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Abstract

The special and limited environment of a collage community creates some
sort of privacy and requires special connection between individuals of this small
community ,the ability of reaching this community is an important aspect of public
interest there are many ways including a special paper or websites or printed plates
or may be a dedicated radio station used to broadcast a voice that can be heard so
an FM radio station can be regarded as good sophisticated way for reaching the
group of interest as students or even anyone in the listening area (campus) of the
FM transmitter it would broadcast academic, cultural, sports and social awareness
programs meant for students. The academic programs, according to university
officials, would be prepared by senior faculty members of different faculties, but
would be broadcast by students.

many steps should be taken into consideration to get the station on air,
making sure that these groups are able to receive the broadcasted signal is regarded
as a first step of achieving the purpose of the whole project then taking care of the
whole requirements like frequency to use , power level, the overall budget and many
other things.

This project is all about building an FM transmitter using a few basic
components including a stereo FM transmitter and a PIC microcontroller to control
both the frequency according to the users order and also the LCD two line display,
with the ability of picking any available frequency in the FM band that is not
occupied by any other station with a higher power which make it applicable in any
given area the user may pick and to provide the LCD display to be able to define the
frequency being used .

FM Radio station is of the students, for the students and by the students.
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Introduction



1.1 Overview:

In this chapter we will talk about the general description of project ,
motivation ,project objectives ,estimated cost ,project scheduling for our system
,and report content.

1.2 General description of project

We are planning to build a campus FM radio station that operates on low
power and covers the area of interest which does not exceed the campus of our
collage including the building of the university that are close enough to be inside the
range of our limited coverage , a relatively small range that is private and exclusive ,
which is planned to be operated and managed by the students themselves for the
purpose of serving their needs and connect them in a satisfying sophisticated way.

FM stations are much more popular since high sound fidelity and stereo
broadcasting that overcome the interference problem of the AM and the
requirements of the special receivers , as communication and electronic engineers
we are concerned with the high quality of the audio signal broadcasting and
overcoming problems and shortcomings of that technology.

1.3 Motivation

It is an easy way that everybody can use for listening to music and know
about the advisement and other activity in the university , to provide individuals,
educational institutions and commercial entities with the highest quality available
resources to allow them to legally broadcast on the FM radio.

The reasons for universities ,including students, to support campus radio are
many, the value of a station goes far deeper than what is heard on the air.
Programming contents to be sure is valuable, also stations create promotional and
visibility opportunities for the university and student groups, skills training and
networking for students, and grassroots connections to the wider community.
Beyond this campus radio stations provide support for emerging artists and new
ideas, local news and information, and a vital role in community development

Since educational radio relies mainly on the spoken word, it can speak to
people directly and in their own language— even to those without the benefit of
literacy. Educational radio programs are relatively cheap to produce and to transmit.
The costs are dramatically less than those for television or video, and usually lower
than print or formal teaching and learning method , community owned and operated



, not for profit , listener supported radio is surviving in the face of many challenges,
but is vulnerable in many places.

1.4 Project Objective

1-To provide the university community and others in its listening area with
news reporting, advertisements, entertainment and other appropriate broadcast
materials.

2-To play a supportive role to instructional programs.

3-To provide who participates in the operation of the radio station with the
opportunities of meaningful activities.

1.5 History of broadcasting

In 1864, German scientist Heinrich Hertz proved English scientist James C.
Maxwell's theory that electromagnetic waves exist in the atmosphere and have
cretin frequencies . In 1906 , Reginald Fessenden invented wireless telephony , a
means for radio waves to carry signal at a significant distance . By 1912, Edwin
Howard Armstrong devised a new regenerative circuit. Building on the audio, he
took part of the current at the plate and fed it back to the grid to strengthen
incoming signals. Testing this concept in his turret room in Yonkers, he began getting
distant stations that is loud enough that they could be heard without earphones
(which until then were needed). He later found that when feedback was pushed to a
high level the tube produced rapid oscillations acting as a transmitter and putting
out electromagnetic waves. Thus this single circuit yielded not only the first radio
amplifier but also the key to the continuous-wave transmitter that is still at the heart
of all radio operations. Also the radio Act assigns three and four letter codes to radio
stations and limits broadcasting to the 360m wavelength. By 1920, a Pittsburgh
Westinghouse station , transmitted the first commercial radio broadcast. Reacting to
problems posed by the Radio Act of 1912, the commerce Department in 1922
allowed powerful stations to use the 400m wavelength as long as they only
broadcast live music .M

By the year of 1933 , Armstrong developed a wide-band frequency
modulation (FM) system that gives much clearer reception than AM. So in 1935 the
FM radio is born but only in monophonic systems . In 1941 , the Columbia university
radio club opened the first regularly scheduled FM station. By 1945 FM is moved
from its original home of 42 -50 MHz to 88-108 MHz to make room for TV. In 1948 A
new wavelength plan was set up for Europe . Because of the recent war, Germany
(which was not even invited) was only given a few medium-wave frequencies, which
are not very good for broadcasting. For this reason Germany began broadcasting on
ultra short waves, USW (nowadays called Very High Frequency ( VHF) ) After some



amplitude modulation experience with VHF, it was realized that FM radio was a
much better alternative for VHF radio than AM. The number of radio receivers in the
world exceeded the number of newspapers printed daily in 1954.The monophonic
system has advanced to the stereophonic in the 1960's and RDS has been integrated

in the early 1990's. 2l

In 1969, National Public Radio launched by the Corporation for Public
Broadcasting . Also, first broadcast from the moon. In 1986 , in Europe, FM radio
stations began to use the subcarrier signal of FM radio to transmit digital data. This
RDS (radio data system) is used to transmit messages on display screens to radios. By

the year of 1992 an experimental digital FM transmitter began operation. 13]

1.6 Related work

Hebron university radio station is an FM radio which is operated inside the
university but it does not have the purpose of a campus radio station, its not
dedicated to the use of the community of the collage it has the same features as any
public radio and it’s not monitored by students themselves ,it broadcasts programs
and commercials and news for the whole community not the collage students, which
are also produced and presented by it broadcasts with high power and a relatively
large range not limited by the campus of the university or its buildings.

There are student radio stations that are actually limited to the range of the
campus but it’s not operated all week long its operation is limited to cretin occasions
like holidays and special events and so it broadcasts cretin programs with cretin
topics and have limited agenda which is not flexible or can’t be modified according
to the events or circumstances like the Roskilde festival in the Denmark

Some campus (student) community base radio broadcasting system, has cetin
functions like an engineering laboratory to train students in broadcast engineering
skills, which are currently being sought to turn into a radio commercial for the
students also can improve their skills in terms of broadcast management and
broadcast business.

In the united kingdom some student stations operate on the FM waveband
for short periods of time it means that its actually bounded by the small period of
time under the restricted license while others choose to broadcast full time on the
AM waveband.



1.7 Time plane / project schedule

The time plane shows what is done in the first & second semesters .

Table 1.1 Time Planning ( first & second semesters )

Task/week

Project
Determination

Data Collection

History

Design and
Analysis

Documentation

Implementation
and Testing

Conclusion and
future suggestion

1.8 Cost Estimation and Budget Breakdown

This section lists the overall cost of the project.



Table 1.2 Cost Estimation

BH1417F 1 758
Power Amplifier 1 10$
Resist-er , capacitor, 17,32, 2 7¢
inductor

Switch 3 25
Regulator 78L05 1 2$
Varactor 1 3%
hSaLs, Led, Crysa 12,2 s
Electric Mice 1 1$
PIC18F4550 1 20$
LCD 1 20$

1.9 Report contents



The documentation for this project in the first & second semester is
categorized into four chapters, the report structure views the outline for discussed
subjects in each chapter. The outline of all chapters is summarized briefly as follows :

Chapter One : Introduction

Demonstrates an overview about the system, project importance, history and
time planning, finally this chapter shows the structure of the project report.

Chapter Two : Theoretical Background
Focuses on theories and materials that are related to the project.

Chapter Three : Project conceptual design
Describes the detailed system objectives, design options and the general
block diagrams of the system and explains how system works.

Chapter four : Detailed technical project design
Describes the detailed subsystems design , overall system design ( Schematic

diagrams ) .

Chapter Five : Implementation and Testing
Describes the construction and testing for the system.

Chapter Six : Conclusion and Future suggestion
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Chapter Two
Theoretical Background

2.1 Introduction

The propose of a communication system is to transmit an information signal
from a sender to a receiver through a communication channel ,and the radio signals
are transmitted and received by means of aerials ,but since no kind of aerial can
operate at such low frequency it is necessary to shift each signal to some higher
frequency A shift to the range of frequencies in signal is accomplished by using
modulation ,which is defined as the process by which some characteristic of a
carrier is varied in accordance of modulated wave (signal) e

The variation could be in the amplitude (amplitude modulation ) or in the

angle of the carrier (angle modulation ) in accordance with the baseband signal . For
example; if we have a single tone message the AM and FM modulation for it is going

to be as shown in the figure bellow .
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Figure 2.1 : message signal , AM signal and FM signal



2.2 Frequency modulation

Modulation changes the characteristic of signal in order to send it ,and carrier
signal is needed for carry it in the channel , assume the massage signal denoted by (¢t}
,and let ;(¢) denote the angel of modulated sinusoidal carrier ,assume to be a function of
massage signal ,the resulting angel-modulated waveis 5 t = A; cos (@, ¢ }

Where : A; is the carrier amplitude , and the instantaneous frequency of angel-modulated
_ 1 do;(r)
2 dt

signal 5 ¢t as follows: f; t

Frequency modulation is that from angle modulation in which the instantaneous
frequency f; t isvaried linearly with the massage signal m(t) ,as shown by :

fit =f,+K m@

Where f, represent the frequency of unmodulated carrier, and the K; represent the
frequency sensitivity of modulator .
The angel of modulated carrier will be :
¢
2i(t) = Zﬂfr_t + 20Ky  m(r)dr

’ 0

Then the frequency modulated Signal is :
t

5t =A; cos[2ﬂf|,.t+ 2nky  m(t)dr]
: 0

For example : if we consider the modulating signal defined by
mt =Am cos{ZHfm{ )
Then the instantaneous frequency of FM signal equals
fit = fc + R'J-Amcos{Zﬂfm{ t))
= fﬂ + Afcos{Zﬂfm{.t 1)

Where: Af = KA, isthe frequency deviation ,representing the maximum departure
of instantaneous frequency of the FM signal from the carrier frequency . Although it
may seem that this limits the frequencies in use to fr"’ Af it still neglects the
distinction between instantaneous frequency and spectral frequency. The frequency
spectrum of an actual FM signal has components extending infinitely, although they
become negligible beyond a certain point.



The angel @;(t) is obtained as @,(ty=2n nt fi T dr

t
@(t) =2nf t+2nK, Amcos(2nf (1))dr
. ]

A
Oi(t) =2nf .t -Pfisin{zjwfm t)
m

The ratio of frequency deviation Af to the modulation frequency fm is called modulation

index of the FM signal  fi = ?"—
m

Then the modulated signalis : st = Jflc cos[anl,.t + 5 sin{ZHfm.t”

2.2.1 Modulation index

As in other modulation indices, this quantity indicates by how much the
modulated variable varies around its unmodulated level. It relates to variations in
the carrier frequency:

Af

fn

Where f,, is the highest frequency component present in the modulating
signal m(t), and Af is the peak frequency-deviation. The maximum deviation of
the instantaneous frequency from the carrier frequency is when fi << 1, the
modulation is called narrowband FM, and its bandwidth is approximately 2f,,..

But when [i > 1, the modulation is called wideband FM and its bandwidth is
approximately 2Af. Although wideband FM uses more bandwidth, it can improve
the signal-to-noise ratio significantly; for example, doubling the value of Af , while
keeping [, constant, results in an eight-fold improvement in the signal-to-noise
ratio.l®! (Compare this with Chirp spread spectrum, which uses extremely wide
frequency deviations to achieve processing gains comparable to the traditional ones,
better-known as spread-spectrum modes).

With a tone-modulated FM wave, if the modulation frequency is held
constant and the modulation index is increased, the (non-negligible) bandwidth of
the FM signal increases but the spacing between spectra remains the same;. If the
frequency deviation is held constant and the modulation frequency increased, the
spacing between spectra increases. Similarly some spectral components decrease in
strength as others increase.

Frequency modulation can be classified as narrowband if the change in the
carrier frequency is about the same as the signal frequency, or as wideband if the
change in the carrier frequency is much higher than the signal frequency(modulation
index >1). 71 For example in the narrowband FM used for two way radio systems



such as Family Radio Service, the carrier is allowed to deviate only 2.5 kHz above and
below the center frequency with speech signals of no more than 3.5 kHz bandwidth.
On the other Wideband FM is used for FM broadcasting, in which music and speech
are transmitted with up to 75 kHz deviation from the center frequency and carry
audio with up to a 20-kHz bandwidth.

2.2.2 Carson's rule

Arule of thumb, Carson's rule states that nearly all (~98 percent) of the
power of a frequency-modulated signal lies within a bandwidth B of:

- Jm
By =20f(1+3%

=2f(1+7L ) =2£,(1+5 )

Where Af, as defined above, is the peak deviation of the instantaneous
frequency f t from the center carrier frequency f..

2.2.3 Bessel functions

The harmonic distribution of a sine wave carrier modulated by a sinusoidal
single tone signal can be represented with Bessel functions; this provides the basis
for a mathematical understanding of frequency modulation in the frequency
domain.

The carrier and sideband amplitudes are illustrated for different modulation
indices of FM signals (based on Bessel functions).

To show the spectrum for a single tone message:

Bessel function is:
1 7 5 .
Jn(B)= - _ exp[j(B sinx — nx)]dx
The Bessel function is used to determine the spectrum of single tone FM
signal for arbitrary value of the modulated index ( B) .

A"
xf =% InBBr-fo-nfn +of+ftnfy]

fi=—



the figure bellow shows the Bessel function versus the modulation index for

different positive integer n.
Bessal function

N .
0.5F N —2_35,
£ ’ SES<>
I\
\:ﬁ“

Figure 2.2: Bessel function of the first kind of varying order

2. 3 Microcontroller

It's a single chip computer ,used to control objects, processes and events ,so
any device that measures, stores, controls, calculates is a candidate of putting a
microcontroller inside .Microcontrollers make it easy to add features such as the
ability to store measurements, to create and store user routines, and to display
messages and waveforms, a microcontroller is similar to the microprocessor inside a
personal computer, both microprocessors and microcontrollers contain a central
processing unit to make a complete computer, a microprocessor requires memory
for storing data and programs, and input/output (I/O) interfaces for connecting

external devices like keyboards and display.
2.3.1 PIC18F4550

It is an 8-bit microcontroller of PIC 18 family, which based on 16-bit
instruction set architecture. And consists of 32Kbit flash memory, 2Kbit Static
Random Access Memory (SRAM) and 255 Bytes Electrically Erasable Programmable
Read —Only Memory ( EEPROM).Also it has a 40 pins consisting of 5 input/output
(1/0) ports ( PORTA, PORTB, PORTC , PORTD and PORTE). PORTB and PORTD have 8
pins to receive/transmit 8-bit 1/0 data . The remaining ports have different numbers
of pins for I/0O data communications.
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The PIC can work on different internal and external clock sources. Also can

work on a varied range of frequency from 31KHz to 48KHz .

2.4 Phase Locked Loop

Phase-locked loop (PLL) is a feedback loop which locks two waveforms with

same frequency but shifted in phase. The fundamental use of this loop is in

comparing frequencies of two waveforms and then adjusting the frequency of the

waveform in the loop to equal the input waveform frequency. The heart of the PLL is

a phase comparator which along with a voltage controlled oscillator (VCO), a filter

and an amplifier forms the loop. If the two frequencies are different the output of

the phase comparator varies and changes the input to the VCO to make its output

frequency equal to the input waveform frequency.[sl

So the components of a PLL that contribute to the loop gain include:
1. The phase detector (PD) and charge pump (CP).
2. The loop filter, with a transfer function of Z(s)
3. The voltage-controlled oscillator (VCO), with a sensitivity of Ky /s
4. The feedback divider, 1/ N

Error Detector  Loop Filter  VCO I

o P r :
L ED K Z) — K w0
T 2 (6,) :

/

I i 1]
- O e
B4 I 2
N T I I
pOgale. o enBe
Feedback Divider

Figure 2.3 : Block diagram for PLL
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Figure 2.4 : transfer function for PLL



Phase Locked Loop are widely employed in radio, telecommunications,
computers and other electronic applications. They can be used to recover a signal
from a noisy communication channel, generate stable frequencies at a multiple of an
input frequency (frequency synthesis), or distribute clock timing pulses in digital logic
designs such as microprocessors.

1) Phase Detector:

Phase detectors for phase-locked loop circuits may be classified in two types. A
Type | detector is designed to be driven by analog signals or square-wave digital
signals and produces an output pulse at the difference frequency. Type | detector
which always produces an output waveform, which must be filtered to control the
phase-locked loop voltage-controlled oscillator (VCO). And type Il detector which is
sensitive only to the relative timing of the edges of the input and reference pulses,
and produces a constant output proportional to phase difference when both signals
are at the same frequency. This output will tend not to produce ripple in the control
voltage of the VCO .

2) Filter:

A low pass filter that passes low frequency signals and attenuates signals with
frequencies higher than the cutoff frequency. The actual amount of attenuation for
each frequency varies from filter to filter. It is sometimes called a high-cut filter,
or treble cut filter when used in audio applications. A low-pass filter is the opposite
of a high-pass filter. A band-pass filter is a combination of a low-pass and a high-
pass. Low-pass filters exist in many different forms. The moving average operation
used in fields such as finance is a particular kind of low-pass filter, and can be
analyzed with the same signal processing techniques as are used for other low-pass
filters. Low-pass filters provide a smoother form of a signal, removing the short-term
fluctuations, and leaving the longer-term trend.

The PLL filter is needed to remove any unwanted high frequency components
which might pass out of the phase detector and appear in the VCO tune line. They
would then appear on the output of the Voltage Controlled Oscillator, VCO, as
spurious signals.



3) Voltage Controlled Oscillator

A voltage controlled oscillator is an electronic oscillator designed to be
controlled in oscillation frequency by a voltage input. The frequency of oscillation is
varied by the applied DC voltage, while modulating signals may also be fed into the
VCO to cause frequency modulation (FM) or phase modulation (PM); a VCO with
digital pulse output may similarly have its repetition rate (FSK, PSK) or pulse

width modulated (PWM).[QI

VCOs can be generally categorized into two groups based on the type of
waveform produced:

1) harmonic oscillators 2) relaxation oscillators.

Harmonic oscillators generate a sinusoidal waveform. They consist of an
amplifier that provides adequate gain and a resonant circuit that feeds back signal to
the input. Oscillation occurs at the resonant frequency where a positive gain arises
around the loop. Some examples of harmonic oscillators are crystal oscillators and
LC-tank oscillators. When part of the resonant circuit's capacitance is provided by a
varactor diode, the voltage applied to that diode varies the frequency.

Relaxation oscillators can generate a triangular waveform. They are
commonly used in monolithic integrated circuits (ICs).

Harmonic oscillator VCOs have these advantages over relaxation oscillators:

= Frequency stability with respect to temperature, noise, and power supply is
much better for harmonic oscillator VCOs.

= They have good accuracy for frequency control since the frequency is controlled
by a crystal or tank circuit.

A disadvantage of harmonic oscillator VCOs is that they cannot be easily
implemented in monolithic ICs. Relaxation oscillator VCOs are better suited for this
technology. Relaxation VCOs are also tunable over a wider range of frequencies.

4) The feedback divider

In digital electronics, frequency multipliers are often wused along
with frequency dividers and phase-locked loops to generate any desired frequency
from an external reference frequency. The frequency multiplication is carried out in
the phase-locked loop's feedback loop, by using a frequency divider on the output of
the voltage controlled oscillator (VCO). This divided-down output is fed-back to the
input comparator and compared to the reference frequency. Since the divided down
frequency is smaller than the reference frequency, the comparator generates
a voltage signal to the VCO, telling it to increase the output frequency. It continues
to do this via the feedback loop, raising the VCO output frequency, until the divided-
down frequency from the VCO output is equal to the reference frequency. At this



point the comparator stabilizes and generates no more signals to the VCO, or only
minor changes to maintain stability. The output frequency from the VCO will be
stable at the input reference frequency multiplied by the value of the feedback

divider.[*”

A PLL with a frequency divider in its feedback loop acts as a frequency
multiplier and is a type of frequency synthesizers.

A frequency divider, also called a clock divider is a circuit that takes an input signal
of a frequency, fi,, and generates an output signal of a frequency:

fmgf_ _ fr'n

n

Where: nis an integer. Phase-locked loop frequency synthesizers make use of

frequency dividers to generate a frequency that is a multiple of a reference
Frequency . Frequency dividers can be implemented for both analog and digital
applications .

2.5 Oscillator

Oscillator is an electronic device that generates an output signal without the
necessity of an input signal. they are used as a signal sources in all sorts of
applications. Different types of oscillators produce Various types of outputs

including sine waves ,square waves, triangular waves , saw tooth waves il

Acrystal oscillatoris an electronic oscillator circuit that uses the
mechanical resonance of a vibrating crystal of a piezoelectric material to create an
electrical signal with a very precise frequency. This frequency is commonly used to
keep track of time (as in quartz wristwatches), to provide a stable clock
signal for digital integrated circuits, and to stabilize frequencies for radio
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transmitters and receivers.

Figure 2.5 : Oscillator Figure

An oscillator crystal has two electrically conductive plates, with a slice or
tuning fork of quartz crystal sandwiched between them. During startup, the circuit
around the crystal applies a random noise AC signal to it, and purely by chance, a



tiny fraction of the noise will be at the resonant frequency of the crystal. The crystal
will therefore start oscillating in synchrony with that signal. As the oscillator
amplifies the signals coming out of the crystal, the signals in the crystal's frequency
band will become stronger, eventually dominating the output of the oscillator. The
narrow resonance band of the quartz crystal filters out all the unwanted frequencies.

The output frequency of a quartz oscillator can be either the fundamental
resonance or a multiple of the resonance, called an overtone frequency. High
frequency crystals are often designed to operate at third, fifth, or seventh overtones.

2.6 Varactor

Varactor diodes are also known as variable-capacitance diodes because the
junction capacitance varies with amount of reverse —bias voltage . Varactor diodes
are specifically designed to take advantage of this variable-capacitance
characteristic.™ These device are commonly used in electronic tuning circuits used
in communication system.

Varactors are operated reverse-biased, so no current flows, but since the
thickness of the depletion zone varies with the applied bias voltage, the capacitance
of the diode can be made to vary. Generally, the depletion region thickness is
proportional to the square root of the applied voltage; and capacitance is inversely
proportional to the depletion region thickness. Thus, the capacitance is inversely
proportional to the square root of applied voltage. ?

Anode D || Cathode .4 ;
3 1z (W)

Figure 2.6 : Varactor Figure 2.7 : A sample model of a packaged varactor diode

In the above figure, CJ (V) is the variable junction capacitance of the diode
die and RS (V) is the variable series resistance of the diode die. CP is the fixed
parasitic capacitance arising from the installation of the die in a package.
Contributors to the Para- Sitic capacitance are the package material, geometry and
the bonding wires or ribbons. These factors also contribute to the parasitic
inductance LP. The contribution to the series resistance from the packaging is



very small and may be ignored. Similarly, the inductance associated with the die
itself is very small and may be ignored.

Variation of the junction capacitance and the junction series resistance as a
function of applied reverse voltage is reported in the individual varactor data
sheets of this catalog.

A common package configuration is to assemble two junctions in one package
in a common cathode or common anode configuration. An empirical model for this
dual configuration assumes the same value of parasitic capacitance in parallel with
each junction die as for a single junction assembly. On the other hand, the parasitic
inductance LP may be assumed to be common for the assembly. For example,
suppose two junctions each with a junction capacitance of 0.5 pF (CJ = 0.5 pF) are
assembled together in one package which has a parasitic capacitance of 0.15 pF (CP
=0.15 pF) and a parasitic inductance of 0.5 nH (Lp = 0.5 nH). The model for this case
may be represented by two diodes with total capacitance of 0.65 pF , each (CJ + CP
= 0.5 +0.15) in parallel or in series depending on the configuration. The inductance
of 0.5 nH would appear in series with the entire assembly.

Key Electrical Parameters

The Key electrical parameters guiding the selection and usage of a varactor
diode are :

Reverse breakdown voltage and reverse leakage current .
Capacitance value and the capacitance voltage change behavior.
Quality Factor

2.7 Darlington transistor

It's a compound structure consisting of two bipolar transistors
connected in such a way that the current amplified by the first transistor is
amplified further by the second one. This configuration gives a much
higher current gain than each transistor taken separately and, in the case of
integrated devices, can take less space than two individual transistors
because they can use ashared collector. Integrated Darlington pairs come
packaged singly in transistor or as an array of
devices in anintegrated circuit. A Darlington
pair behaves like a single transistor with a high
current gain . In fact, integrated devices have
three leads B, C and E , broadly equivalent to
those of a standard transistor.

So in our project we will use the
MPSA13 — NPN Darlington transistor ,this

Figure 2.8: MPSA13



device is designed for use in switching application and for applications
requiring extremely high current gains at up to 1.2 Amps. It is well suited for
relay drivers from extremely low input currents. Use this transistor to
interface from Logic ICs to drive the outside world such as relays, lamps,
solenoids, and more.

2.8 Power amplifier

The term amplifier is very generic, the purpose of an amplifier is to take an
input signal and make it stronger (or in more technically correct terms, increase
its amplitude). Amplifiers find application in all kinds of electronic devices designed
to perform any number of functions. There are many different types of amplifiers,
each with a specific purpose in mind. For example, a radio transmitter uses an RF
Amplifier (RF stands for Radio Frequency); such an amplifier is designed to amplify a
signal so that it may drive an antenna.’™ The output signal of all amplifiers
contains additional components that are not present in the input signal; these
additional characteristics may be lumped together and are generally known
as distortion. There are many types of distortion; however the two most common
types are known as harmonic distortion and inter modulation distortion.

All power amplifiers have a power rating; the units of power are called watts.
The power rating of an amplifier may be stated for various load impedances; the
units for load impedance are ohms.

The quality of an amplifier can be characterized by a number of specifications:

1- Gain

2- Bandwidth
3- Efficiency
4- Linearity
5- Noise

6- Output dynamic range
7- Slew rate

8- Rise time

9- Settling time and ringing
10- Overshoot.

1) gain

The gain of an amplifier is the ratio of output to input power or amplitude,
and is usually measured in decibels.

P
G dB = 1utagl.,|;PL_“']
[Fi)
The gain controls are used to match the amplifiers gain to the gain of the
other amplifiers in the system in case of a multiple amplifiers .



2) Bandwidth '\ f

The bandwidth represents the ‘-'EE-
amount or "width" of frequencies, or the 1

"band of frequencies," that the amplifier is
most effective in amplifying. However, the
bandwidth is not the same as the band of
frequencies that is amplified. The
bandwidth (BW) of an amplifier is the
difference between the frequency limits of

Amplitude {dB)

the amplifier
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Figure 2.9 : Bandwidth

3) Efficiency

Efficiency is a measure of how much of the power source is usefully applied
to the amplifier's output

& a tput
efficiency = DN POWET

input power
4) Noise
One of the factors which govern the performance of any amplifier system is

the noise in the system. Noise might be defined as signals in the system which are
unwanted and which degrade the desired signal content in the system.

As far as the amplifier system is concerned, noise can be divided into noise it
receives at its input and noise it generates itself. A good system is one in which the
noise generated by the amplifier itself is small compared to noise from the incoming
source.

2.9 Signal —to —noise ratio in FM system

During the transmission, a frequency modulated signal will be subjected to
noise and interference voltage . The effect of these unwonted voltage is to vary
both the amplitude and phase of the FM signal. The amplitude variations thus
produced have no effect on the performance of the system since they will have been
removed by a limiter circuit in the radio receiver. The phase deviation of the signal
,however means that the carrier is effectively frequency modulated by the noise, and
a noise voltage will appear at the output of the radio receiver .

Frequoncy (Hz)



The magnitude of the output noise voltage is directly proportional to
frequency and gives rise to the triangular noise spectrum .The output noise voltage
rise linearly from frequency until, theoretically ,at a frequency equal to the rated
system deviation ,its equal to the noise output voltage from an AM system subject to
the same noise /interfering voltage [4], for many systems not all of the noise is able to
pass through the audio stage of the receiver since the frequency deviation is larger
than the audio pass band .

2.10 PRE- EMPHASIS

Most waveforms transmitted by communication system contains a large
number of components at different frequencies .Usually the higher — frequency
components are of smaller amplitude than the components at lower frequency . For
example ; the frequencies contained in a speech waveform mainly occupy the band
100-10000 Hz but most of the power is contained at frequencies in the range of 500
Hz for men and 800 Hz for women. Since the noise appearing at the output of a
frequency-modulated system increases linearly with increase in frequency ,the signal
to noise ratio falls at high frequencies .

For a multichannel system this means that the signal to noise ratio will be
worse in the highest frequency channel . To improve the signal to noise ratio at the
higher frequencies , pre-emphasis of the modulating signal is applied at the

transmitter.w

The modulating signal is passed through a pre-emphasis network which
accentuates the amplitudes of the high frequency components of the signal relative
to the low frequency components , before it is applied to the ratio transmitter .
During its transmission from transmitter to receiver , noise and interference will be
superimposed upon the signal so that the output of the radio receiver will exhibit the
triangular noise spectrum .

In telecommunication, Emphasis is a system process designed to decrease,
(within a band of frequencies), the magnitude of some (usually higher) frequencies
with respect to the magnitude of other (usually lower) frequencies in order to
improve the overall signal-to-noise ratio by minimizing the adverse effects of such
phenomena as attenuation differences or saturation of recording media in
subsequent parts of the system.

For example :

FM broadcasting in the US, the standard pre-emphasis / de-emphasis is "75
microseconds." This means that the RC network has a time constant of 75
microseconds. To convert this to a 3 dB corner frequency, take the reciprocal:

w=1/75x10"° = 13.33 radians/sec, or 2.1 KHz.
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Figure 2.10 : pre-emphasis and de-emphasis

The image above shows the concept below the 2.1 KHz. Both the transmitter
and receiver are flat. Above that, the pre-emphasis at the transmitter is exactly
offset by the de-emphasis at the receiver , so the net is a flat frequency response ,
measured from transmitter input to receiver output . [14]

2.11 coil (inductor)

Inductance (L) results from the magnetic field forming around a  current-
carrying conductor which tends to resist changes in the current. Electric
current through the conductor creates a magnetic flux proportional to the current. A
change in this current creates a corresponding change in magnetic flux which, in
turn, by Faraday's Law generates an electromotive force (EMF) that opposes this
change in current. Inductance is a measure of the amount of EMF generated per unit
change in current. For example, an inductor with an inductance of 1 Henry produces
an EMF of 1 volt when the current through the inductor changes at the rate of 1
ampere per second. The number of loops, the size of each loop, and the material it is
wrapped around all affect the inductance. For example, the magnetic flux linking
these turns can be increased by coiling the conductor around a material with a

high permeability such as iron. This can increase the inductance by 2000 times.[**!

The formula for an inductor:

§ = a2 4r* - _ L(36r+161)
" 36r+161 == 472

Where: Lis the inductance in uif.
ris the radius of coil in inches.
L is the length of coil in millimeters (mm).
nis the number of turns on coil.

-



Using the above values, the inductance of L can be calculated. A diameter of
5.5mm =0.22 inches, the radius is half this value or 0.11 inch, the length is 4.5mm
and number of turns, n = 6.

4(011)%
So L= 6°
36 011 + 1.6 45

= 0.156 uH
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Chapter three

Project Conceptual Design

3.1 Introduction

Data transfer process requires two main parts, the transmitter and the
receiver, the transmitters main function is to transmit the data as a signal and the
receiver receives it.
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Figure 3.1 : transmitter and receiver system

Signals coming from different information sources cannot be transmitted
through any given transmission medium so the source modifies the signal in a way
make it possible to transmit that signal through the channel (transmission medium)
used in the system. This particular part is called the modulator which varies one or
more of the properties of high frequency waveform called the carrier signal with
a modulating signal which typically contains information to be transmitted among a
lot of advantages, modulation process helps to avoid interference between different
signals .

The amplifier is a very important part of the transmitter ,which is an
electronic device that increases the voltage, current, power of a signal which
protects the signal from being completely attenuated and make it strong enough to
reach the receiver . And after the amplifier there is the transmission medium.

In the same manner we have an amplifier at the receivers side which is used
to amplify the signal after getting so weak as a result of interference with other
signals and noise that adds to the signal as it travels through the channel after that
the signal goes to the demodulator which operates in an opposite manner to the



modulation where the signal is extracted from the high frequency carrier and get the
original information bearing signal from the modulated carrier wave .

This project is specialized in the transmission part and uses frequency
modulation Which conveys information by varying its instantaneous frequency.

3.2 How to built Frequency Modulated Transmitter

In frequency modulation (FM) the modulating signal combines with the carrier
to cause the frequency of the resultant wave tovary with the instantaneous
amplitude of the modulating signal .

Figure 3-2 shows you the block diagram of a frequency-modulated transmitter.

The modulating signal applied to a variable capacitor causes the reactance
to vary. The variable capacitor is connected across the tank circuit of the oscillator,
with no modulation, the oscillator generates a steady center frequency. With
modulation applied, the variable capacitor causes the frequency of the oscillator to
vary around the center frequency in accordance with the modulating signal.[m]

The oscillator output is then fed to a frequency multiplier to increase the
frequency and then to a power amplifier to increase the amplitude to the desired
level for transmission.

FREQUENCY POWER
MULTIPLIER AMPLIFIER
“
NAAN L '_DU— MODULATING
ATl OSCILLATOR VBRICAR ot

Figure 3.2 : FM transmitter block diagram.

3.3 How the system work

The design of the general transmitter can be broken up into four major
components: microcontroller, LCD module, audio modulating/transmitting circuitry,
and power supply. Additional smaller components include: antenna, pushbuttons.
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Figure 3.3 : Transmitter system

This part will explain the transmission process and what is the function of each part.

At first voice signal will be inhered in the modulator and the modulator will
modulate this signal using the carrier frequency supplied by the microcontroller, the
microcontroller uses three user inputs consisting of frequency up, frequency down,
and ON/OFF for power, to control the processes of the transmitter. It outputs the
transmission frequency to the LCD module and the audio modulating/transmitting ,
the carrier frequency is obtained depending on the programmable controller .Since
the range of FM is (87-108) MHz and to send at different frequency we need to
increase/decrease the frequency of transmitter . The pushbutton(frequency up)is
used to increase the transmitted frequency by 0.2MHz, and also by pushing
(frequency dawn )the carrier frequency will decrease by 0.2MHz. If (frequency dawn)
is pushed twice the carrier frequency will decrease by 0.4 MHz and so on . After the
frequency have been chosen the microcontroller is connected to the LCD module ,
The LCD module interface to write characters to the screen.

The audio modulating/transmitting interfaces with the microcontroller using
programming switches to control the modulation frequency. The circuitry inside the
integrated circuit multiplexes the audio input signals with a pilot signal, frequency



modulates the composite signal, and outputs a signal ready for transmission through
an antenna.

3.3.1 MICROCONTROLER WORK

Microcontroller is the heart of the project, since it gives order to other part to
work. It controls the LCD module and the audio modulating unit depending on user
input. If the switch up is on the microcontroller will send order to audio modulator
in order to increase the frequency by 0.2MHz and send to LCD to display the
transmitted frequency ,and if the switch down is pressed microcontroller send to
audio modulator in order to increase the frequency by 0.2MHz and send to LCD to
display the new frequency .

This flow chart describes the job of microcontroller in this project.
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Figure 3.4 : Microcontroller work



3.3.2 Audio Modulating / Transmitting circuit

In the sound broadcast system , the baseband signal for an FM stereophonic is
composed of two audio streams (left and right channels), from any source an MP3 decoder,
electrets microphone, these two streams are band limited to bandwidth form 30 Hz to 15
KHz then they are pre emphasized to increase the signal —to —noise ratio ,then it will be
encoded.

Stereo multiplexing is a form of frequency-division multiplexing designed to
transmit two Separate signals via the same carrier. It is widely used in FM radio
broadcasting to send two different elements of a program ,so as to give a spatial
dimension to its perception by a listener at the receiving end.l”!

The specification of standards for FM stereo transmission is influenced by two
factors:

1. The transmission has to operate within the allocated FM broadcast channel
2. It has to be compatible with monophonic radio receivers.

Figure 3.5 shows the block diagram of the multiplexing system used in an FM stereo
transmitter .
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Figure 3.5 stereo encoder

The left channel (L) and right channel (R) are fed into a summing and
differential amplifier to get an L+R and L-R signal respectively. The reason L+R and L-
R signals are encoded rather than L and R is that a mono receiver can just
demodulate the L+R signal and ignore the rest of the signal. The channel difference
signal is then combined with a 38 kHz carrier in a balanced modulator to form a



double sideband signal centered at 38 kHz. Back in the receiver, once the Stereo
Decoder has extracted the L+R and L—R signals the original left and right signals are
easily obtained by (L+R) + (L-R) = 2L and (L+R) — (L—-R) = 2R. The third signal, a pilot
carrier at 19 kHz, exactly half the frequency of the carrier used to regenerate the
missing 38 kHz carrier in the receiver and this 38 kHz carrier is used to demodulate
the double sideband signal.
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Figure 3. 6 : Spectrum allocation for stereophonic sound

The three signal will add to produce composite signal ,which is the
information to be modulated. The three separate signals are not intended to affect
each other. Careful filtering can minimize undesirable interactions, most of which
would be some kind of beat between the 19 kHz pilot signal and the Left and Right
channels and their products .

The frequency is generated using an oscillator then it passes through a
divider to produce a reference frequency for the phase comparator which campers
it with the modulated signal .
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Figure 3.7: Phase locked loop controlled oscillator

The composite signal pass through VCO which produces a frequency
depending on its input voltage ,then it will pass to program counter ,which is actually
a programmable divider which outputs a divided down value of the RF signal. The
signal is then applied to the phase detector which campers the program counter
output with the reference value, if there is an error it feedback to change the value
of VCO and to correct the frequency .Then the modulated signal will be amplified
and sent via an antenna.

3.4 RF Amplifiers

The amplifier is used to increase the power output transmitter, Here we are
talking about Radio Frequency (RF) amplifiers’, not audio amplifiers. RF amplifiers
have certain important characteristics:

Bandwidth (Commercial FM Frequency range of 88-108 MHz).

Gain and Maximum Output Power .

Input and Output Impedance (input impedance should be matched to driving
section of transmitter to amplifier, output impedance typically matched to
antenna input impedance 50 ohm).
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Chapter four

Detailed Technical Project Design

4.1 Overview

This chapter

describes

(BH1417) , power supply , amplifier .

4.2

subsystem detailed design

the detailed subsystems , like wireless audio IC

This section contains detailed description of the subsystems.

4.2.1 Wireless Audio Link IC ( BH1417)

The BH1417 is an FM stereo transmitter that includes a lot of features in one

small package. It comes with pre-emphasis, limiter so that the music can be

transmitted at the multi-audio level, stereo encoder for stereo transmission, low

pass filter that blocks any audio signals above 15KHz to prevent any RF interference,

PLL circuit that provides rock solid frequency transmission (no more frequency drift),
FM oscillator and RF output buffer.

The BH1417 have 22 pins each with a special connection :
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As shown in Figure 4.1, the BH1417 includes two separate audio processing
units, for the left and right channels . The left channel audio signal is applied to pin
22 of the chip, while the right channel signal is applied to
pin 1. The left and right audio input signals are fed via c3,

c5(1uF) capacitors which are included to prevent DC

current flow due to any DC offsets at the signal source TrimRPnt
output and then applied to attenuator circuits consisting
of R3,R4 (10kQ) fixed resistors and 10kQ trimpots (R1 & 11
| —
R2), the signals are coupled into pins 1 and 22 via 1uF
bipolar capacitors (c1,c4). T
: _ 1 a2l
For coupling Cl,4 nfZin rﬂ
) Figure 4.2 : Circuit Limiter
Ca= Zn-3000-500 L HF

These two channels are then applied to a pre-emphasis circuit which are
designed to increase the magnitude of some frequencies with respect to the others
within a frequency band .This stage helps to overcome the noisy medium of the FM
radio and the loud noise of the high frequencies by improving the signal to noise
ratio of the received signal, it works by using an expletive de-emphasis in the
receiver to attenuate the boosted high frequencies after demodulation; so that ,the
frequency response is set by the value of the capacitors connected to pins 2 and 21 .
The value of the time constant is specified by the relation :

Time constant = 22.7KQ X capacitance value .
S0us =22.7KQ X €y,
= C] 1,2 == 22 RF

Within the pre-emphasis section there is the limiting circuit which attenuates
signals above a certain threshold to avoid overloading the following stages. That’s in
turn prevents over-modulation and reduces distortion.

After pre-emphasis stage the signals from both the left and right channels are
processed through two low pass filters (LPF), these filters are required to roll off the
response above 15 KHz and this is important to make sure that the bandwidth of the
FM signal is restricted to the commercial broadcast FM transmitters . The time
constant of the low pass filters are supplied on pins 3 and 20.

1

fe= om

For f =15KHz - 1 =1.0610#%10""s
T=RC



ForR=70.7 KQ,7 =1.0610 * 10 °s = C;,, = 150 pF

The outputs from the right and left LPFs are in turn applied to a multiplex box
(MPX), this stage is use to produce the sum and difference signals of the left and
right signals which are then modulated onto a 38 KHz carrier, then the carrier is
removed to produce the double- sideband suppressed carrier signal. It is then mixed
in a summing (+) block with a 19kHz pilot tone which is supplied on pin 19 with
phase and level set by a capacitor on that pin to give a composite signal output (with
full stereo encoding) at pin 5.

The 38kHz multiplex signal and 19kHz pilot tone are derived by dividing down
the 7.6MHz crystal oscillator located at pins 13 & 14. The frequency is first divided by
four to obtain 1.9MHz and then divided by 50 to obtain 38 kHz. This is then divided
by two to derive the 19kHz pilot tone.

76MHz+ 1 a* 1 50=38KH2

7.6MH2*14*1 *12=19KH2

50

In addition, the 1.9 MHz is divided down by 19 to produce a 100 KHz signal,
which is then applied to the phase detector which also monitors the program
counter output. This program counter is actually a programmable divider which
outputs a divided down value of the RF signal. The dividing ratio of this divider is
specified by a certain code that reaches from the Microcontroller by that’s the
controller specifies the carrier frequency used in the modulation. The division ratio
of this counter is set by the voltage levels at pins 15, 16, 17, 18 ( DO-D3 ) . Table 1
shows how the voltage level is set to select one of 14 different transmission
frequencies.

For example, when DO-D3 are all low, the programmable counter divides by
877. Thus, if the RF oscillator is running at 87.7MHz, the divided output from the
counter will be 100kHz and this matches the frequency divided down from the
7.6MHz crystal oscillator .



Table 4.1 : Frequency selection

Control Data
Pin 15 | Pin16 | Pin17 | Pin 18

Frequency in MHz

0 0 0 0 87.7
1 0 0 0 87.9
0 1 0 0 88.1
1 1 0 0 88.3
0 0 1 0 88.5
1 0 1 0 88.7
0 1 1 0 88.9
1 1 1 0 Uncontrolled
0 0 0 1 106.7
1 0 0 1 106.9
0 1 0 1 107.1
1 1 0 1 107.3
0 0 1 1 107.5
1 0 1 1 107.7
0 1 1 1 107.9
1 1 1 1

Uncontrolled

4.2.2 RF OCILLATOR

The RF oscillator output is at pin 9. This is a Coliptts
oscillator and is tuned using inductor L2.

There is the 33pF (C27) fixed capacitor which
performs two functions. First, it blocks the DC voltage
applied to Variable capacitor diode (VC1), to prevent current
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Figure 4.3 :Voltage controlled

oscillator

from flowing into L2. And second, because it is in series with VC1, it reduces the

effect of changes in the variable capacitor by pin 9. The 10pF (C25) capacitor

prevents DC current flow into L2 from pin 9.



4.2.3 Frequency modulation

Of course, in order to transmit audio information, we need to frequency
modulate the RF oscillator. We do that by modulating the voltage applied to the
varicap diode using the composite signal output at pin 5.

The composite output signal is fed via a 10uF(C16) capacitor to trimpot
R7.This trimpot sets the modulation depth. From there, the attenuated signal is fed
via another 10uF (C17) capacitor and two 10kQ (R8, R11 ) resistors to variable
capacitor diode( VC1).

The phase lock loop control (PLL) output at pin 7 is used to control the carrier
frequency. This output drives high-gain Darlington transistor Q1 and this, in turn,
applies a control voltage to VC1 via two 3.3kQ (R6, R9) series resistors and the 10kQ
(R11) isolating resistor. The 2.2nF ( C19) capacitor at the junction of the two
3.3kQ(R6,R9) resistors provides high-frequency filtering.

4.2.4 Power Supply

The system has components that need 12 V power supply such as amplifier
and other components that need 5 V power supply such as the microcontroller and
BH1417 , so the circuit that show in the figure below was designed to feed the

system with the desired power by using 12 Volt and LM78L05 voltage regulator.

Figure 4.4 : Power Supply

The diode D1 allows current to go in one direction when the polarity of the
voltage corresponds to the direction of the forward bias of the diode, and doesn't
allow (cuts off) the current in the opposite direction when the polarity of voltage
corresponds to the direction of the reverse bias of the diode. So it is provides reverse
polarity protection.

A Smoothing Capacitor is used to generate ripple free DC,and ZD1 protects
the circuit against high-voltage transients, while regulator REG78I05 provides a
steady +5V rail to power the circuit.



4.2.5 Power Amplifier

The modulated RF output appears at pin 11 of the BH1417 and is fed to an RF
power amplifier that converts the low-power radio-frequency signal at the output of
the circuit into a larger signal of significant power this power amplifier is called
MAR-1+ Darlington amplifier which is a wideband amplifier offering high dynamic
range and has a repeatable performance and high gain of, 17.8 dB type at 0.1 GHz,
its internally matched to 50 Ohms and low noise figure.

The figure 4.7 illustrates the design of Darlington amplifier, the resistor R5
set the bias current, where : Vd ~(VCC-R5*ICC)

The value of C10,C14 determines the low frequency cut off of the amplifier circuit.
The Capacitors value is chosen to suit the frequency that the amplifier

circuit is going to be used for, and L1 is used to isolate the resistor R5 so that it does
not appear in parallel with the output load of the amplifier, degrading the output
match of the amplifier. Capacitor C15 should be used in conjunction with the L1 to
present a low impedance path to ground for any signal that manages to get past the
L1.
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RF Output - -
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Figure 4.5 : Power Amplifier



4.3 Overall System Design

The system design is shown in the following figure :

Figure 4.6 : Overall System Design



4.4 LCD interfacing with PIC microcontroller

The LCD display was chosen to meet our visual requirement of displaying
the active frequency .It has two lines with sixteen characters for each .The size of
viewing area 62x16mm.

The LCD operate an 5 volt power supply and the input line to LCD are directly
connected to the PIC and controlled as this manner.
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Chapter Five

Implementation and Testing

5.1 Overview

In this chapter the construction and testing for the system would be shown
,the construction and testing processes are very important to insure that the system
work successfully .After collecting all the necessary information related to the
project and analyze them , the group starts to build the system using all the ICs that
depicted the design chapter and after each part of the system the group tested them
to get the wanted result, and when the whole system has been finished a complete
testing process had been done over the whole system .

5.2 Construction :

At the beginning all the required components to build the project are
provided ,then the whole project is divided into two main parts , hardware and
software, in the hardware part, we built the circuit and we soldered the electronic
components onto the board , with taking polarity of capacitors an diodes and zener
diodes into consideration ,while the software part is all about programming the
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Figure 5.1 Overall project



microcontroller with the right code that guarantees the required performance of the
microcontroller.

5.3 Testing

First of all ,we need the tuner (L2 )so that the RF oscillator operates over the
correct range. It done by these steps :

1. We select the transmission frequency so that its not occupied by a higher power
station in the campus with taking into consideration that this frequency is within the
FM commercial band in order to avoid interference with that stronger signal.

2. We adjust the value of the coil ( L2) in order to tune the oscillator to the
selected frequency ,no further adjustments to L2 should be required if you
subsequently switch to another frequency within the selected band. However, if
change to a frequency that's in another other band, L2 will have to be readjusted .

Figure 5.2 : Coil ( Variable inductor )



To adjust the trimpots (R1,R2) to achieve better sound quality from the

tuner , we have temporarily disconnect the signal source to make each adjustment.
There should be sufficient signal to eliminate any background noise but without any
noticeable distortion. The R1 and R2 must each be set to the same position, to

maintain the left and right channel balance.

Figure 5.3 Trimpots

Output frequency from the spectrum analyzer :
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Figure 5.4 Spectrum of the Transmitted frequency
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Figure 5.5 Spectrum of the Transmitted frequency

By looking at the two frequency analyzer pictures we noticed that second
picture , the one with the higher frequency suffers higher interference as a result of
having a higher power station broadcasting at the same frequency in this particular
area. For that reason the first try broadcasting at 88.5 frequency is regarded better
than the second one.

As a last step of the testing process we performed an outdoor testing, the
transmitter is fixed seven floors off the ground in the B+ building , and we started
broadcasting the signal on different frequencies and made sure that the signal can
be received all the way to building A with a distance of almost 350 meters.



CHAPTER

Conclusion and Future suggestion

6.1 Oveview
6.2 Conclusion

6.3 Future suggestion



Chapter Six

Conclusion and Future suggestion

6.1 Overview :

After building the circuits of the system, as was shown in chapter Five. We
came to cretin conclusions.

6.2 Conclusions:

Many experiences were added to the team cognitive knowledge through
this project.lt became more obvious how real work and application in the real life
can be complicated and way harder than simulation in addition, it can suffer a lot of
effects and have a lot of problems and how its away from ideal situations that we are
used to picture, also we became more familiar with the way to provide the required
components which was not easy at all , besides as we are using already occupied
broadcasting frequencies from another high power stations we suffered from high
interference which also differs from one area to another depending at the coverage
area of those stations not to mention high noise which affects the broadcasted
signal so badly .

6.3 Future considerations and suggestions:

As the transmitter is working properly and exactly as it was planned
for , its time to get it into operation, after specifying the audience of interest and
making them familiar with it ,also make it an acceptable tool and consider it as
away to contact them.

In addition to expand the range of our coverage so to include other collages of
the university ,looking forward to include the collage of administrative science and
fawze kaawash center of excellence in Abu Romman which means broadcasting on a
higher power to a chive higher range of coverage , besides it would be more elegant
to be able to broadcast a cretin message (a name for the station for example ) which
indicates that it’s the signal of university's station.
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// LCD nodul e connecti ons
// LCD nodul e connecti ons

shit
shit
shit
shit
shit
shit
shit
shit
shit
shit
shit
shit

LCD_RS
LCD_EN
LCD D4
LCD_D5
LCD_D6
LCD D7 at
LCD RS Directi
LCD EN Directi
LCD D4 Directi
LCD D5 Directi
LCD D6 Directi
LCD D7 _Directi

at
at
at
at
at

/! End LCD nodul e connections

unsi gned i nt
unsi gned
unsi gned

unsi gned

dw ;
i nt up ;
i nt frq ;
i nt g ;

void scan ()

{

q=100;

whi | e(g>1)

q-- .

del ay_ns(2);

up =porth.fO;

dw =porth.f1;

{

i f(up==0){frq ++};
i f(dw==0){frq —1};
{

void nmain(){

TRI SD = OXf0;
PORTD = 0x00;

TRI SA = 0x00 ;

TRI SBO_bit=1 ;

TRI SB1_bit=1
ADCON1= 0xOf ;

aer digital
Led_Init();

on
on
on
on
on
on

RB3 bit;
RB2 bit;
RB4 bit;
RB5 bit;
RB6_bi t;
RB7 bit;

at
at
at
at
at
at

TRI SB3_bi t ;
TRI SB2_bi t ;
TRI SB4_bi t;
TRI SB5_bi t;
TRI SB6_bi t ;
TRI SB7 bit;

Lcd_Cnd(_LCD _CURSOR_OFF) ;
Lcd_Cnd(_LCD_RETURN_HOME )
Lcd Qut _cp("FM station”;

del ay_ns(500);

whi | e(1){
Scan() ;

if(frg==0){lcd_out(2,1,"
if(frg==1){lcd_out(2,1,"
if(frg==2){lcd_out(2,1,"
1 f(frg==3){lcd_out(2,1,"
if(frg==4){lcd_out(2,1,"
if(frg==5){lcd_out(2,1,"
if(frg==6){lcd out(2,1,"
if(frg==7){lcd out(2,1,"

0000
1000
0100
1100
0010
1010
0110
0001

87.
87.
88.
88.
88.
88.
88.
106.

/1 ADC config al

Il

/] Cursor

11

mai n function

/1l port D is output
/1l port D=0

/1l port Ais input

porta

Initialize LCD

of f

/] LCD return hone

~NO~NOTWE O~

Mhz
Mhz
Mhz
Mhz
Mhz
Mhz
Wvhz
Wvhz

"),
"),
"),
"),
"),
"),
"),
"),

port a=0b0000};
porta=0b1000};
porta=0b0010};
porta=0b1100};
porta=0b0010};
porta=0b1010};
porta=0b0110};
porta=0b0001};



if(frg==8){lcd_out(2,1,"1001
if(frg==9){lcd_out(2,1,"0101
if(frg==10){lcd_out(2,1,"1101
if(frg==11){lcd_out(2,1,"0011
if(frg==12){lcd out(2,1,"1011
if(frg==13){lcd out(2,1,"0111
i f(frg>14){frqg=0};

}

}

106.9 Mhz"); porta=0b1001};

107.1 Mhz"); porta=0b0101};
107.3 WMhz"); porta=0b1101};
107.5 Mhz"); porta=0b0011};
107.7 Mhz"); porta=0b1011};
107.9 Mhz"); porta=0b0111};
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L78L00
SERIES

POSITIVE VOLTAGE REGULATORS

« OUTPUT CURRENT UP TO 100 mA

« OUTPUT VOLTAGESOF 3.3;5;6;8; 9;12;
15;18; 24V

« THERMAL OVERLOAD PROTECTION

« SHORT CIRCUIT PROTECTION

« NOEXTERNAL COMPONENTS ARE
REQUIRED

« AVAILABLEIN EITHER = 5% (AC) OR + 10%
(C) SELECTION

DESCRIPTION

The L78L0O0 series of three-terminal positive
regulators employ internal current limiting and
thermal shutdown, making them essentially
indestructible. If adequate heatsink is provided,
they can deliver up to 100 mA output current.
They are intended as fixed voltage regulatorsin a
wide range of applications including local or
on-card regulation for elimination of noise and
distribution problems associated with single-point
regulation. In addition, they can be used with
power pass elements to make high-current
voltage regulators.

The L78L00 series used as Zener diode/resistor
combination replacement, offers an effective

TO-92

output impedance improvement of typically two
orders of magnetude, along with lower quiescent
current and lower noise.
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L78L0O0

ABSOLUTE MAXIMUM RATING

Symbol Parameter Value Unit
Vi DC Input Voltage Vo=3.3Vto9V 30 \%
Vo=12V1to15V 35 Y,
Vo=18Vto 24V 40 Y,
lo Output Current 100 mA
Piot |Power Dissipation Internally limited (*)
Tstg |Storage Temperature Range - 40 to 150 °c
Top Operating Junction Temperature RangeFor L78L00C, L78LO0OAC 0 to 125 °C
For L78L00AB - 40 to 125 °c

(*) Our SO-8 package used for Voltage Regulators is modified internally to have pins 2, 3, 6 and 7 electrically commoned to the die attach
flag. This particular frame decreases the total thermal resistance of the package and increases its ability to dissipate power when an
appropriate area of copper on the printed circuit board is available for heatsinking. The external dimensions are the same as for the standard

SO-8
THERMAL DATA

Symbol Parameter SO-8 TO-92 SOT-89 Unit

Rthj-case | Thermal Resistance Junction-case Max 20 15 °c/w

Rthj-amb | Thermal Resistance Junction-ambient Max| 55 (*) 200 °c/w
(*) Considering 6cm* of copper Board heat-sink
TEST CIRCUITS

v
Vi o _78L00 ° Vaur
Cin e - U
* |
0.33uF 01wk
— SC06720
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L78L00

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)

Vo ] 512V () 129

GND [} 1 GND

GND 1 GND 12 3

|_| I_I |_| 1oy PC11200
pin 1 =Vour
NC . 2l N[: Vour GND VN pin 2 =GND
PC11190 aC12120 pin 3=V
SO-8 SOT-89 TO-92
BOTTOM VIEW
ORDERING NUMBERS
Type SO-8 TO-92 SOT-89 Output Voltage

L78L33AC L78L33ACD L78L33ACZ L78L33ACU 3.3V
L78L33AB L78L33ABD L78L33ABZ L78L33ABU 3.3V
L78LO5C L78L0O5CD L78L0O5CZ 5V
L78LO5AC L78LO5ACD L78LO5ACZ L78LO5ACU 5V
L78LO5AB L78LO5ABD L78LO5ABZ L78LO5ABU 5V
L78L0O6C L78L06CD L78L06CZ 6V
L78LO6AC L78LO6ACD L78LO6ACZ L78LO6ACU 6V
L78LO6AB L78LO6ABD L78LO6ABZ L78LO6ABU 6V
L78L0O8C L78L08CD L78L08CZ 8V
L78LOBAC L78LOSBACD L78LO8ACZ L78LOBACU 8V
L78LOBAB L78L08ABD L78L0O8ABZ L78LO8ABU 8V
L78L09C L78L09CD L78L09CZ 9V
L78L0O9AC L78L0O9ACD L78L0O9ACZ L78LO9ACU 9V
L78LO9AB L78LO9ABD L78L09ABZ L78LO9ABU 9V
L78L12C L78L12CD L78L12CZ 12 Vv
L78L12AC L78L12ACD L78L12ACZ L78L12ACU 12 Vv
L78L12AB L78L12ABD L78L12ABZ L78L12ABU 12V
L78L15C L78L15CD L78L15CZ 15V
L78L15AC L78L15ACD L78L15ACZ L78L15ACU 15V
L78L15AB L78L15ABD L78L15ABZ L78L15ABU 15V
L78L18C L78L18CD L78L18CZ 18 V
L78L18AC L78L18ACD L78L18ACZ L78L18ACU 18 Vv
L78L18AB L78L18ABD L78L18ABZ L78L18ABU 18 V
L78L24C L78L24CD L78L24CZ 24 V
L78L24AC L78L24ACD L78L24ACZ L78L24ACU 24 V
L78L24AB L78L24ABD L78L24ABZ L78L24ABU 24 V

J
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L78L0O0

ELECTRICAL CHARACTERISTICS FOR L78L05 (refer to the test circuits, Tj = 0 to 125 °C,

Vi =10V, lo =40 mA, Ci = 0.33 uF, Co = 0.1 yF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 4.6 5 5.4 \Y;
Vo Output Voltage lo=1t0o40mA Vi=7to20V 4.5 5.5 \%

lo=1to70mA V;=10V 4.5 5.5 \%
AV, |Line Regulation Vi=7t020V T;=25°C 200 mV
Vi=8t020V T;=25°C 150 mv
AV, |Load Regulation lb=1t0100mMA Tj=25°C 60 mV
lo =1to 40 mA T;=25°C 30 mV
lq Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo =1t040 mA 0.2 mA
Alg Quiescent Current Change Vi=8to20V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 40 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 40 49 dB
Vi=8t018V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78L06 (referto the test circuits, Tj = 0 to 125 °C,
Vi =12V, lo =40 mA, Cj = 0.33 pF, Co = 0.1 pF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25 °c 5.52 6 6.48 \%
Vo Output Voltage lo=1t0c40mA V;=8.5t020V 5.4 6.6 \Y

lo=1to70mA V=12V 5.4 6.6 \%
AV, |LineRegulation Vi=85t020V Tj=25°C 200 mvV
Vi=9t020V Tj=25°C 150 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 60 mV
lo =1to 40 mA Tj=25°C 30 mvV
lg Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo=1to40 mA 0.2 mA
Alg Quiescent Current Change Vi=8to20V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 50 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 38 46 dB
Vi=9t020V
Vg Dropout Voltage 1.7 V
4/19 ‘1’




L78L00

ELECTRICAL CHARACTERISTICS FOR L78L08 (refer to the test circuits, Tj = 0 to 125 °C,

Vi =14V, lo =40 mA, Ci = 0.33 uF, Co = 0.1 yF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 7.36 8 8.64 \Y
Vo Output Voltage lo=1to40mA Vi=10.5t023V 7.2 8.8 \%

lo=1to70mA V=14V 7.2 8.8 \Y
AV, |Line Regulation Vi=10.5t0 23V T;j=25°C 200 mV
Vi=11t023V Tj=25°C 150 mv
AV, |Load Regulation lb=1t0100mMA Tj=25°C 80 mV
lo =1to40 mA T=25 °c 40 mV
lq Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo =1t040 mA 0.2 mA
Alg Quiescent Current Change Vi=11to 23V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 60 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 36 45 dB
Vi=12t0 23V
Vd Dropout Voltage 1.7 \%
ELECTRICAL CHARACTERISTICS FOR L78L09 (referto the test circuits, Tj = 0 to 125 °C,
Vi =15V, lo =40 mA, Cj = 0.33 pF, Co = 0.1 pF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25 °c 8.28 9 9.72 \%
Vo Output Voltage lo=1to40mA V;=115t023V 8.1 9.9 \Y

lo=1to70mA V=15V 8.1 9.9 \%
AV, |Line Regulation Vi=115t023V T;=25°C 250 mvV
Vi=12t023V T;=25°C 200 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 80 mV
lo=1to40mA  T;=25°C 40 mv
lg Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo=1to40 mA 0.2 mA
Alg Quiescent Current Change Vi=12to 23V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 70 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 36 44 dB
Vi=12t0 23V
Vg Dropout Voltage 1.7 V
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L78L0O0

ELECTRICAL CHARACTERISTICS FOR L78L12 (referto the test circuits, Tj = 0 to 125 °C,

Vi =19V, lo =40 mA, Ci = 0.33 uF, Co = 0.1 yF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 11.1 12 12.9 v
Vo Output Voltage lo=1to40mA Vi=145t027V 10.8 13.2 \Y

lo=1to70mA V=19V 10.8 13.2 \Y
AV, |Line Regulation Vi=145t027V Tj=25°C 250 mV
Vi=16t027V T;=25°C 200 mv
AV, |Load Regulation lb=1t0100mMA Tj=25°C 100 mvV
lo =1to 40 mA T;=25°C 50 mVv
lq Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo =1t040 mA 0.2 mA
Alg Quiescent Current Change Vi=16t0o 27V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 80 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 36 42 dB
Vi=15t0 25V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78L15 (referto the test circuits, Tj = 0 to 125 °C,
Vi =23V, lo =40 mA, Cj = 0.33 pF, Co = 0.1 pF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25°C 13.8 15 16.2 Y,
Vo Output Voltage lo=1to40mA V;=175t030V 13.5 16.5 \Y

lo=1to70mA V=23V 13.5 16.5 \%
AV, |LineRegulation Vi=17.5t030V T;=25°C 300 mvV
Vi=20t030V T;=25°C 250 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 150 mV
lo=1to40mA  T;=25°C 75 mv
lg Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo=1to40 mA 0.2 mA
Alg Quiescent Current Change Vi=20to 30 V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 90 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 33 39 dB
Vi=18.5t0 285V
Vg Dropout Voltage 1.7 V
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L78L00

ELECTRICAL CHARACTERISTICS FOR L78L18 (refer to the test circuits, Tj = 0 to 125 °C,

Vi =27V, lo =40 mA, Ci = 0.33 uF, Co = 0.1 yF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 16.6 18 19.4 \Y
Vo Output Voltage lo=1to40mA Vi=22to33V 16.2 19.8 \%

lo=1to70mA V=27V 16.2 19.8 \Y
AV, |Line Regulation Vi=22t033V T;=25°C 320 mV
Vi=22t033V T;=25°C 270 mv
AV, |Load Regulation lb=1t0100mMA Tj=25°C 170 mvV
lo =1to 40 mA T;=25°C 85 mVv
lq Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo =1t040 mA 0.2 mA
Alg Quiescent Current Change Vi=23t033V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 120 (Y
SVR [Supply Voltage Rejection lo=40mA f=120Hz T;=25 °c 32 38 dB
Vi=23t033V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78L24 (referto the test circuits, Tj = 0 to 125 °C,
Vi =33V, lo =40 mA, Ci = 0.33 pF, Co = 0.1 pF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25°C 22.1 24 25.9 Y,
Vo Output Voltage lo=1t040mA V;=27t038V 21.6 26.4 \Y

lo=1to70mA V=33V 21.6 26.4 \Y
AV, |LineRegulation Vi=27t038V Tj=25°C 350 mvV
Vi=28t038V T;=25°C 300 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 200 mV
lo=1to40mA  T;=25°C 100 mv
lg Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo=1to40 mA 0.2 mA
Alg Quiescent Current Change Vi=28t038V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 200 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 30 37 dB
Vi=29t035V
Vg Dropout Voltage 1.7 V

J

7/19




L78L0O0

ELECTRICAL CHARACTERISTICS FOR L78L33AB AND L78L33AC

(refer to the test circuits, Vi = 8.3V, lo = 40 mA, Cj = 0.33 puF, Co = 0.1 pF,
Tj = 0to 125 °C for L78L33AC, Tj = -40to 125 °C for L78L33AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 3.168 3.3 3.432 \%
Vo Output Voltage lo=1t040mA V;=53t020V 3.135 3.465 \%
lpb=1to70mA V;=8.3V 3.135 3.465 Y,
AV, |Line Regulation Vi=53t020V T;=25°C 150 mV
Vi=6.3t020V T;=25°C 100 mv
AV, |Load Regulation lb=1t0100mA T;=25°C 60 mV
lo =1t040 mA T;=25°C 30 mV
lq Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo =1t040 mA 0.1 mA
Alg Quiescent Current Change Vi=6.3t0 20V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 40 (Y
SVR [Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 41 49 dB
Vi=6.3t016.3V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78LO5AB AND L78L0O5AC
(refer to the test circuits, Vi =10V, lo =40 mA, Ci = 0.33 pF, Co = 0.1 pF,
T; = 0to 125 °C for L78LO5AC, Tj = -40to 125 °C for L78L05AB, unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25 °c 4.8 5 5.2 \%
Vo Output Voltage lo=1t040mA V;=7to20V 4.75 5.25 \Y
lo=1to70mA V=10V 4.75 5.25 \%
AV, |LineRegulation Vi=7t020V T;=25°C 150 mvV
Vi=8t020V Tj=25°C 100 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 60 mV
lb=1t040mA  T;=25°C 30 mvV
lg Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo=1to40 mA 0.1 mA
Alg Quiescent Current Change Vi=8to20V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 40 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 41 49 dB
Vi=8t018V
Vg Dropout Voltage 1.7 V
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L78L00

ELECTRICAL CHARACTERISTICS FOR L78LO6AB AND L78L0O6AC

(refer to the test circuits, Vi =12V, lo =40 mA, Cj =0.33 uF, Co = 0.1 pF,

Tj=0to 125 °C for L78LO6AC, Tj = -40to 125 °C for L78LO6AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo, |OutputVoltage Tj=25°C 5.76 6 6.24 \%
Vo Output Voltage lo=1t040mA V;=8.5t020V 5.7 6.3 \%

lo=1to70mA V=12V 5.7 6.3 \%
AV, |Line Regulation Vi=85t020V T;=25°C 150 mV
Vi=9t020V T;=25°C 100 mvV
AV, |Load Regulation lb=1t0100mA T;=25°C 60 mV
lob=1t040mA  Tj=25°C 30 mV
lq Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo =1t040 mA 0.1 mA
Alg Quiescent Current Change Vi=9to20V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 50 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 39 46 dB
Vi=9to20V
Vg Dropout Voltage 1.7 Y,

ELECTRICAL CHARACTERISTICS FOR L78LO8AB AND L78L0O8AC

(refer to the test circuits, Vi =14V, lp =40 mA, Ci = 0.33 pF, Co = 0.1 pF,
T; = 0to 125 °C for L78LO8AC, Tj = -40to 125 °C for L78L08AB, unless otherwise specified)

J

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25 °c 7.68 8 8.32 \%
Vo Output Voltage lo=1to40mA V;=10.5t023V 7.6 8.4 \Y

lo=1to70mA V=14V 7.6 8.4 \Y
AV, |Line Regulation Vi=10.5t023V T;=25°C 175 mV
Vi=11to23V T;=25°C 125 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 80 mV
lo=1to40mA  T;=25°C 40 mv
lg Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo=1to40 mA 0.1 mA
Alg Quiescent Current Change Vi=11to 23V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 60 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 37 45 dB
Vi=12t0o23V
Vg Dropout Voltage 1.7 V
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L78L0O0

ELECTRICAL CHARACTERISTICS FOR L78L0O9AB AND L78L09AC

(refer to the test circuits, Vi =15V, lo =40 mA, Cj =0.33 uF, Co = 0.1 pF,

Tj = 0to 125 °C for L78LO9AC, Tj = -40to 125 °C for L78L09AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 8.64 9 9.36 \%
Vo Output Voltage lo=1t040mA V;=11.5t023V 8.55 9.45 \%
lpb=1to70mA V;=15V 8.55 9.45 Y,
AV, |Line Regulation Vi=115t023V Tj=25°C 225 mV
Vi=12t023V  T;=25°C 150 mv
AV, |Load Regulation lb=1t0100mA T;=25°C 80 mvV
lo =1t040 mA T;=25°C 40 mV
lq Quiescent Current Tj=25°C 6 mA
Tj=125°C 5.5 mA
Alg Quiescent Current Change lo =1t040 mA 0.1 mA
Alg Quiescent Current Change Vi=12to23V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 70 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 37 44 dB
Vi=12t0 23V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78L12AB AND L78L12AC
(refer to the test circuits, Vi =19V, lp =40 mA, Cj = 0.33 pF, Co = 0.1 pF,
T = 0to 125 °C for L78L12AC, Tj = -40to 125 °C for L78L12AB, unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25°C 11.5 12 12.5 Y,
Vo Output Voltage lo=1t040mA V;=145t027V 11.4 12.6 \Y
lo=1to70mA V=19V 11.4 12.6 \Y
AV, |Line Regulation Vi=145t027V T;=25°C 250 mvV
Vi=16t027V T;=25°C 200 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 100 mV
lo =1to 40 mA Tj=25°C 50 mV
lg Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo=1to40 mA 0.1 mA
Alg Quiescent Current Change Vi=16to 27V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 80 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 37 42 dB
Vi=15t0 25V
Vg Dropout Voltage 1.7 V
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L78L00

ELECTRICAL CHARACTERISTICS FOR L78L15AB AND L78L15AC

(refer to the test circuits, Vi =23V, lo =40 mA, Cj =0.33 uF, Co = 0.1 pF,
Tj=0to 125 °C for L78L15AC, Tj = -40to 125 °C for L78L15AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 14.4 15 15.6 \%
Vo Output Voltage lo=1t040mA V;=17.5t030V 14.25 15.75 \Y

lo=1to70mA V;=23V 14.25 15.75 Y,
AV, |Line Regulation Vi=17.5t030V Tj=25°C 300 mV
Vi=20t030V Tj=25°C 250 mvV
AV, |Load Regulation lb=1t0100mA T;=25°C 150 mvV
lo =1t040 mA T;=25°C 75 mV
lq Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo =1t040 mA 0.1 mA
Alg Quiescent Current Change Vi=20to 30V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 90 (Y
SVR [Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 34 39 dB
V;=18.5t0 285V
Vg Dropout Voltage 1.7 Y,
ELECTRICAL CHARACTERISTICS FOR L78L18AB AND L78L18AC
(refer to the test circuits, Vi =27V, lo =40 mA, Ci = 0.33 pF, Co = 0.1 pF,
T; = 0to 125 °C for L78L18AC, Tj = -40to 125 °C for L78L18AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25°C 17.3 18 18.7 Y,
Vo Output Voltage lo=1t040mA V;=22t033V 17.1 18.9 \Y

lo=1to70mA V=27V 17.1 18.9 \%
AV, |Line Regulation Vi=22t033V Tj=25°C 320 mV
Vi=22t033V T;=25°C 270 mV
AV Load Regulation lb=1t0100mA Tj=25 °c 170 mV
lo =1to 40 mA Tj=25°C 85 mV
lg Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo=1to40 mA 0.1 mA
Alg Quiescent Current Change Vi=23t033V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 120 uv
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 33 38 dB
Vi=23t033V
Vg Dropout Voltage 1.7 V

J
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L78L0O0

ELECTRICAL CHARACTERISTICS FOR L78L24AB AND L78L24AC

(refer to the test circuits, Vi =33V, lo =40 mA, Cj =0.33 uF, Co = 0.1 pF,

Tj=0to 125 °C for L78L24AC, Tj = -40to 125 °C for L78L24AB, unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |OutputVoltage Tj=25°C 23 24 25 \%
Vo Output Voltage lo=1to40mA V;=27t038V 22.8 25.2 \%

lo=1to70mA V;=33V 22.8 25.2 \%
AV, |Line Regulation Vi=27t038V T;=25°C 350 mV
Vi=28t038V Tj=25°C 300 mV
AV, |Load Regulation lb=1t0100mA T;=25°C 200 mV
lo=1t0 40 mA Ty=25 °c 100 mV
lq Quiescent Current Tj=25°C 6.5 mA
Tj=125°C 6 mA
Alg Quiescent Current Change lo =1t040 mA 0.1 mA
Alg Quiescent Current Change Vi=28t038V 1.5 mA
eN Output Noise Voltage B = 10Hzto 100KHz T;=25°C 200 (Y
SVR |Supply Voltage Rejection lo=40mA f=120Hz T;=25°C 31 37 dB
Vi=29t0 35V
Vg Dropout Voltage 1.7 Y,
12119 iys




L78L00

Figure 1: L78L05/12 Output Voltage vs Ambient Figure 2 : L78L05/12/24Load Characteristics.

Temperature
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Figure 3 : L78L05/12/24Thermal Shutdown. Figure 4 : L78L05/12 Quiescent Current vs
Output Current
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Figure 5 : L78L05 Quiescent Current vs Input Figure 6 : L78L05/12/240utput Characteristics.
Voltage.
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L78L0O0

Figure 7 : L78L05/12/24Ripple Rejection.

GCR5460

Figure 8 : L78L05 Dropout Characteristics.
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Figure 9 : L78L00 Series Short Circuit Output
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L78L00

Figure 11 : Output Boost Circuit.
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Figure 12 : Current Regulator.
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Figure 13: Adjustable Output Regulator
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L78L0O0

S0O-8 MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.068
al 0.1 0.25 0.003 0.009
a2 1.65 0.064
a3 0.65 0.85 0.025 0.033
b 0.35 0.48 0.013 0.018
bl 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.019
cl 45 (typ.)
4.8 5.0 0.188 0.196
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.14 0.157
L 0.4 1.27 0.015 0.050
M 0.6 0.023
S 8 (max.)
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L78L00

SOT-89 MECHANICAL DATA

g

mm mils

DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.4 1.6 55.1 63.0
B 0.44 0.56 17.3 22.0
B1 0.36 0.48 14.2 18.9
C 0.35 0.44 13.8 17.3
C1l 0.35 0.44 13.8 17.3
D 4.4 4.6 173.2 181.1
D1 1.62 1.83 63.8 72.0
E 2.29 2.6 90.2 102.4
e 1.42 1.57 55.9 61.8
el 2.92 3.07 115.0 120.9
H 3.94 4.25 155.1 167.3
L 0.89 1.2 35.0 47.2
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L78L0O0

TO-92 MECHANICAL DATA
mm inch
DIM.

MIN. TYP. MAX. MIN. TYP. MAX.
A 4.58 5.33 0.180 0.210
B 4.45 5.2 0.175 0.204
C 3.2 4.2 0.126 0.165
D 12.7 0.500
E 1.27 0.050
F 0.4 0.51 0.016 0.020
G 0.35 0.14
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a trademark of STMicroelectronics
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LM78LXX Series 3-Terminal Positive Regulators
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National
Semiconductor

General Description

The LM78LXX series of three terminal positive regulators is
available with several fixed output voltages making them use-
ful in a wide range of applications. When used as a zener
diode/resistor combination replacement, the LM78LXX usu-
ally results in an effective output impedance improvement of
two orders of magnitude, and lower quiescent current. These
regulators can provide local on card regulation, eliminating
the distribution problems associated with single point regula-
tion. The voltages available allow the LM78LXX to be used in
logic systems, instrumentation, HiFi, and other solid state
electronic equipment.

The LM78LXX is available in the plastic TO-92 (Z) package,
the plastic SO-8 (M) package and a chip sized package (8-
Bump micro SMD) using National's micro SMD package tech-
nology. With adequate heat sinking the regulator can deliver
100mA output current. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistors is provided to limit internal power dissi-

April 14, 2011

LM78LXX Series

3-Terminal Positive Regulators

pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes over
preventing the IC from overheating.

Features

m LM78L05 in micro SMD package

m Output voltage tolerances of +5% over the temperature
range

Output current of 100mA

Internal thermal overload protection

Output transistor safe area protection

Internal short circuit current limit

Available in plastic TO-92 and plastic SO-8 low profile
packages

No external components

Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V
m See AN-1112 for micro SMD considerations

Connection Diagrams

S0-8 Plastic (M)
(Narrow Body)

\/
Your—]1° 8Vin
GND—] 2 7=GND
GND—] 3 6—GND
NC—{4 5=NC
. 774402
Top View
(TO-92)

Plastic Package (2Z)

ouTPUT — INPUT

) 774403
Bottom View

8-Bump micro SMD

NC

B3
Vour — A3 C3 |— GND
Vour — A2 C2 f— GND
Viy — At c1f—Ne

H B1

Vin
. 774424

Top View

(Bump Side Down)

micro SMD Marking Orientation
XT = Date Code

XTP

/Pi(n A1 Corner

Pin A1 is identified by lower left
corner with respect to the text.

774433

Top View
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LM78LXX Series

Ordering Information

Package NSC Drawing Output Voltage Order Number Supplied As
micro SMD BPAOSAAB 5V LM78LO5IBPX Reel of 3000
LM78LO5ITP Reel of 250
Thin micro SMD TPAOSAAA oV LM78LO5ITPX Reel of 3000
9V LM78LO9ITPX Reel of 3000

LM78LO5ACM Rail of 95
LM78LO5ACMX Reel of 2500

SOIC Narrow MOBA e LM78LO5AIM Rail of 95
LM78LO5AIMX Reel of 2500
12V LM78L12ACMX Reel of 2500
15V LM78L15ACMX Reel of 2500
5V LM78LO5ACZ Box of 1800
6.2V LM78L62ACZ Box of 1800
TO-92 Z03A 9V LM78L09ACZ Box of 1800
12V LM78L12ACZ Box of 1800
15V LM78L15ACZ Box of 1800
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Absolute Maximum Ratings (vote 1)

Operating Junction Temperature

sales XX18LIN1

If Military/Aerospace specified devices are required, S0-8, T0-92 OOC to 12500

please contact the National Semiconductor Sales Office/ 39'8 (5V Only) -40°C to 125°C

Distributors for availability and specifications. micro SMD -40°C to 85°C
Power Dissipation (Note 5) Internally Limited Soldering Informatlon. .
Input Voltage a5V Infrared or Convection (20 sec.) 235°C
Storage Temperature _65°C to +150°C Wave Soldering (10 sec.) 260°C (lead time)

ESD Susceptibility (Note 2) 1kV

LM78LXX Electrical Characteristics Limitsin standard typeface are for T = 25°C, Bold typeface applies
over the entire operating temperature range of the indicated package. Limits are guaranteed by production testing or
correlation techniques using standard Statistical Quality Control (SQC) methods. Unless otherwise specified: I = 40mA, C, =
0.33uF, Cy = 0.1pF.

LM78L05

Unless otherwise specified, V| = 10V

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 4.8 5 5.2
7V SV S20V
1mA < Iy < 40mA 4.75 5.25 v
(Note 3)
<. <
1mA £ lp = 70mA 4.75 5.25
(Note 3)
AV, Line Regulation 7V SV <20V 18 75
8V SV, s20V 10 54 v
m
AV, Load Regulation 1mA < |y < 100mA 20 60
1mA < |5 < 40mA 5 30
lq Quiescent Current 3 5
Alg Quiescent Current Change 8V SV, < 20V 1.0 mA
1mA < |5 < 40mA 0.1
V, Output Noise Voltage f =10 Hz to 100 kHz (Note
40 Y
4)
AV Ripple Rejection f=120 Hz
—N ppie el 47 62 dB
AVout 8V <=sV,s16vV
Ipk Peak Output Current 140 mA
AV Average Output Voltage Tempco lo =5mA
=9 ge bulp ge femp ° ~0.65 mV/°C
AT
VN (Min) Minimum Value of Input Voltage 6.7 7 v
Required to Maintain Line Regulation ’
0)a Thermal Resistance o
(8-Bump micro SMD) 2309 cw
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LM78LXX Series

LM78L62AC
Unless otherwise specified, V| = 12V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 5.95 6.2 6.45
8.5V SV, <20V
1mA < |5 < 40mA 5.9 6.5 v
(Note 3)
<. <
1mA < 15 < 70mA 5.9 6.5
(Note 3)
AVg Line Regulation 8.5V SV, < 20V 65 175
9V SV, s 20V 55 125 v
m
AVg Load Regulation 1mA < |5 < 100mA 13 80
1mA < |5 < 40mA 6 40
la Quiescent Current 2 5.5
Alg Quiescent Current Change 8V SV, < 20V 15 mA
1mA < |5 < 40mA 0.1
vV, Output Noise Voltage f=10 Hz to 100 kHz 50 uv
(Note 4)
AV Ripple Rejection f=120 Hz
—N ppie el 40 46 dB
AVouT 10V SV 20V
Ipk Peak Output Current 140 mA
AV Average Output Voltage Tempco lo =5mA
=2 ge bulp ge femp ° -0.75 mv/°C
AT
VN (Min) Minimum Value of Input Voltage 79 v
Required to Maintain Line Regulation ’
LM78L82AC
Unless otherwise specified, V| = 14V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 7.87 8.2 8.53
11V SV, =23V
1mA < |y < 40mA 7.8 8.6 Y
(Note 3)
<. <
1mA =< |5 = 70mA 7.8 8.6
(Note 3)
AV, Line Regulation 11V SV, S 23V 80 175
12V SV, =23V 70 125 v
m
AV, Load Regulation 1mA < |5 < 100mA 15 80
1mA < |5 < 40mA 8 40
lq Quiescent Current 2 5.5
Alg Quiescent Current Change 12V <V, S 23V 1.5 mA
1mA < |5 < 40mA 0.1
v, Output Noise Voltage f=10Hz to 100 kHz 60 v
(Note 4) H
AViN Ripple Rejection f=120 Hz
- 39 45 dB
AVouTt 12V sV, s22v
Ipk Peak Output Current 140 mA
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Symbol Parameter Conditions Min Typ Max Units
AV Average Output Voltage Tempco lg =5mA
2% geDup ge Temp o ~0.8 mV/°C
AT
VN (Min) Minimum Value of Input Voltage 99 v
Required to Maintain Line Regulation ’
LM78L09AC
Unless otherwise specified, V| = 15V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 8.64 9.0 9.36
11.5V SV <24V
1mA < |y < 40mA 8.55 9.45 y
(Note 3)
<. <
1mA = lo = 70mA 8.55 9.45
(Note 3)
AV, Line Regulation 11.5V SV, S 24V 100 200
13V SV S 24V 90 150 v
m
AV, Load Regulation 1mA < |5 < 100mA 20 90
1mA < |5 < 40mA 10 45
lq Quiescent Current 2 5.5
Alg Quiescent Current Change 11.5V SV, S 24V 1.5 mA
1mA < |5 < 40mA 0.1
vV, Output Noise Voltage 70 pv
AV Ripple Rejection f=120 Hz
— ppie Tl 38 44 B
AVout 15V SV <25V
Ik Peak Output Current 140 mA
AV Average Output Voltage Tempco lo=5mA
2¥o ge Bulp ge Temp ° 09 mv/°C
AT
VN (Min) Minimum Value of Input Voltage 107 v
Required to Maintain Line Regulation '
LM78L12AC
Unless otherwise specified, V| = 19V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 11.5 12 12.5
145V SV s27V
1mA < |y < 40mA 1.4 12.6 y
(Note 3)
<. <
1mA = lp = 70mA 11.4 12.6
(Note 3)
AV, Line Regulation 14.5V SV, S 27V 30 180
16V S V| S 27V 20 110 v
m
AVg Load Regulation 1mA < |, < 100mA 30 100
1mA < |5 < 40mA 10 50
lq Quiescent Current 3 5
Alg Quiescent Current Change 16V < V) <27V 1 mA
1mA < |5 < 40mA 0.1
Vi, Output Noise Voltage 80 pv

www.national.com
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LM78LXX Series

Required to Maintain Line Regulation

Symbol Parameter Conditions Min Typ Max Units
AV Ripple Rejection f=120 Hz
—n ppie Tl 40 54 dB
AVouT 15V SV,s25
Ipk Peak Output Current 140 mA
AV Average Output Voltage Tempco lo =5mA
2¥o ge Bulp ge Temp ° 1.0 mv/°C
AT
Vn (Min) Minimum Value of Input Voltage
Required to Maintain Line Regulation 1.7 14.5 v
LM78L15AC
Unless otherwise specified, V| = 23V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 14.4 15.0 15.6
17.5V SV, < 30V
1mA < |5 < 40mA 14.25 15.75 v
(Note 3)
<. <
1mA £ lp = 70mA 14.25 15.75
(Note 3)
AV Line Regulation 17.5V <V, £ 30V 37 250
20V SV, <30V 25 140 v
m
AVg Load Regulation 1mA < |5 < 100mA 35 150
1mA < 15 < 40mA 12 75
la Quiescent Current 3 5
Alg Quiescent Current Change 20V =V S 30V 1 mA
1mA < |5 < 40mA 0.1
vV, Output Noise Voltage 90 pv
AViN Ripple Rejection f=120 Hz
v 37 51 dB
AVout 18.5V SV, < 28.5V
Ipk Peak Output Current 140 mA
AV Average Output Voltage Tempco o =5mA
(o] g p g p (¢] 13 mV/°C
AT
VN (Min) Minimum Value of Input Voltage 16.7 175 v

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device
outside of its stated operating conditions.

Note 2: Human body model, 1.5 kQ in series with 100pF.
Note 3: Power dissipation < 0.75W.
Note 4: Recommended minimum load capacitance of 0.01pF to limit high frequency noise.
Note 5: Typical thermal resistance values for the packages are:
Z Package: 6, = 60 °C/W, = 6, = 230 °C/W
M Package: 8, = 180 °C/W
micro SMD Package: 6 , = 230.9°C/W
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Typical Performance Characteristics

Maximum Average Power Dissipation (Z Package)

10

5.0

POWER DISSIPATION (W)
P

2.5

2.0

15

0.5

INPUT-CUTPUT DIFFERENTIAL (V)

Py
=

o
=

pury
o

OUTPUT IMPEDANCE ()
e
o

0.125" LEAD LENGTH

FROM PC BOARD
WITH 72°C/W HEAT SINK

0.4 LEAD LENGTH
FROM PC BOARD
FREE AIR

FROM PC BOARD
FREE AIR
- 1

0.125” LEAD LENGTH |

0 15 30 45 60
AMBIENT TEMPERATURE (°C)

Dropout Voltage

75

774414

ey [y lout =40 mA

- DROPOUT CONDITIONS
L A Vour = 2% of Vour

I O

25 50 75 100
JUNCTION TEMPERATURE (°C)

Output Impedance

125

774417

L vy = 10V

[ Vour =5V

M lout =40 mA

[T, = 26°C
i

Cour = 1uF TANTALUM

Cout =0
I

S/

10 100 1k 10k 100k
FREQUENCY (Hz)

™

774419

400 T T
avQuT = 100mV
&E‘ 300 Tj=0°C
= S N
= P
Tj=25°C
E 200 [[ : Q\
3 ~N
= " —
2 / Tj=150°C ™~
5 100 I
o
0 5 10 15 20 25 30
INPUT-QUTPUT DIFFERENTIAL (V)
774416
Ripple Rejection
100
— 80
[--]
=
]
I ]
S N
o
]
o
e
& 20 } ouT ¥
|0UT=‘0mA
[ Ta = 25°C
o it 11
10 100 1k 10k 100k
FREQUENCY (Hz)
774418
Quiescent Current
a0
38
:tE, 36
= 34
=
& 32
S 30 —1"
E 28 /
o
2 26
S 24 Vour =5V
< |ou-|-=a|]|'l'lA
22 T, = 25°C 4
20 1 1 1
5 10 15 20 25 30

Peak Output Current

INPUT VOLTAGE (V)

774420
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LM78LXX Series

Equivalent Circuit

QUIESCENT CURRENT (mA}

3a
33
32
31
3.0
2.9
28
27
26
25
24

Quiescent Current

T T
Vin = 10V

Vour =5V

lout =40 mA |

25 50 75 100 125 150
JUNCTION TEMPERATURE (°C)

774421

LM78LXX

R4
418

3.89k§ 7.8k

p—O Vin

SE

R10 < R11
2.5k 19

R13 é
/7 223k
i Qa6 )
Rb
3] 2.84k
g & A g

Q GND

774407
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Typical Applications

Fixed Output Regulator

INPUT ——@——{ LM7BLXX |e@——— OUTPUT

GND

C1" e — (2%

0.33pf e —— 0.014F

774408
*Required if the regulator is located more than 3 from the power supply filter.
**See (Note 4) in the electrical characteristics table.
Adjustable Output Regulator

INPUT @~ LM78L05 QUTPUT

R1
IO‘
ke (2

c1
0.01uF
—— 0.33uF w

774409

Vour = 5V + (BV/R1 + Ig) R2
5V/R1 > 3 g, load regulation (L) = [(R1 + R2)/R1] (L, of LM78L05)
Current Regulator

INPUT T LM78LXX
1 R1
I 0.33uf
— OuTPUT

lour

774410

lour = (Vour/R1) +1q
>lq = 1.5mA over line and load changes

5V, 500mA Regulator with Short Circuit Protection

01 L2
1.1 2N4033

Vin =10V

LM78L05 Vour =5V AT 500 mA

i

COUT"‘

el

774411

*Solid tantalum.

**Heat sink Q1.

***Optional: Improves ripple rejection and transient response.
Load Regulation: 0.6% 0 < |, < 250mA pulsed with toy = 50ms.

sales XX18LIN1
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LM78LXX Series

*Solid tantalum.

+15V, 100mA Dual Power Supply

LM78L15

Wy = 20V QT
]

0.224F
I I
* oo

|||—

D1
1N4319

2.2uF
—Vyy = -20V LM320H-15

+Vour = 15V AT 100 mA

0.01xF

+

c3*
1uF

—Vour = —15V AT 100 mA

774412

Variable Output Regulator 0.5V-18V

www.national.com

Wy = 20V LM78L05 T Vour
Cn + .
T " T
m
= "o =
2
R3 7 -
R1 8
Wy = —10V \/ LM301A R4
Vg 4
€2 N &
Cin 8
0.22,
wk l - R5
— 30 pF =
774413
*Solid tantalum.
Vour = Ve + 5V, R1 = (-V\/lg Lm7sLos)
Vour = 5V (R2/R4) for (R2 + R3) = (R4 + RS5)
A 0.5V output will correspond to (R2/R4) = 0.1 (R3/R4) = 0.9
10




Physical Dimensions inches (millimeters) unless otherwise noted

SYMM

& 0.17
isx %415
‘
SYMM Q‘(%}——<~—
! (o 5)
j (0.5)
X3
LAND PATTERN RECOMMENDATION SVMM
0.125 .T
TOP SIDE COATING 0 050 1 I‘—

o

DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN { ) FOR REFERENCE ONLY

‘ ‘ SYMM

* g} 7 ¢ X1
\ :

‘ |

D — d? B
\ / ‘
0.15 lc
BUMP A1 CORNER SILIcoN -~ 0 11 o 18 ! ]
s #9918

BPAOBXXX (Rev D}

NOTES: UNLESS OTHERWISE SPECIFIED
1. EPOXY COATING
2. 63Sn/37Pb EUTECTIC BUMP
3. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.
4. PIN A1 1S ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION. REMAINING PINS ARE NUMBERED COUNTERCLOCK-
WISE.
5. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X, IS PACKAGE WIDTH, X, IS PACKAGE LENGTH AND X, IS PACKAGE
HEIGHT.
6. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.
8-Bump micro SMD
NS Package Number BPAOSAAB
X1 =1.285mm X2 = 1.285mm X3 = 0.850mm

sales XX18LIN1
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LM78LXX Series

TOP SIDE COATING

LAND PATTERN RECOMMENDATION

0.125
0.050 "_

\

BUMP A1 CORNER

SILICON

[ —

9+0.1
[.193+.004]
NOT INCLUDING MOLD FLASH,
PROTRUSION OR GATE BURRS.
0.150.006] MAX PER END
5

]_

1A A A

-

DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN { ) FOR REFERENCE ONLY

X3

j/BUMP

)

| ‘ |
D ——0O—o+
/ . .

T

] 0.15 !C !B A
011
0.18 (Al
sx g-18

% 10.0050 [C|AD [BO®

8-Bump Thin micro SMD

TPAOBXXX (Rev B)

NS Package Number TPAOSAAA
X1 =1.285mm X2 = 1.285mm X3 = 0.500mm

|

3.940.1
[.154+.0041]
6+0.2 NOT [NCLUD\NG
[.236%.008] MOLD FLASH
PROTRUS\ON
OR GATE BURRS
1.35-1.75
[.053-.069]
TYP

—j [.057)
| Gh

!

-
8X 0.35-0.51
[.0138-.0200]

0101@ [c[r® 8@ ]

[@Jo. 250

0.25
[.0101]
£ PLANE

6X (1.27 )
[.05]

RECOMMENDED LAND PATTERN

45°X 0.25-0.50

CONTROLLING DIMENSION IS MILLIMETER

VALUES IN [ ] ARE INCHES
DIMENSIONS IN (

S.0. Package (M)

FOR REFERENCE ONLY

NS Package Number M0OSA

RO 1850 02 [.010-.020)
[.007+.0008] TIE BAR
RO.23+0.02

[.009%.0008] ‘\
10" 8~ ; T j
b N
SEATING 0
7 PLANE 190-0.248
0.41-1,27 [.0075-.0098]
[.016-.050] TYP

MOBA (Rev M)
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i

|
1
-

EJECTJON MARK
P16 MAX —|

T0.38 MAX \E

[N
w0

/SEATING PLANE

2.29 MAX
(UNCONTROLLED LEAD DIA)
{
T T " 14.2 L/
nE ol 127
]
0.55 F—T T ) ——I_l—
TYP —
0.40 1.2720.05 832
—2.54%0.1
—
gzt DIMENSIONS ARE IN MILLIMETERS
R

203A (Rev G)

Molded Offset TO-92 (Z)
NS Package Number Z03A
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LM78LXX Series 3-Terminal Positive Regulators

Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:
www.national.com

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes
Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns
Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/lvds Packaging www.national.com/packaging
Power Management www.national.com/power Green Compliance www.national.com/quality/green
Switching Regulators [ www.national.com/switchers Distributors www.national.com/contacts
LDOs www.national.com/Ido Quality and Reliability www.national.com/quality
LED Lighting www.national.com/led Feedback/Support www.national.com/feedback
Voltage References www.national.com/vref Design Made Easy www.national.com/easy
PowerWise® Solutions www.national.com/powerwise |Applications & Markets www.national.com/solutions
Serial Digital Interface (SDI) | www.national.com/sdi Mil/Aero www.national.com/milaero
Temperature Sensors www.national.com/tempsensors [ SolarMagic™ www.national.com/solarmagic
PLL/VCO www.national.com/wireless PowerWise® Design www.national.com/training
University

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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Drop-In

Monolithic Amplifier

DC-1 GHz

Product Features

» Wideband, DC to 1 GHz

+ High gain, 17.8 dB typ. at 0.1 GHz

+ Low noise figure, 3.5 dB typ.

+ Exact foot print substitute for MSA-0185
* Low current, 177mA

« Cascadable, unconditionally stable

+ Aqueous washable

* Protected by US Patent 6,943,629

Typical Applications
« Cellular
« PCN instrumentation

General Description

MAR-1+

CASE STYLE: VV105
PRICE: $0.99 ea. QTY. (30)

+ RoHS compliant in accordance
with EU Directive (2002/95/EC)

The +Suffix has been added in order to identify RoHS
Compliance. See our web site for RoHS Compliance
methodologies and qualifications.

MAR-1+ (RoHS compliant) is a wideband ampilifier offering high dynamic range. It has repeatable perfor-
mance from lot to lot. It is enclosed in a Micro-X package. MAR-1+ uses Darlington configuration and is
fabricated using InGaP HBT technology. Expected MTBF is 15,000 years at 85°C case temperature.

simplified schematic and pin description
RF-OUT and DC-IN

RF-OUT and DC-IN

GND

RF IN
GND
= RFIN
GROUND
Function Pin Number Description
RE IN 1 RF input pin. This pin requires the use of an external DC blocking capacitor chosen
for the frequency of operation.
RF output and bias pin. DC voltage is present on this pin; therefore a DC blocking
RF-OUT and DC-IN 3 ca_lpacnor is necessary for proper ope_ratlon. An BF choke is ne_ed“ed to feed DC bias
without loss of RF signal due to the bias connection, as shown in “Recommended
Application Circuit”.
Connections to ground. Use via holes as shown in “Suggested Layout for PCB
GND 2,4 o X
Design” to reduce ground path inductance for best performance.

CJMini-Circuits’

1SO 9001 ISO 14001 CERTIFIED

ALLNEW
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Monolithic InGaP HBT MM

IC Amplifier

MAR-1+

Electrical Specifications at 25°C and 17mA, unless noted

Parameter Min. Typ.® Max. Units
Frequency Range* DC 1 GHz
f=1 GHz 152 16.5
Input Return Loss f=DC to 1 GHz 17.5 dB
Output Return Loss f=DC to 1 GHz 21 dB
Output Power @ 1 dB compression =0.5 GHz +2.5 dBm
Output IP3 f=0.5 GHz +14 dBm
Noise Figure f=0.5 GHz 3.3 dB
Recommended Device Operating Current 17 mA
Device Operating Voltage 5.0 \
Thermal Resistance, junction-to-case’ 203 °C/W
*Guaranteed specification DC-1 GHz. Low frequency cut off determined by external coupling capacitors.
Absolute Maximum Ratings
Parameter Ratings
Operating Temperature -40°C to 85°C
Storage Temperature -55°C to 100°C
Operating Current 40mA
Power Dissipation 200mwW
Input Power 13dBm
Note: Permanent damage may occur if any of these limits are exceeded.
These ratings are not intended for continuous normal operation.
Case is defined as ground leads.
2Full temperature range.
3Based on test data of Model MAR-1SM+ (Case Style WW107).
] - - - ® ALLNEW
[=IMini-Circuits ikt o
I1SO 9001 ISO 14001 CERTIFIED
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Monolithic InGaP HBT MMIC Amplifier

MAR-1+

Product Marking

Additional Detailed Technical Information

Additional information is available on our web site. To access this information enter the model number on

our web site home page.

Performance data, graphs, s-parameter data set (.zip file)

Case Style: VV105

Plastic micro-x, .085 body diameter, lead finish: tin/silver/nickel

Tape & Reel: F20

Suggested Layout for PCB Design: PL-262
Evaluation Board: TB-432-1+

Environmental Ratings: ENV08T3

Recommended Application Circuit

Rbias (Required)
Vce

- Cbypass
Cblock RFC (Optional)
ino—]| ouT
Cblock

Test Board includes case, connectors, and components (in bold) soldered to PCB

CJMini-Circuits’

R BIAS
Vce “1%” Res. Values (ohms)
for Optimum Biasing
7 118
8 178
9 237
10 294
11 357
12 412
13 464
14 536
15 590
ALLNEW
miniciﬁlits.com

ISO 9001 ISO 14001 CERTIFIED
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Monolithic InGaP HBT MMIC Amplifier

MAR-1+

ESD Rating

Human Body Model (HBM): Class 1B (500v to < 1000v) in accordance with ANSI/ESD STM 5.1 - 2001

Machine Model (MM): Class M1 ( < 100v) in accordance with ANSI/ESD STM 5.2 - 1999

MSL Rating
Moisture Sensitivity: MSL1 in accordance with IPC/JEDEC J-STD-020C
No. | Test Required Condition Standard Quantity
) . Low Power Microscope MIP-IN-0003 .
1 Visual Inspection Magnification 40x (MCT spec) 45 units
2 Electrical Test Room Temperature SCD 45 units
P (MCL spec)
. Less than 10% growth in term of J-Std-020C .
8 |SAM Analysis delamination (Jedec Standard) 45 units
. e Bake at 125°C for 24 hours
4 | loisture Sensitvity | Soak at 85°C/85%RH for 168 hours E’Jf;de'gé?fn qargy| 45 units
Reflow 3 cycles at 260°C peak
MSL Test Flow Chart
I Visua_l > Electrical Test > SAM Analysis
nspection
Reflow 3 cycles, < 85°§)3§;RH < Bake at 125°C,
260°C 24 hours
168 hours
In:;isel;zlon > Electrical Test > SAM Analysis

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping oniine see Mini-Circuits web site
The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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I
FAIRCHILD
]
SEMICONDUCTOR® July 2007
NPN Darlington Transistor
» This device is designed for applications requiring extremely high Current gain at collector Currents to 1.0A.
» Sourced from process 05.
1 TO-92
1. Emitter 2. Base 3. Collector
AbSO I Ute MaXi mum Ra“ ngS T, = 25°C unless otherwise noted
Symbol Parameter Value Units
VcEs Collector-Emitter Voltage 30 \Y
Veeo Collector-Base Voltage 30 \Y
Vego Emitter-Base Voltage 10 \Y
Ic Collector Current - Continuous 1.2 A
T3 Tste Operating and Storage Junction Temperature Range -55 to +150 °C

Electrical Characteristics 1,=25°C unless otherwise noted
Symbol Parameter Test Condition ‘ Min. ‘ Max. ‘Units

Off Characteristics

V(BR)CES Collector-Emitter Breakdown Voltage lc =100pA, Ig=0 30 \%
lceo Collector-Cutoff Current Veg =30V, [g=0 100 nA
lEBO Emitter-Cutoff Current Vgg =10V, Ic=0 100 nA
On Characteristics *
heg DC Current Gain Vce=5.0V, Ic =10mA 5,000

Vce = 5.0, I = 100mA 10,000
VCE (sat) Collector-Emitter Saturation Voltage lc =100mA, Ig = 0.1mA 15 \Y
VBE (on) Base-Emitter On Voltage lc = 100mA,Vcg = 5.0V 2.0 \Y

Small Signal Characteristics
fr Current Gain Bandwidth Product lc = 10mA, Ve =10V, f=100MHz | 125 | | oF

* Pulse Test: Pulse Width<300us, Duty Cycle<2%

©2007 Fairchild Semiconductor Corporation 1 www.fairchildsemi.com
MPSA13 Rev. A
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Thermal Characteristics T1,=25°C unless otherwise noted

Symbol Parameter Max. Units
Pp Total Device Dissipation 625 mw
Derate above 25°C 5.0 mw/°C
Rgic Thermal Resistance, Junction to Case 83.3 °C/IW
Rgia Thermal Resistance, Junction to Ambient 200 °C/W

* Device mounted on FR-4PCB 1.6” x 1.6” x 0.06".

Typical Characteristics

Typical Pulsed Current Gain Collector-Emitter Saturation
£ vs Collector Current % Voltage vs Collector Current
2250 T Q16 T
V=54 g
o LV 3 —B =1000
Z 00 -
g 125 °C E 12 7
— B
3 150 ™ E —=
B E 08 -40°C |l ----"'"__’..." Wl
o 25°C \ . T T
- 100 — (=] 25°C ==
g 5 LT 125 °C
32 50 -40 °C w 04
&) =l
o BY N 8
F o Lo
W 0.001 001 0.1 1 I 10 100 1000
< I.- COLLECTOR CURRENT (A) < | .- COLLECTOR CURRENT (mA]
Base-Emitter Saturation Base Emitter ON Voltage vs
- Voltage vs Collector Current = Collector Current
w B =1000 | LA B 2
g il =T E i
I‘E 16 40°C L] 1 : =11
-5‘ kil M —— 4 L o 16 40°C [111] ——— -
e} . = ettt "1 | tt
= 25 *C s - 35 °C —
R — i e ] 5., —H
E 1%.5...-{: = ,@ s 125°C e il
@08 = —] = L]
u ——— = 0.8 T
w =
Ei 04 22 0.4 VCE N
5 a
Q 0 g 0
= 1 10 100 1000 :’E 1 10 100 1000
lo- COLLECTOR CURRENT (mA) le- COLLECTOR CURRENT (mA)
Collector-Emitter Breakdown
Collector-Cutoff Current Voltage with Resistance
vs Ambient Temperature g9 .
- = Between Emitter-Base
g 100 s
= E Vgg= 30V w 25
= =L -
g 10% 5 e
| (o]
o ___,.-r-é = 815 \\
o 1 __....--"'" 5 N
=] o & s
= — ]
: == :
= ) I ﬁ 860.5 N
SRR —————————— 4 {
(8] m gp
2 &
2001 U505
25 50 75 100 125 m 0t 1 10 100 1000
Ta- AMBIENT TEMPERATURE (°C) RESISTANCE (kQ)
2 www.fairchildsemi.com
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Typical Characteristics (continued)

Collector-Cutoff Current
vs Ambient Temperature

< 100
= E Vo= 30V
&

10 %
&
3 ——
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1 e
5 ——
=
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Qo
8
=001 -

25 50 75 100 125
Ta- AMBIENT TEMP ERATURE (°C)
Input and Output Capacitance
vs Reverse Voltage
f=1.0MHz
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Mechanical Dimensions
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I
FAIRCHILD

SEMICONDUCTOR®

TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not intended to be an
exhaustive list of all such trademarks.

ACEX®

HiSeC™

Across the board. Around the world.™  j-Lo™

ActiveArray™

ImpliedDisconnect™

Bottomless™ IntelliMAX™
Build it Now™ ISOPLANAR™
CoolFET™ MICROCOUPLER™
CROSSVOLT™ MicroPak™
cTL™ MICROWIRE™
Current Transfer Logic™ Motion-SPM™
DOME™ MSX™
E*CMOS™ MSXPro™
ECoSPARK® OCX™
EnSigna™ OCXPro™
FACT®Quiet Series™ OPTOLOGIC®
FACT OPTOPLANAR®
FAST PACMAN™
FASTI™ PDP-SPM™
FPS™ POP™

FRFET® Power220°
GlobalOptoisolator™ Power247°®
GTO™ PowerEdge™

PowerSaver™ TinyBoost™
PowerTrench® TinyBuck™
Programmable Active Droop™ TinyLogic®
QFET® TINYOPTO™
Qs™ TinyPower™
QT Optoelectronics™ TinyWire™
Quiet Series™ TruTranslation™
RapidConfigure™ uSerDes™
RapidConnect™ UHC®
ScalarPump™ UniFET™
SMART START™ VCX™

SPM® Wire™
STEALTH™

SuperFET™

SuperSOT™-3
SuperSOT™-6
SuperSOT™-8
SyncFET™

TCM™

The Power Franchise®

™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER
ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S
WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body or
(b) support or sustain life, and (c) whose failure to perform
when properly used in accordance with instructions for use

2. A critical component in any component of a life support,
device, or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in a significant injury of the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

Advance Information Formative or In Design This datasheet contains the design specifications for product

development. Specifications may change in any manner without notice.

Preliminary First Production This datasheet contains preliminary data; supplementary data will be
published at a later date. Fairchild Semiconductor reserves the right to

make changes at any time without notice to improve design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild Semiconductor
reserves the right to make changes at any time without notice to improve

design.

Obsolete Not In Production This datasheet contains specifications on a product that has been
discontinued by Fairchild Semiconductor. The datasheet is printed for

reference information only.

Rev. 125

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com



830 series

SILICON 28V HYPERABRUPT VARACTOR DIODES

ZC829, ZDC833, ZMV829, ZMDC830, ZV831 Series

Device Description

A range of silicon varactor diodes for use in frequency control and
filtering. Featuring closely controlled CV characteristics and high
Q. Low reverse current ensures very low phase noise
performance. Available in single or dual common cathode format cq
in a wide rage of miniature surface mount packages.

Features

¢ Close tolerance C-V characteristics

e High tuning ratio

e Low IR (typically 200pA)

e Excellent phase noise performance

e HighQ

e Range of miniature surface mount packages
Applications

e VCXO and TCXO

¢ Wireless communications

e Pagers

e Mobile radio

*Where steeper CV slopes are required there is the 12V hyperabrupt range.
ZC930, ZMV930, ZV930, ZV931 Series

ISSUE 6 - JANUARY 2002 z ETEX
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830 series

TUNING CHARACTERISTICS at Tamb = 25°C

PART Capacitance (pF) Min Q Capacitance Ratio
Vg=2V, f=1MHz V=3V C,/C,
f=50MHz at f=1MHz
MIN. NOM. MAX. MIN. MAX.
829A 7.38 8.2 9.02 250 4.3 5.8
829B 7.79 8.2 8.61 250 4.3 5.8
830A 9.0 10.0 11.0 300 4.5 6.0
830B 9.5 10.0 10.5 300 4.5 6.0
831A 13.5 15.0 16.5 300 4.5 6.0
831B 14.25 15.0 15.75 300 4.5 6.0
832A 19.8 22.0 24.2 200 5.0 6.5
832B 20.9 22.0 23.1 200 5.0 6.5
833A 29.7 33.0 36.3 200 5.0 6.5
833B 31.35 33.0 34.65 200 5.0 6.5
834A 42.3 47.0 51.7 200 5.0 6.5
834B 44.65 47.0 49.35 200 5.0 6.5
835A 61.2 68.0 74.8 100 5.0 6.5
835B 64.6 68.0 71.4 100 5.0 6.5
836A 90.0 100.0 110.0 100 5.0 6.5
836B 95.0 100.0 105.0 100 5.0 6.5

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL MAX UNIT
Forward current le 200 mA
Power dissipation at T,,,,, = 25°C SOT23 Piot 330 mW
Power dissipation at T, = 25°C SOD323 Piot 330 mW
Power dissipation at T,,,, = 25°C SOD523 ot 250 mW
Operating and storage temperature range -55 to +150 °C
ELECTRICAL CHARACTERISTICS at Tamb = 25°C
PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Reverse breakdown voltage lg = T0UA 25 \
Reverse voltage leakage Vi =20V 0.2 20 nA
Temperature coefficient of capacitance Vgp =3V, f=1MHz 300 400 ppCm/°C

z ETEX ISSUE 6 - JANUARY 2002
2
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Diode Capacitance (pF)

830 series

TYPICAL CHARACTERISTICS
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830 series
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830 series

SOT23 PACKAGE DIMENSIONS

DIM Millimetres Inches

L Min Max Min Max
] . A | 267 305 | 0105 | 0.120

; R B | 1.20 | 1.40 | 0.047 | 0.055

| —H C - 1.10 - 0.043

B % = z ol o ﬁﬁi D | 0.37 | 053 | 0.0145 | 0.021
[ N J F |0.085| 0.15 | 0.0033 | 0.0059

e H—t \ G NOM 1.9 NOM 0.075
STAND OFF HEIGHT K K | 0.01 | 0.10 | 0.0004 | 0.004
L | 2170 | 2.50 | 0.0825 | 0.0985

N NOM 0.95 NOM 0.037

S0D323 PACKAGE DIMENSIONS

DIM Millimetres Inches

vl o [ 1 MIN | MAX | MIN | mAX
LA

1,

0.91 1.16 | 0.036 0.046
0.0 0.1 0.0 0.004

0.33 0.4 0.013 0.016
0.127 0.2 0.005 0.008
1.52 1.77 | 0.060 0.070
1.11 1.37 | 0.044 0.054

I|O|mm|Oo|lm| >

2.46 | 2.71 0.097 0.107

ISSUE 6 - JANUARY 2002 ZETEX
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830 series

SO0D523 PACKAGE DIMENSIONS

CATHODE MARK

D <

el

E1/2

7 : -

E1

©1" ALL ROUND

[

Al

SEATING PLANE 4]

DIM MILLIMETRES
MIN. MAX

A — 0.800

A1l 0.000 0.100

A2 0.600 0.800

b1 0.160 0.300

c 0.080 0.220

D 0.700 0.900

E 1.500 1.700

E1 1.100 1.300

L 0.200 0.400

L1 0.170 0.230

01° 4° 10°
SOD323 PACKAGE DIMENSIONS
B
DIM Millimetres Inches
F c MIN MAX MIN MAX
Lt B | A | 18 | 22 [o0.071 0087
¢L * B 1.15 1.35 0.045 | 0.053
‘—T C 0.8 1.0 0.031 | 0.039
D (3LEADS) 7337 B D 0.2 0.4 0.008 | 0.016
—— N] F 0.1 | 0.25 | 0.004 | 0.01
Al =5 G G | 1.2 | 1.4 [0.047 | 0.055
*E* L K — 0.1 — 0.004
L 2.0 2.2 0.079 | 0.087
N 0.60 0.70 0.023 | 0.028
© Zetex plc 2001
Zetex plc Zetex GmbH Zetex Inc Zetex (Asia) Ltd
Fields New Road StreitfeldstraRe 19 700 Veterans Memorial Hwy 3701-04 Metroplaza, Tower 1
Chadderton D-81673 Miinchen Hauppauge, NY11788 Hing Fong Road

Oldham, OL9 8NP
United Kingdom

Germany

Telephone (44) 161 622 4422 Telefon: (49) 89 45 49 49 0

Fax: (44) 161 622 4420

Fax: (49) 89 45 49 49 49

USA
Telephone: (631) 360 2222
Fax: (631) 360 8222

Kwai Fong

Hong Kong

Telephone: (852) 26100 611
Fax: (852) 24250 494

These offices are supported by agents and distributors in major countries world-wide.

This publication is issued to provide outline information only which (unless agreed by the Company in writing) may not be used, applied or reproduced
forany purﬁose or form part of any order or contract or be regarded as a representation relating to the products or services concerned. The Company

reserves t

For the latest product

information, log on to WwWw.zetex.com

e right to alter without notice the specification, design, price or conditions of supply of any product or service.

ZETEX
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BH1417F
Multimedia ICs

Wireless Audio Link IC
BH1417F

The BH1417F is a FM stereo transmitter IC that transmits simple configuration. The IC consists of a stereo modulator for
generating stereo composite signals and a FM transmitter for broadcasting a FM signal on the air. The stereo modulator
generates a composite signal which consists of the MAIN, SUB, and pilot signal from a 38kHz oscillator.

The FM transmitter radiates FM wave on the air by modulating the carrier signal with a composite signal.

Frequency is set for North America.

@ Applications
Wireless speakers, Personal computer(sound board), Game machine, CD changer, Car TV, Car navigation

®Features

1) It is possible to improve the timbre because it has the pre-emphasis circuit, limiter circuit, and the low-pass filter circuit.
2) Built-in pilot-tone system FM stereo modulator circuit.

3) The transmission frequency is stable because it has a PLL system FM transmitter circuit.

4) PLL controls data input in parallel (4bits, 14ch for North America).

@ Absolute maximum ratings (Ta = 25°C, In measurement circuit.)

Parameter Symbol Limits Unit Conditions
Supply voltage Vce +7.0 \% Pin8,12
Date input voltage VIN-D —0.3~Vce+0.3 \% Pin15,16,17,18
Phase comparator output voltage Vout-p —0.3~Vce+0.3 \% Pin7
Power dissipation Pd 450" mw
Storage temperature Tstg -55~+125 °C

+ Derating : 4.5mW/°C for operation above Ta=25°C.

®Recommended operating conditions (Ta =25°C)

Parameter Symbol Min. Typ. Max. Unit Conditions

Operating supply voltage Vee 4.0 - 6.0 \% Ping,12
Operating temperature Topr -40 - +85 °C

Audio input level VIN-A - - -10 dBV | Pin1,22

Audio input frequency band fin-A 20 - 15k Hz Pin1,22
Pre-emphasis time constant set up range T PRE - - 155 us Pin2,21
Transmission frequency(200kHz step) frx 18076_77 - 18087'99 MHz | Pin9,11

Control terminal "H" level input voltage ViH 0.8Vcce - Vce \% Pin15,16,17,18
Control terminal "L" level input voltage Vi GND - 0.2Vcc \Y Pin15,16,17,18
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®Block diagram
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O®Pin descriptions
Pin No. Pin descriptions Equivalent circuit '(DVC)
1 R-ch audio source input terminal
It cuts DC with the capacitor and it inputs R-ch 1
audio signal. 5 Vee
22 L—ch audio source input terminal
It cuts DC with the capacitor and it inputs L-ch
audio signal.
2,21 Pre-emphasis time constant terminal
It connects a capacitor for the time constant of %Vcc
pre-emphasis.
1=22.7kQxC
3,20 LPF time constant terminal @
This is 15kHz LPF. SSA S
It connects a 150pF capacitor. 100k™ 100k 1
5 Vee
%Vcc
® .
&%
4 Filter terminal ®
3
It is a ripple filter for the reference voltage of the 1
audio part. 5 Vee
3
®
®
5 Composite signal output terminal ®
It connects to the FM modulator. ® %Vcc
® '
6 GND GND
7 PLL phase detector output terminal ®
It connects to the PLL LPF circuit. @ F o
® '
8 Power supply terminal Vce
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Pin No. Pin descriptions Equivalent circuit I(DVC):
8 .
9 RF oscillator terminal ®
X
This is the base terminal of the colpitts oscillator. Q §=_ 4
It connects time constant of the oscillation. 2p 7Vee
® ‘ I
\_:i'op
g
®
10 RF GND GND
11 RF transmission output terminal
It connects to the antenna through BPF.
Vce
-1.9
12 PLL power supply terminal Vce
13,14 | X'tal oscillator terminal
It connects a 7.6MHz crystal oscillator.
15 Parallel data set up terminal Do
16 Parallel data set up terminal D1
So—— _
17 Parallel data set up terminal D2 eroror
18 Parallel data set up terminal D3
19 Pilot signal adjust terminal
%Vcc
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®Electrical characteristics (Unless otherwise noted, Ta = 25°C, Vcc = 5.0V Signal source : fin = 400Hz)
Parameter Symbol | Min. Typ. Max. Unit Conditions Meagtrjégirpent
Quiescent current lo 14 20 28 mA Fig.1
Channel separation Sep 25 40 — dB \L/i:R_é(EEV Fig.2
Total harmonic distortion THD — 0.1 0.3 % \L/er—ZOdBV Fig.3
Channel balance cB -2 0 +2 dB \L/er;—ZOdBV Fig.2
Input output gain Gv -2 0 +2 dB \L/r;—ZOdBV Fig.3
Pilot modulation rate Mp 12 15 18 % \Fq’;z_ZOdBV'L*'R Fig.3
Sub carrier rejection ratio SCR — -30 -20 dB \L/T;—ZOdBV Fig.3
Pre-emphasis time constant | T pre 40 50 60 us \L/Jer;—ZOdBV Fig.3
Limiter input level VIN(LIM) -16 -13 -10 dBV | Output level at 1dB gain compression Fig.4
LPF cut off frequency fewer) 12 15 18 kHz \lé?:i?é?BOpen Fig.5
Transmission output level V1x 96 99 102 dBuV | frx=107.9MHz Fig.6
"H" level input current liH — — 1.0 A Pin15,16,17,18 Vin=5V Fig.7
"L" level input current lic -1.0 — — HA Pin15,16,17,18 Vin=0V Fig.7
"H" level output voltage VoH VCC*l_O Vccal5 — Pin7 lout=—1.0mA Fig.8
"L" level output voltage VoL — 0.15 1.0 Pin7 lout=1.0mA Fig.8
"off" level leak currentl loFr1 — — 100 nA Pin7 Vourt=5V Fig.9
"off" level leak current2 loFr2 -100 — — nA Pin7 Vour=GND Fig.9
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®Measurement circuits
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Channel separation
Channel balance

o—

fin = 400Hz
Vin = -20dBV

10,
—

L-ch Eﬂ

Ll
o

7.6MHz

27p

a8
19| |18

|
470p

s a 8
17 16 15 14

27p

[

[

13 12

0.01p

i

PLL Vce

Pre-emphasi
and Limiter

i

~on 2]

10u

Stereo signal demodulator +5V

- % % -

Sep, C.B

Fig.2




Multimedia ICs

BH1417F

Total harmonic distortion
Input output gain

Pilot index of modulation
Sub carrier rejection ratio
Pre-emphasis time constant
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Limiter input level
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LPF cut off frequency
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Transmission output level
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“H” level input current
“L” level input current

oV, 5V @ I, i

7.6MHz

12
PLL Vee

EL
w
0.01p
—h

Fig.7




BH1417F

Multimedia ICs

“H" level output voltage
“L" level output voltage
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“off ” level leak input current
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@ Application circuit

US BAND (88.0MHz~89.2MHz)
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@ Circuit operation
Parallel data
Control data
Do (Pin15) | D1 (Pin16) | D2 (Pin17) | Dz (Pinl8) Frequency

L L L L 87.7MHz

H L L L 87.9MHz

L H L L 88.1MHz

H H L L 88.3MHz

L L H L 88.5MHz

H L H L 88.7MHz

L H H L 88.9MHz

H H H L PLL stops. Phase comparator terminal supports high impedance.
L L L H 106.7MHz

H L L H 106.9MHz

L H L H 107.1MHz

H H L H 107.3MHz

L L H H 107.5MHz

H L H H 107.7MHz

L H H H 107.9MHz

H H H H PLL stops. Phase comparator terminal supports high impedance.

®External dimensions (Units : mm)
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