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ABSTRACT




ABSTRACT

Electrical motors, in particular Induction motors are the lifeline of most of
the industries. They are exposed to variety of énvironment and operating
conditions. These leads to development of incipient faults, which has its direct
consequence in the company’s production. Hence it is necessary to monitor all
the parameters of the motor to prevent fatigue failure. The protection scheme
required for the safety operation of the motor is being implemented in this
project. ’

The electrical parameters such as voltage, current and the mechanical
parameters such as speed, temperature are continuously monitored. The sensed
paraméters are fed to microcontroller. The microcontroller is programmed
suitably so that it continuously monitors the parameters and detects the fault if
any. Based on the severity of the fault the trip circuit is actuated. The sensed
parameters and details regarding the faults are displayed using the LCD display.
The controller is also interfaced to PC.

This system identifies the fault at incipient stage and hence it is an epitome
for the saying “Prevention is better than cure”. Thus preventive maintenance can

be implemented in an organized manner.
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1.INTRODUCTION

Now-a-days AC motors in particular Induction motor finds a great
application in most of the industries. It contributes 90% of all process done
in industries. For the trouble free operation the induction motor should be

operated effectively without failure.

1.1 CAUSES FOR FAILURE

Electrical motors in particular Induction motors are the lifeline of
most of the industries. They are exposed to variety of environment and

operating conditions. These leads to development of incipient faults.

1%

O Bearing

B Winding
ORotor

B Shaft/coupling
B Brushes/slipring
O External devices
B Not specified

33%

FIGURE 1.1 FAULT STATISTICS

The possible faults that occur in induction motor are insulation failure,

bearing failure, rotor fault, shaft coupling, brushes and due to external



devices. Insulation failure and bearing failure are the faults that occur

frequently in induction motor.

The main reasons for insulation failure are due to unbalanced terminal
voltage, wide variation in supply voltage compared to the permissible limits

given by the manufacturers and insufficient cooling.

When the line voltages applied to the motor is not the same
unbalanced current will flow in the stator winding. The presence of a small
amount of unbalance in the line voltage in the motor terminal will cause a
large unbalance in the line currents and leads to over heating and damage to

the winding.

A few reasons behind bearing failure is due to unbalance,
misalignment, mechanical looseness, bad belt drives, defective sleeve

bearings and vibration due to eccentricity.

Another important reason for motor breakdown is due to over
temperature. The increase in temperature depends upon the ambient
temperature and the losses in the machine. Any unbalance or fluctuation in
the motor parameters may change the motor operation and change the

operating temperature.
1.2 NECCESSITY OF FAULT DETECTION SYSTEM

In the modern scenario processes are getting more and more

automated and the trend is to have a control through continuous monitoring.



The top priority factor for any industries is to have high plant availability,
with minimum downtime both during normal as well as during maintenance

shutdowns.
In an ordinary system if a fault occurs, it is time consuming for
identifying the nature of fault, location of fault and rectification of the fault

thereby leading to significant production losses.

So, an intelligent system is needed for precisely identifying the faults,
displaying the nature of faults and the location of faults. It is also essential
that the system should deal with preventive maintenance and continuous real

time monitoring of the motor parameters.
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2.METHODOLOGY

2.1 SYMMETRICAL COMPONENTS

A balanced system is one in which the three phase voltages and
currents throughout the system are completely balanced, i.e., they have equal
magnitudes in each phase and are progressively displaced in time phase by
120°. In a balanced system, analysis can proceed on a single-phase basis.
The knowledge of voltage and current in one phase is sufficient to
completely determine voltages and currents in the other two phases. Real
and reactive powers are simply three times the corresponding per phase

values.

But an unbalanced system operation can result in an otherwise
balanced system due to unsymmetrical fault. These faults are, in fact, of
more common occurrence than the symmetrical fault. System operation may
also become unbalanced when loads are unbalanced as in the presence of
large single-phase loads. Analysis under unbalanced conditions has to be
carried out on a three-phase basis. Alternatively, a more convenient method
of analyzing unbalanced operation is through symmetrical components
where the three-phase voltages and currents, which may be unbalanced, are
transformed into three sets of unbalanced voltages and currents called

symmetrical components.



The symmetrical components are classified into three as,

e Positive sequence
e Negative sequence

e Zero sequence
Positive sequence

As shown in the figure, the positive sequence is the set of three
balanced phasors (voltages / currents) Ig, Iy, Ig is characterized by equal
magnitude with phase differences of 120" and having a phase sequence
(RYB) same as that of power supply.

Iri=Ig; IY1=0€21Rl s Ipi=alg,

where the complex number operator is defined as o=e3'2%°

de:  POSTTIVE SEQUENCE rodve
RYB \ RBY

N B
N \ \

NEGATIVE SEQUENCE

ZERO SEQUENCE

| R0 : 1
Iy, i I Isy
—l80

FIGURE 2.1 SEQUENCE DIAGRAM



Negative sequence

Similarly in negative sequence components, the three phasors
(voltages / currents) are of same magnitude but having a phase sequence
opposite to that of the supply.

2
Iri=Ir; Ivi=0dR; ; Ip=0 TR
Zero sequence

In case of zero sequence components, the three voltage vectors are of
same magnitude but are in phase with supply. |
IRO=IYO =IBO
Consider now a set of three current (phasors) Ig,Iy,Ig which in general

may be unbalanced. According to Fortesque’s theorem the three phasors can

be expressed as sum of positive, negative and zero sequence phasors defined

above. Thus
Ir =Iri+Iro+]Ro; 2.1)
Ly=Iyi+lya+lyo; (2.2)
Ip=Ip+Ig2+1po; (2.3)

Hence the three phasor sequences (positive, negative and zero) are
called as the symmetrical components of the original phasor set I, Iy, I;.
Let us now express the above equations in terms of reference phasors Iy, Ir,

and Irq.Thus

IR =Iridr2HRo; (2.4)
IY=(121R1+OCIR2+IRO; (25)
IB=QIR1+(XZIR2+IR0; (26)



These equations can be expressed in the matrix form as,

in 11 1] (I
Iyl = [ o 1 |k (2.7)
Iy o o 1| |Ir
(Or)
Ip = A*Is, where
I |
Ip = |Iy | = vector of original phasors.
Ig
I |
Is= |z | = vectors of symmetrical components.
ko
1 1 1
A= |&b a 1 (2.8)
o of 1

We can write the equation Ip = A*Is as Is = A'IIp.Computing A’ using the

above equations results as,

1 o o
Al=s A3)*1 o o (2.9)
1 1 1



In expanded form we can express Is as,
Ix; = (173)*(Ig+ody+o’Ig)  (2.10)
Igy = (173)*(Ig+0Ty+alp)  (2.11)
Iro = (1/3)*(Ig+Iy+Ip) (2.12)

2.2 FAULT ANALYSIS

The fault detection technique of this scheme is based on the
symmetrical component, which is explained earlier. To determine the
scheme a three phase winding study motor is chosen as test motor. The test
motor is wound for 4 pole, lap winding as shown in FIGURE 2.3. The
winding faults are simulated in the motor by externally short-circuiting the
windings and the corresponding parameters of the motor are noted. We

analyzed the fault as stated below.

1]

Iy2 A/ Iyl

FIGURE 2.2 PHASOR DIAGRAM



In phasor diagram shown in FIGURE 2.2 the angle between the
negative sequence vector and the zero axis indicates the occurrence of fault.
Similarly the angle between the negative sequence vector and zero sequence

vector indicates the severity of the fault. It can be computed from the

formulated expressions given below.

R-phase
I Quadrant 0 =(180-6,.6,)
II Quadrant 0=0,06,
IITI Quadrant 6 =0,-6,
IV Quadrant 6 =(180-6,6,)
Y-phase
I Quadrant 8 = (180-0,)+ 6,
II Quadrant 0 = (180-6,)+ 6,
III Quadrant 0 = (180-6,)+ 6,
IV Quadrant 6 = (180-6,)+6,
B-phase
I Quadrant 0 = (180-62)+6,
IT Quadrant 0 = (180-6,)+ 9,
III Quadrant 6 = (180-0,)- 6,

IV Quadrant

6 = (180-6,)+6,

If fault occurs in R phase vector of the negative sequence component

exists between 90°and 270° through clockwise direction with respect to R-

phase.



01

Iy 'f{{

J/’ s
o
ﬁ
N
S
a
N\
A,

NN
L e
" A\ e - A ™~ w\NA

PE | FT JRE [T (0T [




If fault occurs in Y phase the vector of negative sequence component

exists between 90° and 270° through clockwise direction with respect to Y-

phase.

Similarly, in case of B phase the vector of negative sequence
component exists between 90° and 270° through clockwise with respect to

B- phase.

For example, the fault is created by short-circuiting two coil sides ( 1-
I’& 2-2’ ) in R-phase in North Pole and the current in all the phases are
observed.
Ip-1.225 A; Iy-0.68 A; [5-0.64 A
For these current values the corresponding positive, negative and zero
sequences are calculated using the equation 2.10,2.11,2.12 .
Iro=Ivo =Igo = 0.188 | -3.4;
Ini=0.848 L0; Ip,=0.18913.428
Iy;= 0.848 | -120; Iy,= 0.189 [ 123.42
Ipi= 0.848 [ 120; Ip,= 0.189 [ -116.42

It is seen that in the above the angle of negative sequence vector of R-

phase is between 90° and 270° and the unbalance is in R-phase. Thus by

using this methodology unbalanced phase can be found.
Similarly by using the same procedure the unbalance in the voltage

can also be found. The faults such as single phasing, open circuit, low

voltage, over voltage and over temperature is also considered in our project.

11



If any one of the phase voltage becomes zero it causes single voltage
occurs at the motor terminal, which is the vector addition of other two phase
voltage. This condition is termed as single phasing. In case of induction
motor one of the phase voltage is not zero but it is a low value compared to
other phases. By continuously monitoring the voltages in all the three phases

and checking the above conditions, single phasing fault can be detected.

Open circuit occurs under normal voltage condition ,when the current
in any one or two phase is zero. By continuously monitoring the current in

all the three phases open circuit fault can be detected.

Low voltage and over voltage are detected by checking the voltage
values are within the limits. In our project the low voltage limit is fixed as

200V and the over voltage limit is fixed as 255V.

Over temperature will cause damages to the insulation of the winding.
So we have also incorporated temperature detector in our project.
Temperature of the motor is continuously monitored and checked with in
limit. For different class of insulation there exists corresponding temperature
limits. They are shown in table 2.1. We have set the limits for class F type

and the temperature limit is above 155°C.

12



TABLE 2.1 TEMPERATURE RANGE FOR INSULATION

CLASS TEMPERATURE
Y 90°C
A 105°C
E 120°C
B 130°C
F 155°C
H 180°C
C Above 180°C

TABLE 2.2 DISPLAY FORMAT

FORMAT DESCRIPTION
TRIP 1 Single Phasing trip
TRIP 2 Open Circuit trip
TRIP 3 Voltage unbalance
TRIP 4 Low voltage
TRIP 5 Over voltage
TRIP 6 Winding fault
TRIP 7 Over temperature

These faults are detected by the microcontroller and displayed in the
LCD. In order to reduce the usage of program memory the fault display
logic is incorporated. It is shown in table 2.2.0n the occurrence of the faults
the corresponding format is displayed in the LCD. The flowchart for our
methodology is shown in FIGURE 2 4.

13
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2.3 BLOCK DIAGRAM

The block diagram of our project is as shown in FIGURE 2.5

3 PHASE SUPPLY

VOLTAGE
SENSOR ——P
—— LCD
DISPLAY
CURRENT
SENSOR [—Pt
MICRO-
TRIP CONTROLLER
— ”| creurr .
TEMPERA-
TURE —r
SENSOR PC
= INTERFACE
30
INDUCTION SPEED
MOTOR SENSOR [——Pr
FIGURE 2.5 BLOCK DIAGRAM

The main criteria involved in ¢his project is calculation of phase

voltage, phase current, temperature, speed and displaying the values in the

LCD display continuously, if faults occurs it also displays the type of fault

and trips the motor.

Both the microcontroller and the LCD use +5 volt power supply. Also

the op amp used here requires a dual power supply. This requires +12 volts

and —12 volts. Suitable voltage regulators are used for this purpose. Thus the

power supply unit is designed.

15




The electrical parameters such as voltage and current are sensed using
potential transformer and current transformer respéctively. The voltage,
which is to be sensed, is first stepped down using PT. This stepped down
voltage is then given to an inverting amplifier, which acts as precision
rectifier. Thus the AC voltage is converted to an equivalént DC voltage. This
is then fed to an inverting amplifier, which converts the negative output to
positive output. Thus the output of inverting amplifier is an equivalent DC

voltage of AC voltage.

The output of CT is converted into AC voltage by connecting a shunt
resistor across the CT. The working of current circuit is similar to that of

voltage circuit.

The mechanical parameter speed is sensed using proximity sensor.
The time taken for one revolution is obtained from the proximity sensor and
from that the RPM of the motor is calculated. Temperature of the motor is
measured using thermistor. Thermistor circuit consists of a wheatstone
bridge, which calculates small change in the resistance as the temperature
varies. The output of the bridge is fed to differential amplifier to amplify the
difference voltage between a fixed voltage and the bridge output. The output

is again amplified using an inverting amplifier. Thus the temperature is

sensed.

These parameters are then fed into the PIC microcontroller. The
analog values are converted into digital values by the in-built A/D converter

of 10-bit resolution.

16



The program is developed using C language. It is then compiled using
Hitech C. Then the assembly code is converted to machine language using

MPLAB.

The microcontroller monitors the parameters continuously. The
parameters are displayed and if fault occurs the type of fault is also
displayed in the LCD. The microcontroller is also interfaced using RS232
with the computer for data acquisition. The trip circuit is actuated during the

occurrence of fault. The trip circuit consists of relay and contactor.

17



HARDWARE DESCRIPTION




3.HARDWARE DESCRIPTION

3.1 DESIGN OF POWER SUPPLY CIRCUITRY

Power supply unit

As we all know any invention of latest technology cannot be activated
without the source of power. So in this fast moving world we deliberately
need a proper power source, which will be apt for a particular requirement.
All the electronic components starting from diode to Intel IC’s only work

with a DC supply ranging from + 5 V to + 12V.

> b 3 _ +5Y POWER SUPPLY ,_
1 - ‘*L'T_a@ + SV/SO0MA
oA H == Lo =
03 -
AHINADGT
o— | ? GND

FIGURE 3.1 +5V POWER SUPPLY

2 PRy

e
P
= 03‘( \‘Ba
AXINACOT
15

FIGURE 3.2 12V POWER SUPPLY

18



We are utilizing for the same, the cheapest and commonly available
energy source of 230V-50 Hz and stepping down, rectifying, filtering and
regulating the voltage. 12V power supply is shown in the FIGURE 3.1 and
5V power supply is shown as in the FIGURE 3.2.This will be dealt briefly in

the forth-coming sections.

Step down transformer

When AC is applied to the primary winding of the power transformer
it can be stepped down depending on the value of DC needed. In our circuit
the transformers of 230V/15-0-15V and 230V/0-9V are used to perform the
step down operation. The current rating of the transformer used in our

project is 1.5A. Apart from stepping down AC voltages, it gives isolation

between the power source and electronic circuitries.
Rectifier unit

In the power supply unit, rectification is normally achieved using a
solid-state diode. Diode has the property that will let the. electron flow easily
in one direction at proper biasing condition. As AC is applied to the diode,
electrons only flow when the anode is positive and cathode is negative.

Reversing the polarity of voltage will not permit electron flow.

A commonly used circuit for supplying large amounts of DC power is
the bridge rectifier. In bridge rectifier, four diodes (1IN4007) are used to

achieve full wave rectification. Two diodes will conduct during the positive

19



cycle and the other two will conduct during the negative half cycle. The DC
voltage appearing across the output terminals of the bridge rectifier will be

somewhat less than 90% of the applied RMS value.

In this circuit due to positive half cycle D1 & D4 will conduct to give
10.8V pulsating DC. The DC output has a ripple frequency of 100Hz. Since
each alteration produces a resulting output pulse, frequency = 2*50 Hz. The

output obtained is not a pure DC and therefore filtration has to be done.

Filtering unit

Filter circuits usually consist of a capacitor, which smoothens the
pulsating DC. This capacitor is also called as a decoupling capacitor or a
bypassing capacitor, is used not only top ‘short’ the ripple with frequency of

120Hz to ground but also to leave the frequency of the DC to appear at the

output.

1000uf/25V = for the reduction of ripples from the pulsating.

10uf/25V = for maintaining the stability of the voltage at the load side.

Voltage regulators

The voltage regulators play an important role in any power supply
unit. The primary purpose of a regulator is to aid the rectifier and filter
circuit in providing a constant DC voltage to the device. Power supplies
without regulators have an inherent problem of changing DC voltage values

due to variations in the load or due to fluctuations in the AC line voltage.

20



With a regulator connected to the DC output, the voltage can be maintained
within a close tolerant region of the desired output. IC7805 is used in the
project for providing +5V DC supply. IC7812 and 7912 is used in this
project for providing +12V and —12V DC supply.

Specifications

Conducting drop across the diodes = 2%0.7 = 1.4V.
At the secondary side of the transformer,
Applied voltage = 15V

Without capacitor

Vavg = (15-1.4) V = 13.6V pulsating DC
Frequency =100Hz

With capacitor

V = Vavg*1.11 (form factor)
V=1506V.

Frequency = OHz

With 7812 voltage regulator

VO = +12V

With 7912 voltage regulator

VO =-12V

At the secondary side of the transformer,
Applied voltage = OV

Without capacitor

Vavg = (9-1.4) V = 7.6V pulsating DC
Frequency =100Hz

With capacitor

V = Vavg*1.11 (form factor)

21



V=883V.

Frequency = OHz
With 7805 voltage regulator:

V0O =+5V
3.2 VOLTAGE MEASUREMENT
. Rl Rt 5 "6
o AAA AN ANA AA
+ 2K 20K 10K T
; m
104146 o
2900 AC g > >—
>.

Tansformer

),
s g 1456 - A 1458-8 R
v < 14145 .
L Z Ve
Rerwtiaf J R/ «:’A} ; / .

FIGURE 3.3 VOLTAGE MEASUREMENT CIRCUIT

The voltage measurement circuit of this project is shown as in the
FIGURE 3.3.In case of voltage measurement, three PT’s are connected
across three phases supply, which is to be monitored. The PT is rated at
230V/6V.The AC output voltage of the PT is rectified, filtered and

converted into pure DC by using precision rectifier.

In the precision rectifier circuit, A is an inverting rectifier. The output

from A is added to the original input signal in B (summing mixer). Negative

22



alterations of Ein results in no output at E1 due to the rectification. Ein feeds

B through a 20K ohms resistor and E1 feeds B through a 10K ohms resistor.

The net effect of this scaling is that, for equal amplitudes of Ein and
E1.E1 will produce twice as much current flow into the summing point. This
fact is used as an advantage here, as the negative alteration of E1 produces
twice the input current of precisely half the amplitude, which El alone
would generate due to the subtraction of Ein. It is the equivalent of having
El feed through a 20K ohms input resistor and having Ein non-existing

during this half cycle and it results in a positive going output at B.

3.3 CURRENT MEASUREMENT

M

“he N
w
‘p =

*
T
&

QX AS .
3
iale +]
(o
Lo toad
hy
Uheane
Trawsformer

FIGURE 3.4 CURRENT MEASUREMENT CIRCUIT

The current measuring circuit of this project is shown as in the
FIGURE 3.4.The CT’s are connected in series with the motor under test. The
CT 1s rated at 5SA/150mA. The shunt resistor of value 56 ohm is connected

23



across the CT. Hence we have ac voltage proportional to the current flowing
through the primary of the CT given as the input to the rectifier unit and by a
similar procedure as seen in the previous case, we get pure DC at the output

stage.

3.4 TEMPERATURE MEASUREMENT

X \ W

: - 3 o
K s
241 M324
Fhernger ; ﬁ,‘ﬁ .
- o R . sy
10

FIGURE 3.5 TEMPERATURE MEASUREMENT CIRCUIT

The temperature sensing circuit of this project is shown as in the
FIGURE 3.5.In our project temperature is measured using thermistor.
Thermistor is a semiconductor device that behaves as resistor with high

negative temperature coefficient of resistance.

The thermistor circuit used consists of Wheatstone bridge, Differential
amplifier and an Inverting amplifier. The bridge is used for measurement of

small resistive changes that occur in passive resistive transducers like

thermistor. It consists of four resistive arms with a source of EMF and a

meter, which acts as a detector. The detector is usually a current sensitive
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galvanometer. Measurement may be carried out either by balancing the

bridge or by determining the magnitude of unbalance.

The output of the Wheatstone bridge is given to the differential
amplifier, which amplifies the difference between two signals. The input to
the inverting terminal of the differential amplifier is a fixed voltage and the
input to the non-inverting terminal is obtained from the thermistor. When the
thermistor is heated, the voltage across the non-mverting terminal varies.
The differential amplifier amplifies the difference between these signals.
The output of the differential amplifier is given to the amplifier stage. This
amplifier again amplifies the differential signal. This signal is proportional

to the temperature, which is to be measured.

3.5 SPEED MEASUREMENT

The speed sensing circuit of our project is shown as in the FIGURE
3.6. We are using proximity sensor. This type is most commonly used. The
main advantage of using this is simple in construction, less maintenance,
easy to calibrate and inexpensive. A magnetic pickup sensor is placed near

the strip, which is fixed on the rotor whose speed is to be measured.

When the rotor rotates, an EMF is induced in the pick-up coil due to
change in reluctance of air gap between pick-up and strip. The output will be
in pulses and the time difference between the pulses are calculated, from this

speed can be calculated
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FIGURE 3.6 SPEED MEASUREMENT
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FIGURE 3.7 PIC INTERFACE DIAGRAM
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The PIC interface diagram of the project is shown in FIGURE 3.7.

The motor parameters are interfaced to the PIC via the port. The port

assignment tabular column is shown in TABLE 3.1.

TABLE 3.1 PORT ASSIGNMENT

PIN ASSIGNMENT
RAO R phase voltage (V)
RAl R phase current (I;)
RA2 Y phase voltage (V;)
RA3 Y phase current (I,)
RA4 B phase voltage (V3)
RAS B phase current (I5)
RA6 Temperature (T)
RBO Speed(N)

RB7 Relay control
RCO-RC2 LCD control bit
RC6,RC7 PC Interface
RDO-RD7 LCD Data bit

The sensed signals are digitalized using the in-built A/D converter in

the PIC microcontroller. The digital value is used by the PIC for the fault

detection. Then the digital value is converted into equivalent numeric value,




and it is displayed in the LCD. These data’s are also interfaced to PC. The

PIC also controls the relay circuit.
3.7 LCD DISPLAY

In this project the sensed values of voltage, current, temperature and

speed are shown on LCD. If fault occurs in the motor the type of fault is also

displayed on the LCD.

A LCD consists of two glass panels, with the liquid crystal material
sandwitched between them. The inner surfaces of the glass plates are coated
with transparent electrodes, which define the character, symbols or patterns
to be displayed. Polymeric layers are present in between the electrodes and
the liquid crystal, which makes the liquid crystal molecules to maintain a

defined oriented angle.

Polarisers are pasted outside the two glass pénels. These pol‘arisers
would rotate the light rays passing through them to a definite angle, in a
particular direction. When the LCD is in the off state, light rays are rotated
by the polarisers and the liquid crystal, such that the light rays come out of

the LCD without any orientation and hence the LCD appears transparent.

When sufficient voltage is applied to the electrodes, the liquid crystal

molecules would be aligned in a specific direction. The light rays passing
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through the LCD would be rotated by the polarisers, which would result in

activating/highlighting the desired characters.
3.8 RS232 INTERFACE

The most common communication interface for short distance is RS-
232. RS-232 defines a serial communication for one device to one computer
communication port, with speeds up to 19,200 baud. Typically 7 or 8 bits
(on/off) signal is transmitted to represent a character or digit. The 9-pin

connector is used.

Max-232
vee
RC6 ~—rre—— 16 .
RC7 ————— 2 _]—
1 V7S S E— TO
23 COMPUTER

PORT

Rl

3 15 6__1_(
o

FIGURE 3.8SYSTEM INTERFACE IC

The IC diagram of MAX 232 is shown in the FIGURE 3.8. Each of

the two transmitters is a CMOS inverter powered by +10V internally
generated supply. The input is TTL and CMOS compatible with a logic

threshold of about 26% of Vcc. If an unused transmitter section can be left
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unconnected as the internal 400KQ pull up resistor connected between the

transistor input and Vec will pull the input high forming the unused

transistor output low.

The open circuit output voltage swing is guaranteed to meet the
RS232 specification +5V outputswing under the worst of both transmitter
driving the 3K minimum load impedance, the Vcc input at 4.5V and
maximum allowable ambient temperature typical voltage with 5KQ and

Vee=+0.9V.,

The slew rate at output is limited to less than 30V / us and the

powered done Vce = V. The outputs are short circuit protected and can be

short circuited to ground indefinitely.
Receiver section

The two receivers fully conform to RS232 specifications. Their input

impedance is between 3KQ either with or without 5V power applied and
their switching threshold is within the +3V of RS232 specification. To
ensure compatibility with eifher RS232 IIP or TTI/CMOS input. The
MAX232 receivers have VIL of 0.8V and VIH of 2.4V the receivers have
0.5V of hysterisis to improve noise rejection. The TTL/CMOS compatible
output of receiver will be low whenever the RS232 input is greater than

2.4V. The receiver output will be high when input is floating or driven
between +0.8V and -30V.
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Electrical specification of MAX232

Vce =6V
V+ =12V
V-=12V

Input voltage
Tlin, T2in =-0.3 to (Vee+ 0.3V)
R1lin, R2in = +30V or -30V
Output voltage
Tlout, T2out = ((V+)+0.3V) to ((V-)+0.3V)
Rlout, R2out =-0.3V to (Vcc+0.3V)

Power dissipation = 375 mW

Output resistance = 300Q
3.9 CONTROL CIRCUIT

The control circuit mainly includes two components. They are,
a) Relay circuit.

b) Contactor circuit.

ELECTROMECHANICAL RELAY

Relays are electromagnetic switches, which provide contact between
two mechanical elements. Relays have a coil, which works on 12V dc power
supply and provides DPST action as an output. In general, relays provide
potential free contacts which can be used for universal functions like DC,
AC voltage switching and to control bigger electrical switchgears.

The relay circuit used in this project is shown in FIGURE 3.9.

31



Lussed Lasad
o \'ulmgc

LOAD NORMALLY OFF LOAD NORMALLY ON

FIGURE 3.9 RELAY CIRCUIT

CONTACTOR CIRCUIT
STOP START
1
|| L
P—fp—L- ) > N
RLY K
SEALING
CONTACT

FIGURE 3.10 CONTACTOR CIRCUIT

The contactor circuit used in this project is shown in FIGURE 3.10.
When the supply is switched ON, at normal condition microcontroller sends
high signal to the relay circuit. Thereby relay’s NO contact closes. When
start push button shown in the circuit is pressed, main contactor coil (M) is
energized; hence main and sealing contacts are closed. As the three-phase
supply is fed to the motor, motor starts running. If any fault occurs, the
signal from the microcontroller turns low leading to opening of contacts in

the relay circuit and the motor stops running.
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4. MICROCONTROLLER

Microcontroller is a semiconductor device, which has many, built in
features to support any application. Microcontroller differs from
microprocessor in many features. Microprocessor has many operational
codes for moving data from external memory to the CPU. But
microcontroller has fewer codes. Microprocessors have one or two bit
handling instructions. But microcontroller has many. Microcontroller has got
many built in features. Microcontroller works faster than microprocessor
because of rapid movement of bit within the chip. Microcontroller can
function has a computer with the addition of no external parts. This project
uses PIC microcontroller .PIC stands for Peripheral Interface Controller.
There are many features and packages. The different series are

16,17,18,19,etc. This project uses PIC 16F877 microcontroller.
4.1 SPECIAL FEATURES

Improved architecture-Harvard architecture

A2 74

Built-in three timers
In built A/D converters
Separate program and data memory

High frequency operation -

YV V VYV V¥V

Flexible programming

Instruction pipelining

A2 4

5 I/O programmable ports

\Y4

Easy interfacing facilities
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Architecture

PIC microcontroller based devices have following architectural
features to attain the high performance.
¢ Harvard architecture
¢ Long word instructions

¢ Single word instructions

*

Single cycle instructions
¢ Instruction pipelining

Reduced instruction set

L 4

¢ Register file architecture

¢ Orthogonal (symmetric) instructions

°

Harvard Architecture

Harvard architecture has the program memory and data memory has
separate memories and they are accessed from separate buses. This impfoves
bandwidth over traditional Van Neumann architecture in which program and
data are fetched from the same memory using the same bus. These separated

buses allow one instruction to execute while the next instruction is fetched.

Instruction Pipeline

The instruction pipeline is a 2-stage pipeline, which overlaps the fetch

and execution of instructions.
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Reduced instruction set

When an instruction set is well designed and highly orthogonal
(symmetric), fewer instructions are required to perform all needed tasks.

With fewer instructions, the whole set ¢an be more rapidly learned.

Central Processing Unit

The CPU is responsible for using the information in the program
memory to control the operation of the device. Many of these instructions
operate on data memory. It is responsible for fetching the correct instruction
for execution, decoding that instruction and then executing the instruction.
The CPU sometimes works in conjunction with the ALU to complete the
execution of arithmetic and logical operations. The CPU controls the
program memory address bus, the data memory address bus, and accesses to

the stack.
Arithmetic and Logic Unit

PIC microcontroller contain an 8-bit ALU and an 8-bit working
register. The ALU is a general-purpose arithmetic and logic unit. It performs
arithmetic and Boolean functiohs between the data in the working register
and any register file. The ALU is 8-bit wide and is capable of addition,
subtraction, shift and logical operations. Depending on the instruction

executed, the ALU may affect the values of the carry, digit carry and zero

bits in the status register.
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The status register contains the arithmetic status of the ALU, the

RESET status and the bank selects bits for data memory.

4.2 MEMORY ORGANIZATION

Memory organization has two blocks
1. Program memory
2. Data memory
Each block has its own bus, so that access to each block can occur
during the same oscillator cycle. The data memory can further be broken

down into General purpose RAM and the Special Function Register (SFRs).

Program memory organization

Mid-range MCU devices have a 13-bit program counter capable of
addressing an 8K x 14 program memory space. The width of the program
memory bus is 14 bits. Since all instructions are a single word, a device with
an 8K x 14 program memory has a space for 8K of instructions. This makes
it much easer to determine if a device as sufficient program memory for a

desired application.

36



Program counter

The program counter (PC) specifies the address of the instruction to
tetch for execution. The PC is 13 bits wide. The low byte is called the PCL
register. This register is readable and writable. The high byte is called the
PCH register. This register contains the PC<12:8> bits and is not directly

readable or writable

Reset Vector

On any device, a reset forces the Program Counter to address Oh.

Interrupt Vector

When an interrupt is acknowledged the PC is forced to address 0004h.

Stack

Stack contains the return address from this branch in program

execution.

Program memory paging

Some devices have program memory sizes greater than 2K words, but

the CALL and GOTO instructions only have an 11-bit address range.
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Data memory organization
Data memory is made up of the Special Function Register (SFRs)
area, and the General purpose Register (GPR) area. The SFRs control the

operation of the device, while GPRs are general areas for data storage and
scratch pad operation. The GPR area is banked to allow greater than 96
bytes of general RAM to be addressed.

General Purpose Registers -

GPRs are not initialized by a power on reset and are unchanged on all
other resets. The register file can be accessed either directly, or using the

File Select Register FSR, indirectly.

Special Function Registers
The CPU and peripheral Modules use the SFRs for controlling the
desired operation of the device. These register are implemented as static

RAM. The SFRs can be classified into two sets, those associated with the

‘core’ function and those related to the peripheral functions.

Banking

The data memory is partitioned into 4 banks. Each bank contains
general-purpose registers and the special function registers. Switching

between these banks requires the RPO and RP1 bits in the STATUS register
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to be configured for the desired bank when using direct addressing. The IRP
bit in the STATUS register is used for indirect addressing.

TABLE 4.1 BANK SELECTION

ACCESSED BANK | DIRECT (RP1:RP0) | INDIRECT (IRP)
0 00 0
i 01 0
2 10 I
3 11 1
4.3 A/D CONVERTERS

The analog-to-digital converter has up to eight analog inputs. The
A/D allows conversion of an analog input signal to a corresponding 8-bit
digital number. The output of the sample and hold is the input into the
converter, which generates the result via successive approximation. The
analog reference voltage is software selectable to either the device's positive
supply voltage (Vqyq) or the voltage level on the V,; pin. The A/D converter
has an unique feature of being able to operate while the device is in SLEEP
mode.
The A/D module has three registers. These registers are
A/D result register (ADRES)
A/D control register0 (ADCONO)
A/D control register] (ADCON1)
The ADCONO register controls the operation of the A/D module. The
ADCONI register configures the functions of the port pins. The I/O pins can
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be configured as analog inputs (one I/O can also be a voltage reference) or

as digital I/O.

When the A/D conversion is complete, the result is loaded into the
ADRES register, the GO/DONE bit is cleared, and the A/D interrupt flag bit,
ADIF is set. After the A/D module has been configured as desired, the
selected channel must be acquired before the conversion is started. The
analog input channel must have their corresponding TRIS bits selected as an
input. After this acquisition time has elapsed the A/D conversion can be

started.

The following steps should be followed for doing an A/D conversion,
1.Configure the A/D module

= Configure the analog pins/voltage reference /and digital I/O
(ADCON1)

= Select A/D input channel (ADCONO)
= Select A/D conversion clock (ADCONO)
* Turn on A/D module (ADCONO)

2. Configure A/D interrupt (if desired)

= Clear the ADIF bit.
» Set the ADIE bit.
= Set the GIE bit.
3. Wait the required acquisition time
4. Start conversion
= Set the GO/DONE bit (ADCONO)

5. Wait for A/D conversion to complete, by either
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* Polling for the GO/DONE bit to be cleared
» Waiting for the A/D interrupt
6. Read A/D result register (ADRES), clear the ADIF bit, if required

7. For next conversion, goto step 1 or step2 as required. The A/D
conversion time per bit is defined as Tad. A minimum wait of 2

Tad is required before the next acquisition starts.

4.4 TIMERS

Timer 1

Timerl module is a 16bit timer and counter consisting of 2 8-bit
registers which are readable and writable. It increments from 0000H to
FFFFH and rolls over to 0000H.

It can be operated in one of the following three modes

> As a Synchronous timer
> As a synchronous counter
» As a asynchronous counter

The operating mode is selected by clock selection bit TMR1CS and
the synchronization bit (TISYNC). In timer mode, it increments for every
instruction cycle and in counter mode it increments on every rising edge of
the external clock input. It can be turned on and off using the TMR10ON

control bit.
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Timer Mode
Selected by clearing TMRICS bit, the input clock to timer is Fosc/4.
The synchronize control bit has no effect since internal clock is always

synchronized.

Synchronous Counter Mode

Counter mode is selected by setting TMRICS bit. The timer
increments on every rising edge of clock input on the T10S1 pin when
oscillator enable bit is set, or when TIOSCEN bit is cleared. If TISYNC bit
is cleared, then the external clock input is synchronized with internal phase

clocks.

Asynchronous Counter Mode

This type of mode is achieved setting the TISYNC to high which
asynchronizes the external clock input. The timer continues to run during

SLEEP mode, which can be used to implement real type clock.

Timer2

Timer2 is an 8-bit timer with prescaler, a postscaler and period
register. The overflow time is the same as a 16-bit timer. The TMR2 register
is readable and writable and is cleared on all device resets. It increments
from OOH on reset increment cycle. Tile match output of TMR2 goes to 2
sources.

» Timer2 postscaler
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> SSP clock input
When postscaler overflows, TMR?2 is also routed to synchronous serial port

(SSP) module.

Timer(

It has the following features
> 8-bit timer/counter
> Readable and writable
» Clock source selectable to be internal or external
> Interrupt on overflow from FFH to 00H

» Edge select for external clock

Timer mode is selected by clearing TOCS bit. Counter bit is selected
by setting the TOCS bit. In counter mode, TIMERO will increment either on
every rising or falling edge. The TMRO interrupt is generated when the
TMRO register overflows from FFH to O0H. The response of the timer to the
clock pulse can be made as positive edge triggered or negative edge

triggered
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5. SOFTWARE DESCRIPTION

5.1 ALGORITHM FOR PIC PROGRAMMING

The PIC 16F877 microcontroller used in the préject is programmed
using HiTech C. The program is converted into machine language using
MPLAB software. The algorithm and flowchart for this project are as
follows:

Step 1 : Start the program.

Step 2 : Assign the ports in the microcontroller as input/output depending
upon the requirement.

Step 3 : Initialize the ADCON registers.

Step 4 : Enable the global interrupt and peripheral interrupt.

Step 5 : The voltage measured in each of the 3 phase is multiplied by
suitable value to obtain the original value.

Step 7 : Similar procedure is repeated for current and temperature.

Step 8 : Pulses are counted and the speed is calculated.

Step 9 : The values of voltage, current, temperature and speed is given to the
LCD display.

Step 10: The measured values are checked for faults, if any.

Step 11: Details about the fault are also passed to the LCD display.

Step 12: The values of voltage, current, temperature, speed and the details
regarding the fault is given to the PC.

Step 13: If the severity of the fault is more, the fault has to be cleared to
reset the program.

Step 14: Else step 6 to step 12 is repeated continuously.
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FIGURE 5.1 FLOWCHART FOR PIC PROGRAMMING
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Initialize Timerl

l

Calculate time for 1 revolution

FIGURE 5.2 FLOWCHART FOR INTERRUPT SUBROUTINE

5.2 ALGORITHM FOR VB CODING

The VB coding is written in order to display the voltage, current,
temperature, speed and status of the motor. The data from the Max 232 IC
are continuously send to the PC at a presettable baud rate. These data’s are
set with a start bit. Now these data’s are received in the COM PORT] of the
CPU. These data’s should be first read and displayed on the system. The
algorithm and flow chart (FIGURE 5.3) for VB coding is shown. The VB
form for displaying the motor parameters is shown in FIGURE 5.4.

Step 1: Start the program.

Step 2: Initialize the variables to collect the data.

Step 3: Determine the characters after the start bit.

Step 4: Place the voltage, current, temperature, speed and status of the
motor on appropriate text box continuously.

Step 5: Status of the motor is stored in the system if fault occurs.
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FIGURE 5.3 FLOWCHART FOR VB CODING
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FIGURE 5.4 VISUAL BASIC FORM
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We conducted the experiment on the three phase induction motor. The
winding connection of the motor is as shown in FIGURE 2.3. The readings
are obtained under normal condition and also by externally creating faults in

the motor. The table 6.1 shows the readings obtained manually by

6.RESULTS AND DISCUSSION

connecting the analog meters and by connecting the project.

TABLE 6.1 EXPERIMENTAL RESULTS

MANUAL READING | PROJECT READING

CONDITION| 1, [ Iy [ I; | FR| Iz | Iy | I; | FR
Normal 0.8 [0.51]0.59]135] 08| 05| 06 13
lcoil shorted | 0.94 | 0.55/0.64|16.5] 09| 06| 06| 17
2coils shorted | 1.225] 0.68 | 0.64 | 22.3 1.2 0.7 0.6 22 |

From the tabular column it is clear that readings obtained by
connecting the project is similar to the manual reading. The proposed system

detected the fault and displayed the phase along with FR, if FR is greater

than 15. This system actuated the trip circuit if FR is greater than 20.
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7.CONCLUSION AND FUTURE SCOPE

The microcontroller based online fault detection scheme has been
implemented for three phase induction motor based on monitoring the
negative sequence current. This project also monitors the values of line
voltage, speed and temperature continuously. This project is tested for
different fault conditions. The experimental results for the winding fauit are
presented. The proposed system also capable of detecting the other faults
such as single phasing, open circuit, voltage unbalance, low/over voltage,
over temperature. Since the faults are detected at their earlier stages, the

maintenance can be in an organized manner.

The further work that can be implemented to our project includes,

#® The fault detection scheme can be carried out based on
monitoring the negative sequence impedance.

* This system is incorporated with 4MHz crystal with operating
speed of 1us per instruction cycle. If any increase in the operating speed
is required, 20MHz crystal can be made use of with operating speed of
200ns per instruction cycle.

* This scheme can also be extended to other types of electrical

motors.
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// PIC PROGRAM
#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<pic1687x.h>
#include "lcd.h"

#define rly RB7

void sqr(long m,long n);

void mul(int j,int k,int m,int n);

void seq(int j,int k,int Lint m,int n,int p);

void phsft(unsigned int j,unsigned int k,unsigned int 1);
display_trip(unsigned char);

delay();

bank!1 unsigned int i1,12,i3,v1,v2,v3,d1,d2,n,pulse_sec;
bank1 unsigned char sec=0,count,flag=0;

bank?2 unsigned char tx_array[40];
intul,u2,al,a2,a3,a4,a5,a6,b1,b2,b3,b4,b5,b6;

bit e.f,scr,disp_f,ad_flag=0,st_f=0,pulse_f;

unsigned char k,trip,d,t;

unsigned long h;

void main()

{
ADCON1=0X80;
TRISC=0XFO;
TRISD=0;
TRISB=0x01;
T1CON=0X30;
rly=1;
OPTION=0X07;
GIE=1;

INTE=1;
PEIE=1;
TMR1H=TMR1L=0;
TOIE=1;

led_init();



clear_lcd();
TXSTA=0X24;
SPBRG=25;
SPEN=1;
display_string("FAULT MONITORING");
while(1)
{
if(ad_flag)
{
ad_flag=0;
ADCONO=0x81;
delay();
ADGO=1;
while(ADGO);
v1=(ADRESH*256)+ADRESL;

ADCONO=0x89;

delay();

ADGO=1;

while(ADGO);
v2=(ADRESH*256)+ADRESL:

ADCONO0=0x91;

delay();

ADGO=1;

while(ADGO);
v3=(ADRESH*256)+ADRESL;

ADCONO0=0x99;

delay();

ADGO=1;

while(ADGO);
11=(ADRESH*256)+ADRESL;

ADCONO=0xal;

delay();

ADGO=1;

while(ADGO);
12=(ADRESH*256)+ADRESL;



ADCONO0=0xa9;

delay();

ADGO=1;

while(ADGO);
13=(ADRESH*256)+ADRESL;

ADCONO=0xb1;

delay();

ADGO=1;

while(ADGO);
t=((ADRESH*256)+ADRESL)/4.01;

check();
transmit_values();

}

if(scr==0 && disp_f)
{
disp_£=0;
display_scrl();
}

else if(scr && disp_f)
{
disp_f=0;
display_scr2();
}

}

}

check()

{

//SINGLE PHASING DETECTION
k=0;
1f(v1<600)
k++;

1f(v2<600)
k++;

1f(v3<600)
k++;



if(k>=2)

{
trip = 4;
rly=0;
clear_lcd();
display_voltage();
display_trip(trip);
GIE=0;
transmit_values();
while(1);

}

else if(k>0)

{
trip = 1;
rly=0;
clear_lcd();
display_voltage();
display_trip(trip);
GIE=0;
transmit_values();
while(1);

}

//OPEN CIRCUIT DETECTION
k=0;
1f(11<=7)
k++;
if(i2<=7)
k++;
if(i3<=7)
k++;
if(k==3)
goto skip;
else if((k<=2) && (k>=1))
{
trip = 2;
rly=0;
clear_lcd();
display_current();
display_trip(trip);



GIE=0;
transmit_values();
while(1);

}

/ISUPPLY VOLTAGE UNBALANCE DETECTION
skip:;
phsft(vl,v2,v3);
seq(al,a2,a3,a4,a5,a6);
sqr(ul,u2);
d1=sqrt(h);
seq(al,a2,a5,a6,a3,a4);
sqr(ul,u2);
d2=sqrt(h);
d=((d2*100)/d1);
if(d>4)
{
trip=3;
rly=0;
clear_lcd();
display_voltage();
display_trip(trip);
GIE=0;
transmit_values();
while(1);
}

//LOW VOLTAGE DETECTION
if((v1<800)& &(v2<800)& & (v3<800))
{
trip=4;
rly=0;
clear_lcd();
display_voltage();
display_trip(trip);
GIE=0;
transmit_values();
while(1);
}



//OVER VOLTAGE DETECTION
f((v1>=1022)&&(v2>=1022)&&(v3>=1022))
{
trip=5;
rly=0;
clear_lcd();
display_voltage();
display_trip(trip);
GIE=0;
transmit_values();
while(1);
}

//[CURRENT UNBALANCE DETECTION
if(k==3)
goto bypass;
e=0;
f=0;
k=0;
phsft(i1,i2,13);
seq(al,a2,a3,a4,a5,a6);
sqr(ul,u2);
d1=sqrt(h);
seq(al,a2,a5,a6,a3,a4);
sqr(ul,u2);
d2=sqrt(h);
d=((d2*100)/d1);
if(d>15)
{
display_trip6();
seq(al,a2,a5,a6,a3,a4);
bl=ul;
b2=u2;
seq(a3,a4,al,a2,a5,a6);
b3=ul/2;
bd=u2/2;
seq(ad,ab,a3,a4,al,a2);
bS=ul/2;
b6=u2/2;
ul=(b4*100)/b3;



u2=(b6*100)/b5;
if((b1>=O&&b2>=0)||(b1>=O&&b2<=0))
e=1;
1f(b3<=0& &b4>=0)
if(ul>-57)
f=1;
if(b3>=0& &b4<=0)
if(ul<-57)
f=1;
if(b3<=0& &bd<=0)
f=1;
1f(b5>=0& &b6>=0)
1f(u2>57)
k=1;
if(b5<=0&&b6<=0)
if(u2<57)
k=1;
if(b5<=0&&b6>=0)
k=1;
if(e==1&&f==1)
{
1f(11>12)
display_string("R Y");
else
display_string("Y R");
}
else if(f==1&&k==1)
{
if(i2>13)
display_string("Y B");
else
display_string("B Y");
}
else if(e==1&&k==1)
{
1f(i1>13)
display_string("R B");
else
display_string("B R");
}



else if(e==1)
display('R");

else if(f==1)
display('Y");

else if(k==1)
display('B");

if(d>20)
{
trip=6;
rly=0;
display_trip(trip);
GIE=0;
transmit_values();
while(1);
}

}

bypass:;
if(t>185)

{

trip=7;

rly=0;

clear_lcd();

display_scr2();

display_trip(trip);

GIE=0;

transmit_values();

while(1);

}

}

void phsft(unsigned int j,unsigned int k,unsigned int 1)

{

mul(j,0,8,0);
al=ul;

a2=u?2;
mul(k,0,-4,-7);
a3d=ul;

a4=u2;
mul(1,0,-4,7);
aS=ul;



ab=u2;
}

void seq(int j,int k,int 1,int m,int n,int p)
{
mul(j,k,8,0);
j=ul;

k=u2;
mul(l,m,-4,7);
j=j+ul;
k=k+u2;
mul(n,p,-4,-7);
J=j+ul;
k=k+u2;
ul=j;

u2=k;

}

void mul(int j,int k,int m,int n)
{
ul=(G*m-k*n)/8;
u2=>G*n+k*m)/8;
}

void sqr(long m,long n)
{
h=m*m+n*n;

}

void interrupt isr()
{
1If(INTF)
{
INTF=0;
pulse_f=1;
if(!st_f)
{
st_f=1;
TMR1H=TMR1L=0:;
TMR1ON=1;



display_voltage()
{
unsigned char temp=0;
unsigned char voltl;

display('V");

display(' ");

voltl=v1/4.01;
display((volt1/100)+0x30);
temp=volt1 %100;
display((temp/10)+0x30);
display((temp%10)+0x30);
display(" );

voltl=v2/4.01;
display((volt1/100)+0x30);
temp=volt1%100;
display((temp/10)+0x30);
display((temp%10)+0x30);
display(' ");

voltl=v3/4.01;
display((volt1/100)+0x30);
temp=voltl %100,
display((temp/10)+0x30);
display((temp%10)+0x30);
}

display_current()
{
unsigned char temp=0;
unsigned char voltl;

display('T);

display(' ");

volt]1=11/6.82;
display((volt1/100)+0x30);
temp=volt1 %100;

display((temp/10)+0x30);
display('.");



J
else 1f(st_f)

{
TMR1ON=0;
pulse_sec=(TMR1H*256)+TMRI1L;
n=7500000/pulse_sec;
st_f=0;
}
}
if(TOIF)
{
TOIF=0;
count++;
if(count==15)
{
count=0;
ad_flag=1;
sec++;
if(!pulse_f)
n=0;
else
pulse_f=0;
}
if(sec==3)
{
scr=scril;
sec=0;
disp_f=1;
}
}
}

display_scrl()

{

clear_lcd();
display_voltage();
cursor_loc(0xc0);
display_current();

}



display((temp%10)+0x30);
display(' ");

volt1=12/6.82;
display((volt1/100)+0x30);
temp=volt1 %100;
display((temp/10)+0x30);
display('.");
display((temp%10)+0x30);
display(’ );

volt1=13/6.82;
display((volt1/100)+0x30):
temp=volt1%100;
display((temp/10)+0x30);
display('.");
display((temp%10)+0x30);
}

display_scr2()
{
unsigned char temp=0;
unsigned int itemp=0);

clear_lcd();

display('N");

display(' );
display((n/1000)+0x30);
itemp=n%1000;
display((itemp/100)+0x30);
temp=itemp% 100;
display((temp/10)+0x30);
display((temp%10)+0x30);
display(" );

display('T");

display(' ");
display((t/100)+0x30);
temp=t%100;
display((temp/10)+0x30);



display((temp%10)+0x30);

cursor_loc(0xc0);
display('P");

display ("' );
display((pulse_sec/10000)+0x30);
itemp=pulse_sec%10000;
display((itemp/1000)+0x30);
itemp=itemp% 1000;
display((itemp/100)+0x30);
temp=itemp%100;
display((temp/10)+0x30);
display((temp%10)+0x30);
display(’ ");

}

display_trip(unsigned char datl)
{

cursor_loc(0xc0);
display_string("TRIP:");
display(dat1+0x30);

}

display_trip6()
{
clear_lcd();
display_string("FR ");
display((d/10)+0x30);
display((d%10)+0x30);
display(" ");
}

delay()
{

unsigned char i=0;
for(i=0;i<100;i++);
}

transmit_values()

{



unsigned char volt1=0,temp=0,i=0;

tx_array[0]=("{");
tx_array[1l]=("");

voltl=v1/4.01;
tx_array[2]=((volt1/100)+0x30);
temp=volt1 %100;
tx_array[3]=((temp/10)+0x30);
tx_array[4]=((temp%10)+0x30);
tx_array[5]=("");

voltl=v2/4.01;
tx_array[6]=((volt1/100)+0x30);
temp=volt1%100;
tx_array[7]=((temp/10)+0x30);
tx_array[8]=((temp%10)+0x30);
tx_array[9]=("");

voltl=v3/4.01;
tx_array[10]=((volt1/100)+0x30);
temp=volt1 %100;
tx_array[11]=((temp/10)+0x30);
tx_array[12]=((temp%10)+0x30);
tx_array[13]=("";

voltl=11/6.82;
tx_array[14]=((volt1/100)+0x30);
temp=volt1%100;
tx_array[15]=((temp/10)+0x30);
tx_array[16]=(.");
tx_array[17]=((temp%10)+0x30);
tx_array[18]=("");

voltl=12/6.82;
tx_array[19]=((volt1/100)+0x30);
temp=volt1%100;
tx_array[20]=((temp/10)+0x30);
tx_array[21]=(".");
tx_array[22]=((temp%10)+0x30);
tx_array[23]=("");



voltl=13/6.82;
tx_array[24]=((volt1/100)+0x30);
temp=volt1%100;
tx_array[25]=((temp/10)+0x30);
tx_array[26]=(".");
tx_array[27]=((temp%10)+0x30);
tx_array[28]=("");

tx_array[29]=((n/1000)+0x30);
temp=n% 1000;
tx_array[30]=((temp/100)+0x30);
temp=n%100;
tx_array[31]=((temp/10)+0x30);
tx_array[32]=((temp%10)+0x30);
tx_array[33]=("");

tx_array[34]=((t/100)+0x30);
temp=t%100,;
tx_array[35]=((temp/10)+0x30);
tx_array[36]=((temp%10)+0x30);
tx_array[37]=("");

tx_array[38]=(trip+0x30);
tx_array[39]=("");

for(i=0;i<=39;i++)
{
TXREG=tx_array[i];
while(!TRMT);
TRMT=0;
}

}



' VISUAL BASIC CODING
Dim dat As String
Dim value As String

Private Sub Command1_Click()
End
End Sub

Private Sub Form_Load()
MSComm]1.CommPort = 1
MSComml.Settings = "9600,N,8,1"
MSComml.PortOpen = True

End Sub

Private Sub Textl_Change()
Form1.Show
If (Len(Form1.Textl.Text) >= 31) Then
dat = Textl.Text
Textl. Text=""
If (Mid$(dat, 1, 1) ="{") Then
Forml.Label2.Caption = Mid$(dat, 2, 3)
Forml.Label4.Caption = Mid$(dat, 5, 3)
Form1.Label6.Caption = Mid$(dat, 8, 3)
Form1.Label8.Caption = Mid$(dat, 11, 4)
Form1.Label10.Caption = Mid$(dat, 15, 4)
Form1.Label12.Caption = Mid$(dat, 19, 4)
Form1l.Label14.Caption = Mid$(dat, 23, 4)
Form1.Labell6.Caption = Mid$(dat, 27, 3)
value = Mid$(dat, 30, 1)
If value = "0" Then
Form1.Labell7.Caption = "NORMAL"
Elself value = "1" Then
Form1.Labell7.Caption = "SINGLE PHASING"
Elself value = "2" Then
Forml.Labell7.Caption = "OPEN CIRCUIT"
Elself value = "3" Then ,
Form1.Labell7.Caption = "SUPPLY UNBALANCE"
Elself value = "4" Then
Form1.Labell7.Caption = "LOW VOLTAGE"
Elself value = "5" Then



Forml.Labell7.Caption = "HIGH VOLTAGE"
Elself value = "6" Then
Forml.Labell7.Caption = "WINDING FAULT"
Elself value = "7" Then
Forml.Labell7.Caption = "OVER TEMPERATURE"
End If
End If
End If
End Sub

Private Sub Timerl_Timer()
If value > "0" Then
Open CommonDialogl.FileName For Append As #1
Print #1, "date=" & Date
Print #1, "time=" & Time
Print #1, "Vr =" 4+ Form1.Label2.Caption
Print #1, "Vy =" + Form1.Label4.Caption
Print #1, "Vb =" + Form1.Label6.Caption
Print #1, "Ir =" + Form1.Label8.Caption
Print #1, "Iy =" + Form1.Label10.Caption
Print #1, "Ib =" 4+ Form1.Label12.Caption
Print #1, "SPEED = " + Form1.Label14.Caption
Print #1, "TEMPERATURE =" + Form1.Label16.Caption
Print #1, "FAULT : " + Form1.Label17.Caption
Print #1, "--mmemm e "
Close #1
End If
End Sub

Private Sub Timer2_Timer()
Forml.Textl. Text = Form1.Textl.Text + MSComm1.Input
End Sub
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28/40-pin 8-Bit CMOS EEPROM/Flash Microcontrollers

h

Pin Diagram

Microcontroller Core Features:
High-performance RISC CPU
Oniy 35 single word instructions to leam
All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of Flask Program hMemory,
Up to 368 x & bytes of Data Memory (RAM)
Up ta 256 x & bytes of EEPROM data memaery
Pinout compatible to the PIC16CT 7417677
interrupt capability (up to 14 internal/exterral
interrupt sources)
Eight level deep hardware stack
Direct, indirect, and relative addressing modes
Power-on Reset {POR)
Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)
Watchdog Timer (WDT) with its own on-chig RC
vsciliator for refiable operation
Pragrammable code-protection
Power saving SLEEP moce
Selectable oscillator options
Low-power, high-speed CMOS EPROMY
EEPRCM technology
Fully static design
In-Circuit Serial Programming™ via fwo pins
Onty singie 5% source needed for programming
in-Circuit Debugging via two pins
Processor readiwrite access io program memory
‘Widle operating voltage range: 2.5Vt 5.5
High Sink/Source Currant: 25 ma
Cormmercial and Industrial temperature ranges
Low-power consumption:
- < 2mA typical @ 5V, 4 MMz
- 20 pA typical & 3V, 32 kHz
- <1 A typical standby current
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Peripheral Features:

-

TimerD: 8-bit Smer/counter with 8-bit prascaler
Timer1: 16-bit timer/counier with prescaier,
can be incremented during sieep via extemal

crystaliclock

Timer2: 8-bif timer/counter with 8-bit period
register, prescaler and postacaler
Tao Capture, Compare, BWM maduies

Capture is 18-bit, max. resolution is 12.5 ns,
Compare is 18-bit, max. resolution is 200 ns,

PWM max. resolution is 10-bit

13-Bit multi-channet Analog-to-Digital converier
Synchronous Serial Port (SSP) with SPI™ {Master

Mode} and 12C™ (MasteriSlave)

Universal Synchronous Asynchroncus Receier
Transmitter {USART/SCL) with 9-bit address

detection

Paraliel §I_aw§_£uri {PSP) 8-bits wide, with
external RD, WR and CS conirols (40/44-pin oniy)
Brown-out detection circuitry for

Brown-out Reset (BOR)
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PIC16F877 BLOCK DIAGRAM

Device Program Data Memery | Data EEPROM
Flash
PICIGFAT4 4K 192 Byles 128 Biles
PIC1GF&TT 8K % Byls 756 Bylas
13 Data Bus g PORTA
: <17 Program Counte .
FLASH e - JL 7 RABIAMO
Program X |4 RATIAM
Memory o RAM - RAZ2IAM:
& Ll Slack Fike | RAIAMNI el
{13-bit} Fegisiers 4 RAATTOCKI
o RASIAME I5S
Pregram 14 ,
B . 2 X « O T I
Bus FRAK Addri 1) PORTH REIANT
I msliuction reg : EE‘Z
L Divect Addy ¢ Inchred < REIIPGH
7 : A y R4
- RBs
g RB&PAGIC
RB7XGD
A PORIT 3 ]
. RCWTIOSNTICKI
7 l7 ‘] et RCAMOsRCCP2
3 I RCECCPY
{/ F\;]q.'arup ‘EIE' et ROJSCRASCL
imer —y | RCAISDIIS0A
Instrudion Uscillator e RCESDO
Deonde & Start-up Tirner RCGTIICHK
Conral Toweron RCHHRYDT
Ruasel PCRTN
Timing Walchdog
B Gmaragm K=o Tirmer
QSCVCLKIN Brown-cut
OSCACLKOUT Resel & KB RRDEPSPYRINPSPY
In- izl
[abugger
Lowa-Woltaes
Progamming Parallel Slave Portpcd PORTE
é] é l—=5] REQISMS/RD
=] RE1RHBWR
MCLR - Vad, s e RE2ANTACS
Timeed Timer1 Timer? 10-EiL AD
/3
f T i

: & R &

Dala EEPROM - Synchionous o p 1
CCP1.2 Serial Port USART

Note 1. Higherarder bils are from the STATUS reglstar,
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PIC16F877/876 REGISTER FILE MAP

File
Address
indirect addrt7| aon indirest addr’!| &on Indirestaddr.( | 100h | Indirect addr"? | 1a0n
THRO ag1h OPTION_REG| &1h THRO 101h OPTION REG| 181h
PCL gz2h PCL a2h PCL 102h PCL 182h
STATUS Q3h STATUS 83h STATUS 103h STATUS 183h
FSR 0dh FSR &4h FSR 104h F3R 184h
PORTA 05h TRISA a5h 105h e 185h
PORTB 0Bh TRISB &5h PORTB 108h TRISB 186h
PORTC 07h TRISC &7h i = 107h A 187h
PORTD 1 | 08h TRISD ™ | ash ) 108h T
PORTE @ | 0oh TRISE ™ | 89n TR 108N R 1890
PCLATH UAh PCLATH AAh PCLATH 1040 PCLATH 18Ah
INTCON oBh INTCON BBl INTCON 10Bh INTCON 18Bh
PIR1 oCh PIET 8Ch EEDATA 10ChHh EECON1 18Ch
PIR2 obDh PIE2 &lh EEADR 10Dh EECON2 18D
TMR1L OEh PCON BEh EEDATH 10Eh Reserved® | 18Eh
TMR1H OFh ~ 8F T EEADRH | 10Fh Reserved® | 18Fh
T1CON 1Gh Sk 110h 190h
THMR2 i SSPCON2 | 91h 111h 191h
T2C0N 12h PR2 Q2h 112h 1920
SSPBUF 13h S8PADD 92h 113h 193h
SSPCON 14h SSPSTAT | Bdh 114h 184h
CCPR1L 15h : 95h 115h 195h
CCPR1H 16h : o95h 118h 196h
CCP1CON 17h a7h Genera] 117h g&nerfz—l 197h
RCSTA | 18h TXSTA | Seh Rukess | 118n Regisier | 19%h
TXREG 12h SPBRG 2N 16 Bytes 118h 16 Bytes 156h
RCREG 1Ah aah 114h 194h
CCPR2L 1Bh L SBh 118h 198h
CCPR2H 1Ch QCh 11Ch 19Ch
CCP2CON 10h 90h 110h 190h
ADRESH 1Eh ADRESL SEh T1ER 19Eh
ADCOND 1Fh ADCON1 SFh T1Fh 19Fh
20h Ah 12on 1AGh
Gengral Genaral General General
Purpose Purpose Purpose Purpose
Register Register Rexistar Register
95 Byles 80 Bytes - an Bytes 16Eh a0 Bytes 1EER
ACOESSES Foh ACCESSES 170h ACOES5EES TFOR
70h-7Fh 70R-7Fh 70h - TFh
7Fh FFh 1¥Fh 1FFh
Bank Q Bank 1 Bank 2 Bank 3
T' Unimplameanted data memory locations, read as 'O,
* Mat a physical ragister.
MNote 1. These reqisters are not implementad on 28-pin devices,
2. These regislers are resensed, maintain these registers clear.
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2223 INTCON REGISTER

) ) ) ) Note::  Interrupt flag bits get set when aninterrupt
The INTCON Register is a readable and writable regis- ‘condition occurs regardless of the state of

ter which contains various enable and flag bits for the its: comrespondi ng enable bit or the global
TIMRO register overflow, RB Port change and External ‘enable bit, GIE (INTCOMN<7>}. User soft-
REZINT pin interrupts. warg should ensure the appropriate inter-

rupt flag bits are clear prior-to enabling an
interrupt.

FIGURE 2-7: INTCON REGISTER (ADDRESS 0Bh, 88h, 10Bh, 18Bh}

RAN-AQ BRAW-0 RA-0 RAN-T RiN-0 Riw-0 Raw-0 RA-x

! BE | PEE | TOE | INTE | RBIE | TOF | INTE | RBIF ] R= Readable bit
Lit7 Bito W= Writable bit
U= Unimplementad bit,
read as ‘0"
- n=Value at POR resel

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked intsrrupts
0 = Disables all interrupts
bit & PEIE: Peripheral Intemrupt Enalle bit
1 = Enables all un-rmasked peripheral intemupts
0 = Disables all peripheral interrupts
bit & TOIE: TMRO Cverflow Interrupt Enable it
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4:  INTE: RBU/INT External Intermrupt Enabile: bit
1 = Enables the RBOIINT external interrupt
0 = Disablas the RBOANT exterral interrupt
bit 3:  RBIE: RB Port Change interrupt Enatile bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2:  TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflewed (must be cleared in software)
0 = TMRO reqister did not averfloay
bit 1:  INTF: RBOANT Externat interrupt Flag it
1=The RBU/NT external intarrupt cocurrad (must be cleared in software)
0= The RBOJANT external interrupt did not ocour
bit &: RBIF: RB Fort Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed stals (must be deansd in softwars)
0 = None of the RB7:RB4 pins have changesd state
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TIMERO MODULE

REGISTERS ASSOCIATED WITH TIMERD

Value an:

Address Name | Bit7 | BRE |Bits |Bitd4 | B3 |Bitz | Bit1 | Bito | poR, | Vaueonal
ECR

01h,101h [TMRD Timard module’s regisier WXL RMEK | UHUM LR

0Bh8Bh, [INTCON GIE PEIE TOE |INTE {RBIE - |TOIF {INTF RBIF GO0 DO | O0DO GO0u

10Bh,18Bh

81h,181h [OPTION_REG |RBPU |INTEDG |T0CS [TOSE [PsA  |Psz |Ps1  [Ps0 | 113r 11z | 1113 111

85h TRISA —_ —_ PORTA Data Diraction Registar -=11 13113 | ~--11 1311

Legend: x=unknown, u=unchanged, - = unimplemented localions read as '0’. Shaded cells are not used by Timerd,
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10.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asvndironous Recsiver
Transmitter (USART) module is one of the two serial
11O modules. (USART is also known as a Serial Com-
munications Interface or SCIj. The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computsrs, or it can be canfigures)
as a half duplex synchronous system that can cammu-
nicate with peripheral devices such as A'D ar DA inte-
grated circuits, Senal EEPRONSs elc.

The USART can be configured in the following modss:
+ Asynchronous (ull duplex)

= Synchrencus - Master (half duplex)

+ Synchronous - Slave (half duplex;

Bit SPEN (RCSTA<T=), and bils TRISC«<7:8x, have to
be set in order to configure pins RCE/TXCK and RCTY
RX/OT as the Universal Synchronous Asynchronous
Receiver Transmitter.

The USART moduls alse has a multi-processor com-
munication capability using S-bit address detection.

FIGURE 10-1: TXSTA:TRANSMIT STATUS AND CONTROL REGISTER {ADDRESS 93h)

Asynehronoys meele
1 = High speed

0 = Low speed
Synehronous mode
Unused in this mode

bit 1:  TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full
bit 0:  TX9D: 9th bit of transmit data. Can be rarity bit.

RAN-0 RAY-0 RAW-0 RAW-0 -0 RAs-Q R-1 RIW-0
[ csRc | Txo | TXEN [ SYNC | — | BRGH | TRMT | %90 | [R = Readable bit
bit7 bitg | W =Writable bit
U = Unimplemented bit,
read as'0
. - N =Valuz at POR reset
Lit 7 CSRC: Clock Source: Select it
Asynchronous mode
Don't cane
Synehronous mode
1 = haster mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external souros)
bit &; TX9: 9-hit Transmit Enabls bit
1 = Selects 9-bit transmission
0 = Selects &-bit transmission
bit 5 TXEN: Transmit Enable bit
1 = Transmit enakied
0 = Transmit disabled
Mote: SREN/CREN overrides TXEN in SYNC mode.
bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mads
bit 3:  Unimplemented: Read as ‘0’
bit 2: BRGH: High Baud Rate Select bit
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10.1 USART Baud Rate Generator (BRG}

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART, Itis a dedicated 8-bit
baud rate generator. The SPBRG register contrals the
period of a free running &-bit timer. In asynchronaus
mode bit BRGH ITXSTA<2>) also controls the baud
rate. In synchronous mode bit BRGH js ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode {internal clodk).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be caloulated

using the formula in Table 10-1. From this, the error in
baud rate can be determined.

Example 10-1 shows the calculation of the aud rate
arror for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9800

EXAMPLE 10-1: CALCULATING BAUD
RATE ERROR
Dasinad Boud rage = Pose o (0408 + [
SRR = LA
N o= [2ssanfe2s
Cadenlabed Hand Rates 16000000 7 (6 (23 - £
= L% Bt

Cdwnlogad 13aed Bon - S Raed Frans
Dsieed Baud Rage

XK

B =

= (5035 - Sy 2

= O 6%

't may ke advantageous to use the high baud rate
(BRGH = 1) even for slower taud clocks. This is
because the FORCH16(X + 1)) equation can reduce the
baud rate emor in some cases.

BRGH =0 WWriting a new value to the SPBRG register, causes the

SYNC =0 BRG timer to be resst {or cleared), this ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rale.
1011 SAMPLING
The dala on he RCTRX/DOT pinis sampled three times
by a majority detect dircuit 1o determine if a high or a
low level is present at the RX pin.

TABLE 1041 BAUD RATE FORMULA
SYNC BRGH = 0 (Low Spasd) BRGH = 1 {High Spesd)
o {Asynchronous) Baud Rate = FOSC/H B4 X+1)} Baud Rate= FOSCA16(X+11)
1 (Synchronous) Baud Rate = FOSCAH X +11) MNA

X = valug in SPBRG (D to 255)

TABLE 10-2 REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Value on: sz; on

Address | Name BitT | Bits | Bits | Bit4 Bitz | Bit1 | Bity PCR,
other

BOR
rassts
98h TXSTA | CSRC | XS |- TXEN | sSYNC ) BRGH [ TRMT | TXQD | soas -010 | ooca -nip
18h RCSTA | BPEN |- RX9 | S8REN. | CREN | ADCEN | FERR | OERR RXQ0 | ooac ooox | 0000 0o
9%h SPERG | Baud Rate Generator Register OGOD GO0 | G0OO 0000

Legend: x =unknown, - = unimplementad read as ‘0" Shaded oslis arz not used by the BRG.




PIC16F87X

11.0  ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (MD) converter module has five
inputs for the 28-pin devices, and sight for the other
devices,

The analog input charges a sample and hold capacitor,
The output of the sample and hold capacitor is the input
into the converter. The corwverter then generates a di g-
ital result of this analag level via successive approxima-
tion. This A/D conversion, of the analog input signat,
resulls in a corresponding 10-bit digital number.

The A/D converter has a unique feature of being abile
to operate while the device is in SLEEP mode. To oper-
ate in sleep, the A'D clock must be derived from the
ADs internal RC oscillator,

FIGURE 11-1: ADCONO REGISTER {ADDRESS: 1Fh)

The AD module has four registers. These registers
are:

» AJD Result High Register (ADRESH)

+ A/D Result Low Reqister (ADRESL)

+ A/D Control Register0 (ADCONO;

+ AJD Control Registert {ADCON1)
The ADCONQ register, shown in Figure 11-1, controls
the operation of the A/D module. The ADCON1 regis-
ter, shown in Figure 11-2, configures the functions of
the port pins. The port pins can be configured as ana-
loginputs (RA3 can also be the voltage reference) or as
digital /0.

RAN-0  RAW-D RW-D RAW-O RAW-D

U-0 Raw-0

[ADCsS1[ADCS0| CHS2 | CHS1 | CHS0 |GOMDONE]  — | ADON | [R =Readatle bit

bit?

00 = FQSC2
41 = FOsC/a
10 =Fosciaz

bit 8-3: CHS2:CHSY: Analog Channel Select bils
000 = channel 0, (RAGVANO)
001 = channel 1, (RA1/ANT)
310 = channel 2, (RAZIAN2)
211 = channel 3, (RAXVANI)
190 = channsl 4, (RASANS)
101 = channel 5, (REGANE 1
118 = channel &, {RE17aNg; 1)

111 = channel 7, (REZANT)
bit 2: GO/OUNE: &/D Conversion Status bit
IFADON =1

sion is complete)
bit 1: Unimplemented: Read as '0'
bit & ADON: A/D On bit
1 = A/D converter madule is operaling

bit 76 ADCS1:ADCS0: A'D Conversion Clock Select bits

11 =FRC {clock derived from an RC escillation)

1= AJD conversion in progress (ssthing this bit starts the &AD COIVersiony
0 = A/D conversion not in progress (This bit is automalically cleared by hardware when the A/D comver-

0= AD converter module is shutaff and consumes no oparating currernit
Note 1. These channels are not available on the 28-pin devices.

bitg | W = Writable bit

U =Unimplernentsd bit,
reead as "0

- =Valug at POR reset
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TABLE 13-2 PICT6CXXX INSTRUCTION SET

Mnemonic. Description Cycles 14-Bit Opeods Status Notes
Cperands MSh LS | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d4 | AddW and f 1 5o 9111 dEEF Eefs [ CODCZ 1.2
ANDWF t,d | AND Wwnilh f 1 an a101 dEEF FESE | 2 1,2
CLRF f Clearf 1 aa 3001 FEEE|Z 2
CLRW - Claar W 1 a0 oo z

CONF t,d | Complement f 1 ag 1001 rd 1.2
DECF f,d | Decremantf 1 30 GOl ; Z 1,2
DECFS2 f.d | Dacrementf, Skipif 0 12y | ao 1011 £ 1,2,3
INCF f,d | Increment { 1 90 1010 £ Z 1,2
INCFSZ f,d | Increment f, Skip if 0 12y | oo 1112 £E 1,2,3
ICORWF f.d | Inclusive OR W with f 1 an Q100 FEE FF Z 1,2
MOVF f,d | Movef 1 an 1000 ffE F Z 1.2
MOVWF f Move W to f 1 40 anon 1ffF f

NOP - No Operation 1 iy JO00 Dxxd 000D

RLF f,d | Ratate Left f through Carry 1 i) 1101 4EEY FEFF|C 1,2
RRF t,d | Rotate Right fthrough Carry 1 30 1100 dEEF FEFEC 1,2
SUBWF f,d | Subtract W from f 1 fody] a0Lg dfEE FEFE | CDCZ 1,2
SWAPF f,d | Swap nibbles in f 1 pl 11L0 dfFE fEEE 1,2
KORWF f,d | Exclusive OR W with f 1 an JILG AEFE FEEE (2 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f, b | Bit Clearf 1 01 oubb BEEE FEE 1.2
BSF f,b | Bit Self 1 oy oikk bEFE FEFF 12
BTFSC t,b | Bit Tost f, Skip if Clear 11(2) ol 1okb bEEF  FEEF 3
BTFSS #, b | Bit Test f, Skip if Set 12 oY iibk BEEF FESE 3
LITERAL ANG CONTROL OPERATIONS

ADDLW k Add literal and &/ 1 11 11k kkkk kkkk| CDCZ
ANDLW k AND literal with W 1 13 10l lkkkk kkxk| Z

CALL k Call subroutine 2 1w okkk Rkkk kkkik

CLRWDT - Clear Watchdoy Timer 1 O 0000 (L10

GOTO k Go 1o address 2 10 1kkk  kkkk

IORLW k Inclusive OR litoral with 'w 1 11 1000 kkkk

MOovVLW 3 Wove lileral to ‘W 1 1 anxa  kkkk

RETFIE . Retum from interrupt 2 CR o oDaE goun

RETLW k Retum with literal in @ 2 11 gilae kkki

RETURN - Rstum from Submouting 2 GO 200 0NO0 1000

SLEEP . Ga into standby made 1 oo ooan arle awir| TOPD
SUBLW K Subtract W from literal 1 11 119x kkkk kkkk| CDCZ
XORLW [ Exclusive OR literal with W 1 11 1010 kkkk kkkk| Z

Nota 1. When an IO register is modified as a function of itself { e.g., move popTw, 1), the value used will be 1
the pins themselves. For exam

davice, the data will be w

2 Ifthis instruction is executad on the TMRO ragistar (and, where applicable, d = 1

tathe Timer0 Moduly.

3. If Program Counter (PC) is modified or a conditional tast is

axecuted

as a MOP,

hatvalug prasent on

pla, ifthe data latch is 1" for a pin configured as in put and is driven low by an exlernal
ritten back with a 0",

). the prescaler will ba cleared if assigned

trug, tha instruction requires two cycles. Tha second cycla is
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Internally Compensated,
High Performance
Dual Operational Amplifiers

The MCI438, C was designed for use us a summing amplifier,
integrator. or amplificr with operating characteristics as a function of

the externul feedhack componenis.

® No Frequency Compensation Required

Short Circuit Protection

L]
* Wide Common Mode and Differential Voltage Ranges
.

Low Power Consumption

No Latch-Up

MAXIMUM RATINGS iTa = +25°C, unless otherwise notad.

Rating Symbol Value Unit

Power Supply Voltage Voo +18 Vdc
Veg -18

Input Differential Voltage Vio 30 v
Input Common Mode Voltage (Note 1) Vic 15 v
Output Short Circuit Duration (Note 2) s Continuous
Operating Ambient Temperature Rangs Ta Oto +70 *C
Storage Temperature Range Tetg ~55t0 +125 “C
Junction Temperature Ty 150 °G

NOTES: 1. For supply voltages less than 215 V, the absolute maximurm
input voltage Is equal to the supply voltage.
2, Supply voltage equal to or less than 15 V.

Representative Schematic Diagram

Vee
AN T— e b
—{
4.5k
Noninverting
Input 39k
0pf 75k L
O Lndad Output
Inverti [
Inprt‘ﬂ Ty
>
A 4 50k §50
1.0k 50k $.0k
had v '_o VEE

 Semizonductor Camponents Industries, LLG, 20014

March, 2001 - Rev. 2

MC1458, C

OPERAT

DUAL

IONAL AMPLIFIERS
(DUAL MG1741)

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX

PLASTIC PACKAGE

CASE 626

%

1

D SUFFIX

PLASTIC PACKAGE

Pi

CASE 751
(SO-8)

N CONNECTIONS

{Top View)

ORDERING INFORMATION

Device

Operating

Temperature Range Package

MC1458CD. D

SO-8

MC1458CP1, P1

Ta=0° to +70°C
A=07to+7 Plastic DIP

Publication Order Number:
MC1458/D




MC1458, C

ELECTRICAL CHARACTERISTICS (V¢e = +15V. Vgg = =15 V. Ta = 25°C. unless otherwise notsd. {Note 3))

MC1458 MC1458C
Characteristic Symboi Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg = 10 k) Vio - 29 8.0 - 2.0 1.0 my
Input Offset Current e - 20 200 - 20 300 nA
Input Bias Current lig - 80 500 - 80 700 nA
Input Resistance i 0.3 2.0 - - 2.0 - M2
Input Capacitance Ci - 1.4 - - 1.4 - pF
Offset Voltage Adjustment Range Vior - 115 - - +15 - my
Common Mode Input Voltage Range Vier 12 +13 - +11 +13 - \Y
Large Signal Voltage Gain Aol VimV

(Vo=110V, R = 2.0k} 20 200 - - - -

V=10 V, R = 10 k) - - - 20 200 -
Qutput Resistance [ - 75 - - 75 — L
Common Mode Rejection (Rg=< 10 k) CMR 70 90 - 60 50 - dB
Supply Voltage Rejection {Rg = 10 k) PSR - 30 150 - 30 - QY
Output Voltage Swing ' Vi vV

(Rg = 10 k) 12 14 - 11 14 -

{(Rg=20Kk) £10 13 - 0.0 113 -
Qutput Short Circuit Current s - 20 - - 20 - mA
Supply Currents (Both Amplifiers} o - 2.3 56 - 23 8.0 mA
Power Consumption Ps - 70 170 - 70 240 mw
Transient Response (Unity Gain)

(Vi=20mV, RL 2 2.0 kid C = 100 pF) Rise Time tTLH - 0.3 - - 0.3 - us

(V=20 mV, R 2 2.0 ki2, C| = 100 pF) Overshoot 5] - 15 - - 15 - %

(V=10 V. Ry 22.0 ke, C|_ = 100 pF) Slew Rate SR - 05 - - 0.5 - Vius

ELECTRICAL CHARACTERISTICS (Vor=+15V. Vg =—15V, Ty = Thigh 10 Tiow. unless othenvise noted. {Note 3})*

MC1458 MC1458C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg = 10 k&) Vig - - 75 - - 12 myv
Input Offset Current (Ta = 0° to +70°C) o - - 300 - - 400 nA
Input Bias Current (T4 = 0° to +70°C) e - - 800 - - 1000 nA
Output Voltage Swing Vo vV

{Rs < 10 k) +12 +14 - - - -

(Rs=2 k) £10 +13 - £9.0 +13 -
Large Signal Voltage Gain Avol Vimy

(Vo=210V,R =2Kk) 15 - - - - -

(Vo =10V, R =10K) - - - 15 - -

Tiow = 0°C 10r MC1458,C Ty = +70°C for MG 1458, C

NOTE: 3.Input pins of an unused amplifier must be groundad for spilt supply opsration or blased at least 3.0 V above Vi for single supply operation.

http:/fonsemi.com
2
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications, One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi. and other solid state electronic equipment. Al-
though designed primarily as fixed voitage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

put. aithough this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

u Output current in excess of 1A

® Internal thermal overload protection

® No external components required

B Qutput transistor safe area protection

B Internal short circuit current limit

8 Available in the aluminum TO-3 package

Voltage Range

LM7805C 5v
LM7812C 12V
LM7815C 18V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUIPUT L~GND

INPUT—"
DSA7746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package

T0O-220 (T)
> DulPuY
GHD = O Y
— 1BPUT
D50G7740-%
Top View

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

£ 2000 National Semiconductor Corporation 0807748

viww.national.com
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature

if Military/Aerospace specified devices are required, (K Package) 150 C
please contact the National Semiconductor Sales Office/ {T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range -65 C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

{Vo = 5V, 12V and 15V) .35V TO-3 Package K s00¢C
internal Power Dissipation {(Note 1) Internally Limited T0-220 Package T 230¢C
Operating Temperature Range (T,) 0Cto+70C
Electrical Characteristics LM78XXC ot 2)

0'C £ T, = 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min | Typ [Max | Min | Typ [Max | Min ] Typ [Max
Va Qutput Voitage Tj=25C,5mA <], 1A 48 & 520115 12 125|144 15 156 \
Pp = 15W, 5mA < |y < 1A 475 525(114 12.6 114.25 15.75 \
Vian = Vi 2 Viax (7.5 V£ 20) (145 =V, < (1752 Vs vV
. 27) 30)
AVe, Line Regulation I = 500 Tj=25C 3 50 4 120 4 150 mv
mA
AV (7 = V= 25) 14.5 2 V) = 30} (17.52 V= \
30)
0C<Tj<+125C 50 120 150 | mv
AV (82 V=20 152V 227) {1852V s Vv
30)
ley = 1A Tj=25C 50 120 150 mv
RV (THsVys20) | (1462 V< (7.7 <V < %
27) 30
0C=Tj=+125C 25 60 75 mv
AV (8= Vyy o121 (16 5V £22) | (20 £V, =26) \
AV Load Regulation Tp=25C [5mA<l,= 15A 10 50 12 120 12 150 my
250 mA <1y & 25 [510] 75 my
750 mA
5 1A.0C2Tj< 50 120 150 | mv
+125C
ley Quiascent Current | 1, = 1A Tj=25C 8 8 8 mA
0C=zTjz+125C 85 8.5 8.5 mA
Aley Quiescent Current | 5 mA < | < 1A 0.5 0.5 0.5 mA
Change T =25C, 5= 1A 1.0 1.0 1.0 mA
Vi = Vi © Vigax (7HEVy=220) | (1482 V=27 (17.92 V= \%
30y
l, ©500 MA, 0C «Tj= +125C 1.0 1.0 1.0 A
Vo = Vin £ Vigax (ToVn=28) | (145 2V,2230) | (1752 Vi < %
30
Vi Qutput Noise Ta =25C. 10 Hz < f< 100 kHz 40 75 40 uv
Voitage
Ripple Rejection l, 1A Tj=25C| 62 80 55 72 54 70 dB
Sy or
aVour f=120 Hz | I £ 500 mA 62 55 54 dB
0C=Tj=+125¢C
Viun = Vin = Vivax ($=VinZ18) (15 2V 2 25) (18.5 2 Viy = 7
: 28.5) )
Re Dropout Voltage Ti=25C 1y, = 1A 2.0 2.0 2.0 \
Output Resistance { f= 1 kHz 8 18 19 mdl

wavw.national.corn
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LM78XX

Electrical Characteristics LM78XXC ote 2) (continued)

0°C < T, 125 C unless otherwise noted.

Output Volitage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
Symbol Parameter Conditions Min | Typ [ Max | Min | Typ [ Max | Min | Typ [ Max
Short-Circuit Tj=25C 21 1.5 1.2 A
Current
Peak Qutput Tj=25¢C 24 2.4 24 A
Current
Average TC of O0C2Tje+125C. I, =5 mA 0.6 1.5 1.8 mv/C
Vr‘.l 17
Vin Input Voltage
Required to Tj=25C 5= 1A 7.5 14.6 17.7 \
Maintain
Line Regulation

Note 1: Thermal resistance of the TO-3 package (K. KO is typically 4 SO junclion to case and 35 GAY case to ambient. Thermal resistance of the TO-220 packags
1Ty is typically 4" CAY junction to case and 50°C/W case to ambismt

Note 2: All characteristics are measured with capacitor across the input of 0.22 1iF. and a capacitor across the output of 0. 1pF, All chare t
arl ripple refection ratio are measured using pulse techniques ity = 10 ms, duty cyele -
be laken into account separatety.

s excapt noise voltage
- Qutput voltage changss dus to changes in internal temperature must

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may ocour. For guarantesd specifications and ths test conditions, see Elec-
trical Characteristics.

wvaw.national .com 4




Order this document by MC7900/D

@ MOTOROLA

Three-Terminal Negative
Voltage Regulators

The MC7900 series of fixed outpul negative voltage requiators are
intended as complements to the popular MC7800 series devices. These
negative regulators are available in the same seven-voltage options as the
MC7800 devices. In addition, one extra voltage option commonly employed
in MECL systems is also available in the negative MC7900 series.

Avaiiable in fixed output voltage options from 5.0 V to ~24 V, these
requiators employ current limiting. thermal shutdown, and safe-area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can daliver output currents in
excess of 1.0 A,
¢ No External Components Required
¢ Internal Thermal Overload Protection
® Internal Short Circuit Current Limiting
¢ Qutput Transistor Safe~Area Compensation

& Available in 2% Voitage Tolsrance {See Ordering information)

Representative Schematic Diagram
Gnd

o
Lk Ry
‘ L. :4 .
10k Vo
F 4 i
W
ok an N M [0

20K .
11% ] o

This device contains 26 active iransistors.

ORDERING INFORMATION

Qutput Voltage QOperating
Device Tolerance Temperature Range Package

MCTAXXACD2T 2%

Surface Mount
MC79XXCD2T 4% T .
MCTOXXACT % J= 070 I2C ‘
T o Insertion Mount
MC7SXXBD2T Surface Mount

4% Ty=~40"to +125°C

MC79XXBT Insertion Mount

XX indicates nominal voitage.

MC7900
Series

THREE-TERMINAL

NEGATIVE FIXED
VOLTAGE REGULATORS
T SUFFIX /Q\
PLASTIC PACKAGE
CASE 221A d
Heatsink surface
connectzd lo Pin 2
o
2
3
Pin 1. Ground
2. Input
3. Qutput
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK) 2

Haatsink surface (shown as teminal 4 in
case oulline drawing) is connected to Pin 2

STANDARD APPLICATION

input Jutput

Cin'
0.33uF

Acommon ground is required between the input
and the output voltages. The input voltage must
remain typically 2.0 V above more negative even
during the high point of the input ripple voltage.

X, These two digits of the type number
indicate nominal vollage.
* Cip s required if regulator is located an
appreciable distance from power supply filter.
** Cg improve stability and transient response.

DEVICE TYPE/NOMINAL QUTPUT VOLTAGE

MC7905 50V MC7912 12V
MC7905.2 52V MC7915 15V
MC7906 8.0V MC7918 8V
MC7908 8.0V MC7924 24V

«: Kotorola, Inc. 1986

Revé




MC7900

MC7812C
ELECTRICAL CHARACTERISTICS (v} =-19 V. iy = 500 mA, 0C < T) < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Qutput Voltage (T = +25°C) Vo -11.5 -12 -12.5 Vde
Line Regulation (Note 1) Regiine my
(Ty =+25°C, Ip = 160 mA)
-14.5 Vde 2 Vy 2 =30 Vde - 13 126
—16 Vde 2 Vy = -22 Vde - 6.0 60
{Ty=+25°C, I = 500 mA] °
—-14.5 vdcz Vi 2 -30 Vde - 55 240
-16Vdc 2 V) 2-22 Vde - 24 120
Load Regulation, T} = +25°C {Note 1) Regload my
50mAzip=t5A - 46 240
250 mA 1o = 750 mA - 17 120
Qutput Voltage Vo Ve
~14.5Vde 2 V|2 =27 Vde, S.0mA Ll s 1OA P2 15w -114 - -12.6
Input Bias Current (T ) = +25°C}) g - 44 8.0 mA
input Bias Current Change Allg mA
-14.5Vde 2 V2 -30Vde - - 1.0
SOmAzIg15A - - 05
Output Noise Voltage (Ta = +25°C, 10 Hz = f £ 100 kHz) Vn - 75 - uy
Ripple Rejection {lg = 20 mA, f= 120 Hz} RR - 61 - dB
Dropout Voltage Vi=Vo Vde
lo=10A,T)=+25C - 20 -
Average Temperature Coefficient of Output Voltage AVoaT mv/iC
I0=50mA, 0°C < T s +125°C - -1.0 ~
MC7912AC
ELECTRICAL CHARACTERISTICS (V;=-19 V. Iy = 500 mA, 0°C < T < +125°C. unless otherwise noted.)
Characteristics Symbol | Min | Typ | Max | Unit
Cutput Voltage (T = +25°C) Vo -1176 ) ~12 | -12256 1 Vde
Line Regulation (Note 1) Regiine mv
~16Vdca V| z~22Vde Ig = 1O A Ty=+25°C - 8.0 60
-16Vdez V| 2-22 Vde Ig=10A - 24 120
-14.8 Vde = V[ = ~30 Vde: |y = 500 mA . - 24 120
~145Vde = Vi 2 =27 Vde I = 10A T = +25°C - 13 120
Load Regulation (Note 1) Redload myv
50mAcigs15A T =+25C - 46 150
250 mA sl S 750 mA - 17 75
S50mAcingst0A - 35 150
Output Voltage Vo Vde
-14.8Vde 2 V)2 =27 Vde. 5.0mA o= 1.0A P 15W -11.5 - -12.5
Input Bias Current B - 4.4 8.0 mA
Input Bias Current Change Al mA
-15Vdo = V| = ~-30 Vde - - 0.8
50mAzln=10A - - 05
S50mAzIpu15A Ty=+25C - - 4.5
Dutput Noise Voltage (Ta = +25°C. 10 Hz = £ 160 kHzy Yy - 75 - ny
Rippie Rejection {lg = 20 mA. f= 120 Hz) RR - 51 - dB
Dropout Voltage Vi-Vo Vde
In=10ATy=+25C - 20 -
Average Temperature Cosfficient of Culput Voltage AVoiaT mveEC
1p=50A,0°C<T)<+125°C : - -1.0 -

NOTE: 1. Load and line regulation ara specified af constant jJunction temperatura. Changes In Vo dua 1o heating effects must be taken nto account separataly.
Pulse testing with low duty cysle Is used.

MOTOROLA ANALOG IC DEVICE DATA S



National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ars which feature improved performancs over industry stan-
dards like the LM708. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on tha input and

November 1934

output, no latch-up when the common mode range is ex
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
oxcept that the LM741C/LM741E have their parformance
guaranieed over a 0°C to + 70°C temperature range, in-
stead of ~55°C to - 125°C.

Schematic Diagram

- . . 1 ad
08 Qs Q12 Q13
¢ Q14
3 7
NON~INVERTING 2 INVERTING
qt Q2 RS
INPUT INPUT 3 s« ~
R7 at
45K
- C! 5
(233 3G pF Ra R9
A N 7.5K e
YN §
l,/“"'"" &
1{07 Q15 QUTPUT
}\‘ R10
50
s a7
'/ Q6 Q10 \{
Q5 a1 C'Zi/{ Q20
OFFSET NULL 3 OFFSET
NULL
Rl SRS R2 R4 < iz R11
<
1K 1' 50K 1K 5K TSOK 50
4

Offset Nulling Circuit

!

TLAR/B34 T

\
TL/H/8341-%

E 1995 Hatonal Semioncucton Copamtion

TLAH/B3AY

HRD U IOMIE Pnredin UL 8. A

sayidwy [euonesado Ly2ZIN



Connection Diagrams

Metal Can Package

NC
e +
OFFSET NUL
INVERTING iINPUT(2) } QUTPUT

NON«INVERTING INPUT

TL/H/9341-2

Order Number LM741H, LM741H/883*,
LM741AH/883 or LM741CH
See NS Package Number H08C

Dual-in-Line or 8.0. Package

o/
OFFSET NULL ~ 1 8 =NC
INVERTING INPUT = 2 7=yt
NON=INVERTING =4 3 6 p=QUTPUT
INPUT
V=14 5 |~ OFFSET NULL

TL/H/AO345-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8BA, MOSA or NOSE

*LM?41H is available per JM38$10/10101

Ceramic Dualin-Line Package

NE = 1 ~ T4 fme e
W —2 13}=ne
+ OFFSET NULL =] 3 12 J NC
~IN = 4 11 f vt
+iN =15 10 f= 0UT
v- =15 9 |~ OFFSET NULL
NC =47 8l-ne
TL/H/B341 -5

Order Number LM741J-14/883*% LM741AJ-14/883**
See NS Package Number J14A

‘also available per JIM38510/10104
**also avallable per JM3B8510/ 10162

Ceramic Flatpak

NG c::::,:‘; . :1.‘3_:3 NC
+OFFSET nuu.l:5 L
-INPUT E; LM741W ;3 v+
+INPUT l::5 _T.:: CUTPUT
LAt M— [ 1 ~OFFSET NULL
TIARI9341-8
Order Number LM741W/883

See NS Package Number W10A




Absolute Maximum Ratings

It Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.
{Note 5)

LM741A LM741E LM741 LM741C
Supply Voltage 22V 22V 22V 18V
Power Dissipation (Note 1) 500 mw 500 mW 500 mwW 500 mwW
Differential input Voltage +30V £30V T30V 30V
Input Voltage (Note 2) R Y 15V 15V 15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range ~55°C to '+ 125°C 0°Cto +70°C ~55°C to '+ 125°C 0°Cto '+ 70°C
Storage Temperatura Range - 856°C to -+ 180°C ~85°C to I 150°C -85°C to + 1560°C ~85C1o +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering information
N-Package {10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phass (60 seconds) 215°C 215°C 215°C 215°C
infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability”" for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (notwo 3
Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min Typ | Max
input Offset Voltage Ta = 25°C
Rg = 10k} 1.0 -] 50 2.0 6.0 mv
Rg = 500 0.8 | 30 mv
Tamin % Ta = Tapax
Rg = 501} 4.0 my
Rg = 10k 6.0 7.5 mV
Average input Cffset o
Voltage Drift 15 uv~C
input Ofiset Voltage Ta = 25°C, Vg = %20V N )
Adjustment Range +10 £15 £15 mv
input Offset Cumrent Ta = 25°C 3.0 30 20 200 20 200 nA
Tamin < Ta £ Tamax 70 85 500 300 nA
Averags Input Offset o
Current Drift 05 nASC
Input Bias Current Ta = 25°C 30 80 80 | 600 80 | 500 nA
TamiN = Ta = Tamax 0.210 15 0.8 | wA
input Resistance Ta = 26°C, Vg = + 20V 1.0 | 8p 03 | 20 0.3 | 20 Mo
TamIN = Ta = Tamax
Vg = 20V 08 Mo
Input Voltage Range Ta = 25°C 12| +13 Vv
Tamin % Ta = Tamax 12 | £13 v
Large Signal Voltage Gain | T4 = 25°C, RL = 2k
Vg = 120V, Vg = t15V 50 v/imv
Vg = $16V, Vg = 10V 50 | 200 20 | 200 V/mV
Tamin = Ta = Tamax
RL & 2k41, .
Vg = t20V,Vg = £18V | 32 v/mv
Vg = 115V, Vg = t10V 25 15 V/imv
Vg = %6V, Vg = 12V 10 V/imV




Electrical Characteristics (Note3) (Continued)

. LM741A/LM741HE LM741 LM741C )
Parameter Conditions Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Qutput Voltage Swing Vg = 20V
RL = 10k} 116 v
Ry = 2k 115 v
Vg = 18V
R = 10k 12| 14 12| 14 v
RL 2 2k 210 | 13 01 13 v
Output Short Circuit Ta = 25°C 10 25 | 35 25 25 mA
Cument TamiN = Ta 5 Tamax 10 40 mA
Common-Mode Tamin % Ta = Tamax
Rejection Ratio Rg < 10k, Vg = £ 12V 70 80 70 90 dB
Rg < 5041, Vg = #12v 4] 85 : dB
Supply Voltage Rejection | Tanin = Ta < Tamaxs
Ratio Vg = 220VtoVg = +5V
Rg = 509 86 96 B
Rg = 10kf} 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25| 08 0.3 03 us
Overshoot 6.0 | 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0437 | 1.5 MHz
Slew Rate Tp = 25°C, Unity Gain 03 | 07| 0.5 05 Vips
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 | mA
Power Consumption Ta = 25°C
Vg = +20V 80 | 150 mw
Vg = 115V 50 85 50 85 mwW
tM741A Vg = 20V
Tp = TAMIN 165 mwW
Ta = Tamax 135 mw
LM741E Vg = £20V
Ta = Tamin 180 mw
Ta = Tamax 150 W
tM741 Vg = 16V
Ta = TAMN 60 | 100 mw
Ta = Tawax 45 | 75 mw

Note 1: For operalion at vlovated temparatures, these doviess must bo dorated based on thenmal tasistance

Ratings™). Ty = Ta = (64 Po).

Thermal Resislance Cerdip (J) DiP (N) HOB8 (H) 80-8 (M}
854 (Junction to Ambient) 100°C/W 100'C/wW 1720 Crw 185°C/W
i (Junction toCase) NA N/A el N/A

Nolo 2 For supply voitages Jess than 15V, the absolute maximum input vollage is equal o the supply voltaga.

Nols 3: Unless othermiso specified, these specifications apply for Vg = 118V, ~85°C < T4 % +125°C (LM241/LM741A). For the LM741C/LM741E, these
specifications are fimitad 10 0°G = Ty & + 70°C.

Nole 4: Calculated value from: BW (MHz) = 0.35/Rise Tune(ps).
Note 5 For miitary speciications seo RETS741X for LM741 and RETS7A1AX for LM741A,
Nate & Human body mogel, 1.5 ki1 1 series with 100 pF.

. and T; max. (istod undor “Absolute Maxemum




MAX200-MAX211/MAX213

+5V RS-232 Transceivers
with 0.1.F External Capacitors
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Figure 7. MAX201 Pin Configurations and Typical Operating Circuit
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Figure 8. MAX202 Pin Configuration and Typica! Operating Circuit
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MAX200-MAX211/MAX213

+5V RS-232 Transceivers
with 0.1.F External Capacitors

ABSOLUTE MAXIMUM RATINGS

Voo o B T CRY Y 20-Pin Plastic DIP {derate 11.11mW/'C above +70°C) 383mw
Vi oo {Voe - 0.av) 10 4 14Y 20-Pin Wids SO (derate 10.00mwW/°C above +70°C) . . 800mW
V- e +03V10-14Y 20-Pin CERDIP (devate 11.41mWfC above +70°C) . . 889mwW
input Voitages 2480 Narrow Plasic DIP (devale 1333mW/ C above +70°C) 1067mw
TN D3V (VEC + .3V) 24-Pin Wide Plastic DIF {derale 3.00mW/'C above+70°C) 727mw
RiN oo 30V 24-PFin Wide SO (derate 11.76mwW/C above +70°CY .. AW
Qutput Vollages 24-Pin SSOP (Gerate 8.00mWiC above +70°C) .. .. . 640mW
Tour ... Vs + 0310 (V--0.3v) 24-Pin CERDIP (derale 12 500G sbave +70°CY . A0C0TW
RBowt ... o 0.3Vis (Ve + 0.3V) 28-Pin Wide SO {derale 12.50mW/I'C abave +70°C) . 1000mW
Shart-Circuil Duration 28-Pin S0P (derate 9.52mW/C atove +70°C) .. . 762mW
Tour .. oo e Centrous Oneraling Temperature Hanges'
Continous Power Dissipation{Ta = +70°C} MAX2 C.. oo OCio +70'C

14-Pin Plastic DIP (derale 10.00mWS C abave +70'C) .500mw
16-Pin Plastic DI (derate 10.53mW/C above +70°C) 842mw
16-Pin S0 {derate 8 70mW/'C above < 70°C) .. . £96mW
16-Pin Wida SO (derate 9.52mW/'C above +7AC) .. 762w

IMAX2__E
WMAX2 M. .
Starage Temperatute Range
Lead Temperature {solcering, 10sec) ...

LAY CHo 85T
ST 0 412570
65 Clo+169°C

R

16-Pin CERDIP (gderate 10.00mW/'C above +70°C) . . 800mwW
Stresses be’yond those histedt under "Absolute Maxitum Rstings” may cause penmanent damage lo the Gevice. These are stess ratings Orly. At functons

oparaton of the Oevice at 1MBse o any diher conditons beyond those ndicatad 11 te operdiional Seckons of he soectlications i nd impted Exposure fo
alsoiilo Maximum tating conditions K extancied periods may aflect dewce rekanity

ELECTRICAL CHARACTERISTICS

{MAX202/204/206/208/211/213Ve¢ = 5 £10% MAX200/203/205/207 Ve = BV £5%. C1-C4 = 0.1 uF,
MAX201IMAX209 Voo = BV £10%. V4 = 8.0V 1a 13.2V, Ta = TMIN 1o Tyax, unless otharwise nofed.)

Y 3 |
! PARAMETER 3 CONDITIONS MIN _ TYP  MAX | UNITS
¢ Output Voitage Swing ~ - Alilansilier outpuls oaded with 3xQ 1o grouns fogs ] Voo
: MAX202. MAX203 ‘ ] 15
~ o Cearran L hn 1 et MAX200, MAX204-MAX208,
VG Powar-Supply Curren § Noload. Ta = +25'C MAXZ11, MAXZ13 i3 70 tomA
; MAX201, MAX209 04 1
MAX201 5 10
V4 Power-Supply Currant Mo foad e e
MAX200 7 15
MAX200, MAX2(:5, 1 10
Shutdown Supply Current Figue 1. Ta = +25°C MAX206. MAX211 ) A
‘ MAX213 15 50
input Logic Trrashaid Low Ty, EN, SHON, EN, SHDN 0.8 v
| | Theshod High IEN] 29 - .
nput Logic Threshold Hi — s ; ;
9 TR SN en Gion | 24 ’
Log:c Puil-Up Carrent f Tin = OV ] ! 15 [y
HS-232 Inpud Yolage | .,
Operating if;mge 0 0 a0 v
: i Actve mode ) R 12
Hecewer input Threshold Low | Vog = 5, Ta = +25°C Shutcowe mode. i ) T Y
: MAX213, Rd, B5 p o s
! Active mode 17 24
| Recewver inout Thresholz High 1 Voo - 8V Ta = «25°C Shulcown moge, i . / Y
: MAX213 R4 R5 ) -
| RS-232 lepul Hysteresis | Vog =5y, WO Ny SICTESIS in shutdown R 0.5 1.0 v
| FS-232 Input Resistance | Voe = 5V, TA = +25°0 3 5 7 )
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+5V RS-232 Transceivers
with 0.1.F External Capacitors

ELECTRICAL CHARACTERISTICS (continued)

(MAX202/204/206/208/211/213 Ve = 5V £10%, MAX200/203/208/207 Vog = 5V £5%, C1-C4
MAX201/MAX209 Voo = 5V £10%, V+ = 0.0V 10 13.2V, To =

= Q. 1pF,
Tam to TMax, uniess otherwise noted.)

ona transmitter

PARAMETER CONDITIONS MIN TYP  MAX| UNITS
louT = 3.2mA (MAX201, MAX202, MAX203),
TTLCMOS Output Voitage Low JOUT = 1.6mA {alf others) g4 v
TTLACMOS Output Voltage High 1ouT = 1.0mA 35 Y
TTL/CMOS Output Leakage Current | EN = Vee, EN = OV, OV S Rour S Voo 005 10| pA
Output Enable Time (Figure 2) MAX205, MAX206, MAX209, MAX211, MAX213 800 ns
Qutput Disable Time (Figure 2) MAX20S, MAX206, MAX203, MAX211, MAX213 200 ns
' . MAX213 _'_SFDN-OV.RA,Rs 4 40
Racaiver Propagation Delay SHON = Vee 05 10 us
MAX200-MAX2 11 05 10
Transmitter Qutput Hesistance Ve = V+ m V- = OV, VouT = £2V 300 Q
Cu. = S0pF to 2500pF, MAX200, MAX202MAX211,
R = 3kQ to 7kQ, MAX213 3 55 0
Transition Region Slew Rate Vee = 5V, Ta = +25°C Vius
measured from +3V to MAX201 4
-3Vor-3Vie +3v 0
RS-232 Qutput Short-Circuit Current +10 60 | mA
Maximum Data Rale AL = 31 0 70, C. = S0pF o 1000pF, 120 Kops

MAXIMN
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HARDWARE SETUP
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