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ABSTRACT

This thesis presents a lighting system designed to save the energy. This small energy saving
system s easy to install. The heart of system consists of ultrasonic sensors and a dimmer circuit.  In
principle, ultrasonic wave of 40 kHz is sent 1o scarch for an object in distance about 3-6 meters. The
return signal reflected form the object (o an ultasonic receiver, activates the dimmer circuit to light

on the lamp till the object fades away (orm detecting arca, the light will be turned off,
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TlsunsuvedlulasneuInsaany
/"/#########ﬁ###################*****Se[up*****#######################
#include <16F628 h>

fuse detay(clock=20000000)

#fuses HS,NOPROTECT,NOWDT.NOLVP

#usc tixed_io (a_outputs= PIN_AQ)

#usc fast_io(B)

BOOLEAN sen = FALSE;

intl6 count = 0,
intloi=0;
TRRHRHH T SRR R R R EXTT S i R B
#INT EXT
void ZeroCrossing (void)

!
¥

sen = TRUE;
i
R R O B T R O0OR N 4ok S A OV R R
void main(void)
|
int dim=%§;
sct tris b(OxF1);
set_tris A(0);
enable intermuptstGLOBALY):
cnable_interrupts(INT _EXT);
while(TRUE)
{
IHH HHH R RHAHA R R T R Start S AR R



output low(PIN_AQ);
tfUinput(PIN_B35H|linput{PIN B4))
i
output_low(PIN_AQ);
delay us(500);
i=2;

<

while{i==2)

]
1

output_low(PIN_A0);
if(sen)
§
output_low(PIN A0);
delay ms(dim):
output_high(PIN_AQ):;
delay_ us(500);
output_low(PIN_ A0);
delay us(9500);
output_high{PIN_AQ);
delay us(500);
output_Jow(PIN_AQ);
count++;
sen = FALSE:
|

clse

output_low(PIN AQ);
iflcount==20)

dim=8:
iflcount==40)

dim=7;

35
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if(count==60)

dim=6:

iflcount==80)

dim=35;

iftcount==100)

dim=4;

iflcount==120)

dim=3;

iflcount==140)

dim=2;

iflcount==160)

diun=1;

iflcount==180)

dim=0;

IIHRARIHARHHEAR RS 10 second  #REHHHBIHEHG BRI

iflcount==700)

i
dim=0;
ifttinput(PIN_BSH|linput(PIN_B4})

i
1

count=179;
;
iftinput PIN_B5) |linput{ PIN B4))
i
=2

count=729:

}
SR RRREAR BRI R RS dim down BRI EHERE R

iflcount==730)
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}
]

dim=1;
ifiYinputPIN_B5)|!inpui(PIN_B4))
]

i

count=159;

)
§

if{count==760}

!
1

dim=2;
HCinput(PIN_ B3)| linput(PIN B4})
I

1

count=139:
;
}

dun=3;
itlinput(PIN_B5}linput(PIN_B4))
1
1

count=119;

'
iflcount==820)

i
1

dim=4;

ifUinput(PIN_B3)! linput(PIN_B4))
i
]

count=99;

'
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iflcount==850)

dim=3;
it input(PIN_B3)|'inpud PIN B4))
?
count=79;

'

i

iflcount==880)

!
dim=0;
ifCinput(PIN_B3}/linput(PIN B4))
(

1

count=39;

|

!
i

iflcount==910)

dim=7;
HUinput(PIN_BS)|)linput(PIN B4))
i

count=39;

[
I

iflcount==940})

i
1

dim=8§;

count=0;
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HBRHTHIH R AR A inish clse #ifHRRRHBRIB B SR

4
!

AR R G HHAR R R finish while #ERHRRTHEHF TR

I
i

(AR R Tinish check sensor # AR R R
i
FHH AR AR BRI R inish while(true) #HE RS RR AR R
i
BRI - EN D -~ B R R R R

Thaauasanain lddmsveinisais

= | 5 L 3
FIAVHID AT IMAANAIE I (W/m') 3187711 2.0.0.203.1

Tndamuiud ‘ 3
153501 ‘ 10
o e o 3

Hogodaonu 1T uisw) ‘ 10
Canunhau 30
UM 50

a13130 1 Tnasusiad i W msuemsas



Microchip PIC16F627A/628A/648A

18-pin FLASH-Based 8-Bit CMOS Microcontrollers

. U AR .
High Performance RISC CPU: Low Power Features:
+ Operating speeds from DC - 20 MHz + Standby Current:
+ Interrupt capability - 100 nA @ 2.0V, typical
+ 8-level deep hardware stack + Operating Current:
« Direct, Indirect and Relative Addressing modes - 12 LA @ 32 kHz, 2.0V, typical
+ 35 single word instructions - 120 uA @ 1 MHz, 2.0V, typical
- Allinstructions single cycle except branches + Watchdog Timer Current
Special Microcontroller Features: / Tin: e“: S jl'lzzj[;rtiiﬁjm:
+ Internal and external oscillator options - 1.2 nA @ 32 kHz, 2.0V, typical
- Precision Internal 4 MHz oscillator factory « Dual Speed Internat Oscillator:
calibrated to 1% - Run-time selectable between 4 MHz and
- Low Power Internal 37 kMz oscillator 37 kHz
- External Oscillator suppart for crystals and - 4 us wake-up fram SLEEP, 3.0V, typical
rescnators.
« Power saving SLEEP mode Peripheral Features:
» Programmable weak puli-ups on PORTB « 16 /O pins with individual direction control
» Multiplexed Master Clgar/input-pin » High eurrent sink/source for direct LED drive
+ Watchdog Timer with independent oscillator for - Analog comparator module with:
reliable operation - Two analog comparators
* Low voltage programming - Programmable on-chip voltage reference
+ In-Circuit Serial Programming™ (via two pins) (VREF) module
+ Programmable code protection - Selectable internal or external reference
» Brown-out Reset - Comparator outputs are externally accessible
+ Power-on Reset « TimerQ: 8-pit timericounter with 8-bit
» Power-up Timer and Oscillatar Start-up Timer programmable prescaler
+ Wide operating voltage range. {2.0 - 5.5V) « Tirnert: 16-bit imer/counter with exiernal crystall
~ Industrial and extended temperature range clock capability
+ High Endurance FLASH/EEPROM Celi - Timer2: 8-bit timer/counter with 8-bit period regis-
- 100,000 write FLASH endurance ter, prescaler and postscaler
- 1,000,000 write EEPROM endurance » Caplure, Compare, PWM module
- 100 year data retention - 16-bit Capture/Compare
- 10-bit PWM
+ Addressable Universai Synchronous/Asynchro-
nous Receiver/Transmitter USART/SCI
Program Data Memory
Memory P Timers
Device e SRAN SEPROM 1o (F?Vc\:IM) USART | Comparators 8/16-bit
(words) {bytes) (bytes)
PIC1BF627A 1024 224 128 16 1 Y 2n
PIC16FG28A 2048 224 128 16 1 Y 2M
PIC16F64B8A 4096 256 256 16 1 Y 21

© 2002 Micrachip Technology Inc.
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PIC16F627A/628A/648A

Pin Diagrams

PDIP, 30IC

O

RAZAN2NVREF +—] | 1
RAJ/ANICMP1 -—.[
RAATOCKIICMP2 ~——[

RAS/MCLR/VAP ——»[

[ I S L N V]

Vss —b[

Raonwu—.[

RB1/RX/DT

—{
RB2TXICK +—] |
1

RB3/CCP1

o

@~

q

VBPOVaZI/V.LZ9d9LDid

17
15
15
14
13
12

10

[Je— RATIAN
|+ RADIAND
]« ra7iOSC1ICLKIN

:]-—- RAB/OSC2/CLKOUT
:]4— VoD

:|..—.. RB7/T1OSIPGD

]-——-v RB5
:[-—- RB4/PGM

SS0oP

13[J+— RBE/T10SO/TICKI/PGC

17— RAG/IOSC2/CLKOUT
12[}+— RB5

19[0+—= RAD/ANG

13 0— RA7/OSC1/CLKIN
163=—— Voo

14[J— RB7/T10SI/PGD
11[J+— RB4/PGM

200+ RATANT
15[3+—— voo

PIC16F627A/62BA/64BA

Or- s no~on2
O M I, ey S
P o oW
1EEI8EERSE
S09% gEeg
ngu ﬂ:‘_%m
S QS Emﬂf
dage
eghe

e
sl

28-Pin QFN

RAS/MCLRADD—[ 1

RBO/INT w—»[| 7

[Je——+ rRBEM108CTICKIPGC

3 B A19
4 PIC16F627A/628 18]

RA4TOCKI/CMP2
RA3/ANI/CMP1
RAZIANZ/VREF
RA1/AN1
RAD/ANQ

]
=

n < ¢
™™

PIC16F648A

8
9
10
12

NC

RE1/RX/DT -
RB2ITX/CK =t
RB3/CCP1 =

RB4/PGM e

DS540044A-page 2
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PIC16F627A/628A/648A

17.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratingst

Ambignt temperature UNAEr DIAS ... -40to +125°C
b (o = Te Lo =T g Po T = (V] (< T U PO OO TP U PP -85°C to +150°C
Votage an VDD With TESDECE 10 VS5 e e e -0.3 to +6.5V
Voltage on MCLR and RA4 with reSpect 10 VS5 ....o..oooooooeeeeeeeeeie e et -0.3 to +14V

Voltage on all ather pins with respett 10 WES oo o< 0.3V 10 VDD + 0.3V
Total power dissipation 1) o et GO0 W

MAXIMIUM CUIFBNT QUL OF W88 PN it et et bttt e e r et ae e ees 300 mA
MaXIMUM CUPFENE INTO WD PN o e i e et s oa e st e e e anee s 250 mA
Input clamp current, liKk (VI <0 or VIi=> VDD). i BB+ +ereFes e e e ee e eanens rems e Rt are shae aE e e n e ene e b +20 mA
Qutput clamp current, 10K (VO < 0 0F VO VDD ) .ot s +20 mA
Maximum output current sunk by any FO PN e 25 mA
Maximum output current sourced by any /O pin........... NNNMS S Ll ot L M 25 mA
Maximum current surnk by PORTA and PORTB {COmBINGG) .. i i e 200 mA
Maximum current sourced by PORTA and PORTB {Combined)........ccco e 200 mA

Note 1: Power dissipation is calculated as follows: Pois = VoD x {IoD - ¥ igH} + %, {(VDD-VOH) x [oH} + (VoI x ioL)
+ NOTICE: Stresses above those listed under "Absalute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended pericds may affect device refiability,

Note: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latchup. Thus,
a series resistor of 50-100 £ should be used when applying a "low” level to the MCLR pin rather than puling
this pin directly to Vss.

@ 2002 Microchip Technalegy Inc. Pretiminary DS40044A-page 131



National
Semiconductor

LM567/LM567C
Tone Decoder

General Description

The L M567 and |LM567C are general purpose tong decoders
designed to provide a saturated transistor switch to ground
when an input signal is present within the passband. The
circuil consists of an 1 and Q detector driven by a voltage
contrelled oscillator which determines the center frequency
cf the decoder. External components are usad to indepen-
dently set center frequency, bandwidth and output delay

Features

® 20 to 1 frequency range with an external resistor

m | ogic compatible output with 100 mA current sinking
capability

® Bardwidth agjustable from 0 to 14%

February 2003

® High rejection of out of hand signals and noise

a Immunity to false signals

m Highly stable center frequency

® Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

® Touch tone decoding

® Precision oscillator

® Freguency monitoring and control
® Wide band FSK demodulation

= Ultraschic controls

®& Carrier current remote cantrols

® Communications paging decoders

Connection Diagrams
Metal Can Package

DUTPUT

TIMING
CAPACITOR

TIMING
RESISTOR

UICH7H0"

Top View
Order Number LM567H or LM567CH
See NS Package Number H0O8C

Dual-In-Line and Smal! Outline Packages

1
Wi (e
UEILCIDR
Lopp 2 7
a — GND

FILTER < m

7 6

INPUT Q0 PHASE SN, TIMING
l DETFCIDR I CAPACITOR

4 5 TIMING

- | o=
vt — RESISTOR
O0EB87602
Top View

Order Number LM567CM
See NS Package Number MOBA
Order Number LM567CN
See NS Package Number NOSE

3 2004 Nationa! Semiconductor Corporation DS006975
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LM567/LM567C

Absolute Maximum Ratings ote 1)

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

Distributors for availability and specifications.

Supply Voltage Pin

Power Dissipation (Note 2} 1100 mw
v, 15V
v, —10V
vy, Y, + 0.5V

LMEB7H
LMEB7CH, ILMSE7CM. LMBEB7CN
Seldering Information
Dual-In-Line Package
Soldering {10 sec.)
Small Qutiine Package
Vapor Phase (60 sec.)
Infrared {15 sec.)

-55'C to +125°C

0°Cte +70°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect

Storage Temperature Range
Operating Temperature Range

AC Test Circuit, T, = 25°C, V' = BV

-65"C to +150°C

Electrical Characteristics

on Product Reliability” for other methods of soldering
surface mount devices.

- LMbE7 LMS67C/LM567CM .
Parameters Conditions = Units
Min Typ Max | Min Typ Max
Power Supply Voltage Range 4.75 5.0 90 475 5.0 9.0 v
Power Supply Current Quiescent R, = 20k 6 B 7 10 mA
Power Suppty Current Activated R, =20k 11 13 12 15 mA
Input Resistance 18 20 15 20 kQ
Smallest Detectakle Input Voltage I, = 1C0 mA. 1 =1, 20 25 20 25 mVrms
‘Largest No Output tnput Voltage I = 100 mA | =1, 10 15 10 15 mVims
Largest Simultanecus Outband Signal to A 5 uB
Inband Signal Ratio
. Minimum Input Signal to Wideband B, = 140 kHz
Noise Ratio & 1 § a8
Largest Detection Bandwidth 12 14 16 10 14 18 % of ig
Largest Detection Bandwidlr Skew 1 ! 2 3 | %ott,
Largest Detection Bandwidth Vanation
wit.*wJTemperature i =41 we
Largest Oetection Bandwidth Variation 4 75-6.75V
witthupply Voltage % 5 i > "V
Highest Center Freguency 100 500 100 500 kHz
Center Frequency Stability (4.75-5.75V) 10 < T, < 70 35+ 60 35 = 60 ppmi’C
55 < T, < +125 35 = 140 35 x 140 PR/ C
Center Frequency Snift with Supply 4 75V-6.75V 0.5 1.0 0.4 20 | %V
Voltage 4.75V-3V 2.0 2.0 Yo/
Fastest ON-OFF Cycling Rate ‘ f/20 /20
Output Leakage Current IV, = 15V 0.01 25 0.0 25 HA
Output Safuration Voltage !e, =25 mVY, [g = 30 mA 02 0.4 0.2 04 Y
te = 25 mV, Iy = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time N 150 150 ns

Note 1: Absolute Maximum Ratings indicale limits beyand which caTage to the aevice may occur. Operating Ratngs indicale conditians for which the device is
functianal, but do nol guarantee specific perfarmance limits. Electrical Characteristics stale OC and AC electrical spec fications under particular test conditions which
guarantee specic pertlormance limids. This assumes thal the device is wilun the Cperating Ratings. Specilications are not guaranteed for parameters where no fimit
15 given, however, 1re tyoical value 1s & goodo indicalion ol devize performanca,
Note 2: The maximum juncton tempaiatare o the LM5E/ and LMSE/C is 150'C. Far operaling at slovaled tamperatures, devicss in the TO-b package must be
arated based on a thermal resistance of 150 CAN, unction to amtient o 45 C/W, junclion to case. For the DIF ihe device must be derated based on a tharmal
Lesigiance of 110 CA%, unchion fo ambient. For tre Smail Outline package e device must be derates based on a thermal resistance of 180 C/W, unction to

abent

Note 3: Reter to RZTS567X drawing lor specif.cations of nulitary LIM8G7H version.

www national. com
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NES55
SA555 - SE555

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

» LOW TURN OFF TIME

s MAXIMUM  OPERATING  FREQUENCY
GREATER THAN 500kHz

s TIMING FROM MICROSECONDS TO HOURS

e« OPERATES N BOTH ASTABLE AND
MONOSTABLE MODES

a HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

s TEMPERATURE STABILITY OF 0.005%
PER®C

DESCRIPTION

The NE5S55 monolithic timing circuitis a highly stable
controller capable of producing accurate time delays
or ascillation. In the time delay mode of operation,
the time is precisely controlled by one external re-
sistor and capacitor. For a stable operation as an os-
cillator, the free running frequency and the duty cy-
cle are both accurately controlled with two external

N
DIP8
(Plastic Package)

D
S08

(Plastic Micropackage)

ORDER CODES

resistors and one capacitor. The circuit may be trig- ‘Part  Temperature | Package
gered and reset on faling waveforms, and the out- Number Range N D
put struc;ture can source orlsmk up to 20QmA_. The \ NESSS . 0°C. 70°C . .
NES555 is available in piastic and ceramic minidip ’ .. i Caobe. 105°C A .
package and in a 8-lead micropackage and in metal L . . O !
can package version. | SESSS | S8°C125°C | e | e |
PIN CONNECTIOGNS (top view)
E 1 8 b 1-GND
2 - Trigger
3 - Cutput
[ 2 7 :I 4 - Reset
5 - Control voltage
6 - Threshold
I: 3 6 j 7 - Discharge
8- Vee
[« s[]
110
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NE555/SA555/SES55

BLOCK DIAGRAM

Ve y
i ‘
fild |
cOCOMP i
THRESHOLD =+ == [T DISCHARGE
CONTROL VI TAGE : _/)
i
‘ﬁku
| CoMP d_our
TRIGGER, - [ D
L
i
Sk
1
[
WESET wmyormoe i
y O
4
SCHEMATIC DIAGRAM
i
VOLTAGE
THRESHOLD i OUTPUT
COMPARATOR
L)
Yoo O3 . - * . . | - » .
u R1 . om Ra ‘“ Tl an e 1'| R12
47k | &30 47« Lo | 8.8k
| g [ ! 1
y y ¥ < [e
B & atg Y
w] [ o] o fou of] D (el [[oee
. \ : ' LI
Eed H — 3.9¢
. r e { P
3
THRESHALD [Q< 941 ! . sk ' o1 p Y
[32 i] rén_ mz'] S l ¥y oz 220 r
' 2 AN < = + LT ‘324
TRIGGER ¢ ° ['é,m Qia| e g, n )
~ A ] [gwa R16 | | R15
\ J,I g 0 4.7k
RESET o |’a15 - ]
DISCHARGE 1) ~ . | o1t
5 B ~
O“‘_I LT 100k R
| e i i . i
onD . . . s Q) . v s
TR GOER COMPARATER FLIP FLOP
ABSOLUTE MAXIMUM RATINGS
‘ e S e
: Symbol | Parameter Value Unit |
\ " :
. Ve | Supply Voltage 18 v
Toper | Operating Free Air Temperature Range far NE555 0to 70 °C
: for SA555 —40 to 105 i
; for SES55 =55 10 125
{ T, : Junction Temperature 150 °C
—65t0150 | °C

~Tag . Storage Temperature Range

2110
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NE555/SA555/SE555

OPERATING CONDITIONS

Csymbol | " parameter | sesss Nesss-sasss  Unit
: Vae | Supply Voltage | _45t18  45t018 v
. Vih, Viig. Vi, Vreser | Maximum Input Voltage Voo Vee v
ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vee = +5V to +15V (unless otherwise specified)
Symbol Barameter . SEsss_ | NESsS-sASSS |
T Min.  Typ. | Max CTyp. [ Max |
Icc Supply Current {(RL o} (- note 1) | 1 mA
- Low State  Vge = +5V 3 5 | 3 6
: Voe = +15V : 10 12 |10 15
| High State  Veo = 5V = 2 2
| Timing Error {manostable) i i
' (Ra= 2k ta 100kL, C = 0.1uF) ! |
" Initial Accuracy - (note 2) | 05 . 2 1 3 %
- Drift with Temperature l i 30 100 . B0 ppmi°C’
 Drift with Supply Voltage | 005 021 Eo0d 05 | %WV
Timing Error (astable) : ‘ !
(Ra, Re = 1ke) to 100kLL, C = 0.1pF, ! |
Vee = +15V) :
Initial Accuracy - {note 2) 1.5 | | 225 %
Drift with Temperature 90 } 150 ppm/°C
- Dnft with Supply Voltage ~~~ ~~ * 2 3 /7 ANS .03 | NV
Voo Centrol Voltage level ‘ ‘ ' Y
Vee = +15V . 96 10 10.4 g 10 11
| 2c AADY TV PO Ak 33\ 138/ 1752075 .83 o 1 D
. VW Threshold Voltage | | i i i v
; Voo = +15V L84 10 106 ' 88 | 10 1.2
I 1. ) NN ¢ [ M 383 2]
| _lm__ Threshold Current - (note 3) | 001 025 4 1 01 025 0 pA
Vg Trigger Voltage | | PV
: Voo = +15V | 48 | 5 52 4.5 5 56 |
| P AN VeSS Vel oS CIERA A9 ACKE 167 (22 )
| g Trigger Current (Vi = OV) | 05 | 09 | | 05 - 20 | pA |
Viesst |~ Reset Voltage - {note 4) 0.4 07 1 1 04 AN 7 A v
leset | Reset Current } mA
| Vieset = +0.4V 01 | 04 0.1 0.4
oo Ve =0V S a4 044 15 |
‘ VoL ‘ Low Level Output Voltage vV
‘ Vee = #1858V, loging = 10mA 0.1 0.15 0.1 0.25
| ‘ loginig = B0mMA 0.4 0.5 04 0.75
| ‘ logink) = 100mA 2 22 2 2.5 |
: 1 losink = 200mA 25 25 |
i C Voo = +5V, loging = 8mMA 01 | @25 0.3 04
‘ bogsink) = SMA o g.05 | 02 0.25 0.35 |
Von | High Level Cutput Valtage | Y
‘ Voo = 15V, logsoucey = 200mA 125 12.5 i
1 l5source; = 100MA 13 133 12,75 13.3
i Voo = +8V,  logsourey = 100mMA 3 33 L275 3.3
Notes :  i. Supply current when outpul is high is typically 1mA less
2. Taesled al Voo = +5V and Ve = +15V
3 This will determine the maximurm value of Ra + Ry for +15V operation the max fotal is R = 20M< and for 5V operation
ihe max totai R = 3 5MQ2.
by7 310




NES555/SA555/SES555

APPLICATION INFORMATION

MONOSTABLE OPERATION

in the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the externai capaci-
tor is initially held discharged by a transistor inside
the timer.

Figure 10

Vg = Slo t5v

Rase: ; .
! ‘ l

R1
ity

I
Trgger — -y [FF— -

y

NE5S55 js} . =c1

I
Conlrol Voilaga
5=

Ouput - 13—‘ ;
e T gome

The circuit triggers on a negative-going input signal
when the level reaches 1/3 Vec. Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval. The duration of the output HIGH state is given
by t=1.1 RiC1 and is easily determined by

figure 12.

Notice that since the charge rate and the threshotd
level of the comparator are both directly proportional
to supply voltage, the timing interval is independent
of supply. Applying a negative pulse simultaneously
to the reset terminal {pin 4} and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nal capacitor and causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the resset pulse in ap-
plied, the output is driven to its LOW state.

When a negative trigger pulse is applied to pin 2, the
flip-flop is set, releasing the short circuit across the
external capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constant t = R1C1. When the volt-
age across the capacitor equals 2/3 V.., the compa-
rator resets the flip-flop which then discharge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generated in
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

8/10

Figure 11
t=0.1ms/div

| | |
INPUT = 2.0V/div

OUTPUT VOLTAGE = 5.0v/div

// /r Va
f l (

CAPACITOR VOLTAGE = 2.0Vidiv
R1=9.1k2, C1 = 0.01pF, R = 1k

Figure 12

(WF) '
10

10 100 1.0 10 100 10 (tg)
s HS ms  ms ms 5

ASTABLE OPERATION

When the circuit is connected as shown in figure 13
(pin 2 and 6 connected) it triggers itself and free runs
as a multivibrator, The external capacitor charges
through R1 and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C charges and
discharges between 1/3 Ve and 2/3 Vcc. As in the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.
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NE555/SA555/SE5S55

Figure 13
sy
i i ‘ ‘Rw
s !
Quput - - - [3_{ P_-‘_l! .
NES55 | 2
Conrol L['j
Molager - 5. T i
0.01, F s Lo . :
=

Figure 14 shows actual waveforms generated in this
mode of operation.
The charge time (output HIGH) is given by :
t1=0.693 (R1+ R2) Cq
and the discharge time (output LOW) by :
tz = 0.693 (R2) C+
Thus the total period T is given by .
T=1t:+t2=0.693 (R1 + 2Rz) C4
The frequency ofoscillation is them :

1 1.44

T (R1+2Rp) C4
and may be easily found by figure 15,
The duty cycie is given by :

_ R2
D= Ri+ 2R,
Figure 14
1 =0.5ms/div

QUTPUT VOLTAGE = 5.0V/div

| |
CAPACITOR VOLTAGE = 1.0V/div

R1=R2 =48k, C1=0.1uF, R_ = 1k

o7

Figure 15 : Free Running Frequency versus R1,
Rz and Cy

N

04 1 10 100 Tk 10k f,(Hz)

l

PULSE WIDTH MODULATOR

When the timer is connected in the monostable
mode and triggered with a continuous pulse train,
the output pulse width can be modulated by a signal
applied to pin 5. Figure 16 shows the circuit.

Figure 16 : Pulse Width Modulator.

F4 —i
Trigger &—— 27J L?[J 1
7

Cutput 7~ Hﬂ

710
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BTA/BTB06 Series

SNUBBERLESS ™, LOGIC LEVEL & STANDARD

6A TRIACs

MAIN FEATURES:

Symbol Value Unit
lr(rms) 6 A
VorM/VRRM 600 and 800 v
¢ (a) 510 50 mA
DESCRIPTION

Suitable for AC switching operations, the BTA/
BTBOG series can be used as an ON/OFF function
in applications such as static relays, heating

Al

regulation, induction motor starting circuits... or for TO-220AB Insulated TO-220AB
phase control in light dimmers, motor speed (BTAO6) {(BTB06)
cantrollers, ...
The snubberless and logic level versions (BTA/
BTB...W) are specially recommended for use on
inductive loads, thanks to their high commutation
performances. By using an internal ceramic pad,
the BTA series provides voltage insulated tab
{rated at 2500V RMS) caomplying with UL
standards (File ref.; EB1734)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
ITirmsy 1 RMS on-state current (full sine wave) TO-220AB Te=110°C 4 A
TO-220AB Ins. Tc = 105°C
brapm Non repetitive surge peak on-state F=50Hz t=20ms 60 A
| j initial = 25°
current (full cycle, Tjinitial = 26°C) F =60 Hs (=167ms 63
It I't Value for fusing tp = 10 ms 21 A's
| Critical rate of rise of an-state current . .
di/dt 6= 2x gy, tr< 100 ns F =120 Hz Tj = 125°C 50 Alus
IgMm Peak gate current tp = 20 ps Tj=125°C 4 A
B Paay) | Average gate power dissipation Tj=125°C 1
Tst Storage junction temperature range -401to + 150 c
Ti Qperating junction temperature range -40to+ 125

April 2002 - Ed: 5A
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BTA/BTBO06 Series

ELECTRICAL CHARACTERISTICS ({Tj = 25°C, unless otherwise specified)

s SNUBBERLESS™ and LOGIC LEVEL (3 Quadrants)

Symbol Test Conditions Quadrant BTA/BTBO6 Unit
ni
T™W Sw CwW BW
lT (%) [r--m | max. 5 10 35 50 mA
Vp =12V RL=300
Vot I -1~ MAX. 1.3 v
Vep Vp=Vory RL=33kQ | 1-1-1 MIN., 0.2 v
Tj=125°C
W (2) I+ =100 mA MAX. 10 15 35 50 mA
I lg=1.2lgT -0 ] MAX. 10 25 50 70 mA
i I 15 30 60 80
aVidt (2) [Vp= 67 %Vprwm Gate open
. 1 v/
Tj= 125°C MIN 20 40 400 000 HS
(didtic (2) [(dVvidtic = 6.1 Vius T, = 125°C MIN. 27 35 - - Alms
(dvidtic = 10 Vius  Tj= 125°C 1.2 24 3 -
Withcut snubber Tj=125°C - - 3.5 5.3
s STANDARD (4 Quadrants)
Symbal Test Conditions Quadrant BTA/BTBOE Unit
C 8
g {1 < dl -1 25 50 mA
G MAX.
Vp=12V  R.=300Q v 50 100
Var ALL MAX. 1.3 v
Vep Vo =Vprm RL=3.3kQ Tj=125°C ALL MIN. 0.2 v
I (2) [ly=500mA MAX. 25 50 mA
N lg=12lgT IRy, MAX. 40 50 mA
1l a0 100
dvidt (2) [Vg = 67 %Vpry gate open Tj = 125°C MIN. 200 400 Vius
(dVidt)c (2) | {dligt)c = 2.7 A/ms T) = 125°C MIN. 5 10 Vips
STATIC CHARACTERISTICS
Symbol Test Conditions Value Unit
V1 (@) tm=55A tp = 380 pus Tj=25"C MAX. 1.5 )
Vip (2) Threshold voltage Tj=125°C MAX. 0.85 Y
Rg (2) Dynamic resistance Tj=125°C MAX. 60 me
I V =V Tj = 25°C 5 MA
DRM DRM RRM ‘J MAX.
IRRM Tj =125°C 1 mA
Note 1: minimum IGT is guaranted at 5% of IGT max.
Note 2: for both polarilies of A2 referenced to A1
216 Lys




BTA/BTB06 Series

THERMAL RESISTANCES

Symbol Parameter Value Unit
Rin(j-c) Junction to case (AC) TO-220AB 1.8 ‘CIW
i TO-220AB Insulated 27

Rih(-a)  |Junction to ambient TO-220AB 50 *CIW
| TO-220AB Insulated
| S—
PRODUCT SELECTOR

Voltage (xxx)
Part Number Sensitivity Type Package
600V BOO V

BTA/BTBO6-xxxB X X 50 mA Standard TO-220AB
BTA/BTBOG-xxxBW X X 50 mA Snubberless TO-220AB
BTA/BTBOG-xxxC X X 25 mA Standard TO-220AB
BTA/BTBOG-xxxC\W X X 35 mA Snuhberless TC-220AB
BTA/BTBOG-xxxSW X X 10 mA Logic levef TO-220AB
BTA/BTBOB-xxxTW X X 5 mA Logic level TO-220AB

BTB: non insulated TO-220AB package

ORDERING INFORMATION

TRIAC ¢ l PACKING MODE
SERIES Biank: Buik
SENSITIVITY & TYPE RG: Tube
INSULATION: B: 50mA STANDARD
A:insulated VOLTAGE: BW: 50mA SNUBBERLESS
B: non insulated 600: 600V C: 25mA STANDARD
800: 800V CW: 35mA SNUBBERLESS
CURRENT: 6A «— SW: 10mA LOGIC LEVEL
TW: 5mA LOGIC LEVEL
OTHER INFORMATION
: : B Packin
Part Number Marking Weight qu:r?t?ty modeg
BTA/BTBOG-xxxyz BTA/BTBOG-xxxyz 23g 250 Butk
BTA/BTBQOG-xxxyzRG BTA/BTBOG-xxxyz 23g 50 Tube

Note: xxx = vollage, y = sensitivity, 7 = lype

g
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Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series censists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to cperate from a single
power supply over a wide range of voltages. Operation from
split power suppiies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be moere easily implemented in single power supply
systems. For example, the LM158 series can be directly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additicnal £15V
power supplies.

The LM358 and L.M2904 are available in a chip sized pack-
age (8-Bump micre SMD) using National's micro SMD pack-
age technolegy.

Unique Characteristics

® In the lingar mode the input common-mode voitage
range includes ground and the cutput voitage can also
swing 1o greund, even though operated from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

2 The input bias current is also temperature compensated.

November 2004

Advantages

N Two internally compensated op amps

Eliminates need for dual supplies

Allows direct sensing near GND and Vo1 alsc goes to
GND

B Compatible with all forms of logic

®m Power drain suitable for battery operation

Features

B Available in 8-Bump micro SMD chip sized package,
{See AN-1112)

® internally frequency compensated for unity gain

B | arge dc voltage gain: 100 dB

B Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

B Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: +1.5V to +16Y

R Very low supply current drain (500 pA) —essentially
independent of supply voltage

® {ow input offset voltage: 2 mV

B Input comman-mode valtage range includes ground

m Differential input voltage range equal to the power
supply voltage

& Large output voltage swing

Voltage Controlled Oscillator (VCO)

0 d5.F

I
|8

A \
v -
/,

y A A1

Wt 172 M358
57k
-~
k

AN

V'i2 5k
A

12 LMI58 p—C} QUTPUT 1

\r +

150k

W AVAVS

Q) OUTPUT 2

v
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LM158/LM258/LM358/LM2904

Absolute Maximum Ratings (Note 9) Distributors for availability and specifications.

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

LM158/LM258/LM358 LM2904
LM158A/LM258A/LM358A
Supply Voltage, V* Jz2v 26V
Differential Input Voltage 32v 26V
input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation (Note 1}

Molded DIP 830 mW 830 mW

Metal Can 550 mW

Small Outline Package (M) 530 mwW 530 mwW

micta SMD 435mW
Output Short-Circuit to GND

{One Amplifier) (Note 2)

V' 218V and T, = 25°C Continuous Continuous
Input Current (V ., < -0.3V) (Nate 3) 50 mA 50 mA
Cperating Temperature Range

LM358 0°C to +70°C -40°C to +85°C

LMZ258 -28°C to +85°C

LM158 -55°C to +125°C
Storage Temperatura Range —65'C to +150°C -65°C to +150°C
L.ead Temperature, DIP

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, Metal Can

{Socldering, 10 seconds) 300°C 300°C
Soldering [nformation

Dual-In-Line Package

Soldering (10 seconds} 280°C 260°C

Small Qutiine Package

Vapor Phase (60 seconds} 215°C 215°C
Infrared {15 seconds) 220°C 220°C

See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Toierance (Note 10) 250V 250V

Electrical Characteristics
V™ = +5.0V, unless otherwise stated

Parameter Conditions LM158A LM358A LM158/LM258 | Units
Min Typ Max | Min Typ Max | Min Typ Max
input Offset Voltage (Note 5), T, = 25°C 1 2 2 3 2 5 mv
Input Bias Current [y OF by Ta = 25°C, 20 50 45 100 45 150 nA
Ve = OV, (Note B)
Input Offset Current hagey = lingeys VYo = OV, To = 25°C 2 10 5 30 3 30 nA
Input Common-Mode W+ = 30V, (Note 7) 0 Vt-1.5| 0 V*-1.6| © V*=1.5 Vv
Vaoltage Range (LM2304, V* = 26V), T, = 25°C
Supply Current Over Full Temperature Range
R_ = = on All Op Amps
V' = 30V (LM2304 V* = 26V) 1 2 1 2 1 2 mA
V* = 5V 05 1.2 05 1.2 065 12 mA

www.national.com 2
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