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SYNOPSIS

In most of the automobiles at present the dashboard consists of
speedometer, odometer, temperature, pressure and fuel gauges. There 1s no
provision to indicate the load on the vehicle. The load on the vehicle I8
measured in a weighbridge.

The project ‘PAYLOAD INDICATOR’ found success in solving this
problem. In this project the load on the vehicle is sensed and displayed on

the vehicle’s dashboard.

Load cell is used as weight sensor. Two are fixed at the beam of the
vehicle.. One is to sense the front-end load and other Is to sense the rear end
load. Load cell converts the weight into an electrical signal. This signal is
amplified and processed in a microcontroller and is converted mto a weight
value. This weight value is sent to the dashboard through RS-232 cable.

Then weight is displayed on a Liquid Crystal Display on the dashboard.

The objective of the project was achieved and tested and verified in the

company successfully.
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1. INTRODUCTION

Today we have stepped into the 21% century. So, our science and
technology should be abreast with the fast growing world. Load on the

present automobiles on Indian roads is measured in a weighbridge.

Electronic manufacturing is the fastest growing segment of the
manufacturing world. Electromechanical and mechanical devices are being
replaced by electronic devices at é fast rate. The emphasis on quality 1s
matched with the expectations that electronic goods will be manufactured

with ever increasing capability at even lower cost.

Microcontroller based design has many advantages such as 1t 1s
flexible, development time is less and also cost 1s less. This project uses
PIC 16173 microcontroller and load cell as weight sensor. Depending on the
load on the vehicle the pressure exerted on the load cell varies and this
causes a variation in the resistance of the gauge. By applying an input to the
load cell the output varies proportional to the weight. After processing the

signal in the microcontroller weight value 1s displayed m the Liquid Crystal

Display.



2. VEHICLE WEIGHING SYSTEMS

There are many weighing systems at present. Systems can be

categorized into one of the following: -
» Portable wheel or axle weighers
» On-board weighing system
» Single axle weighbridge
» Full length plate weighbridge

» Part length weighbridge

2.1 Portable Wheel Axle Weigher:

This is probably the most versatile method of weighing as in theory it should
be possible to weigh any wheeled vehicle, anywhere, anytime. However the
more axles a vehicles has, the more units one needs to weigh it correctly and
the more time it may take to do this. It is also easier to cause weight transfer
with this type of equipment. For two axled vehicles, for 'off site'/away from
base' weighing, of where the weighing demands are not particularly high,

this is probably the most cost-effective method of all.



2.2 On Board Weighing:

The advantage of these systems are that they are instailed either as Original
Lquipment or After Market products, and adds functionality to vehicle
information. Increasingly these systems are becoming compatib.e with
Qatellite and GPS technology to enable drivers and fleet managers to control
the weights of their vehicles. Since these systems are on-board, they cannot
give cither axle or gross vehicle weights as they can only register weights

that are 'above' them, although these elements can be eastly set. Fach veluele

requiring to be weighed has to have a system fitted and this can prove costly

for multi-vehicle operations.

2.3 Single Axle Weighbridge:

With the exception of the two axled vehicles mentioned above, this tvpe oo
weighbridge provides the easiest and quickest method of obtaining axic
weights of all types of road vehicles. Most single axle weighbridges can be
operated either statically (stop and go), or dynamically {in melor: W el
oives the best results when weighing large vehicles with self compensaiing

suspension systems. The most important factor when considering installatucen

of an axle weighbridge is the suitability of the silc, which musi be tirm. il



and level for at least one vehicle length, either side of the welghbridge
platform if reasonable results are to obtained. The risk of weight transfer
during the weighing will be the determining factor 1 levels of wcouracy.

irrespective of the inherent accuracy of the welghbridge.

2.4 Full Length Plate Weighbridge:

This type of weighbridge gives the highest levels of accuracy tor gross
vehicle weights and may be tested and stamped for trade use. Plate
weighbridges are usually 15 or 18 metres Jong with capaciiles ranginy fromw
50. to 100 tonnes, thus they can accommodate even the largest road venicle.
However they are quite cxpensive and installation costs cin adc
considerably to the final price. A plate weighbridges can be used to obian
individual axle weights provided it is pit mounted (not surface mounted) anc

that the roadway adjacent to the weighbridge is firm, flat and level.



2.5 Part Length Weighbridge:

These weighbridges are usually 3 or 4 metres long and are most frecuently
found on farms where they are used to weigh agricultural tractor and tratler
combinations. They are eséentially a compromise between a full length and
an axle weighbridge, and should cost less than the full-length weighoridee.
Part length weighbridges can he used to obtain tractor and trailer houvic
weights of large articulated trucks and also individual axle welghts ¢i other
road vehicles provided (as ih the case of full weighbridges) that the adjacent

roadway is firm, flat and level.



3. SYSTEM DESCRI PTION

3.1 BLOCK DIAGRAM:

—

LOAD | INSTRUMENTA |
CELL ’ TION

. [_AMPLIFIER

VEHICLE
LOAD

] FIC | cD
| ADC MICRO- 7 DISPLAY
CONTROLLER | |

Figure (3.1)



3.2 DESCRIPTION:

Load cell:
Load cell is nothing but a scnsor, which senses the _weight of the object
which is to be weighed. This is actually a force transducer, converis the
weight in to electrical signal. This is made of strain gages on which object s
placed. Due to the weight a pressure 18 created which compress the suain
gage makes the resistance variations. This resistance variation s converted
into an clectrical signal by applymg an input to the load ccll. This is v thw

range of milli volts.

Instrumentation amplifier:

The output range of load cell is in the order of very few milil volts. In order
to Process succeeding sections it should be of voltage range. To makc 1L We
need an amplifier section where the input is in the order of milli volts and
the output is in volts. The best choice among the available ts Sirumenialion
amplifier. Because it has high gam accuracy, hioh CMMR. Tieh ¢
stability with low temperature coefticient, low dc offset, and fow ouipl:

impedance.



Analog to digital conversion:

The amplified analog signal is converted into digital signal here. Even
though an analog signal represents a real physical parameter with accuracy,
it is difficult to process, store Or transmit the anglog signal with out
introducing considerable error becausc of superimposition of noise.
Therefore, for processing, transmission and storage purposes, 1t 1s often
convenient to express these variables in digital form. it reduces noise aind

gives better accuracy.

Micro controller:

This is the section where all the processing works are carried out. By testing
and experimental results look up table is formed. For a particular value of
voltage there is a particular value of weight. This is In hexadscimat 10 M.

Then it is converted in to decimal format and given to display section.

LCD display:
This is fixed at the Dash Board of the vehicle where the load of tic

vehicle is displayed.



4. SENSOR DESCRIPTICN

System Components:

In contemporary control applications, weighing systers are
used in both static and dynamic applications some systems &re
technologically, advanced, interfacing with computers for date. base
integration and using MICroprocessor based techniquies 1o projportion
material inputs and feed rates. 10 send the weight informaion
compulers, signal conditioners  are  utilized to  permit direct

communication from the load cell via conversion ol the toad cell’s

analog signal to a digital signal.

An entire system can be constructed from five basic modules.
They are:
> Load cells.

Cable.

v

Junction box (summing up the load cell signals up o one

Y

output).
5 Instrumentation (indicators, signal conditioners, ete).

» Peripheral equipment (printers, scoreboards, eic.).



Load Cell:

A load cell is classified as a force transducer. This device
converts force or weight in to an electrical signal. [t is utilized in nearly
every electronic
weighing system. The strain gage is the heart of a load cell. A sirain
gage is a device that changes resistance when it is stressed. The gages
are developed from an ultra thin heai-treated metallic foil and are
chemically bonded to a thin dielectric laver. “Gage paiches™ are then
mounted to the strain element with specially formulated adhesives. 1he
precise positioning of the gage, the mounting procedure, a~¢ the
materials used all have a measurable effect on overall performzace of
the load cell.

Each gage patch consists of ore oF more fing wires cemenied
to the surface of a beam, ring, or more fine wires cemented o the
surface of a beam, ring, or columin
(the strain element) with in a load cell. As the surface to which tae gage
‘s attached becomes strained, the wires stretch or compress changing
their resistance proportional to the applied load. One or more strain

gages are used in the making of a load cefl.



Multiple strain gages are connected to create the four fegs oL
a Wheatstone bridge configuration. When an input voltage is appiict
the bridge, the output becomes a voltage proportional to the force on the
cell. This output can be amplified and processed by conventional

electrical instrumentation.



Structure:
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5. INSTRUMENTATION AMPLIFIER

In many applications of signal measurement 1t is necessary t0 Measure ¢
small signal that sits on top of a slowly varying bac}cground that is much
larger. The signal would be-in the order of few milli volts and hence need
amplification for processing it. In our project the output from the load cell
will be in the order of few milli volts and hence for processing it with 2
microcontroller we go for amplifier stage.

Why not ordinary amplifier?
When the input signal is very small and the gain, which has to be soineved,
is large we go for multiple amplifier stages. In domg 0 ithe amplizier
feedback path plays a vital role that is a part of output 13 teedback 1o the
input and an oscillatory effect is produced. To avoid these undesired effects
we go for high gain stability instrumentation amplifier.
Requiremen‘{:
The output from the Load Cell varics from 0 to 50 milli volts. tlesce we
require a gain of 1000 to make the upper limit 3V,

> First Amplifier stage Gain Gl =100

% Second Amplifier stage Gain G2 =10

» Overall Gain G =G1xG2
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DESIGN:
% Gain of a Non-inverting amplifier is (1 + R2/R1)
$ Gain of a Inverting amplifier is - R2/R1
where R1 -=--- > [nput Resistance .

R2 ----- > TFeedback Resistance

[N
—

% The voltage at the (+) input terminal of op-amp Asis R2ZVIA(R AR
» The voltage at the (-) Input terminal of cp-amp A3 s V2©
Using Superposition Theorem, we have,
VO = - (R2Z/R1) V2" = (1+RZ/RIHRZ VL R PRI
= R2/R1 (V' =V2")
» Since, no current flows into op-amp, the current [ flowing (upwards)
in Ris = (V1 - V2)/rand passes through the resistor R’
VP =R A VIE=ERR(VE VI Vi
V2 = R+ V2=-RYR (VI -V2)+ V2
Puttine the values of VI and V7 in Pguation Lowe obtain,
VO = RYR1IZRVR (VI V2 = (V= V2D
Or
VO - RZ/RL (L 2RV V2)
Using a variable resistance R we can vary the difference pain of this

instrumentation amplifier.



Features:

% High Gain Accuracy

+
+*

High CMRR

*
+

High Gain Stability with low Temperature Coefficient
< Low DC Offset

< Low Qutput Impedance

r3
*

No Oscillatory effect

The differential input single-ended output instrumentation amplifier 1s one
of the most versatile signal processing amplifiers available. Tt is used for
precision amplification of differential dc or ac signals while rejecting large
values of common mode noise. By using integrated circuits, a high .evel ol
performance is obtained at minimum cost.

To obtain good input characteristics, two voltage followers buffer the input
signal. The input impedance of the op-amp should be high. This high of an
input impedance provides two benefits: it allows the nstramentation

amplifier to be used with high source resistances and stil have tow crron

and it allows the source resistances 10 be unbalanced by over 10.00N ik
no degradation in common mode rejection. The followers drive © SRIHTRACE

differential amplifier, as shown in Figure 5. 1, which provides gain anc

rejects the common mode voltage.



CHAPTER 6

MICROCONTROLLER UNIT



6. MICROCONTROLLER UNIT:
This is the unit where all the signal processing is dore. The
Microcontroller that is used for this project is PICIGF73 which is a 28 pin
CMOS FLASH microcontroller.

6.1 FEATURES:

Hich Performance RISC‘CPU:

» Harvard Architecture

» Only 35 single word instructions fo learn

> All single cycle instructions except for program branches which
are two-cycle

> Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle

» Up to 8K x 14 words of FLASH Program Memory.
Up to 368 x 8 bytes of Data Memory (RAM}

> Pinout compatible to the PIC16C73B/74B/70/77

» Pinout compatible to the PIC16F873/874/876/877

> Interrupt capability (up to 12 sources)

> Eight level deep hardware stack

» Direct, Indirect and Relative Addressing modes

> Processor read access to program memory



Special Microcontrolier Features:

hd

Y V¥V Vv

v

A\

Power-on Reset (POR)

Power-up Timer (PWRT) and

Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC osciilator for
reliable operation

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

In-Circuit Serial Programming (ICSP) via two pins

Peripheral Features:

}

\v4

Y/

Timer0: 8-bit timer/counter with 8-bit prescaier

Timerl: 16-bit timer/counter with prescaler, can he incremented
during SLEEP via external crystal/clock

Timer2: 8-bit timer/counter with 8-bit period register, prescaler
and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution 1s 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns



- PWM max. resolution is 10-bit

> 8-bit, up to 8-channel Analog-to-Digital converter

> Synchronous Serial Port (550°) with SP1 (Master
mode) and I 2 C (Slave)

% Universal Synchronous Asynchronous Recerver
Transmitter (USART/SCI;

» Parallel Slave Port (PSP), 8-bits wide with
external RD, WR and CS confrols (40/44-pin only)

% Brown-out detection circuitry for Brown-out Reset (BOR)

CMOS Technology:

» Low power, high speed CMOS FLASH technology
> Fully static design
> Wide operating voltage range: 2.0V to 5.5V
> High Sink/Source Current: 25mA
> Industrial temp.erature range
> Low power consumption:
- < 2 mA typical @ 5V, 4 Mz
- 20 uA typical @ 3V, 32 kHz

- <1 uA typical standby current



6.2 HARVARD ARCHITECTURE:

Harvard architecture has the program memory &nd data memory as
separate memorics and is accessed from separate buses. This improves
bandwidth over traditional von Neumann architecture 1n which program and
data arce fetched from the same memory using he same bus. To execute an
instruction, a von Neumann machine must make one or more (gencralty
more) accesses across the 8-bit bus to fete h the instruction. Then data may
need to be fetched, operated on, and possibly written. As can be seen from

this description, that bus can be extremely congested. While with « Harvard

-

T

architecture, the instruction is fetched in a single instruction cycle (all 14-
bits). While the program memory is being accessed, the data memory is on
an independent bus and can be read and written. These separated buses allow
one instruction to execute while the next instruction 1s fewched. A
comparison of Harvard vs. von-Neumann architectures is shown v v

below.

Harvard van-Neumann

" ’__“ T Progras

Pragram

7 CRU “—¥ Llzmory cPy "";f”’ 5

\‘

[2¥)
F

-

T




6.3 MEMORY ORGANISATION:

In PIC16F73 ‘F signifies that it has (lash memory. So we will see

some information about flash Memories.

Flash Memoryv:

The Flash Memory is a variation of ELE-PROM but the difierence
between the Flash Memory and EE-PROM 1s in the erasure procedure. The
EE-PROM can be erased at a register level, but the flash memory nust be
erased either in its entirety or at the sector (block) level. These memory
chips can be erased and programmed at least a million times. These chips are
suitable for also the low-power systems.

There are two memory blocks in the PICIOFT3 Microcontroler.
The Program Memory and Data Memory have scparaic buses so that
concurrent access can occur. The Program Memory ¢an be read internally by

user code.



Program Memory Organization:

The PIC16F73 device has a 13-bit program counter
capable of addressing an 8K word x 14-bit program memory. The PICI i3
device has 4K words. The program memory maps for PIC16F73 device i3

shown in Figure below. Accessing a location above the physically

implemented address will cause a wraparound. The RESET Vector 15 at

0000h and the Interrupt Vector is at 0004h.

F ResetVeckor S000h

\
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Programming Memory Paging:

PIC 16F7X devices are capabic ot uddrussing a continuous 8¥-word
block of program memory. The CALL cnd GOTO instruction provided only
11 bits of address to allow branching within any 2K program memory page.
When during a CALL as GOTO instruction the upper 2 bits of the address
are provided by PCLATH <4:3> when doing a CALL or GOTO instruction,
the user must ensure that the page select bits are programmed so that the
desired program memory page in addressed. [£areturn froma CALL
instruction (or interrupted) in execuicc, e cntire 13 bit PC in Popped of?
the stack. Therefore, manipulation ofthe PCLATH <4:3> bits are not
required for the RETURN instructions (which POPs the address from the

stack)

Data Memory Organization:

The Data Memory is partitioned into multiple banks, which
contain the General Purpose Registers und the Special Function Registers.
Bits RP1 (STATUS<(>) and RPO (STATUS<3>) are the bank select bits.
Each bank extends up to 7Fh (128 bytes). The lower locations of each bank
are reserved for the Special Function Registers. Above the Special Function

Regis-ters are General Purpose Registers, implemented as static RAM. All



implemented banks contain Special Function Registers. Some frequently
used Special Function Registers from one bank may be mirrored in another

bank for code reduction and quicker access.

B RP1:RP0 - "~ BANK
0 T
01 - 1

1 S 3




6.4 REGISTERS:

General Purpose Registers:

The General Purpose Registers area in the Microcontroller is
dedicated for defining the user defined registers. To access this General
Purpose Register area, the user can ddress them using FSR or address them
directly in the program. In our program for display, we have used the
indirect accessing method as 1t simplities the programming when .arge
lookup tables are present in the program.

Special Function Registers:

The Special Function Registers are registers used by the CPU
and peripheral modules for controlling the desired operation of the device.
These registers are implemented as stutic RAM. The Special Function
Registers can be classified mto two seis: core (CPU) and peripheral. In our
project some of the SFR’s that we have used are:

1. STATUS Register

2. ADCON Register

3. ADRES Register

4. PORTA & TRISA Regisier

PORTB & TRISB Register

i

6. PORTC & TRISC Register



7. PIR1 Register
3. TXSTA, TXREG, RCSTA, ROREG. SPBRG
The description of the ST ATUS Register 18 given below and details of
other SFR’s will be given in subsequent sections.

STATUS Register:

The STATUS register contains the arithmetic status of the ALU,
the RESET status and the bank selcct bits for data memory. The STATUS
register can be the destination for any insiruction, as with any other register.
if the STATUS register 1s the Jestination for an instruction that affects the Z,
DC, or C bits, then the write to these three bits is disabled. These bits are set
or cleared according to the device logic. Furthermore, the TO and PD bits
are not writable, therefore, the result of an instruction with the STATUS
register as destination may be different than intended.

For example, CLRF STATUS will clear the upper three bits and sct
the Z bit. This leaves t};e STATUS register as 000u uluu (where u —
unchanged). Theretore, that only BCF, BSL, SWAPF and MOVWE
instructions are used to alter the STATUS register, because these

instructions do not affect the Z, C, or DC bits from the STATUS register.



Indirect Addressing. INDF and FSR Registers:

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing. Indirect addressing is
possible by using the INDF register. Any instruction qsing the INDF register
actually accesses the register pointed to by the File Select Register, FSR.
Reading the INDF register itsell indirectly (FSR = ’0°) will read 00h.
Writing to the INDF register indirectly esults in a no operation (although
status bits may be affected).

I/O Ports:

There are 3 VO ports in PIC16F73 microcontroller. Some of the nins
for the I/O ports are multiplexed with an_siternace function for the peripheral
features on the device. In general, when o peripheral is enabled, that »nin may

not be used as a general purpose /G pia

PORTA and the TRISA Register:

PORTA is a 6-bit wide, bi-directional port. The corresponding data
direction register is TRISA. Setting a TRISA bit (= ‘17) will make the
corresponding PORTA pin an input (i.c., put the corresponding output driver
in a Hi-Impedance mode). Clearing a TRISA bit (= ‘0”) will make the

corresponding PORTA pin an output (i.e., pul the contents of the output



Jatch on the selected pin). Reading the PORTA register reads the status of
the pins, whereas writing to it will write to the port latch. Al write
operations are read-modify-write operations. Therefore, a write tc a port
implies that the port pins are read, the value is modified and then written to
the port data latch. All PORTA pins have TTL input levels and full CMOS
output drivers. Other PORTA pins arc multiplexed with analog mputs and
analog VREF input. [n our project the PORTA 0 pin has been used as an
analog input pin. Some PORTA pins nave been also been used to send
commands to the display unit. Tlic operation of each pin is selected by
clearing/setting the control bits in the ADCONI register (A/D Control
Register]).

The TRISA register controls the direction of the RA pins, even
when they are being used as analog inputs. The user must ensure the bits

the TRISA register are maintained sct, when using them as analog inputs.

PORTRB and the TRISB Register;

PORTR is an 8-bit wide, bi-directional port. The corresponding
data direction register is TRISB. Setting a TRISB bit (=°1°) will make the
corresponding PORTB pin an input (i.c., put the corresponding output driver

in a Hi-Impedance mode). Clearing @ TRISB bit (= 07) will make the



corresponding PORTB pin an output {i.¢., put the contents of the output
lateh on the selected pin). Fach of the PORTEH pins has a weak internal puli-
up. A single control bit can tum on ail the puli-ups. This is per-formed by
clearing bit RBPU (OPTION_REG7 - The weak pu_ll—up Is automat:cally
turned off when the port pin is coniioured as an output. The puli-ups arc
disabled on a Power-on Reset.

Four of the PORTB pins (RI37:RB4) have an interrupt-on-change
feature. Only pins configured as inputs can causc this interrupt to Occur (i.e.,
any RB7:RB4 pin configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RIB7:RB4) are compared with the
old value latched on the fast read of PORTE. The “mismatch™ outputs of
RB7:RB4 are ORed together to generate the RB Port Change Interrupt with

flag bit RBIF (INTCON<0>).

PORTC and the TRISC Register:

PORTC is an 8-bit wide, bi-directional port. The
corresponding data dircction register 15 TRIST Setling a
TRISC bit (= “17) will make the corresponding PORTC pin an input (L.c., put
the corresponding output driver in a 1li-lmpedance mode). Clearing a TRISC

bit (= ‘0”) will make the corresponding PORTC pin an output (i.e., put the



contents of the output fatch on the selecied pin). PORTC is multiplexed with
several peripherai functions. PORTC pins have Schmitt Trigger mput
buffers. When enabling peripheral f{unctions, care should be taken 1n
defining TRIS bits for each PORTC pin. Some peripherals override the
TRIS bit to make a pin an output, while other periphe;’als override the TRIS
bit to make a pin an input. Since the TRIS bit override is in effect while the
peripheral is enabled, read-modify-write instructions (BSF, BCF, XORWE)

with TRISC as destination should be avoided.

6.5 INSTRUCTION SET SUMMARY:
The PIC 16 instruction set 1s highly orthogonal and comprised of there

basic categories.
% Byte oriented operation
¢ Bit oriented operation
¢ Literal and control operation

Each PIC 16 instruction in a 14bit word divided into an op code, which
specifies the instruction type and more or operation, which further
specify the operation of the instruction. For byte-oriented instructions, *f7
represents o dile rvegister designator speciites were the result of the
operation is to be placed il ‘d” i zcro the result 1s placed n the w
register. If ‘d” is one, the result is placed 1 the file register specitied m

the mstruction.



For bit-oriented instructions ‘b represents a bit field designator,
which sleets the bit affected by the operation, while ‘f” represents the
address of the file in which the bit is located. For literal and contro:
operation. ‘k’ represents an 8 or libit constant or literal value. One
instruction cycle consists & oscillator periods for an OSC frequency of £
MHZ. This gives a normal insiruction execution time of lines. Al
instructions are executed within a single instruction cycle, unless a
conditional but true or the program contains is changed as a result of an
instruction. When this program contains is changed as a result of an
instruction. When this occurs the execution takes 2 instruction cycles with
the second cycle execution as a NOP. All execution examples use the format

‘oxbb’ to represent a hexadecimal no, when ‘b’ signifies a hexadecimal

digit.



6.6 ANALOG TO DIGITAL CONVERSION:

The analog-to-digital (A/D) converter module has up to eight analog mputs.
The A/D allows conversion of an analog nput signal to a corresponding 8-
bit digital number. The output of the sample and hold is the mput into the
converter, which generates the result via successive approximation. The
analog reference voltage is software seleciable to either the device’s positive
supply voltage (VDD) or the voltaws 'ovel on the VREF pin. The A/D
converter has a unique leature of being able 1 operate while the device 1s

SLEEP mode.

The A/D module has three registers. These registers are:
« A/D Result Register (ADRES)
« A/D Control Registerd (ADCONO)
« A/D Control Registerl {ADCONTI)
% The ADCONO register controls the operation of the A/D module.
» The ADCONI register configures the functions of the port pins.
The /O pins can be configured as analog inputs (one /O can also be a

voltage reference) or as digital I/O.



8-bit A/D Block Diagram

CHS2:CHS0

.

110

YAl o i
npu voltage! ?_0 p11 :
SN

Convertar

111
0 \3————|X ANT

8-bit AD s ! :

VREF !
___,:_O/ ‘ ar
{Referznce O
woltage) e

Figure (0.6.1;



Operation:
When the A/D conversion is complete. the result 1s loaded into the ADRES
register, the GO/DONE bit (ADCON0<2>) is cleared, and A/D interrupt flag
bit, ADIF, is set. After the A/D module has been configured as desired, the
selected channel must be acquired betore the conversion is started. The
analog input channels must have their corresponding TRIS bits selected as
an input.
After this acquisition time has elapsed the A/D conversion can be started.
The following steps should be followed for doing an A/D conversion:
1..Configure the A/D module:

- Configure analog pins / voltage reference / and digital I/O

(ADCONI)

« Select A/D input channel (ADTONU;

« Select A/D conversion clock (ADCONO)

« Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):

+ Clear the ADIF bit

» Set the ADIE bit

+ Set the GIE bit



3. Wait the required acquisition time.
4. Start conversion:
» Set the GO/DONE bit (ADCONO)
5. Wait for A/D conversion to conmplete, by either:
+ Polling for the GO/DONE bit to be cleared
OR
» Waiting for the A/D interrupt
6. Read A/D Result register (ADRES), clear the ADIF bit, if required.
7. For next conversion, go to step | or step 2 as required. Tae A/D
conversion time per bit is defined as TAD. A minimum wait of 2TAD s

required before next acquisition starts.

Figure 6.6.2 shows the conversion sequence, and the terms that are used.
Acquisition time is the time that the A/D module’s holding capacitor 1s
connected to the external voltage level. Then there is the conversion time ¢f
10 TAD, which is started when the GO bit is set. The sum of these two times
is the sampling time. There is a minimum acquisition time to ensure that the
holding capacitor is charged to a level that will give the desired accuracy for

the A/D conversion.
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Figure (6.6.2)
Transfer Function:
The ideal transfer function of the A/D converter is as follows: the first

transition occurs when the analog input voltage (VAIN)} is 1 LSb (or Andlog

VREF / 256) (Figure 6.6.3).
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Figure (6.6.3)
Purpose:

The analog output trom the foad cell is amplified and given 1o the
microcontroller for processing. To  process the information in
microcontroller it has to be converted nto digital form. So we need an

analog-to-digital converter. Pic 16£73 has an integrated ADC moduie. The

conversion can be established by simple software codes.

v Amplified analog signal from front wheel sensor is given to channel G
of Pic 16173 (2).

v Amplified analog signal from the rear wheel sensor is given to
channel 0 of Pic 16£73 (1).

v Both analog signals are converted 1nto digital data using software

codes.



6. 7 USART:

The Universal Synchronous Asynchronous Receiver Transmutter ((JSART)
module is one of the two serial I/O modules (other is the SSP module). The
USART is also known as a Serial Communications' Interface or SCIL. The
USART can be configured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT terminals and personal

computers, or it can be configured as a half duplex synchronous system that

can communicate with peripheral devices such as A/D or D/A integrated

circuits, Serial EEPROMs etc.

The USART can be configured in the following modes:
« Asynchronous (full duplex)
- Synchronous - Master (half duplex)

« Synchronous - Slave (half duplex)



USART Baud Rate Geperator (BRG)

The BRG supports both the Asynchronous and Synchronous modes of the
USART. It is a dedicated 8-bit baud rate generator. The SPBRG register
controls the period of a free running 8-bit timer. In asynchronous mode bit
BRGH (TXSTA<2>) also controls the baud rate. In sﬁchronous mode bt
BRGH is ignored. Table shows the formula for computation of the baud rate
for different USART modes which only apply in master mode (internal
clock). Given the desired baud rate and Fosc, the nearest integer value for
the SPBRG register can be calculated using the formula in Table, where X
equals the value in the SPBRG register (0 to 255). From this, the error i

baud rate can be determined.

Table: Baud Rate Formula

SYNC BRGH =0 {Low Speed) BRGH = 1 (High Speed)
(Asynchronous) Baud Rate = Fosc/{gd(X+1)) ¢ Baud Rate= Fosci{16(X+1}
1 (Synchronous) Baud Rate = FOsCH4(X+1)) NA

X = value in SPBRG (0 t0 255)



USART Asynchronous Mode:

In this mode, the USART uses standard nonreturn-to-zero (NRZ) formar
(one start bit, eight or nine data bits and one stop bit). The most comimon
data format is 8-bits. An on-chip dedicated 8-bit baud rate generater can be
used to derive standard baud rate frequencies from the oscillator. The
USART transmits and receives the LSb first. The USART’s transmitter and
receiver are functionally independent but use the same data format and baud
rate. The baud rate generator produces a clock either x16 or x64 cf the bit
shift rate, depending on the BRGH bit (TXSTA<2>). Parity is not supported
by the hardware, but can be implemented in software (stored as the nine:
data bit). Asynchronous mode is stopped during SLEEP.

Asynchronous mode is selected by clearing the SYNC bit (TXSTA<4>).

The USART Asynchronous module consists of the following importani
elements:

» Baud Rate Generator

» Sampling Circuit

« Asynchronous Transmitter

« Asynchronous Recetver



USART Asynchronous Transmitter
The USART transmitter block diagram is shown in Figure 6.7.1. The beart

of the transmitter is the transmit (serial) shift register (TSR). The shift
register obtains its data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The TSR register is not
loaded until the STOP bit has been transmitted from the previous load. As
soon as the STOP bit is transmitted, the TSR is loaded with new data from
the TXREG register (if available). Once the TXREG register transiers the
data to the TSR register (occurs in one TCY), the TXREG register 1s empty
and the TXIF flag bit is set. This interrupt can be enabled/disabled by
sett.ing/clearing the TXIE enable bit. The TXIF flag bit will be set regardless
of the state of the TXIE enable bit and cannot be cleared in software. it will

reset only when new data is loaded into the TXREG register.

USART Transmlt Block Diagram
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Figure (6.7.1)



Steps to follow when setting up a Asynchronous Transmission:
1. Initialize the SPBRG register for the appropriate baud rate. If a high-speed

baud rate is desired, set the BRGH bit.

2. Enable the asynchronous serial port by clearing the SYNC bit and setting

the SPEN bit.

3. If interrupts are desired, then set the TXIE, GIE and PEIE bits,

4. If 9-bit transmission is desired, then set the TX9 bit.

5. Enable the transmission by setting the TXEN bit, which will also set the
TXIF bit.

6. If 9-bit transmission is selected, the ninth bit should be loaded in the

TX9D bit.

7. Load data to the TXREG register (starts transmission).

Asynchronous Master Transmission

Wiits to TXREG Il ¢
BRG o Word 1 JJ
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ek AN pats IR R 1 7 — — —
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regeemplyflag) ———— ] ) - |
P

Figure (6.7.2)



USART Asynchronous Receiver

The receiver block diagram is shown in the Figure 6.7.3. The data is
received on the RX/DT pin and drives the data recovery block. The data
recovery block is actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter operates at the bit rate or at
FOSC. Once Asynchronous mode is selected, reception is enabled by setting

the CREN bit (RCSTA<4>),

The heart of the receiver is the receive (serial) shift register (RSR). After
sampling the RX/TX pin for the STOP bit, the received data in the RSR is
transferred to the RCREG register (if it is empty). If the transfer is ccmplete,
the RCIF flag bit is set. The actual interrupt can be enabled/disanled by
sctting/clearing the RCIE enable bit. The RCIF flag bit is a read only bt
which is cleared by the hardware. It is cleared when the RCREG register has
been read and is empty. The RCREG is a double buffered register, i.c. it is a
two deep FIFO. It is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte begin shifting to the RSR

register.



USART Receive Block Diagram
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Steps to follow when setting up an Asynchronous Reception:
1. Initialize the SPBRG register for the appropriate baud rate. If a high speed
baud rate is desired, set bit BRGH.
2. Inable the asynchronous serial port by clearing the SYNC bit, and sctiing
the SPEN bit.

3. If interrupts are desired, then set the RCIE, GIE and PEIE bits.



4. [f 9-bit reception is desired, then set the RX9 bit.

5. Enable the reception by setting the CREN bit.

6. The RCIF flag bit will be set when reception 1s complete and an interrupt
will be generated if the RCIE bit was set.

7. Read the RCSTA register to get the ninth bit (if enabled) and determine 17
any error occurred during reception.

8. Read the 8-bit received data by reading the RCREG register.

9. If any error occurred, clear the error by clearing the CREN bit.

Asynchronous Reception
F
RX (pin) |
!
Rov shit . y . !
reg —_ L [l Lo fl L :
Rev buffar req - :T WORD 1 " \WORD QI o : !
Read Ry ; " RCREG .. RCREG o Ik ?
bufferrag b ; - =5 =S
RCREG ! a - !
ROIF i . 7
{intarrupt flag) L T -
OERR bt L L L -
CREN i . L J
L K A Tl
Mota: This timing diagram shcws thraa words appearing on the RX input. The RCREG (receive buffer) is raad after the third ward.
causing the OERR (overnin) bit to ba set.

Figure (0.7.4)



Sampling:
The data on the RX/DT pin is sampled three times by a majority detect
circuit to determine if a high or a low level is present at the RX pin. Figure
6.7.5 shows the waveform for the sampling circuit. The sampling operates
the same regardless of the state of the BRGH bit; only the source of the x16

clock 1s different.

RX Pin Sampling Scheme, BRGH =0 or BRGH =1

L
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Figure (6.7.5)



Purpose:

By processing the signal from the load cell in the microcontrolier we
arrive at the weight value. This weight value (rear end) is sent 0 front-end
microcontroller through serial communication by the in built USART
module in the Pic16£73. The TTL level is converted into RS-232 level by
line drivers and sent through the RS-232 cable. At the receiving end line
receivers are used to convert the RS-232 level back into TTL level. Then the
USART module of the receiving microcontroller receives data. MAX 232

can be used as dual transmitter and receiver.

v USART module of Pic16f73 (1) transmits the rear end weight fo
Picl16f73 (2).

v USART module of Pic16f73 (2) receives the data from Pic16f73 {1}
and the microcontroller processes the data 1o find the total load on the
vehicle.

v USART module of Picl6f73 (2) transmits this total weight to

Pic16f73 (3)



7. MAX 232

RS 232 DRIVERS/RECEIVERS
General Description:

MAX 231 belongs to the maxim family in which the line
drivers/receivers are intended for all RS 232 and V.28/V.24 communications
interface and in particular for those applications where +/- 12 volts 18 not
available. Since nearly all RS 232 applications need both line drivers and
receivers, the family includes both receivers and drivers in one package.
Both receivers and line drivers meet all EIA RS 232 and CCIT V2%
specifications. The MAX 232 consists of three sections, the transmitiers, the

receivers and the charge pump DC-DC voltage converters.

Features:
» Operates from single 5 volts supply
% Meets all RS 232C and V.28 specifications
» Multiple drivers and receivers
» On board DC-DC converter

> +/- 9 volts output swing with 5 volt supply



» Low power shut down < 1 microamps

» 3 state TTL/CMOS receiver output

» /- 30 volts recetver input levels
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DUAL CHARGE PUMP VOLTAGE CONVERTER:

The RS 232 drivers/receivers have on board charge pump
voltage converters, which converts the /- 5 volts, Input power to the /- -10
volts needed to generate the RS 232 output levels. Two charge pump voltage
converters perform this +/- 5 volts to +/- 10 volts conversion. The first users
capacitors C1 to double the +5 volts to +10 volts, storing the +10 volts on
the V output filter capacitor C3.The second charge pump voltage converter
uses capacitor C2 to invert the +10 volts to —10 volts, storing the —10 volts
on the V output filter capacitor C4.A small amount of power may te drawn

from the +10 volts and —10 volts output to power external circuitry.

DRIVER (TRANSMITTER) SECTION :

The transmitters or the line drivers are inverting Ieve!
translators, which convert the CMOS/TTL input levels to RS 232 or V.28
voltage levels. With +5 volt Vec, the typical output voltage swing is —/-¢
volts when loaded with a nominal 5 Kilo ohms input resistance of an RS 232
receiver. The output swing is guaranteed to meet the RS 232/V.2%
specifications of +/-5 volts minimum output swing under the worst case

conditions of all transmitters during the 3 Kilo ohms minimum allowable



load impedence Vec=4.5 volts and maximum operating ambient
temperature.

The input thresholds are both CMOS/TTL compatible, with a logic
threshold of about 25% of Vce. The inputs of unused driver section can be
left unconnected, an internal 400 Kilo ohms input pull-up resistor to Vcc
will pull the inputs high, forcing the unused transmitter outputs low. The
input pull-up resistors source about 12 microamps and the driver inputs
should be driven high or open circuited to minimize power supply current in:
the slow down mode.

When in the low power shut down mode, the driver outputs are turned
off and their leakage current is less than 1 microamp with driver output
pulled to ground. The driver output leakage remains less than 1 microamps
even if the transmitter output is back driven between 0 volts and Vee-+6
volts. Below -.5 volts the transmitter is diode clamped to ground with 1 Kile
ohm series impedance. The transmitter is also zener clamped o
approximately Vec +6 volts, with a series impedence of | Kilo ohm.  As
required by RS 232 and V.28 the slew rate is limited to less than 30
volts/microseconds. This limits the maximum usable baud ratc to 19200

bauds.



RECEIVER SECTION:

All but the MAX 230 and MAX 234 contain RS

232/V.28receivers. These receivers convert the +5volts to +15volts RS 232
signals to 5 volts TTL/CMOS outputs.
Since the RS232 C /V.28 specifications define a volta-ge level greater than
+3 volts as a zero, the receiver are inverting . These receivers are able to
respond to both RS232C/V .28levels and TTL level inputs. The receivers are
protected against input over voltage upto +30 volts.

The lower threshold has a guaranteed value of .8 vols. This
value is important in the sense that the receiver will have a logic one output
i the receiver is not being driven. This is because the equipment containing
the line driver is turned off or disconnected if the connecting cable has an
open circuit or short circuit. In the other words the receiver implements
typel interpretation of fault conditions. While or even a -3 volts recciver
threshold would not give proper indication on the control lines such as DR
and DSR. The receiver on the other hand has a full .8 volts noise margin wr

detecting the power down or the cable connected states.

The receiver has a hysteresis of approximately of .5 volts with a

minimum guaranteed hysteresis 200mv.This aids is obtaining clean outpur



transitions even with slow rise and fall line input signals with moderate
amount of noise and ringing. The propagation delays of the receivers are
350ns for negative going input signals and 650ns for positive going input

signals.

Purpose:

The signal from each load cell is in the order of few millivolts. So 1t hos
to be amplified and processed with a microcontroller at that pomt. 1he
processed data is sent to the microcontroller that drives the LCD at the Dash
Board through a RS 232 cable. For TTL to RS 232 level converston and RS

732 to TTL level conversion MAX 232 1s used.



CHAPTER 8

POWER SUPPLY



8. POWER SUPPLY

For any hardware circuit to work power is needed. The power supply
construction should be simple and satisfy the circuit requirement.
The power supply circuit consists of:
3> A dc voltage of 12-17V from the battery

> A regulator which regulates the high voltage to a constant 5V

Battery voltage:

The dc supply from the battery is about 12-17V. Since the

microcontroller requires only 5V for its operation, the voltage s

regulated to 5V.

Regulator:

The function of a voltage regulator is to provide a stable DC voltage
independent of the load current, temperature and ac voltage variations. It 1s

in this stage the battery voltage is reduced to a stable DC voltage of 5V.



LM317:
The voltage regulator used in our power supply is the adjustable voltage
regulator LM317. This is used to provide 5V to the Microcontroller, scria:

communication line driver (MAX232), and the Liquid Crystal Display.

+ +
R
nl
1 " = 2
lput = r’ Oupt
<R
Components Used:
Capacitors Cl 0.0l microfarad

C2 1 microfarad

Resistors RrR1 240 ohm
R2 720 ohm



For the LM317:
. R2=(192 x Vout) - 240, where R2 in ohms, Vout is in volts and must

be at between 1.2 Vand 35 V.

. Vin should be at least 2.5V greater than Vout. Select a wall adapter
with a voltage at least 2.5 V greater than your regulated output at full

load

. Maximum output current is 1 A, Use proper heat sink for LM317 if 1t

has to dissipate more than IW.

« The tab of the LM317 is connected to the center pin.

I.M317 is an adjustable 3-terminal positive voltage regulator capable of
supplying i excess of 1.5V to 37V output range. They are exceptionally
easy to use and require only two external resistors to set the output veltage.

Further both line and load regulation are better than standard fixed voltage
regulators. In addition to higher performance than fixed voltage regulators, it
offers full overload protection available in the IC. Included on the chip are
current limit, thermal overload protection and safe area protection. All
overload protection circuit remains fully functional even if the adjustable

terminal is disconnected.



Features:
» Adjustable output down to 1.2V

Guaranteed 1% output voltage tolerance

Y

» Guaranteed 1.5A output current

A\

Line regulation typically 0.01%/V

Y

Load regulation typically 0.3%

Current limit constant with temperature
100% electrical burn-1n

Eliminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection

v WV v Vv vV Y

Output is short-circuit protected

Normally, no capacitors are needed urnless the device is situated far from
the input filter capacitors in which case, an input bypass is nceded.

An optional output capacitor can be added to improve transient response.
The adjustable terminal can be bypassed to achieve very high ripple
rejection ratios, which are difficult to achieve with standard three tzrminal
regulators.

Besides replacing fixed regulator, it is useful in a wide variety of other

applications. Since the regulator is floating and sees only the input to output



differential voltage, supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not exceeded. Also, 1t
makes an especially simple adjustable switching regulator, programmable

output regulator, or by connecting a fixed resistor between the adjustment

pin and output.

Some Notes:

% Lml17 can be used as a precision current regulator.

<% Supplies with electronic shutdown can be achieved by clamping the
adjustment terminal to ground, which programs the output to 1.2V
where most loads draw little current.

< For applications requiring greater output current L.M150 series (3A;
and .LM138 series (5A) can be used.

% For the negative complement LM137 can be used.



9. LIQUID CRYSTAL DISPLAY:

Introduction:

Liquid crystal displays (LCDs) 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 liquids crystal
material sandwitched 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 though 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, ;Nhich would result iz
activating/highlighting the desired characters.

We use the LAMPEX LCD displays in the display unit of the oroject.
LAMPEX has emerged as the single largest manufacturer and exporter in
India for Liquid Crystal Displays ( LCDs ) and Liqud Crystal Modules
( LCMs) of high contrast Twisted Neumatic(TN) and Super Twisted
Neumatic (STN) with optional features of LED Backlighting and other
configurations to exacting standards with outstanding quality, reliability and
ensuring optimum performance at a very competitive prices. Alphanumeric
Dot Matrix Liquid Crystal Display (LCD) rﬁodules consist of specialty
Controllers with in-built Character ROM having standard ASCII Character
set and Japanese Character set.

Power Supply:

The power supply should be of the +5V, with maximum allowabie
transients of 10mV. To achieve a better / suitable conirast for the display, the

voltage at pin 3 should be adjusted properly.



A module should not be inserted or removed from a live circuit.
The ground terminal of the power supply must be isolated properly so that
no voltage is induced in it. The module should be isolated from the other
circuits, so that stray voltages are not induced, which could cause &
flickering display.

Hardware:

Develop a uniquely decoded “E’ strobe pulse, active high, to
accompany each module transaction. Address or control lines can be
assigned to drive the RS and R/W inputs.

Mounting:

e Cover the display surface with a transparent protective plate.
to protect the polarizer.

e Don't touch the display surface with bare hands or any hard
materials. This will stain the display area and degrade the
insulation between terminals.

e Do not use organic solvents to clean the display vanel as
these may adversely affect tape or with absorbent cotton and

pertroleum benzene.



¢ The processing or even a light deformation of the claws of the
metal frame will have effect on the connection of the output
signal and cause an abnormal display.

e Do not damage or modify the pattem wiring, or drill
attachment holes in the PCB. When as‘sembling the module
into another equipment , the space between the moduie and
the fitting plate should have enough height, to avoid causing
stress to the module surface.

e Make sure that there is enough space behind the modulc, to
dissipate the heat generated by the ICs while functioning for
longer durations.

e When cleaning by a vacuum cleaner, do not bring the sucking
mouth near the module. Static electricity of the electrically
powered driver or the vacuum cleaner may destroy the
module.

Environmental Precautions:

Operate the LCD module under the relative condition of 40 C end 50%
relative humidity. Lower temperature can Cause retardation of the olinking
speed of the display, while higher temperature makes the overall display

discolor. When the temperature gets to be within the normal limits. the



display will be normal. Polarization degradation, bubble generatior: or
polarizer peel-off may occur with high temperature and humidity.
TROUBLE SHOOTING:

Improper Character Display:

When the charactersA to be displayed are missing between, the data read /
write is too fast. A slower interfacing would rectify this problem.

When uncertainty is there in the start of the first characters other than
the specified ones are rewritten, check the initialization and the software
routine.

In a multi-line display, if the display of characters in the subscquent
lines doesn’t take place properly, check the DD RAM addresses set for the
corresponding display lines.

When it is unable to display data, even though it is present in the DD
RAM, either the display on/off flag is in the off stage or the display shift
function is not set properly. When the display shift is done simultaneous
with the data write operation, the data may not be visible on the display.

If a character not found in the font table is displayed or a character ig

missing, the CG ROM is faulty and the controller IC has to be changed.



Functional Description of the Controller IC :

The interfacing of the Microcontroller can be done only by having
knowledge of the different Registers of the Lampex LCD controller.

The controller IC has two 8 bit registers, an instruction register (IR) and
- a data Register (DR). The IR stores the instructior; codes and address
information for display data RAM (DD RAM) and character generator RAM

(CG RAM). The IR can be written, but not read by the microcontroller.

BUSY FLAG:

~When the busy flag is 1, the controller is in the internal operation mode,
and the next instruction will not be accepted. When RS=0 and R/W=1, the
busy flag is output to DB7. The next instruction must be writter. after
ensuring that the busy flag 1s 0.

DISPLAY DATA RAM (DD RAM):

The characters to be displayed are written mto the display data RAM
(DD RAM), in the form of 8 bit character codes present in the character font
table.

CHARACTER GENERATOR RAM (CG RAM);

In the character generator RAM, the user can rewrite character

patterns by program. For 5*7 dots, seven character pattermns can be written.



Interfacing the Microcontroller to Lampex 1.CD Module:

The Lampex LCD module is interfaced with the PIC
microcontroller through 4-bit mode. In our interfacing procedure, a proper
delay is given in passing the parameters to the LCD and the procedure-of
checking the Busy flag is not used. Apart from the data pins used n the
interface, the three most important pins used in the LCD are:

a) R'W
b) RS

¢) EN

R/W ( Read/Write):

The R/W pin is the 5™ pin the Lampex LCD. Whenever we have to pass
the data to LCD this pin is to be enabled. In case of writing the R/W=0 and
in case we read the BUSY flag R/W=1
RS (Register Select):

The RS is the 4™ pin of the LCD. Whenever RS is asserted low, then the
instruction Register is selected. When RS is asserted high, then the data

Register is selected.



EN (Enable):

The EN is the 6™ pin of the LCD. Only if this pin is asserted high, the data

or command is passed from the microcontroller to the LCD and after passing

the required information it is asserted low.

Connections:

L

Port A (RAQ ~ RA3) of the 16F73 (pins 2 — 5) act as output port. This
Port A is connected with the data pins (DB4 - DB7) of the LU
module (pins 11-14).

The 1% pin of the LCD module is grounded.

The 2™ pin of the LCD module 1s connected to +5V power supply.
The 3™ pin of the LCD module is connected to be variable pin of the
potentiometer (20k ohm preset) for contrast control.

The 2™ pin of the portC (RC2) is connected to the 5™ pin of the LCD
module which is for Register select (RS).

The 5™ pin of the portA (RA5) is connected to the 4" pin of the LCD
module which is for Read / Write (R/W).

The 0" pin of the portC (RCO) is connected to the 6" pin of the LCD
module which is for Enable (EN).

The 15" pinis given +3V and 16" pin of the LCD module is grounded

and it provides the backht display.



10. SOFTWARE DESCRIPTION:

10.1 FLOWCHART:

REAR END WEIGHT TRANSMISSION:

CONFIGURE THE A/D
CONTROL REGISTER

:

CONFIGURE THE USART
CONTROL REGISTER

l

GET THE ANALOG
INPUT

.

CONVERT IT INTO
DIGITAL DATA USING
ADC

v

USING LOOK UP TABLE
CALCULATE THE
WEIGHT

v

TRANSMIT THIS WEIGHT
TO PIC2

STOP



FRONT END WEIGHT TRANSMISSION

CONFIGURE THE ADC
CONTROL REGISTER

!

CONFIGURE THE USART
CONTROL REGISTER

l

GET ANALOG
INPUT

:

CONVERT IT INTO
DIGITAL DATA

'

USING LOOKUP TABLE
CALCULATE THE
WEIGHT

v

RECEIVE THE WEIGHT
VALUE FROM PICI

!

CALCULATE THE TOTAL
WEIGHT




CONVERT THE HEX
DATA INTO DECIMAL

‘

TRANSMIT THIS TOTAL
WEIGHT TO PIC3




WEIGHT DISPLAY ON 1.CD

INITIALIZE THE LCD
MODULE

—

!

INITIALIZE THE USART

MODULE

l

GET THE WEIGHT
VALUE FROM PIC2

!

DISPLAY THE WEIGHT
THE LCD

IN




L.CD DRIVING

POWER Oﬂ

WAIT FOR 15ms or more
after Vec rises to 4.5V

I

Function Set: DL=1
& bit interface data

v

\ ‘Wait for 4.1ms

Oor more

'

Function Set: DL=1
& bit interface data

!

Wait for 100us
or more

.

Function Set: DL=1
8 bit interfacc data

I

Function Set: DL=1
also include

N = no. of line

F = Character font

|

Display Off




Display O

v

Display On

End of
Initialization



HEXADECIMAL TO DECIMAL

COUNT=16
RO=0
Ri=0
R2=0

!

I

SHIFT S0, S1 LEFT
INTO RO,R,R2
(1 BIT)

CARRY

E———
RETURN |

ADJUST BCD
ADJUST R2

v

ADJUST BCD
ADJUSTRI1

'

ADJUST BCD
ADJUST RO




ADJUST
BCD

LSD=LSD+3

MSD=M5D+3




10.2 SOFTWARE CODING

For Picl6F73 (1):

LIST P=P1l6F73
INCLUDE "P1l&6F73.INC"

;‘k****************************************************

;¥ %% %**x*PRCGRAM FOR TRANSMISSION OF REAR END LOAD

;*****‘Jt'k'k********************************************‘k

#DEFINE BANKO BCF STATUS,RPO
#DEFINE BANK1 BSF STATUS,RPO

CBLOCK 0X20

Cc1l

c2

C3
W_TEMP
STATUS_TEMP1
Temp
COUNT
WEIGHT
RESULT1
RESULTZ2
CoUN
COUNT1
COUNTZ2
TEMP1
TEMP2
TEMP2
TEMP4

ENDC

CRG 0X00
CALL INIT_ PORT
GOTO ONE

’-*********************************'k'k**************'ﬂc**

; INTERRUPT SERVICE ROUTINE

-************‘k**************************%w******w****
/

ORG 0X04

MOVWF W_TEMP ; save off current W register
contencs

MOVEF STATUS, W ; move status register into W

Ty &



MOVWF

CALL
BANKO
MOVFE
MOVWF

SWAPF
SWAPF

RETFIE

STATUS_TEMP1 ; cave off contents of STATUS
register

ATOD
. ensure file register bank sen Lo
STATUS_TEMPL,W . retrieve copy of STATUS reglster
STATUS . restore pre-isr STATUS register
contents
W_TEMP,F
W_TEMP,W ‘ . restore pre-isr W register
contents

; return from interrupt

;**************END (e) INTERRUPT ROUTINE********************

;************ MAIN PROGRAM *****.***********************'}:***

INIT PORT

DEL

ONE

LOOP1

ATOD1

BANK1
BSF
BSF
CLRF
CLRF
CLRF
CLRF

MOVLHW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
DECFSZ
GOTO
DECFSZ
GOTO
DECFSZ
GOTO
RETURN

TRISA, O
TRISA,1
TRISB
TRISC
ADCON1
PIEL

Drl? ; 5MS DELAY
C3
0Xo90 ; 5MS DELAY
cz2
OXFF
Cl
cl.,1
5-1
cz,1
$-5
c3,1
5-9

CALL MAIN

BANK1

CLRF ADCON1

BANKO

MOVLW B'10000001"°
MOVWF ADCONO



NOP
NOP

BSF ADCCNO, 2

BTFES PIR1,ADIF
goTo  $-1

BCF PIR1,ADIF

MOVF ADRES,0
MCVWF COUNT
;INITIALISATION
MOVLW 0x32
MOVWE WEIGHT
MOVLW 0x00
MOVWF RESULT
MOVWF RESULT2
BCF STATUS, 2
BCF sTATUS, C

JwWh LG ROUT UNE

CCHECK NG FOR 0 0A LIVELS
MOVF COUNT, 0
SUBLW O0x0A
BTFSC STATUS,C

GoTO Lol

MOVLW Ox0A
SUBWF COQUNT, 1
MOVLW 0xG4

MOVWE RESULTL

sMULTEPLL CATION

J1 MOVF RESULTL, 0
ADDWF WEIGHT, O
MOVWE RESULT1
BTFSS STATUS,C
GOTC LOPL
MOVLW Ox01
BCF 8TATUS, C
ADDWF RESULTZ, 1

LOP1 DECFSZ COUNT, 1
goTo  J1i
GOTO L2

Lol MOVLW 0x64
MOVWF RESULT1
L2 NOP
CALL MAIN
GOTO LCOOP1

MAIN

;USART
; INITIALISATICN
BANKSEL TXSTA

L o oy



MOVWF TXSTA
MOVLW 0x0C
MOVWF SPBRC ;9GC0 BAUD RATHE

; TRANSMIT
BANKSEL PIR1
Ul BTFSS PIR1,TXIF
GOTO Uz

MOVF RESULT1,0
MOVWF TXREG

CALL DEL
Uz BTFSS PIR1,TXIF
GoTC U2

MOVE RESULTZ, C
MOVWF TXREG
CALL DEL
RETURN

END



For Pic16F73 (2):

LIST P=P16F73
INCLUDE "P1l&F73.INC"

'k'k*******************‘9{****1\'******************k*******

;*******PROGRAM FOR TRANSMISSION OF TOTAL LOAD

;***************‘k**********'}:********x***********-k*****

#DEFINE BANKO BCF STATUS,RPC
#DEFINE BANKL BSF STATUS,RPO

CBLOCK 0X20

Cl

c2

C3
W_TEMP
STATUS_TEMP1
Temp
COUNT
WEIGHT
RESULTI
RESULTZ2
coulN
COUNT1
COUNTZ2
TEMP1
TEMP2
TEMP3
TEMP4
REGI1
REGIZ2
RES1
RES2

ENDC

ORG 0X00
CRALL INIT_PORT
GOTO ONE

******'k*****'k*********‘k*****‘k**********************ﬂ'**

INTERRUPT SERVICE ROUTINE

; ****'}c****************************x***9(**ww*'k':\'-k****‘k**-k

ORG 0Xo4

MOVWF W_TEMP . save off current W register
contents
MOVEF STATUS.W ; move status register into ¥

register



MOVWF STATUS_TEMP1 . save off contents of STATUS

register

CALL ATOD1

CALL USAR

BANKO ; ensure file register bank set to O

MOVF STATUS_TEMFP1 . retrieve copy of STATUS register

MOVWF STATUS ; restore pre-isr STATUS register
contents

SWAPF WQTEMP,F

SWAPF W_TEMP,W . restore pre-isr W registexr
contents .

RETFIE ; return from interrupt

;**************EN‘D OF INTERRUPT ROUTINE*******'k***'k********

;************ MAIN PROGRAM ********************************

INIT_PORT
BANK1
BSF  TRISA,O
CLRF TRISB
CLRF TRISC
CLRF ADCON1

CLRF PIEl
DEL MOVLW D'1? ;SMS DELAY
MOVWF C3
MOVLW 0X90 ;5EMS DELAY
MOVWEF c2
MOVLW CXFF
MCOVWFE Cl
DECFSZ Cc1,1
GoTo  $-1
DECFSEZ cz2,1
GOTO $-5
DECFSZ c3,1
GoTo  $-9
RETURN

CNE CALL MAIN

LOOP1

ATOD1 BANK1
CLRF ADCON1
BANKO
MOVLW B'l0001001'
MOVWF ADCONC



NOP
NOP

BSF ADCONG, 2
BTFSS PIR1,ADIF
GOTO  5$-1

BCF PIR1,ADIF

MOVF ADRES, 0
MOVWE COUNT

; INITIALISATION
MOVLW 0x32
MOVWF WEIGHT
MOVLW ©x00
MOVWF RESULT1
MOVWF RESULT2
BCF STATUS, 2
BCF STATUS, C

:CHECKING FOR 0-CA LEVELS
MOVF COUNT, O
SUBLW 0x0A
BTFSC STATUS,C
GOTC Lol
MOVLW Ox0A
SUBWF COUNT, 1
MOVLW Ox64
MOVWF RESULT1

;MULTIPLICATION

Jl MOVF RESULT1,O0
ADDWF WEIGET, 0
MOVWF RESULTL1
BTFSS STATUS,C
GOTO LOP1
MOVLW 0x01
BCF sTATUS, C
ADDWF RESULTZ,1
LOP1 DECFSZ COUNT, 1
GOTC J1
GoTO L2
Lol MOVLW 0x64
MOVWF RESULT1
L2 NOP

USAR

;USART

; INTTIALISATICN
BANKSEL TXSTA
MOVLW B'00100000'
MOVWF TXSTA

AEAITT LT A~



MOVWF

SPBRG ;9600 BAUD RATE

BANKSEL RCSTA

MOVLW
MOVWEF

;RECEIVE

UR1

URZ

B'1001000G"
RCSTA

BANKSEL PIR1

BTFSS
GOTO
MOVFEF

PIR1,RCIF
UR1
RCREG, ©

BANKSEL REGI1

MOVWE
BTFSS
GOTO
MOVF

REGI1
PIR1,RCIF
UR2
RCREG, ©

BANKSEL REGIZ

MOVWF

REGI2

; TOTAL WEIGHT ROUTINE

Wl

W2

MOVF
ADDWF
MOVWF
BTFSS
GOTC
MOVLW
ADDWF
ADDWF
MOVWE
GOTO
MOVF
ADDWF
MOVWF
NOP

; CONVERSION

L1

J2

CLRF
CLRF
CLRF
BCF
MOVLW
MOVWEF
MOVLW
MOVWF
MOVF
MOVWEF
INCF
MOVF
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
RLF
INCE

RESULT1,0
REGI1, 0
RES1
STATUS, C
W1l

0x01
RESULTZ, 0
REGIZ, 0
RESZ2

W2
RESULTZ, 0
REGIZ2,C
RESZ

OF HEXADECIMAL TO DECIMAL
0x53
0x54
0x55
STATUS,C
0x10
COUN
0x51
FSR
RES1, O
INDF
FSR,1
RES2,0
INDF
0x05
COUNT1L
0x03
COUNTZ
0x51
FSR
INDF, 1
FSE, 1



GOTO J2

DECFSZ COUN, 0
GOTO EH1
GOTO HA2

HH1  MOVLW 0x53
MOVWF FSR
MOVF INDF, 0
BTFSS STATUS,C
GOTO H1
GOTO H2

H1 ANDLW O0xOF
MOVWF TEMP3
ADDLW 0x03
MOVWF TEMP1
BTFSS TEMP1,3
GOTO HAR1
MOVWF TEMP4
GOTO HAR2

HAR1 MOVF TEMP3,0
MOVWF TEMP4

HARZ MOVF INDF,0
ANDLW O0XFOC
MOVWF TEMP3
ADDLW 0x30
MOVWF TEMP1
BTFSS TEMP1,7
GOTO HAR3

_ GOTO HAR4

HARZ MOVF TEME3,0

HAR4 ADDWF TEMPZ,0
MOVWF INDF
INCF FSR,1
MOVF INDF,C
DECFSZ COUNTZ2,1

GOTC H1

H2 DECFSZ COUN, 1
GOTO L1
GOTO HAZ2

HAZ NOP

CALL MAIN
GOTO LOOF1

MAIN

;USART
; INITIALISATION
BANKSEL TXSTA
MOVLW B'00100000°
MOVWF TXSTA
MOVLW 0x0C
MOVWF SPBRG ;9600 BAUD RATE

; TRANSMIT
BANKSEL PIR1
ul BTFSS PIR1, TXIF

GOTO U2



uz2

MOVF RES1,0
MOVWF TXREG

CALL DEL
BTFSS PIR1,TXIF
GoTo U2

MOVF RES2,0
MOVWF TXREG
CALL DEL
RETURN

END



For Picl16F73 (3):

LIST P=P1l€F73

INCLUDE
; REGISTERS
DATACONT EQU
DELCONT1 EQU
DELCONT2 EQU
TEMP1 EQU
REGI1 EQU
REGI2 EQU
ORG  0X00
CALL USAR
LOOP1
USAR
;USART
; INITTIALISATION
BANKSEL
MOVLW
MOVWF
MOVLW
MOVWF
BANKSEL
MOVLW
MOVWF
:RECEIVE
BANKSEL
UR1  BTFSS
GOTO
MOVE
BANKSEL
MOVWF
UR2  BTFSS
GOTO
MOVF
BANKSEL
MOVWE
CALL

GOTQ

"Pl&F73 . INC"

0x30
0x31
0x32
0x33
0x34
0x35

TXSTA

B'00100G00°

TXSTA

0xQC

SPBRG ;9600 BAUD RATE
RCSTA

B'10010000"

RCSTA

FPIR1
PIR1,RCIF
UR1
RCREG, 0
REGI1
REGI1
PIR1,RCIF
UR2
RCREG, 0
REGIZ2
REGIZ2
MAIN
LOOP1



MAIN

s DATA

MOVF REGIZ, W
ADDLW 0x30
MOVWF 0x40
MOVF REGI1,W
AODLW 0x30
MOVWF 0x41
MOVLW T
MOVWE 0x42
MOVLW o
MOVWE 0x43
MOVLW 'N!
MOVWF Ox44

:Power_up Delay
CALL POWDEL

;INITIALISE THE PORTS
; CONFIGURING BOTH PORTS AS OUTPUTS

MOVLHW B'0000000C"
MOVWE TRISA
MOVWF TRISC

.SETTING THE PORTS TO INITIAL VALUES
ECF STATUS, RPO
MOVLW 0x00
MOVWF PORTA
MOVWF DORTC
BCF PORTC, 2
BCF DORTR, 5
BCF PORTC, 0

; FUNCTION SET
BCF STATUS, RPO
BCF PORTA, 0
BCF PORTA, 1
MOVLW B'00110100"
MOVWEF PORTEB
BSF PORTA, 2
CALL DELAY
BCF PORTA, 2

:FUNCTION SET
BCF STATUS, RPO
MOVLW 8'00101000"
MOVWE TEMP1
SWAPF TEMP1,W
ANDLW OxOF
MOVWF PORTA
BSF PORTC, 0
BCF PORTC, 0
MGVF TEMP1, 0
ANDLW 0x%OF
MOVWF PORTA
BSF PORTC, O

CALL DELAY



; FUNCTION SET

BCF STATUS, RPO
MOVLW B'00101000"
MOVWF TEMP1
SWAPF TEMP1, W
ANDLW OXO0F
MOVWF PORTA
BSF PORTC, 0
BCF PORTC, 0
MOVF TEMP1, 0
ANDLW 0%0F
MOVWF PORTA
BSF PORTC, 0
CALL DELAY
BCF PORTC, 0
; FUNCTION SET
BCF STATUS, RPO
MOVLW B'00101000"
MOVHF TEMP1
SWAPF TEMPL, W
ANDLW OXOF
MOVWF PORTA
BSF PORTC, 0
BCF PORTC, ©
MOVF TEMP1, 0
ANDLW OXOF
MOVWF PORTA
BESF PORTC, 0
CALL DELAY
BCF PORTC, 0
;DISPLAY ON
BCF STATUS, RPO
MOVLW B'00001111"
MOVWF TEMP1
SWAPF TEMP1,W
ANDLW OXOF
MOVWF PORTA
BSF PORTC, ©
BCF PORTC, ©
MOVE TEMP1, C
ANDLW OXOF
MOVWF PORTA
BSF PORTC, 0
CALL DELAY
BCF PORTC, 0
; CURSOR SHIFT
BCF STATUS, RPO
MOVLW B'G0010000"
MOVWF TEMP1
SWAPF TEMP1, W
ANDLW 0xXOF
MOVWE PORTA
BSF PORTC, 0
BCF PORTC, 0
MOVF TEMP1, 0
ANDLW OXOF

RAANT ITLTTY ™I



BSF PORTC, O

CALL DELAY
BCF PORTC, 0

; MOVE CURSOR
BCF STATUS,RPO
MOVLW B'00010100"'
MOVWE TEMP1
SWAPF TEMPLl, W
ANDLW OxOoF
MOVWF PORTA
BSF PORTC, 0
BCF PORTC, 0
MOVF TEMP1, 0
ANDLW 0xOF
MOVWEF PORTA
BSF PORTC, C
CALL DELAY
BCF PORTC, 0

;DATR DISPLAY

MOVLW 0x05
MOVWEF DATACONT
MOVLW 0x40
MOVWF FSR
LOOF1 BSF PORTC, 2
BCF PORTA, 5
MOVF INDF, W
MOVWFE TEMP1
SWAPF TEMP1,W
ANDLW OxO0OF
MOVWFE PORTA
BSF PORTC, O
BCF PORTC, O
MOVF TEMP1, 0
ANDLW 0xOF
MOVWF PORTA
BSF PORTC, 0
CALL DELAY
BCF PORTC, 0
INCF FSR,F
DECFSZ DATACONT, F
GOTO LOCPL
RETURN
Delays
; Power-up Delay of 15.0102 ms
POWDEL MOVLW 0x27
MOVWF DELCONTL
LCOP3  MCOVLW OXFF
MOVWF DELCONT2
LOOP2 DECFSZ DELCONTZ, F
GOTO LOOP2
DECFSZ DELCONT1, F
GOTOC LOOPZ
RETURN
;Common Delay of 1.1334 ms
DELAY MOVLW 0x03

MOV E DELCONT1



LCOP5 MOVLW OXFF

MOVWEF DELCONT2
LOCOP4 DECFSZ DELCONTZ2,F
GOTO LOOP4
DECFSZ DELCONT1,F
GOTO LOOPS
RETURN

END



CONCLUSION



11. CONCLUSION

The project ‘PAYLOAD INDICATOR’ is designed for use in all
vehicles. The Payload Indicator is a low cost device suitable for Indian
conditions. It serves as an easy means of indicating the load on the vehicle.
It benefits the driver of the vehicle to keep track of the load on the vehicle
and adjust himself to various traffic conditions to prevent accidents. The
resolution of the displayed data can be varied by simple software routines.
The Payload indicator is designed in such a way that facilities available at

present can be expanded.

Future Improvements:

» An EPROM may be employed in the circuit to make this project a
load indicator as well as recorder.
> Switches may be employed to select the range in which the welght

should be displayed in LCD.
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PIC16F7X

FLASI Memory Programming S yecification
4 o ™

This document includss the programming
specifications fer the foliowing devices:

= PIC1SFT3 - PIC1SFTE
- PICI6FT4 - PIC1EFTT

1.0 PROGRANMMING THE PIC16FTX

The PICIEF TX is programme:d using a serial mathad
The Sertal mode diows the PICISFTX lo be pr-
grammed ‘xhi= in thz ussrs’ system. allowing for
incraased design fiexbsiity. This programming gpecif-
catioh applies to PICTBFTX devioss in all packagss

1.1 Arew soyireients

The PIC 16FTX raquires b0 programmmable poeser sup-
plies, cna for Ve {20V 10 5 53 and the b for Vs
of 12.75 7 to 13.25 %, Bath suppliss shadd hawe a min-
imum resolution of 025V

12 Pioggmming Beds

The Pregramming mosle for the HICTBFTX allows pro-
gramming of user program mEncey. speaal locations
used for [0, and the oonfiguration waed,

Pin Diagram

POIP. SCIC

Tt

PPl

=2k

Lome o Rany

TABLE 1-1: PIN DESC RIPTIONS (DURING PROGRAMBMING ) PIC1=FTX
During Programmi
P Hanw - § Troglmmne
Functicn Rin Type Pin Descrption

RB&/IPGC CLOCK | Ciock Inpat
RBI!PGD DATA 12 Data inputiCutpat
MO R A Fe ezt MODE P Program Mode Selact

Vro Voo P Power Supply

Vez Wez P Grund

Legend: | =lrgut, O = Quiput P = Bower

w03 Microchip Techmology Inc.

Freliminary




PIC16F7X

e ——————————————— e

2.0 PROGRAM MODE ENTRY
21 2 & 3eno

The user mamory space extends from 000 1o
O AFFF (8 K). or 0x0000 to 0x0FFF (4 K). Tale 2-1
shows the actual implementation of program memory
in the PIC 186FTX family. Configuration marmony bagins
3t 0x2000, and continues 1o {x3FFF. The PC will incre-
ment frxm 0x0000 to Ox1FFF and arap fo 0x3000,
2000 to 0x3FFF and wrap around 1o 2003 (n3t to
0000,

Cno=in configuraticn mamary, the highest it of the PC
stays 3 -1, thus alwsys poinfing 1o the eanlizuraticn
memory. The orly way (o point b2 progrim maETny 1s
to meel the parl and reenter Program®enly mode, as
dasaribed in Section 2.3,

Configuration mamery is seleclad when the PC panls
1o any address in tha range of (x2008-2201F: how-
ever, only localizns 8x2000 through Dx2007 are irple-
menlad. Addressing locations beyond Dx201F will
actess Program memary (see Figure 2-1).

TABLE 2-1: IMPLEMENTAT N GF

PROGRAM MEMCRY |M THE
PIC16F7X FARILY

Device Program Memary Size
PICIBFT3 TO000 < GROFTF 14K
PICIGFTA 0x0000 = CnCFFF (4K
PIC16FTS 0x3000 — 0x1 FFF {8K)
PICIGFTT Q)30 — 71 FFF (BKY

[E32244 pags= 2

Freliminary

2.2 A aticne

A usel may store identification infarmalion 107 in four
1D lozaticns mapgsd 1 [1x2000.0x2303]. It is reccm-
mended that zach ID localion word is written as
‘11 1111 1aco BERD where tebb is 1D inforra-
ion. The|D lozations can be read after codz proteclion
is enabled

To understand the program memory reed mechanism
afer code protechion is enabled, refer o Section 4 0.
Table 4-1 shows spacific 2alodlatans and bahawaor ior
aach of Ihe PICTIEFTX deices




PIC16F7X

50 PROGRAM/VERIFY MODE ELECTRICAL CHARACTERISTICS
5.1 cipc arjatic
TABLE 5-1:  TINMING REQUIREMENTS FOR PROGRAMNVERIFY MCDE

Standard Operating Conditions funless otherwise stated}
Operating Tem perature: +10°C < Ta < +40°C

Dperating Voltage: 45V Voo 55V
Characteristics I Sym | Nin | Typ I Max l Units TConditic-ns.'Cv:»lmnelns
General
oo leval for read snd verification Voo 2.0 5.5 Vi
oo lewal for programming and
erasing Vooe 4.75 525 W
High woltage an MCLR for chip zras=
and program wiite operabans Visal 1275 13.25 v Mote 1, 2
MMCLH rise time (V53 fo Vre] for Test
modke antry terbn 1.3 s
(RBs, RBTinput high level Wrl G BWon v Schmit Trigger input
(RBS. RB71input kovw lewse] Wil Q2Vun W Schmtt Tnggs inpat
Serial Progsamerify
Data in sewp bma befora clock b Lyatt 100 ns
Data in hald time afler chck by 51 139 ns
Data input net dawen lo next deck input
{delay required between
command'dala cr commandisommandi bt 1.0 us

Delay betwesn clock . toclocki of pext
command or dota bonz 1.0

b
Clek 1 todatn oul vald (duing read

Jata) Lass 200 ns
Eraszcycle ime Lo 30 s | Mals 3
Pragramming cycle lime [ 1 — 3 ms

Note 1: “fae should be current Irnilad to aboual 100 ma
2; Mepmuslezrmain abowe YVoce « 4 35 10 reman n Pragqiamiming mosds, whils aot acdually ey or

Frogramming.
3 The chip erasa is s=ii-timed
4 g5 expedtad o b reduosd lo 1 m3S max

0803 d4-page 13 Praliminary




Section 21. 8-bit A/D Converter

21.2 Conltrol Registers -

Ragister 21-1: ADCONO Register

0
RA-D RAWD  RWD RAD . RW-A R0 R RWA o
[ ADCs: 1 Apcso | CHS2 [ CHS1 | CHSO | GODOME | Resv | ADON | E
bit 7 il a
[12]
=
bit 7.6  ADCS1:ADCSO: &/D Convarsian Clock Silact bits
ol = FOSCi2
a1 = Fosc/s

10T FOSCIA
U P RC qclock dormsed Tromm s metarpal AL 0 cewillton
bit 5.3 CHSZ:CHSO: Analog Channal Salact bibs
w00z chanmal O (AN
L= channal T.rANT
= chanmsl 2, (ANZ)
111 channid 3, (4N 3
. channel 4, (AN 4]
=channel 5, (ANS)
= channel 8. {ANE)
=channel 7. {AMT)
Note:  For dastces that danot implemsnt the Ul S A0 channals, the uramplamanis] soloe-
tions arae raserved, Do notselact any uniomplementad channels.,
it 2 GOVDONE: A'D Cormvversion Status bit
When ADOM =1
1= AD comarsinn in proaress
Sating s bt sloris e AD conversion, This bit s adtumatizally cleanad
by hardware whan the A'D conversion is complste;

0= AT Commersion not i progrecs
kit 1 Resarvad: Always maintain this kit clearesd,
bt 0 ADON: A'D On bit

1 = A'D comverter module is aparating
0= AD converter moduls is shutaff and consumes no aperating currant

Lagend
R = Readable bit W= ntable bit
11 = Unimplamented bit, read as O - = alue at POR negal

1997 Micrachip Technaology ine. 521021 A-page 213



PICmicro MID-RANGE MCU FAMIL

—
Register 21-2: ADCON1 Register
UL -1 o U- U4 RAVD RMED RAND
[ = _ — [ — ] — |PCFG2 | PCFG1 | FCFGE
bit 7 Bt
bit7:3  Unimplemented: Read as "0’
hit20  PCFGZ:PCFGO: A/D Port Conliguration Control bits
PCFG2:PCFGO | ANT | ANG | ANS | AN4 AN ANZ | AN Al&i
g 5 A 5 TR o A 3
Dl & A A A “WREF A A A
] D 8] ju A ~ A & &
al = C A A YREF = & A
8] jul o 3] A o] 18
171 0 0] 1 0 WREF ) A A
1lx 0 o C o o O 8] a
A = Analog input D = Digital 112

Note:  When AN3J is selaclad as REF. the AT rafen
pin. Whan AN2 s selectad as an analog ingut
fur the AT s the d SO0,

ltacss on the A2

ftoags refepsncs

1, then th

Lagand
R = Faadabla kit WY = Wdritatla bt
U = Unimplarmantsd bit, read as o -0 o= Yae 2t POR rasel

Note 1: On any dewice reset. the Port pins multiplexed with analog functions (AR arz
farced o be an analog input,

CE21021A-pagae 214 - 1097 Microchip Ta@rokgy lne




PICmicro MID-RANGE MCU FAMILY

21.4 A/D Acquisition Requirements

Eor the A/D convertar ba meet its specified accuracy, the chams holding capacitor (CHOLS st
be allowad tofully chargs to tha input channsl voltage level. The analog input modsl is showrn in
Fiqure 21-3. The source impedance (RS) and the internal sampling switch (RSS) impedance
directly afiect the time required to charge e capacitor CHOLD. Tha sa pling sailch (RESTimped-
Ance waries st the devicn woltage VOB i pure 122 The maximum recommended fmpsd-
ance for analeg sources is 10 ke After he anakey inpul channel 1y salecial iwhargdl e

acquisiicn must be done belore the convarsion can b started

To salculate the mirimurm asquisiton time, Equatan 21-1 may b ussd. This aquation 28sUm

Equation 21-1:  Acquisition Time

@S
that 12 LSb arroris used (512 steps for tha A/D). The 1.2 LSb eraris the maximum erfar allzeed
for the A/D to mest its spacified resciution.

Tar = Amplifier Sottling Tims +
Hulding Capacikor Changing Tinwe +
Tamparatura Cosficient

lars 1 12 v L COFE

Equatien 21-20  AD Minimum Charging Time

VD = EVREL VRIS L i e
ar
TV = SSL2pFil ki = Rk s R il 3T

Farnp b1 1 shows tha calaatation af ha inienany reqursed o e 1

[ation is based o the Iollowing systarn assunptions.

Rs = 10 ke
Conversion Trror - 12Lsh
DD = &Y

Temperatura = SO G CSVRELT I
YHOLD = OV .E me =1

Exampie 21-1:  Caleulating the Minimum Requited Acquisition Tims

cagn qragphen [y o

Twy = TAMP + TC + TCOFF
Ty - Sus ¢ Ter [(Temp- 25 Cuo0s s O
T - SCHOND (RE -+ RS - Ryp e 13120

SS1E2pF il ki TROL - 10 kLY 0020,
SRL2pF C1E kL Inio.nn2i
S0.927 us -2 1400

24
T = Sps = 3T s (130 C =28 TS us O3
1724 us = 125 s
11.974 U

DS21021A-pags 21-6
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Section 18. USI-}RT

18.2 Control Registers

Register 18-1: TXSTA: Transmit Status and Centrol Register

RV Rve- RAND Revi NE] R0 R-1 RAAD
CSR- | Txe | TXKEN | SyWC | — | BRGH | TRMT | T80 |
Bit 7 kit o

it 7 CSRC: Clock Sours Saled Wit
AeviurronoUE 1INk
Dont cams
Synchronaus madds
1 = Kaslzr mads (Clock ¢ 4 inszrnally from BRO
10 = Skaps modz (Clock [ axtonal sourmay
kil & TX9: bt lransimt Lnabsde Lil
1 = Selecks 9-bit transmission
0 = Salects it fransmission
bt 3 TXEN: Transmit Enable bit
1 = Transmit 2nalied
o = Transmit disabdel
Note: SREMCREN dverides TXER in SYNC o,
bit 4 SYNC: USART lode Seled bit
1 = Synchronaus mads
Oz Agynchronats mads

bit 3 Unimplemented: Raad as 0

bit 2 BRGH: High Baud Rate Selact bit
Asynchronous mods
1 = High spaad
0 = Low speae]

Synn o nele
Unusad in this mods
kit 1 TRMT: Transmit Shift Registor Status bit
1= TSR amply
0= TSRl
bit 0 TXOD: 9t bit of ransmit data. San ke parity bik

Legand
R = Rearlable bit v = Wntable bit
= Unimplanmentsd bil, read as 0 -1 = e o POR et

v 1997 Micrechip Technology Ine,
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PICmicro DﬂIE-RANGE_MCU FAMILY

—
Ragister 18-2: RCSTA: Receive Status and Control Register
RIW-0 RAW-0 RAW-D RAN-0 U0 R-0 R-0 R0
SPEN | RX9 | SRENM CREW |  — FERR | OERR | RX3D
bit 7 kit O

bit7 SPEN: Serial Port Enable bit
1 = Serial port enated (Configurss RXDT and TXCK pins as seral porl pirss
0 = Serial port disabled
Lite RX%: S-bit Recaive Enabla bit
1 = Selacts %-bit reccplion
0 = Sedects R-bit racoption
bits SREN: Singie Reoaive Enable bt
SyNC DS Mol
Dan't cars
Synchronous mode - master
1 = Enables single racaive
0 = Disables singls receive
This bit is deared after reception is complats

Synchronous mods - slava
Unusad in lhis moda
bit 4 GREN: Cantinunus Reosive it bit
Sut1n Heoous (e
1 = Enables continuaUs receiva
Nz Disables conbnuous recsive

Synchranols mods
1 = Enablas continuaus recaias unlil enabls bit CEEF N s ¢ eanes |G REC N oyerrivlan <13 HD
1 Isatses enhna s, roesie

bit 3 Unimplemented: Read as 0
bit 2 FERR: Framing Emor bit
1= Framing amer iCan ba updatad by reading RCREG redislir and racaiae naxt»alid brte)
0 = No framing arror
bit 1 CERR: Ovamun Errar bt
1= Gwarmun amor (Can be clearsd by clearnng Lt CREN:
0 = Mo ovarrun error
bitQ RXGD: 9th bt of recaivad data. can ba parity Lit,

Legend
R = Readable kit W= Writable bit
U = Unimplementsd bit, read as 0 -0 = alue at POR resol
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PICmicro MID-RANGE MCU FAMILY

Table 18-3: Baud Rates for Synchronous Mode

BALD Fosc =20 MHz SPRRG 16 MHz SPERG 10 MHz SPBRG 13909 MH2 SPRRG
RATE ) ~value " value o, value - value
(Kb} | KBAUD  poo-p idecimal) | KBAID  poop  (decimal) KBAUD  popemp  idecimalt KEMIE  ppomg  (decimal)
a.3 BA MA HA [RES
12 A FA [25% A i
24 FLA HA A M& - |
96 MA - - MA - Iy 5] 173 pica] D27 i ] 162 p
19.2 19.53 +1.73 255 1923 +0.16 27 19.72 WEE g e [ a7 ‘
758 T6.92 w16 i34 pLtRYd +0.15 1 TH S B RCH ey vy
98 9515 Wl 15 a1 6524 k] 41 9615 WIB VS P 188 H i
3 241 185 18 je{iglnd) 756 12 3125 o1 7 A3 I
500 )3 a 9 500 1 7 a00 0 4 M
HIGH | =300 a 4000 0 2500 i TFRaL i
LW 11353 - 255 15625 o) a7 26 0051 Ak

Fosc = 5.0688 MHz 4 NHz 3579545 [iH2 1hIH2 32768 kHz
BAUD SPBRIG SPER SPBR SPRRG
RATE s, SPBRG ., value | . value N walye o valus
(Kbprs) [KRAUD ¢ oo f:ll.:z:ﬂfal} KRAUD cpomg idecimal)) KBAUD copap wheimali| KBAUD £ opp maly| KEZAID cpn-p \d@:ll:mlw‘
1.3 FiA A M rin IKNE TR I £ BT '
12 |NA A M~ PR} IR PV A .
24 |MA . A HA PEDCIERT HE. - |
a6 9.5 a 131 Q615 «0i8 103 WLTFT A R TN [ X% '
e 192 10 [ 19231 0% ol mod a8y s ALVE REETS P, i
TEE (M2 «333 b B3 0w 12 s A EERCE R A H i
a6 Grdg  +lnd 12 1033 41T 3 RUE KA 0 1A ri ‘
a3 3168 567 3 M Ml ? T e ‘
S0 MA - (KB A KA T X
s [1e 3 10 a st o o il | n f |
L% j4.990 - %6 3.00G N 2ok L s ey !

r

D521018A-page 18-
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Section 18. USABI

—

Table 18-4: Baud Rates for Asynchronous Mode iBRGH = 0)

BaUD FOSC = 20 WHz SPBRG 15 WMz SPERG 10 NMHz sPERY 715509 1 SPBRA
RATE “ value i walue % value . walue
Kbps) | KBAJD ERROR (cicimali] KBAUD ERROR  (decimal) KBAUD ERRZR  (decimall | KBEAJD ERROR  idacimal
03 HA - FA - - RE} - HA
12 1221 +1.73 256 1202 s or 1202 SR IH ] 1X3 L
24 2404 1015 14 2404 .15 103 743 1B 31 el 44
98 Q4§60 134 37 381s <08 2% 9 G 173 1 e 11
192 19.53 +1.73 15 1923 +0.16 17 sl A173 ’ 1954 B
TH8 w13 +1.73 3 4333 vB61 3 IERE 105 1 bl
o9 104.2 (-3 ? HA - M - M
300 Mis [ hrg i3 MNA Mk b,
S0 HA - - N . HA gh)
HIGH 37y o 0 i | EPeiet n M1 il
L 121 e ari e 1 e IR
Fasc = 5.0688 MHz 4 MHz 3579543 MHz 1 MHz 22748 kH
BAUD SPBRG SPER SPRRG
Ef:«;l;E o SP?RG e value | . ik : Imh:—a
EEDS o o Re value ~- g tacimaly g |decimall R wdecimali!
KBAUD ERROR (ot ah ke ERRER Kgaup ERROR Keaup ERRCR T
a3 5.31 <313 e [OOSR F 7 [0.301 008 S ‘
12 1.2 [l e} 102 67 9 1,140 LR [N L
74 2.4 it kg AU SR I 1 S YEK’S [T Mo
0.5 4.9 4430 Il Yo e
15927 (1938 +313 2 bl 1561 ol
Berar 3130 i bl i
e A I 5 [
20 MA 2, B
51 MA - A A
HIGH (192 - o 32 500 i 56,03 @ - 1
| OAY 23004 - 756 EASEH Pt UVALN i5h il At
Table 15-5: Baud Rates for Asynchrongus Mode (BRGH =1}
Fosc =20 hHz 16 MHz 10 Lkt TS LHz
BALD SPERG > SPERE SEERY "
RATE‘ 23 Jalus ‘3;. valun " PR
{Kbpsi| WBAUD ERROR idecimall | KEAUD ERROR  idecimall | KBAUD ERROR  jdecinall | KBAUD  ERRIR
EX3 9615 A16 124 615 +015 192 Ynls V116 [ i
19.2 10.230 <018 &l 10236 LS008 51 1 Z] o vl
34 Jrem™ 135 32 38 461 018 4 30087 1 1 1
516 s6.H1B -1.35 21 LBEZS 22 15 5h RT3 -1% T h
M52 1113636 1.36 o M1t 383 g [ +5 =1 ‘ i
&0 240 ] 4 et i 3 [
25 575 i} 1 P Y
1250 120 ] i A tA
Fosc = 5.0088 kM2 4 1H: 3579545 MH: 1 MHz PLTA R
BalD SPBRE SPERG
RATE & SPBRG “ valus o walue
(Kbpsi or value p Idesimaly Y tlecimaly
KBAUD ERRCR ichqimaT| KBS D ERRUR 'GC KEALD ERRCR 'Hecimal: weanD R
A5 0.6 il el A - (372 +132 27 R0 :
W2 |Beds 7w 5 1A W 2 18642 790 11 o) |
M4 Ha +312 7 2403 113 108 REV- R U T .
A EV R B3 o REE EREIUS [ S z s
Ms2 [10s6 B3 2 19231 w118 e 1 [FtS
11 bLA 25 22304 f0el W L
625 [MA HA A Fits
12540 [HA HA Hre Ha

& 1897 Misrechip Tachnalogy Ine.
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LM117/LM317A/LM317

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A aver a
1.2V 1o 37V output range. They are exceptionally easy to
use and require enly two external resistors to set the output
voltage. Further, both line and load regulation are better than
standard fixed regulators. Also, the LM117 is packaged in
standard transistor packages which are easily mounted and
handled.

in addition to higher perfomance than fixed regulators, the
£ M117 series offers full averload protection available only in
IC's. Included on the chip are current limit, thermat overload
protection and safe area protection. Al overoad protection
circuitry remains fully functional even if the adjustment termi-
naj is disconnected.

Normally, no capacitors are needed unless the device is situ-
ated more than & inches from the input fitter capacitors in
which case an input bypass is needed. An optional output
capacitor can be added to improve transient response. The
adjustment terminal can be bypassed to achieve very high
ripple rejection ratios which are difficult to achieve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
“lloating” and sees only the input-to-output differential volt-

&National Semiconductor

May 1997

3.Terminal Adjustable Regulator —

age, supplies of several hundred volts can be regulated as
long as the maximum input to cutput differential is not ex-
ceaded, i.e., avoid short-circuiting the output.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by connecting
a fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

For applications requiring greater output current, see LM130
series (34) and LMt38 series (SA) data sheets. For the
negative complement, see LM137 series data sheet.

Features

Guaranteed 1% output voltage tolerance (LM317A)
Guaranteed max. 0.01%/V line regulation (LM317A)
Guaranteed max. 0.3% load regulation (LM117)
Guaranteed 1.5A output current

Adjustable output down to 1.2V

Current limit constant with temperature

P* Product Enhancement tested

80 dB ripple rejection

Cutput is short-circuit protected

Typical Applications

L117
Vin 2 28V Vin  Vour -vgyrtt
1 a0i our
A1
240
c1 4 * g2t
0.1uF 1uF
, u
R2
5k
D500%63-1

Full putput current not available at high input-output voltages
*Neaded if davica is more than 6 inches from filtar ¢apacitors.

! Optional—imp transiant resp Cutput in the mange
of 1 yF e 1000 pF of or tantalum hytic are commonly
usad to provide Hmproved output impad and rejaction of i

R
ttVoyr = 1.25V (1 + H—f) + Iapi(R2)

LM117 Series Packages and Powe~

Capability

Part Number Rated Design

Suffix Package Power Lead
Dissipation Current

K TO-3 20W 1.54

H TO-38 W 0.5A

T TO-220 20W 1.5A

E LCC W 0.5A

S TO-263 4w 1.5A

& 1997 National Semicongucior Corporation DS00B0EL
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Qffice!

Distributors for availability and specifications.

Internally Limited
+40V, ~0.3V

~65'C 1o +150°C

Power Dissipation
Input-Output Valtage Differential
Storage Temperature
Lead Temperature
Metal Package (Soldering, 10 seconds) 300°C
Plastic Package (Soldering, 4 seconds) 260°C
ESD Tolerance (Note 5) 3 kY

Electrical Characteristics (note 3)

Operating Temperature Range

LM117 -55C 5 T, 5 +180°C
LM3174 -40°C £ T, € +125°C
LM317 0'C T, < +125°C
Preconditioning

Thermal Limi Burn-In Al Devices 130%

Specifications with standard type faca are for T, = 25°C, and those with boldface type apply over full Operating Tempera-

ture Range. Unless otherwise specified, Viy = Vour & 5V, and lour = 10 mA.

Parameter Conditions LM117 {Note 2) tUnits
Min Typ Max
Reference Voltage A
3V 5 (Vi ~ Vour) S 40V, 1.20 1.25 1.30 v
10 MA 5 boyr S Imaxe P S Praax
Line Regulation 3V < (Vi - Vour) £ 40V (Note 4) .01 0.02 Y
0.02 0.05 Sov
Load Regutation 10 MA $ lout £ lmax (Note 4) 01 0.3 Yo
0.3 1 Y
Thermal Regulation 20 ms Puise 0.03 0.07 YolW
Adjustment Pin Current 50 10¢ HE
Adjustment Pin Current Change 10 mA <€ louy £ luax 0.2 H JA
3V 5 (Vi = Your) < 40V
Temperature Stability T S Ty 8 Toaax 1 %
Mirimum Load Current (Vi — Vour) = 40V 3.5 5 mA
Current Limit (Vi — Vour) S 15V
K Package 1.5 22 34 A
M, K Packages 0.5 0.8 1.8 A
My — Vour) = 40V
K Package 0.3 o4 A
H, K Packages 0.15 0.2 A
RMS Output Noise, % of Voo 10Hz < f< 10 kHz 0.003 Yy
Ripple Rejection Ratio Vour = 10V, 1% 120 Hz, 65 di
Capy = 0 pF
Voot = 10V, f = 120 Hz, 66 80 dB
Capy = 10 WF
Long-Term Stability T, = 125'C, 1000 hrs 03 +
Thesrrnal Resiatanco, K Pickage 24 H
Junction-lo-Case H Pachige: 12 15 o
E Package Rty
Tharmal Resistance, Junction- K Package a5 "CiVY
to-Arnbiont {No Hoat Sink) H Packagn 140 i
E Package Rt

www.natlenal.com



Electrical Characteristics (ot 3)
Specifications with standard type face are for T, = 25°C, and those with boldface type appiy over full Operating Tempera-
ture Range. Unless otherwise specified, Vi — Vour = 5V, and Igyr = 10 mA.

Parameter Conditlons LM317A LM317 Units
Min Typ Max Min Typ | Max
Reference Voltage 1.238 | 1.250 | 1.262 . v
3V < (Viy — Your) 5 40V, 1225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30 v
10 mA 8 lour S lwaxe P S Prax
Line Regutation 3V < (Vi — Vour) S 40V {Note 4) 0.005 | 0.04 0.01 | 0.04 | %V
0.01 0.02 0.02 | 0.07 WV
Load Regulation 10 MA £ loyr S Imax (Note 4) 0. 0.5 0.1 0.5 %
0.3 1 c.3 1.5 Yo
Thermal Regulation 20 ms Puls¢ 0.04 Q.07 oh4 | 007 | BW
Adjustment Pin Current 50 100 50 100 PA
Adjustment Pin Current 10 MA S lout S luax 0.2 5 0.2 5 pA
Change 3V 5 (Vi — Vour) = 40V
Temperature Stability Toag S Ty S Tax 1 1 Y
Minimum Load Current (Vi = Vour) = 40V 35 10 35 10 mA
Currant Limit (Vin — Your) £ 13V
’ K, T, § Packages 1.5 22 3.4 1.5 2.2 34 A
H Package c.5 0.8 1.8 6.5 0.8 1.8 A
{Wipe = Vour) = 40V
K, T, 5 Packages 0.15 0.4 0.15 0.4 A
N H Package Qo075 § 0.2 GO75 | 0.2 A
RMS Output Noise, % of Vour | 10Hz<f< 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vour = 10V, 1 =120 Hz, 65 : €5 dB
Caps = QBF
Vour = 10V, f = 120 Hz, 66 80 66 80 d8
Cany © 10 pF
Long-Term Stability T, = 125°C, 1000 hrs 03 1 03 1 %
Thermal Resistance, Junction- K Package 23 3 o
to-Case H Package 12 15 12 15 | o
T Package 4 5 4 “Civé
Thermal Resistance. Junction- K Package 35 35 “CIVS
to-Ambient {No Heat Sink) H Package 140 140 TR
T Package 50 50 T
S Package (Note 6) 50 50 T

Nota 1: Absoluta Maximum Ralings indicale imis beyond which damage to the device may ocnus. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but do nat guarantes specfic parformances limits. For guaranteed specifications and test conditions. se¢ the Electrical Charagtenistics. Tha
guaranteed spacifications. apply only for the tast conditions listed.

Nota 2! Refer to RETS117H drawing for the LM117H, or the RETS 117K for the LM117K mildary specifications,

Mote 3: Although power dissipation is infernalty limited, these specifications ara applicable for maximum pawer dissipations of 2W for the TO-39 and 20W for the
TO-1, T0-220, and TO-263. lyx is 1.54 for the TO-3, TO-220, and TO-263 packages and 0.5A for the TQ-39 package. Al limits (6., the numbars in the Min, and
Max. columns) are guaranteed lo National's ACQL (Averaga Quigoing Quality Level).

Note 4: Regulation is measured at a constant junction temperature. using pulsa testing with a low duty cycle. Changes in auiput voitage due to heating effects are
covered under the specifications for thermal regulatien. .

Note 5: Human body model, 100 pF discharged through a 1.5 ki resistor.

Nate 6: 1f thn TO-263 package is used, 1ha thermal rasistance can bae reduced by increasing the PC board copper area thermally eonnaciad 1o the package: Using

0 f maguAre iwches of cppns AR @, 18500 willh 1 sequar inch ol cpper araa, B in 7C M s with 16 er g aquare inrhas ol eopper Areq, i, a2 e

—
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Typica! Performance Characteristics
Qutput Capacitor = 0 pF unfess otherwise noted

Load Regulation Current Limit Adjustment Current
[F} 3 - ]
; ] 0T
E o lour = G5 N 3. - ]
I . FREY ™ o z // '
5 t ] e F :
g o = 15 ] I £ w
g - E Gt : %
E aotn g
== 13 - 1 ey 2 H
2z s _! Py, 7+ 1)
H iy~ Y ° = 3 &
£ M Cagyrew > = |
a 11 H PACKAGE DEVICES
-8 | s
35 44 -25 4 25 50 75 108 125988 o 1o £ o © .75 -0 -25 @ 25 5 75 100125 152
TEMPERATURE [0 |NPUT-QUTRUT GIFFERENTIAL LV TEMPERATURE (*C)
37 DSO0W063-38 DS Y
Dropout Voltage Temperatura Stability Minimum Operating Current
kL 1
5 MluuI S 100 Y 0 \ I .-
- 40
- El z
= 28 Z12se 1 . i s
] . bout = 1.54 S ] Y £
= .\ P [ \ z 0
s L e 2 N & 23
= b i ] S
- f . s Tt I N S
z S e gt e z s —
g i Wt . £ ; | BT =
S 18 s L i2m ; ] f:'
5 gy — 20 mA @ ERREE -
- =] B '
2] [ e o
15 1 [}
_7% 50 -2 @ 25 50 75 )08 176 168 .75 -5 25 0 28 0 75 100 125 150 0 I
TEMPERATURE {“C) TEMPERATURE {"C) 1§HT-DUTPUT DIFFERENTIAL (V)
D50gR05340 D500806341 G00% w4
Rippie Rejection Ripple Rejection . Ripple Rejection
120 100
1 I [I 10 ‘l
Cap) - 18F Vg~ 15¢ ] 2 L
e Cagi= IWF_ VN Pal |
s W[ T a M Vg = W] _—
H Ml Capsd = 1ot ] ettt /-\ ‘:ADJ'"’_‘.;|
z z Fan TR Z T
£ # E W g @
[ 5 \ 5 i
# = =
- 3 AN )
- ¥ i E w4
o i \ = VN =15V
£ £ - N |3 Ypuy=10¥
I & n ™ €20 [~y He
lL T,-'C
[ [ ] { 0 PRI
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General Desctiption

The LM124 serios consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to cperate from a singie
power supply over a wide range of voltages. Qperation from
split power supplies is also possible and the low poweér sup-
ply current drain is independent of the magnitude of the
power supply volizge.

Application areas inciude transducer amplifiers, DC gain
bloeks and all the conventional op amp circuits which now
can be more easily implemanted in single power supply sys-
tems. For example, the LM124 series ¢can be directly operat-
ed off of 1he standard + 5V power supply voltage which is
used in digital systems and wik easily provide the required
interface electronics without requiing the additonal +15V
power supplies.

Unique Characteristics

N In the finear mode the input common-mode voltage
range includes ground and the output voltage can aiso
swing to ground, even though operated from only a sin-
gle powaer supply voliage

m The unity gain cross frequency is temperature
compensated

m The input bias current is alse temperature

* compeansated

&National Semiconductor

December 1994

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

Advantages

W Eliminates nesd for dual supplies

W Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Vaur aiso goes
to GND

m Compatible with alt forms of logic

B Fower drain suitable for battery operation

Features
m Internaliy fraquency compensated for unity gain

m Larga DC voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz
{temperature compansated)
W Wide power SUpply range:
3V to 32V

Single supply

or dual supplies 1.5V to £16V

= Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

® Low input biasing current 45 nA
(temperature compensated) .

m Low input offset voltage 2mv
and offset current S nA

® Input common-mode voltage range includes ground
m Differential input veltage range equal to the power sup-
ply voltage

E Largs output voltage swing 0V to VT — 1.5V

Connection Diagram

Dual-In-Line Package
QUIFUT & INZUT AT INMUT 47 GND INPUT Y INPUT DT QUTPUTI

" 3 17 bl 1 1 ]

<

D

1 ] 1 13 H § T

NPT T v INPLT 2°  INPUT 27 OUTPUT 2

TUL/H/9298-1

OUTPLYT I INFUT I

Top View

Order Number LM124.), LM124AJ, LM124J/883"*,
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

‘LM1244A available per JM3B510/11006
**LM124 available per JM38510/11005

SUT 4
N

T
(LR

(LR

1N 3¢

o3
TLAH/299 02
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A

1=
ourz

aLTPUT 3 l: L] QUTPUT 4
IHPUT 1= lj "_____I IHPUT 4 -
INPUT 1 . IHPRT e
w— LMRdW —m
IHPUT 2+ d . IHPUT 3+
INPUT 2 :: :li'lmwr 1=
RETLEY sm— QuIPUT 2
TL/H/G2G9-33

Orcer Number LM124AW/883 or LM124W/883
See NS Package Number W14B

F 1945 National Semiconductor Corparalion TL/H/ZES
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MAXI/V

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversireceivers is
wyended for all EIA/TIA-232E and V.28/V.24 communica-
Sons interfaces, particularly applications where =12V i3
aot avallable,

Ihess parts are especially useful in battery-powered sys-
‘ams, since their low-power shutdown mode reduces
power dissipation to less than SuW. The MAXZ2Z5,
MAXZ33, MAX235, and MAX245/MAXZ46/MAX24T use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portatle Computers
Low-Power Modems
Interface Translation

Drivers/Receivers

Features

Superior to Bipolar
¢ Operate from Single +5V Power Supply
{#5V and +12V—MAX231/MAX2389)

+ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

+ Meet All EIA/TIA-232E and V.28 Specifications

+ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243})

Ordering Information

Batiory-Powered RS-232 Systems

Multi-Drop RS-232 Networks

PART TEMP. RANGE PIN-PACKAGE |
MAX220CPE 0°C 1o +70°C 16 Plastic O'P '
MAX220CSE 0°Cto +70°C 16 Narrow S0
MAY220CWE 0°C 10 +70°C 16 Wide 50
MAX220C/0 0°C to +70°C Dice’ ‘
MAX22DEPE L40°C to +85°C 16 Plastic TIP .
MAX220ESE -A0°C to +85°C 16 Narrow "0 |
MAX220EWE .40°C to +85°C 16 Wide SC
MAX220EJE 40°C 1o +85°C 16 CERDIP
MAX220MJE .55°C 10 +125°C 16 CZRDIP

Ordering Information continued at end of data sheet.
“Cantact factory for dice specifications.

Selection Tabie

[ Power Mo, of Nominal SHON Rx
Part Supply RS-232 No. of Cap.Value & Three- Active in Data Rate :
Number )] Drivers/Rx Ext. Caps_ {uF) State SHDN (kbps} Features .
MAX220 +5 202 4 4.7110 No — 120 Ulira-low-power_industry-stancard peiowt |
MAXZ22 +5 242 4 0.1 Yes - 200 Low-power shutdown |
WAK223 IMAX2Y3) +5 4/5 4 1.0 (0.7) Yes v 120 MAX 247 and receivers aclive 17 Snutoeen
MAXZ25 +5 55 0 — Yes v 120 Availabie in SO
MAXZA0 (MAX200) +5 50 4 1.8 (0.7) Yes — T2G 5 drivers with shutdown
MANZRT [MAX201) 45 212 2 1001 No - 120 Standard +5/+ 12V or ballery 1oy
P T 132 same funclions as MAX2Z32
MAAKXI3P MAX202) 456 242 4 1.00.7) No 120 (64) Industry standard
MAXLI2A 15 22 4 0.1 N 200 Higher siew rate, soxll <
MAX233 (MAX203) +5 212 4] — No - 120 No externat caps
MAX233A +5 212 0 = NG — 200 No external caps. high slew it
MAXZ34 [MAX204) +5 410 4 1.0{0.1) Na — 120 Replaces 1458 :
MAZZ 3L [MAX205) 45 515 0 - Yes - 120 No external caps :
MAK G (MAXZ206) 1D 413 4 1.040.1) Yo 120 Shutdowr, thrae slote ‘
MAX23T IMAXZOT) +5 53 4 1000 No 120 Complements 1BM PC senal [ |
MAX2IE IMAXZ0BY +5 4/4 4 1.0{01) No — 120 Replaces 1488 and 1485
MAXZ39 (MAX209) 5 and 318 2 1000.3) No 10 Standard + 5+ 12V or batlary » !
VP h G S single package sokulor ful ;
RS A v 5l 4 1.0 Yo Ta0 DIP o Tlatack pag !
AXZAT MAXZTITY 15 415 4 1.0 (0.1) s 120 Complete 18 PC S .
+3 212 4 0.1 Yes v 200 Separate shuldown and ef
247 o 212 4 0 Ng 203 Open ing cuelestion sinyi !
i + drin A 1.0 Mo R ,
FAPAY 1 HBi0 u E E(EN v ;
ERKZAD +5 810 9] - Yo v
MAAX247 +5 8149 G Yen v
S AXPAG +5 a/8 4 1.0 Yeu v
AN L) a/10 4 1.0 Yo, v
smAXIMM e .

PP 7 U S S Gy S Y 1-800—998—8800

6ZXVIN-OZE X VIl



+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222

SUpPlY VOIBGE (VEC) oo 0.3V 10 +6Y
input Vaoliages

30V

TQUT {NOLE Thvreccers et +15V
Output Voltages

TOUT voere e et eeeb et e +15V

ROUIT -vvovvereereriimesnassesssanen s annnees e .0.3Vto (Voo + 0.3V}

Driver/Receiver Output Short Circuited to GND......... Continuous

Contiruous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mw/°C above +70°C)...842mW

1232A1233A1242/243

16-Pin Narrow SO {derata 8. 70mwW/°C above =700C; Bt
16-Pin Wide SO (derate 9.52mwW/°C above +70°C) .
18-Fin Wide SO (derate 9.52mwi°C above +70°C). ...
20-Pin Wide SO (derate 10.00mwW/°C above +70°C)..8
20-Pin SSOP {derate 8.00mW/°C above +70°C) ...
16-Pin CERDIP (derate 10.00mW/°C above -70°C) .
18-Pin CERDIP {derate 10.53mwW/°C above L70°0) . B

Operating Temperature Ranges

MAXZ_ _AC_ L MAXZ_ _C_ Ot -0 T
MAX2_ _AE_ _ MAXZ2_ _E__... et 0*C Lo +B57C
MAX2_ _AM_ _, MAX2_ _M_ £ 2570

Storage Temperature Range ...

18-Pin Plastic DIP {derate 11.11mwW/°C above +70°C)....889mwW .
Lead Temperature (solderng. 105€C) ..o eS0T

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ... 440mW
Note 1: Input voltage measured with TouT in high-impedance state, SHON or Vo = 0V

1sses beyond those listed under "Absolite Meaximum Ratings™ may ¢ause penmanent damage the device. These are stress ratings only. und
non of the device at these or any oher conditions beyond hase indicated in the operational sections of the specifications is ot i
e enaxirmm rating conditions for extended pericds may affect device relability.

ELECTRICAL CHARACTERISTICS—MAX22012221232A1233N242!243

Voo = +5V £10%, C1-C4 = 0.10F Ta = Tain 10 TMax. unlass otherwise noted. )

[ PARAMETER 1 CONDITIONS [ MmN TYP  MAX [ UNITS |
| RS-232 TRANSMITTERS
Output Volage Swing All ransmitter outputs loaded with 3k€2 10 GND +5 +8 Voo
Input Logic Threshold Low 1.4 38 -
Input Logic Threshold High 2 1.4
Legic Pull-Upfinput Curren Normal operaton > e 1‘
[ ele] Lil- U u L e i
E pATe SFDN - OV, MAX222/242, shuldown oo 1 |7
Voo = 5.5V, SHDN = 0V, V = =15V, MAX222/24 £0.01 =10
Dulput Leakage Current et _5__ out - <15V, M 21242 i
Voe = SHDN = OV, Vout = 15V +0.01 1C
(i R All except MAX220, normal operation 200 1B P
i Rl
MAX220 2?2 20 S0
Transmitter Output Resistance Voo = Ve = V- = OV, Vigut = 22V 300 100, I
Output Short-Circuit Current VouT = OV +7 +22 I |
RS-232 RECEIVERS
RS 232 Input Voltage Gperating Range 3V
! All except MAX243 R2 0. 1.3 !
RS-232 Input Threshold Low Veg = 5Y EXCED 2 i 8 Voo
MAX243 R2iN {Note 2) -3 . ?
Il & MA 2IN 1. 24
RS.232 Input Thresnold High Ve = 5V All excopt MAX243 Raw i Lo
MAX243 RZ|N (Note 2) -0.5 RORS ’
Al except MAXZ43, Voc = 5V, in. ‘ 1.5 B T
RS-232 nput Hysteresis I except MAX243. Voo = 5V, no hysieresis in shan 0z 0.5 o
MAX243 1 !
RS-232 Input Resistance 3 5 7 HLL
TTL/CMOS Qutput Yoltage Low louT = 3.2mA 0.2 0.4 ‘ '”!
TIL/CMOS Qutput Voltage High oyt = -1.0mA 35 Vgo-GC2 ;
Sourcing Yout = GND -1 ;
TTLCMOS Output Short-Circuit Current U |.ng Ut ¢ — @ |
Shrinking Yourt = VcC 10 30 5
SHDN = Vee or EN = Vige (SHDN = OV for MAXZ22), s |
TTUCMOS Quiput Leakage Current oV € Vout £Vee =003 fie! .
LKLV




+5V-Powered, Muitichannei RS-232
Drivers/Receivers

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

Typical Operating Characteristics

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 : n t T T 2 AV
5 i \
8 ] A § - QUTRUT L0AD CURRENT 3 F eps ——
6 | ETHER V. ORY. LOADED : 10 T FLOWS FROMV-10V- 7 i 'é-owr':\vsl
s o Lveessv _|_____ | g g o ALOws T 5 O
o NG LOAB ON E F—_] & =
£ 2 [ TRANSMITTER CUTPUTS z 3 Ve = +3 25Y 2 w
el o | (EACEPTMAX220 MAX233A) = Foom | g o
z 1 I 1 = ALLCAPS =
Z .7 | V- LOADED. NO LOAD ON v+ S 7 T opf Calii >
e h & Vop = +4.75Y \ + v -
2y 0.pF Wt 3= . e 3 \- 1uF CAPS
4 T A $ i AT :
- . .
o L2 V. LGADED, NO LOAD ON V- . . \
’ i 10y :
9 5 10 15 0 % R [ B R A B SRR
LOAL CUHRENT () “ATARATE finlsds o)
VLA /A




LM 324, LM324A
QUADRUPLE OPERATIONAL AMPLIFIERS
< Wide range of supply voltages single supply 3v to 30v (LM 2902 anc
LM 2902Q 3v to 26v) or Dual supplies
< Low supply current drain independent of su};ply voltage 0.8 MA
typical.
& Common mode input voltage rang include ground allowing direct

sensing near ground.

& Low input bias and offset parameters input offset voltage 3MV
typical.
A version 2MV typical.
Input offset current.... 2NA typical;
Input bias counts 15 NA typical.
~ A version 15 NA typical.
& Differential input voltage range equal to maximum ratec supply

voltage 32V (26V for LM2902 and LM2902Q))
< Open loop differential voltage amplification 100V / MV typical.

« Internal frequency compensation.



Description:

These devices consist of four independent, high gain frequency
compensated operational amplifiers that were designed specifically to
operate from a single supply. Over a wide rang of vol:cagcs. Operation from
split supplies is also possible so long as the difference between the two
supplies in 3V to 30V and VCC in at least 1.5V more positive than the input
common mode voltage. The low supply counts drain in independent of the

magnitude of the supply voltage.

Application include transaction amplifiers, dc amplification blocks
and all the conventional operational amplifier circuits that mow can be more
easily implemented in single supply voltage systems, for example the
LM124 can be operated directly off of the standard 5V supply that is used in
digital systems and will easily provide the required interface electronics
without requiring additional £15v supplies.

The LM324 and LM324 A are characterized four operation from 0° @

70°.



