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ABSTRACT

There are many type of battery charger that had been developed for century.
However there are also many charger that not suitable to use due to the method of
charging and the safety during the charging process. Normally the charger will
automatically charge the battery pack when it is connected to the charger, but it
keeps charging even though the battery is fully charged. This situation can damage
the battery itself or the user if explosion occur during the process. Beside that, the
lifetime of the battery is also important. A good charging method can increase the
lifetime of the battery. PI controller can control the output voltage from the charger
to meet a desire value by controlling the rise time of the current, overshoot and error
that occur during charging process. The Proportional (P) action will decrease the rise
time and decrease error while Integral (1) action will eliminate the error occur. This
project is developed to investigate the action of PI controller to the output from

battery charger.
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ABSTRAK

Sejak dulu lagi terdapat banyak pengecas bateri yang telah dicipta.
Walaubagaimanapun, masih terdapat banyak pengecas yang tidak sesuai digunakan
berdasarkan kaedah mengecas dan keselamatan semasa proces mengecas
berlangsung. Kebiasaannya pengecas ini akan mengecas bateri secara automatik
apabila bateri disambaungkan pada pengecas, tetapi ia tetap mengecas bateri tersebut
walaupun ia telah dicas sepenuhnya. Keadaan ini akan menyebabkan kerosakan pada
bateri tersebut dan juga membahayakan pengguna sekiranya berlaku letupan akibat
terlebih cas. Selain itu, jangka hayat bateri tersebut juga amat penting. Kaedah
mengecas yang baik boleh meningkatkan lagi jangka hayat bateri. Pl controller boleh
mengawal keluaran dari pengecas dengan mengawal “rise time”, “overshoot” dan
juga kesilapan yang berlaku semasa proces mengecas dijalankan. Proportional (P)
akan memberi kesan dengan mengurangkan “rise time” manakala Integral (I) akan

menghapuskan sebarang ketidakstabilan yang berlaku. Projek ini amat berguna untuk

tujuan sistem kawalan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter will explain about the overview of battery charger, Proportional-
Integral (PI) controller, objective of the project, project scope and the thesis outlines.

This project is useful for control purpose.

1.2 Objective of the Project

The main objective of this project is to develop a PI controller for a battery
charger to control the transient response of the system. Beside, this project is about to
investigate the action of the PI controller to the output response of the battery

charger.

1.3 Scope of the Project

This project is focus on the PI controller from developing to attaching it to a
battery charger. Although the scope is to focus on PI controller, but a battery charger
designing is required whether a simple battery charger or advance. So a DC-DC buck

converter is developed as the battery charger.



1.4 Problem Statement

Today’s technologies had shown a drastic changing in all section due to its
developments. Many systems had been created for this purpose. In the battery
industries, there are lot of battery charger that been developed to drive a good
charging process. However there are still many chargers that are not suitable to use
that may damage the battery itself or the user. A bad charging process may shorten
the lifetime of the battery and more dangerous is the battery may explode. A control

system should be developed to overcome this problem.

1.5  Project Background

This section describe about an overview of battery charger system and PID

controller.

1.5.1 Overview of Battery Charger

A battery charger is a device used to recharge the rechargeable battery. There
are many types of battery charger that have been developed based on the global
usage of battery source. A battery charger consists of simple battery charger, trickle,
timer-based, intelligent and fast battery charger. A simple battery charger works by
connecting the DC power source to the cell or battery that being charge and normally

takes a long time to finish the charging process.



In this situation, an over charging might occur due to unmonitored process.
Trickle battery charger used a simple battery charger that charges the battery slowly
at the self-discharge rate. By leaving a battery in a trickle charger will keep the
battery top-up without over charging occur. A timer-based battery charger will
operate due to the pre-determine time. Usually this charger has been set to operate
with a specific battery type according to a charging time. An intelligent battery
charger can monitor the charging process by monitoring the battery voltage,
temperature, and time under charge to determine the optimum current at that instant.
When the combination of voltage, temperature, and time indicate that the battery had

been fully charged then the charging process will stop.

Nowadays, a lot of equipment are using the battery source and there many
issue occur related to charging process and the normal issue is over charging and the
battery life is shorten that it suppose to be. Beside the monitoring the charging
process, we should aware about charging technique. A bad charging technique may
cause over charging and also shorten the lifetime of the battery. There are three step
that drive to a good charging process which is getting the charge into the battery
(charging), optimizing the charging rate (stabilizing), and know when to stop the

charging process (terminating).

1.5.2 Overview of Proportional-Integral-Derivative (PID) Controller

The term Proportional-Integral-Derivative (PID) and Fuzzy-Logic is very
popular and always being used in control system. PID controller consists of three
control action which is Proportional action, Integral action, and Derivative action.
The proportional action will have the effect of reducing the rise time and steady-state
error but never eliminate this error. The Integral action will eliminate the steady-state
error but it may make the transient response become worse. The Derivative action
will increase the stability of the system, reducing the overshoot, and improving the

transient response.



1.5.3 Basic Form of PI controlled Battery Charger

Basically the form of battery charger consists of rectifier and regulator
however for this Pl controlled battery charger it’s consist of rectifier, DC-DC
converter (regulator), and PI controller. The Figure 1.1 shows the form of this battery

charger.

. Chopper/ Pl
TNB Rectifier DC-DC Controller DC
240 Vac Converter

Figure 1.1: Basic Form of Pl controlled Battery Charger

1.6 Thesis outline

This thesis consists of five chapters. Chapter 1 illustrate about the objective
and the scope of the project, problem statement, and the background of the project.

Chapter 2 will review about the DC-DC buck converter and its operation and

further explanation about PID controller.

Chapter 3 will explain about the methodology of the project including
modeling and designing the DC-DC Buck Converter, PI controller, and the complete

circuitry.



Chapter 4 will discuss about all the result from simulation and hardware
result.

Chapter 5 will discuss about the conclusion from this project and also the

recommendation for future development and modification.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will review in detail about the element that had been used in this

project such as DC-DC power converter and PID controller.

2.2 DC-DC Buck Converter

The most common power converter and always been used by power supply
designer is buck converter also known as step-down converter. It is normally used
because the output voltage V, is always less than the input voltage Vs in the same

polarity and it is not isolated from the input.



The buck converter circuit is a one of switch mode regulator. It uses a power
transistor such as MOSFET, IGBT, and others as the switching element and
commonly controlled by pulse-width-modulation (PWM). This converter also uses
an inductor and a capacitor as energy storage elements so that energy can be
transferred from the input to the output in discrete packets. The advantage of using
switching regulators is that they offer higher efficiency than linear regulators. The
one disadvantage is noise or ripple; the ripple will need to be minimized through
careful component selection. The basic circuit for buck converter is shown by Figure
2.1.

To reduce output voltage ripple, the switching frequency should be increased
but this lowers efficiency. This means that the selection of the switching devices will
be an important issue. The output voltage ripple can also be reduced by increasing
the output capacitance; this means a large capacitor in practical design. It also can be
reduce by adding some device that function as filter. Normally some designers add
some control system which the output voltage can be controlled such control the

ripple voltage.

The state of the converter in which the inductor is never zero for any period
of time is called the continuous conduction mode (CCM). The DC-DC converters
can operate in two distinct modes with respect to the inductor current i_. Figure 2.2
describe the CCM where the inductor current is always greater than zero. When the
average value of output current is low and/or the switching frequency f is low, the
converter may enter the discontinuous conduction mode (DCM). In the DCM, the
inductor current is zero during a portion of the switching period. The CCM is
preferred in high efficiency and good utilization of semiconductor switches and
passive components. The DCM may be used in applications with special control
requirement because the dynamic order of the converter is reduced where the energy
stored in the inductor is zero at the beginning and at the end of each switching period

[1].
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2.2.1 Buck Converter Operation

DC-DC buck converter is the basic power converter that normally been used.

This converter operates in two modes which are mode 1 and mode 2.

2.2.1.1 Mode 1 operation

Mode 1 begins when the MOSFET Q1 of Figure 2.1 is switchonatt=0. In
this state, the current will rise through the inductor and the energy stored in it
increase [2]. During this state the inductor acquires the energy. When the MOSFET
is turn ON, the diode will be in OFF state. Since the diode is there, there will always
a current source for the inductor. The equivalent circuit for Mode 1 is shown by
Figure 2.3.

T li.: Yio=la

Is= IL

Vs T Load

Figure 2.3: Equivalent circuit for Mode 1
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2.2.1.2 Mode 2 operation

Mode 2 begins when the MOSFET QL1 of Figure 2.1 is turn switch off at t =
t;. The freewheeling diode Dy, conducts due to energy stored in the inductor and the
inductor current continues to flow through L, C, load, and diode Dy, The inductor
current fall until MOSFET QL1 is switched ON again in the next cycle [2]. Figure 2.4
show the equivalent circuit for Mode 2 operation.

I li.: Jriu= |a

i Load

Figure 2.4: Equivalent circuit for Mode 2

2.2.1.3 Pulse-Width-Modulator (PWM)

PWM is one of the method uses to switch ON and OFF the power transistor.
There are many way to generate this PWM although by using a timer or
microcontroller. The simplest way to generate a PWM signal is the intersective
method, which requires only a sawtooth or a triangle waveform and a comparator.
When the value of the reference signal, the sine wave is more than the modulation
waveform, the PWM signal is in the high state, otherwise it is in the low state. Figure
2.5 illustrates the waveform of the PWM generated trough this method [3].
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2.2.2 Buck Converter basic formula

In Figure 2.1, assuming that the inductor current rises linearly from I; to Iy in

time t;

v,-v, =Ltz A
t1 tl
g = AL
Y

where D is duty cycle and f is switching frequency.
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2.3 PID Controller

PID controller is the most popular control system that had been use in
worldwide due to their control action which is quite easier to develop. This controller
consist of three control action element which is Proportional (P), Integral (1), and
Derivative (D). Combinations of this three control action produce Proportional-
Integral-Derivative (PID) control action.

2.3.1 Proportional Control Action

For a controller with proportional control action, the relationship between the

output of the controller u(t) and the actuating error signal e(t) is

u(t)=K e(t)

p

In Laplace transform quantities,

ue _y
Es) °

where K is term of the proportional gain [4]. A Proportional controller reduces the

error but not eliminate it unless the process has naturally integrating properties.



2.3.2 Integral Control Action

14

In controller with integral control action, the value of the controller output

u(t) is changed at a rate proportional to the actuating error signal e(t). That is

du(t) _
ke K.e(t)

or
t
u(t) =K, jo e(t)dt
K, is an adjustable constant. The transfer function of the integral controller is

U _Ki
E(s)_ S

2.3.3 Proportional-Integral Control Action

The Proportional-Integral control action is defined by

0 = K_e()+ 2 [‘e(t)at
u(t) = pe<)+?ijoe()



15

The transfer function for the controller is

ues) =K 1+i
E(s) U Ts

where T. is the integral time.

2.3.4 Proportional-Derivative Control Action
For Proportional-Derivative control action the controller is defined by

_ de(t)
u(t) =K, et) + KT, ot

and the transfer function for the controller is

ues) _
26 K,(L+T,s)

where T, is called the derivative time [4].

2.3.5 Proportional-Integral-Derivative Control Action

The combination of proportional control action, integral control action, and

derivative control action is termed proportional-integral-derivative control action [4].
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The equation for the controller is defined by

Kyt de(t)
u(t) = K e(t) +T—ij0e(t)dt HKT =

The transfer function is

ves) = Kp{l+i+Tdsj
E(s) Ts

2.4 Implementation of Digital PID Controllers for DC-DC Converters Using

Digital Signal Processor

Traditionally, the control methodology for DC-DC converter has been analog
control. Analog-based control systems have two main advantages which is low cost
and wide control bandwidth. Nowadays, the advance technologies in very-large-scale
integration (VLSI) have made a digital control of DC-DC converters by using
microcontroller and digital signal processor. Digital control of DC-DC converters
offer a several advantages over analog control which is more advance algorithms
such as adaptive control and nonlinear control can be implemented using digital
control, more flexible by changing the software, and the power efficiency
optimization can be achieved. Digital control can be implemented using digital signal
processors, microcontrollers, and digital integrated circuit (IC). Generally DSP have
more computational than microcontrollers. Therefore more advanced control
algorithms can be implemented on a DSP. Although microcontroller is less

expensive compare to DSP but it provide digital control solution at lower cost [5].



17

In DC-DC converters as shown in Figure 2.6 the output voltage is a function
of the input line voltage, the duty cycle and load current. It is desirable to have a
constant output voltage in the event of disturbances such a sudden change of input
voltage or load current. Negative feedback is applied to DC-DC converters to
automatically adjust the duty cycle to obtain the desired output voltage with high
accuracy in spite of disturbance [5]. The frequency response technique is used to

design digital control for buck converter.

lin L EL
A A A
- _"'-ﬁl — " e W
A
+ Gate Co~ L T
. =
_ Dirive =
Ak — A Diode & R~ Vo
RC -ﬂ.‘i
- E -

N

Figure 2.6: Basic Buck Converter

For a buck converter the output-to-control small signal transfer function of

buck converter that obtain by using standard state-space averaging technique is

V,(s) _Vo 1+sR.C

i D
ds (5) 1+s| R.C+[R/I/R JC+ L ],so1 | RERC
R+R, R+R,




18

In this transfer function, Vv, (s) and d (s) are the small variations of the output

voltage and duty cycle respectively. D is the duty cycle of the PWM signal. It is a
common two-pole low pass filter, with a left half plane zero introduce by the ESR of

the filter capacitance [5].

A PID is designed for buck converter to improve the loop gain, cross-over
frequency and phase margin [5]. The example of Bode plot for the PID compensated
system is shown in Figure 2.7. The transfer function of the PID controller is given

by

K.
G.(s)=K, +?'+ K4S

Bode plat for the PID compensated buck conwverter

50
P i N R RN TR
— .
O sof---:-
=
B onl---i-
’E‘ H . :
40 f---a- H S . . .
= 0 : ! bt : '
N Ny T
A0
45 T T T T T T T T T
o
_
[ =21
=
& 45
L)
&
="
Py (N N I 2 I 0 2T T O o o 2L O N P A YT

10 10 10° 10 10° 10"
Freguency (radisec)

Figure 2.7: Example of Bode plot for PID controller compensated buck converter

A PI controller was also designed for the control of the buck converter at
steady state to reduce steady-state oscillation. The DC gain of the controller was
adjusted to obtain sufficient phase margin and high cross-over frequency [5]. The

transfer function of the PI controller is given by

K.
G, (s) =K, +—
S
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The example Bode plot for the Pl compensated system is shown in Figure
2.8. The phase margin of PID controller supposes to be better than PI controller and

both better then the system alone.

Bode plot for the Pl compensated buck conwerter
100 T T T T

o ke LEERI L B BEEEL P MNCER T D LRI 0 L _
10 10 107 10 10 10
Freguency (radisec)

Figure 2.8: Example of Bode plot for PI controller compensated buck converter



CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will illustrate the overall process in building the PI controller for
buck converter from designing the buck converter and analog PI controller until to

the developing of the hardware.

3.2 Designing of Buck converter

For the buck converter, the input voltage is set to 24 V and the output voltage
is 16 V. The switching frequency is set to 30 kHz and load resistor is 33 Q. The basic
step to design a CCM buck converter is to set the switching frequency higher than 20
kHz, the inductor greater ten times the calculated value and also same for the

capacitor value.
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The value of the inductor is 2 mH and the value for capacitance is 1 puF. For
duty cycle equal to 67% the period is 33.333 us. Toy is the time for the switch is ON
where the value is equal to 22.33 us. Togr is the time for the switch is OFF where the
value is equal to 11 ps. The MOSFET which is IRF510 is been choose since it is able
to handle a high frequency switching period. The circuit design for buck converter is
shown as Figure 3.1.

IRF510 L1 )
l I l i Vo Tae Tom N4
ZmH
Vi Vi=0 Wz
24Vde — WZ=15 25 D4
T TD = 1in ; . -+ c2 R1
PW =22 33
PER =33.333u
=
Figure 3.1: Circuit of Buck Converter
The transfer function for buck converter is
VvV 1 3.1
G,(5) =~ —————— (31)

1+£+SZLC
sR
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3.2.1 Pulse-Width-Modulation (PWM) Generation

Since buck converter using a PWM as switching element then another circuit
to generate PWM is being setup by using 16F877A PIC microcontroller. This
16F877A microcontroller have a built in PWM generator that easily can be used by
program the instruction into the microcontroller. Figure 3.2 show the basic setup for
16F877A microcontroller.

I
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Figure 3.2: Basic PIC 40 Pins Setup

After the circuit is assemble, the program can be write to the microcontroller
by using Microcode Studio software and a special microcontroller burner device. The
program to generate 30 kHz PWM with duty cycle 67% by using 16F877A

microcontroller is shown in next page.



DEFINE OSC 4

DEFINE CCP1_REG PORTC 'Hpwm 1 pin port
DEFINE CCP1_BIT 2 'Hpwm 1 pin bit
DEFINE CCP2_REG PORTC 'Hpwm 2 pin port
DEFINE CCP2_BIT 1 'Hpwm 2 pin bit

TRISB.7=0
TRISC.1=0
TRISC.2=0

hpwmsub:
HPWM 1,171,30000 ' Send a 67% duty cycle PWM signal at 30kHz

led_blink:

HIGH PORTB.7

PAUSE 500 ; delay 500
LOW PORTB.7

PAUSE 500

HIGH PORTB.7

PAUSE 500 ; delay 500
LOW PORTB.7

PAUSE 500

HIGH PORTB.7

PAUSE 500 ; delay 500
LOW PORTB.7

PAUSE 500

HIGH PORTB.7

PAUSE 500 ; delay 500

goto led_blink
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The program is start with definition of the system crystal and the hardware
pulse-width-modulation (HPWM) register port. The hpwmsub is the subroutine of
HPWM which is set to port 1 with 67% of duty cycle at 30 kHz while the led_blink

subroutine is a program to make sure the hardware is functioning.

3.2.2 MOSFET Driver Circuit

In order to use the MOSFET or to turn it ON and OFF, a driver circuit need to
be use since the voltage from 16F877A PIC is very low to operate the MOSFET. By
referring to Appendix A the datasheet of IRF510, a 15 V is needed to operate this
IRF150. The driver circuit for IRF510 is shown in Figure 3.3.

Vee =15V Vs
IF =10 mA
N
-. .
INPUT FROM CONTROLLER h 4 > | —
o & | l—":‘
4AN25 —
Ry =400Q IRF510
4

o]

Figure 3.3: Driver Circuit for IRF510

Isolation is required to prevent damages on the high power switch to
propagate back to low power electronics. Normally opto-coupler or high frequency
magnetic materials are used. In this project, the 4N25 opto-coupler is being used
because it can handle high frequency and high voltage break-down. The

characteristic for 4N25 opto-coupler is shown in Appendix B.
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3.3  Designing of Analog PI controller

For designing an analog P1 controller a basic op-amp LM741 is being used.
There are three steps to build a PI control. First step is to build an integrator illustrate

in Figure 3.4 (a) and 3.4(b). The integrator obey the equation,

Vo = _t f v,, (t)dt + v, ut(0)
R,C %

summing junction c
(virtual gound)
Ryl 15 i

Vin O
—> — Vv

lin out

(@)

+ 18v
———» output

input

(b)

Figure 3.4: (a) Integrator diagram (b) Integrator IC layout.

The value of R, = 10 kQ and the value of capacitor C = 10 pF.
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The second step of building a P1 controller is to build the unity gain inverting
amplifier. This unity gain is function as Proportional (P) control action. The diagram
and layout for this unity gain inverting amplifier is shown as Figure 3.5(a) and
3.5(b). The value of Rj, and Rt is 10 kQ.

summing junction Rf

(virtual gound) A A A
R\ <

in Yy It
Vin O\
—> v
lin out
(a)

+15v
———— output

Gnd

-15v

input

(b)

Figure 3.5: (a) Unity gain diagram (b) Unity gain IC layout

The last step is to build a summer for Proportional and Integrator control
action. This summer is use to combine the action from both control action. The
Figure 3.6 (a) and (b) illustrates the diagram and layout for this summer and Figure
3.7 shown the complete diagram for analog PI controller. The value of R; and R; is
set to 10 kQ.



summing junction
{virtual gound) Rf

Ry | A
N
C out
(@)
Ry
—1
|: e | _/J :l
J\:[. | + 15v
Gnd -~ ﬁl—j—»—)— output
-15v ]
Ry R2
inputs
(b)

Figure 3.6: (a) Summer diagram (b) Summer IC layout

Output

Figure 3.7: The complete analog PI controller circuit diagram
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3.4

Development of the Project

The development of this project consists of two stage which is simulation

stage and hardware development stage. After the simulation stage is done, the next
process is developing the hardware as well as simulation.

3.4.1 Simulation Stage

The simulation for this project is done by using Orcad Pspice software. The
full circuit is shown in Figure 3.8. The simulation time is set to 1 ms.

2
2mH
i Vi=0
24Vde —— v2=15 54
T TD=1n = cz R1
Z] D1N4DO2
Bz - 1wF 3
FW = 22,33
FER = 23.333u
Buck Converter =
R2 i\.-g
i 18Vde =
" 2 \ l
A 2 bger-b R4 =
8 0
= W R7
. (:i;ﬁ
LMT41 o b ug
m o " N LMT41
RE 1 2™ foped
i S :JL;}E—':" L Output
c3 3 &
2 Fo
= L
RE touF us | ) = ~
A, = oE-—4 =
4 F‘ RE
oub— e
N
LMT41
= |
v Pl Controller
=0

Figure 3.8: Complete PI controller for battery charger circuit diagram
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3.4.2 Hardware Development Stage

After the simulation stage is done, the hardware for this project is been
assembles on the strip board. The hardware is built by referring to the circuit diagram
in Figure 3.8. The hardware for buck converter and P1 controller is shown in Figure
3.9.

Buck Pl
Converter Controller

Figure 3.9: Complete Hardware of Buck Converter with PI Controller

Referring to Figure 3.9, the left side is a buck converter while the right side is
Pl controller. The output from buck converter is connected to Pl controller input by
the jumper at the middle of the hardware. The integral control action is fixed to K; =

1/s and the proportional control action, K, is variable by using the potential meter.
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Figure 3.10 show the hardware for PWM generator and MOSFET driver
circuit. For PWM generator, the 4 MHz crystal is being used and the circuit is
assembled as the basic circuit. The MOSFET driver circuit is assembled according to

circuit in Figure 3.3.

‘-v'--:u::‘.a‘-loiro\er = "f‘..-_a.. . PWM
 ZA0000a080aRNN ALY 730808000 i %’ Generator

ae 2 MOSFET
...... : Driver Circuit

nnnnnnnnnnn

...........
------
------
o

.....

aaaaa
.....

e

Figure 3.10: Hardware for PWM Generator and MOSFET Driver Circuit



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter discussed about the result obtains from simulation and hardware.
All discussion is focus on the effect of PI controller control action to the output from
DC-DC buck converter.

4.2 Simulation Result

Since the Integral (1) control action is fixed, then only the Proportional (P)

can be adjusted during the test.

4.2.1 Output from Buck Converter

Figure 4.1 shows the output result from buck converter. From this graph, the
output voltage is 15.5 V closed to the desired voltage which is 16 V. The rise time is
about 0.11 ms and the ripple voltage is quite high.



32

200

15U

18y
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oy
o: 8.1ns 8.2ms 8.3ms 0.4ms 8.5ms 8.6ms 8.7ms 8.8ms 8.9ms 1.06ms

5
o U(c2:2)

Time

Figure 4.1: Buck Converter Output

4.2.2 Output from PI Controller with K, =1

Figure 4.2 show the result obtains from PI controller output point with K, =1
and buck converter output point. As the graph plotted in Figure 4.2, the ripple
voltage from PI controller output is being eliminated by Integral (1) action control

while the rise time is remain the same as buck converter.
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28U

150

180

su

av
As 8.1ms 8.2ms 8.3ms 8.4ns 8.5ms B.6ms 8.7ms 8.8ms 8.%ms 1.8ms
o U(UB:OUT) - U(C2:2)

Time

—— Buck Converter Qutput
— Pi Controller Qutput

Figure 4.2: Buck Converter and Pl Controller output with K, =1

4.2.3 Output from PI Controller with K, =5

Figure 4.3 show the output from buck converter and P1 controller with K, = 5.
The ripple voltage from PI controller output is being eliminated by Integral (1)
control action and the rise time is change to 0.02 ms due to Proportional (P) control

action.
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20U

150
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Time

—— Buck Converter Qutput
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Figure 4.3: Buck Converter Output and PI controller output with K, =5

4.2.4 Output from PI Controller with K,=0.9

Figure 4.4 show the output from buck converter and PI controller with K, = 0.9.
There is a low ripple voltage appeared, that’s mean the value of K; need to be change
to eliminate the ripple voltage. The rise time for the output from PI controller is

change to 0.13 ms.
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28U

15U

180

5U

ou
s 0.1ns 0.2ns 8.3ns 8.4ns 8.5ns 0.6ns 0.7ns 0.8ns 8.9ns 1.0ns
o U(UB:OUT) - U(G2:2)

Time

—— Buck Converter Output
— Pi Controller Qutput

Figure 4.4: Buck Converter Output and Pl Controller Output with K, = 0.9

4.3 Hardware Result

The output result from hardware is determined by several points such as point
at buck converter output point and PI controller output point. Figure 4.5 show the
buck converter output point while Figure 4.6 show the PI controller output point.
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Buck Converter Output Point

4.5

Figure

PI Controller Output Point

Figure 4.6
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4.3.1 Buck Converter Output Result

The output for buck converter is measured at the point shown in Figure 4.5
give the result shown in Figure 4.7. The Oscilloscope is set to 5 V per division and 1
ms per division. The output before using the PI controller has a high ripple voltage.

Figure 4.7: Output from Buck Converter

4.3.2 Pl Controller Output Result

Figure 4.8 show the output from PI controller. The output ripple voltage is
low compare to the ripple voltage before using PI controller. The rise time is
remaining the same since the value of proportional gain K is 1. The Oscilloscope is
set to 5 V per division and 1 ms per division.
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Figure 4.8: Output from PI Controller

4.3.3 PI Controller Output with K, = 0.5, K,<1

Figure 4.9 shows the output waveform from Pl controller when the
proportional gain K, is decrease to 0.5. The Integral (I) control action reduce the
ripple voltage while the rise time is decrease due to the Proportional (P) control
action. The Oscilloscope is set to 5 V per division and 100 ms per division.
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Figure 4.9: PI Controller Output with K, = 0.5

4.4  System Comparison

This section shows the output response for buck converter without PI
controller and output response with PI controller. The comparison for both systems is
discussed. The output response for the system can be determined by using MATLAB

software
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4.4.1 Output Response of Buck Converter without Pl Controller

Figure 4.10 show the Bode plot of buck converter without using the PI

controller. By using equation 3.1 the system transfer function is

23.88

G, (s) =
- () s? +3000s +5x10°

Bode Diagram

Bode plot for the Buck Converter without Pl Controller
-120 —T T

Magnitude (dB)

Phase (deq)

Frequency (rad/sec)

Figure 4.10: Bode plot of the Buck Converter without P1 Controller
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4.4.2 Output Response of Buck Converter with Pl Controller

Figure 4.11 show the Bode plot of the buck converter with PI controller. The

transfer function for this system is

23.88s +23.88

G, .(s) =
oe (9) s3 +3000s® +5x10%s

Bode Diagram
Bode plet for the Buck Converter with Pl Controller

\
o
I=]

-100 [---

150 f---

Magnitude (dB)

Phase (deg)
ﬁg

107° 107 10° 10' 10° 10° 10° 10° 10°
Frequency (rad/sec)

Figure 4.11: Bode plot of the Buck Converter with PI Controller

Figure 4.10 and Figure 4.11 illustrate the comparison between the system
alone and the system with PI controller. There is a difference on phase margin and
crossover frequency value due to the action of PI controller.
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4.5 Discussion

By referring to the result from simulation and hardware, the effect of the
control action from PI controller to the buck converter output is clearly can be seen.
Since the Integral (1) control action is fixed so the action from this control action
can’t be observe. However the Proportional (P) control action can be investigate by
adjusting the potential meter use in the circuit. When the proportional gain K, larger

than 1 the rise time is increase and when K, less than 1 the rise time is decrease.



CHAPTER 5

CONCLUSION

51 Introduction

This chapter will explain about the overall conclusion for this project, future

recommendation, and costing and commercializing.

5.2 Conclusion

The PI controller for battery charger system is one of control system that had
been used in industry whether for control purpose or education purpose. This
controller can be developing by using analog system or digital system. In this project
the controller is built in analog system since the LM741 op-amp is being used. By
finishing his project, the control action from each element can be investigated.



44

5.3 Future Recommendation

Since this project is only for investigate the action of PI controller, there are
many changes had to be done in order to complete the battery charger controlled by
PI controller. Auto ON/OFF system or trickle mode system needs to be added in this
system to avoid overcharging occur. To get a proper control action, the complete PID
controller is recommended since the control action is better than PI controller.

54  Costing and Commercialization

In this section describe all about the costing involve in completing this

project and also the explanation about commercialization issue.

5.4.1 Costing

The overall of the whole project is based on the hardware development. All
the cost especially for the component used in this project is shown in Table 5.1. The
total cost for this project is RM 80.12.



Table 5.1: Cost of the Component
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No Part Cost Quantity Total
1 | Inductor (2mH) RM 8.00 1 RM 8.00
2 | 16F877APIC RM 22.00 1 RM 22.00
3 | Strip Board RM 5.50 2 RM 11.00
4 | Resistor (33 Q 10 W) RM 1.00 1 RM 1.00
5 | Potential Meter (100 kQ) RM 0.50 1 RM 0.50
6 | Board Stand RM 0.70 8 RM 5.60
7 MOSFET (IRF 510) RM 4.80 1 RM 4.80
8 | Capacitor (1uF) RM 0.12 4 RM 0.48
9 | Diode (D1N4002) RM 0.50 1 RM 0.50
10 | Resistor (10 kQ) RM 0.02 5 RM 0.10
11 | Capacitor (10uF) RM 0.12 1 RM 0.12
12 | Heatsink RM 0.70 3 RM 2.10
13 | LM741 RM 2.00 3 RM 6.00
14 | Opto-coupler (4N25) RM 3.00 1 RM 3.00
15 | Voltage Regulator (LM7805) RM 2.00 1 RM 2.00
16 | Voltage Regulator (LM 7815) RM 2.00 1 RM 2.00
17 | Resistor (4.7 kQ) RM 0.12 1 RM 0.12
18 | Resistor (100 Q) RM 0.12 2 RM 0.24
19 | Resistor (400 Q) RM 0.12 1 RM 0.12
20 | Resistor ( 1 MQ) RM 0.12 1 RM 0.12
21 | Crystal RM 0.80 1 RM 0.80
22 | IC base RM 0.60 5 RM 3.00
23 | LED RM 0.50 2 RM 1.00
24 | Pin Connector 7 pin RM 2.00 3 RM 6.00
Total RM 80.12
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5.4.2 Commercialization

Since this project is base on investigation on PI controller, this hardware is
not suitable to commercialize unless some modification is made to improve the
system. Although the PI control system is commonly used in industry, but digital Pl
controller is better than analog PI controller since it is controlled by digital signal

processor which is more reliable and low cost.



[1]

[2]

[3]

[4]

[5]

[6]

47

REFERENCES

Rashid, M. H. ed. (2001). Power Electronics Handbook: Academic Press

Rashid, M. H. ed. (2003). Power Electronic: Circuit, Devices and
Application.

Pulse-Width-Modulation, Citing Internet sources URL

http://en.wikipedia.org/wiki/Pulse-width modulation

Katsuhiko Ogata. ed.(2002). Modern Control Engineering: Prentice Hall.

Liping Guo. Implementation of Digital PID Controllers for DC-DC
converters using Digital Signal Processors. IEEE EIT 2007 Proceedings. May
17-20, 2007. IEEE, 2007. 306-311.

Battery Charger, Citing Internet sources URL
http://en.wikipedia.org/wiki/Battery charger



http://en.wikipedia.org/wiki/Pulse-width_modulation
http://en.wikipedia.org/wiki/Battery_charger

48

APPENDIX A
IRF510 datasheet

]
FAIRCHILD IRF510
|
SEMICONDUCTOR
Dain Sheet January 2002
5.64, 100V, 0.540 Ohm, N-Channel Power Features
MOSFET + 5.8A, 100V

;‘nﬂﬁ;:-::;;::;lgnﬂr:memar:dmoua sllcon gate powear Nald . rDStDN] = 0.5400
advanced power MOSFET deslgned,

tastad, and guarantead to withstand a specified keval of Single Pulse Avalanche Energy Rated
enargy In the breakdown avalancha mode of oparation. All of « SOA Is Power Dissipation Limited
these power MOSFETS are dasigned for applications such
as switching regulators, switching convartors, mator drivers,
relay dMASrs, and drivars Tor Nign power bipolar switching
tranaistors requiring nigh speed and Iow gata drive power.
Thasa types can ba operatea directly from Intagratad
clrcults.

Nanosecond Switching Speeds
Linear Tranefar Charactarktics
High Input Impadance

Related Literatura

- TB334 "Gulddlines for Soldering Surface Mount
Components to PC Boards”

Formarly develcpmental type TA17441,

Ordering Information Symbol
PART NUMBER PACKAGE BRAND o
IRF510 TO-200AB IRFs10

MOTE: When ondaring, include the entire part numbser,

Packaging
JEDECTO-220AB

SOURCE
DAAIN
GATE

>

DRAIN (FLANGE)

ABE0OE Frrohid Semiconducto r Coorporad on RFE10R«.B



IRF510

Absolute Maximum Raftings T =25%C, Unleas Otherwise Specified

IRFs10 UNITS
Dirain o Sounce Voltage (Mote 1) . . Npog 100 v
Dirain to Gate Vollage (F!GS —‘:'I:Ik.Q] |r~b‘he ‘I:| . Voer 100 v
Continuous Drain Current . Y Io 5.6 A
To=1007C ... [ 4 A
Pulz=d Drain Currnt (Mate 3) . o 20 A
Gate to Sourcs Voltage . ... .. Vs +20 v
Meximum Power Dissipation . . ..Po 43 W
Linear Derating Factar.. .. ..oovvveunnnns . 029 WreC
Single Pulse Avalanche Enemy Rating (Moted) ..o Euss 18 mi
Crperating and Storage Tempemture BaNGE ... ..o e T), TaTs 65175 o
Maximum Temparature for Soldering
Leads at 0.083in (1.6mm) fom Case for 108, . ..ot it i i i T 300 oG
Package Bodyfor1os, SeeTechbriefasd ... Thig 260 %

CAUTION: Srassas abovs those isrsd i “Absolute Maximum Rathgs” may couse parmanant damags fo e device. ThE E o srass only rathg and opamtion of e
device af these or any offier condifons above those ndtated i the gpembienalsections of this specBication is nof impled.

MOTE:
1. Ty = 28%C 01807,

Electrical Specifications Tz =259, Unkss Otherwize Speoified

PARAMETER SYMBOL TEST CONDITIONS MHN | TYP | MAX | UNITS

Drrain to Source Breakdown Volteges BV¥pogs | Vigs =0V, Ip =2500A, (Figure 1) A0 - - v
Gate to Threshold Voltage VgsmHy | Vias =Vos Io=250pA 2.0 - 4.0 v
Zero-Gate Voltage Drain Gurrsnt lpas Vo =98V, Vgg =0V - - 25 HA

Vo =08 ¥ Rated BVpgs, Vigs =0V, Ty =150°C - - 250 pA
Cin-State Drain Gurrent { Mobs 2) Ipiowy | Vos = IDpom) x rosonMax; Vas =10V (Figue 7) 5.8 - - A
Gate to Source Leakage Current lass Vigg =20V - - +100 nA
Drain to Source On Resistance (Note 2) | rpgiony | Vigg =10V, Ip =244 (Figures &, 2) - 0.4 0.54 [+
Forward Trarscorductancs (Mote 2) ams Vigg =50, Ip =24A (Figurs 12) 1.3 20 - 1
Tum-On Delay Time tgon)  [lp =564 RAgs =240, Vpp =50V, A =80, - &8 12 ns
Riz= Time tr Vo =50V, Vgs =10¥ - 25 &3 ng

- MOSFET switzhing times are essen tially indsperndent

Tum-Off Dielay Time 'W0FF) | of cperating temperature - 15 Kl na
Fall Time ] - 12 58 ns
Tatal Gabe CGhargs Qgrrmj Vigg =10V, Ip =5.64, Vg = 0.8 » Hated BV pes, - 5.0 a0 nic
(Gatke to Sourcs + Gate b Dain) lgyRER = 1.5MA [Figurs 14}
Gate to Source Charge Qgs Gate I_\e::u”rgn: is easentially ndepsndent of operating N 2.0 N nG
Gate to Drain "Miller” Change Qgﬂ ' - 3.0 - niz
Input Capacitancs Cleg Vg =0V, Ve =28V, f = 1.0MHz [Figure 11) - 135 - =3
Cutput Capacitance Coss - a0 - pF
Reverse-Trarster Capacitance Cpss - 20 - pF
Intemal Drain Inductanze Lo Measured From the Meodified MOSFET - 3.5 - nH

Contact Screw OnTab To | Symbad Showing the

Center of Die Interral Devices

Meazur=d From the Drain | MHGIEMNGES - 4.5 - nH

Lead, &mrm (0.25in) From o

Package to Center of Die (/T_D
Intemal Sourcs Inductanss L= Measured From The c I - 7.5 - nH

Source Lead, 6Bmm

(0.25in) From Header &

Source Bonding Pad
Juncion | Case R - - as | “Cw
dunction & Armbient Paja Free air opsration - - a0 O

RD00Z Falrchid Ssmic onducto T Zorporaion RAF10A#. B



50

IRF510
Source to Drain Diode Specifications
PARAMETER SYMBOL Test Conditions M | TYP | MAX | UNITS
Continuous Source to Drain Gurrent 5o Muodified MOSFET 5E A
Symbol Showing the
F‘hll.ls;aSauma & Drain Currsnt 5o |ny,£ngm| Hea:r:eg o0 A
(ote =) P_N Junction Dicds
Source to Drain Dicds Voltage (Mote 2) Vzp Ty = 259G, lzp = 5.6A, Vg =0V (Figurs 13) - - 25 v
Reverse Recovery Time ty Ty =25°C, Izg = 5.64, dispid = 100ALs 4.8 =] 200 ns
Reverse Recoverad Chame CrR T= 2500, lzp = 5.6A, diggidy = 100840 o017 | ol 0.83 [10s
MOTES:
2, Pule test pulse width < 300us, duty cycle < 2%,
4. Repetitive rating: pulss width limited by max juncton temperature, See Transient Themal Impadance curve | Figure 3).
4, Vpo =25V, start Ty = 2590, L= g10uH, A = 250, peak lys =5.6A
Typical Performance Curves Unlses Otherwise Specified
1.2 10
&
g 1.0 E 8
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g \\ =]
£ e ~ g o —
@ M 2
s - a e
|
& \ o 2 —
& oz - 1.‘\
o
o o
] 5 50 75 10 1% 150 175 =5 50 75 100 125 150 175
T, CASETEMPERATURE (°C) Te. CASETEMPERATURE (°C)
FIGURE 1. NORMALIZED POWER DISSIPATION va CASE FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE CASETEMPERATURE
0]
: T
05
ed 4 I | [
——
P 0.2 1
W g ¥ —_
=8 0.1 Fom
Eg 0.05 Je==t=1
[ 0.02 ==
R = A
& === SINGLE PULSE :
s DUTY FACTOR: D = ty2ty
PEMK T, = Ppgy x Zgyc + T
oo L L
s 10 1r? 102 0.4 1 ]

ty, RECTANGULAR PULSE DURATIOM (8]

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE

BE00Z Frlrohd Semicorducto r Coorporadon RFE10R«.B



IRFs10

Typical Performance Curves Unses Otherwise Specified (Continued)
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Typical Performance Curves Unsss Otherwise Spevified {Continuad)
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Test Circuits and Waveforms
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 18. UNCLAMPED ENERGY WAVEFORMS
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FIGURE 17. SWITCHING TIME TEST CIRCUIT FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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TRADEMARKS

The following are reglstered and unreglstered frademarss Falrchid Semiconductor owns or Is autherlzed bo uee and Is
not Intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ OPTOLOGIC™ SMART START™  WCX™
Bottomless ™ FASTI™ OPTOPLANAR™ STAR'POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™

CROSSVOLT™ GlobalOptoisclator™  pop™ SuperSOT™-3
DenasTrench™ GTO™ Power2d7y ™ SupersQT™-8

DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™

E*CMOS™ LitieFET™ aQsm™ Tinylogic™

EnSigna™ MicroFET™ QT Optoelectronics™ TruTranslation ™

FaCT™ MicroPak™ Quiet Seriss™ uHC™

FACT Quiet Series™  MICROWIRE™

STAR"POWER s used under ligense
DISCLAIMER

SILENT SWITCHER®  UltraFET®

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
MOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGHN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE KROT AUTHORIZED FOR USE AZ CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICEZ DR SYSTEM3 WITHOUT THE EXPRESS WRITTEN AFPROVAL OF FAIRCHILD SEMICORDUCTOR CORPORATION.
A5 ugad harein:

1. Life suppon devices of SYEtems are dewlces or
systams which, (a) are Intended for surglcal Implant Into
the body, or (b) suppart or sustaln Iife, or (c) whose
fallure 1o perform when propery used in accordance
with Inslructions for use provigad In the labelng, can te
reasorably expected ta result in significant injury to the
User.

PRODUCT STATUS DEFINITIONS

2. A efttieal companent is any companent of a Iife
support device or system whose falure fo perform can
e reasonably expecled to causs the fallure of the Ife
support devica or system, or fo atect s safely or
effectivenzes.

Dafinltion of Terms

Datashest dentification Produet Status Definition

Advance Information Farmailve ar This datasheet contaihs the design speciications for
In Design product sevelopmant Specifications may changs in

any manner whhout notice,

Preliminary First Production This datashest contains prefminary data, and
supplementary data wil be published at a fater date,
Falrchild Semiconductar reserves the right 1o make
changes at any me wiEnout notice In order o Improve

deslgn.

Mo Identification Meeded Full Praduction This datasheet contalng final specications. Falrchid
Semicondustor reserves the right to make changes at

any time without notice In arder te Improve design.

Dbealets Mat In Praguciion Thls gatasheet containg specHications on a product
that has been @scontnusd by Farcnlid semiconducton.

The datasheaet ks printeg for reference mformation onty.
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APPENDIX B
4N25 Datasheet

FAIRCHILD
]
SEMICONDUCTOR

&NE @000

VIIE * GEA SETl | GEMKD | DEWKD | HENKD | BT

bk 0 Iposaslatoe ™

6-Pin DIP Optoisolators
Transistor Output

The 4M25, 4M25, 4MN2T and 4825 devices consist of a gallium arsenids
nfrared emiting diede optically coupled 1o a monalithic silicon phototransistor
detecion

+ Nost Economical Optoisolator Choice for Medium Speed, Switching Apolications
#* Meets or Exceeds All JEDEC Registered Specifications

» To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V must be ineluded af end of part number. VDE 0884 is 3 test option.

Applications

» General Purpose Switching Circuits

# Interfacing and coupling systems of differsnt potentials and impedances
* /0 Interfacing

4N25
4N26
4N27
4N28

» Solid Siate Relays ’

STANDARD THRU HOLE

MAXIMUM RATINGS [Ta = 257°C unless otherwise noted)

Rating | symbol | value | unit

INPUT LED
Reverse Voltage VR 3 Volis
Forward Curent — Continuous F &0 mé SCHEMATIC
LED Power Dissipation & Ty = 25°C Po 120 miV

with Negligible E’::wer n Cutput Detector - . g
Derate abowe 25°C 1.41 m=C D?

GUTFUT TRANSISTCR o :
Collector—Emitter Yaltaps Vieeo 3D Volts 00—
Emitter-Collector Yaltags VEDD 7 \olts
Collector—Baze Violiage YIBD T Volts
Collector Current — Continuous I 140 I
Cetecior Powsr Dissipation @ Ty = 250 Po 150 mV

with Negligible Power in Ingut LED
Cerate abowe 2590 1.76 mii=C
TOTAL DEVICE
Isoiation Surge Woltage! 1] Viso 7500 Wacipk)
{Peak ac Vohape. 60 Hz. 1 s=c Curation)
Po My
miNG
Ambient Cperating Temperaturs Range TA, “C
Storage Temperaturs Range Tﬂg “C
Soldering Temperature (10 sec, 171187 from case) T “C

1. lzclation surge wotage is an ntemal dewce delectnc brzakdown rating.
For thiz test, Pins 1 and 2 are commen, and Pins £, 5 and 8 are commean.
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FAIRGCHILD
I
SEMICONDUCTOR" 4AN25 4N26 4N27 4N28

ELECTRICAL CHARACTERISTICS (Tg = 25°C unless othenwise noted)( 1)

I Characteristic | symbot | win | 1l mae | unit |
INFUT LED
Forward Votage (I = 10 mA) Ta=2FC VF — 1.15 1.5 ohs
Ta =-55C — 13 —
Ta = 100FC — 1.05 —
Reverse Leakage Current (Vg =2V =} — — 100 1Y
Capaciance (W =0V f=1M-z) CJ — 18 — pF
OUTPUT TRANSISTOR
Collecior—Emitter Dark Current 4MN25,26,27 IcEQ — 1 50 ne
Ve =10V, Ty = 25°C 4M28 — 1 100
Vo =10% Ta = 100°C) Al Devices IcED — 1 — P&
Collector—Baze Cark Cument (Wpg = 10V) lcan — 02 — nd
Collector—Emitter Breakdown Voltage (Ig = 1mA) VIBRICED i) 45 — ol
Collector—Base Breakdown Voltage (o= 100 pa) V[BR]CEC o 10 — iolts
Emitber-Colector Breakdown Voltage (I = 100 pa) V[BR]ESC 7 7B — iolts
DOC Cumrent Gain (lc=2m&, Vice=5Y) heE — 500 — —
Collector—Emitter Capaciance (f=1 MHz Vige=01 CCE — 7 — pF
Collector—Basze Capacitance (f=1 MHz, Vicg =0) [y — 1B — pF
Emitter-Base Capacitance (=1 MHz. Vgg =0 Cem — g — pF
COUPLED
Dutput Collector Current (I = 10méA, Vs = 104) I iCTRy2) mA (%)
4N25,26 2{2m T —
4N27,28 1(10) 5(50) —
Collector—Emitter Saturation Vieliage (I =2 mé, IF =50 mA) VCE(sat) — 015 0.3 ol
Tumn—n Time {IF =10 mA, Voo =100, Ry =100 Q) ton — 28 — 13
Tum-Off Tirme (IF = 10 mA, Vg = 10V, Ry = 100 o)l i — 45 — us
Riza Time (If = 10 m&_ Vg = 10, Ry = 100 o)) tr — 12 — Hs
Fall Time (lg = 10 ma&, Wioo = 100V R =100 n:-'ia.' t¥ — 1.3 — Hs
Isclation Meltage (f= G0 Hz. t=1 sec:i.“.' Viso 750D — — Wacpk)
Isclation Resistance [\ = 500 V)4) Rizo (Gl — — )
Isclation Capacitance [V =0\ f= 1 MHz)i4) Cizo — 0z — pF

1. Always design to the specified minimum/madmum electrical imits (whers applicabls).
2. Curent Transfier Ratio (CTR) = In/IF x 100%
3. For test circuit setup and waweforms, refer to Figure 11

4. For this test. Pins 1 and 2 are common, and Pins 4, § and & are commaon.
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FAIRCHILD
]
SEMICONDUCTOR” 4N25 4N26 4N27 4N28

TYPICAL CHARACTERISTICS

7l ﬁ il s o o i
_ 717 . == i
@ 7T e 1 MORMALZED T
_QI r ,"‘ ' i | IF=10m4
= v v [=o —
g 14 I P ¥ Zii
2 o 2 i
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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Figure 3. Collector Current versus Figure 4. Qutput Current versus Ambient Temperature
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Figure 5. Dark Current versus Ambisnt Temperature Figure 6. Rise and Fall Times
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FAIRCHILD
I
SEMICONDUCTOR" 4N25 4N26 AN27 4N28
1w T 11T 1m
m = 0
= Mop =10V g 5
T z
frif} LLH Ry = 1000 w /
g h "“"\L e Ml 7 = 1000 .—-"/
gu S 1] & 10 :
E T = E 1 AL
§ Hlis > NN 2
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P
2 Nb‘ 2
1 1
102 asp7 1 1 [} 5170100 i1 02 050 1 i [ 50 70100
I, LED INPUT CURRENT (m#) IF. LED INPUT CURRENT {mé)
Figure 7. Tum—0n Switching Times Figure 8_ Turn—Off Switching Times
[Typical Values) {Typical Values)
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) I B 18 e
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Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 9. DC Current Gain {Detector Only)

\VOLTAGE (VOLTS)
Figure 10. Capacitances versus Voltage

TEST CIRCUIT
Vgg=10W

I|:=1IJmJ|.—\ Ry =100

-
INPUT ¥y QUTRUT

INPUT FULSE

Figure 11. Switching Time Test Circuit and Waveforms
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FAIRCHILD

I
SEMICONDUCTOR" 4N25 4AN26 4N27 4N28

PACKAGE DIMENSIONS

HOTEE:
1. [IMENEIOHING AND TOLERANCENG PER ANEI
TIAEM, 1662
2 CONTROLLING TIMEMSION: ICH.
3 IMENEIH L TO/CENTER OF LEAD WHEH
FORMED FARALLEL

IWCHES MILLMETERE
| | | MR |
[T — - e e L [l PN T
I I | B | &0 | 85280 10 | EED
3 e ot [omo [ 36s [ e |
L D [eme | omo | ow | es0
1 oo eo e
—T-] I K [0 | oaoes 15 E5C
u!ﬁl}llﬂ G _.“‘_J".L :I: D0 | 8450 nﬂ- ';\:‘1)
(.3K) BEC AT BBC
Een " [BnanoE@] s @[A@] I T 5
DasL e[ oin | asel 35
[@] vz @] A ®[e @] sTRET
FiN1. ANODE
I CATHODE
1 NC
4. BMITTER
& COLLECTOR
& BASE
THRU HOLE

(@01 E @
|ﬂ}|ﬂ.13(ﬂ.ﬂ:ﬁ]@ Tlh-@} B

SURFACE MOUNT




I
FAIRCHILD

SEMICONDUCTOR" 4N25 AN26 4AN27 4N28
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APPENDIX C
LM741 Datasheet

National
Semiconductor

LM744

Operational Amplifier

General Description

The LM744 series are gensral purposs operational amplifi-
ers which feature improved performance over industry star-
dards like the LM709. They are direct, plug-in replacements
forthe TOBC, LM204, MC1 439 and 748 in most spplications,
The arplifiers offer many features which make their appli-
cation neady foclproof: owedoad protection on the input and

August 2000

output, no latch-up when the comman mode rangs is ex-
ceadad, as wall as fresdom from ascillations.

The LM744C is identical to the LM744/LMT41A except that
the LM744C has their performancs guaranteed over a 070 1o
+70°C ternperature range, instead of -55°C to +125°C,

Features

Connection Diagrams

Metal Can Package

R
Hote 1: LM741H & available per JMea5 1040104
Order Number LM73H, LM741H/B83 (Note 1),
LMT41 AH/BE3 or LMT41CH
See N5 Package Mumber HOBC

Ceramic Flatpak

! 10
wE—e 1,‘:| u
+EFFET W —=
=] LMzaw v
iE url: FI TR
(i) m— — N A BT

Lol y
Order Number LM741W/883
See NS Package Mumber W10A

Typical Application

Offeet Nulling Circuit

!

Dualdn-Line or 5.0. Package

L
DFFSET MULL—1 A—H
INVERTHE WPUT— 2 T
HOR=FNEATHE — 3 & = OUTPuT
IMFUT
L O 5 p=0frSET sl

R
Order NHumber LM744.J, LM744.0/883, LMT41CN
See N5 Package Mumber JOSA, MOBA or NOGE

OB

@ 2004 Netlonal Samiconduclor Corporation DS00834

www.national. com

saydwy [euonesado Lp 2N
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LM7 41

Absoclute Maximum Ratings inos 2

If Military/Aercepace epecified devices are required,
please contact the National Semiconductor Sales Officel

Distributors for availability and specifications.

[Mike T3

Supply Violtage
Poweer Dissipation (Mots )
Differential Input Voltage
Input Voltage (Mate 4)
Cutput Short Circuit Duration
Ciperating Temp=mature Rangs
Storage Ternpsrature Aangs
Junction Tarmpsratre
Soldering Information
M-Package (10 saconds)
J- ar H-Package (10 ssconds)
M-Package
Vapor Phase (B0 ssconds)
Irfrared {15 seconds)

LM741A
2oy
500 mvy
30V
+15V
Continuous
—BE"C o +126°C
—B5°C o +150°C
180°C

260°C
300°C
26°C
216°C

LM74a4
Bl
500 Wy
30V
15V
Continuous
-5 Cto+125°C
—65°C o +180°C
180°C

280°C
000

26°C
26°C

LMT44C
£
500 iy
+300
15V
Continuous
0'C o +70°C
—65°C to +150°C
100°C

280°C
007

HE'C
25°C

Ses AN-450 "Surface Mounting Methods ard Their Effect on Product Reliability” for other methods of

sokdering
surface mount devices,

ESD Toleranos (Nobe 8) 400w 4000 400
Electrical Characteristics no= 5
Parameter Conditions LMTdA & LMT44 LMT41C Unita
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offast Voltags T.=25C
Rz =10 kil 10| &0 2.0 | 60| m¥
Rz = 600 08| a0 v
Tamini = Ta = Taptax
Rz = 600 4.0 v
Fg =10 kit &0 TE| m¥

Average Input Crifset 15 VG

Woltage Drift

Input Cffsst Voltags T, =25°C, Vg = £20W 10 15 15 v

Adjustment Rarge

Input Cffsst Current Ta=25C an 30 20 | 200 20 | 200 nA
Tapain = T = Taprax T0 85 | 500 a0 | nA

Average Input Crifset 0.5 nAl G

Current Diift

Input Bias Gurrant T.=25C 30 a0 a0 | 500 80 | 500 | nA
Tapib = T = Taptaxe 0.210 15 0.8 [IE)

Input Resistancs T, =257C, Vg = £20W 1.0 | 6.0 0.3 | 20 03| 20 ML
Tanain = T = e 0.5 M2
Wg = 220V

Input Voltage Ranges T, =25C 12 | £13 W
Tapib = T = Taptaxe 2| 13 W

Www_national com
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Electrical Characteristics Nue= 5 (continued)

Parameter Conditions LM741A LM744 LM74iC Unite
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Woltage Gain | T, = 25°C AL = 2 ki
Wg =200, Vo = 1BV i) Wi
Wg =218V, Vg = 210V ED | 200 20 | 200 Wi
Taran = T = Tapans
Rz 2 ki,
Wy =+20W, W = +16V 32 Wi
Wy =15V, Vg = 210V 25 15 Wi
Wg =8V, Vo = 12V 10 Wi
Cutput Voltage Swing Wg =200
Rz 10 kil 18 1)
Rz 2 kil +15 W
Wy =218V
ALz 10k +12 | £14 +12 | 14 v
Rz 2 ki 10 | £13 =10 [ +13 v
Output Short Circuit T.=28C 10 | 28 36 25 25 ma
Current Taran = Ta = Tapgax 10 40 ma
Comman-Mods Tanan = Ta = Tapgax
Rejection Aatio g =10 kil Von = £12V TOO| G0 70| G dB
Fg = 600, Wy = 12V 20 | 95 dB
Supply Vaoltage Rejection Tapan = T = Tapans
Ratic Wy =220V o Vg = £EV
Rg = 600 26 | 95 dB
FRg =10 ki T7 | 96 ] dB
Transiant Aesponazsa T, = 25°C, Unity Gain
Riza Tima 026 | 0.8 0.3 0.3 pe
Overshoot 6.0 20 5 5 %
Bandwidth (Mate &) T.=285C 0.457 | 1.5 MHz
Slew Aate T, = 25"C, Unity Gain 03 | 07 0.5 0.5 Vips
Supply Current Ta=26"C 1.7 | 28 1.7 | 28 | mA
Power Consumption T.=25C
Vg =20V 20 | 150 i
Vg =18V E0 | 88 B0 | B85 | mW
LM741A Wy = +20W
To=Tamm 165 i
To=Tamax 135 i
LM744 Wy =+ 15W
Ta=Tamn 80 | 100 iy
To=Teamax 45 | 78 i

Hobe 2: “shsolubs Maximum Riatings” ndicate limits beyond which damags 1o the device may ocour. Operating Aalings indicats condibons for which the devics is
functional, but do net quarantes specific performancs imis.

wwwneticnal.com

LN
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LM741

Electrical Characteristics Mo 5 (Continued)
Mata 3: For cpambion et slavated tempamburca, thass desices must bs dersted basod an thermal reaistancs, snd T; max. (listad undar “Abscluie Maximum
Ratings"}. T; = Ty, + B P}

Thermal Resistance | Cerdip (J) | DIP (N) | HOS (H) | SO-8 (M)
B, (dunclion to Ambient] | 100G | 100'CW | 170°CAN | 105°GW
B {Junction to Casa) WA WA | 25°GW | NA

IMerta 4 For supply woltnges kes tan +15¥, the absolute modmum input vohsge B squal 1o the supply vohega.

Hote B: Urnlaes otharwise specffied, thesa spadficatiors epply for Vg = =15V, —85'C = Ta < «125°C (IMra1LM7414). For tha LMra1 CLMT4E, thess
spedficatiors ana imied 16 0°C 5 Ta 5 4700,

Mot 8: Caloumted wailie frome BW (MHz) = 0.25Ris Timalps).
IHote 7 For miltary specifioations seo RETE741X for LMy41 and RETS 414X for LMra1 A
IHorte 8: Human by modal, 1.5 kQ in seriea with 100 pF

Schematic Diagram

Eau
3 2 INVERTING:
A= BN THG
WPET el % weuT R
nE Vi J
BT ma b
=i .ﬂ':
5 eF| mp
o [T

LX)
75K Z 5
o f o — = DUTRUT
™ % R0
»—Em?
L3 a1
L o M;:j t:nan
1 5 OFFSET
OFFSET MULL
HILL
B SR £R Ré E ™
K ¥ sk 3K 5K 2 ook !.1}1
n
OEEHFH

ww.netional com 4



Physical Dimensions inches (millimeters)
unleas othanwizs noted

0.550-8.370
"~ {804 3]
OHR 0.218-0.335
[8.00 —B. 50
uunulnnu.m
B.185 -0 185 TEH
.91 -4 %) |

¥

REFERENGE PLANE —
- = - SEATING PLAME
nwe Tt ||]ﬁ|=]|]] EEITET
m 10381 1,076
T I |]|]

0oE—-0.019
g = T = TRkl

0198 - 0208 Dy
0.100 a5 PC.

0029 - 08
(0.7 -1.18%)

0 - 0.0

AT 0118 =0.148

- m\%< R8I

’{ oA
SO RN T
Metal Cam Package (H)

Order Mumber LM741H, LMT41H/883, LM741AH/383, LMT41AH-MIL or LM741CH
NS Package Mumber HOSC

LN

W natonal som
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—
= - . -
E Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
I—— 0400 WAX ——|
B0.0 10 Tl'?—\\
0,220 0510 WAK
0281 OLASS
k6025 TYF l I
LI [0 LT [d
o D045
= a.oss T
0.280 le— 0.205 Lass
0.350 wr SEALANT
a0 T L1/,
WAL 0200 ]
“ T
130
| FLEETAR I
BEY 49 TYP il
L3110 0.055 WY —sf
aain I H [R5
_\‘TJI ' 0000 i 0.018 80,003 TTF
L0112
0.100 10,010 TP e D)
Ceramic Dualn-Line Package [J)
Order Number LM741.M883
M5 Package Number JOBA
"]
PN W TR
[
(RO E ]
A2 ﬂ-lli BB
- — =T
wir LA -E ey
LB To B
008 - LG = [ o LB
T il T S
L] imka
nan 40 m
— T |
fmama * 120 [EErr]
s tams —]
(TRCETF
Ln )
|'|2'|'|'-|- b 800 B
Dualn-Line Package (M)
Order Humber LM741CN
N5 Package Mumber MOBE
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APPENDIX D
16F877A Datasheet

MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

= PIC15FE7EA
= PICAGFETTA

= PIC1GFETIA
= PICIGFET4A

High-Performance RISC CPL:

= Cinly 35 single-word instnuctions fo learn
Al single-cycle instructions except for program
branches, which are two-cycle
= Cperating speed: DC — 20 MHz clock input
OZ — 200 nis instruction cycle

Up to 8K x 14 words of Flash Program Memory,
Up to 388 x & bytes of Data Memory [RAM),
Up to 256 x 8 bytes of EEFROM Data Memory
= Pinout compatible to other 28-pin or 40/44-pin

PIC1SCXX and PIC1 B8R microcentrallers.

Peripheral Features:

TimerD: 8-bit timerfcounter with 8-bit prescaler

= Timert: 18-bit timercounter with prescaler,

can be incremented during Sleep via extermnal

crystal/clock

Timer2: 8-bit timerfcounter with 8-kbit pericd

register, prescaler and postscaler

= Two Capture, Compare, PAVWM modules

- Capture is 18-0it, max. resolution iz 12.5 ns

- Cornpare is 18-bit, mas. resolution is 200 ns

- PV max. resolufion is 10-bit

Synchronous Serial Port (SEP) with SPI™

(Master mode) and o {Master'Slave)

Universal Synchronous Asynchronous Receiver

Transmitter (USART!SCI) with S-bit address

detection

« Parallel Slave Fort (PSF) — & bits wide with
external RD, WR and C5 controls (40/44-pin only)

= Brown-out detection circuitry for

Brown-out Resst (BOR)

Analog Features:
= 10-bit, up to 8-channel Analog-to-Digital

Converter (400
Brown-out Reset (BOR)

= Analog Comparator module with:

Twa analog comparators

Programmabde on-chip voltage reference
(WREF) modula

Programmakble input multiplesang from device
inputs and intemal voltage reference
Comparator outputs are externally accessible

Special Microcontroller Features:

100,000 erasafarite cycle Enhanced Flash
programy memery fypical

= 1,000,000 erasefwrite cycle Data EEPROM

memary typical
Diata EEFROM Retention = 40 years

= Self-reprogrammable under software conirol
= In-Circuit Seral Programming™ (ICSP™)

via two pins

= Single-supply 5 In-Circuit Serial Programming
= Watchdog Timer (WDT) with its own on-chip RC

osoillator for reliable operation

= Programmable code protection
= Power saving Sleep mode

Selectable oscillator options

= In-Circuit Debug (IC0) wia two pins

CMOS Technology:
= Low-power, high-speed Flash/EEPROM

technology

= Fully static dasign

Wide operating voltage range (2.00 1o 5.5\)

= Commercial and Industrial temperature ranges
= Low-power consumption

Program Mamery | pose MESP
EEPROM 10-pit CCP Timars
Devica oytas | S0 wWora SRAM "o tos) | U2 | arm (o | (P | g oy | Master | USART | gy gy | Comparatora
inatructions |(B¥t65) P
PIC16FETIA | 72K 4096 192 123 22 g 2 Yes| Yes Yes 21 2
PICIEFETAA | 72K 4096 192 138 33 B 2 Wes| Yes e iy | 2
PIC16FETEA | 14.3K 19z 368 256 22 5 2 Wes| Yes Yes 1 2
PICIEFETTA | 14.3K E18Z 36E 256 33 B 2 Yes| Yes e iy | 2

& 2002 Micrechip Tecnnokogy Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIF, S0IC, SS0P

mECrvre —= L1 e 2:[] == mETPED
ranann =[] 2 7] == mEsPec
Radmns —= [ 3 5[] == mEs
RAZANZARER-CVREr +—= L] 2 a 25[] = mEs
RAzianzvmers +—= [ 5 2a[] = mBaPcu
maamooKiciouT —= [ & & 23[] == =&z
RAsmmsBRTIoUT = O 7 2 2z[] = =mE1
vas—=[] 5 = 21[] = &paiNT
oscucun —=[] 3 = 0[] +— von
caczeLxa +— 10 - 2] =— ves
RoaTiosoTick =—= 1 E 18[] === RoTmNDT
REATIS 2 ==z 17 =+ RoEmuCK
RE [ 8 IHY 180 == mesaoc
moaackecL =—= 14 15[] == RC4A0DUEDA

23-Pin GFN 2 %§ §
5%%@@@@
GEREGARD
RAIANEREF-\CVREF a—te T 211 == RELPGM
RAZANZREF- = |2 20l -—e REI
RM-'TJCH_.'D1GU_ -—c PIC1GFETIA 1) == RE1
RASIANHTIICIOUT - 4 18] == B2LNT
11 Pic1ereTeA o] 2T
CECICLE] —a I 1EN -—vEs

OSCICTLED =-— 15N == RCTRHDT

ROVTIOSHETICH =—eh8
ROIMGENEF2 =—e

44-Pin QFN BE
g _zs
T
ST
EOCR kLD DE
PR ?§
BERRRRREER
TR CREEnd
RCTIRNDT o= j1g & @ 0 2 oo oo |« oscacLKC
RO4FEPE == |2 2| =—— oBCiCLE
ROSFEPS 4— |3 3| =— wus
ROSFEPE = |4 30| =— vas
ROTFEPT +— I2  PIC{GFET4A 23| =— v
wEE —= |5 28| -— Voo __
van —= |7 PIC1EFBTTA ;| +—s REZCTEANT
voo — |& 25| == REVWRANE
REQINT ——= |3 25| =—= RELFADAKE
RE1 ——s |10 2| =—= RAsneiEEICIOUT
RE: 1y wenmagoys | T RAMTICKICIOUT

DS395628-page 2 © 2003 Microchip Tachnology Inc.



PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRvrr —=[]1 ] 40 []=— RETIFED
RAJAND +—e[] 2 35 [] «— REEFGE
RAIANT a—=[] 3 38 [] = RBS
RAZANIVREF-ICVREF w— [] 4 37 [] =—= RB4
RAIANIVREFs +—e[] 5 38 []+—= REZFGM
RASTICKICIOUT +—e s
RASANAEE] UT =7 =
REIADANS =[] 5 E
hog
1
11 =1
1z K
1=
12 E ;
; I o 0
18 hE
RCZCCA1 =—e 17 24 q=—s RoszDO gg
RCHECKECL =—=[] 18 23 []=—= RC4EDIEDA B9z g I=1+]
EleleE p— T 22 [ = RO3FEF: %E% PR
ROAFEF1 +—e[] 2 21 [ +— ROZFEF2 gtgggggéﬁég
44-Pin PLCC IHH ”[I
OOOOqOOOoonn
D - -
RALTOGEUCIOUT = o[ . i9ds Qas:l-—- REIPEM
RASIAN4ZRICICUT M 3] == mE2
VRO H == RE1
RE1THRIAME o L 3&%-—- REIN
RECEMNT =—= ] 41 25 =— voo
VBB Oz 3] - wEE
ves = Hi; PICIBFETTA 332 soveser
OEC1ICLE _.-E = 3:%-—-— RDEPSPE
CACTOLKD m—[] 12 310 = mDSFIPE
RCOTI0SOMICK] = E i 300+ =DaFara
ME '%mﬁﬁxﬁaﬂﬁkﬁz-]h RCT/RADT
. E L )
-
s Fersedes TTHHT
3 8 e o
LI BEgEaEEagys
REPERRRRERY SREacaAanE
a8
Sggtmmtggg
44-Pin TQFP PHYEtess EE £
#
HITYTSRERERRER
RCT/RNDT =—=CIH4 g5t NC
RO4PEPE ==z 32 ~—= RCATIZIDTICK
RocPops e M 1S —= CEC2TLNG
RO&PIPs +=CMMg I =— cecticwk
ROTIFEF? +—=CIH:z PIC16FaT4A i‘:—E*— WS
wes —=EHRe = * weo
oo —=Cmy7 PIC1GF8TTA T +—+ REZ
REQINT +—~HmE 2@ =—= RE1
SE1 =—=CId= s =+ RENRDIANE
5B =—=CIO1a T == RAZANLEECIOUT
RESPEM =TTy m w npraag "Nﬁm-‘_‘- RAsmIERMETET
———————— 2]

MCLARER —
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

= PIC1GFETIA

- PIC1G6FET4A

= PIC18FETEA

- PIC1GFETTA

PIC18FET3AMTEA devices are available only in 28-pin
packages, while PIC1GFET4AETT A devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC18FE7XA family share common architecture with

The available features are summarized in Table 1-1.
Block diagrams of the PICIGFETIAETEA and
FIC186FBT4ABTTA devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the FICmicro®
Mid-Range Reference Manual (DS3:3023), which may
ke obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary docurment fo this data sheet and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

the following differences:

= The PIC18F3734 and PIC16F2744 have one-half
of the total on-chip memar y of the PIC18FETEA

and PIC1GFETTA

40i44-pin devices have five

The 2&8-pin devices have three I'D poris, while the

The 28-pin devices have fourieen interrupts, while
the 40id4-pin devices have fifieen

The 28-pin devices have five AD input channels,

while the 40'44-pin devices have eight

The Parallzl Slave Port is implemented only on

the 40i44-pin devices
TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16FETIA PIC16FETAA PIC1GFETEA PIC16FETTA

Cperating Frequency DC — 20 MHz DC — 20 MHz D — 20 MHz DC—20MHz

Resets (and Delays) POR, BOR POR, BOR POR. BOR POR, BOR
{(PWRT. Q5T) (PYWRT, O5T) [PWRT, OST) (PWRT, OST)

Flash Program Memory 4 4K 8K =12

| 14-hit wards)

Diata Memaory (bytes) 182 182 383 jelat]

EEPROM Data Memory (bytes) 128 128 258 258

Interrupts 14 15 14 15

IV Paorts Ports 4, B, C Ports A, B.C.D. E Ports A, B. C Pors A.B.C. D.E

Timers 3 3 3 3

Capiure/Compare/PWh modules 2 2 2 2

Serial Communications MSER, USART MSEP, USART MEEP, USART MESF, USART

Parallel Communications — PSP — PSP

10-bit Analog-io-Digital Module Sinput channels | 8 input channels | 5 input channels | 2 input channels

Analog Comparators 2 2 2 2

Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions

Packages 28-pin POIP 40-pin POIP 2&-pin PDIP 40-pin POIP
28-pin S0OIC A4-pim PLCC 28-pin S0IC 4d-pin PLCC
28-pin SS0P 44-pin TQFP 2&-pin S50P 44-pin TQFP
28-pin GFMN 44-pim QFN 28-pim QFN 44-pin QFN

& 2002 Migrochip T2chnolegy Inc.
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PIC16F87XA

FIGURE 1-1: PIC16FET3A/BTEA BLOCK DIAGRAM
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FIGURE 1-2:

PIC16F874ABTTA BLOCK DIAGRAM

PIC16F87XA
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PIC16F87XA

TABLE 1-2: PIC1GFB7IA/BTEA PINOUT DESCRIPTION
PDIF,SOIC, | @FH | WOWP | Buffer
PIn Hame . Dascription
330P PinZ | Ping | Typs Type i3
OSCCLKI [ & =Tickos™ | oscilator crystal or external clock Input.
O5C1 | Osclliator crystal Input or external clock source Input. 5T
buffer when {JDF"QUT[—H In RC made; atheralse CMOS.
CLKI 1 External clock source Input. Always assoclated with pin
funetian ©SC1 (e OSC1/CLKI OSCLCLKD pins).
OSC2CLKD 10 7 — Oscllater crystal or clock output.
O5C2 fs] Oselliator crystal output. Connects to crystal or resonatar
in Crystal Sscllator mogs.
CLKG o In RC mode, GSC2 pin ouiputs CLKO. which has 104 the
frequency of OSC1 and denates the Instruction cycle rate.
MCLRWrP 1 26 =T Master Clear INput) or programming woitage (Jutput).
MCLR 1 Master Clear (Resel) Input. This pin Is an active low Reset
1o the device.
WEP F Fragramming waltage Input.
PORTA & & bldirectional 1iD por.
RADIAND 2 27 L
Al ] Digital 112
AND 1 Analog Input 0.
RATAN1 3 23 TTL
RA1 [s] Digital 110
AN 1 Analog Input 1.
RAZIANZNREF-! 4 1 L
CVREF ] Digital 112
A2 1 Analog Input 2.
ANZ ] AJD reference vorage (Low) Input
VREF- fs] Comparator WasF oufput.
CVREF
RAANINREFs H 2 L
A3 ] Digital 112
AN3 1 Analog Input 3.
VREF+ 1 AJD reference voRage (High) Input.
RALTICKIC1OUT 3 3 a7
R&s 12 CigRal 1/0 — Opan-arain when configures as output.
TRCKI | TimerD exiemal clock Input.
c1ouT o Comparator 1 output.
RASIANAEIICIOUT 7 4 ™
FAS ] Digital 112
AME ] Analog Input 4.
88 ] SP1 slave select Input.
czauT o Comparator 2 output.
Lagand: | =Input C = outpus UG = INpUtiouspul P = power
—=MNotused TTL=TTLInput ST = Schmit Trigger inpus
Hota 1:  This buter is a Schmitt Trigger Input whan configured as the external Interrupt.

2:  Tnis butier Is a Schmitt Trigger Input when used In Seral Programming made.
3:  This butter Is a Schmitt Trigger Input when configured In RS Oscliator mode and a CMOS input otheralse.

D5325526-page &
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PIC16F87XA

TABLE 1-2: PIC16F87IA/BTEA PINOUT DESCRIPTION {CONTINUED)
POIF. 80IC, | GFH | WOIP Buffar
PIn Hame . Dezcription
S50P Ping | Ping | Type Type ¥
PORTE I 3 birectional WO port. PORTE can be sofbware
pragrammed far ntemal weak pull-ups on all inpuis.
RBOANT D 18 TTUETH
RBQ o Dightat 1°0.
INT | External intarrupt.
RB1 2 19 [5e] TTL Digial 1.
RB2 23 fn [3e] TTL Digital 110,
REIFEM 24 3 TTL
RE3 1+ Digital ',
FGM l Low-valtage (5ingle-supply) ICSP programming 2nable gin.
RB4 25 2 1+ TTL Dighal 10
RBS 28 13 1o TTL Dightal 0.
RE&PGC 7 ) TTLSTR
REE 1+ Digial 1.
PGEC ! In-clrcult debugger and ISP programming clock.
RETECD 28 a5 TTUSTR
RET [5e] Digial 1.
PGO a In-clrcult debugger and IC5P programming data.
FORTC Is a blarectonal 11D part
RCOT10EOITICKI 1 & ST
RCO L] Dighal 110,
TIQ50 [+] Timer1 asciiator autput.
TICKI l Timer axtemal ciock Input
RC1T10SNCCP2 12 a 8T
RC1 [5e] Digial 1.
T1051 | Timer1 asciiator Input.
ccpz o Capture2 Input, Compare2 output, PWM2 output.
RCZCCP 13 0 ST
RC2 L] Dighal 10
cCP1 o Capture1 Input, Compare1 output, PWM1 oulput.
RC3FSCK!SCL 4 1 5T
RC3 [5e] Digial 1.
SCK [e] Synchronous eerlal clock Inputioutput for SPI mode.
SCL [s] Synchranous serlal clock Inputioutput far 19 mods.
RC4SDIEDA 15 12 ST
RC4 o] Digital 110,
301 | SPidata In.
SDA o] C data 0.
RCS/SDO 1E 13 ST
RCE [5e] Digial 1.
s0:0 [+] SP1 data out.
RCETHCK 17 14 ST
RCE [5e] Digial 1.
T o USART asynchronous transmit.
CK [5e] USARTT synchronows clock.,
RCT/RXDT 18 15 5T
RCT [5e] Digial 1.
RE l USART asyncnronaus reseive.
o7t o] USART synchronous data.
vEs 8 12 5.6 P — Ground reference for lagle and QG ping.
Voo 20 17 [ — Positive supply for logic and VO pins,
Legand: | =Input C = output 1 = Inputioutpus P = pawer
—=Notused TTL=TTLInput ST = Schmit Trigger nput
This buffer Is @ Schmitt Trigger Ingut when configured as the extemal Intermugs.

2 This buffer s a Schmil: Trigger Input when usad In Serial Pregramming made.
32 This buffer Is 3 Schmilt Trigger Input when configured In RC Oscllator mode and a CMOS Input otherwlse.

© 2003 Microchip Technalogy Inc.
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PIC16F87XA

TABLE 1-3: PIC16F87T4A/BTTA PINOUT DESCRIFTION
PDIF | PLCC | TQFFP | Q@FN e Burrer
Pin Mama Deecription
Fing | Ping | PIng | PIng | Typs Type i
OBC1CLK 12 14 a0 3z sTicpmost | Osclliator crystal or extemal cock Input
osci 1 Osclllator crystal Input or exiemal cock source
nput. 5T buer whan configurad in RS mods:
atherwise CMOS,
CLKI 1 Exizmal clock sounce Inpul. Always assoclated
Wwih pin functlion O5C1 (s2e OSC1ICLEI,
DSCHCLKOD pins).
QECHCLED 14 15 3 a3 —_ Csclliator crysial or clock owlput.
osCc2 [+] Oscillator crystal ousput.
Cannests i erystal of resonator In Crysaal
Osclllator moge.
CLED o In RC mode, ©3C2 pin oulputs CLKO, which
hias 174 the frequency of ©SC1 and dengtes tha
Instruction cycle rate.
MCLRNER 1 2 1E 18 ST Master Clear (input) or programming veitage (output).
WMCLR I Master Clear (Resat) nput. ThIS pin is an active
low Regst to the devics.
VER P Programming volfage Input.
PORTA I a bidirectional 'O port.
RADAND 2 3 12 19 TTL
RAD e} Digital v,
AND [ Anaiog Input 0.
RATIANT 3 4 20 20 TTL
RAT e} Digital v,
ANT [ Analog Input 1.
RAZIANZNREF-ICVREF| 4 3 21 21 TTL
RAZ e} Digital v,
AMNZ I Analog Input 2.
VREF- I AID referance valtage [Low) Input.
CWREF o Camparater WREF oufput.
RAIAMNINVREF=+ 5 g 22 2 TTL
RA3 L} Digital v,
AN3 I Analog Input 2.
VREFH I AID referance voltage [High) Input.
RALTICKNCIOUT & T 23 23 T
RA4 ] Digltal VT - Cpen-draln when configured as
autput
TOCKI I TimerD external chack Input.
C10UT o Comparatar 1 output
RASIANAESICIOUT 7 & 4 4 TTL
RAZ L} Digital v,
AN4 [ Analog Input 4.
S5 I 5Pl slave select Input.
C2oUT [+] Camparater 2 culput
Legend: | =Inpu C = output VC = Inputioutput F = power
—=MNotused TTL=TTLInput 3T = Schmist Trigger input
Hota 10 This buter |s a Senmitt Trigger Input when canfgured as the external intarrupt.

2 This butter Is @ Schmitt Trigger Input when usad In Seral Pragramming made.
3 This buer Is a Schmll Trigger Input when cenfigurad In RC Osclllator mode and & CMOS Input otherwlse.

D3335828-page 10
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PIC16F87XA

TABLE 1-3: PIC16FE8T4AETTA PINOUT DESCRIPTION {CONTINUED)

epip [eLcc [TaFp | aFn | vore | Burrer
Pin Hame Descripilon
ping | Ping | PIng | PIng | Typs Type P
EORTH I5 a blgrectonal 10 por. PORTS can be
saftware programmed for intemial weak pull-up on all
Inipats.
RED/INT 33 36 3 El TTLsT!
RED o igital g,
INT 1 Extemal Interrupl
REA 3 | w7 3 10 o TTL igital 110
RE2 35 | 38 10 1 o TTL Digital 10
RE3/PEM 3 | e | om 12 TTL
RE2 o Digltal 10,
PGM 1 Low-vollage ICSP programming enable pin.
RE4 37 | o4 14 14 o TTL Digltal 10,
RES 3 | 42 | 15 15 o TTL igital 110
RES/PGC 39 42 16 1€ TTLETE
REE o igital 110
PGC 1 In-cireult debugger and ICSP programming Slock.
RETIPED 40 44 17 17 TTUSTE
RET o igital 10
PGD o In-cireult gebugger and ICSP programming data.
Legend: | =input O = output U = Inputioutput P = power
—=Notuged  TTL=TTLIRpUt ST = Schmit Trgger nput
Mota 1:  This butter Is a Schmlt Trigger Input when configured as the extsrnal Interrupt.

2:
3

This BUtTer Is a Scamit Trigger Input when usad In Senal Programming made.
This bufter Is @ Schmit: Trigger Input whan confiqured In RS Csclllator mode and 3 CMOS Input otherwise.
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PIC16F87XA

TABLE1-3:  PIC16FaT4A/87TA PINOUT DESCRIPTION (CONTINUEL)

PDIF | PLCC | TQFP | @FN oie Buffer
Pin Nama Description
Ping | PIng | Pin& | PIng | Typs Type P
FORATC Is a bidireciional VG port.
RCOLT10SNTICK] 15 16 3z 34 5T
RCO [+] DHgital o,
TI10S0 o Timeri esclllator cutput.
TICKEI I Timeri external clock Input.
RCITI10SI/CCR2 1€ 15 35 35 ST
RC1 e} Cigltal 1.
TI10EI I Timeri esclilator Input
CCP2 ] CaptureZ Input, Compare2 output, PWK2 oulput.
RCZCCP1 17 19 36 36 5T
RCZ [[le] DHgital Q.
CCPi 13 Capture Input, Compare ! autput, PWKT oulput.
RCISCKBCL 1E 20 3T a7 ST
RC3 e} Cigltal 1.
BCK [+] Synchronous serlal clock Inputiautput for SPI
made.
5CL 13 Synchronaus seral clock Inputioutput for 12C
made.
RCASDISDA 23 253 42 42 ST
RC4 [+] DHgital o,
sDI I %F"I data In.
SDA [+] =G data 110,
RCEEDO 24 26 43 42 ST
RCS [[le] Dgital Q.
s00 [#] SPI data out.
RCETINCK 25 7 4 44 ST
RCE e} Cigltal 1.
™ o USART asynchronous fransme.
CK [[L+] USART1 synchronous clock.
RCT/RXDT 26 9 1 1 5T
RCT [+] DHgital o,
RX I USART aBynchronous recelve.
oT ] USART synchronous gasa.
Legend: | =Input o = output 2 = Inputioutput P = power
—=Notused TTL=TTLInput ST = Schmiit Trgger input
HWote 1:  Thiz but'er Is @ Schmiltt Trigger Input when configurad a6 the external Interrupt.
2:  This butier s a Scnmitt Trigger Input when usad In Saral Programming mode.
3:  This buer Is a Schmitt Trigger Input when configured In RC Osellator mode and & CMOS Input otherwlse.
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PIC16F87XA

TABLE 1-3: PIC1GFE74A/BTTA PINOUT DESCRIPTION (CONTINUED)

roIF [PLCC | TEFP | aFM | wor Buffer
Pin Name Deacription
Fing | Ping | Fing | Ping | Typs Type R
PORTD Is a bidireclional VO port or Farallel Slave
Pon when Interfacing to 3 microprocessor bus.
RODOPSED 12 21 38 36 STTTLE
ROO [B] THgital 11,
FSRD [E] Paraliel Slase Part data.
ROVPSP1 20 2z 39 3 STTLE
RO [E] Digital 1.
FSR1 [E] Paraliel Slase Port data.
ROZPSP2 21 23 40 40 STTLE
ROZ [E] Hgital 1o,
PEPZ [B) Paraliel Slasve Part data.
RODAFSR3 22 24 41 41 STITTLE
RO3 [B) THgital o,
PEPZ [B] Paraliel Slave Part data.
ROWFSP4 27 30 2 2 STITTL®
RO [Bs] THgital 11,
FSR4 [E] Paraliel Slase Part data.
ROS/PEPS 28 3 3 3 STTLE
ROS [E] Digital 1.
FSRS [E] Paraliel Slase Port data.
ROEPEPE 29 32 4 4 STITTLE
ROE [E] Hgital 1o,
PEPE [B) Paraliel Slasve Part data.
ROT/FSPT 30 33 5 5 STITTLE
ROT [B) THgital o,
FSRT 140 Paraliel Slawe Part data.
PCORTE ks a bidrecional IFD part.
REDALDVANS E E] 25 28 STITTLE
RED [E] THgital o,
RO | Read contred for Parallel Siave Port.
ANE | Analog Input 5.
RE1AVRANE o 1 | 26 26 STTTLE
RE1 [B] THgital 11,
WR | wirlte contral for Paraliel Slave Port.
ANE | Analog Inpust 6.
RE2/TBIANT 10 11 27 27 STITTLE
RE2 [B) THgital o,
Cs | Chip select conired for Farallel Slave Port.
ANT | Analog Input 7.
[= 12,31 [ 13,34 ] 6,28 | &, 20, P - @round reference for logks and KD pins.
31
oo 1221235 .28 | 7.8 P — Posiiive supply for lagic and A0 pins.
28, 28
NC — | v 1213 13 — — These pins are nat Intemally cannected. These pins
28,40 | 23,34 should be lefl unconnected.
Legand. | = nput O = guiput D = Inputfoutput F = power
—-Notused TTL=TTLInput ST = Schmit Trigger input
Note 1:  This buter Is a Schmit Trigger Input when configured as the extarnal imbarmupt.
22 This bufter Is a Schmit Trigger Input when usad In Seral Programming made.
32 This buter Is 3 Schmii Trigger Input when configurad in RC Osclliator mode and a CMOS Input oinerwise.

@ 2003 Microchip Technology Inc. DS235525-page 13

79



