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ABSTRACT

This thesis presents design and development a portable absorbance
measurement device. It is minimized from UV spectrophotometer. This device is used
for measuring the absorbance of solution. Each solution has a specific absorbance
differently. The device is consists of 2 main parts. The first part is hardware which
consists of LED bulb as a light source, a microcontroller and photo diode. The other
is software that loaded in microcontroller. The principle conversion between voltage
to absorbance is Beer’s law which applied to create an electrical circuit for
measuring the absorbance. This device is produced for the chemistry analytical
research that supported the scientific experiments. It can help to save the expense
for purchasing the scientific instruments from aboard. The portable absorbance
measurement device has a good performance as same as the UV

spectrophotometer.
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2.2 Microcontroller PIC16F877

PDIP
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2.2.1 auaudnvaslulasaaulnsaiass PIC16F877

- fiidslunuueaduud 35 Adq
v = a 1%
- liudessdaamosldggn 20 MHz
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- fimheanuddeyauuu EEPROM 256 Byte
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2.3 aalwaud (Op-Amp)

+V
55

OA Qutput

U 2.8 Tesaaioavuen



2aUwend (Op-Amp) Wiudegadmiuunisasvenefiuinin Operating Amplifier
\Wureasveneuuusienss (Direct couled amplifier) fifldnsmsvereguannldnistoundu
wuvaulumuaudnwaznisvhey silfamaieurensaslifuiumsiivesmeluves
oaUueny Tnssairnieludeguii2.8 Ussneudersasvesidosynsuiu nefie 2993
wereinaswdsaiumadt 1sreeivivesuideaniaiiaes 19asideussdunas
wesvehdiunesn dyfhvafiliunuesyuendenfiuguaunion lefosuuauliiy
lodfunnsnaluanaidlesledig IAsle@oeuuaudiividuny 2 91 Seniwudlindua
(Non-Inverting Input) 38 1 + Wazvndnduma (Inverting Input) W31 - daunadnu
DONLNEVLAE? Lﬁaﬁ:ytymﬂauL%’W'mhjﬂé’mwaﬁfgzymmqﬁwuaan%ﬁtﬂamaﬁumqﬁm
v widheudygranddvudindua dygramiseenaziiasiisly 180 sarn 910

ATV N RN

< 3
2.4 ladisnniawnas
< oo o o [ s ) 2 1
lediinguawes Aeledinihfisnwussduiieinnvesundssrglnlindilidivans
| ' 1 < "
Waguuladly 1wsinquawmeiudseaniiu 3 edrede Enguamesuuuaunsy (Seres
Regulator) 3nqawmefuuuu (Shunt Regulaton) uazinqiawmesuuvainda (Switching
o € 1 pdlleg < @y a AT g
Regulator) le@iSnpiaumed sivagaguituiingiamesuswiudnad Snpamesivdsud
I Gnguaweilruinuaylvay
2.4.1 \3nQLawasiuusu (Shunt Regulator)
o o ¢ @ = = v a ' v s =
MIVNULBNWTINQAABSUUVIUIAIFUN 2.9 TuseduBumn v,y Teliiuaeas §
o v o 2/ AL o  as A 1 :’I W A ol ! v
MATUVY Rs Ymhiilunsiianssuanvzlvaruiaasian dmumuiivuaild R av
] a ! o ey d L4 ar | = e L3 a
nsdivaedlagdalufiieliusediuiioninnasiinaen aunisvesusaduieinnds

aunsi (2.3)

Vo=V e Ua T 1) (2.3)
Ii!'l — lo
P AAA e
Vin Rs Vo
Rp
Ipl-

A

| a I3 =3 3
31.]7! 2.9 URUHS ﬂ"li’/’i’lﬁ’l‘l.é“llﬁ]ﬂﬁﬂﬂl.ﬁlﬁl BILUUUUIU



10
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2.6.1 AuENURA Basic 16x2 Character LCD 1602 Black on Green
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#define SW1 PORTC.F2
void main()
{

J/AMUAY SW1 wnude RC2
//GuduTusunsaman

5 i [ ) o ed
unsigned int absorb,solvent,voltage; //#31uUsNUNaaNsNLUaI9INA/D Wazan

GNP

unsigned char v1,v2,v3,v4,
TRISA=0xFF;

TRISB=0;

TRISC=0xFF;
Led_Init(&PORTBY);
Lcd_Cmd(LCD_CURSOR OFF);
Lcd Cmd(LCD_CLEAR);
solvent=500;

while(1)

{

Led_Cmd(LCD_CLEARY);
voltage=Adc_read(3);
voltage=voltage*0.489;

/a5 USIUAINSUARIHALFAZ VAN
//fmunlinasa A Judans
//fmualyineda B 1uodive
//fvualvwedn C (hudema
/7wty LCD Wavstadiunesa C
/Aansuanaaesives

//\adeiminae LCD

//AmuaAn solvent
//iimsauegluguiliuulsidau

//\@agsninae LCD
//81uf1 A/D Converter unfiulififauys voltage
/iwadwsildannnisudas A/D x 489 mV

absorb=-1000%(log10(100*voltage/solvent)-2)/AlmaindanAIuiumeNIsean duna

vi=absorb%10;

=4 4 = o e =
//PATNALBUR UL 3 2aNINAUNTITNITANNAULLEN

< 1 a o 1 -
v2=(absorb%100)/10; //AAWMALENAILULIN 289N INFUNTTNIIRANEGTULEN

v3=(absorb%1000)/100;
vi=(absorb%10000)/1000;

! = o 1 od =)
/AR MALEUAUAIT 1 ﬂ@ﬂi]']ﬂﬂuﬂ']'ﬁ'ﬂ']'i@ﬂﬂﬁuttﬂﬁ

//ﬁ«iﬁmé’ﬂﬂﬁwaaﬂmﬂaumsmig}ﬂnﬁuum

1 = a o 1 A du 4
Led_chr(2,16,v1+48); //WAPIANNNTRANAULENNAUYUATUNUN 3 #ialsuuae LCD

Led _chr(2,15,v2+48);
Led_chr(2,14,v3+48);

1 o o 1 A AU v
//LLammﬂ"ti@mﬂé'uuaewﬂusmmammw 2 Mmlsuuas LCD

] < ) o 1 d A v
//Lkﬁﬂﬁﬂ’lﬂWiﬂﬂﬂauLLﬂﬁﬂﬂUBﬂm%mudﬂ 1 Mialduuae LCD

Led ehrf2,13,°%

Led chr(2,12,v4+48);
delay_ms(100);
if(SW1==0)

/uanaganatisnuuae LCD
/Mansrnganduuamdnwmiae ialduume LCD

//minanan 100 mS

//indinsnady
solvent=voltage; //instudinaSolvent
}

;
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PIC16F87X

Data Sheet
28/40-Pin 8-Bit CMOS FLLASH
Microcontrollers

Devices Included in this Data Sheet:

Microcontroller Core Features:

* High performance RISC CPU

* Only 35 single word instructions to 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)
Up to 256 x 8 bytes of EEPROM Data Memory
* Pinout compatible to the
PIC16C73B/74B/76/77

* Interrupt capability (up to 14 sources)

« Eight level deep hardware stack

» Direct, indirect and relative addressing modes
» Power-on Reset (POR)

* Power-up Timer (PWRT) and

Oscillator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip
RC

oscillator for reliable operation

* Programmable code protection

« Power saving SLEEP mode

« Selectable oscillator options

Low power, high speed CMOS
FLASH/EEPROM

technology

« Fully static design

* In-Circuit Serial Programming (ICSP) via two
pins

= Single 5V In-Circuit Serial Programming
capability

* In-Circuit Debugging via two pins

* Processor read/write access to program
memory

* Wide operating voltage range: 2.0V to 5.5V
* High Sink/Source Current: 25 mA

« Commercial, Industrial and Extended
temperature

ranges

* Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 [A typical @ 3V, 32 kHz

- <1 [A typical standby current

PDIP
MCLRVPP —=[] 1 S 40 |] =—e RB7VPGD
RAVAND <—e-[T 2 39 [] =—e RBG/PGC
RA1/AN1 <-—a[] 3 36 [] =—= R85
RAZAN2NREF- w—e[14 37 [] =—e RB4
RAVANIVREF+ «—w[]5 36 [] =—e REBNPGM
RA4/TOCK! =—a[] 6 35[] == RB2
RAS/ANASS =—=[]7 b 34[] =— RB1
REQ/ROIANS =—e[] 8 B~ 33[]=—e RBUINT
RE1AWRUANG =—e [ 9 D e v
RE2TTAN? =10 [ 31 -—vss
VOO —— [ 11 ﬁ 30 [] =—= RO7PSE7
ves 12 o 29 [] =~—= RDEPSPS
OSCHCLKIN —=[1 13 75 28[]=— ROSPSPS
OSC2CLKOUT =——[] 14 o 27 [] =—= RD4PSP4
RCOMIOSOVTICK! =—e[] 15 26 [] =—= RC7T/RXDT
RCUTIOSWCCP2 «—[] 16 25 [] =—= RCETXCK
RCUCCP1 w—-[] 17 24 [] =—= RCS/SDO
RCHSCKISCL =—=[T] 18 23 []=—= RC4/SDUSDA
RDOPSPO -—e[] 19 22 [] =— RDIPSP3
RDUPSP1 -—e[] 20 21 [] =—= RD2PSP2

Peripheral Features:

* TimerO: 8-bit timer/counter with 8-bit prescaler
» Timer1: 16-bit timer/counter with prescaler,
can be 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 is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel Analog-to-Digital
converter

= Synchronous Serial Port (SSP) with

SPI (Master

mode) and 12C| (Master/Slave)

* Universal Synchronous Asynchronous
Receiver

Transmitter (USART/SCI) with 9-bit address
detection

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

* Brown-out detection circuitry for

Brown-out Reset (BOR)
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

” DIP | PLCC | QFP | vO® Buffer o
Pin Name Pin# Pin# Pink | Type Type Description
OSC1/CLKIN 13 14 3o | STICMOSH# | Oscillator crystal inputiextemal clock source input.
OSCAHCLKOUT 14 15 31 o] —_ Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, QSC2 pin cutputs
CLKOUT which has 1/4 the frequency of OSC1. and
denotes the instruction cycle rate.
MCLRA/PP f 2 18 e ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional /0 port.
RAO/ANG 2 19 1o TTL RAD can also be analog inputQ.
RA1/AN1 3 20 1o TTL RA1 can also be analog input!.
RA2JANINVREF- 4 21 Vo TTL RA2 can aiso be analog input2 or negative
analog reference voltage.
RA3/ANINREF+ 5; a 22 o TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI ] 7 23 fle] ST RA4 can aiso be the clock input to the Timer0 timer!
counter. Output is open drain type.
RAS/SSIANA 7 8 24 1o TTL RAS can also be analog inputd or the slave select for
the synchronous serial port.
PORTB is a bi-directional YO port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBOANT 33 36 1o TTLsT RBO can also be the external interrupt pin.
RB1 34 37 ] 1o TTL
RB2 35 38 10 1o TTL
RB3/PGM 38 30 11 o TTL REB3 can also be the low voltage programming input.
RB4 37 41 14 1o TTL Interrupt-on-change pin.
RB5 38 42 15 o RS Interrupt-on-change pin.
RBE/PGC 39 43 16 o TTUSTR Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RBT/PGD 40 A 17 {fie] TTUSTR) Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.

Legend: | = input O = output /O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the

Parallel
Slave Port mode (for interfacing to a microprocessor

bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

_ DIP | PLCC vowr Buffer .
Pin Name Pk | Png f,"';:; Type Type Description
PORTC is a bi-directional O port.
RCOTIOSOTICKI| 15 18 32 o ST RCD can also be the Timer1 oscillator output or a
Timer1 clock input.
RCUTI1OSUCCP2 | 18 18 ) ST RC1 can also be the Timer1 oscillator input or
Capture2 inputiCompare2 output/PWM2 output.
RC2/CCP1 17 1@ 1o ST RC2 can also be the Capture1 input/Compare
cutput/ PWM1 output.
RC3/SCK/SCL 18 20 a7 1o ST RC3 can also be the synchronous serial clock input/
output for both SPI and PC modes.
RC4/SDUSDA 23 25 42 o ST RC4 can also be the SP1 Data In (SPI mode) or
data /O (PC made).
RCS/SDO 24 26 43 o ST RCS can also be the SP1 Data Out (SPI mode).
RCB/TX/CK 25 27 4“4 "o ST RCE can also be the USART Asynchronous Transmit
or Synchronous Clock.
RCT/RX/DT 26 20 1 o sT RCT can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional IO port or paratiel slave port
when interfacing 1o a microprocessor bus.
RDO/PSPO 19 21 38 o sTTTL®
RD1/PSP1 20 2 39 o st
RD2IPSP2 21 23 40 v | svTn®
RD3/PSP3 2 24 41 o | sTTLP
RD4/PSP4 27 30 2 o | stTTLe
RDS/PSPE 28 31 3 v | staT®
RDE/PSPE 29 32 4 o STATLEe
RD7/PSP7 30 33 5 ro | stm®
PORTE is a bidirectional 1/0 port.
RENRDIANS 8 9 25 v | sTATLe RED can also be read control for the paraliel slave
port, or analog input5.
RE1/NR/ANS 0 10 26 w | stTm® RE1 can also be write control for the paraliel slave
port. or analog inputd.
RE2/CSIANT 10 11 27 "o st e RE2 can also be select control for the paraliel slave
port, or analog input?.
Vss 1231] 1334 8,20 P —_ Ground reference for logic and 1O pins.
VDD 1132 1235 | 7.28 ) e Positive supply for logic and 1O pins.
NC — | 11728, | 1213, - These pins are not intemally connected. These pins
40 3334 should be left unconnected.

Legend: | = input O = output I/0 = input/output P = power

— =Notused TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the

Parallel

Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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LM741 Operational Amplifier
Check for Samples: LM741

FEATURES

» Overload protection on the input and output
* No latch-up when the common mode range is
exceeded

DESCRIPTION

The LM741 series are general purpose operational amplifiers which feature improved
performance over industry standards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their application nearly foolproof:
overload protection on the input and output, no latch-up when the common mode range is
exceeded, as well as freedom from oscillations. The LM741C is identical to the
LM741/LM741A except that the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C

CONNECTION DIAGRAM

LM741H is available per JM38510/10101

N
OFFSET NULL—1 8—=NC
INVERTING INPUT = 2 7=y
NON=INVERTING —1 3 6 = 0UTPUT
INPUT
v =14 5 —OFFSET NULL
Figure 1. Metal Can Package Figure 2. Dual-In-Line or S.0. Package
i 10
[+ — — e
+OFFSET NULL |:§' :T:I NC
WP LM741W v
+INPUT :5 u: ouTPUT
V- 1 ~0FFSET NULL

Figure 3. Ceramic Flatpak

TYPICAL APPLICATION



Absolute Maximum Ratings(! @

4

LM741A LM741 LM741C
Supply Voitage 22V 122V 18V
Power Dissipation 500 mwW 500 mW 500 mw
Differential Input Voltage £30V 30V +30V
Input Voltage +15V +15V 215V
Output Short Circuit Duration Continuous Continuous Continuous
Operating Temperature Range -55°C to +125°C -55°C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C
Junction Temperalure 150°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300'C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C

£S0 Tolerance ©®

| 400v

400V

400V

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices.

M

which the device is functional, but do not guarantee specific performance limits.

(2)
(3)

)
5

Maximum Ratings"). Tj = Ta + {84 Pp).

Electrical Characteristics("

For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
For operation at elevated temperatures, these devices must be derated based on the

For supply voltages less than 15V, the absoiute maximum input voltage is equal to the supply voltage.
Human body model, 1.5 kQ in series with 100 pF.

“Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for

rmal resistance, and T; max. (listed under “Absolute

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ Max | Min [ Typ | Max | Min | Typ | Max
Input Offset Voitage Tpa=25C
Rs<10k0 10 | 50 20 | 60 mv
Rg 500 08 3.0 mv
Taun < Ta < Tamax
Rg < 500 40 mV
Rg £ 10 kQ 6.0 75 mv
gmfage Input Offset Voltage 15 Ve
:‘g&m‘:ﬁtgf A7 @V by +10 +15 115 mv
Input Offset Cumrent Ta=25°C 3.0 30 20 | 200 20 | 200 nA
Tamin < Ta S Tamax 70 85 | 500 300 nA
T e
Input Bias Cument Ta=25°C 30 80 80 | 500 80 | 500 nA
Tamtin S Ta < Tamax 0.210 15 0.8 A
Input Resistance Ta = 25°C, Vg = 20V 10 | 60 03 | 20 03| 20 MQ
Vi Tioon © e 03 ua

(1) Uniess otherwise specified, these specifications apply for Vg = £15V, -5

these specifications are limited to 0°C < T, < +70°C.

5°C € Ty £ #125°C (LM741/LM741A). For the LM741C/LM741E,
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Parameier Conatttons LM741A LM743 LM741C Uniic
Min | Typ | Max | Min | Typ | Max | Mn | Typ | Max
Input Voitage Range Ty = 25°C 212 | =13 W
Tagars 3 Ta 5 Topuax 12 | 213 v
Large Signai Voltage Gain Ta=25"C.R =2 402
Vg w220V, Vo= 215V 0 emy
Ve 215V, Vo = 210V 0 200 20 | 200 Vimy
Tamwi = Ta s Tamax.
Ryz 2 rey,
Vy=22dV, Vo= 2150 2 vimy
Vo= 215V, Vo= 210V 2% 15 Vimy
WyezSV. Vo =22V 1 vy
Cutput Vorsge Saing Vg = 2204
R, = 10 kD 216 v
R, x2 k2 218 v
V=15V
Ry x 10x0 21l | =214 =12 | =14 v
Rz 2R 210 | =13 =10 | =13 v
Catpout Short Crcul Ta = 25°C gt 25 35 25 3 mA
Current Taarws 3 Ta % Taman b 40 S
Cammen-itode Tasei = Ta % Taguax
Rejection Ratio Res 13 KO, Vg =212V 7o 30 Ta 0 -]
Res SDEL.V;*- 12V g % a8
Cuppty Voldlage Rejection Tasard = Ta = Taggan:
Ratio V=220V 10 Vg = =SV
Re < 500 86 %€ - -]
Rz 10kO 7T 36 37 95 o2
Transient Responze Ta = I8°C. Unity Gain
Rise Time 03¢ (=X ] 0.3 o3 us
Owerzhoot 6.0 20 H £ b
Bandaidth = Ta = 25°C 0437 | 15 MHZ
Biew Rabe Ta = 25°C. Unity Gain 0.3 o7 as as Vius
Buppty Curent T = 28°C - 23 1.7 28 A
Power Consumption T = 28"C
Vg = 20V ag 150 L)
V=15V 50 85 £0 85 L)
LMTL1A Vg =220V
Ta = Tase 165 N
Ta = Tasax 135 it
LaATL1 Vg =215V
Tl Tastes sc | too i
Ta = Tasax 2 | 75 i
21 Cakulated vave from: BW (MHZ) = 0 35Rize Time ().
Thermal Recictanoe Cacdig (5} OIP (W) HOS8 (H} 308 (M)
'A | JUBCTON 10 AmDient) T00"CwW 100°Co 1To~cow 195°CwW
Bc tJunction to Caze) NA A 25°Cw NA
SCHEMATIC DIAGRAM
o
-« o a2 it
‘l::qu
et ] j}’:ﬂ"" i -
1 i m}_.
Lo [L1
u:A ’]m - ’l‘;: ; :;
"—C“’ Fors — $Euan
J L™ 4; :;e
»—Kr.-u
qa} % ata m::{l‘ ll:cm
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LMC (O-MBCY-WB) METAL CYLINDRICAL PACKAGE

4 0370 (.40)
0.3% %B,S"}'! "
0.335 (8,51) gl 0,040 (1,02)
'3 m"s%.?‘js - ]q 0010 (0.25) 0185 (4,70)
s [~ 0165 %4.:35
:
0.040 (1,02) o
0.500 {12,70) MIN

Seating Plane '
o D021 (0.53) ‘.”‘_
0.016 0,41

e ~, N

0.160 (4,06 —7_‘141
T fm§

0 034 (0.86)

4202483/8 08/07

NOTES:

A, All lineor dimenslons are in inches (milimeters).

8. This drawing is subject to change without notice.

C. Leads in true position within 0,010 (0,25) R @ MMC al seating plane.

D. Pin numbers shown for reference only. Numbers may not be marked on packoge.

E. Falls within JEDEC MO-002/70-99.



0.400 (10,16
0355 (9,02)
8
P Teae e
0.260 {6,60
0.240 {6,10
Q
[P AL L |
1 4
L_aom 1,78
0.045 (1,14
0.045 (1,14 " 0.325 (8,28
l
.L T m{s.cs) MAX ‘.__.r..gm. Plane
! Seating Plane
f 0.125 (3'15) MIN »ie 0.010 (0,25) NOM
L—J—_ l4— 0.430 (10,92) —
' MAX
___A 0.021 i@,ﬂ;
0.015 (0,
$[0510 (029@)
4040082/E 0472010
NOTES: A Al finear dimensions are in inches (millimeters}.
B. This drawing Is subject to change without notice.

C. Folls within EDEC MS-001 variction BA.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections,
enhancements, improvements and other changes to its semiconductor products and services
per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue.
Buyers should obtain the latest relevant information before placing orders and should verify
that such information is current and complete. All semiconductor products (also referred to
herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the
time of order acknowledgment. Tl warrants performance of its components to the
specifications applicable at the time of sale, in accordance with the warranty in TI's terms and
conditions of sale of semiconductor products. Testing and other quality control techniques are
used to the extent Tl deems necessary to support this warranty. Except where mandated by
applicable law, testing of all parameters of each component is not necessarilyperformed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers
are responsible for their products and applications using Tl components. To minimize the
risks associated with Buyers’ products and applications, Buyers should provide adequate
design and operating safeguards. T| does not warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right relating to any combination, machine, or process in which TI
components or services are used. Information published by Tl regarding third-party products
or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from T| under the
patents or other intellectual property of TI.Reproduction of significant portions of TI
information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and
notices. Tl is not responsible or liable for such altered documentation. Information of third
parties may be subject to additional restrictions.Resale of TI components or services with
statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and
is an unfair and deceptive business practice.Tl is not responsible or liable for any such
statements.Buyer acknowledges and agrees that it is solely responsible for compliance with
all legal, regulatory and safety-related requirementsconcerning its products, and any use of Tl
components in its applications, notwithstanding any applications-related information or
support that may be provided by TI. Buyer represents and agrees that it has all the
necessary expertise to create and implement safeguards which anticipate dangerous
consequences of failures, monitor failures and their consequences, lessen the likelihood of
failures that might cause harm and take appropriate remedial actions. Buyer will fully
indemnify Tl and its representatives against any damages arising out of the use of any TI
components in safety-critical applications. In some cases, Tl components may be promoted
specifically to facilitate safety-related applications. With such components, TI's goal is to help
enable customers to design and create their own end-product solutions that meet applicable
functional safety standards and requirements. Nonetheless, such components are subject to
these terms.No Tl components are authorized for use in FDA Class Il (or similar life-critical
medical equipment) unless authorized officers of the parties have executed a special
agreement specifically governing such use.Only those Tl components which Tl has
specifically designated as military grade or “enhanced plastic” are designed and intended for
use inmilitary/aerospace applications or environments. Buyer acknowledges and agrees that
any military or aerospace use of Tl components which have not been so designated is solely
at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.Tl has specifically designated certain
components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case
of use of non-designated products, Tl will not be responsible for any failure to meet
ISO/TS16949.
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Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap Tl E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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LA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

- 3-Terminal Regulators

- Output Currentup to 1.5 A

- Internal Thermal-Overload Protection

- High Power-Dissipation Capability

- Internal Short-Circuit Current Limiting

- Output Transistor Safe-Area Compensati

KC {TO-220) PACKAGE KTE PACKAGE
(TOP VIEW) (TOP VIEW)
=
(e} ———— OQUTPUT
20 ———— COMMON 5 OuUTPUT
3 = INPUT = Sa—
9 g COMMON
KCS (T0O-220) PACKAGE il — INPUT
(TOP VIEW)
P
e ———4l QUTET
5|0 ————— COMMON
3 ——== INPUT

description/ordering information

This series of fixed-voltage integrated-circuit voltage regulators is designed for a wide range
of applications.These applications include on-card regulation for elimination of noise and
distribution problems associated with single-point regulation. Each of these regulators can
deliver up to 1.5 A of output current. The interalcurrent-limiting and thermal-shutdown
features of these regulators essentially make them immune to overload.

In addition to use as fixed-voltage regulators, these devices can be used with external
components to obtainad justable output voltages and currents, and also can be used as the
power-pass element in precision regulators.

ORDERING INFORMATION
Vo(nom) ORDERABLE TOP-SIDE
T ) PACKAGET PART NUMBER MARKING
POWER FLEX (KTE) Reel of 2000 | WATB05CKIER ATB05C
5 T0-220 (KC) Tube of 50 ATBO5CKC
HATS05C
T0-220, short shoulder (KCS) | Tube of 20 | RA7B05CKCS
POWER-FLEX (KTE) Reel of 2000 | pA7808CKTER WAT808C
8 TO-220 (KC) Tube of 50 | RATB0BCKC
HATB08C
T0O-220, short shoulder (KCS) | Tube of 20 | pA7808CKCS
. POWER FLEX (KTE) Reel of 2000 | HA7B10CKTER HATB10C
TO-220 (KC Tub 7810C 7
——— (KC) ubeof 50 | RATB10CKC WATE10C
POWER-FLEX (KTE) Reel of 2000 | pA7812CKTER WATB12C
12 TO-220 (KC) Tube of 50 HATB12CKC
HA7B12C
TO-220, short shoulder (KCS) | Tube of 20 | pA78120KCS
POWERFLEX (KTE) Reel of 2000 | pA7815CKTER HATB15C
15 T0-220 (KC) Tube of 50 | pA7815CKC
HATB15C
TO-220, short shoulder (KCS) | Tube of 20 | RA7B15CKCS
g POWER-FLEX (KTE) Reel of 2000 | pA7824CKTER HAT824C
T0-220 (KC) Tube of 50 WATB24CKC WATB24C

Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.
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schematic

% ¢ b 4 * * INPUT

4 1 [
| ; F
/,_—{ '\{ s — OUTPUT

)

“h—g

i . — ° . COMMON
absolute maximum ratings over virtual junction temperature range
(unless otherwise noted)t

Inpgt olt=ge, YW PeeBaiew BN | /. A%\ .\l /8 Prerred €Y 22 11 . 40V
All gtRerST. e LLLIL LU LY Y/ St Wes LI 30 o 1] 35V
Operating virtual junction temperature, TJ . . ... ...... ... ... i 1504C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . . ... ..... . .. 2604C
Storage temperature range, Tstg. . .. .. . . . e —654C to 1504C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those
indicated under ‘recommended operating conditions” is not implied. Exposure to absolute-maximum-rated conditions
for extended periods may affect device reliability

package thermal data (see Note 1)

PACKAGE BOARD ayc 8Ja
POWER-FLEX (KTE) High K, JESD 51-5 3°CW 23°C/W
T0-220 (KC/KCS) High K, JESD 51-5 3°CW 19°C/W

NOTE 1: Maximum power dissipation is a function of T y(max), 8,4, and Ta. The maximum aliowable power dissipation at any allowable ambient
temperature is Pp = (T j(max) — Ta)6 . Operating at the absolute maximum Ty of 150°C can affect reliability.

recommended operating conditions

MIN MAX | UNIT

PATBO5C 7 25
HAT7808C 10.5 25

vi iipritistiage RAT810C 12.5 28 v
HA7812C 145 30
HATB15C 175 30
HATB24C 27 38

o Output cusrent 1.5 A

Ty Operaling virtual junction temperature [ HAT7B00C series 0 125 °C
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pecified virtual junction temperature, Vy = 10 V, Ig = 500 mA (unless

LAT7805C
PARAMETER TEST CONDITIONS Tt UNIT
MIN  TYP MAX
lo=5mAto1A, Vi=7Vto20V, 25°C 4.8 5 5.2
Quipatiolegs fE)D <1SW l 0°Cto125°C | 4.75 525] "
input voitage regulation S EREN 25°C I (-
Vi=8Vio 12V 1 50
Ripple rejection Vi=8Vto18V, f=120 Hz 0°Cto 125°C 62 78 dB
o s aaloR Io=5mAto15A 2600 15 100 oy
lp = 250 mA to 750 mA 5 50
Output resistance f=1kHz 0°Cto 125°C 0.017 Q
Temperature coefficient of output voltage | Ig = 5mA 0°Cto 125°C -11 mv/°C
Output noise voltage f=10Hz to 100 kHz 25°C 40 nv
Dropout voltage lo=1A 25°C 2 \
Bias cumrent 25°C 4.2 8 mA
Bias current change s 0°C to 125°C L mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 750 mA
Peak output current 25°C 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible.

Thermal effects must be taken into

account separately. All characteristics are measured with a 0.33-(F capacitor across the input and a 0.1-[F capacitor

across the output.

electrical characteristics at s
otherwise noted)

pecified virtual junction temperature, V| = 14 V, Ig = 500 mA (unless

HATB08C
PARAMETER TEST CONDITIONS Tt UNIT
MIN TYP MAX
lp=5mAto1A VI=105V1023V, 25°C 7 8 8.3
Cutput volt % ? v
i | Pps15W 0°Cto125°C | 7.6 8.4
Input volta lation e 25°C S L J mY
Vo
. 4 Vi=1IVio 17V 2 8O
Ripple rejection Vi=115Vte215V, f=120Hz 0°Cto 125°C 55 72 dB
y Ilo=5mAto15A 12 160
Output voltage regulation 25°C mV
Ip = 250 mA to 750 mA 4 80
Output resistance f=1kHz 0°Cto 125°C 0.016 Q
Temperature coefficient of output voltage | lg = 5 mA 0°Cto 125°C -0.8 mv/eC
Output noise voltage f=10Hz to 100 kHz 25°C 52 nv
Dropout voltage Io=1A 25°C 2 v
Bias current 25°C 43 8 mA
. Vi=105Vto25Vv 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 05
Short-circuit output current 25°8C 450 mA
Peak output current 25°C 22 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible.

Thermal effects must be taken into

account separately. All characteristics are measured with a 0.33-[F capacitor across the input and a 0.1 [F capacitor

across the output.
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pecified virtual junction temperature, V; =17 V, g = 500 mA (unless

(A7810C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
l0=5mAto1A, V=125V 25V, 25°C 9.6 10 104
Qutput voltage |:% <15 W : 0°C to 125°C 95 10 10.5 v
input voltage regulation il v o an ¥ 25°C 201 o
Vi=14Vto 20V 100
Ripple rejection VI=13V1to 23V, f=120 Hz 0°C to 125°C 55 71 dB
TP A—— lo=5mAto15A P 12 200 o
lo = 250 mA to 750 mA 4 100
Output resistance =1kHz 0°C to 125°C 0.018 Q
Temperature coefficient of output voltage lo=5mA 0°C to 125°C -1 mvrC
Qutput noise voltage f=10 Hz to 100 kHz 25°C 70 nv
Dropout voltage lo=1A 25°C 2 3
Bias cumrent 25°C 4.3 8 mA
) Vi=125Vto 28V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 400 mA
Peak output current 25°C 22 A

1 Pulse-testing techniques maintain the junction temperafure as close to the ambient temperature as possible.

Thermal effects must be taken into account separately. All characteristics are measured with a 0.33-[F capacitor
across the input and a 0.1-[F capacitor across the output.

electrical characteristics at specified virtual junction temperature, V=19V, Ig =500 mA (unless

otherwise noted)

HA7812C
PARAMETER TEST CONDITIONS Tt UNIT
MIN TYP MAX
lp=5mAto1A, Vi=145V1t0 27V, 25°C 1.5 12 125
D '% S15W I 0°Cto125°C | 11.4 26|
+ Inut voltage regulation Vi=145Vio 30V 25%¢ 10 240 mv
Vi=16Vto22V 3 120
Ripple rejection Vi=15Vto 25V, f=120Hz 0°C to 125°C 55 71 dB
) lo=5mAto15A 12 240
Qutput voltage regulation . 25°%C mvy
10 = 250 mA to 750 mA 4 120
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Termperature coefficient of output voltage | Ip =5 mA 0°C to 125°C -1 mvyrC
Output noise voltage f=10 Hz to 100 kHz 25°C 75 nv
Dropout voltage Io=1A 25°C 2 v
Bias current 25°C 43 8] mA
Bias current change b 3 i 0°C to 125°C : mA
Ip=5mAto1A 05
Short-circuit output eurrent 25°C 350 mA
Peak oulput current 25°C 22 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible.

Thermal effects must be taken into account separately. All characteristics are measured with a 0.33-(F capacitor
across the input and a 0.1-(F capacitor across the output.
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pecified virtual junction temperature, V| = 23 V, Ig = 500 mA (unless

HATB15C
PARAMETER TEST CONDITIONS Tt UNIT
MIN TYP MAX
= = 25°C 14.4 15 15.6
Output voltage lo=5mAto 1A, Vi=175Vto 30V, v
Ppsi15w 0°Cto 125°C | 14.25 15.75
—— —_— Vi=17.5Vto 30 V R " 300 v
nput voltage re m
PRSI V=20 V1o 26V 3 150
Ripple rejection Vi=185Vt0285V, f=120Hz 0°C to 125°C 54 70 dB
i - Io=5mAto1.5A - 12 300 o
Output voltage regulation m
i o = 250 mA to 750 mA 4 150
Output resistance f=1kHz 0°Cto 125°C 0.019 Q
Temperature coefficient of output voitage | I =5 mA 0°C to 125°C -1 mv/i°C
Output noise voltage f=10 Hz to 100 kHz 25°C 90 Y
Dropout voltage lp=1A 5°c 2 \'
Bias current 25°C 4.4 8 mA
‘ V=175Vt 30V 1
Bias current change 0°C to 126°C mA
lo=5mAto1A 0.5
Sheort-circuit output current 25°C 230 mA
Peak output current 25°C 24 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible.

Thermal effects must be taken into account separately. All characteristics are measured with a 0.33-(F capacitor
across the input and a 0.1-(F capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| =

otherwise noted)

33V, lp =500 mA (unless

WATS24C
PARAMETER TEST CONDITIONS TJf UNIT
MIN TYP MAX
= = 25°C 23 24 25
0 t voltage Io=5mAto 1A, Vi=27Vto 38V, v
Pp=15W 0°Cto 125°C | 228 252
ilksonasedsnuidiog VI=2T V1o 38V oo 18 480 v
VO ulal m
i | g Vi=30Vto 36V 6 240
Ripple rejection Vi=28Vto 38V, f=120Hz 0°C to 125°C 50 66 dB
lo=5mAto15A 12 480
Output voltage regutation 2. 25°C mvV
lg =250 mA to 750 mA 4 240
Output resistance f=1kHz 0°C to 125°C 0.028 Q
Temperature coefficient of output voltage | i =5 mA 0°C to 125°C -1.5 mV/°C
Qutput noise voitage f=10 Hz to 100 kHz 255€, 170 n
Dropout voltage lo=1A 25°C 2 v
Bias current 25°C 4.6 8 mA
! VI=27TVto 38V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 150 mA
Peak output current 25°C 21 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possibie.

Thermal effects must be taken into account separately. All characteristics are measured with a 0.33-[F capacitor
across the input and a 0.1-(F capacitor across the output.



54

APPLICATION INFORMATION

+V T MAT8xxX T +Vo

0.33 HuF u_j 0.1 uF

Figure 1. Fixed-Output Regulator

IN ouTt

+ ————1  pA78xx ———I— G
¥ lcom ?Ll

_vo

Figure 2. Positive Regulator in Negative Configuration (V; Must Float)

Input —@—— Output

NOTE A: The following formula is used when Vxx is the nominal output voltage (output to common) of the fixed
regulator:

Vix

Vg = Vi + ('Fﬁ"' IQ)RZ

Figure 3. Adjustable-Output Regulator
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Input LAT8xX

T 0.33 uF VO(ieg)
e
lo

lo = (Vo/R1) + Ig Bias Current

R1

Output

Figure 4. Current Regulator

APPLICATION INFORMATION

1N4001
20-V Input | HAT815C Vo=15V
0.33 uF < 0.1 uF 1N4001
) l 5]
T 1pF 0.1 uF
2uF Ly l i N4001
-20-V Input HAT915C Vo=-18V

1N4001

Figure 5. Regulated Dual Supply

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but, instead, is
connected to a voltage source of opposite polarity (e.g., operational amplifiers, level-shifting
circuits, etc.). In these cases, a clamp diode should be connected to the regulator output as
shown in Figure 6. This protects the regulator from output polarity reversals during startup
and short-circuit operation.

+V) — uHAT8xx +Vo
1N4001

or
Equivalent

_Vo
Figure 6. Output Polarity-Reversal-Protection Circuit



reverse-bias protection
Occasionally, the input voltage to the regulator can collapse faster than the output voltage.
This can occur, for example, when the input supply is crowbarred during an output
overvoltage condition. If the output voltage is greater than approximately 7 V, the emitter-base
junction of the series-pass element (internal or external) could break down and be damaged.
To prevent this, a diode shunt can be used as shown in Figure 7.

P
T
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Figure 7. Reverse-Bias-Protection Circuit
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections,
modifications,enhancements, improvements, and other changes to its products and services
at any time and to discontinue any product or service without notice. Customers should obtain
the latest relevant information before placing orders and should verify that such information is
current and complete. All products are sold subject to Tl's terms and conditions of sale
supplied at the time of order acknowledgment. Tl warrants performance of its hardware
products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems
necessary to support this warranty. Except where mandated by government requirements,
testing of all parameters of each product is not necessarily performed.
Tl assumes no liability for applications assistance or customer product design. Customers are
responsible for their products and applications using Tl components. To minimize the risks
associated with customer products and applications, customers should provide adequate
design and operating safeguards. Tl does not warrant or represent that any license, either
express or implied, is granted under any Tl patent right, copyright, mask work right, or other
Tl intellectual property right relating lo any combination, machine, or process in which 11
products or services are used. Information published by Tl regarding third-party products or
services does not constitute a license from Tl to use such products or services or a warranty
or endorsement thereof.Use of such information may require a license from a third party
under the patents or other intellectual propertyof the third party, or a license from Tl under the
patents or other intellectual property of Tl.Reproduction of information in Tl data books or
data sheets is permissible only if reproduction is without alteration and is accompanied by all
associated warranties, conditions, limitations, and notices. Reproduction of this information
with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.Resale of Tl products or services with statements different from
or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product
or service and is an unfair and deceptive business practice. Tl is not responsible or liable for
any such statements.
Following are URLs where you can obtain information on other Texas Instruments products
and application
solutions:
Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265
Copyright[ 2004, Texas Instruments Incorporated



wgnunwa i oy §ou

\Anfudl 4 weednaew 2533

fiog : 134/27 wormdum 26 auuTwiuw Wakvnn wavnensd NFUNHY
10240

Insfiwi : 083-916-4800

E mail : nokhuk@hotmail.com

UszdansAnen

2006-2009  lsuSpudadudtyunundsen uwwumsSeu nd-ada

2009-2012  @UNIYTIFMNTIUNTIAALAIVAN  NANFRTIAINTIUTZUUAIUAY
uzdrnssumand aodunaluladnszssundudnaumnsannseds

58



59

vl UsvAndTauns Fotay wond

Winfufl 1 aanay 2532

flag : 35/50 Wy 12 wouiie 1 auudszAnguysTan wrwsaduns wadedu ngamme
10230

Insftwvl : 087-597-6669

E mail : champdemoll@email.com

UsziansAnen

2006-2009  lsaFeuwfiuvsgfie nyuvmavuas wwunsSeu dnd-ade

2009-2012  @WTIIIFNNTIUNITIALAYAIUAN MANGATIAINTTUTZUUAIUAY
Audrnnsamant antumalulagnszaeundidnammsaanse



60

UsziRgidey

WY #30lg Andtyanany ey u

Waduil 1 wnednieu 2533

g : 589 ¥ORAUINIT 29 DU WANINTT WYIAIUVAIY LUAAILTAIN NIUNHUNIUAT
10250

Insfwil : 0840955071

E-mail : pokemon_ac123@hotmail.com

Uszdineansine

19962001  lsuSeudadudsy ununUszon

2002-2008  lsaSwudadudiy

20092012 @¥MAYNIMNTTUNTIAUALAIVAN VIANFATIAINTINTTUUAIUAN
audmnsamant antumaluladnszasundiiammmsainniz s





