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ABSTRACT

The nature is ready to relieve its underlying secrets provided, the proper keys
are used for the respective locks. Sun, the ultimate source of energy, from
the beginning of mankind still serves as a key for solving the problem of
energy crisis. The solar energy which if properly utilized, can serve as a
huge reservoir of energy.

The solar panels that are available in the market at present are static and
hence the maximum energy can be tapped only at noon that is the time at
which the panel and the sun are perpendicular. The project

"AUTOMATIC TRACKING SYSTEM FOR SOLAR PANEL" aims to
utilise solar energy to the maximum extend. The solar tracking system that
we have created using micro controller is automatic in its movement with
respect to suns rays. The LDR that are mounted on the panel at both ends
act as a potential divider and performs the conversion of light into

appropriate voltage signals, which aids the automatic movement of panel.
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CHAPTER 1: INTRODUCTION




INTRODUCTION

OBJECTIVE :
To design and implement an automatic tracking system so as to tap solar

energy efficiently.

1.1 INTRODUCTION TO SOLAR POWER :

The sun is the most prominent feature in our solar system. It is the largest
object and contains approximately 98% of the total solar system mass.
The sun’s outer visible layer is called the photosphere and has a
temperature of 6,000°C (11,000°F).

Solar energy is created deep within the core of the sun. It is here that the
temperature (15,000,000°C; 27,000,000°F) and pressure (340 billion
times Farth’s air pressure at sea level) is so intense that nuclear reactions
take place. Energy generated in the sun’s core takes a million years to
reach its surface. Every second 700 million tones of hydrogen are
converted into helium ashes. The sun appears to have been active for 4.6
billion years and has enough fuel to go on for another 5 billion years or
so. At the end of its life, the sun will start to fuse helium into heavier
elements and begin to swell up; ultimately growing so large that it will

swallow the Earth.

1.2 EXISTING MODEL:

The existing model used to tap solar energy is an open loop system. The
amount of voltage obtained by this system is substantially less during
mornings and evenings when compared to the voltage obtained at noons.

Hence the efficiency of this system is low for the major part of the day.




An innovation to this system was made using GPS (Global Positioning
System) technology. A GPS system receives data from a satellite and
accordingly positions the system towards the sun. Even though the
efficiency of this system is very high, the cost of the system proved to be

a constraint among large numbers.

1.3 AUTOMATIC TRACKING SYSTEM:

Solar energy being the natural source of energy has to be utilized
efficiently. So tracking system has to be employed. The main
disadvantage with the GPS system is that it is very costly. To overcome
that difficulty we have employed tracking using sensing circuits. In this
project the intensities of the sun’s radiation is sensed and according to
that signals are passed to the driver circuitry which controls the solar

panels rotation. As a result efficient and perfect tracking is obtained.

1.4 ORGANISATION OF THE THESIS:

The thesis is organized in such a way to provide a clear picture of our
project “AUTOMATIC TRACKING SYSTEM FOR SOLAR PANEL”.
The explanation of the thesis begins with the solar energy generation and
its usage explained in chapter 1 followed by chapter 2 which gives a
detailed explanation on various system components used. The detailed
hardware configurations are explained in chapter 3.The algorithm and
working is explained in chapter 4 followed by a comparative study and

results in chapter 5.
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CHAPTER 2
SYSTEM COMPONENTS

2.1 INTRODUCTION:

Automatic tracking system for solar panel consists of components like
voltage regulators, Control circuitry, sensing circuitry, driver circuitry
and a storage device for storing electricity produced from the panel.
Control circuitry is the main part of the system with which proper control
signals are sent according to which the panel tracks. Control circuitry

consists of the following components. They are

1. Micro controllers — For programming purpose.

2. ADC — For converting the analog
Voltage input to a digital
Value

3. Programmable peripheral interface — For interfacing the output
To display unit (L.CD).
Sensing circuitry is used to sense the position of the panel and gives
signals to the control circuitry. They are
1. LDRs - Placed at both the ends of the panel which
Senses the sun light. The resistance of LDR
Decreases with increase in sunlight.
2. Micro switches - These switches are used as keys. These are
Used as limits beyond which the panel can’t

rotate or move.
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For tracking the suns path the panel has to rotate. This is possible with the
help of driver circuitry. This has
1. Relay - Used to give supply to the DC motor based on the
Signals from the microcontroiler that is either to
make the motor to rotate forward or reverse
2. DC motor - The DC motor used is in this project is of permanent
Magnet type. The panel requires low RPM which is
Obtained by gear reduction method. The holding
Torque for DC motor is higher than Stepper motor.




2.2 BLOCK DIAGRAM:

The basic block diagram is given below

|| LDR1
COMPARATOR > MICRO
CONTROLLER
.| | LDR2
h 4
RELAYS
h
12V BATTERY | |, SOLAR PANEL | |, DC MOTOR

Fig 2.2 Block diagram of automatic solar tracking system

SEQUENCE OF OPERATION:

The LDR placed at both ends of the solar panel detects the intensities of
light at both the ends. The two different values of intensities are then fed
to the comparator for comparison. This value is then given to a micro
controller which in turn decides the direction of rotation of motor. The
rotation of panel is done with the help of a driver circuit. The output of
the panel is stored with the help of a battery. The power from the battery

is used as supply to the various components in the hardware circuit.




A TT o8mjop @
pro| @=———q AV

r'id o'Id

N _ £68hL
l...w-.. | . | Jaa
—1 : 1T L
_ 152 :
_ _ LT AS
o BTN

i
| XN
GemhL |

i

S

L

AS - | s

, 6080 ¢
£LERL o oo B a1

«mwm diy Bojeur
" _%

*
L)
]
.
LR A A A
=

AS

L

->—
Fd
N
[
LIV-0qY
[
L

Fid

AS AS

AS

_
-
L 7]




CHAPTER 3: HARDWARE IMPLEMENTATION




CHAPTER 3
HARDWARE IMPLEMENTATION

3.1 IC VOLTAGE REGULATORS:

Voltage regulators comprise a class of widely used ICs. Regulator IC
units contain the circuitry for reference source, comparator amplifier,
control device, and overload protection all in a single IC. Although the
internal construction of the IC is somewhat different from that described
for discrete voltage regulator circuits, the external operation is much the
same. IC units provide regulation of either a fixed positive voltage, a
fixed negative voltage, or an adjustably set voltage.

A power supply can be built using a transformer connected to the ac
supply line to step the ac voltage to desired amplitude, then rectifying that
ac voltage, filtering with a capacitor and RC filter, if desired, and finally
regulating the dc voltage using an IC regulator. The regulators can be
selected for operation with load currents from hundreds of milli amperes
to tens of amperes, corresponding to power ratings from milli watts to

tens of watts.

3.2 SENSING CIRCUIT:

Sensing circuits mainly consists of two components .They is
1. Micro switches.

2. LDR (Light Dependent Resistor )

32.1LDR:
The LDR placed at both the ends of the solar panel is used to detect the

different intensities of light at either ends of the solar panel, one to sense




the intensity of light in the east direction and the other in the west

direction. The internal working of the LDR is given below.

The LDR light dependent resistor is varying resistance with light
intensity. This will be mostly linear to the light intensity. During the
darkness the resistance of LDR shoots up to Mega ohm ranges. When
LDR is illuminated by means of the sunlight, the resistance of LDR
suddenly decreases (below 10 kilo ohm).

The resistance is converted into differential voltage, then the voltage is
amplified and given to the comparator. The comparator compares the

light intensity with the required level and it will produce output depends

on the intensity.

3.2.2 MICRO SWITCHES :

Fig 3.2.2 Micro Switches
Micro switches are placed at either ends of housing which consists of the
motor and the solar panel. These switches help to limit the movement of
the solar panel. The switch is normally in the OFF state. As the panel
touches the limit switch, the limit switch goes to ON state and

simultaneously a signal is generated at the ports of the micro controller.




3.3 CONTROL UNIT :
Control unit is the most important part of any hardware circuitry. This
mainly consists of the following. They are
1. Analog to Digital converter,
Microcontroller,
Programnmable Peripheral Interface,
Decoder and
Latch.

The whole control circuitry is shown below.

A A

||

sv S
W
™o oo ® lao . 180 g
rrea » 3 1% B Ally ]9—-—.“]
—_ wfol 3 2 rE £ L3 /™2
» i L r——
2 —_"‘.L;L: A7 4 = fs.f. £ A0 Han Py Lo I
;: o—Pit]l 3 v B o1s : AN {4y Ty e
a5 o] sl wpoig s ¥ sfE—s 23, PR TR
als o ;? o Er;nr ’ . 3 192 - |0 24 RS
h&i 2 2 — a3 8 A 0 2u P87
.__1"5 P 121 3 ,0.1 405 20
204 [,
iz ruol, o 25 wr
ey o—==, ——s
l_c:; m:&; I - ALY a7 g
PR,
- & 5 lio¥1 NN § & 14 -:—ﬁ——
a—:é_‘_u b gz 15 4
22, EI 16 2
_— o—%—m & PAdy
. : 4
—tii —r g P?L‘I?I o " 5 )
— . o -~ 2 oo
e e P28 o p P
o0 ? Rl o Lo T ap |EA4
5 N M —- 4 E
e 1. 8 J—a w25 o o[BS
L S 2?13-9—“? a8 [P
L] - bApLL A
1 2
121 20 s
: L @JIS

Fig 3.3 Control Circuitry




3.3.1 ANALOG TO DIGITAL CONVERTER :

In our project, the two LDR' s which are placed at both ends of the solar
panel detects the intensities of light and are converted to equivalent
digital signals before it is given to a micro controller for further
processing. The method of conversion of the voltage signal from analog
to digital is explained below.

The ADC 0809 has an eight bit resolution. It works with a supply voltage
of 5V and has a conversion time of about 100 micro seconds. It operates
at a wide range of clock frequencies (10Khz - 1280Khz) and
temperatures.

The ADC 0808/0809 is an 8-bit analog to digital converter with 8-
channel inbuilt Multiplexer. It is the monolithic CMOS device
manufactured by the National semiconductors. It uses the principle of
successive approximation technique for the conversion process. The 8-
channel Multiplexer can directly access any of the 8-single-ended analog
signals. The converter features a high impedance chopper stabilized
capacitor and a successive approximation register (SAR) . It is free from
external zero and full-scale adjustments. Easy interfacing to
microprocessors or micro controllers are provided by the latched and
decoded multiplexes address inputs and latched TTL TIR-STATE
outputs. The design of the ADC 0808/0809 has been optimized by

The 0808/0809 ADC offers following advantages.
* High speed,

. High accuracy

. Minimal temperature dependence
. Excellent long term accuracy and repeatability
. Consume minimal power
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The heart of this ADC is the successive approximation register (SAR).
On receipt of the 1st CLK at start of the SC cycle, the SAR outputs a high
on its MSB. The DAC and the amplifier convert this to an analog voltage
and apply to one of the inputs of the comparator, the comparator will go
low to indicate to the SAR to turn OFF that bit because it is too large. If
the output voltage from DAC is less than he input voltage, the comparator
output will be high to indicate to the SAR to keep that bit ON. On receipt
of the next pulse, the SAR will turn ON the next MSB to DAC. Based on
the answer, it produces from the comparator; the SAR will keep or
RESET the bit. The SAR proceeds in this manner down to the LSB,
adding each bit to the total in turn and using the signal from the
comparator to decide whether to keep that bit in the result or not. Only 8-
CLK pulses are needed to do the actual conversion signal to indicate the
completion of the process. The EOC signal is used to strobe the binary

result into some latches where it can be read by a microcomputer.

SAMPLE & HOLD CIRCUIT:

This ADC 0808/0809 does not contain the sample-and-hold circuit. If a
sample-and-hold circuit is required, it could be connected before the
multiplexes. The pin configuration of the ADC 0808/0809 where as the
figure is its timing diagram. The input states for the address lines to select
any particular channel. The address latched into the decoder on the low-

to-high transition of the address latch enable signal.

NEED FOR SAMPLE AND HOLD CIRCUIT :

As discussed, the ADC takes finite time, called the conversion time, to
give a digital output to corresponding analog input value. If the analog
Input signals are not stable during conversion time, the digital output will

not be the true representation of its analog value. This may lead to error

11




in digital converted data. This error will be some function of the highest
frequency and uncertainty in time. In order to overcome this problem, the
sample and hold (S/H) circuit is used. This increases the system band
width (BW) without change in the accuracy.
The sample and hold circuit has two modes;

Sample mode

Hold mode
In the sample mode, the output follows the input with unity gain.
Whereas in the hold mode, it retains the last value of the sample when the
switch was opened.
The basic sample and hold circuit consists of a switch and a capacitor.
When the switch is closed, the capacitor is charged to the instantaneous
value of the input signal voltage and when it is opened, it holds the
voltage. This process of charging and holding the voltage assumes very
high value of load impedance. If the load impedance is not high, then the
charge on the capacitor will, start leaking through the low value of the
load impedance and the held voltage will never be constant.
The ideal waveform of the simplest sample and hold circuit. If the time
constant RC is very small, the capacitor C will be charged to the sample
value very rapidly. Hence during the sample interval, the sample voltage
very closely follows the input voltage and during the hold interval, the
capacitor holds the sampled value. There are many types of deviations
from the ideal situation. The important specifications worth mentioning
for the selection of switches are

Aperture time; and

Acquisition Time.

12




3.3.2 MICROCONTROLLER :

The digitalized signals from the ADC is fed to port 0 ( pin 39 - pin 32).
The output is taken through port 1 (P1.2 - P1.3) and given to the driver
circuit. The two digitalized signals are compared with each other in order
to decide the direction of rotation of solar panel. A tolerance value of +5
(0000 0101) or -5 (1111 1011) is maintained. The differential digitalized
voltage is then calculated and compared with the tolerance value. If the
differential value is greater than the tolerance value then a signal is
generated at the output port which activates the relay and in turn drives
the motor and the panel. If the differential digitalized value is lesser than
or equal to the tolerance value, no signal is generated and hence motor
will not rotate. Port 1.0 and Port 1.1 are connected to two limit switches.
The sun rises in the east and sets in the west. After sunset, the panel is
supposed to come to the east direction in order to perform tracking for

the next day. Hence the micro controller is programmed in such a way
that once the panel touches the limit switch in the west direction, it
returns to the east direction without tracking. The internal working of
micro controller is explained below.

A Micro controller consists of a powerful CPU tightly coupled with
memory RAM, ROM or EPROM), various I / O features such as Serial
ports, Parallel Ports, Timer/Counters, Interrupt Controller, Data
Acquisition interfaces-Analog to Digital Converter (ADC), Digital to
Analog Converter (DAC), everything integrated onto a single Silicon
Chip.

Any microcomputer system requires memory to store a sequence of
instructions making up a program, parallel port or serial port for
communicating with an external system, timer / counter for control
purposes like generating time delays, Baud rate for the serial port, apart

from the controlling unit called the Central Processing Unit.




ADVANTAGES OF MICROCONTROLLERS:

1. If a system is developed with a microprocessor, the designer has to
go for external memory such as RAM, ROM or EPROM and
peripherals and hence the size of the PCB will be large enough to
hold all the required peripherals. But, the  micro controller has
got all these peripheral facilities on a single chip so development of
a similar system with a micro controlier reduces PCB size and cost
of the design.

One of the major differences between a micro controller and a
microprocessor is that a controller often deals with bits , not bytes as in
the real world application, for example switch contacts can only be open
or close , indicators should be lit or dark and motors can be either turned

on or off and so forth.

FEATURES OF AT89C51
SERIES: 89C51 Family
TECHNOLOGY: CMOS
The major Features of 8-bit Micro controller ATMEL 89C51
. 8 Bit CPU optimized for control applications
. Extensive Boolean processing (Single - bit Logic )
Capabilities.
. On - Chip Flash Program Memory
. On - Chip Data RAM
. Bi-directional and Individually Addressabie [/O Lines
. Multiple 16-Bit Timer/Counters
. Full Duplex UART
o Multiple Source / Vector / Priority Interrupt Structure

. On - Chip Oscillator and Clock circuitry.

14




. On - Chip EEPROM
1 SPI Serial Bus Interface

. Watch Dog Timer

POWER MODES OF ATMEL 89C51 MICROCONTROLLER:
To exploit the power savings available in CMOS circuitry. Atmel ’s Flash
micro controllers have two software-invited reduced power modes. They

are,

IDLE MODE:
The CPU is turned off while the RAM and other on - chip peripherals
continue operating. Inn this mode current draw is reduced to about 15

percent of the current drawn when the device is fully active.

POWER DOWN MODE;:
All on-chip activities are suspended while the on — chip RAM continues
to hold its data. In this mode, the device typically draws less than 15

Micro Amps and can be as low as 0.6 Micro Amps

POWER ON RESET:

When power is turned on, the circuit holds the RST pin high for an
amount of time that depends on the capacitor value and the rate at which
it charges.

To ensure a valid reset, the RST pin must be held high long enough to
allow the oscillator to start up plus two machine cycles. On power up,
Vee should rise within approximately 10ms. The oscillator start-up time
depends on the oscillator frequency. For a 10 MHz crystal, the start-up

time is typically 1ms.With the given circuit, reducing Vcc quickly to 0

15




causes the RST pin voltage to momentarily fall below 0V. However, this

voltage is internally limited and will not harm the device.

MEMORY ORGANISATION

FLASH ROM:

4-kilo byte ROM is available in the Micro controller. It can be erased and
reprogrammed. If the available memory is not enough for your program,
you can interface the external ROM with this IC, it has 16 address lines,
so maximum of (2°16) i.e. 64 bytes of ROM can be interfaced with this
Micro controller. Both internal and external ROM cannot be used
simultaneously.

For external accessing of ROM, A pin is provided in Micro controller
itself is i.e. pin no.31 EA should be high to use internal ROM, low to use
external ROM

RAM:

Internal 256 bytes of RAM are available for user. These 256 bytes of
RAM can be used along with the external RAM. Externally you can
connect 64-kilo bytes of RAM with micro controller. In internal RAM
first 128 bytes of RAM is available for user and the remaining 128 bytes
are used as special function registers (SFR). These SFR’s are used as

control registers for timer, serial port etc.

INPUT/ OUTPUT PORTS:

There are four /O ports available in AT89C51. They are port 0, port 1,
port 2, and port 3. All these ports are eight bit ports. All these ports can
be controlled as eight-bit port or it can be controlled individually. One of
the main feature of this micro controller is it can control the port pins

individually. In 89CS51 port 1 is available for users Port 3 is combined
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with interrupts. This can be used as interrupts (or) I/O ports, ports 2 &
port 0 is combined with address bus & data bus. This Micro controller is
working in a speed of maximum of 24dMHz. Program memory can only
be read. There can be up to 64K bytes of directly addressable program
memory. The read strobe for external program memory is the Program
Store Enable Signal (PSEN) Data memory occupies a separate address
space from program memory. Up to 64K bytes of external memory can
be directly addressed in the external data memory space. The CPU
generates read and write signals, RD and WR, during external data
memory accesses. External program memory and external data memory
can be combined by a applying the RD and PSEN signals to the inputs of
AND gate and using the output of the fate as the read strobe to the
external program/data memory.

All these port lines are available with internal pull-ups except port 0. If
we want to use port 0 as I/O port we have to use pull up resistors.

This Micro controller is working in a speed of maximum of 24MHz. This
micro controller is available with inbuilt oscillator; just we have to
connect the crystal to its terminal.

All Atmel Flash micro controllers have separate address spaces for
program and data memory. The logical separation of program and data
memory allows the data memory to be accessed by 8 bit addresses .
Which can be more quickly stored and manipulated by an 8 bit CPU
Nevertheless 16 Bit data memory addresses can also be generated through
the DPTR register.

Program memory can only be read. There can be up to 64K bytes of
directly addressable program memory. The read strobe for external
program memory is the Program Store Enable Signal (PSEN) Data
memory occupies a separate address space from program memory. Up to

64K bytes of external memory can be directly addressed in the external

17




data memory space. The CPU generates read and write signals, RD and
WR, during external data memory accesses. External program memory
and external data memory can be combined bya applying the RD and
PSEN signals to the inputs of AND gate and using the output of the fate

as the read strobe to the external program/data memory.

PROGRAM MEMORY:

Fig 3.3.2 shows the map of the lower part of the program memory, after
reset, the CPU begins execution from location 0000h. As shown in Fig
each interrupt is assigned a fixed location in program memory. The
interrupt causes the CPU to jump to that location, where it executes the

service routine. External Interrupt 0 for example, is assigned to location
0003h.

—= 0033h
Timer 2 -] 002Bh
Serial Port — 0023h
Tirrer |  —=r 001Bh
Extermnal 8 Biytes
Inferrapti ™™ 0013k —
Titaer 0 —=r 000BR
Extermat
’ Interrupt0 __| 0003k
Reset —= 0000k
Fig 3.3.2 Program memory

If external Interrupt O is used, its service routine must begin at location
0003h. The interrupt service locations are spaced at 8 byte intervals
0003h for External interrupt 0, 000Bh for Timer 0, 0013h for External
interrupt 1,001Bh for Timerl, and so on. If an Interrupt service routine is
short enough (as is often the case in control applications) it can reside
entirely within that 8-byte interval. Longer service routines can use a

jump instruction to skip over subsequent interrupt locations. If other

18




Interrupts are in use. The lowest addresses of program memory can be

cither in the on-chip Flash or in an extemal memory, To make thi

selection, strap the External Access (EA) pin to either Vee or GND. For

example, in the AT89CS1 with 4K bytes of on-chip Flash, if the EA pin is
strapped to Vce, program fetches to addresses 0000h through 0FFFh are
directed to internal Flash. Program fetches to addresses 1000h through

FFFFh are directed to external memory.

DATA MEMORY:

The Internal Data memory is dived into three blocks namely,
% The lower 128 Bytes of Internal RAM.
<*  The Upper 128 Bytes of Internal RAM.

% Special Function Register.

Internal Data memory Addresses are always 1 byte wide, which implies
an address space of only 256 bytes. However, the addressing modes for
intenal RAM can in fact accommodate 384 bytes. Direct addresses
higher than 7Fh access one memory space, and indirect addresses higher
than 7Fh access a different Memory Space.

The lowest 32 bytes are grouped into 4 banks of 8 registers. Program
instructions call out these registers as RO through R7. Two bits in the -
Program Status Word (PSW) Select, which register bank, is in use. This
architecture allows more efficient use of code space, since register
instructions are shorter than instructions that use direct addressing.

The next 16-bytes above the register banks form a block of bit
addressable memory space. The micro controller instruction set includes a
wide selection of single - bit instructions and this instruction can directly
address the 128 bytes in this area. These bit addresses are 00h through

7Fh. either direct or indirect addressing can access all of the bytes in
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lower 128 bytes. Indirect addressing can only access the upper 128. The
upper 128 bytes of RAM are only in the devices with 256 bytes of RAM.
The Special Function Register includes Ports latches, timers, peripheral
controls etc., direct addressing can only access these register. In general,
all Atmel micro controllers have the same SFR's at the same addresses in
SEFR space as the

AT89C51 and other compatible micro controllers. However, upgrades to
the AT89CS51 have additional SFR's. Sixteen addresses in SFR space are
both byte and bit Addressable. The bit Addressable SFR's are those
whose address ends in 000B. The bit addresses in this area are 80h
through FFh.

PROGRAM STATUS WORD:
Program Status Word Register in Atmel Flash Micro controller:

CY | AC| FO| RS1| RSO| OV | | P

i i i i i 1
PSW 7 —PSWO
PSW 6 A__I 1 PSWI

PSW 5 PSW 2
PSW 4 PSW 3
PSW 0:

Parity of Accumulator Set By Hardware To 1 if it contains an Odd
number of 1s, Otherwise it is reset to 0.

PSW1:

User Definable Flag
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PSW2:

Overflow Flag Set By Arithmetic Operations
PSW3:

Register Bank Select

PSW4:

Register Bank Select

PSWS5:

General Purpose Flag.

PSWé:

Auxiliary Carry Flag Receives Carry Out from
Bit | of Addition Operands

PSW7:

Carry Flag Receives Carry Out From Bit 1 of ALU Operands.

The Program Status Word contains Status bits that reflect the current state
of the CPU. The PSW shown if Fig resides in SFR space. The PSW
contains the Carry Bit, The auxiliary Carry (For BCD Operations) the two
- register bank select bits, the Overflow flag, a Parity bit and two user
Definable status Flags.

The Carry Bit, in addition to serving as a Carry bit in arithmetic
operations also serves the as the “Accumulator” for a number of Boolean
Operations .The bits RSO and RS1 select one of the four register banks. A
number of instructions register to these RAM locations as RO through
R7.The status of the RSO and RS1 bits at execution time determines
which of the four banks is selected.

The Parity bit reflect the Number of Is in the Accumulator .P=1 if the
Accumulator contains an even number of 1s, and P=0 if the Accumulator

contains an even number of ls. Thus, the number of 1s in the
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Accumulator plus P is always even. Two bits in the PSW are

uncommitted and can be used as general-purpose status flags.

INTERRUPTS :

The AT89CS51 provides 5 interrupt sources:

Two External interrupts, two-timer interrupts and a serial port interrupts.
The External Interrupts INTO and INT1 can each either level activated or
transition - activated, depending on bits ITO and IT1 in Register TCON.
The Flags that actually generate these interrupts are the IEO and IE1 bits
in TCON. When the service routine is vectored to hardware clears the
flag that generated an external interrupt only if the interrupt WA
transition - activated. If the interrupt was level - activated, then the
external requesting source (rather than the on-chip hardware) controls the
requested flag.

Tf0 and Tfl generate the Timer 0 and Timer 1 Interrupts, which are set
by a rollover in their respective Timer/Counter Register (except for Timer
0 in Mode 3). When a timer interrupt is generated, the on-chip hardware
clears the flag that generated it when the service routine is vectored to.
The logical OR of RI and TI generate the Serial Port Interrupt. Neither of
these flag is cleared by hardware when the service routine is vectored to.
In fact, the service routine normally must determine whether RI or TI
generated the interrupt and the bit must be cleared in software.

In the Serial Port Interrupt is generated by the logical OR of RI and TI
Neither of these flag is cleared by hardware when the service routine is
vectored to. In fact, the service routine normally must determine whether

RI to TI generated the interrupt and the bit must be cleared in software.
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IE: Interrupt Enable Register

EA | - ET2| ES | ET1| EX1} ET0| EX0
Enable bit = 1 enabled the interrupt
Enable bit = 0 disables it.

OSCILLATOR AND CLOCK CIRCUIT:

XTALI and XTAL? are the input and output respectively of an inverting
amplifier which is intended for use as a crystal oscillator in the pierce
configuration, in the frequency range of 1.2 MHz to 12 MHz, XTAL2
also the input to the internal clock generator.

To drive the chip with an internal oscillator, one would ground XTALI
and XTAL?2. Since the input to the clock generator is divide by two flip
flops there are no requirements on the duty cycle of the external oscillator
signal. However, minimum high and low times must be observed.

The clock generator divides the oscillator frequency by 2 and provides a
tow phase clock signal to the chip. The phase 1 signal is active during the
first half to each clock period and the phase 2 signals are active during the

second half of each clock period.

CPU TIMING:

A machine cycle consists of 6 states. Each stare is divided into a phase /
half, during which the phase 1 clock is active and phase 2 half.
Arithmetic and Logical operations take place during phasel and internal

register - to register transfer take place during phase 2.
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3.3.3 PROGRAMMABLE PERIPHERAL INTERFACE :

wf s
X, 1ofEl
. oz,
;5]—34 S,
o] 2ii—
2 nBE_ L
5> 240 —e
2] Fe7
405 2% 2 5V
=%
&2& uwy T
D7 4
e oo
—& 14 B
e [T
6 L g
]
4 PAD j
3 Pad o
> [P &
! foaa a
40
30 |22 9
I E
a7 oy
5 36
]
a%l

Fig 3.3.3 Programmable Peripheral Interface

The digitalized digital data from ADC is sent to the port A of
programmable peripheral interface and the output is obtained at port B
and lower part of port C (PCO - PC3). This output is then given to the
LCD display as shown in the above figure 3.3.3.

The 8255 is a widely used programmable parallel /O device. It can be
programmed to transfer data under various conditions from simple I/O to
interrupt I/O. The 8255 has 24 1/O pins that can be grouped primarily in
two 8 bit parallel ports : A & B with the remaining 8 bits as port C. The 8
bits of port C can be used as individual bits or be grouped into two 4 bit
ports : C upper and C lower. The functions of 8255 can be classified into

two modes :

1. Bitset/ Reset (BSR)
2. 170 Mode.
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The BSR mode is used to set or reset the bits in port C. The I/O mode is
further divided into 3 modes :

1.Mode 0,

2.Mode 1 and

3.Mode 2
In mode 0, all ports function as simple 1/O ports.
Mode 1 is a handshake mode, whereby ports A &/or B use bits from port
C as handshake signals.
In mode 2, port A can be setup for bi-directional data transfer using
handshake signals from port C and port B can be setup either in mode 0

or mode 1.

3.3.4 DECODER LS 74139

It is a 2x4 decoder with 2 binary weighted inputs (B, A or Al, AQ)and
one active low enable input. When it is enable, one of the 4 output signals
corresponding to the decimal equivalent of the input goes active low.

When it 15 not enabled all output signals remain high.

3.3.5 LATCH LS 74373

It is a 4 bit latch, each pair of bits is controlled by high enable input E. It
also has complementary outputs (Q and Q’). The information at D input
is transferred to Q output when E is high and Q follows D input as long as
E is high. When E goes low D input is latched at the output and remains
latched until E goes high again.
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3.4 LCD DISPLAY :

The intensities of the LDR' s placed in the east direction and west
direction are displayed along with the battery voltage.

Liquid crystal displays (LCD's) have materials which combine the
properties of both liquids and crystals. Rather than having a melting
point, they have a temperature range within which the molecules are
almost as mobile as they would be in a liquid, but are grouped together in
an ordered form similar to a crystal.

An LCD consists of two glass panels, with the liquid crystal material sand
witched in between them. The inner surface 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 orientation angle. One each polarisers are
pasted outside the two glass panels. These polarisers 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 two
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
through the LCD would be rotated by the polarisers, which would result
in activating / highlighting the desired characters. The LCD’s are
lightweight with only a few millimeters thickness. Since the LCD’s
consume less power, they are compatible with low power electronic
circuits, and can be powered for long durations.

The LCD’s don’t generate light and so light is needed to read the display.
By using backlighting, reading is possible in the dark. The LCD’s have
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long life and a wide operating temperature range. Changing the display
size or the layout size is relatively simple which makes the LCD’s more
customer friendly.

The LCD's used exclusively in watches, calculators and measuring
instruments are the simple seven-segment displays, having a limited
amount of numeric data, The recent advances in technology have resulted
in better legibility, more information displaying capability and a wider
temperature range. These have resulted in the LCD's being extensively
used in telecommunications and entertainment electronics. The LCD's
have even started replacing the cathode ray tubes (CRTs) used for the

display of text and graphics, and also in small TV applications.

3.5 DRIVER CIRCUIT:

The supply to the driver circuit is given by means of a battery which is
charged by the electrical energy obtained from the solar panel. Hence no
external supply is required. The driver circuit consists of the following
components. They are

1. Relay Control

2. DC Motor

3.5.1 RELAY CONTROL :

The supply from the battery is given to the NO (Normally Open) terminal
which drives the motor. The input signal to the relays is obtained from the
output ports of the micro controller (P1.2 - P1.3) which is used to
energize the relay. Based on the signal from the micro controller, the
relay operates the motor in the forward or reverse direction.

Relays are electromechanical devices. In this circuit transistor BC547 is

used as a switch. The control signal is given to the base terminal of the
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transistor. The collector is attached to the relay coil. There are two types

of relays.

1. Normally closed

2. Normally opened
We are using normally opened type relay. When the controller output
from the micro controller is high the transistor will be in the ON state, so
relay is energized. When the controller output from the micro controller
is low the transistor will be in the OFF state, so relay is de-energized the
valve will open. When the relay is de-energized the valve will close. So
according to the controller output the valve will open or close and thus

level 1s maintained.

€OM

g Vol
a ;Nul‘? e

RELAY

I §||-—-—-—_—- oL 0 Load

Fig 3.5.1 Relay circuit
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3.5.2 DC MOTOR:

The drive along with the relay consists of a permanent magnet DC motor.
The supply to the DC motor is given through the relay. The direction of
rotation of shaft is either in the forward or reverse direction. For forward
rotation of the motor the supply from the relay is given to the positive and
negative terminals of the motor respectively. If the supply is reversed the
motor rotates in reverse direction. The forward or the reverse movement
of the motor helps to rotate the solar panel in the west or the east
direction respectively. The DC drive has an inbuilt gear which reduces
the produced RPM to 30 rpm . The following are the specifications for

the permanent magnet DC motor

Rated Voltage (DC) 112V,
Rated Amps (DC) 1.5 Al
Rated Power (DC) ;18 W,
Rated Speed : 30 rpm.

The permanent magnet is an important excitation source commonly
employed for imparting energy to magnetic circuits used in rotating
machines and other types of electron mechanical devices. There are three
classes of permanent magnetic materials used for permanent magnet DC
motors(PMDC). They are Alnico, ceramics and rare earth materials.
Alnico magnets are used in motors upto 200KW while ceramic magnets
are most economical in fractional KW motors. The rare earth magnetic
materials are very costly, but are the most economic choice in various
small motors. The latest addition is neodymium-iron boron. At room
temperature, it has highest energy products of all commonly available
magnets. The high permeance and coercivity allow marked reduction in
motor frame size for the same output compared to motors using ceramic

magnets. For very high temperature applications alnico or rare earth
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cobalt magnets must be used. A number of new permanent magnetic
materials - ceramics and rare earth magnetic materials have become
available commercially. These materials have high residual flux as well
as high coercivity. Smaller fractional and sub fractional HVDC motors
are now constructed with permanent magnet poles. As no field windings
are needed, so no field current and continuous field loss. As a result
PMDC motors are smaller in size than the corresponding rated field
wound type motors, this fact partially off-sets the high cost of permanent
magnets. These motors offer shunt type characteristic and can only be
armature controlled. The risk of permanent magnetism getting destroyed
by armature reaction (at starting/reversing or heavy over-loads) has been

greatly reduced by the new PM materials.

MECHANICAL MODELLING :
The panel is mounted on the DC motor by using a suitable gear
arrangement. In order to rotate the panel this rpm produced is very high.

Hence in order to reduce the rpm gear reduction technique is employed.

Fig 3.5.2 Mechanical model
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In the above fig 3.5.2, Blue colored cylinder represents the DC motor ,
Blue colored Pinion represents the gear which has 20 teeth’s , Red
colored pinion represents the gear with 54 teeth’s and Green colored
pinion represents the gear with 72 teeth’s . Speed reduction is done using
the following calculation

Reduced speed = present shaft speed/Gear ratio.

Gear ratio = Qreater teethed gear/smaller teethed gear.

Now the shaft speed of the DC motor is 30 rpm. First it is reduced by a
gear ratio of 54/20. then that reduced speed is further reduced by a gear
ratio of 72/20 to 3 rpm approximately

That is

Gear ratio | =54/20=2.7
Reduced speed  =30/2.7=11.11 rpm
Gear ratio 2 =72/20 =3.6

Final speed required for rotating solar panel = 11.11/3.6 = 3.08 rpm
Thus the speed is reduced to 1/10™ of the shaft speed.

SOLAR PANEL :

The solar panel which we have used in our project is manufactured by
BHEL, India and it has an array of 72 cells (8 rows and 9 columns). The
cells used in the solar panel are photo voltaic cells.

These cells are made from silicon which is abundantly available on the
earth’s surface. Photovoltaic cells have the unique property of converting
light energy into electrical energy. A glass covering is placed above the
cells. Glass has the unique property of refraction that is it allows the sun’s
rays to pass through it but prevents it from getting reflected. The glass
covering also acts as a protective shield to the photo voltaic cells. The
electrical energy produced is stored with the help of a battery. Following

are the specifications of solar panel.

3]




Rated voltage = 20V (max).

Rated power = 12W (max).
Rated current = 0.6A.
BATTERY :

The main source of power for our project is obtained from a 12V DC
rechargeable battery. The electrical energy obtained from the solar panel
is used to charge the battery. The battery is used to supply voltages to the
various components like relay, micro controller, DC motor and to a fan
type load which is used as an application. The supply to the micro

controller is regulated using an IC 7805 regulator.
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CHAPTER 4
ALGORITHM AND OPERATION

Automatic tracking system for solar panel consists of one main program

and four sub routines. They are

1. Read - Used to read data from the sensing circuit

2. Write - Used to write the data into the micro controller

3. Control - To check whether the values lie with in the
limits and further operation is carried

4. Display - The values like east LDR intensity, west LDR

intensity and battery voltage are displayed in
LCD

ALGORITHM FOR MAIN PROGRAM:
Step 1: Start.

Step 2: Initialize relay 1 and relay 2 to zero.
Step 3: Call the subprogram, read.

Step 4: Call the subprogram, write.

Step 5: Call the subprogram, control.

Step 5: Call the subprogram, display.

Step 6: Stop.

ALGORITHM FOR SUBPROGRAMS
READ :

Step 1: Initialize port b.

Step 2: Initialize port ¢ = 0x04 and give a delay .
Step 3: Initialize port ¢ = 0x00 and give a delay.

Step 4: Return to main program.




WRITE :

Step 1: Initialize port b.

Step 2: Initialize port ¢ = 0x05 and give a delay .
Step 3: Initialize port ¢ = 0x01 and give a delay.

Step 4: Retun to main program.

CONTROL :
Step 1: The values data_adc0 and data_adcl are compared. If
data_adc0 > data_adc! calculate error. If not goto step 3

Step 2: If this error > 5 and keyl ==1 setrelay 1 = 1 and relay 2 =10
else both the relays are set to zero. Goto step 6

Step 3: If data_adc0O < data_adcl calculate error.

Step 4: If this error > 5 and key2 = =1 set both the relays to 1 else set
both the relays to zero. Goto step 6

Step 5: When key 2 is pressed the relay 1 is set to 1 and relay 2 to zero

Step 6: Return to main program.

DISPLAY :
Step 1: Display the values of east intensity, west intensity and battery
voltage in LCD through programmable peripheral interface.

Step 2: Return to main program.

34




OPERATION:

The operation of automatic tracking system for solar panel is as follows.
Two LDR's are kept at opposite ends of the panel such that one facing
towards east and other towards west. Two limit switches are oppositely
placed at the end of the base plate beyond which the panel can’t rotate.
The intensity of the LDR's decreases with increase in sunlight. Hence the ’
panel rotates where the intensity of the LDR is less. An error of +5% or -
5% 1s maintained between the LDR values. These analog values are then
given to ADC 0809 at I/P port. ADC converts these analog values into
their respective digital equivalents. The digital equivalent obtained is an
eight bit data. This eight bit data is then fed to the micro controller
(AT89C51) through port 0 (pin 39 - pin 32). The output is taken through
port 1 (P1.2 - P1.3) and given to the driver circuit. The two digitalized
signals are compared with each other in order to decide the direction of
rotation of solar panel. A tolerance value of +5 (0000 0101) or -5 (1111
1011) is maintained. The differential digitalized voltage is then calculated
and compared with the tolerance value. If the differential value is greater
than the tolerance value then a signal is generated at the output port
which activates the relay and in turn drives the motor and the panel. If the
differential digitalized value is lesser than or equal to the tolerance value,
no signal is generated and hence motor will not rotate. Port 1.0 and Port
1.1 are connected to two limit switches. The sun rises in the east and sets
in the west. After sunset, the panel is supposed to come to the east
direction in order to perform tracking for the next day. Hence the micro
controller is programmed in such a way that once the panel touches the
limit switch in the west direction, it returns to the east direction without
tracking. The supply to the motor is given by means of a relay. The

direction of rotation of the motor either forward or reverse is also decided

by the signals given to the relays. The power obtained from the panel is
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stored in a battery from which the power is fed to driver circuit,
application and various system components in the hardware circuitry like
micro controller, ADC, decoder, LCD, programmable peripheral interface

etc.
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CHAPTER 5
RESULTS AND COMPARISON

By employing the automatic tracking system for solar panel the following

results are obtained.

1. Solar panel output - 12W, 19.5V
2. Battery voltage - 12V, 5A
3. DC motor rating - 12V, 18W, 1.5A

The output voltage of solar panel is kept almost same from morning to
evening with the help of tracking. The output voltage is stored in a battery
from which the supply is given to the permanent magnet DC motor, relay
unit and to the various system components through voltage regulators.
Hence, our project does not need any external power supply for various
components present in the hardware circuitry.

To prove that our project is more effective than the conventional static
solar panels a comparative study has been made by measuring voltages
from morning sunrise to sunset for every two hours and the results are
tabulated as follows.

TABLE 5.1 COMPARATIVE STUDIES

TIME WITH TRACKING WITHOUT
(Hrs) 2] TRACKING (V)
6.30 12.5 12.5

8.30 19.25 18.85
10.30 18.87 18.34
12.30 18.8 18.31
14.30 19.61 17.6

16.30 18.8 17.3

18.30 15.3 12.05
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A graph is drawn by taking time along x-axis and voltage along y-axis for
the readings tabulated above. The variations are shown graphically in the

form of chart below.
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CHAPTER 6
CONCLUSION

6.1 GENERAL :

A micro controller based automatic tracking system for solar panel has
been designed and tested successfully in areas which receive adequate
suns rays throughout the year. The main advantage of our project is that
no external power supply is required. The conventional models which are
being used in the market today are static in nature and because of this the
efficiency depends upon the fall of rays .The project we have developed
is working based on the LDR sensed directions and there by it increases
the efficiency of the solar tracking system. As we have used LDRs in our
project, it is very sensitive to variations of light .The existing system
consists of GPS system which is costly and cannot be used by majority of
the population. The system implemented by us is much cheaper when

compared with GPS system and at the same time efficient

6.2 FUTURE ENHANCEMENT :
The working model is a prototype of the DC solar water pump. The
working model can also be further extended to fields such as street

lighting, emergency lamps etc.

6.3 EPILOGUE :

The project Automatic Tracking System For Solar Panel is a new opening
in the field of solar energy utilization. The project is developed taking
into consideration the future developments that will take place in the forth
coming days. But at any point of time and technology the main aim of the
project is to use sun's rays effectively and efficiently for the human

welfare.
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PROGRAM :

# include <reg51.h>

void control( );

void all_disp( );

void display( );

void htd (unsigned int);

void adcO( );

void adcl( );

void adc2( );

void led_init( );

void led_dis (unsigned char*,unsigned char);
void delay (unsigned int);

void read (unsigned char);

void write (unsigned char);

sbit relayl = P1°0;

sbit relay2 = P1/1;

sbit keyl =P12;

sbit key2 = P113;

pdata unsigned char ch0 _at_ 0x08;
pdata unsigned char chl _at_ 0x09;
pdata unsigned char ch2 _at 0x0a;
pdata unsigned char soc _at_0x10;
pdata unsigned char porta _at 0x18;
pdata unsigned char portb _at 0x!19;
pdata unsigned char portc _at 0xla;
pdata unsigned char cwr _at_ Ox1b;
unsigned char data_adc0,data_adc1,data_adc2,err;
unsigned char tenthous,thous,hund,ten,one,hund_r;
unsigned int tenthous_r,thous_r;
main( )

{

relayl = 0;

relay2 = 0;

led_init( );

read (0x80);

led_dis(" SOLAR TRACKING ",16);
read (0xc0);

led dis(" SYSTEM ",16);
delay (65000);

delay (65000);

delay (20000);
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while ( keyl)
{
relayl = 1;
relay2 = 0;
h
relayl = 0;
relay2 = 0
read (0x01);
while (1)
{
all disp( );
adcl();
htd (data_adc1);
read (0x83);
display( );
adcO( );
htd (data_adc0);
read (0x8a);
display( );
ade2 ();
htd (data_adc2);
read (0xCc);
display( );
if (data_adc0>240 && data_adc1>240)
{
while (key1)
{
relayl = 1;
relay2 = 0;
]
relayl = 0;
relay2 = 0;
i
control{ };
delay (25000);

b
}

void control( )

{
if (data_adc0>data_adcl)

{

err = data_adcO - data_adcl;
if (er>5 && keyl==1)
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{

relayl = 1;
relay2 =0,
}
else
{
relayl = 0;
relay? = 0;
}
}

else if (data_adcO<data adcl)
{
err = data_adcl- data_adcO;
if (err>5 && key2==1)
{
relay2 =1;
delay (50000);
delay (25000);
relayl=1;
!
else
{
relayl = 0;
relay2 = 0;
)
}
iflkey2==0)
{
while ( keyl)
{
relayl = 1;
relay2 = 0;
}
relayl =90;
relay2 = 0;
i}
void all_disp( )
{
read (0x80);
led dis (" E :",3);
read (0x87);
led dis (" W :",3);
read (0xc0);
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led_dis (" Battery Volt:",12);
}

void display( )

{

write (hund+0x30);
write (ten+0x30);

write (one+0x30);

}

volid htd(unsigned int air)
{

hund = air/100;

hund_r = air%100;

ten = hund_r/10;

one = hund _r%10;

}
void adc0( )

{

unsigned char x;
x = ch0;

delay (30);
data_adc0 = soc;

h
void adcl()

{

unsigned char x;
x =chl;

delay (30);

data adcl = soc;

}
volid adc2()

{

unsigned char x;
x = ch2;

delay (30);
data_adc2 = soc;
}
void led_init( )

{

cwr = 0x80;
read {0x38);
read (0x06);
read (0x0c);

b
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void led_dis(unsigned char *mess,unsigned char n)

{

unsigned char i;
for(i=0;i<n;i++)
{
write (mess[i]);
1)
void read(unsigned char i)
{
portb =1i;
portc = 0x04;
delay (125);
portc = 0x00;
delay (125);
}

void write(unsigned char 1)
{

portb = i;

portc = 0x05;

delay (125);

portc = 0x01;

delay (125);

}

void delay(unsigned int s)

{
while (s--);

}
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MICROCONTROLLER :

ATMEL 89C51
PIN DIAGRAM
P1.0 1 4[] vee
P11 {2 so|J Po.OADG
P12 [3 38 ] Po./AD1
P13 4 37[1 po.27AD2
P14 []5 361 PO.3/ADS
P15 s 3517 PO.4/ADS
P16 [(]7 U [J Po.saDS
P17 s 3] PO.BIADS
RST []3 320 po.7/aD7
RxvP3.0 [] 10 a[] Eawver
TxDP3.4 [ 11 30 |] ALE/PROG
INTO/P3.2 [] 12 291 PSEN
INTi/Pa3 [ 3 4[] P27iA5
T0/P3.4 [ 14 7[] P2.6/at4
T1/P3.5 [] 15 B[] P25/A13
WR/P36 [ 16 251 P2.4/A12
ROwP37 [ 17 4[] pz.3at1
XTAL2 [] 18 23] P2.27A10
XTALT [] 19 2[] P2.1/Ag
GND [] 20 21 P2.osa8
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Table 1. Detailled Pin Description

Symbol PRIP PLCC PQFF 110

Name and Functon

Addrass Latch Enable: Output putse for Iatching the low byte
cf the address during an address to the external memory, In
normal ogeration. ALE is emitted at a constant rate of 1/8 the
ascillator frequenicy, and can be used for external timing or
clocking. Note that one ALE pulse is skipped during each
access 10 extemnal data memory. This pin is also the Program
Pulse input (PROG) during Flash programmnting.

ALEPRCG a0 a3 27 s
EAep 31 35 29 |

External Access enable: EA must be externally held low to
enable the device tofetch code from external program memory
locations 0000M to FFFFH. if EA is held high, the device
executes from internal program memory unless the program
counter contains an address greater than OFFFH. This also
receives the 12V programming enable voltage (Vese) during
Flash programming.

PO.0-FD.7  39-32 43-36 ar-30 1o

Port 0: Port 0 is an 8-bit open-drain, bidirectional FQ port. Port
0 pinsthat have 1swritten to them float and can be used ag high-
impedance inputs. Port 0 is also the muliplexed low-order
address and data bus during accesses to external program and
data memory. In this application, it uses strong internal pullups
when emilting 1s.

Port ( also receives the code bytes during programmable
memory ramming and outputs the code byles during
program verification. Externial pullups are required during pro-
gram verification.

P10-P1.7 1-8 2-8 4044 O

Port 1: Port 1 is an 8-bit bidirectional VO port with internal
pullups. Port 1 pinsthat have 15 writter: to them are pulled high
by the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally pulled iow will source curmrent
because of the internal pultups. (See DG Characteristics: ii).
The Part 1 output bulfers can sink/souree four TTL inputs.

Port 1 alse receives the low-order address byte during Flash
programming and verification.

P2.0-P27 21.28 24-31 1825 IO

Port 2: Port 2 is an 8-bit bidirectional ¥O port with internal
pullups. Port 2 ping that have 1s written to them are pulled high
by the internal pullups and can be used as inputs. As inputs,
Fort 2 ping that are externally pulled low will source cumrent
because of the internal pullups. (See DG Characteristics: [iL).
Part 2 emits the high order address byte during fetches from
external program memaory and during accesses to external data
memaory that used 16-bit addresses (MOVX @ DPTRY). In this
application, Port 2 uges strong internal pullups when emitting
1s. Buring accesses to external data memory that use 8-bit
addresses (MOVX @ Ri[i= 0, 1]), Port 2 emils the contents of
the P2 Special Function Register.

Fort 2 also receives the high-order bits and some contrel
signals during Flash programming and verification. P2.6 and
P27 are the contrel signals while the chip programs and
erases.
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Symbol PDIP PLCC POFP 1O Nama and Function

P3.O-P37 1017 11, 13-18 5713 WO Port 3: Port 3 is an 8-bit bidirectional /O port with internal
pullups. Port 3 pins that have 1s writlen to them are putlled high
by the internaf puliups and can be used as inputs. As inputs,
Port 3 ping that are extemally pulled low will Source current
because of the intemal pullups. {See BC Charscteristics: I},
Fort3 alsoservesthe special features of the 1IS89C51, as listed
below:

16 1 5 I RuD (P3.0): Serial input port.

11 13 7 (o] TxD (P3.1): Serial output port.

12 14 8 i IRTD (P3.2): External interrupt 0.

13 15 g | INT1 {P3.3): External intemu ptt.

14 16 10 | T0 {P3.4): Timer O external input,

15 17 11 { T1 (P2.5): Timer 1 external input,

16 18 12 O MR (P3.6): External data memory write strobe,
17 19 13 O RO (P3.7): External data memory read strobe,

PEEN 29 22 28 o] Program Store Enable: The read strobe lo external program
memery, When the device is executing code from the extamal
program memory. PSEN is activated twice each machine cycle
except that two PSEN activations are skipped during each
access to external data memary. FSENis not activated during
fetches from internal program memory.,

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the
oscillator is running, resets the device, Aninternal MOS resistor
to GND permits a power-on reset using only an externsl
capacitor connected to Ve,

XTAL 1 19 21 15 { Crystal +: Input to the inverting oscillator amplifier and input
to the internal clock generator cireyits,

XTAL 2 18 20 14 o] Crystal 2: Qutput from the inverting oscillator amplifier.

GND 20 22 18 I Ground: OV reference.

Vee 40 44 a8 I Power Supply: This is the power supply voltage for operation.
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FLASH PROGRAMMING AND VERIFICATION CHARACTERISTICS AND WAVEFORMS

Table 14. Flash Programming and Verification Charactedstics®

Symbol Parameter Min Max Unit
Vep Programming Supply Voltage 1.8 125 v
1fee Oseillator Frequency as 12 MHz
tavee Address Setup to PROG Low a8 —_ teoL
tarax Agdress Hold after PROG 48 — T
tover, Data Setup to PROG Low 48 — torer
taox Data Hold after PROG. 48 — feree
tensH COND ENAB_L_EE Vi 48 e foc
tsHGL Vern Setup o PROG Low 10 — s
tarsy Veen Hold after PROG 10 —_

toLGH PRGE Puise Width 120 - us
toHoL PROG High to PROG Low 10 -

tavay Address o Data Valid — 48 tered
tELOV COND ENABLE to Data Valid _— 48 teeoy
tenecz Data Fﬂ_a_fter COND DISABLE — 48 teue,
teLGHE Erase PROG Pulse Width 200 — ms
tewoL COND DISABLE to Power Low 0 —_— ns
tron Power Off Time 10 —_ us
tPHEH Pewer On o Vep 10 —_— ms
tEHvH VeeL 1o COND ENABLE 0 o ns
Notes:

1. Ta=21°C to 27°C. Voo = 5.0V = 10%.

2. COND ENABLE and COND DISABLE ara generated and depend on the control signats on ping P25,
P2.7. P3.6 and P3.7. The signals set the device in to and out of diffsrent processing conditions, such
as programming condition, erasing condition, and verify conditior.
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AC CHARACTERISTICS
{Over Operating Range: GND = 0V Ct for Port 0. ALE and FBEN Outputs = 100 pF: Ct for Other Outputs = 80 pF)

EXTERNAL MEMORY CHARACTERISTICS

24 MHz 40 MHz Variable Oscillator
Clock Clock (3.5 - 40 MHz)
Symbol Parameter Min Max Min Max Min Max Unit
1hcict Osclllator frequercy —_ — — s 40 MHz
fear ALE puise width 68 — 35 — ZAeeet-15 e ns
tavLL Address valid to ALE low 28 - 10— ferc-15 — ns
tLoax Address hold after ALE low 3 e 15 tereL~10 — ns
taiv ALE low to valid instr in — 147 - 80 —_ Y20 ns
ey ALE low to PSEN low 31 - 15 telcl—10 — ns
teLen PSEN puise width 10— 60 — JHorc-15 — ns
teLy PSEN low to valid Instr in — 105 — 55 — =20 ns
bexix input instr hold after PSEN 0 0 — 0 —_ ns
toxiz input inst: float after PSEN — 37 - 20 — tcLoL-5 ns
taviy Address to valid instrin — 188 — 105 — Stere~-20 ns
trLA2 PSEN low 1o address float —_ 10 — 10 — 10 ns
e RH RD pulse width 230 — 130 — Storet—20 — ns
b WR pulse width 230 — 130 — Bleuc-20 — ns
tRL.DV RD low %o valid data in — 157 — 9 — Hoe-10 ng
tRADX Data hokd after RE 0 — 0 — 0 — ns
trnz Data float after RD — 78 — 45 — 2teun—b ns
Loy ALE low to valid data in - 282 — 165 — Tleret—10 ns
tavow Address to valid data in 323 -~ 190 — Bleia~10 ns
bive  ALE low to RD or R low 105 145 55 95 Hera—20 o+ ns
tavnn, Address to RD or WR low 146 — 80 Hewe =20 -— s
benwx Data valid to WR transition 26 10 — toLel=15 e ns
twmox Data hold after WR ) [— 15 teLel-10 —_ ns
fuaz RO low to address float w0 — 0 e ¢ ns
s D or WR high to ALE high 26 57 10 40 teicl-15 foot1S ns
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DC CHARACTERISTICS
{Over Operating Range; GND = ovy

Bymbol Parameter Test conditions Min Max Unkt
Vi, input low voltage (All except EA) ~0.5 0.2vVee ~ 0.1 v
Vit Input low voltage (EA) ~0.5 0.2vee - 0.3 v
Vin Input high voltage 0.2Vec+ 0.9 Vee + 0.5 v
(All except XTAL 1, RST }
V1 Inpat high vallage (XTAL 1) 0.7vee Vee + 0.5 \'
VscHt RST positive schmitt-trigger 0.7vVce Vee + 0.5 W
threshold voltage
Vit RET negative schimiti-rigger 0 0.2Vec v
threshokd voltage
Vioust Output low voitage ol = 100 A — 0.3 v
(Ports 1. 2, 3) oL = 1.6 mA - 0.45 1
loL = 3.5 ma — 1.0 v
VoL Output low voltage foL = 200 pA e 0.3 v
{Port 0, ALE, FSEN) loL = 3.2 mA, — 0.45 v
loL = 7.0 mA — 1.0 v
Vou Output high vokage loH=-10 pA 0.9vee — v
(Poits 1.2, 3, ALE, PSEN) Vee = 4,5V-5 5v
loL = =25 A 0.758Vee - v
loL = —80 pA 24 — v
Vo1 Qutput high vohage lon= w80 pA 0.9Vcc —_ v
(Port ©, ALE, PEEN) Voo = 4.5V-5.5V
fon = =300 A 0.75Vee — v
lon = =800 pA 24 _ v
fn, Logical 0 input current (Ports 1, 2, 3) Vin=0.45v - 80 pA
ILs input leakage current {Port 0) 045V < Vin < Voo =10 +10 pA
ERIN Logical 1-to-0 transition current Vin= 2.0V - ~550 KA
{Ports 1.2, 3)
Rasr RST puildown resister 50 300 K2
Note:

1. Under steady stale (non-transien

Maximum low per port pin: 10 mA,
Maxirmurm ot per 8-bit port

Port 0: 26 mA
Portg 1,2, 3: 15 mA

Maxirnurm total lce for all output pins: 71 mA
I lou exceeds the test condition, Voo may exceed ths related specification,
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ANALOG TO DIGITAL CONVERTER :

ADC 0809
PIN DIAGRAM
I3 —! 28 -2
INg =42 21
NS 13 26240
NG =4 25=ADD A
N7 =45 Z4p=ADD B
START —{6 23}—AmD ¢
EOC 37 22— AE
2543 21p=2""us8
QUTPUT EMABLE ~13 20 2*?
CLOCK =410 19p=2"3
Yoo =11 18274
Vege ()12 172813
GND—H13 16— Vpep (=)
2271y 15f-2"5
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BLOCK DIAGRAM
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Electrical Characteristics

Convarter SpacHications: V{;c“_‘s Yoc=Vagr ‘C'IREF‘—):‘GND. TMINsT,QSTm and fcmzm KkHz unlass otherwise stated.

Symbal Paramater Conditions Min Typ Max Units
ADCR08
Total Unadjusted Error 25C Tvh Ls8
{Note 5) Toaan 10 Tunaxe 1% LSE
ADCOB09
Torak Lnadjusted Errar 0Cio70°C 3] LSB
{Note 5) Toanrs 10 Traax $iv LSB
nput Resistancs From Ref{+) 10 Raf{~) 10 2.5 [ve]
Analog Inpur Vollage Range | {Note 4) V(+) of v({-} GND-0.10 Veot0.10 Voc
Vierge Voltage, Top of Ladder Maasunad al Ref{+) Veo Veet01 v
VREF(+)+ VAEF(~ Voltaga, Conter of Laddar Voef2-04 | Vo2 | Ved/240.1 v
b
Vrerr-s Voltage, Botiom of Ladder Measurad at Ref{-) -0.1 [0 Y
Wy Comparator inpes Cusrant 1.7840 kHz, {Note 6} -2 +0.5 2 179

Electrical Characteristics

Levels and DC Speclfications: ADCOBSCCN, ADCOSOSCCV, ADCOBOOCCH and ADCOBOSCCY, 4758V <525V,

"CT5+85°C unless ctherwisa natad

Symbol | Paramster [ Condmions | Min | Typ | Max | Units
ANALOG MULTIPLEXER
E— OFF Channel Leakage Current VeemSV. Vin™SV,
TA=25°C 10 200 A
Tuan 10 Toanx 1.0 LA
baeres OFF Channgl Leakage Curmant Ve =8V, V=0,
TAZ28°C ~200 -10 A
Toane 10 Taaax -1.0 pA
CONTROL INPUTS
Vinesy Lopical *1" Input Voltage Vo158 v
Vi Logical ‘0" Input Voltage 1.5 v
[ Logical “1” input Current V=15V 1.0 HA
{The Control inputs)
. Logical “0” Input Current Vin=0 10 pA
{Tha Control inputs}
loc Supply Current T =640 kHz 02 30 mA
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Electrical Characteristics {Continuad)

Digital Levels and DC

Specificatio
—40'CsT ,5+85'C unless otherwise noted

ns: ADCOBOSCCN, ADCOS0RCH

CV, ADCORSCCN and ADCOB0SCCY, 4.75<V 5525V,

Symbol | Parameter | Conditions | Mn | Typ | Max | Unns
DATA GUTPUTS AND EOC {INTERRUPT)
Voury Logical *1" Output Voltaga Voo = 475V
lour = -360pA 24 Vimin)
lour = ~10pA 45 V{min}
Vauro Lagical "0 Output Voltags I0%1.5 mA 045 v
[T Logical *¢* Oulput Voltage EQC lo=1.2 mA, 0.45 v
lour TRISTATE Quiput Cumrent Va=5v 3 (171
Vo= -3 pA
Electrical Characteristics
Timing Specifications Voo ™Vaeri ™. Vaer, “GND. 1,=4,520 ns and Ta=25C unless othetwise noted.

Symbol Parametet Condiione Min Typ Max Unite
Y Minimom Start Pulse Width {Eigura 5} 100 200 ng
fwensa Minimumn ALE Pulse Width {Flgure 5) 100 200 ns
L Minmum Address Set-Up Tine (Figura 5 25 50 ng
th Minimum Addrass Hold Tima {Flprs 5 25 50 ns
o Anakeg MUX Calay Time R =00 (Figure 5) 1 2.5 s

From ALE
[T OE Control 1o Q Logle State C.=50 pF, R = 10K {Figurs 8) 125 250 ns
tese, ton OF Control 1o Mi-Z C.=10 pF, R, =10k {Figwe 8§ 125 250 ns
[N Comvarsion Time 12840 kHz, (Figum &) {Note 7) 0 1400 116 153
1, Clock Frequancy 10 640 1280 KHx
feoc E0C Delay Time (Figure 5} D 842 ps Clock
Parlods
Cine Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Cwipint At TRESTATE Outputs 10 15 pF
Capacitanca

55




Functional Description

Muitiplaxer. Tha devica contains an 8-channel single-enced
analog signal multplaxaer. A particular input channel is se-
iacted by using the addrass dacader. Tabls ¥ shows (ha input
states for the addrass lines 1o select sny channel. Tha ad-
drass is latched imo the gacoder on the low-to-high transition

of the address latch enable signal.
TABLE 1.

SELECTED ADDRESS LINE
ANALOG C B A
CHAMNNEL

INO L L L
N1 L L H
N2 L H L
N3 L H H
™4 H L L
INS H L H
ING H H 1
IN7 H M H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital convarter. The converter is desioned 1o
give fast, accurate. and repaatable conversions over a wids
range f temperatures. The converter Is panitionad Into 3
majar sections: the 256R ladder netwark, the successive ap-
proximation register. and tha comparator. Tha convertar's
digital outputs are positive trua.

The 25ER ladder natwork approach (Figure 7) was chosen
over tha convantional R2R ladder because ¢of its mherent
monotonicilty, which guaranteas no missing dighal codes.
Manotoniclty is particularly important In closed loop feedback
control systams. A non-monotonikc ralationship can causs os-
clitations that will ba catastrophic for tha system. Addinonally,
the 256R natwork doas not cause ad varations on the ref-
arence volago.
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Tha Dottom rasSistor and e 1of resisior of the ladder net-
work In Figeea 1 are 00t the 5ame valug as the remainder of
the network. Tha fferance in these resistors causes the
output characteristic to ba symmetrical with the ze and
fudl-scale polrits of the transfer curve. The first oulput Transk-
tlon occurs whan the analog skonal has reached +3% LSB
and suscaading output transitions occur every 1 LSE later up
o fullscale.

The succassive approxknation register (SAR) performs & it-
erations 10 approximate the input voltage. For any SAR type
convartar, n-lerations are required for an n-bil convartar.
Figurs 2 shows 2 typical aample of a 3-bit convertar. In the
ADCOS08, ADCO809, the approximation tachnique is ax-
tended to & bits using the 256R natwork.

The AD converar's successive approximation ragister
{SARY} is reset on the positive adga of the start comersion
{SC} pulse. Tha convarsion ks begun on the Faling adge of
tha start conversion pulse. A conversian in process wil ba in-
termupted by racaipt of a new start convession pulse. Con.
tnuous conversion may be accomplishad by fying the
and-of-corwersion (EQC) output 1o the SC inpet. If used in
this moga, an external start conwersion pulse should be ap-
pllad aker power up. End-of-conversion will g0 low betwoesn
0 and 8 clock pulsas after the rising edga of start conversion.
The most Important saction of the A/D converter is the om-
parator. It ls tis section which & respons(ble for the ultimate
accuracy of the entire coaverter. It & also the comparator
diift which has tha greatest Influence on the repaatability of
the davice. A choppar-stabliized comparator provides the
most effective mathod of satisfying all the converter recuire-
medts.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. Thiz signad ts than fed through a
high galn AC amplifier and has the DG lavid restored. This
technique |imits the drifll component of the amplifier since the
it is 2 DC componant which is not passed by the AC am-
plifier. This makas the anting A/D convertar axtremely Insan-
sitiva 10 tempavature, kng term drift and Input offset enoes.
Figurs 4 shows a typlcal ermor curve for the ADCOSDS as
measurad using the procadures cutlined in AN-179.




Functional Description (Cominue)
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PROGRAMMABLE PERIPHERAL INTERFACE

82C55A (DIP)
TOP VIEW

PA3 [T]
PA2 [Z]
PA1[3

PAO [
RO [
cS[E

GND [T

A1l|]o

A0 |9

PC7
PC6
PC5
PC4
PCO
PC1
PC2
PC3
PBO
PB1
PB2

s

5
%
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Vce
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Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
Ve 28 Vg The +5V powsr supply pin. A 0. 1uF capacitor babwean pins 26 and 7 is
recommendad for dacoupling,
GND 7 GROUND

Do-D7 27-34 o DATA BUS: The Data Bus lines are bideectional three-slate pins conmeciud to the
system dala bus.,

RESEY 35 RESET: A high on this mput ¢lears the corrol ragister and odl potts {A, B, C) are set
Lo tha input modes with the “Bus Hoki™ circuilry lumed on.

TS [ CHIP SELECT: Chip salect is an active low inpul usad to anabls the BZCSSA anto the
Oata Bus for CPU communications.

E 5 1 READ: Read is an active low inpul contre! signal used by the CPU to read states
informalion or data via tha data bus.

WR 38 | WRITE. Write Is an activa low input control signal used by the CPU te load sontrot
words and data into the B208B5A.

AD-A1 B9 1 ADDRESS: These input signals. in conjundion with the BT and WR inputs, control
the selaction af ane of iha three ports of the contral word register. AD and Al are
narmally connecled 1o the least significant blts of the Addrass Bus AD, A1,

PAGPAT -4 3740 o PORT A: 8-bitirput and output port. Both bus hald high and bus hold kw ciecuitry are
prasand on this port.

PBL-PB7 18-25 rc PORT 8: B-bil input and output port. Bus hold high clreuilty s presant on this port.

PCC-PCT 1017 el PORT C. 8-k input and oudput part. Bus hold circultry s pragsent on this part.
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Functional Diagram

POWER { —y +5V G::,ORI;I[P‘A
SUBPLIES
—te GND SROUP A
CONTROL o
BIDIRECTIONAL
DATA BUS
DATA SUSEA E Y
or-00 S Hirrew p |
DT
INTERMAL
DATA BUS
i READ
CORTROL
M M oo <:>' PORT B
e L is)

M

C—
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Absolute Maxirmnum Ratings
Supply Voltage

Operating Conditiona

Voltaga Rarmge .. . ... ...
Cparating Temparature Range
CAZCRS5A
1B2GES5A .. ...
MBZCSS5A ..

Inpul, Culp or MO Voltage ... .. ..
ESD Classification .. .. .. ...................

L. GNDOSY lo Ve vDsv

.. .. Class 1

48V e BEY

e ee. L BPC o TROC
. -ADPC I BsYT

T ssog 1o 125°C

Thermal information

Thermal Resistaron (Typical, Note 1) TS e
CERDW Packege ... ............. BoCay 10°C/w
CLCC Package ... ............. .. 6% 4eCw
POIPPackaga. . ............... sSOPCAY NfA
PLOC Packnge ... ............ L. AEOChN NA

Maximign Storage Temperatus Rangs ... ... .. .. 859 to 150°C

Mrcimum Junction Tempersature
COIE PackA®® . ..ot 175°C
POIPPACKAGR . . . oot ia e 150°C

Maximum Lead Tamperature {SoMdering 10s). .. ... ... .  300°C
{FLCC Leaad Tips Only}

Die Characteristics

GataCount .. ... ... ... e 1000 Gates

CAUTION, Stressis above Ihose Jated v “Abaciuly Maxienrs RMNGS” may couss pennansst demags 1o ihe dewes. Thie is e sivess only rting and cparation

of ther téwod o theae or any oifvey condifiont sbove thass

NOTE:

1 the oparaD

of thir specification 8 ral inpled.

1. 0, is maasured with the compenent mountad an an evaluation PC board it free air

Eloctrical Specifications Ve = 5.0V £10%; T4 = 0PC to +700C (CH2CE5A)
Ta = -40°C 1o +85°C (182C55A);
Ta = -55°C lo +125°C (MB2CS5A)
LINIFS
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Vin Logicat Orsa Input Violage 2.0 - v IB2CE5A, CR2CEEA,
22 ME2C58A
Vi Logieal 2am Input Voltage - 08
Vor Logical Ona Output Vaitage 3D - o = -2.5mA,
Voo 04 lgH = -100uA
VoL Logical Zero Output Votaga - 04 v IpL +2.5mA
I Input Leakage Current -10 +1.0 uh Wiy = Ve or GND,
DIP Pins: 5,6, 8, 9, 35, 36
e} O Pin Leakage Currant -18 +15 A VO = Wear or GRD DIF Blns: 27 - 34
IBMH Bus Hold High Currant -5 -400 uh VO=30V.Pora A, B. C
BHL Bus Held Low Cumrent 5 £00 178 VO = 1.0V Port A OMLY
IDAR Dardington Drive Currartt 2.5 Note 2, 4 ma Ports A, 8, C. Test Conditlen 3
1058 | Standby Power Supply Curmant - 10 A Voo = 5.5V, Vi = Ve or SND. Output Open
ICCOP | Opemting Fowser Supply Cument - 1 mAMHZ | Ta = +259C, Vo = 5.0V, Typical (Saa Nole 3)
NOTES:

2. Nao intarnal current limiing exists on Poct Culpuls. A resistor musl be added extarnatly to limit the cument.
3 ICCOP = 1mAMHZ of Pariphemn| ReadMWrils cycle tirme, {Example: 1.0ps D ReadMirile cycls ime = 1mA}.

4. Tested as Ve at -2.5mA,
Capacitance T, = 25°C

SYMBOL PARAME TER TYPICAL UNITS TEST CONDITIONS
CiN Inpu! Capacitance 10 F FREQ = TMHz, AN Measuremants are
talerancad 1o davice GNO
[oflle] UQ Capatitance 20 pF
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AC Electrical Specifications vcg = #5vi 10%, GNI = 0V T = -559C to +125°C [MB2CES5A) (MB2U55A-5)

Ta = 40°C ta +B5°C {I82C55A) (J92C55A-5);
Ta = 0% to +70°C {CB2C55A) (CB2055A-5)

82C55A-5 B2CS5A TEST

SYMBOL PARAMETER MIN | MAX MIN I MRAX uNits | CONDITIONS
READ TIMING
{1 AR Addrass Stable Before RD 0 - o - ns
(2)1RA Address Stable After KD o - - s
{3)tRR BD Pulse Widih 250 - 150 - ns
{4 RE Dsta Valid From RD - =00 - 120 ne 3
(5y40F Data Float Afer R 0 75 10 75 ns 2
{B}tRY ‘tima Betwean RDs andior W=Rs aco - ax - ns
WRITE TIMING
(N1aw Address Stabia Sefore WR ¥ - ] - "
{8) twA Addrass Stabla Aftar WR 20 - 20 - ns
{9) tww WE Puise Width 100 - 10 - ns
{10y 0w Data Valid 1o WR High 100 - 100 - ns
{11ywh Daia Valid Aﬂerﬁ High x - X - ny
OTHER TIMING
{12) 'wB ﬁ:1 to Cutput iy 50 ne 1
{13 uR Paripharal Data Bafore ;3] ] - +] - na
{143 HR Pefipharal Data Atter RD o . ¢ - ns
{15) taK ACK Putse Width 200 . 200 - £
(1) 18t STR Pulse Width 100 - 100 - [y
(173 PS Peripharal {sla Before STB High 20 - 2 - ns
{18} tPH Paripheral Data Afler STB High 50 - 50 - ns
{19y A AGK =0 to Oulput - 175 - 175 ns 1
{20) KD ACK = 1 to Outpul Float X 250 20 250 ns 2
{21)1wo8 WR=1l0 OBF = ¢ - 150 - 150 ns 1
{2y A08 ACK =g OBF =1 - 150 - 150 ns 1
{23;1518 STE =010 IBF =1 - 156 . 150 ns 1
{24) IRIB BB = 110 IBF = 0 - 150 - 150 ns 1
{(25)RIT RO=0wINTR=0 - 200 - 200 ns 1
(26)ISIT STEB=110INTR =1 150 - 150 ns 1
{Zn T ACK =110 INTR = 1 - 150 - 150 ne 1
ZE) T | WR=01 INTR =0 R 200 - 200 ns 1
{ ) IRES Rese! Pulse Width 500 - 500 - ns 1, (Nate)

NOTE: Period of initial Reset putse sfter powar-on must be at least 50usec. Subsaquent Ressl pulses may be 500ns minimuon.
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VOLTAGE REGULATORS :

Positive Voltage Regulators in 7800 series

IC Part | OQutput Voltage | Minimum Vi
V) V)
7805 +5 7.3
7806 +6 8.3
7808 +8 10.5
7810 +10 12.5
7812 +12 14.6
7815 +15 17.7
7818 +18 21.0
7824 +24 27.1
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Electrical Characteristics LM78XXC note 2)

0°C £ T, < 125°C unless otherwise noled.

Qutput Voltags v 12v 15v
Input Voltags (unless otherwise noted) 1qv 15v 23V Units
Symbol Paramater Conditions Min | Typ [Max | Min [ Typ |Max | Min [ Typ |Max
Vo Output Voltage Tj=25'C,3mA<155 1A 4.8 5 52115 12 125144 13 156 v
Prs15W.5mA 51, < 1A 475 525|114 12.6 f4.25 15.7% v
Vaan S Vin € Viaax (75<VNE20) | (1455 Vin< (1755 Vs v
27) 30)
AV, Line Regulation Iy = 500 Tji=25C 3 50 4 120 4 150 mv
mA,
AV (TEVa£25) | 1455Vins30) | (17.55Vins v
30)
0'CsTjs +125°C 50 120 150 mv
AV Bave<20) | N5cves2n | (1855, S v
30)
I, 5 1A Tl =25C 50 120 150 mv
AV 752V s20) | {1485V s (7.7 8V s '
27) 30)
0°C < Tj = +125°C 25 80 75 [ mv
AV BsVe=12) | 165ve<22) | (205, =28) v
AV, Load Regulation | Tj = 25'C | SmA s, < 1.54 10 50 12 120 12 150 mv
280 mAsln s 25 60 75 my
TH0 mA
S5mASIpS1A 0Cs T 50 120 50| mv
+125'C
la Quiescent Currert | o 5 1A Tj=25'C a 8 8 ma
0'C £ Tjs+125°C 85 8.5 85| mA
Alg Quiescent Current | SmA S [, < 1A 0.5 0.5 Q.5 mA
Change T = 25'C. I, $ 1A 1.0 1.0 16| ma
Viin S Vin S Viaax (T.5sVin=20) | {14.8 2 Ving 27) (1795 Vix < v
30)
I, S 500 mA, 0°C = Tj s +125°C 1.0 10 10| mA
Ve & Vin 5 Vinax (TSVNS25) | (485Vys30) | (1755 Vs v
3a0)
vy, Qutput Noise T, =26°C, 10 Hz < 1 £ 100 kHz 40 75 80 pv
Voltage
Ripple Rejection lostA, Tj=25'C | 62 &0 55 T2 54 70 dB
AV or
aVour =120 Hz | 15 < 500 mA 62 55 54 dB
PCTis+125C
Vi < Vin S Viaax (BSVas18) | (15sVes25) | {1855Vins v
28.5)
Rg Oropout Vottage | Tj = 25'C, lour = 1A 2.0 2.0 2.0 v
Oulput Resistance | f = 1 kH2 8 18 15 med
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Electrical Characteristics LM78XXC note 2) {Continveay
0'C = T, 5 125°C unless otherwise noted.

Output Voltage 5V 12% 15V
Input Voltage {unless otherwise noted) 0V 19V 23v Unite
Symbol Paramater Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Shont-Clrcult Tj=25C 2.1 15 12 A
Current
Peak Cttput Tj=25C 24 24 24 A
Curront
Average TC of 0C 2 T3 +125C, I = 5 mA 0.6 1.5 18 mvrg
Vour
Vi input Voltage
Required 10 M =25C. lp5 1A 7.5 146 127 v
Maintain
Une Regutation

Hots 1: Thermnat rowmlamcer of e TO-3 pcicrgs (K, KT is hpically 4 0W arcion b cese ard 35°CAN caas ko ambent Thermsl resistance of the TO-20 package
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