obstruction.




2.3 Infrared technology _
Some common applications of infrared technology are listed below:
Augmentative communication devices:
o Car locking systems
e Computers (Mouse, Keyboards, Printers)
¢ Emergency response systems
¢ Environmental contro] systems (Windows, Doors, Lights, Curtains, Beds,
Radios)
¢ Headphones
o Home security systems
¢ Navigation systems
» Signage
e Telephones
e TVs, VCRs, CD players, DVDs, stereos
s Toys _
Infrared technology offers several important advantages as a form of wireless
communication [5]. The advantages and disadvantages of IR technology described as
follow:

Advantages of Infrared technology

e Low power requirements

e Low circuitry costs

e Simple circuitry: no special or proprietary hardware is required, can be
incorporated into the integrated circuit of a product

e Higher security: directionality of the beam helps to ensure that data is not leaked
or spilled to nearby devices as it's transmitted

o Portable

e Few international regulatory constraints: IfDA (Infrared Data Association)
functional devices ideally usable by international travelers, no matter where
they may be

o High noise immunity: not as likely to have interference from signals from other

devices




Disadvantages of Infrared technology

e Line of sight: transmitters and receivers must be almost directly aligned (i.e.
able to see each other) to communicate

o Transmission block: people, walls, plants, etc. can block transmission

o Short range: performance drops off with longer distances

o Light, weather sensitive: direct sunlight, rain, fog, dust, pollution can affect
transmission

o Lower speed: data rate transmission is lower than typical wired transmission

2.4 How does an infrared remote control work?

An IR remote control sends control information using infrared light. When we
touch a key on this device, the circuitry determines what sequence of flashes of infrared
light correspond to that key, and then the signal is sent as a sequence of voltages that
turn an infrared LED ON and OFF, and the spacing between modulations determines
whether the remote is transmitting "I" or "0". The appliance that we are pointing at has
an infrared light detector that picks up tfle infrared light signals, converts the infrared
light to electrical signals, and then uses some digital circuitry to determine what
function needs to be done in response to that signal sequence.

A remote control has to be flexible enough to be able to encode the commands. By
pressing a button in remote control we establish a complete specific connection. The
transmitter chip senses that connection and knowing what button we pressed produces a
code-line signal specific to that button. The code of bits is modulated with the certain
frequency, usually 36 kHz - 40 kHz oscillating signal and the resulting pulses of
oscillating signal are amplified through transistors and sent them to the LED, which
translates the signal into infrared light and makes it flicker in bursts corresponding to
the bits. That frequency oscillation is added to make sure the receiving appliance is not
confused by other lights flashing ON and OFF around the home. The receiver can
receive the light, filter out the signals that do not include that certain frequency
oscillation, and then demodulate the signal to capture the bits from the same frequency
modulated signal.

In general, the remote controls use 36 kHz — 40 kHz frequencies to transmit
information, Infrared light emitted by IR diodes is pulsated at 36 thousand times per

second, when transmitting logic level "1" and silence for "0".




To generate a 36 kHz pulsating infrared is quite easy, more difficult is to receive and
identify this frequency. Therefore, most of the times, infrared receivers contain the
filters, decoding circuits and the output shaper, that delivers a square wave, meaning the
existence or not of the 36 kHz incoming pulsating infrared [7]. This actually means,
that an output pin goes high (+5V) when there is a pulsating 36 kHz infrared in front of
it, and zero volts when there is not this radiation. A square wave of approximately 27uS
(microseconds) injected at the base of a transistor can drive an infrared LED to transmit

this pulsating light wave. Upon its presence, the receiver will switch its output to high

level (+5V).

Figure 2.2: Example of signal translation into IR light

If we can turn ON and OFF this frequency at the transmitter, the receiver's output will

indicate when the transmitter is ON or OFF.

CM L OFF | A |
| [

Figure 2.3: Indication of IR receiver




Those IR demodulators have inverted logic at its output. When a burst of IR is sensed,
it drives its output to low level, meaning logic level = 1.

A universal IR remote control works on the same principle that a normal remote
control, on a limited number of codes. The only advantage is that it combines multiple

remotes into one to make our life easier.
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 General idea of project

A universal infrared remote control that is designed in this project has an ability
to combine multiple remotes into one, with some sort of input buttons indicating which
device the remote is currently controlling. The main concentration is given on an IR
transmitter and receiver, which are required to be as a working prototypes and
implemented on a Printed Circuit Boards (PCB). Besides that, to meet the project’s
complete objectives and expectations there should also be a working program
command, which is the code of instructions for remote control transmitter from
computer to perform the control operation of its target appliances. The instruction
command should be programmed using Microsoft Visual Basic.

A general idea of infrared remote controls is that they usually consist of
encoder/decoder parts connected to a transmitter/receiver module, which takes care of
the transmission of digital signals by infrared waves. The transmitter has a varying
number of butions and sends the states of these inputs to the receiver. The receiver
device decodes the message and sets the outputs accordingly. The information about
which key is pressed is encoded and sent. We can press at most one key at a time on the
encoder, and only the code for the pressed key is sent to the decoder. This is an efficient
method for general remote controls.

Figure 3.1 describes a universal infrared remote control system block diagram, where
the signal transmission is clearly shown. In this figure, the input buttons represent
function keys and the output appliances match to the input buttons. The signal is being
transmitted when any of the input buttons is pressed, and then the appliance responds
according to that particular input button. The system uses encoder integrated circuit that
is located at the transmitter part and Peripheral Interface Controller (PIC)
microcontroller at the receiver. Every signal code transmitted by remote control has to

be known and PIC must be programmed before using it in the actual circuit. PIC is pre-

11




programmed to generate 38 kHz carrier frequency by simply pulsing from logic "1" to
logic "0" at a rate of approximately 38,000 cycles per second, hence 38 kHz [8]. In
general, an encoder IC can be replaced by PIC microcontroller at the transmitter,

whereas PIC microcontroller can be also replaced by decoder IC at the receiver.

Input k
P = Encoder .IQ:

Buttons

Output
Appliapnces {——= | PIC Microcontroller

Figure 3.1: System block diagram.

3.2 Software Required

In order to work with the project, there will be several engineering software
tools required. These tools are PIC C Compiler and WARP 13, Windows Hyper

Terminal and PC Remote Control. The basic functions of required softwares are

described below:

PIC C Compiler

PIC C Compiler is software that is used to write the PIC program using C language (see
Figure 3.2). When program is written, it should include the header file of the PIC that is
being used, its configuration bits, clock speed, which is the oscillator value (e.g.
10MHz), defined inputs and outputs and the main () function. After, when all these
requirements .are initialized and the program is completely written, it is compiled to

generate the HEX file. If the program is written incorrectly or there is an error in the

12




program, PIC C Compiler identifies the error and highlights it in red at the bottom of

window [9].

#include <16F84A.H>

#ifuses HS,HOWDT,NOPROTECT,PUT
fiuse DELAY({clock=16080000}

Huse fast_io(n)

Figure 3.2 PIC C Compiler window

WARP 13
The written C language program is compiled to generate the HEX file/code, which is

then used to burn into the PIC microcontroller using chip burner software WARP 13
[10]. Before burning any particular program into microcontroller, PIC device has to be
identified (e.g. PIC16F84A) and its EEPROM should be erased and left as an empty
blank. After, the new program is written into the PIC memory (see Figure 3.3).

Figure 3.3: WARPI13 PIC program burner

Windows HyperTerminal
In general, Windows HyperTerminal is a program that we can to connect to other

computers, Telnet sites, bulletin board systems, online services, and host computers,
using modem, a null modem cable or Ethernet connection [11]. For this project it is

used for other purpose as to check the signal received through serial communication

13




port. The connectivity between infrared receiver circuit and computer allows to read
infrared signals transmitted from remote control in ASCII characters form. The
HyperTerminal application can be found through the following Windows directive:

Start => Programs => Accessories => Communications => HyperTerminal (see Figure

3.4).

% ey *f-0l1=l'lé;f;fiﬁii:{'-'Hyi}ei'TEl'minai ; R L
Rl View, el :

EEX

- Enter a name and choos

T

Name: .
lFiemote Control _ . | V

leon

R e
X o
R —]
@
S R

Figure 3.4: Hyper Terminal window

PC Remote Control
PC Remote Control is very useful software that is used to check the ASCII character

received through the serial port using its Test Origin feature. Note that the
HyperTerminal window can only show the received signals in form of ASCII
characters. By using PC Remote Control software it possible to learn the obtained
ASCII characters in terms of ASCII codes for the respective number pressed on the

remote control (see Figure 3.5). These data are important in defining the conditions to

execute the further applications [12].
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i ‘Show dats:
| Serial port:

4| ARAAARRAAAARAARARARA
ARiAbEIRA

- [ AAllas

| asassEAsisH

| SAmRRnRRARRARRAANR

2| aflmRngagasdasaaann
ARILILISAARARI bIDIARAARA
| Aasllasaaaanallaaaan’

| gaaasriaaaaaaf s

Figure 3.5 Test Origin window for PC Remote Control

3.3 Infrared remote control with a single-channel receiver

Besides research and analysis, during the Final Year Project I semester the idea
was to work on a single-channel infrared receiver. It was as a mini-project to clearly
understand the transmission and reception of infrared signals. The suitable circuit
design was obtained from the early researches and implemented on the breadboard. An
infrared receiver circuit (see Figure 3.6) was tested in Electrical & Electronics
Laboratory by using a pre-programmed universal infrared remote control as a
transmitter. The appliance to be controlled by the remote controller was a desktop lamp
that works through 240 Volts AC. The more detailed description of an infrared receiver

circuit and its implementation are as follow:
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Figure 3.7: Pspice schematic of a single-channel infrared receiver circuit

Required components used for circuit’s implementation:

» Breadboard

o 5 Resistors (R1 =220 kOhms, R2 = 330 Ohms, R3 = 1kOhm, R4 = 330 kOhms

and RS =47 Ohms)
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e 2 Capacitors (C1 = 100 microF, 16V and C2 = 0.1 microF)
» Diode (1IN4007)

e 2 LED’s (Green & Red)

o 2 Transistors (BC558 PNP and BC548 NPN )

¢ Counter (CD4017)

¢ IR receiver module (TSOP 1738)

¢ Relay (5V, 100 Ohm)

e Appliance to be controlled (i.e.lamp)

Figure 3.6 and Figure 3.7 show the circuitry of an infrared receiver. The circuit works

as follow:

Once it has been assembled, it can be connected to any of the home appliances (lamp,

fan, radio, etc) to make the appliance turn on/off from a TV/VCD or Universal remote

controls. The activation range for the circuit can be for up to 15 meters. The frequency

value for the experiment is the most common used in infrared remote control systems,

which is 38 kHz. Therefore, the 38 kHz infrared rays generated by the remote control
are received by IR receiver module TSOP1738 of the circuit. An IR receiver module
TSOP1738 contains 3 pins, where Pin [ is connected to the ground; pin 2 to the power
supply Ve (+5V) through resistor RS and the output is taken from pin 3. The output
signal is amplified by transistor T1 (BC358) and fed to clock (pin 14) of decade counter
IC CD4017 (IC1). Pin 8 of IC1 is grounded, pin 16 is connected to Vec (+5V) and pin 3
is connected to LED1 (red), which glows to indicate that the appliance is ‘off.” The
output of IC1 is taken from its pin 2 and connected to LED2 (green), which is used to
indicate the ‘on’ state of the appliance. Transistor T2 (BC548) connected to pin 2 of
IC1 drives relay RL1. Diode 1N4007 (D1) acts as a freewheeling diode. The appliance
to be controlled is connected between the poles of the relay and neutral terminal of
mains. It gets connected to live terminal of AC mains via normally opened (N/O)
contact when the relay energizes.

The reason to work on this task was to understand and practically see how an infrared
system works. A lamp was connected to the receiver circuit to perform ON and OFF

operations and used as an appliance to be controlled by a universal remote control,
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which is a transmitter with a sending frequency value of 38 kHz that is capable with

infrared receiver module. Experimental results have been positively obtained.

3.4 Universal infrared remote control with multi-channel receiver

For FYP II semester, the plan was to design the whole infrared system. The idea
to continue working on this project was to come up with new transmitter and receiver
circuits that have abilities to control multiple appliances. As it was mentioned
previously, in this project the control aim is on two appliances that are fan and lamp.
Before starting the procedure, all the gathered information were analyzed. The block
diagram (see Figure 3.1) shows how the system looks like. A remote control with
several buttons was used as a transmitter, whereas a device with corresponding outputs
was used as a receiver.

The following diagrams are the flow charts of the project activities. Flow chart 1
describes the general application of the project, whereas Flow chart 2 shows the
additional commands using Microsoft Visual Basic and circuit connection from

computer’s parallél port to the remote control transmitter.
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A universal infrared remote control transmitter circuit that is used in this project (see
Figure 3.11) has the increased number of inputs and it is able to activate the outputs
related to those inputs. Together with multi-channel infrared receiver and/or even with
single-channel receiver this infrared transmitter can be used to remotely operate our
home appliances. The transmitter contains 15 independent inputs and has a carrier wave
frequency of 38 kHz, which is the same for almost all infrared remote controls. For the
project, only two inputs and outputs are taken into consideration and used to show the
communication of the universal infrared remote control with its receiver (see Figure
3.8). As for the remaining channels, normal LEDs are used on the output to indicate the

activation. The receiver (see Figure 3.12 for its circuitry) has 15 independent outputs,

each of which can operate separately.

Transmitter Receiver

O00no

Ol
ooOogoo - >
O00CoOoo

Figure 3.8: Universal infrared remote control system

The required components are listed on Appendices (see Appendix A and Appendix B).

As it is seen in Figure 3.11, the main device that drives the circuit is IC1. It is a
transmitter integrated circuit (SAA3004) designed and used for infrared remote control
systems. It has a total of 448 commands which are divided into 7 sub-system groups
with 64 commands each. The sub-system code may be selected by a press button, a
slider switch or hard wired. The SAA3004 IC generates the pattern for driving the
output stage. These patterns are pulse distance coded. The pulses are infrared flashes or

modulated pulses. The transmission mode is defined in conjunction with the sub-system
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address. Modulated pulses allow receivers with narrow-band preamplifiers for
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier
within the receiver. This chip drives IR LEDs at a 38 kHz modulated output. A standard
455 kHz ceramic resonator, attached across the oscillator input/output pins (pins 11 and
12) of the IC, sets the frequency. The external components must be connected to these
pins when using an oscillator with an external resonator. The connections from D3 to
D7 are the identification transmitter diodes. As it was mentioned previously, a remote
control transmitter can operate for both multi-channel and single-channel receivers.
Since in this project, the design requires multi-channel operations, by connecting D4
diode to the circuit we provide the identification of the receiver type for transmitter.
LD1 is a red LED that indicates whether remote control is on or off and LD2,3,4 are the
infrared LEDs that are used to transmit the signal to receiver. When a key is pressed, a
generated signal is amplified and driven by transistors T1 and T2. The supply DC
voltage to the circuit is 9 Volts and can be placed by 9V battery.

PINNING
1 REMO remote data output
2 SENGN
3 SENSN
O 4 SEN4N
sema 1] 201 o0 5 |SEN3N . key matrix sense inputs
senon {2 18] orven 6 |SEN2N
sensn 3 1] orvsie 7 [SENIN
stven (3] ] onvan 8 | SENON
s3] L [Elom 9 |ADRM address mode conrof input
senan [ ieovan | |10 |Vas ground
sen 7] 1] aaven | [ _fost oscillator input
senon 2| ] v | [12 jOsCo oscillator output
somufs) o5 1 [13_[oRvON
Vs ] ] ose 14_|DRVIN
| {15 [DRvaN
16 | DRV3N key matrix drive outputs
17 | DRV4N
18 | DRVSN
19 | DRVEN
20 Voo positive supply

Figure 3.9: Pin diagram for SAA3004

At the receiver circuit (see Figure 3.12), PIC16C55-XT/P (IC1) is used as a main IC

device. It is programmed in order to be able to communicate together with the
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transmitter IC. Same as for transmitter, it has 15 channels/outputs that are decoded
according to the encoded input signals.
Only two of the outputs are used to operate with appliances, as for the rest of the

outputs, normal LEDs are placed to indicate the activation.

3.5 What is PIC?

PIC is a name for the microchip microcontroller family, consisting of
microprocessor, I/O ports, timer(s) and other internal, integrated hardware. The main
advantages of using the PIC are low external part count and wide range of chip sizes
(number of pins). Its program memory is initially empty, and needs to be programmed
with code to be usable in a circuit [13]. There are three most common ways can be used
to program the PIC microcontroller, either using the assembly language, PIC Basic or C
language. The assembly language and PIC Basic are considered to be quite messy and
complicated to be used in programming. Furthermore, it may take much more time to
understand the deliverables of the built-in functions of assembly langnage compared to
C. C language is more straightforward and takes shorter time to be understood. C
compiler is made by the third parties to provide viability to the programmer in coding
the PICs. If some errors occur while programming, it has a compiler that can define the
errors that are occurred. The basic knowledge on C syntax, its built-in functions and

pre-processor are essential in pursuing the project to program the microcontroller.

3.6 PIC16CS55-XT/P Microcontroller

The PIC16C55XT/P is chosen as the microcontroller to control the infrared
recciver operations due to the number of I/O pins available for the entire
microcontrollers analyzed. Figure 3.10 shows the pins configuration of the
PIC16C55XT/P utilized in the project

Pin Descriptions

PIC16C55XT has a total of 28 pins. Individual I/O pins are programmable as inputs or
outputs.
o Sink current: 25 mA per pin, 50 mA per port

¢ Source current; 20 mA per pin, 40 mA per port
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PIC16C55

u X
rRTcc [ 1 28 [0 MCLR

vdd [ 2 27 [] 0sc1
NiC [ 3 26 [] OSC2/ICLKOUT
vss [] 4 25 [1 RCY
NC B 5 24 11 RCé
RAD [] 6 23 [] RC5
Ra1 7 22 |1 RC4
rRa2 [ 8 21 [1 RC3
Ra3 [ 9 20 |1 RC2
RBO [ 10 19 [] RC1
RB1 [] 11 18-|.] RCO
RB2 [ 12 17 [ RB7
RB2 [] 13 16 |1 RB6
RB4 [] 14 15 [] RB5

PDIP

CERDIP
SOIC

Figure 3.10: Pin diagram for PIC16C55XT/P

Pin Function

RAO - RA3 I/O Port A

RBO - RB7 1/0 Port B

RCO - RC7 I/0O Port C (only on 28-pin PIC’s)
RTCC Real-time clock/counter input
MCLR Master clear (reset)

OSCl1 Oscillator input

OSC2/CLKOUT Oscillator output (OSC/4)

vdd Power supply

Vss Ground

N/C

No connection
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Normally, a universal infrared remote controls are the lesser expensive, and as one of
their disadvantage is that they have some drawbacks. In order to avoid the drawbacks of
these devices, while working on this project the two criteria must be followed and kept
in mind. First, the establishing of communication between the control and any target
appliance must be based on a single mechanism and does not require a user to
memorize any address or code. Second, the resulting hardware must be as simple as
possible to avoid any complicated operations.
In general, for any appliance to be remotely controlled, the code must be known.
Therefore, a special identification process is needed to establish a temporary
communication link. With this process, the remote control can specify the controlled
appliance for subsequent operation. Assigning to each appliance a unique identity code
on the receiver fulfills the identification.
The identification process starts with sending out an identity code by the remote
control, and if the identity code received by appliance matches, only then it responds.
After that, it signals back the remote control immediately before the remote control
sends out the next identity code. Once a temporary communication link is
accomplished, an appliance alone will interpret further commands from the remote
control [21]. Sometimes, it might not be clearly seen that the signal has been received
and appliance starts to function immediately. Therefore, to achieve the signal-back and
clearly indicate the reception to the user, two LED’s (red for OFF state and green for
ON state) are added to the receiver hardware. As soon as an identity code is received,
the right LED will be on to indicate the performance of an appliance. If it is seen that
green LED is ON, then the user stops the remote control from transmitting further
identity codes at once. Such an action also indicates to the remote control which
appliance it is.supposed to control. In Figure 3.13, the summary of linking procedure is
described with three advantages. First of all, a single remote control is able to control
many appliances. Next, although each appliance is assigned a unique identity code, the
code is transparent to users. And finally, since only a unidirectional link is required,
involving human action in returning signal reduces the hardware requirement. These

advantages will result a convenient size, easy to usc and cheap to implement universal

remote control system.
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Start
Sending an identity code by pressing a button on transmitter

Appliance receives its identity code through receiver

}

Signal back

;

Link established

Stop

Figure 3.13: Summary of linking procedure

The identification process works only when the time-lapse between sending two
identity codes is long enough for the user to respond. For instance, if the appliance
receives another identity code, the communication link will be dropped. It can be also
dropped after a time-out period. The ability of remote control to establish
communication link with another appliance without worrying that previously
established communication link still exists actually requires a time-out peried. The
time-lapse period can be as short as less than a second. Furthermore, the time-out of
about half a minute should be enough to be accepted.

If the system of linking procedure fails to work, the implementation of hardware must

be properly checked and some other troubleshooting techniques related to the project

must be used.

3.7 Parallel port

In computers, ports are used mainly for two reasons: device conirol and
communication. We can program PC's parallel ports for both. Parallel ports are mainly
meant for connecting the printer to the PC, but we can program this port for many more
applications beyond that. Parallel ports are easy to program and faster compared to the
serial ports [14]. But main disadvantage is it needs more number of transmission lines.
Because of this reason parallel ports are not used in long distance communications. PC

parallel port can be very useful /O channel for connecting our own circuits and to
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perform some very amusing hardware interfacing experiments, as in this project to
control appliances from computer using infrared waves as a signal transmission.

PC parallel port is 25 pins D-shaped female connector at the back of the computer. Not
all 25 pins are needed always. Usually we can easily do with only 8 output pins (data
lines) and signal ground. Those output pins are adequate for many purposes. Those data
pins are TTL level output pins. This means that they put out ideally 0V when they are
in low logic level (0) and +5V when they are in high logic level (1).

Pin functions

2 DO

D1

D2

D3

D4

D5

D6

D7

Pins 18,19,20,21,22,23,24 and 25 are all ground pins (see Figure 3.14 and 3.15).

O - N b

Initially, before connecting the actual circuit to parallel port, we can make simple
circuit for driving small LED’s through PC parallel port. The only components needed
are 8 Software controllable LED’s and 470 ohm resistors connected in series. The
resistors are needed to limit the current taken from parallel port to a value which light
up acceptably normal LED’s and is still safe value (not overloading the parallel port
chip).

jﬂf
Figure 3.14 shows the connection of LED’s to the parallel port, where one end of the

LED’s goes to data pins and another goes to the ground pins.
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S5LCT - Select
GND - Ground PE.p e
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BUSY
GND - Ground ACK - Acknowed
GND - Ground - ACKNOWerss
DY - Datenbit 7
GND - Ground -
GND .-G ” DE - Datenhit 6
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D4 - Datenbit 4
GND ~ Ground D3 - Datenbit 3
SHIELD - 2teny
D2 - Datenbit 2
INIT ]
ERROR D1.- Datenbit 1
D0 - Datenbit 0
ALF - Auto Line Feed: -
S70 - Sirobe

Figure 3.15: Detailed computer parallel port

By using program command code, when high level logic is sent to the data pin where
the LED is connected, that LED will light on. When low level logic is sent to that same
pin, the LED will no longer light. The command code has to be done through Microsoft
Visual Basic software. For the project, only two pins are taken into consideration. The

first click of any of these considered two buttons will ON that related appliance and

second click on it will make it OFF.
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Unfortunately, due to complexity in transmitter circuit, a parallel port can not be
connected to transmitter. In order, to make the connection, the project’s transmitter has

to be redesigned. Because of time constraints this additional objective was not

implemented.
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CHAPTER 4
RESULTS AND DISCUSSION

The experiment with a single-channel infrared receiver demonstrated in FYP1
semester has shown positive results. Figure 4.1 shows the experimental set-up. By
using DC and AC voltages through the circuit implemented on a normal breadboard, it
was proven that by universal infrared remote control it is possible to control any of

home appliances, by meaning to switch ON and OFF.

Figure 4.1: Single-channel infrared receiver

4.1 Findings

Before proceeding with the actual project system, it was necessary to decode
and list the corresponding codes for each input button on the remote control. To do so,
another infrared receiver circuit with the computer serial port connection has been used.

Figure 4.2 represents the circuit diagram of the infrared receiver that is uses

PIC16F84A microcontroller [20].
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Figure 4.2: Infrared receiver circuit diagram for decoding the signals

Circuit description
An infrared receiver circuit (see Figure 4.2) has helped a lot for decoding and
studying the signals that are being transmitted by remote control. The detailed
description of circuit is as follow: An infrared receiver module contains three pins,
where pin 1 is connected to +5 V power supply thought resistor (R2). This module can
generate false IR strings when there is high frequency distortion on the +5V supply.
Hence, 22pF capacitor (C3) is connected in between the +5V and ground to filter the
noise received. Pin 3 is connected to the ground and pin 2 to pin RBO of the
PIC16F84A microcontroller as an interrupt-on-change input. By using 22pF capacitors
(C1 and C2) and oscillator of 10MHz that are connected to the OSC1 and OSC2 pins of
the microcontroller; we establish high speed oscillations. A red LED is inversely
connected to pin RB2 of the microcontroller through resistor (R1) to indicate when the
circuit is powered-up. The following is MAX232, which is used as a level translation
IC for serial /O communication between the receiver circuit and computer, Pin RB1
and RB5 of PIC16F84A are connected to the CMOS input and CMOS output of
MAX232. And then, from MAX232, the RS232 output and RS232 input pins are
connected to the receive-in and transmit-out pins of 9-pin female connector,

respectively. Initially, PIC16F84A was programmed accordingly in order to be able to
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communicate with computer serial port and send the received data to computer (see
Appendix C for PIC coding). The circuit has been implemented on the breadboard (see
Figure 4.3) and the communication between infrared receiver circuit and PC serial port

has been established.

Figure 4.3: Implementation of infrared receiver circuit

But, actually before constructing the circuit on Figure 4.2, PICI6F84A has been
programmed with a simple command just to check that circuit is working. To do that,
the circuit was simplified (see Figure 4.4) and only one output LED, which is
connected to RB3 was tested. The input was the signal received by infrared receiver
module. The programming is quite simple (see Appendix D). When any button on the
remote control is pressed, an input RBO receiver signal and understands it as logic
1(high), and therefore it activates output RB3. When the button is pressed again, the

output goes low (logic 0). The implementation of circuit is shown in Figure 4.5.
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Figure 4.4: Single input-output Infrared receiver circuit

Figure 4.5: Implementation circuit in Figure 4.4
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Decoding the signals

An infrared receiver circuit has been implemented on the bread board, and the
next step was to decode and study the received signals. As for transmitter, an available
universal infrared remote control (Model ‘AV10) has been used. In order to check the
signal received through serial communication port, the Hyper Terminal program has
been used (the location of program: Start => Programs => Accessories =>
Communications => HyperTerminal). If there is connectivity between receiver circuit
and computer, the signal received at the infrared receiver can be read in ASCII code at
the Hyper Terminal window. The ASCII code for each input button of remote control

has been viewed (sce Figure 4.6).

Fle Edt: Yiew calf Transfer Help .
0w @3 ~DE:1 rﬁ‘

: ] - - - - " — " Q,
‘, nnannnnnnaannaﬁoﬁonnnnnannnnnoanonnnnona .‘l”l N .'|'I N '11 N an g 00 0j E

;
L . A 0 80
00 n a . "

Figure 4.6: HyperTerminal Window

By looking at the long strings of characters received and being displayed on the
HyperTerminal Window, it was difficult to recognize the signal. Therefore, as solution,
PC remote control software was used to clearly see the ASCII character received
through the serial port using its Test Origin feature. The signals obtained for the
respective input numbers pressed on the remote control were translated into three data

formats: ASCII, decimal and hexadecimal (see Figures 4.7, 4.8 and 4.9).
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Showda
-35§| Serial port:

ARAAAFEIAAAAARARARSAN
AfiTapBIA
Anllasua !
| AAARAAAAAA
ARAARAAARAAAARAAAR
Adasapasaaf andanaaa
.| AR BIbIRRAARARO bIBIAARAAS
anslianssaaasiianaas
| aanasfisannaafia

¢ ] éjéeming‘i‘rént e
: ] Serial port

T 7 A 1
255 223191 191255 251 251 255
255 255127 127: 255 247 247 255
255 255 255 255 255 255 255 255
255 255 255 255 255 255 255 255
255 223 255 265 255 205 255 255.
| 255 255 253251 251 255 255 255
| 255 255 255 127127 255 265 255
" |255 2565 265 255 255 273 191 255

Figure 4.8: Reading decimal values for remote control buitons
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't Serial ' gl -« | Hexadécimal:

{FF FF FE FEFF FF FF FF FF FF FF FE FF FF FF FF FFEFFEFFEF FE FFFFFF |-
FFFFFEFEFF ' SRLES L

| FF:DF-BF BF FF FB FB FF FF DF BF BF FF FB FB-FF
\FF-FF 7F 7F FF F7F7 FF FF FF 7F 7F-FF F7 F7. FF FF.FF 7F 7F FF €7 F7 FF
. |FF FF FF FFFF FF FF FF FFFF FF PR FF FF FF FE FF FF FFEF
_WWWWW#W#WWWWWWWWW#

: ;EEFFFFFFFFFFFFFFFFFDFFFFFFFFFFFFFFFFFDFFFFFFFFF
AR FEF

“|FF FF.FD FB FB FF FF FF FF FF FFFF FD FB FB FFFF FF FFFF
. |FF-FF.FF 7F 7F FF FF FF FF FF FFFF FF 7F 7F FEFEFRFEFF
.| FF-FF.FF FF FF DF BF FF FF FF FF FF FF DF BF FF.FFFF FE FFFF DF BF FF

Figure 4.9: Reading hexadecimal values for remote control buttons

The signal codes for each button were obtained as a repetition of strings. The repetition
of strings depends on how often and for how long the specific button has been pressed.
Therefore, to define the difference between the signal codes of remote control buttons,
a single string is enough (see Figure 4.8).

Once the signal codes for each button of remote control are retrieved, they can be used
for further applications. One of these applications is to design the Graphical User
Interface using Visual Basic and control the Windows applications (e.g. Windows
Media player, Winarhp, Microsoft Office). The application covers the capability of the
receiver to receiver the signals sent from remote control, transmit them to the PC
through serial port communication and lastly the interfacing software should start an
application if the received ASCII characters match any of the defined characters.
Another application is to control the multiple outputs of the receiver. In this case, PIC
microcontroller has to be reprogrammed according to the number outputs that has to be

controlled. While writing the programming by, for example, C language, any of the
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data formats (ASCII, decimal, or hexadecimal) can be used. In program these data
formats have to be defined as single string.

A universal TR remote control works on the principle that almost all remote
control devices work, on a limited number of codes. There may be numerous
televisions, stereo and other manufacturers in the world, but they all use the same
handful of frequencies and programming codes. By identifying and listing the codes
used by individual manufacturers, a universal remote control can duplicate the
functions of the original remote. Consumers simply find their make and model of
electronic device in the coding list, and then use the universal remote control's function
keys to enter the necessary information. Different universal remote control models
control different electronic devices, so consumers should choose accordingly. Some
models only replace one system, such as television, while others can control almost
every electronic or electrical device. If a universal remote control operates more than
one system, keypad controls for separate devices should be present. A function key for
each system should be depressed first to let the remote know which device to control.
Figure 4.10 shows the set-up of universal infrared remote control system. In these
transmitter and receiver models, a total of fifteen inputs and related outputs are
specified as communication objects. Both transmitter and receiver boards use 9 VDC
supply. The lamp is connected through the relay board to output pin number 1 on the

receiver. The transmission range is about 30 meters long.

Figure 4.10: Set-up of multi-channel infrared remote control system
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

This project presents how a universal infrared remote control design is carried
out. The main idea of the project is to achieve a simple and cost effective universal
infrared remote control system and to control the home appliances such as fan and
lamp.

A clear definition on the remote control operation has been acknowledged.
Several experiments related to infrared remote control system were conducted and the
results were noted. The final outcome of the project is user-friendly and can be
extended and applied to various applications with additional features.

It is been a great experience to work on this project. The basic knowledge
learned during the early years of study in Electrical and Electronics Engineering was
reapplied. Besides, new knowledge have been gained in usage of PIC microcontroller
in the circuits, C language programming and burning data into PIC microcontroller. An
ability to decode the signals transmitted from remote control is a big part of the project.
A new knowledge have been extended also in using the decoded signals for Graphical
User Interface through Visual Basic and programming PIC microcontroller to control
the outputs.

There are several recommendations based on the completion of the project. An
infrared remote control system that is designed in this project can be applied to various
applications such as controlling the lights and white board in the new lecture halls of
Universiti Teknologi PETRONAS by universal infrared remote control, since they are
still controlled by manual switches.

Besides, the system can be upgraded with more operations and easily used at home.
The receiver model can be used as a central device and placed somewhere in the corner
of the room. All the appliances that are intended to be controlled will require additional

relay connections with some extra wires, and accurately arranged without causing any

damage to the device.
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APPENDICES

Appendix A: Required component for Universal infrared remote control transmitter’s

implementation
Components Quantity
R1, 1K8 (brown, grey, red) 1
R2, 1K (brown, black, red) 1
R3, 33 (orange, orange, black) 1
R4, 68 14 W (blue, grey, black) 1
RS, 1% W (brown, black, gold) 1
D1,D2, D4 IN4148 diode 3

[—y

T1, BC547 NPN transistor
T2, BC640 PNP transistor

Cl, 100pF ceramic capacitor

C2, 220pF ceramic capacitor

1

1

1

C3, 10uF electrolytic capacitor 1
C4, C5, 470 uF electrolytic capacitor 2
4

1

LD1, LD2, LD3, L.LD4, LED
SAA3004 remote control transmitter, IC1

455kHz ceramic resonator |




Appendix B: Required component for multi-channel remote control receiver’s

implementation
Components Quantity
R1...R16, 390 (3-9-1-B) 16
R17,R18, 10K (1-0-3-B) 2
DI...D16, IN4148 diode 16
D17, D18, 1N4000...4007 2
T1, BC547 NPN transistor 1
Cl, C2 18pF 2
C3, C4,C5 100nF (104, 0.1w) 3
Cé,C7, 10uF 2
C8, 1000uF 1
LDI1...LD16, LED 16
IC1, PIC16C55 XT/P, IR remote control receiver 1
1C2, ULN2003 High Voltage & Current driver, 1C2 1
1C3, ULN2803 Octal High Current & Voltage driver 1
MOD1, IR receiver module, carrier 38kHz 1
X1, X-TAL 4.000000 MC - HC-49/U 1
VRI, UA7805 1A- 5V TO-220 1




Appendix C: PIC16F844 C language coding for Figure 4.2

#include <16F84A.H>
#fuses HS, NOWDT,NOPROTECT,PUT
#use DELAY (clock=10000000)

#use fast_io(A)
#use fast_io(B)

#define RS§232 XMIT  PIN_B1 // (output) RS232 serial transmit
#define RED LED PIN_B2 // (output) Red LED (low true)
#define IR LED PIN_B3 // (output) Infrared LED (low true)
#idefine IR._SENSOR  PIN_B4 // {input) IR sensor (Sharp IS1U30)
#define R§232 RCV  PIN_BS5 //(input) R8232 serial receive

// Macros to simplify I/O operations

i

#define RED LED ON  output_fow(RED_LED)
#define RED_LED _OFF  output_high(RED_LED)
#define IR LED ON  output low(IR_LED)
#define IR_LED OFF  output_high(IR_LED)
#define IR RECEIVED (linput{IR_SENSOR))

{f Default TRIS bits: R§232_RCV and IR_SENSOR are inputs, all
// others are outputs

i

#define IRX_B_TRIS  (b0O110000

M ==
// General definitions
i

struet {

short int RBIF;
short int INTF;
short int TOIF;

short int RBIE;
short int INTE;
short int TOIE;
short int PEIE;

short int GIE;
} INTCON;
#byte INTCON =(0x0B
/! general /O buffer
i
#define BUF_SIZE 32

char gBuf[BUF_SIZE];

i
/1 IRDA constants
/i

// Port BO is also an input (jumpered from IR_RECEIVE port)
#define IRDA_TRIS (IRX_B_TRIS | 0b00000001)

// Minimum TRDA pulse is 1.63 uSec. With 400 nSec instruction
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/ cycle time (10MHz clock), this requires 4+ cycles, ergo 3.
i
#define IRDA_PULSE_CYCLES 5

// The following assume an RTCC prescaler of 4:1, or 1600 nSec tics
/

#define IRDA_BIT TICS 635 /1 179600 baud
#define IRDA_STARTBIT_TICS 98 /1.5 ¥ 1/9600 baud
#define IRDA_TIMEOUT TICS 255

/i
H IR Output
W

/{ Wait until the *previous* bit period has expired, then

// write a single bit using I'DA 1.0 protocol: a 1.63 uSec

// pulse for a zero bit, no pulse for a one bit.

i

// Reads low order bitin b

)

void put!RDABit(int b) {
do {} while ('INTCON.TOIF);  // wait for TMRO to expire
set_rtec(256-IRDA_BIT _TICS); // reset for next bit period
INTCON.TOIF = 0;

output_high(PIN_A2); // for 'scope testing

if ((b&1)) { /f pulse for 0 bit, no pulse for 1
IR LED_ON;
delay_cycles{IRDA PULSE_CYCLES-1);
IR_LED_OFF;

}

output_low(PIN_A2); / Tor 'scope testing

b

/! write a start bit, 8 bits of b (LSB first), and a stop

// bit using [rDA 1.0 protocot.

i

void putlRDAByte(char b) {
output_high(PIN_AT);

putlRDABI1(0); /1 start bit
putlRDABIt(b); // bo: Isb first
b>>=1;

putlRDABIt(b); /bl
b>>=1;

putlRDABit(b); /b2
b>>=1;

putIRDABiIt(b); /b3
b>>=1;

putIRDABit{b); // b4
b>>=1;

putlRDABit(b); // b5
b>>=1;

putIRDABit(b); // b6
b>>=1;

putlRDABIt(b); /1 b7 msb
putIRDABIt(1); // stop bit

output_low(PIN_AT);
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// Send all the chars in Buff] via ['DA
i

void put]RDABuf{int count) {

int i;

for (i=0; i<count; i++) {
putlRDAByte(gBuf]i]);

}

)

INTCON.TOIF = 1; // makes putIRBit() start immediately

i ==
// IR Input
i

/f Wait for an IR start bit. If no start bit

// was seen within the timeout interval, return
/1 0. Otherwise set up RTCC to roll over in the
/{ middle of the next bit cell and return 1.

i

int findIRDAStart() {

output_high(PIN_AIY;
set_rtec(256-IRDA_TIMEOUT TICS);
INTCON.TOIF = 0;

while (ITINTCON.TOIF) {
if (INTCON.INTF) {
output_high(PIN_A2);
// caught a start bit. next tic in 1.5 bit cells...
set_rtec(256-IRDA_STARTBIT_TICS);
INTCON.TOIF = 0;
INTCON.INTF = 0
output_low(PIN_Al);
output_fow(PIN_AZ);

return 1; // start bit seen
}
}
output_fow(PIN_Al),
return 0; /{ start bit not seen

}

#/ Wait for TMRO to indicate the end of a bit cell. If
// in that time an IR pulse has been received, return a
/{ zero. Otherwise return a 1
i
int getIRDABIt() {
int seen;
output_high(PIN_A3);
do {
output_high(PIN_B7);
seen = INTCON.INTF;
output_low(PIN_B7);
Y while (IINTCON.TOIF);

INTCON.TOIF = 0;

output_low(PIN_A3});
return !seen;

set_rtec(256-IRDA_BIT_TICS); // reset for next bit period

INTCON.INTF = 0; #/ reset "pulse seen” flag




}

// Read a single IrDA byte. Assumes the start bit has
// already been detected and that RTCC is set to roll
/f aver in the middle of the first bit cell.
i
int getIRDAByte() {

char ch;

shift right{&ch, 1, getIRDABIt(});
shift right(&ch, 1, getIRDABIt());
shifi_right(&ch, 1, getIRDABIt());
shift_right(&ch, 1, getIRDABIt());
shift_right(&ch, 1, getIRDABIt());
shift_right(&ch, 1, getIRDABit());
shift_right{&ch, 1, getIRDABIt());
shift_right(&ch, 1, getIRDABIt());
return ch;

}

// Read bytes from the IrDA input and store them
// in gBuf[]. Upon entry, it's assumed that a
// start pulse has been detected and that RTCC
/l is set up to roll over in the middle of the
// first bit period.
i
// Returns when no start bit is detected within
// the given timeout period OR when the buffer
/ is full.
i
int getIRDABuf() {
int count = 0;
output_high(PIN_A0);
do {
gBuf[count++] = getIRDAByte();
if (count == BUF_SIZE) break;
} while (findIRDA Start());
output_low(PIN_A0);
return count;

}

i
/{ R8232 constants

#use rs232(baud=9600, xmit=RS232_XMIT, rev=R§232 RCV}
// The following assume an RTCC prescaler of 4:1, or 1600 nSec tics

i
#define RS232 TIMEOUT _TICS 255

i
/I R§232 Qutput
i

// Send all the chars in Buf[] via R8232
i
void putR$232Buf{int count) {

int i;
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for (i=0; i<count; i++) {
putc(gBufli]);

I
// R§232 Input
/)

// Look for an RS232 start bit, returning 1 if
// a start bit was detected or 0 if no start bit
/! was detected in the timeout period.

i

int findRS232Start() {
set_rtce(256-R8232_TIMEOUT_TICS);
INTCON.TOIF = 0;

while (\INTCON.TOIF) {
if (kbhit()) return 1;

return 0; /f timed out waiting for R§232 data
H

// Read bytes from the RS232 input and store them
// in gBufl]. Upon entry, it's assumed that an
// R8232 start bit has been detected.
i
// Returns when no start bit is detected within
// the given timeout period OR when the buffer
// 1s full.
i
int getRS232Buf() {
int count=0;
do {
gBuf[count++] = gete();
if (count == BUF_SIZE) break;
} while (findRS232Start(});
return count;

}

i
// Main read/write loop
i

#define IRDA_SEEN i
#define RS232_SEEN 0

// loop untit an IrDA start bit or a serial start bit

/ is detected.

i

# If an IrDA bit is seen, set up RTCC to interrupt

/ after 1.5 bit cells and return IRDA_SEEN. Otherwise
// if an RS232 start bit is seen, return RS232_SEEN.

i

int waitForStart() {
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output_high{(PIN_B6);
white (1) {
if INTCON.INTF) {
set_ricc(256-IRDA_STARTBIT_TICS);
INTCON.TOIF = 0;
INTCON.INTF = 0;
output_low(PIN_B6);
return IRDA_SEEN;
¥ else if (kbhit()) {
output_low(PIN_B6);
return RS§232_SEEN;
}
}
'

void main() {
set_tris_a(0x00); // all outputs
set_tris b(IRDA_TRIS);

output_low(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2);
output_low(PIN_A3);
output_low(PIN_A4);

setup_counters(RTCC _INTERNAL, RTCC _DIV_4);

RED LED ON; // reality check at startup
delay_ms(1000);

RED LED _OFF;

ext_int_edge(H_TO_L); // watch for leading edge of IR pulse

printf("Decoding the remote control V1.1\r\n");

while (1) {
if (waitForStart() == IRDA_SEEN) {
putRS232Buf(getIRDABuf());
}else {
putlRDABuf{getRS232Buf());
}
}
}
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Appendix D: PICI6F844 C language coding for Figure 4.3

#include <16F84A .h>
#use delay(clock=10000000)

#fuses hs,nowdt
int a;

void main(}

{
loopl:
a= input(PIN_BO0);

if(a==1)

{
do

output_high(PIN_B3);

3
while(linput(PIN_B0));
goto loopl;

}

ifat=1)

output_low(PIN_B3);
goto loopl;

3
}
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Appendix E: Gantt Charts

52




€S

suorsstugns Jodsy

§52201d

Moday] WSU] JO UOISSTWnS

UGIIeIuasald [81()

Pel( [eur] Modey WHMU] Jo uoIssImgng

NIO M AJOJEIOQET/[EOTIORI]-

onuru0o jioam joolorg

woday $821501 JO UOISSTIIQNG

10 Kiojeioqe ]/ [eonovid-

SIMBIA/A0TRI] Y-

yiom 109fo1g

uoday] Areuruijaid Jo uolssiugqng

£

Suruueyd 100fo1d-

2INJEIA/SATUI0J0] JO IS ]-

aAnRRlqO-

uoonponul-

NIOA) YoTeasay] AIBUTUII[oId

Spuapn;e 0} uucwmmmu ardo H..

o1do] esodoig-

ordo] j0afoag o UOIPARS

]

£1

(4}

1)

01

14 £

AWM /TERJ

oN

1of0ad 183 X [BUL] 13]SOWAS 7 JO J13)SIUIAG JSAT] ) 03 }1Rd Jjues)




125

suorssiugns poday

$E3001J

uonELIsssi(] 10olold Jo uoissImgng

uoneuasald [el)

I [BUL] UOIIRMISSSI(] JO UDISSIIqNG

yiop Alojeroge/eonorld-

anuRuod y1om j0afoig

Z wodsy] 55215014 JO HOISSIUANS

jom A10jeroqeT/eonoeid-

anunuo) Yo 103f01g

I 1oday ssarfold Jo uoissiugng

NIOA AJOIRIOqEI/1RonoeL]-

anurjuoy) JioA wefoig

4!

€1

a

11

01

NI /TTeRd

“ON

1afoa ] 183 X [eUl F3)SPWDG 7 JO IS PU0dIS 1) 10J JIEYI JULS)



Appendix F: Data sheets

55



SHARP

IS1U60/IS1U60L

1S1U60/1S1U60L

M Features
1. 1-package design owing to adoption of OPIC

2. Compact
{Volume : About 1/8 compared with GP1US8X)

3. B.P.F. (Band Pass Frequency) : (TYP. 38kHz)
4. Aspherical lens

H Applications

1. Audio equipment
2. Cameras

B Absolute Maximum Ratings (Ta=25"C)
Parameter Symbol | Rating Unit
Supply voltage Ve Oto 6.0 \i
"{Operating temperature Topr | - 10te +60 °C
Storage temperature Tag | -20t0 +70 C
“?Soldering temperature T sal 260 °C
*] No dew condensation is allowed.
*2 For § seconds
-
f 4.2mm

oo
/A

/

Y

Soldering area

/

Soldering area

W Recommended Operating Conditions

Sensors with 1-Package Design
of Remote Control Detecting
Functions owing to OPIC

M Outline Dimensions (Unit : mm)
1S1U60
35 3.5
34134 29 36
g - O
< o
mall
uw [
[ E
0
a [
il e i
= o4ad ||l
I
2.1 15
2.54
@ Vour
@ GND
* Tolerance : = 0.2 @ Voo
IS1U60L
35 35
3.4 |34 29 36
o [m} 9=010 15
< / +— | ) f ] o
=23 DG
2 ' o k “'q:
0 o
o= = = —
(ORv.Re) s 8
241 15
152*10
D Vaur
2 GND
@ vee
* Toleranca:x 0.2

* "OPIC" (Optical [C) is a trademark of the SHARF Corporation.
An OPIC consists of & light-detecting element and sigral-progessing cireuit
integrated onto a single chip.

Recommengded

Parameter Symbol

Unit

Vee 4710 5.3

Operating supply voltage

 In the absence of confirmation by device spacification sheels, SHARP Lakes o responsibility for any defects that ocour in equipment using any of SHARF's devices, shown in calalogs,
data books, atc, Contact SHARP in order to ablain the latest version of the device spacification sheels before using any SHARP's device.”




SHARP IS1U60/1S1UB0L

M Electrical Characteristics (Ta=25°C, Ve =+5V)
Parameter Symbol Conditions MIN., | TYP. | MAX. [ Unit
Dissipation current lecc No input light - 2.8 4.5 mA
High level output voltage Von *3, Output terminal OPEN Viee- 02 - - v
Low level output voltage VoL *3, %4 - 0.45 0.6 v
High level pulse width T *3 400 - 200 ps
Low {evel pulse width T2 400 - 300 s
B.P.F, center frequency fo ) - 38 - kHz
Linear ultimate distance L $,0=0,E: < 101Ix 5.0 - - m
Linear ultimate distance L g :i %(5)' ((g : 8 % Ee< 101x 3.0 - - m

*2 The burst wave as shown in the follewing figure shall be transmitted.
*4 Pull-up resistance : 2.2kQ2
*5 By SHARP transmitter

fo= 38kHz, Duty 50%
Transmission
signal
__ 600ps 600ps
Qutput
Ta Ty

W Internal Block Diagram

Limiter

7Y




SHARP

1S1U60/1S1U6G0L

N Performance

Using the transmitter shown in Fig. 1, the output signal of the light detecting unit is good enough to meet the fallowing items in the standard optical system in Fig, 2.

(1) Linear reception distance characteristics
When L=0.2 10 5 m, Ee < [0 Ix { *4) and ¢ =0" in Fig. 2, the output signal shall meet the electrical characteristics in the attached list.

(2) Sensitivity angle reception distance characteristics
When L=0.2 to 3 m, Ee < [0 1x ( *4) and ¢<= 30 ° in the direction X and @ =0" in the direction Y in Fig. 2,
the output signal shall meet the electrical characteristics in the attached st Further, the electrical characteristics shall be met
when L=0.2 to 5 m, Ee < 10 Ix (*4) and ¢ =0"in the direction X and <= 15" in the direction Y.

*4 [t refers to detector face illuminance,

20cm
]
-_—1—’\/\/\/—°+5V
a ™
71— 1% 73
[-% -

Transmitier (GL521 used)

Duty 50%
o= 38kHy ¢ @
=4

Oscillescope

Fig. 1 Transmitter

In the above figure, the transmitter should be set so that the output Vout can be 40mVe ..
However, the PD49PE io be used here should be of the short-circuit current Isc=2.6 4 A at Ev=100 Ix,

(Ev is an illuminance by CIE standard light source A (fungsten lamp).)

Direction Y

“\
Nl

External disturbing light
detector face illuminance : Ee

1

Reception distance : L

Transmitter ¢ : Direction X
0 : Direction Y

Fig. 2 Standard optical system

Direction X «




SHARP - 181U60/IS1UB0OL

Fig. 1 B.P.F, Frequency Characteristics (TYP.) Fig. 2 Sensitivity Angle (Direction X)
Characteristics (TYP.} for Reference
- 20° - 19" 0 16° 20
= FA
: A\
g A\
£ \
: [ 1
2 / \\
=
= // M
/4
20 30 40 50 60
Carrier fraquency (kHz) Angular displacement ¢
Fig. 3 Sensitivity Angle (Direction Y) Fig. 4 Relative Reception Distance vs. Ambient
Characteristics (TYP.) for Reference Temperature (TYP.) for Reference
220 o100 0 10 20° 120
- 30" — 30
é g 160 ~
5 A S N\
8 g
. 8 . 2 N
- 40 '3 40 -g -
% g
-50° 3 sv 8 i [ ]
B g 40 Unit SHARP
60" B 60° B | standard transmitter
s ) & | ;;6 20 Relative comparison with reception
- 70 v distance st Vec=5Vi¢ =0, Ee <10 1x
- 80 80° i and To=25 °C taken as 100%
1 ] I} 1 1 1
-9 . 90* Y@ % o0 m 4 & 5 1o
Angular displacement § Ambient temperature Ta ("C)
Fig. 5 AEHA {Japan Association of Electrical Home Appliances)
Code Pulse Width Characteristics (1st Bit) {TYP.) for Reference
ke : (Conditions)
600 /’ : -
[~ Low level pulse width [:I—-[:!
500 [ [~ < Unit AEHA code generating transmitier
> ™~
2 400
% / Vee=5V, Ta=RT, ¢ =0° ,Ee< 10k
00— e
-E"’ // High level pulse width .
L}
WP 1st bit
100 = T= 430ps
0
0 1 2 3 4 5 6 7 %8 9 10

Reception distance {m)




SHARP IS1U60/1IS1U60L

Fig. 6 Spectral Sensitivity for Reference

100
1a=25°C A

) A
/ \

70

60

I
50 I
A
I
1
1

4

30

Relative sensitivity (%a)

20

10

0
500 600 100 800 960 1000 1100

Wavelength A (nm}

B Precautions for Operation

(1) Use the light emitting unit (remote control transmitter}, in consideration of performance, characteristics, operating conditions of
light emitting device and the characteristics of the light detecting unit.
(2) Pay attention to a malfuaction of the light detecting unit when the surface is stained with dust and refuse.
Care must be taken not to touch the light detector surface,
» Conduct cleaning as follows.
{3) Cleaning
Solvent dip cleaning : Solvent temperature of 45 “C max., dipping time : Within 3 minutes
Ultrasonic cleaning : Elements are affected differently depending on the size of cleaning bath, ultrasonic output, time,
size of PWB and mounting method of clements.
Conduct trial cleaning on actual operating conditions in advance to make sure that no problem results.
* Use the following solvents only.
Solvents : Ethyl atcohol, methyl alcohol or isopropyl alcohol
(4) To avoid the electrostatic breakdown of IC, handle the unit under the condition of grounding with human body, soldering iron, ete.
{5) Do not apply unnecessary force to the terminal.
(6) Example of recommended external circuit (mount outer mounting parts near the sensor as much as possible.)

Ri1
Vee _L ANNN— o Ve
+ " N
Ci (Circuit constant)

_ Ri = 47Q +5%
- D
— GN o= ATF

151U60 GND

Vouj o Vout




‘OTOROLA
:MICONDUCTOR TECHNICAL DATA

Order this document
by 1N4001/D

Xxial Lead
tandard Recovery Rectifiers

“his data sheet provides information on subminiature size, axial lead
unted rectiflers for general-purpose low—power applications.

chanical Characteristics

Case: Epoxy, Molded

Weight: 0.4 gram (approximately)

Finish: All External Surfaces Corrosion Resistant and Terminal Leads are
Readily Solderable

Lead and Mounting Surface Temperature for Soldering Purposes:

220°C Max. for 10 Seconds, 1/16” from case

Shipped in plastic bags, 1000 per bag.

Available Tape and Reeled, 5000 per reel, by adding a “RL" suffix to the
part number

Polarity: Cathode Indicated by Polarity Band

Marking: 1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

1N4001
thru
1N4007

1N4004 and 1N4007 are
Motorcla Preferred Devices

LEAD MOUNTED
RECTIFIERS
50-1000 VOLTS
DIFFUSED JUNCTION

CASE 59-03
DO-41
WXIMUM RATINGS
Rating Symbol | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4DOS | 1N4006 | 1N4007 | Unit
2eak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 60 120 240 480 720 1000 1200 Volts
(halfwave, single phase, 60 Hz)
IMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Voits
verage Rectified Forward Current o 1.0 Amp
{single phase, resistive load,
60 Hz, see Figure 8, Ta = 75°C)
Non-Repetitive Peak Surge Current IFsM 30 (for 1 cycle) Amp
(surge applied at rated load
conditions, see Figure 2}
iperating and Storage Junction T) — 6510 +175 °C
Temperature Range Tstg
ECTRICAL CHARACTERISTICS*
Rating Symbgol Typ Max Unit
laximum Instantaneous Forward Veltage Drop vF 0.93 1.1 Volts
{ig = 1.0 Amp, T = 25°C) Figure 1
taximum Full-Cycle Average Forward Voltage Drop VF(aV) — 08 Volts
{lo = 1.0 Amp, Ty = 75°C, 1 inch leads}
faximum Reverse Current (rated dc voltage) R A
(T = 25°C) 0.05 10
{T)=100°C) 10 50
tlaximum Full-Cycle Average Reverse Current IR(AV) — 30 HA
(lp = 1.0 Amp, T = 75°C, 1 inch leads)

licates JEDEC Registered Data

ferred devices are Matorola recommended choices for future use and best overall value.

‘5

Jotorola, Inc. 1996

@ MOTOROLA




14001 thru 1N4007
PACKAGE DIMENSIONS

_'l l‘— B NOTES:

1. ALL RULES AND NOTES ASSOCIATED WITH
JEDEC DO-41 QUTLINE SHALL APPLY.

2. POLARITY DENOTED BY CATHODE BAND.
: 3. LEAD DIAMETER NOT CONTROLLED WITHIN £
DIMENSION.

MILLIMETERS INGHES
| DIM! MIN | MAX | MIN | MAX
A} 407 | 520 ) 0160 | 0.205
Bt 204} 271 | 0080 } 0107
D
3
K

fe—— =
'I1
r—

=

0.1 086 | 0028
— 1.27 = | 0.060

b _f 21.54 —.].1100 —
E

-— =
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hilips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

EATURES

Hermetically sealed leaded glass
S0D27 (DO-35) package

High switching speed: max. 4 ns
General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 100 V

Repetitive peak forward current;
max. 450 mA,

PPLICATIONS
High-speed switching.

IMITING VALUES

DESCRIPTION

The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27

(DO-35) packages.

MAM246

The diodes are type brandad.

Fig.1 Simplified outline (S0D27, DO-35) and symbol.

1 accordance with the Absolute Maximum Rating System (IEC 60134).

SYMBOL PARAMETER CONDITIONS MiN. MAX. UNIT
/RRM repetitive peak reverse voltage - 100 v
/r continuous reverse voitage - 75 \'
F continuous forward current see Fig.2; note 1 - 200 mA
FRM repetitive peak forward current - 450 mA
FSM non-repetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4

t=1pus - 4 A

t=1ms - 1 A

t=1s - 0.5 A
ot total power dissipation Tamp = 25 °C; note 1 - 500 mW
Tetg storage temperature -65 +200 °C
M junction temperature - 200 °C
ote

Device mounted on an FR4 printed circuit-board; lead length 10 mm.

002 Jan 23




hilips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

LECTRICAL CHARACTERISTICS
= 25 °C unless otherwise specified.

3YMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
r forward voltage see Fig.3
1N4148 If =10 mA - 1 A
1N4448 Ig =5 mA 0.62 072 A
lg = 100 mA - 1 A
2 reverse current Vg =20V; see Fig.5 25 nA
Vr=20V, T, =150 °C; see Fig.5 |- 50 pA
2 reverse current; 1N4448 Vr=20V; T;= 100 °C; see Fig.5 |- 3 HA
> diode capacitance f=1 MHz; Vg = 0; see Fig.6 - 4 pF
- reverse recovery time when switched from Iz = 10 mAto |- 4 ns
Ir = 60 mA; R =100 Q;
measured at Iz = 1 mA; see Fig.7
T forward recovery voltage when switched from I = 50 mA; |- 25 v
=20 ns; see Fig.8
HERMAL CHARACTERISTICS
5YMBOL PARAMETER CONDITIONS VALUE | UNIT
dhjap thermal resistance from junction to tie-point | lead length 10 mm 240 K/W
Yhja thermal resistance from junction to ambient | lead length 10 mm; note 1 350 KW
ote

Device mounted on a printed circuit-board without metallization pad.

02 Jan 23




DISCRETE SEMICONDUCTORS

DATA SlH

=

=1

BC546; BC547
NPN general purpose transistors

Product specification
Supersedes data of 1997 Mar 04

IIIIIII

1999 Apr 15

PHILIPS



hilips Semiconductors Product specification
L

NPN general purpose transistors BC546; BC547
]
EATURES PINNING
Low current (max. 100 mA) PIN DESCRIPTION
Low voltage (max. 65 V). 1 emitter

2 base
PPLICATIONS 3 collector

General purpose switching and amplification.

ESCRIPTION 12 3
PN transistor in a TO-92; SOT54 plastic package. g 3 naf— 2
NP complements: BC556 and BC557. g S

1
MaM18Z

Fig.1 Simplified outline (TO-92; SOT54})

and symbol.
IMITING VALUES
accordance with the Absolute Maximum Rating System (IEC 134).

3YMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
‘cBo collector-base voltage open emitter

BCS546 - 80 v

BC547 - 50 Vv
fceo collector-emitter voltage open base

BC&46 - 65 v

BC547 - 45 v
/EBO emitter-base voltage open collector

BC546 - 6 v

BC547 - 6 v
5 coliector current {(DC}) - 100 mA
oM peak collector current - 200 mA
BM peak base current - 200 mA
ot total power dissipation Tamb < 25 °C; note 1 - 500 mw
sty storage temperature -65 +150 °C
b junction temperature : - 150 °C
"amb operating ambient temperature -65 +150 =C
ote

. Transistor mounted on an FR4 printed-circuit board.
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hilips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547

HERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
hja thermal resistance from junction to ambient note 1 0.25 K/imW
ote
Transistor mounted on an FR4 printed-circuit board.
HARACTERISTICS
= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
5BO collector cut-off current le=0;Veg=30V - - 15 nA
le=0; V=30V, Tj=150°C - - 5 WA
EBO emitter cut-off current le=0;Vgg=5V - - 100 nA
FE DC current gain lc=10pA Vge=5V,
BCS46A see Figs 2, 3and 4 _ a0 —
BC546B; BC547B - 150 -
BC547C - 270 -
DC current gain llg=2mA; Ve =5V,
BC546A see Figs 2, 3 and 4 110|180 |220
BC546B; BC547B 200 290 450
BC547C 420 520 800
BC547 110 - 800
BC546 110 - 450
/CEsat collector-emitter saturation Ic =10 mA; I = 0.5mA - 90 250 my
voltage Ic = 100 mA; lg = 5 mA - 200 600 |mV
/BEsat base-emitter saturation voltage | lc = 10 mA; Iz = 0.5 mA; note 1 - 700 - my
Ic = 100 mA; Ig = 5 mA, note 1 - 900 - mv
/se base-emitter voitage fc =2 mA; Vee =5 V; note 2 580 660 700 my
] lc =10 mA; VCE=5V - - 770 mV
Ze collector capacitance le=ig=0;Veg=10V;f=1MHz |- 1.5 - pF
e emitter capacitance {lg=ic=0;Veg =0.5V;f=1MHz |- b - pF
T transition frequency Ic = 10mA; Vee =5 V; £= 100 MHz | 100 - - MHz
: noise figure 1o =200 pA; Ve =5V, - 2 10 dB
Rg=2kQ; f=1kHz; B =200Hz
otes

Viesat decreases by about 1.7 mV/K with increasing temperature.
. Vge decreases by about 2 mV/K with increasing temperature.
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thilips Semi

conductors

Product specification

PNP medium power transistors

BC636; BC638; BC640

HERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
thja thermal resistance from junction to ambient | note 1 150 KW
lote
Transistor mounted on an FR4 printed-circuit board.
'HARACTERISTICS
j = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
cBO collector cut-off current le=0;Veg=-30V - -100 nA
lg=0;Vee=-30V; T;=150°C - -10 HA
EBO emitter cut-off current lc=0;Vegg=-5V - -100 nA
FE DC current gain Vee = -2V, see Fig.2
lg =-5 mA 63 -
lg = ~150 mA 63 250
Ig = -500 mA 40 -
DC current gain lc = -150 mA; Vcg = -2 V; see Fig.2
BC636-10 63 160
BCG36-16; BC638-16; BC640-16 100 250
VCEsat collector-emitter saturation voltage | I = —500 mA; Ig =-50 mA - -0.5 v
vBE base-emitter voltage le=-500 mA; Ve =2V - -1 Vv
T transition frequency I =50 mA; Ve = -5V, f= 100 MHz | 100 - MHz
hegq DC current gain ratio of the lic] =150 mA; Vel =2V - 1.6
fres complementary pairs

001 Oct 10




‘hilips Semiconductors . Product specification
L

PNP medium power transistors . BC636; BC638; BC640

‘EATURES PINNING
High current {max. 1 A) PIN DESCRIPTION
Low voltage (max. 80 V). 1 base
2 collector
[PPLICATIONS 3 emitter

Audio and video amplifiers.

IESCRIPTION 1 s 2
‘NP medium power transistor in a TO-92; SOT54 plastic 3 I — y
ackage. NPN complements: BC635, BC637 and BC639. == =

3

MAMZBS

Fig.1 Simplified outline (TO-92; SOT54)

and symbol.
IMITING VALUES
1 accordance with the Absolute Maximum Rating System {IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
JcBo collector-base voltage open emitter
BCo6368 - —45 v
BC638 - —60 \'
BC640 - ~100 v
fcEo collector-emitter voltage open base
BC&36 - —45 vV
BC638 - —60 v
BC640 - -80 v
JEBO emitter-base voltage open collector - -5 v
C collector current (DC) - -1 A
cM peak collector current - -1.5 A
BM peak base current - —200 mA
Zi0t total power dissipation Tamp < 25 °C; note 1 - 0.83 W
Mstg storage temperature -65 +150 °C
I junction temperature - 150 °C
Famb operating ambient temperature -65 +1580 °C
lote

. Transistor mounted on an FR4 printed-circuit board.
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MICROCHIP PIC1 6F8x

18-pin Flash/EEPROM 8-Bit Microcontrollers

Devices Included in this Data Sheet: Pin Diagrams

* PIC16FB3 PDIP, SOIC

+ PIC16F84 -,

+ PIC16CR83 RA2 w—»-[]e1 15[] =—= RA1

+ PIC16CR84 RA3 =—=[]2 17[] = RAD

» Extended voltage range devices available RA4TOCKI +—=[13 5 5 16[]+—OSCHCLKIN
(PIC186LF8X, PIC16LCREX}) MCIR —=[]4 O O 15[]— OSC2CLKOUT

High Performance RISC CPU Features: asor\lr:;:lé : § g :;g:::[;

+ Only 35 single word instructions to learn RB1 -—=[7 % 12[]+—= RB6

s Allinstructions single cycle except for program RB2 -—[] 8 111+ R85
branches which are two-cycle RE3 +—[]9 1001 =—RB4

« Operating speed: BC - 10 MHz clock input

DC - 400 ns instruction cycle

Special Microcontroller Features:

Program Data Data Max.
Device |Memory RAM |EEPROM |Freq » In-Circuit Serial Programming {ICSP™) - via two
(words) (bytes) | {bytes} | (MHz) pins (ROM devices support only Data EEPROM
PIC16F83 | 512 Flash 36 64 10 programming)
PIC16F84 1 K Flash 68 64 10 » Power-on Reset (POR)
PIC16CR83 | 512 ROM 6 64 10 « Power-up Timer (PWRT)
PIC16CR84 | K ROM 68 64 10 + Oscillator Start-up Timer (OST)
+ 14-bit wide instructions + Watchdog Timer (WDT) with its own on-chip RC
« B8-bit wide data path oscillator for reliable operation
« 15 special function hardware registers « Code-protection
+ Eight-level deep hardware stack + Power saving SLEEP mode
+ Direct, indirect and relative addressing modes + Selectable oscillator options
* Four interrupt sources: CMOS Flash/EEPROM Technology:
- External RBO/ INT pin + Low-power, high-speed technology
- TMRO timer overflow

+ Fully static design

* Wide operating voltage range:
- Commercial: 2.0V to 6.0V
- Industrial: 2.0V to 6.0V

» Low power consumption:

- PORTB<7:4> interrupt on change
- Data EEPROM write complete

» 1000 erase/write cycles Flash program memory
+ 10,000,000 erasefwrite cycles EEPROM data mem-

ory '
+ EEPROM Data Retention > 40 - < 2 mA typical @ 5V, 4 MHz

E. P ata Retention years - 15 pA typical @ 2V, 32 kHz
Peripheral Features: - <1 pA typical standby current @ 2V

+ 13 /O pins with individual direction control

* High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 20 mA source max. per pin

+ TMRO: 8-hit timer/counter with 8-bit
programmable prescaler

© 1998 Microchip Technology Inc. DS30430C-page 1




PIC Mini Data Sheets

PIC16C5x

PIC168C5x Pin-Outs

The following diagrams show the 18-pin and 28-pin PIC16C5x pin-outs:

PIC16C54, -56, -58 PIC16CSS5, -57
Ly ~ —
Ra2 1 18 [ RA1 Rree [ 1 28 [1 MCLR
raal 2z 17 [ Rao vad ] 2 27 [1 osc1
rrec []3 16 [ pset we s 28 [1 osSCHCLKOUT
WER [ s 15 [] osCcuCLKOUT ves [ 4 25 [1 Re?
vea[]5 14 [ vaa ne [ s 24 [1 ROS
reo [ & 13 [1RB7 rae [ 6 23 [1 Res
re1[]7 12[1res rRa1 [ 7 22 [1 RC4
rez 8 11 [1RES rRaz[]s 21 1 Rea
re3[ls 10[Ros a3 ] o 20 [1 RC2
REC [] 10 19 [ ret
POIP RE1 [ 1 16 [ RCO
CERDIP rez [ 12 17 [1 RBT7
soI¢ re3 [ 13 16 [ RBs
Re4 [ 14 15 [ RES
PDIP
CERDIP
S0IC
" Pin Function
RAO - RA3 11O Port A
RBO - RB7 /O Port B
RCO-RC7 I/0 Port C {only on 28-pin PIC’s)
RTCC Real-time clockfcounter input
MCLR Master clear (reset)
0SsCi Oscillator input
OSC2/CLKOUT Oscillator output (OSC/4)
vdd Power supply
Vss Ground
N/C No connection

TechTools ¢« PIC Mini Data Sheets + Page 5
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PIC16C5x

NC16C5x Microcontrollers

‘he table below shows the various PIC16C5x devices available:

PART # ERASE (E)JFROM RAM O SUPPLY 0sC. FREQ.
PIC16C54-RCIP No s12x12 | 32x8 | 12 |3.00-625v| RG DG - 4 MHz
PIC16C54-XT/P No 512x12 | 32x8 | 12 |3.00-626V| XTAL DC - 4 MHz
PIC16C54-HS/P No 512x12 | 32x8 | 12 |450-550V| XTAL DC - 20 MHz
PIC16C54-LPIP No S12x12 | 32x8 | 12 |250-6.25V| XTAL DC - 40 kHz
PIC16C54/IW Yes 512x12 | 32x8 | 12 |3.00-550V| RCXFTAL [ DC-20MHz
PIC16C55-RCIP No §12x12 | 32x8 | 20 |3.00-625V| RC DC - 4 MHz
PIC16C55-XT/P No 5t2x12 | 32x8 | 20 |300-626V| XTAL DC - 4 MHz
PIC16C55-HSIP No 512x12 | 32x8 | 20 |4850-550V| XTAL 0C - 20 MHz
PIC16CE5-LP/P No 512x12 | 32x8 | 20 ]250-6.25V| XTAL DC - 40 kHz
PIC18C55/JW Yes 512x12 | 32x8 | 20 [3.00-550v| RCXTAL [ DC-20MHz
PIC16C56-RC/IP No 1Kx12 | 32x8 | 12 [3.00-825v| RC 5C - 4 MHz
PIC16CE6-XT/P No 1Kx12 | 32x8 | 12 |3.00-6.25v| XTAL DC - 4 MHz
PIC16C56-HS/P Mo 1Kx12 | 32x8 | 12 [480-550V| XTAL DC - 20 MHz
PIC16C56-LPIP No 1Kx12 | 32x8 | 12 [250-825V| XTAL DG - 40 kHz
PIC18CSBIW Yas 1Kx12 | 32x8 | 12 |3.00-550V| RCXTAL | DC-20MHz
PIC16C57-RC/P No 2Kx12 | 80xB | 20 |300-625V} RC BC - 4 MHz
PIC16CS7-XT/P No 2Kx12 | 80x8 | 20 |300-625V| XTAL DC - 4 MHz
PIC16C57-HSIP No 2Kx12 | 80x8 | 20 |450-550V| XTAL DC - 20 MHz
PIC16C57-LPP No 2Kx12 | 80xB | 20 |250-6.25V| XTAL DC - 40 kHz
PIC16C57/1W Yes 2Kx12 | 80x8 | 20 |3.00-550V} RCXTAL | DC-20 MHz
PIC16LCS8A-04/P | No 2Kx12 | 80x8 | 12 |250-625V] RCXTAL | DC-4MHz
PIC16C58A-04/P No 2Kx12 | 80x8 | 12 |3.00-625v] XTAL DC - 4 MHz
PIC16C58A-20/P No 2Kx12 | 80x8 | 12 |3.00-825V| XTAL DC - 20 MHz
PIC1BCSBAIW Yes 2Kx12 | 80x8 | 12 |3.00-625V| RCXTAL | DC-20 Msz

>eripheral Features
n addition to the obvious features shown above, the PIC's have a

wmber of not-so-obvious features and qualities that are important:

» Fully static operation, allowing you to stop the oscillator and then
restart where you left off, with all registers intact. This is useful in

applications where power conservation is important.

» Individual 1/O pins are programmable as inputs or outputs.
Sink current: 25 mA per pin, 50 mA per port
Saource current: 20 mA per pin, 40 mA per port

« 2-level hardware stack.

>age 6 + PIC Mini Data Sheets « TechTools




PIC16C5x

PIC Mini Data Sheets

= Real-Time Clock/Counter (RTCC). The RTCC is an 8-bit counter,

which can be driven by the RTCC pin or by the PIC’s internal
instruction clock (OSC/4). If the external pin is used, the counter
can be set to increment on low-to-high or high-to-low transitions.

Normally, the RTCC is driven directly by either source. For higher
count values, though, the prescaler can be used to effectively
increase the RTCC to 16 bits.

The RTCC signal source and trigger edge are determined by bits
in the Option register (see next section for register descriptions).

See the Microchip PIC16C5x data sheet for details concerning
timing characteristics for the RTCC’s external input.

Watchdog Timer (WDT). When enabled, the watchdog timer is
used to reset the PIC if the program has “crashed.” Normally, a
CLR WDT instruction in the main loop of your program would
prevent the watchdog timer from ever timing out and resetting the
PIC. However, if the program was not executing properly, the
watchdog timer would reset the PIC. '

The watchdog timer works from an internal oscillator, allowing it to
run even if the PIC’s main oscillator has stopped. The watchdog
timer's normal time-out period is 18 ms, but can be increased to
several seconds by using the post-scaler.

Prescaler/Post-scaler. This 8-bit counter can be assigned to the
RTCC (as a prescaler) or the watchdog timer (as a post-scaler).
For simplicity, this counter is normally referred to as the “prescaler,”
even when it's used as a post-scaler.

When assigned to the RTCC, the prescaler is placed between the
RTCC and its clock source. The clock signal which would normally
incrementthe RTCC, increments the prescaler. Whenthe prescaler
overflows, the RTCC Is incremented. Increment ratios from 1:2 -
1:256 can be used, effectively giving you a 16-bit RTCC.

When assigned to the watchdog timer, the prescaler is placed
between the watchdog timer and the PIC’s reset circuit. The
watchdog timer signal which would normally reset the PIC,

TechTools « PIC Mini Data Sheets « Page 7
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increments the prescaler. When the prescaler overflows, the PIC
is reset. Delay ratios from 1:1 - 1:128 can be used, allowing the
watchdog period to be set from 18 ms to several seconds.

The prescaler setup is determined by bits in the Option register
(see the next section for register descriptions).

« Code-protect fuse. This is a special fuse that can be blown during
programming; once the fuse is blown, the PIC’s EPROM cannot
be read.

* Power saving sleep mode. For applications where iow power
consumption is important, the PIC has a sleep mode. This mode
is entered by executing a SLEEP instruction, which shuts down
the oscillator. I/O pins maintain whatever state they had when the
sleep mode was entered.

To awaken the PIC from sleep mode, a reset must be performed,
either from the MCLR pin or from a watchdog timer time-out.

Once the PIC is running, the “PD" and “TO" bits in the Status
register can be read to determine 1) ifthe PIC was powered up or
awakened from sleep, and 2) if the wake-up was caused by an
external reset or by the watchdog timer.

+ Programmable oscillator type. The PIC can run with any of four
oscillator types, as shown below:

LP: Low power crystal (DC - 40 KHz)

RC: Resistor & capacitor  (DC-4MHz, £ 13-39 percent)
XT: Crystal or rescnator (100 KHz - 4 MHz)

HS: High speed crystal (4 -20 MHz)

The oscillator type is determined by two EPROM bits, which are
normally programmed at the factory. The RC and erasable PIC's,
however, can be user-programmed for any of the oscillator types.
Keep in mind, though, that RC-type PIC’s are only tested for use
with RC oscillators.

Page 8 ¢« PIC Mini Data Sheets « TechTools
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Internal Architecture

internally, the PIC is based on a register file concept with separate
busses and memories for data and instructions (sometimes called
“Harvard architecture”). The data bus and memory (RAM) are 8-bits
wide, while the program bus and memory (EPROM) are 12-bits wide. All
PIC instructions and their operands fitinto a single 12-bit word, resulting
in smaller code and faster execution. PIC programs are typically 33-50
percent smaliler than programs written for 8-bit processors. And most
instructions execute in a single instruction cycle (4 clock cycles);
instructions that affect the program counter take an extra instruction
cycle, for a total of 8 clock cycles. To further increase speed, the PIC
uses overlapping instruction fetch and execution cycles; while one
instruction is executed, the following instruction is being read from
program memory. Because of its efficiency, the PIC can deliver 5 MIPS
execution with a clock frequency of 20 MHz.

PIC16C5x Registers
The following table shows the various PIC16C5x registers; the function
of each register is described in the following pages.

Register Function
0Ch Indirect addressing register
01h Real-time clock/counter (RTCC)
02h Program counter (PC)
- Stack registers (2)
03h Status register
04h File select register (FSR)
05h IfO Port A
06h i/O Port B
07h /O Port C
- TRISA
- TRISB
- TRISC
- W register
Option register

08h - OFh General purpose registers
10h - 1Fh General purpose registers (4 banks in PIC16C57)

TechTools + PIC Mini Data Sheets » Page 9
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10h
J1h
12h
13h
4h
I5h
15h
I7h
18h

Fh
Oh

Fh

BANK 0

BANK 1*

W register

Stack (2)

Option register

TRISA

TRISB

TRISC

Indirect addr.

RTCC

PC

STATUS

FSR

PORT A

PORT B

PORTC

8
general
purpose
registers

(RAM)

BANK 2*

16
general
purpose
registers

{(RAM)

30h
16
general
purpose
registers
(RAM)*
3Fh

50h
16
general
purpose
registers
(RAM)*
5Fh

BANK 3*

70h
16
general
purpose
registers
(RAM)*
7Fh

(00h - 1Fh)

(20h - 3Fh)*

(40h - 5Fh)*

(60h - TFh)*

* Available on PIG16C57 oniy,
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The following text describes the function of each register. For some of
the registers, you'll notice the designation “xxh” following the register
name. This indicates the address of the register. Registers with no
address cannot be addressed directly.

+ Indirect Addressing Register (00h). This register doesn’t actually
exist. Naming register 00hin an instruction causes the PIC toread
the register pointed to by register 04h (file select register). For
example, the instruction “ADD 00h, #05" will nof add five {o
register 00h; instead, it will add five to whateverregisteris pointed
fo by the address in register 04h.

If register 00h itself is read through register 04h (04h contains
“00h"), G0h will be returned. If register OCh is written to through
register 04h, the PIC will execute a NOP.

+ Real-Time Clock/Counter {O1h; RTCC). This is the location of the
RTCC (see previous section for a description). Although iis
contents may change in response to a clock signal, the RTCC
register may be read and written just as any other register.

« Program Counter (02h; PC). The program counter holds the
addrass forthe instruction currently being executed. The program
counter and its associated two-level stack are 9-11 bits wide,
depending on the EPROM size of the PIC being used.

Certain instructions affect the program cournter, as shown below:

GOTO (Microchip) and JMP (Parallax) load the lower 9 bits of
the program counter. In the PIC16C56 and '57, which have
more than 512 words of EPROM, the upper two biis of the
program counter are loaded with the page selectbits from the
status register. The Paralfaxinstruction setincludes a conve-
nientinstruction, LIMP, which sets the page select bits before
executing the jump.

CALL loads the lower 8 bits of the program counterand clears
the ninth bit. The program counter + 1 is pushed into the stack.
In the "56 and '57, the upper two bits of the program counter
are loaded with the page select bits from the status register.
The Parallax instruction set includes LCALL, which sets the
page select bits before executing the jump.
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RETLW (Microchip) and RETW (Parallax) load the program
counter with the address most recently pushed on the stack
by a CALL instruction.

Instructions which load a computed value into the program
counter, such as JMP PC+W, load the value into the lower 8
bits. The ninth bit of the program counter is cleared. In the
PIC16C56 and '57, the upper two bits of the program counter
are loaded with the page select bits from the status register.

ltshould be noted that because the ninth bit of the program counter
is cleared by CALL instructions and computed value instructions
{such as JMP PC+W), all subroutine calls and computed jumps
must have their destination in the first 256 locations of any page
{each page is 512 words).

As you may have noticed when reading the JMP and CALL
paragraphs above, the program counter may not be loaded as
expected when using a PiC with more than 512 words of EPROM.
This is because the upper two bits of the program counter are
loaded with the page select bits from the status register. if your
program continues into the second page of memory and executes
a JMP without having properly set the page select bits, execution
may jump to another page (probably not what you want). To avoid
this mistake, make sure to set the page select bits for the correct
page. Or, use the Parallax “long"instructions, which do this for you
(long instructions are LCALL, LUMP, and LSET).

« Stack. The stackis a pair of registers which are used for calling and
returning from subroutines. The stack is affected by two instruc-
tions:

When a CALL is executed, the first stack register is copied
into the second register, then the program counter + 1 (the
return address) is loaded into the first register. The original
contents of the second register are lost. Finally, the program
counter is loaded with the subroutine address, at which point
execution continues.
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When a RETLW (Microchip) or RETW (Parallax) is executed,
the first stack registeris copiedinto the program counter, then
the second register is copied into the first register. Execution
continues at the address loaded from the first stack register.

+ Status Register (03h). This register contains the status of the
PIC's arithmetic logic unit (ALU), the reset status, and the page
select bits for PIC’s with more than 512 words of EPROM.

The function of each bit in the status register is shown below:

Bit

Function

0

5-6

Carry bit (C). Set if an addition or subtraction causes
an overflow from the most significant bit of the result-
ant {bit 7). Subftraction is included because it's ex-
ecuted by adding the two’s complement.

Also used by rotate instructions, which rotate the
contents of a register and copy the low or high order
hit of the register into the carry bit.

Digit carry bit (DC). Set if an addition or subtraction
causes an overflow from the 4th low order bit (bit 3).
Digit carry indicates that more than one hex digit (4
bits) was necessary to accomodate the result.

Zero bit (Z). Set if the result of an arithmetic or logic
operation is zero.

Power-down bit (PD). Set during power-up or by a
CLRWDT (clearwatchdog) instruction. Cleared by a
SLEEP instruction.

Time-out bit (TO). Set during power-up, by CLR
WDT, orby SLEEP. Cleared by a watchdog time-out.

Page select bits (PAD, PA1). Inthe '54 and '55, these
are unused. In the '58, bit 5 selects program page 0
or 1 (bit 6 is unused). In the 57, both bits select page
0, 1, 2, or 3. Each page is 512 words long.
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Bit Function
7 Unused bit (PA2). Reserved by Microchip for future
use.

The following table shows how various events affect the
power-down and time-out bits:

Even:t PD TO

Power-up 1 1
Watchdog time-out X 0
SLEEP instruction 0 1
CLR WDT instruction 1 1

Lastly, this table shows the status of the power-down and
time-out bits after a reset:

Cause of Reset PD TO

Watchdog time-out (not during sleep) 1
Watchdog time-out {during sleep) 0
External reset (not during sleep) X
External reset (during sleep) 0
Normal power-up 1

= axX OO0

+ File Select Register {04h: FSR). This register serves a dual
purpose: it selects the register for indirect addressing, and it
selects the current register bank in the PIC16C57.

In all PIC16C5x devices, bits 0-4 select one of 32 registers in the
current bank (only the '57 has more than one bank).

In the PIC16C57, bits 5-6 select one of four register banks. Each
bank has 32 registers. However, reading or writing the lower 16
registérs in any bank will access registers 00h - 0Fh (bank 0). Only
the upper 16 registers in each bank are unique. This results inone
bank of 32 registers, plus three banks of 16 registers, for a total of
80 registers.
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The following table shows the function of each FSR bit:

Bit Function

0-4 Available in all PIC’s; select one of 32 registers in the
~ current bank (only the '57 has more than 1 bank).

5-6 PIC16C57 only; select one of four register banks.
7 Read-only bit; always reads as “1". E

This table shows the registers available in the various PIC's:

Registers  Description

00h -07h  Special registers, bank 0 (RTCC, PC, etc.)

08h -0Fh  General purpose registers, bank 0
10h - 1Fh  General purpose registers, upper half of bank 0
End of register memory in '54, '55, and '56.

20h -2Fh  Reads/writes registers 00h - OFh

30h-3Fh  General purpose registers, upper half of bank 1
40h - 4Fh  Reads/writes registers 00h - OFh

50h -5Fh  General purpose registers, upper half of bank 2
60h -6Fh  Reads/writes registers 00h - OFh

70h-7Fh  General purpose registers, upper half of bank 3

The register selected in the FSR can be accessed in the indirect
addressing mode (see description ofindirect addressing register,
earlier in.this section).

In the PIC16C57, all registers can be accessed through indirect
addressing. However, to access registers above 1Fh using direct
instructions, you must set the page select bits (5-6) to the
appropriate page, then read or write the corresponding register in
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bank 0. For instance, to load register 30h with #A5h, you would
execute the following instructions;

MOV 04h,#00100000b 1Select bank 1

MOV  10h, #A5h ;Load register 10h in
7Pank 1 (register 30h)
;with #Ash

« /O Port A (05h: RA or Port A). 4-bit I/O port. This register is used
to read and write /O Port A. This register can be read and written
just as any otherregister. However, read instructions always read
the /O pins, regardless of whether the pins are programmed as
inputs or outpuis.

The upper 4 bits are unused and read as 0's.
* /O Port B (06h: RB or Port B). 8-bit /O port.

» |/Q Port C (07h: RC or Port C}. 8-hit /O port, only available on 28-
pin PIC's. On 18-pin PIC’s, this register can be used for storage.

= TRISA (TRI-State A). This is the data direction register for Port A.
Bits in this register which are set to “1” cause the corresponding
bits in Port A to become inputs (the pins go into high impendence
mode, allowing them fo be driven by an external source). Bits
which are cleared fo "0” cause the corresponding bits in Port A to
become outputs.

The data direction registers are not directly addressable; to
change their contents, you can use either of these instructions:

TRIS port fr {Microchip) Copies W into
the data direction register
for port_fr, where port_fris
05h-07h.

MOV !port_fr,#literal (Parallax)Copies literalinto
the data direction register
for port_fr, where port_fris
05h-07h.
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» TRISB. Data direction register for Port B.
+ TRISC. Data direction register for Port C.

» W (working register). The W register holds the second operand in
two-operand instructions and is used in internal data transfer;
much like the “accumulater” in other processors.

+ Option Register. This register defines the prescalerratio, prescaler
assignment, RTCC trigger edge, and RTCC signal source. The
function of each bit in the option register is shown below:

Bit Function

0-2 Prescaler ratio. These 3 bits determine the prascaler
input-to-output ratio. When using the prescaler with
the RTCC, the seven possible ratios are 1:2, 1:4, 1:8,
1:16, 1:32, 1:64, 1:128, 1:256. When using the
prescaler with the watchdog timer, the ratios are 1:1,
1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128.

For example, let's say that the prescaler is assigned
to the watchdog timer. To increase the watchdog
time-out period to 64 times its normal length, the
prescaler ratio would be set to 110b; this yields a
watchdog period of approx. 1 second (64 x 18 ms).

3 Prescaler assignment. This bit determines whether
the prescaler is assigned to the RTCC {*0”) or to the
watchdog timer ("17).

4 RTCC trigger edge. This bit determines whether the
RTCC increments on a low-to-high (“0") or high-to-
low (“1”) transition on the RTCC pin.

5 RTCC signal source. This bit determines whether the
RTCC is driven by the PIC's internal instruction clock
{“0") or by the RTCC pin (*1").

» General purpose registers. These registers may be used by your
program for storage of variables, data, etc.
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Remote control transmitter SAA3004

1

GENERAL DESCRIPTION

The SAA3004 transmitter |G is designed for infrared remaote control systems. It has a total of 448 commands which are
divided into 7 sub-system groups with 64 commands each. The sub-system code may be selected by a press button,
a slider switch or hard wired.

The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance coded. The pulses
are infrared flashes or modulated. The transmission mode is defined In conjunction with the sub-system address.
Madulated pulses allow receivers with narrow-band preamplifiers for improved noise rejection to be used. Flashed pulses
require a wide-band preamplifier within the receiver.

The SAA3004 has the following features:

¢ Flashed or modulated transmission

» 7 sub-system addresses

¢ Up to 64 commands per sub-system address

+ High-current remote output at Vpp = 8 V (-loy = 40 mA)
Low number of additional components

e Key release detection by toggle bits

Very low stand-by current {< 2 pA)

¢ Operational current < 2 mA at 6 V supply

Wide supply voltage range (4 to 11 V)

« Ceramic resonator controlled frequency {typ. 450 kHz)
Encapsulation: 20-lead plastic DIL or 20-lead plastic mini-pack (S0-20)

PACKAGE OUTLINES
SAA3004P: 20-lead DIL; plastic (SOT146); SOT146-1; 1996 December 11.
SAA3004T: 20-lead mini-pack; plastic (8020; SOT163A); SOT163-1; 1996 December 11.
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Remote control transmitter : SAA3004
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Fig.1 Transmitter with SAA3004.
INPUTS AND OUTPUTS

Key matrix inputs and outputs (DRVON to DRVEN and SENON to SENGN)

The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 7 sense inputs as
shown in Fig.1. The driver outputs DRVON to DRVEN are open drain N-channel transistors and they are conductive in
the stand-by mode. The 7 sense inputs (SENON to SEN6EN) enable the generation of 56 command codes.

With 2 external diodes all 84 commands are addressable. The sense inputs have P-channel pull-up transistors, so that
they are HIGH until they are pulled LOW by connecting them to an output via a key depression to initiate a code
transmission.

Address mode input (ADRM)

The sub-system address and the transmission mode are defined by connecting the ADRM input to one or more driver
outputs (DRVON to DRVEN) of the key matrix. If more than one driver is connected to ADRM, they must be decoupled
by a diode. This allows the definition of seven sub-system addresses as shown in Table 3. If driver DRV6N is connected
to ADRM the data output format of REMO is modulated or if not connected, flashed.

The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down device is active.
Whether ADRM is open (sub-system address 0, flashed mode) or connected to the driver outputs, this input is LOW and
will not cause unwanted dissipation. When the transmitter becomes active by pressing a key, the pull-down device is
switched off and the pull-up device is switched on, so that the applied driver signals are sensed for the decoding of the
sub-system address and the mode of transmission.

The arrangement of the sub-system address coding is such that only the driver DRVNN with the highest number (n)
defines the sub-system address, e.g. if driver DRV2N and DRV4N are connected to ADRM, only DRV4N will define the
sub-system address. This option can be used in transmitters for more than one sub-system address. The transmitter may
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be hard-wired for sub-system address 2 by connecting DRV1N to ADRM. If now DRV3N is added to ADRM by a key or
a swilch, the transmitted sub-system address changes to 4.

A change of the sub-system address will not start a transmission.

Remote control signal output (REMO)

The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter—follower allows a high output
current. The timing of the data output format is listed in Tables 1 and 2.

The information is defined by the distance t, between the leading edges of the flashed pulses or the first edge of the
modulated pulses (see Fig.3).

The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word starts with two
toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, S1 and S0, and six bits F, E, D, C,
B and A, which are defined by the selected key.

in the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit (REF). This can
be used as a reference time for the decoding sequence.

The toggle bits function as an indication for the decoder that the next instruction has to be considered as a new
command.

The codes for the sub—-system address and the selected key are given in Tables 3 and 4.

Oscillator inputfoutput (OSCl and OSCO)

The external components must be connected to these pins when using an oscillator with a ceramic resonator,
The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator.

FUNCTIONAL DESCRIPTION
Keyboard operation

In the stand-by mode all drivers (DRVON to DRVBN} are on. Whenever a key is pressed, one or more of the sense inputs
{SENNN) are tied to ground. This will start the power-up sequence. First the oscillator is activated and after the debounce
time tpg (see Fig.4) the output drivers (DRVON to DRVEN) become active successively.

Within the first scan cycle the transmission mode, the applied sub-system address and the selected command code are
sensed and loaded into an internal data latch. In contradiction to the command code the sub-system address is sensed
only within the first scan cycle. If the applied sub-system address is changed while the command key is pressed, the
transmitted sub-system address is not altered.

in a multiple key-stroke sequence {see Fig.5) the command code is always altered in accordance with the sensed key.

Multiple key-stroke protection

The keyboard is protected against multiple key-strokes. [f more than one key is pressed at the same time, the circuit will
not generate a new output at REMO (see Fig.5). In case of a multiple key-stroke the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special structure of the keyboard matrix:

+ The keys switching to ground (code numbers 7, 15, 23, 31, 39, 47, 55 and 63) and the keys connected to SENSN and
SENBN are not covered completely by the multiple key protection. If one sense input is switched to ground, further
keys on the same sense line are ignored.

« SENS5N and SENBN are not protected against multiple key-stroke on the same driver line, because this condition has
been used for the definition of additional codes (code numbers 56 to 63).
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Output sequence {data format)

The output operation will start when the selected code is found. A burst of pulses, including the latched address and
command codes, is generated at the output REMO as long as a key is pressed. The format of the output pulse train is
given in Figs 2 and 3. The operation is terminated by releasing the key or if more than one key is pressed at the same
time. Once a sequence is started, the transmitted words will always be completed after the key is released.

The toggle bits TO and T1 are incremented if the key is released for a minimum time tgg (see Fig.4).
The toggle bits remain unchanged within a multiple key-stroke sequence.

| ‘W

H

ST R L
L d 1 d

bit T T0 52 81 S0 F E D [ B A T
data = 0 1 0 1 1] 1 ] 0 1 o Q

la}

tw |
H
newo I I | 1
L
bit REF TO 52 51 50 F E D c B A REF
dats — - 1 ] 1 0 1 0 0 1 3] o TZas875 -

REF = referance time; TO and T1 = toggle bits; $0, §1 and §2 = system address; A, B, C, D, E and F = command bits
{a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits (pulses are flashed).
{»)  modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 command bits {pulses are modulated),

Fig.2 Data format of REMO output; .

H
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| |4-tp
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H
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2L IR,
J MK
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[ 1Ay
(1) Flashed pulse.

(2) Modulated pulse (tpw = (5 X W)+ tyn.

1]

{

7Z8GET8

tPw

Fig.3 REMO output waveform.
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Table 1 Pulse trainftiming

mode To 4 M taL thiH tw
ms TE ns ps ps ms

flashed 2,53 8,8 - - - 121

modulated 2,53 - 26,4 17,6 8,8 121

fose 455 kHz tosc = 2,2 ps

tp 4 % tase flashed pulse width

tw 12 x tosc modulation period

taL 8 x tosc modulation period LOW

MK 4 % tosc modulation period HIGH

To 1152 x tpac basic unit of pulse distance

tw 55 296 x tose word distance

Table 2 Pulse train separation ()

code ty

logic “0” 2xT,

logic “1* 3xT,

reference time 3xTy

toggle bit time 2xToor3IxTy
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Table 3 Transmission mode and sub-system address selection

The sub-system address and the transmission mode are defined by connecting the ADRM input to one or more driver
outputs {DRVON to DRVEN) of the key matrix. If more than one driver is connected to ADRM, they must be decoupled
by a diode.

mode sub-system driver DRVnN
address forn=

# 82 S1 SO 0 1 2 3 4 5 6
F 0 |1 1 1
L 1 |0 0 0 0
A 2 |0 0 1 X o
S 3 |0 1 0 X X o
H 4 |0 1 1 X X X 0
E 5 |1 0 0 X X X X o
D 6 |1 0 1 X X X X X o
M
0 o i 1 1 o
D 1 10 0 0 0 o
U 2 |0 0 1 X o o
L 3 (0 1 0 X X o 0
A 4 [0 1 1 X X X 0 0
T 5 |1 o 0 X X X X o o
E 6 (1 ¢ 1 X X X X X o] (o]
D

Notes

1. © = connected to ADRM
2. blank = not connected to ADRM
3. X=dontcare
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Table 4 Key codes
matrix matrix code matrix
drive sense F E D c B A position
DRVON SENON 0 0 0 0 0 0 0
DRVIN SENON 0 0 0 0 0 1 1
DRV2N SENON 0 0] 0 0 1 0 2
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON 0 0 0 1 0 0 4
DRV5N SENON 0 0 0 1 0 1 5
DRVBN SENON 0 0 0 1 1 0 6
Vss SENON 0 0 0 1 1 1 7
note 1 SEN1IN 0 0 1 note 2 8to 15
note 1 SEN2N 0 1 0 note 2 16 to 23
note 1 SENS3N 0 1 1 note 2 24 1o 31
note 1 SEN4N 1 0 0 note 2 321039
note 1 SENSN 1 0 1 note 2 40 to 47
note 1 SENEN 1 1 0 note 2 48 to 55
SENSN
note 1 and 1 1 1 note 2 56 to 63
SENGEN
Notes

1. The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs SEN1N to

SENBN and the combined SEN5SN/SENGN.

2. The C, B and A codes are identical to SENON as given above.
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PINNING
1 REMO remote data output
2 SENGEN
3 SENSN
4 SEN4N
remo [ ] U [20] Voo 5 SEN3N key matrix sense inputs
seneN [ 2 | [12] pAven P SENZN
s 3 18] omven 7 |SENIN
senan 4] . [17] pRvan 8 SENON
sean 5 SAB3004 18] oavan 9 ADRM address mode controi input
senan [ | [15] pAvan 10 | Vss ground
sevon 7] 18] oA 11 |0scl _ oscillator input
senow 1 [13] orvon 12 |0SCo oscillator output
ApRM[9 | [12] osco 13 DRVON
vss (1] [ii] osc 14 |DRVIN
LoTzBser? 15 DRVZN
16 | DRV3N key matrix drive outputs
17 DRV4N
18 |DRVSN
Fig.6 Pinning diagram. 19 | DRVEN
20 |Vpp positive supply
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134}
Supply voltage range Voo -0,56to+15 Vv
Input voltage range v, -0,5 to Vpp +0,5 v
Qutput voltage range Vo -0,5to Vpp +0,5 v
D.C. current into any inpuf or output =3 max. 10 mA
Peak REMO output current
during 10 us; duty factor = 1% —lREMOM max. 300 mA
Power dissipation per package
for Tamp = —20 to +70 °C Piot max. 200 mw
Storage temperature range Tstg -55to +150 °C
Operating ambient tempeﬁature range Tamb -20t0 +70 °C
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CHARACTERISTICS
Vgg = 0V, Tamp = 25 °C; unless otherwise specified
PARAMETER Voo (V) SYMBOL MIN. TYP. MAX. UNIT
Supply voltage
Tamp = 0 to +70°C - Vpp 4 - 1" v
Supply current; active
fOSC = 455 kHz; 6 |DD - 1 - mA
REMO output unloaded 9 lop - 3 - mA
Supply current; inactive
(stand-by mode} 6 Ipo - - 2 PA
Tamp =25°C 9 Iop - - 2 pA
Oscillator frequency
(ceramic resonator) 40 11 fose 400 - 500 kHz
Keyboard matrix
Inputs SENON to SENEGN
Input voltage LOW 4to M Vi - - 0,2 x Vpp v
Input voltage HIGH 4to0 11 Vi 0.8 x Vpp - - \'
Input current 4 = 10 - 100 pA
Vi=0V 11 = 30 - 300 HA
Input leakage current
Vi=Vop 1" { - - 1 PA
Outputs DRVON to DRVEN
Cutput voltage "ON"
lg=0,1 mA 4 VoL - - 0,3 A
lo=1,0mA 11 VoL - w 0.5 Vv
Output current “OFF"
Vo=11V 11 lo - - 10 pA
Control input ADRM
Input voltage LOW - A" - - 0,8 xVpp v
Input voltage HIGH - Viy 0,2 xVpp - - Vv
Input current (switched P-and
N-channel pull-up/pull-down)
Pull-up active 4 e 10 - 100 KA
stand-by voltage: 0 V 11 h 30 - 300 pA
Pull-down active 4 Iy 10 - 100 pA
stand-by voltage: Vpp 11 m 30 - 300 HA
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PARAMETER Vpp (V) SYMBOL MIN. TYP. MAX. UNIT

Data output REMO
Output voltage HIGH 6 Vou 3 - v

~loy = 40 mA 9 Vow 6 - A
Output voltage LOW 6 VoL - 0,2 v

|o|_ =0,3mA 9 VOL - 0,1 A
Oscillator
Input current

QS8Cl at Vpp 6 I 0,8 2,7 pA
Output voltage HIGH

—loL = 0,1 mA 6 VoH - Vpp-06 \'
Output voltage LOW

lop = 0,1 mA 6 Voo - 0,6 \'
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PACKAGE OQUTLINE
DIP20: plastic dual in-line package; 20 leads (300 mil)

S0T146-1

|-— seating plane

Yy e

» pin 1 index )

+$—_— - —'— ————————— —- E

(IJ I5 10 mm
scale
DIMENSIONS (inch dimensions are derlved from the original mm dimensions})
A A A . {1 &1} z
UNIT max. mi=|. ma’i_ b by [ D E -3 -1 L Mg MH w max.
1.73 0.53 0.36 26.92 | 6.40 3.60 825 10,0
mmo | 42 | 051 | 32 | ;a5 | o3g | 023 | 26554 | 622 | 254 | 762 | 305 | 780 | 83 |04 20
. ¢.068 | 0.021 ; 0.014 | 1.060 | 0.25 0.14 0.32 0.39
inches 017 { 0.020 0.13 0.051 | 0.015 | 0.009 | 1045 | 024 0.10 0.30 0.12 0.31 0.33 0. 0.078
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
QUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION [EC JEDEC ElAJ PROJECTION
SOT146-1 $C603 == @ 9952_0' M
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$020: plastic smali outline package; 20 leads; body width 7.5 mm S$0T163-1

. [&]

I M
o %ITJ HL \\“wk’rl SN
% AR ARAHARA"

; |
2 N Y s L O}

pin 1 index 1 §7 5

TOEWHEREEE -
| {
1 j:‘ 10 detail X
G ~llerg
p
(i'l FIJ ‘IIOmm
scale
DIMENSICONS (Inch dimensions are derived from the original mm dimensions)
UNIT m‘:x_ Ay | Az | A3 | b ¢ | D] gN]| . He L Lp | @ v w y |z e
0.30 | 245 049 | 032 | 13.0 | 76 10.65 14| 14 0.9
mm | 265 | 096 | 225 | 925 | 026 | 023 | 126 | 7.4 | 27 |1000| M | 04 | 10 | 025025 ) O | g4 | g
. 0.012 | 0.096 0.019]0.013 | 0.51 | 0.30 0.419 0.043 | 0.043 co3s| ©°
inches | 010 | 'o04 | 0i0sa | ©01 | 0,014 | 0.008 | 040 | 020 | 0050 | 0304 [ 0955 [ 5016 | 0.039 | 001 | 01 [0.004] 5516
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
QUTLINE REFERENCES EUROPEAN
VERSION Ec JEDEC A PROJECTION ISSUE DATE
955124
S0T163-1 075604 MS-013AC ==} @ 70522

August 1982 14



® Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28

QOperates From a Single 5-V Power Supply
With 1.0-uF Charge-Pump Capacitors
Operates Up To 120 kbit/s

Two Drivers and Two Receivers

+30-V Input Levels

Low Supply Current . .. 8 mA Typical

ESD Protection Exceeds JESD 22

- 2000-V Human-Body Model (A114-A)

Upgrade With Improved ESD {15-kV HBM)

and 0.1-uF Charge-Pump Capacitors is

Availahle With the MAX202

® Applications

- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

*® & & 0 & ®

iscription/ordering information

MAX232, MAX232l
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L ~ FEBRUARY 1988 - REVISED MARCH 2004

MAX232 . ..D, DW, N, OR NS PACKAGE
MAX2321. .. D, DW, OR N PACKAGE

{TOP VIEW)
1+ [] 1 v 16]] Veo
Vas [] 2 156]] GND
c1- 3 14[] TTOUT
c2+ [} 4 13[] R1IN
ce-[fs  12[]rR1OUT
Vg- [ 6 11} T1IN

T20UTf} 7 10f T2IN
R2IN[J 8 o] R20UT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/ICMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

a PACKAGET PARTNUMBER | MARKING
PDIP {N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX232D
X SoIC () Reel of 2560 MAX232DR MAX232
0°C 10 70°C Tube of 40 MAX232DW
SOIC(BW) - Mreet of 2000 MAX232DWR MAX232
SOP (NS) Reel of 2000 MAX232NSR MAX232
PDIP (N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX232ID
-40°C o 85°C SoIc (D) Reel of 2500 MAX232IDR MAx2321
Tube of 40 MAX2321DW '
S0IC {(DW) MAX 2321
Reel of 2000 MAX232IDWR

T Package drawings, standard packing quantiies, thermal data, symbolization, and PCB design

guidelines are available at www.ti.com/scipackage.

Please be aware that an important notice concerning availabitity, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

inASIC is a trademark of Texas Instruments.

ODUCTION DATA Information Js current a8 of publication date.
sducts conform to specifications per the ferms of Texas Instruments
indard warranty. Producti Ing dags nol fly include
iting of all parameters.

{f’ TEXAS

Capyright ® 2004, Texas [nstruments Incorporated

INSTRUMENTS

PQST OFFICE BCX 655303 ® DALLAS, TEXAS 75285 1



32, MAX232l

EIA-232 DRIVERS/RECEIVERS

.~ FEBRUARY 1988 - REVISED MARCH 2004

diagram (positive logic)

TN

T2IN
R10OUT

R20UT

Function Tables

EACH DRIVER
INPUT | ouTPUT
TIN TOUT
L H
H L

" H = high level, L = low

level

EACH RECEIVER

INPUT | QUTPUT
RIN ROUT
L H
H L

H = high level, L = low

tevel

1" >} 14

10 >} 7

12 13
I

9 8
i)

"9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

T10UT

T20UT

R1IN

R2IN




MAX232, MAX232I

DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 ~ REVISED MARCH 2004

)solute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Input supply voltage range, Ve (see Note 1)
Positive output supply voltage range, Vg4

.......................................... -0.3Vte8V
....................................... Ve -03Vio 15V

Negative output supply voltage range, Vg ... ... i e e -03Vto-15V

input voitage range, V|: Driver
Receiver
Output voltage range, Vo: T10UT, T20UT

R10UT, R20UT
Short-circuit duration: T10UT, T20UT
Package thermal impedance, 84 (see Notes 2 and 3): D package
DW package ........
N package ..........
NS package .........
Operating virtual junction temperature, T
Storage temperature range, Tgig

.................................... -03VtioVgc t03V
................................................... Unlimited
.................. 73°Ciw
.................. 57°C/W
.................. 67°C/W
.................. 64°C/W
................................................... 150°C
.................................................. -685°C to 150°C

................................................ -03VtoVpee+03V
........................................................... 30V
Vg--03VioVg +03V

tresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
ictional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

nplied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

TES: 1. All voltages are with respect to network GND.

2. Maximum power dissipation is a function of T j{max}, 8ja, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature-is Py = (T {max) - TA)6 . Operating at the absotute maximum T of 150°C can affect reliability.

3. The package thermal impedance is calculated in accordance with JESD 5%-7.

commended operating conditions

MIN NOM MAX | UNIT

aC Supply voltage 45 5 55 v

H High-level input voltage (T1IN,T2IN) 2 v

L Low-level input voitage (T1IN, T2IN) 08 v

1IN, RZIN Receiver input voltage +30 A
i . MAX232 0 70

y Operating free-air temperature °C
MAX2321 —-40 85

actrical characterlstlcs over recommended ranges of supply voltage and operating free-air
mperature {unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER

TEST CONDITIONS

MIN TYPE MAX

UNIT

SC Supply current

Ve =55V,  Alloutputs open,

Tp = 25°C

8 10

mA

Il typical values are at Voo = 5V and Ta = 25°C.

TE 4: Test conditions are Ct~C4=1puF atVoc=5V05V.

‘U Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




32, MAX232I

ElA-232 DRIVERS/RECEIVERS

- FEBRUARY 1989 - REVISED MARCH 2004

DRIVER SECTION

cal characteristics over recommended ranges of supply voltage and operating free-air

rature range (see Note 4)

PARAMETER TEST CONDITIONS MmN TYPT  mAX| uniT
High-level output voltage T10UT, T20UT R =3 kQto GND 5 7 v
Low-level output voltage T1OUT, T20UT |RL =3 kf2to GND -7 -5 v
Output resistance TIOUT, T20UT | Vg+ =Vg-=0, Vo=+2V 300 Q
Short-circuit output current T10UT, T20UT |Vego =55V, Vo=0 10 mA
Short-circuit input current T1IN, T2IN V=0 200 WA

al values are at Voo =5V, Ta = 25°C.
ebraic convention, in which the least-positive {most negative) value is designated minimum, is used in this data sheet for fogic voltage
nly.
- than one output should be shorted at a time.
Test conditions are C1-C4 =1 pFatVeo =5V +05V.

ling characteristics, Vg =5V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
) R =3kQto 7k,
Driver slew rate Ses Figure 2 30 Vs
Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
Test conditions are C1-C4=1puFatVoo =5V 105V
RECEIVER SECTION

cal characteristics over recommended ranges of supply voltage and operating free-air
rature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT mMAX| UNIT
High-level output voltage R10OUT, R20UT |loy=-1mA 3.5 \'
Low-level autput voltaget R10UT, R20UT |loL=32mA 04| v
Receiver positive-going input _ _ opo ’
threshold voltage R1IN, R2IN Voo =5V, Ta =25C 1.7 24 v
Receiver negative-going input _ P
threshold voltage R1IN, R2IN VYoo =5V, Ta = 25°C 0.8 1.2 \
Input hysteresis voltage R1IN, R2IN Voo =5V 0.2 0.5 1 V
Receiver input resistance R1IN, R2IN Vec =5, Ta=25°C 3 5 Tl ok

al values are at Voo = 5V, Tp = 25°C.
ebrai¢ convention, in which the least-positive (most negative) value Is designated minimumn, is used in this data sheet for logic voltage

nly.
Test conditions are C1-C4 =1 pFatVgc=5V105 V.

ling characteristics, Vgg = 5V, Ta = 25°C (see Note 4 and Figure 1)

PARAMETER TYP | UNIT
Receiver propagation delay time, low- to high-level output 500 ns
Receiver propagation delay time, high- to low-level output 500 ns

Test conditions are C1-C4 =1 yF atVoo =5V 05 V.

¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 ~ REVISED MARCH 2004
—— ——

PARAMETER MEASUREMENT INFORMATION

Ve
:

RL = 1.3 k&
R1IN
or

Pulse
Generator R2IN

{see Note A)

See Note C

CL = 50 pF =
I {see Note B)

TEST CIRCUIT

<10ns —» :«—— — k—=s10ns

|
Inout P T T A — 3V
P 10% ' 50% 50% N 10%

ov
+— 500 ns —»
tPHL E*w*wl tPLH
| ' VoH
Output 15V Sk 15V £ mmmmm VoL
WAVEFORMS

YTES: A. The pulse generator has the following characteristics: Zgy = 50 Q, duty cycle < 50%.
B. Oy includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circult and Waveforms for tpy and tp; y Measurements

‘V TexAs
INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75265




32, MAX2321
ElA-232 DRIVERS/RECEIVERS

- FEBRUARY 1983 ~ REVISED MARCH 2004
——————————

PARAMETER MEASUREMENT INFORMATION

Sulo T1IN or T2IN T10OUT or T20UT
Generator E{A-232 Qutput
(see Note A) l
RL CL =10 pF
I {see Note B)
TEST CIRCUIT
—DJ[ —>| ld— <10 ns
! 9o°/ 9% N 3V
Input | 50/ ) 50%
10% ‘ ° 10% ov
li——— 5us —pl
I"—"“’i__"»PLH
tPHL —|+—>|
|
90% { A 50% Vou
Output I\ _10% 10% A
[ ] +t——— VoL
trur _A [ tTLH
08(Vgy-Vou 98NV —Vou!
SR = N or :
TLH THL
WAVEFORMS

A. The pulse generator has the following characteristics: Zg = 50 €, duty cycle ¢ 50%.
B. Cy includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp; 4 Measurements (5-us Input)

Pulse ' :
(Genﬁ;a:.tgo; | O ElA-232 Output
see

3k I CL=2.5nF

TEST CIRCUIT

VoH
VoL
SR = 2 —
THL ©" 'TLH
WAVEFORMS

The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for ty, and tr 4 Measurements (20-us Input)

“-’P TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

SLLSQ47L - FEBRUARY 1988 - REVISED MARCH 2004

— -
APPLICATION INFORMATION
5V
il
CpYPASS =1HF =

16

i . Vee
1 C1+

C17T= 1pF 3 ! Vs+
_ p c1-
] c2+ Vs-
C2o~ 14F 5
c2-
_ 1 B> 12 E1a-232 Output
From CMOS or TTL 10 7
e & ™~ EIA-232 Output
12
«— = I 2 Ela-232 Input
To CMOS or TTL 9 8
— oV I |—<—— EIA-232 Input
15
GND

C3 can be connected to Vi or GND.
DTES: A. Resistor values shown are nominal.
B. Nonpolarized ceramic capacitors are acceptable. If polarized tantaium or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-uF capacitors shewn, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit

"v’? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



PACKAGE OPTION ADDENDUM

? TEXAS
STRUMENTS
www.ti.com 12-Jul-2005
CKAGING INFORMATION
Orderable Device Status ! Package Package Pins Package Eco Plan® Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
MAX232D ACTIVE soIC D 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX232DE4 ACTIVE S0IC D 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232DR ACTIVE SQIC D 16 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232DW ACTIVE 8S0IC Dw 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DWE4 ACTIVE [e]le: DW 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no ShiBr)
MAX232DWR ACTIVE SOIC Dw 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232DWRE4 ACTIVE SOIC DwW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br}
MAX2321D ACTIVE SCIC D 16 40 Green (RoHS & CU NIPDAU level-1-260C-UNLIM
no ShiBr)
MAX232IDE4 ACTIVE soIc D 16 40 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no ShiBr)
MAX2321DR ACTIVE S0IC D 16 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232IDRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232IDW ACTIVE S0IC DW 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232|DWE4 ACTIVE SOIC bW 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWR ACTIVE soIC DW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWRE4 ACTIVE S0IC DW 16 2000 Green {(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IN ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
MAX232INE4 ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
MAX232N ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU  Level-NC-NG-NC
{RoHS) . :
MAX232NE4 ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
MAXZ32NSR ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br) ]
MAX232NSRE4 ACTIVE S0 NS 16 2000 Green{RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

‘he marksting status values are defined as follows:

MIVE: Product device recommended for new designs.

EBUY:; Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

\D: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
3w design. '

ZVIEW: Device has been announced but is not in production. Samples may or may not be available.

Addendum-Page 1



P T PACKAGE OPTION ADDENDUM

XAS
STRUMENTS
www ti.com 12-Jul-2005

JOLETE: Tl has discontinued the production of the device.

Eco Plan - The planned eco-friendly classification; Pb-Free (RoHS) or Green (RoHS & no Shb/Br) - please check
fiwww.ti.com/productcontent for the latest availability information and additional product content details.

11 The Pb-Free/Green conversion plan has not been defined.

‘ree (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
il 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
gh temperatures, T| Pb-Free products are suitable for use in specified lead-free processes,

zn {(RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimeny (Sb) based flame
‘dants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

451, Peak Temp. -- The Moisture Sensitivity Level rafing according to the JEDEC industry standard classifications, and peak solder
erature.

ortant information and Disclaimer:The information provided on this page represents TI's knowledge and befief as of the date that it is
ided. Ti bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
racy of such information. Efforts are underway to better integrate information from third parties. T! has taken and continues to take
onable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
ming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
mation may not be available for release.

> event shall T's liability arising out of such information exceed the total purchase price of the Tl pari(s) at issue in this document sold by Tl
ustomer on an annual basis.

Addendum-Page 2



MECHANICAL DATA

(R—PDIP—T*x) PLASTIC DUAL—-IN—=LINE PACKAGE
PINS SHOWN
PINS **
A >
o | 16 | B | 2
18 s 0775 | 0.775 | 0920 | 1.060
B e e W e Ao o0y | (g | @sa) | (Goem)
0.260 (6,60 0.745 0.745 0.850 0.940
) 0940 6,10) AN .e2) | (1892) | (21,59) | (23.88)
Ms-001
ay=paye gy g aym pay AN vigamow | M | B8 | s | a0

| sy g
0.070 (1,78
0.045 {1.145‘ i
0.045 (1,14) A 0.325 (8,26
"’ 0.030 %0.76) A 0.020 (0,51) MIN 0.300 %7.52% N

T F [

0.200 {5,08) MAX

! f Gauge Plane
ik 4 l Seating Plane
T o (3,18) MIN 0.010 (0,25) NOM

AJ 0.430 (10,92) MAX L—

e e T

0.100 (2,54)

0.021 (0,53
_" *— 5.015 (0,38

+10.010 (0.25)@®

)

Fd
1
\ ! N
N P4 14/18 Pin Only
20 Pin vendor option &

4040049/ 12/2002

[ES: A All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

& Falls within JEDEC MS-001, except 18 and 20 pin minimum body leagth (Dim A).
& The 20 pin end lecd shoulder width is ¢ vendor option, either half or full width,

INSTRUMENTS

www.ti.com




uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056E — MAY 1976 — REVISED JULY 1999

L I
® 3-Terminal Regulators KC PACKAGE
® Qutput Currentupto1.5A (TOP VIEW)
® Internal Thermal-Overload Protection O ———— OUTPUT
® High Power-Dissipation Capability = o
® Internal Short-Circuit Current Limiting o ,
) : The COMMON terminal is in slectrical
® Output Transistor Safe-Area Compensation contact with the mounting base.
*

Direct Replacements for Fairchild pA7800
Series

escription

This series of fixed-voltage monolithic
integrated-circuit voltage regulators is designed
for a wide range of applications. These
applications include on-card regulation for
elimination of noise and distribution problems
associated with single-point regulation. Each of
these regulators can deliver up to 1.5 A of output
current. The internal current-limiting. and
thermal-shutdown features of these regulators
essentially make them immune to overload. In
addition to use as fixed-voltage regulators, these
devices can be used with external components to
obtain adjustable output voltages and currents,
and also can be used as the power-pass element
In precision regulators.

The pA7800C series is characterized for

operation over the virtual junction temperature

range of 0°C to 125°C,

TO-220AB

KTE PACKAGE
{TOP VIEW)

—1 OUTPUT

COMMON
INPUT

The COMMON terminal is in
electrical contact with the mounting
base.

@z@;@

Please be aware that an impaertant notice concerning availability, standard warranty, and use in critical applications of
Texas [nstruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

OBUCTION DATA information is current as of publication dale.
wlucts conform to specifications per the larms of Texas Insiruments
ndard warranty. Prod g does nol ily include
ting of all parameters.

¥

b TeEXAS
INSTRUMENTS

IS
Copyright @ 1999, Texas instruments Incorporated
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100 SERIES

TIVE-VOLTAGE REGULATORS

iE — MAY 1876 — REVISED JULY 1939
-

natic

L
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
T Vo(nom) PLASTIC HEATSINK | Form
v FLANGE-MOUNT MOUNTED )
(KG) (KTE) :
HA7E05CKC RATBOSCKTE | pA7805Y
HATB06CKC UATBOBCKTE | pA7806Y
LA7B08CKC HATBOBCKTE | pA7808Y
8.5 UATBB5CKC LATEBSCKTE | uA7885Y
0°C to 125°C 10 UATB10CKC pA7B10CKTE | pa7sioy
12 HATB12CKC RATB12CKTE | pa7s12Y
15 nA7815CKG PATBISCKTE | pa7s1sY
18 rA7818CKC LATB1BCKTE | pA7818Y
24 BA7824CKC LATB24CKTE | pA7824Y

The KTE package is only available taped and reeled. Add the suffix R to the device type

(e.g., LATBOSCKTER). Chip forms are tested at 25°C.

.

1
b

4
t— 1

Vi

AAA,

INPUT

OUTPUT

COMMON

{’.’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75266




1AT800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVSOS6E — MAY 1976 — REVISED JULY 1993

bsolute maximum ratings over operating temperature ranges (unless otherwise noted)t

UATBxxX UNIT

7824C 40

Input voltage, Vy ] kA \
All others 35

Virtual junction temperature range, Ty 0to 150 °C
. KC package 22

Package thermal impedance, 6 4 (see Notes 1 and 2} °C
: KTE package 23

Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds 260 °C

Storage temperature range, Tgtg —65 o 150 °C

Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is nat
implied. Exposure to absolute-maximum-rated conditions for extended periods may aifect device reliability.

OTES: 1. Maximum power dissipation is a function of T j{max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta)/8, 4. Operating at the absolute maximum Ty of 150°C can impact reliability. Due to
variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be
activated at power levels slightly above or below the rated dissipation.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace
length of zero.

:commended operating conditions

MIN  MAX | UNIT

LATBOSC 7 25
UATBOBC 8 25
pAT808C 10.5 25
HAT7885C 10.5 25

Input voltage, V) uA7B10C 12.5 28 A
RpA7812C 14.5 30
nA7815C 17.5 30
pAT818C 21 33
HAT824C 27 38

Output current, kg : 15 A

Operating virtual junction temperature, T I LATBOOC series 0 125 °C

{‘}‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



300 SERIES

TIVE-VOLTAGE REGULATORS

5E — MAY 1976 ~ REVISED JULY 1998

rical characteristics at specified virtual junction temperature, V| =

wise noted)

10V, Ip = 500 mA {unless

HATB05C
PARAMETER TEST CONDITIONS TJT UNIT
MIN TYP MAX
= = 25°C 4.8 5 5.2
it voltage lo=5mAto 1A, Vi=7Vto20V, . . v
Pp=15W 0°Clo 125°C | 4.75 5.25
. Vi=7Vto25V 3 100
voltage regulation 25°C my
IVi=8Vto12v 1 50
1 rejection Vi=8Vto 18V, f=120 Hz 0°C to 125°C 62 78 dB
. lp=5mAto1.5A 15 100
1t voltage regulation - 25°C mv
o = 250 mA to 750 mA . 5 50
It resistance - f=1kHz 0°Cto 125°C 0.017 Q
srature coefficient of output voltage | lo = 5 mA 0°C to 125°C -1.1 mviC
t noise voltage f=10 Hz to 100 kHz 25°C 40 1Y
ut voltage lo=1A 25°C 2 Vv
urrent 25°C 4.2 8| mA
teh Vi=7Vto25V 1.3 A
urrent change o o m
g lo=5mAto 1A 0°Cto 125°C 0.5
cirouit output current 25°C 750 mA
sutput current 25°C 2.2 A

testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effacts i'nus_t be taken into
1t separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-iF capacitor across the output.

ical characteristics at specified virtual junction temperature, V| = 11 V, Ig = 500 mA (unless

wise noted)
HATBO6C :
PARAMETER TEST CONDITIONS T4t . UNIT
MIN TYP MAX
lo=5mAto 1A, Vi=8Vto21V, 25°C 5.75 6 625
t voltage - \'4
Pp<15W 0°Cto 125°C | 5.7 6.3
, Vi=8Vio25V 5 120
roltage regulation 25°C mv
Vi=9Vto13V 1.5 60
rejection Vi=8Vto 19V, f=120Hz 0°C to 125°C 59 75 dB
. lp=5mAto15A 14 120
t voltage regulation 25°C. mv
|l = 250 mA ta 750 mA 4 60
t resistance f=1kHz 0°Cto 125°C 0.019 Q
wrature coefficient-of output voltage | I = 5 mA 0°C to 125°C 038 mv/°C
tnoise voltage | =10 Hz to 160 kHz 25°C 45 uvo
at voltage lTo=1A 25°C 2 v
arrent ﬁ 25°C 4.3 ‘8| ma
Vi=8Vto25V 1.3
arrent change 0°C to 125°C mA
lo=5mAto1A 05]
sircuit output current 25°C . 550 mA
wtput current 25°C S22 A

:esting techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
1t separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capagitor across the output.
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LA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLYS056E — MAY 1976 — REVISED JULY 1999

lectrical characteristics at specified virtual junction temperature, V; = 14 V, Ig = 500 mA (unless

therwise noted)

LATBOBC
PARAMETER TEST CONDITIONS Tt UNIT
MIN TYP MAX
= = 25°C 77 8 83
OQutput voltage lp=9mAto1A, VI=105Vto 23V, v
Pp<isw 0°C to 125°C 78 84
. Vi=10.5Vio 25V 6 160
Input voltage regulation 25°C mv
V=11Vt 17V 2 80
Ripple rejection Vi=115Vt0215V, f=120Hz 0°C to 125°C 55 72 dB
. lo=5mAto1.5A 12 160
Output voltage regulation 25°C mv
lo = 250 mA to 750 mA 4 80
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | kg = 5 mA 0°C to 125°C -0.8 mv{°C
Output noise voltage f=10 Hz to 100 kHz 25°C 52 pv
Dropout voltage lo=1A 25°C 2 \Y
Bias current 25°C 43 8 mA
. Vi=105Vte 25V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 05
Short-circuit output current ' 25°C 450 mA
Peak output current 25°C 22 A

Pulse-testing technigues maintain the junction temperature as close to the ambient temperature as possible. Thaermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

lectrical characteristics at specified virtual junction temperature, V| = 15 V, Ig = 500 mA (unless

therwise noted)

uAT885C
PARAMETER TEST CONDITIONS Tyt - UNIT
MIN TYP MAX
lo=5mAto1A, Vi=11Vto235V, 25°C 815 85 885
Qutput voltage v
? 9 Pp<1sW 0°Cto125°C | 8.1 8.9
. Vi=105Vto 25V 6 170
Input voltage regulation 25°C mv
V=1 Vie17V 2 85
Ripple rejection Vi=11.5Vio21.5V, f=120Hz 0°C to 125°C 54 70 dB
. lo=5mAto1.5A 12 170
Output veltage regulation 25°C my
loy = 250 mA to 750 mA 4 85
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | Ig =5 mA 0°C to 125°C -0.8 mv/°C
Qutput noise voltage f=10 Hz to 100 kHz 25°C 55 rv
Dropout voltage lo=1A 25°C 2 v
Bias current _ 25°C 4.3 8] mA
V=105Vto 25V 1
Bias current change - 0°C to 125°C mA
lo=5mAto1A 0.5
Shart-circuit output current 25°C 450 mA
Peak output current 25°C 22 A

Sulse-testing techniques maintain the junction temperatunfe as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.

‘9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



100 SERIES

TIVE-VOLTAGE REGULATORS

3E — MAY 1976 — REVISED JULY 1999

rical characteristics at specified virtual junction temperature, V= 17 V, Ig = 500 mA (unless

wise noted)

pA7810C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN  TYP MAX
= = 25°C 9.6 10 104
1t voltage lo=5mAto 1A, V=128Vt 25V, v
Pp<i15W °Cto125°C | 95 10 105
. Vi=125Vwo 28V 7 200
voitage regulation 25°C mv
Vi=14Vito 20V . 2 100
2 rejection Vi=13Vto23V, f=120Hz 0°C to 125°C 55 71 dB
. lo=5mAto15A 12 200
1t voltage reguiation 25°C my
lg =250 mA to 750 mA 4 100
1t resistance f=1kHz 0°C to 125°C 0.018 w
erature coefficient of output voltage | lp = 5mA 0°Cto 125°C -1 mv/°C
)t noise voltage f=10 Hz to 100 kHz 25°C 70 pv
ut voltage lo=1A 25°C 2 A%
surrent 258°C 4.3 8 mA
V|=125Vic28V 1
zurrent change 0°C to 125°C mA
lp=5mAto 1A 0.5
-circuit output current 25°C 400 mA
output current 25°C 2.2 A

-testing technigues maintain the junction temperature as close to the ambient temperature as possible, Thermal effects must be takeninto
nt separately. All characteristics are measured with a 0.33-pF capaciter across the input and a 0.1-uF capacitor across the output.

rical characteristics at specified virtual junction temperature, V) =19V, lg = 500 mA (unless

wise noted)

LAT812C

PARAMETER TEST CONDITIONS Tt UNIT
MIN- TYP MAX
= = 25°C 1.5 12 125
utvoltage lo=5mAto 1A, Vi=145Via 27V, v
Pp15W 0°Cto125°C | 114 12.6
. Vi=145Vtio 30V 10 240
voltage reguiation 25°C my
V=16Vt 22V 3 120
e rejection Vi=15Vto 25V, f=120Hz 0°C to 125°C 55 71 dB
) lo=5mAio 1.5A 12 240
ut voltage regulation 25°C - mv
1o = 250 mA to 750 mA 4. 120
ut resistance _ f=1kHz 0°C to 125°C 0.018 w
rerature coefficient of output voltage {ig =5 mA: . 0°C to 125°C B mv/°G
ut noise voltage f=10Hz to 100 kHz 25°C 75 uv
out voitage lo=1A 25°C 2 A
current 25°C 43 8! mA
‘eh |vi=145Vic30V Cto 125°C 1 mA
rrent change o o
o g lo=5mAto 1A 0°Cto 125 05
t-gircuit output current 25°C 350 mA
- output current 25°C 2.2 A

»-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
Jnt separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output.
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1A7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056E — MAY 1976 — REVISED JULY 1993
_— " -]

lectrical characteristics at specified virtual junction temperature, V) = 23 V, lg = 500 mA (unless

therwise noted)

pA7815C
PARAMETER TEST CONDITIONS Tﬂ' UNIT
MIN TYP MAX
lo=5mAtotA Vi=17.5Vto 30V, 25°C 144 15 156
Output voltage ' v
? 9 Pps15W | 0°C to 125°C | 14.25 15.75
, Vi=175Vio 30V 11 300
Input veitage regulation 25°C mv
Vi=20Vio 26V 3 180
Ripple rejection Vi=185Vto285V, f=120Hz 0°C to 125°C 54 70 dB
. lo=5mAto15A 12 300
Qutput voltage regulation 25°C my
lo = 250 mA to 750 mA 4 150
Qutput resistance f=1kHz 0°C to 125°C 0.019 w
Temperature coefficient of cutput voltage |lg=5mA 0°C to 125°C -1 mvii*C
Output noise voltage f=10 Hz to 100 kHz 25°C 90 Y
Dropout voltage lo=1A 25°C 2 v
Bias current 25°C 44 8 mA
_ V|=175Vto 30V 1
Bias current change 0°C to 1256°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.1 A

Pulse-testing technigues maintain the junction temperature as close to the ambient iemperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

Mlectrical characteristics at specified virtual junction temperature, V| = 27 V, Ig = 500 mA {unless

therwise noted)

UA7818C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
= = 25°C 17.3 18 187
Output voltage lo=5mAto 1A, V=21Vt 33V, v
Pps15W 0°Cto 125°C | 1741 18.9
. Vi=21Vio 33V 15 360
Input voltage regulation - 25°C my
V=24Vt 30V 5 180
Ripple rejection V=22V 32y, f=120Hz 0°C to 125°C 53 69 dB
o lo=5mAto1.5A 12 380
Output voltage regulation 25°C mv
: 1o = 250 mA to 750 mA 4 180
Output resistance f=1kHz 0°C to 125°C 0.022 w
Temperature coefficient of output voltage { lo =5mA 0°C to 125°C -1 mv/°C
Output noise voltage - =10 Hz t¢ 100 kHz 25°C 110 uv
Dropout voltage lo=1A 25°C 2 v
Bias current 25°C 45 8| ma
' Vi=21Vted3V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 200 mA
Peak, output current 25°C 2.1 A

" Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with & 0.33-pF capacitor across the input and a 0.1-tF capacitor across the output.
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300 SERIES

ITIVE-VOLTAGE REGULATORS

BE — MAY 1976 — REVISED JULY 1989

rical characteristics at specified virtual junction temperature, V; = 33 V, Ig = 500 mA (unless

rwise noted)

pATB24C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto 1A, V=27 Vio 38 V, 25°C 23 24 25
ut voltage Vv
¢ Pp<i15W 0°Cto 125°C | 228 25.2
. V=27Vt 38V 18 480
voltage regulation 25°C my
Vi=30Vio36V 6 240
e rejection Vi=28Vto 38V, f=120Hz 0°C to 125°C 50 66 dB
) lo=5mAte1.5A 12 480
ut voltage regulation 25°C mY
lg =250 mA to 750 mA 4 240
ut resistance f=1kHz 0°C to 125°C 0.028 W
rerature coefficient of output voltage |lg =5mA 0°C to 125°C -15 mv/FeG
ut noise voltage f= 10 Hz to 100 kHz 25°C 170 nY
out voltage lo=1A 25°C 2 \
current 25°C 4.6 8| maA
Vi=27Vio 38V 1
current change 0°C to 125°C mA
lo=5mAto1A 0.5
t-circuit output current 25°C 150 mA
output current 25°C 21 A

w-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be takeninto
int separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

rical characteristics at specified virtual junction temperature, V=10V, lo =500 mA, T; =25°C

1ss otherwise noted)t

uAT805Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
ut voltage 5 vV
. Vi=7Vto25V 3
-voltage regulation myv
Vi=8Vto12V 1
e rejection Vi=8Vto18YV, f=120 Hz 78 dB
. ip=5mAto15A 15
ut voltage regulation my
o =250 mA to 750 mA 5
ut resistance f=1kHz 0.017 W
yerature coefficient of output voltage lo=56mA ~=1.1 ‘mv/*C
ut noise voltage f=10 Hz to 100 kHz 40 Ny
out voltage lo=1A 2 Y
current 4.2 mhA
t-circuit output current 750 mA
; cutput current 2.2 A

s-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
unt separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
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1A7800 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS056E — MAY 1976 — REVISED JULY 1999

tlectrical characteristics at specified virtual junction temperature, V=11V, Ig =500 mA, T = 25°C

unless otherwise noted)t

i UATB06Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Output voltage B v
. V|=8Vio25V 5
Input voltage regulation my
Vi=9Vtio13V 1.5
Ripple rejection Vi=9Vio19V, f=120Hz 75 dB
i lop=5mAtc1.5A 14
Output voltage regutation mv
lo = 250 mA to 750 mA 4
Output resistance f=1kHz 0.019 W
Temperature coefficient of output voltage lo=5mA -0.8 mv/°C
Output noise voltage f=10Hz to 100 kHz 45 nv
Dropout voltage io=1A 2 v
Bias current 4.3 mA
Short-circuit output current 550 mA
Peak output current 2.2 A

"Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output,

lectrical characteristics at specified virtual junction temperature, Vj= 14V, [g =500 mA, T = 25°C

unless otherwise noted)t

' HA7B08Y
PARAMETER TEST CONDITIONS UNIT
. MIN TYP MAX
Output voltage 8 Vv
) Vi=105Vto 25V 8
Input voltage regulation my
Vi=1Vio 17V 2
Ripple rejection Vi=11.5Vto21.5V, f=120 Hz 72 dB
. lo=5mAto1.5A 12
Quitput voltage regulation - my
o =250 mA to 750 mA 4
Qutput resistance f=1kHz 0.016 W
Temperature.coefficient of output voltage lg=5mA -08 mv/°C
Output noise voitage f= 10 Hz to 100 kHz 52 uv
Dropout voltage lo=1A 2 v
Bias current 4.3 mA
Short-circuit output current 450 mA
Peak output current 2.2 A

Pulse-testing techniques ma'intai_n=the junction temperature as close to'the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output,
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300 SERIES
ITIVE-VOLTAGE REGULATORS

BE — MAY 1976 — REVISED JULY 1939

rical characteristics at specified virtual junction temperature, Vi =15V, Ig =500 mA, T J=25°C

'ss otherwise noted)t

UATBE5Y
PARAMETER TEST CONDITIONS UNIT
MIN - TYP MAX
1t voltage 85 v
) V=105Vt 25V 8
voltage regulation mv
Vi=11Vio 17V 2
e rejection Vi=11.5V10 215V, f=120Hz 70 dB
. lo=5mAto1.5A 12
Jtvaltage regulation my
I = 250 mA to 750 mA 4
1t resistance f=1kHz 0.018 W
erature coefficient of output voltage lg=5mA -0.8 mv/°C
it noise voltage f=10 Hz to 100 kHz 55 wv
wit voltage lo=1A 2 \
surrent 4.3 mA
-cireuit output current 450 mA
output current 22 A

-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
nt separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor acress the output.

rical characteristics at specified virtual junction temperature, V| =17V, lg=500mA, T;=25°C

ss otherwise noted)t

pA7810Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
it voitage 10 A
) Vi=125Vio 28V
voltage regulation my
Vi=14Vio20V
: refection Vi=13Vto 23V, f=120Hz 71 de
. In=5mAto1.5A 12
it voltage regulation mv
o = 250 mA to 750 mA- 4
It resistance f=1kHz ' 0.018 w
srature coefficient of output voltage lo=5mA -1 mv/°C
t noise voltage f=10Hz to 100 kHz 70 Y
ut voltage lg=1A ' 2 v
urrent 4.3 mA
circuit output current - 400 mA.
autput current 22 A

testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into

nt separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-iuF capacitor across the output.
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POSITIVE-VOLTAGE REGULATORS

SLVS056E — MAY 1976 ~ REVISED JULY 1899
e

Hlectrical characteristics at specified virtual junction temperature, Vi =19V, [g =500 mA, T = 25°C

unless otherwise noted)t

pA7812Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Output voltage 12 \Y
R V=145V 30V 10
Input voltage regulation mv
Vi=16Vto 22V 3
Ripple rejaction Vi=15Vto 25V, f=120 Hz 71 dB
. lo=5mAto1.5A 12
Output voltage regulation my
I = 250 mA to 750 mA 4
Qutput resistance f=1kHz 0.018 w
Temperature coefficient of output voitage lp=5mA -1 mv/eC
Qutput noise voltage f=10 Hz to 100 kHz 75 pv
Dropout voltage lo=1A 2 v
Bias current 43 mA
Short-circuit output current 350 mA
Peak output current 2.2 A

Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-4F capacitor across the input and a 0.1-pF capacitor across the output,

lectrical characteristics at specified virtual junction temperature, V| =23V, Ig =500 mA, T, = 25°C

unless otherwise noted)T

7815Y
PARAMETER TEST CONDITIONS pa UNIT
MIN  TYP MAX
Qutput voltage 15 \4
. Vi=175Vio 30V 1
Input voltage regulation my
Vi=20Vto26V 3
Ripple rejection Vi=185Vioc285Y, f=120Hz 70 dB
. lo=5mAto15A 12
Qutput voltage regulation my
1o =250 mAto 750 mA 4
Cutput resistance f=1kHz 0.019 W
Temperature coefficient of output voltage lgp=5mA -1 mv/°C
Cutput noise voltage f=10 Hz to 100 kHz 80 nY
Dropout voltage lo=1A 2 Vv
Bias current 44 mA
Short-circuit output current 230 mA
Peak output current 2.1 A

Pulse-testing techniques maintain the junction temperature as close o the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-LF capacitor across the input and a 0.1-pF capacitor across the output,
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B00 SERIES

ITIVE-VOLTAGE REGULATORS

BE - MAY 1976 — REVISED JULY 1999

rical characteristics at specified virtual junction temperature, V; =27V, Ig = 500 mA, T = 25°C

188 otherwise noted)t

LATB18Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
ut voltage 18 v
. Vi=21Vto 33V 15
voltage regulation mv
Vi=24Vio 30V 5
e rejection Vi=22Vito 32V, f=120Hz 69 dB
, lg=5mAto1.5A 12
uf voltage regulation my
lo = 250 mA to 750 mA 4
ut resistance f=1kHz 0.022 W
rerature coefficient of output voltage Io=5mA -1 mv/°C
ut noise voltage f=10 Hz to 100 kHz 110 uv
out voltage Io=1A 2 A
current 45 mA
t-circuit output current 200 mA
.output current 2.1 A

w-testing technigues maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
int separately. Al characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capaciter across the output.

rical characteristics at specified virtual junction temperature, Vi =33V, lg =500 mA, T, =25°C

1ss otherwise noted)t

uATB24Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
ut voltage 24 \
. Vi=27Vio 38V 18
-voltage regulation mv
V=30Vt 36V 6
& rejection V=28Vt 38V, f=120Hz 66 dB
. lo=5mAto1.5A 12
ut voltage regulation my
lg = 250 mA to 750 mA 4
ut resistance f=1kHz 0.028 W
serature coefficlent of output voltage lop=5mA -1.5 mv°C
ut noise voltage ' f= 10 Hz to 100 kHz 170 uv
out voltage Tlo=1A 2 v
current 46 mA
t-circuit output current 150 - mA
. output current 21 A

»-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be takeninto
ant separately. Al characteristics are measured with a 0.33-iF capacitor across the input and a 0.1-uF capacitor across the output.
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS0S6E ~ MAY 1976 — REVISED JULY 199%

APPLICATION INFORMATION

+ T HAT8xx Tl-vo

0.33 |..I,F ’I\—f___j 0.1 y.F

Figure 1. Fixed-Output Regulator

+ — pATExx —_OL— G
v lCOM TLl

_VO

Figure 2. Positive Regulator in Negative Configuration (V; Must Float)

Input —e—— pAT8xx Qutput
R1
I0+.
== 0.33 uF 0.1 pF
R2

NOTE A: The following formula is used when Vyy is the nominal output voltage (output to commany} of the fixed regulator:
v
Vg = Vi + (R—’f ' IQ)RZ

Figure 3. Adjustable-Output Regulator

Input pAT8xx

R1
I 0.33 uF VO(Reg)

Output
—>
Io
lg = (Vo/R1) * Ip Bias Current

Figure 4. Current Regulator
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800 SERIES
ITIVE-VOLTAGE REGULATORS

GE — MAY 1976 — REVISED JULY 1999

APPLICATION INFORMATION

1N4001
20-V Input PATB15C Vp=15V
0.33uF 0.1 uF 1N4001
: 1
I =
= 1uF
’f 2uF H 1N4001
-20-V Input pA7915C Vo=-15V

1N4001

Figure 5. Regulated Dual Supply

ation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but, instead, is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, efc.). In these cases, a clamp
diode should be connected to the regulator output as shown in Figure 8. This protects the regulator from output
polarity reversals during startup and short-circuit operation.

+V] — pAT8xx *— +Vp
1N4001

or
Equivalent

...VO

Figure 6. Qutput Polarity-Reversal-Protection Circuif

rse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This can occur, for
example, when the input supply is crowbarred during an output overvoltage condition. If the output voltage is
greater than approximately 7 V, the emitter-base junction of the series-pass element (internal or external) could
break down and be damaged. To prevent this, a dicde shunt can be used as shown in Figure 7,

¢
V| J— pAT8xx JT'FVQ
I

Figure 7. Reverse-Bias-Protection Circuit
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

= OUTPUT VOLTAGE 50V

= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

« OUTPUTS CAN BE
HIGHER CURRENT

= TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

« INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

PARALLELED FOR

DESCRIPTION

The ULN2001A, ULNZ2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channe!
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all common logic fami-
lies :

ULNZ2001A General Purpose, DOTL, TTL, PMOS,
CMOS

ULLN2002A 14-25V PMOS

ULN2003A 8V TTL, CMOS

ULN2004A 6-15v CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (S0-16) as
ULN2001D/2002D/2003D/2004D.

February 2002

ORDERING NUMBERS: ULN2001A/2A/3A/4A

§016

ORDERING NUMBERS: ULN2001D/2D/3D/4D

PIN CONNECTION

IN 1 16 OUT 1
IN 2 15 OUT 2
iN 3 14 OUT 3
IN & 13 OUT 4
IN & 12 OUT &
IN 6 11 OUT &
IN 7 10 OUT 7
GND g COMMON FREE

WHEELING DIODES

5-197711

1/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM.

EACH DRIVER

Series ULN-2001A
{each driver)

L7l

1

EACH DRIVER.

Series ULN-2002A
(each driver)

L - ———— = -
EACH DRIVER 5- 1869 EACH DRIVER 5257
Series ULN-2003A Series ULN-2004A
(each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Output Voltage 50 A
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 Vv
le Continuous Collector Current 500 mA
Ip Continuous Base Cument 25 mA
Tamb Operating Ambient Temperature Range —-20to 85 °C
Tetg Storage Temperature Range - 5510 150 °C
T Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 S016 Unit
Rinjams | Thermal Resistance Junction-ambient Max. 70 120 °CIW
28 S7]




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN Vce OPEN Vcg
1 I
OPEN cex cex
5-571% l 5-5736
Figure 2. Figure 3.
OPEN OPEN
c
.."'E IB
él. % #E @c
S-1900
Figure 4. Figure 5.
N
Vce |ic
v T
5-1947
Figure 6. Figure 7.
YR
In
OPEN
S-8727
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Ve = 50V 50 pA ia
Tamp = 70°C, Vice = 50V 100 pA ta
Tamb = 70°C
for ULN2002A
Vce = 50V, Vi= BV 500 pA | 1b
for ULN2004A
Vge = 50V, Vi =1V 500 uA | tb
VeE(sat) Collector-emitter Saturation lc = 100mA, |p = 250pA 0.9 1.1 N 2
Voltage lc = 200 mA, Is = 350pA 1.1 1.3 v 2
Ilc = 350mA, |g = 500uA 1.3 1.6 \ 2
litan) Input Current for ULN2002A, V, = 17V 0.82 125 [ mA [ 3
for ULN2003A, V| = 3.85V 0.93 135 [ mA [ 3
for ULN2004A, V| = 5V 0.35 0.5 mA [ 3
Vi=12v 1 145 | mA | 3
liof) Input Current Tame = 70°C, Ic = 500pA 50 65 pA 4
Vifan) Input Voltage Vee = 2V A 5
for ULN2002A
le = 300mA 13
for ULN2003A
lc = 200mA 24
Ic = 250mA 27
Ig = 300mA 3
for ULN2004A
Ic = 125mA 5
ic = 200mA 6
Ic = 275mA 7
lc = 350mA 8
hre DC Forward Current Gain for ULNZ2001A
Vee = 2V, Ig = 350mA 1000 2
Ci Input Capacitance 15 25 pF
trLH Turn-cn Delay Time 0.5Vito 0.5V, 0.25 1 us
tpHL Turn-off Delay Time 0.5Vito 8.5V, 0.25 1 us
Ir Clamp Diode Leakage Current | Vg = 50V 50 uA | 6
Tamb = 70°C, Vg = 50V 100 LA 6
Vg Clamp Diode Forward Voltage Ir = 350mA 17 2 v 7
"’ 3/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus {nput Current
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. mm fneh OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
al | 051 0.020
B | 077 165 | 0.030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
@3 17.78 0.700
F 7. 0.280
I 5.1 0.201
L 3.3 0.130
DIP16
z 127 0.050
L | - L —
-l b1
z R L—" E
e3 P |
D
M MM o m
* ’ |
L
1 8
L L LI T LT T T I

6/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM, e fneh OUTLINE AND
MIN. | TYP. | MAX_ | MIN. | TYP, | MAX. MECHANICAL DATA
A 1.75 0.069
al 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 | 0.014 0.018
b1 0.19 6.25 0.007 0.010
[ 0.5 0.020
c1 45" (typ.)
D) 9.8 10 0.386 0.394
E 58 6.2 |0.228 0.244
[ 1.27 0.050
el B8.89 0.350
F(1) | 38 4 |o1s0 0.157
G 4.6 5.3 0.181 0.209
L 0.4 1.27 | 0.016 0.050 _
M 062 0024 8016 Narrow
S 8'(max.)

{1) D and F do not include mold flash or protrusions. Mold flash or potrusions shall not exceed 0.15mm (.006inch).
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ULN2801A
ULN2802A - ULN2803A
ULN2804A - ULN2805SA

EIGHT DARLINGTON ARRAYS

n EIGHT DARLINGTONS WiTH COMMON EMIT-
TERS

s OUTPUT CURRENT TO 500 mA

s OUTPUTVOLTAGETOS0 V

= INTEGRAL SUPPRESSION DIODES

» VERSIONS FOR ALL POPULAR |LOGIC FAMI-
LIES

« OUTPUT CAN BE PARALLELED

» INPUTS PINNED QOPPOSITE QUTPUTS TO
SIMPLIFY BOARD LAYOUT

DESCRIPTICN

The ULN2801A-ULN2805A each contain eight dar-
lington fransistors with common emitters and inte-
gral suppression diodes for inductive loads. Each
darlington features a peak load current rating of
600mA (500mA confinuous) and can withstand at
least50V in the off state. Qutputsmay be paralleled
for highercurrent capability.

Five versions are available to simplify interfacing to

standard logic families : the ULN2801A s designed

for general purpose applications with a current limit
resistor; the ULN2802Ahas a 10.5k2 inputresistor
and zenerfor 14-25V PMOS; the ULN2803Ahas a
2.7k input resistor for 5V TTL and CMOS ; the
ULN2804A has a 10.5kQ input resistor for 6-15V
CMOS and the ULN2805A is designed to sink a
minimum of 350mA for standard and Schottky TTL
where higher output current is required.

All'types are supplied in a 18-lead plastic DIP with
a copperleadfromandfeatureihe convenientinput-
opposite-output pinout to simplify board layout.

September 1297

DiP18

PIN CONNECTION (top view)

" our

17 out

13 ouUT

12 OuT

N OuUt

53400

10 COMMON FREE
WHEELING DIODES
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

SCHEMATIC DIAGRAM AND ORDER CODES

For ULN2801A (each driver for PMOS-CMOS) For ULN2802A (each driver for 14-15V PMOS)
|—-N—Ocou coM
+—Court our
INO—y . IN
| ] 1
| 1
| * i
1 1 i
1 1 t
L ——— 4 [ -
EACH DRIVER 5~ 3689 EACH DRIVER 51044

For ULN2803A (each driver for 5 V, TTL/ICMOS) For ULN2804A (each driver for 6-15 V
CMOS/PMOS

EACH DRIVER - 5.26%

1
|
|
I
:_._._“_ _______

HACH DRIVER

-J
5-59120
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_ ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Qutput Voltage 50 \2
Vi Input Veltage \
for ULN2802A, UL2803A, ULN2804A 30
for ULN2805A 15
e Continuous Collector Current 500 mA
I Continuous Base Current 25 mA
Piot Power Dissipation W
{one Darlington pair) 1.0
(total package) 2.25
Tamp Operating Ambient Temperature Range - 20 to 85 °C
Tseg Storage Temperature Range — 55 to 150 °C
Tj Junction Temperature Range -~ 20 to 150 °C
THERMAL DATA
Symbol Parameter Value Unit
R j-ambp Thermal Resistance Junction-ambient Max. 55 CIwW
ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Vge = 50V 50 [T 1a
Tamp = 70°C, Vog = 50V 100 pA | 1a
Tamp = 70°C
for ULN2802A
Vee = 50V, V| = 6V 500 pA | 1b
for ULN2804A
VCE = 50V, Vi =1V 500 |.I,A 1b
Veeiay | Collector-emitter Ic = 100mA, |z = 250uA 0.9 1.1 \)
Saturation Voltage lc = 200mA, |z = 350uA 1.1 1.3 N 2
lc = 350mA, Ig = 500pA 1.3 1.6 3
hion) Input Current for ULN2802A V=17V 0.82 1.25 mA
for ULN2803A V; = 3.85V 0.93 1.35 | mA
for ULN28B04A V=5V 0.35 0.5 mA | 3
V) =12V 1 1.45 mA
for ULN2ZBOSA V=3V 1.5 24 mA
liofr) Input Current Tamb = 70°C, lg = 500pA 50 65 HA 4
Viemy { Input Voltage Veg=2V
for ULN2802A 13 A
le = 300mA,
for ULN2803A 2.4 \
lc = 200mA 2.7 N
le = 250mA 3 v
lc = 300mA 5
for ULN2804A 5 v
Ilc = 1256mA 5] v
lc = 200mA 7 \)
Ic = 275mA 8 v
lc = 350mA
for ULN2805A 2.4 \'
lg ="350mA,
hre DC Forward Current Gain for ULN2801A
VCE =2V, lc = 350mA 1000 - 2
C Input Capacitance 15 25 pF -
trLH Turn-on Delay Time 0.5 Vito 0.5V, 0.25 1 us —
trHL Turn-off Delay Time 05Vite 05V, 0.25 1 Us -
Ir Clamp Diode Leakage Currenl | Vg = 50V 50 pA 6
Tamb = 70°C, Vr = 50V 100 pA 8
Vg Clamp Diode Forward Voltage Ir = 350mA 1.7 2 \ 7
38
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

TEST CIRCUITS _
Figure 1a. . Figure 1b.
OPEN  VcE
- “|fcex
5-5715
Figure 2, Figure 3.
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Figure 4. Figure 5.

Figure 6. Figure7.
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

Figure 8 : Collector Current as a Function of

Saturation Voltage.
5i- 4922
lg
)
800
I 4
/
400 qj‘ 45?
‘%
. " £
Vavsi
200
74
= » /e”
] 7 4
o 05 10 18 Yo uf?

Figure 10 : Allowable Average Power Dissipation

asa Functio_n of Ambient Temperature.
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Figure 12 : Peak Collector Current as a Function

of Duty.
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Figure 9 : Collector Current as a Function of

input Currerit.
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Figure 11 : Peak Coliector Current as a Function
of Duty Cycle.
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Figure 13 : Input Current as a Function of Input

Voltage (for ULN2802A).
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

Figure 14 : InputCurrent as a Function of Input _

Voltage (for ULN2804A)
G- 4018
5
{maA}
.3
///
4.
a ;31/
i
J‘ - -
05 Pl
o
]

5 § T ] | U n ¥ v

Figure 16 : InputCurrent as a Function of Input

Voltage (for ULN280SA)
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Figure 15 : InpuiCurrent as a Function of Input

Veltage (for ULN2803A)
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

DIP18 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN, TYP. MAX. MIN. TYP. MAX.
a1l - 0.254 0.010
B 1.39 1.65 0.055 0.065
b 0.46 0.018
b1 0.25 0.010
D 23.24 0.915
E 8.5 0.335
e 2.54 0.100
e3 20.32 0.800
F 741 0.280
1 3.93 0.185
L 3.3 0.130
ra 1.27 1.59 0.050 0.063
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