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Abstract

This special project to study and design laser Harp , which create various frequencies into
audio note 8 audio using LDR is sensor light from a laser using IC NE555 mode
AstableMultivibratorwith a power supply adapter into the router 12 volt 1000 mAh - 2 Amp and
speaker in the amplifier output. Frequency depending on the variable resistor . The oscillator
scope and applications of dielectric tuning to set the frequency of each note .To calculate the
frequency of each note of the theory. Each note has a resistance value that is not equal. So that the
frequency of the sound is the frequency as required. And may be inaccurate due to the heat of
circuits involved. The frequency of the sound does not match the theory. Nearby acceptable but
considered a part. To measure the frequency of the Oscilloscope is closer to the theory , most if
compared to the use of Electronic Tuning Machine Oscilloscope to measure signals Output circuit
directly , thus causing Noise rarely make the measurement of the Oscilloscope nearby. the sound

of the theory

Keywords: Laser Harp (Laser Harp) , LDR , Sensor



III

=Y =Y
naanssudszmea

=Y ﬂya g 1 v Y o = = Ao
Tﬂiﬂ\‘l']uWLﬁ‘H‘L!ﬁ"llﬁi]i]'ﬁﬁihlﬂllﬂﬂﬂﬂﬂﬂ'luﬂi.m'ﬁﬂﬂ DIITUYIVIA DUARAN ND1UIY
¥ A =] o’ o
anwazaInlumslanTeslouazginsallumsnaassnasasugimsznuaivayuiaznis

TfmSnumadnmsiaaaenu saulilfamslgnildaiaauIdfugnauinnay

a

]
P

E
o 1 < 1 o as [
YBUOUNIEAUDINTIA M8 @nwegu N IRa1TauduasutazuuImialunsi

14
Tasenuiiers siaaauvesgilidunaznstiudue

o T a a d o a a J 4
YV UNILAWUDINIINNIU UM INHAnd sz gna mvInAdd@ndilszyna ang
=y o Y] = 9y 9 o o 9 1 = o
I NT ﬂ'ﬂ'IU‘L!m'ﬂT‘NTﬁtl‘ﬂ‘i$%ﬂmﬂfﬂL"'I]'Iﬂﬂl‘l’]‘l’i']ﬁﬁ'lﬂﬂﬁxﬁﬂ‘lﬂiﬂﬂ??ﬂ‘ﬁ’)ﬂmaﬂaluﬂTi'ﬂ"l

Ed
Tnssauneyl sughun e lumaitaue ey

YONIIYBUNIZAM RN gl nazanARTeennui ianuumwiesnsznu

TumsanyuaiSou uazdlusidalvfianaoan

@ A 'd =
weauadanl Inangalns
[ 4 a Jd A
wellsdand  Nwdydl

wegnlen  gquadn



v

LS
GRERIaY
Y
i
unAagen Iy lne I
UNARGONTHIDING Y 11
naanssulsyne 11
RERI v
GRFSIGTRPRN VIl
GARALTPR IX
Moouaydydnyal XII
4 .
unil 1 unin
1.1 anuihunuaganudiiay 1
1.2 Tagiszasnvesaiuivy 2
A = 4 o o =
1.2.1 OANEINITH IANAIY93 115 IUNY Sensor 44 2
v Y
Tanuduandratiu T Tasugaadudosda a8 §9
1.2.2 1i®AAEINITNI9IUYBI LDR Sensor 2
1.2.3 1iefnyuAT0aAUn3 lnaldiames(Laser) 2
4 = 0 A
1.2.4 INDANEINITNINIUUDY IC Timer 555 2
1.3 U UUAUDIUINY 2
1.3.1fN¥ AL NAADINITHIIUUBILDR Sensor 2
= P=} j’ 9/ 0 = EY
1.3.2 ANY MBI ULAZMIINITUY091995 1 19 uns 2
MruanIUD
1.3.3 finymguiszauidesununiosauaiyiiame 2
3 = ey o =
1.4 YUADUNITIVOLAZID TUMITA U 2
1.4.1 UHUMTA N LY 2

4

1.4.2 szeznarnlFlunmsduiunmsudazdunouy 3



= = o e
UNN 2 NYHHUASHILNNYIVOY

o158y (710)

1.5 sz Teminmadneg 1asay
v P an o A )
1.5.118anuiNugmismsnaassmsiuniesauas
A w 9 EY =
1.5.2 tiuinveanuimeauma Tulagmauaslaomme
o
NGRTLIERE
A o 4 ~ 19 9 o @ A 4
1.5.3 ienaiuunIosauaT iy v lviuaieuintei
| 7 i % a ¢
1.5.4 monnuin Idiseuan llszgnd 14amlfinase Teani
1.5.5 lavinuzardIumsadazeonuuessildums
A =
IAF03AUAT

o ar Vv

2.1 lodwes 555 (Timer IC)
2.1.1 Uunuv ledies NEsSS

2.1.2 193me1uledues NESSS
2.1.3 dmlszneuaagueaansme ledes 555

2.1.4 N7 AstableMultivibrator
2.2 LDR : Light Dependent Resistor

2.2.1 ANTANIME

2.2.2Han0UauDIN 19 Wi

2.3 299505 aau Inl#l (Voltage Divider Circuit)
2.3.1 N‘ﬂSLLﬂQLL‘iQﬁuﬁ"lﬁﬁTﬁﬂﬂ (Unloaded Voltage Divider)

2.3.2 MOTUUTIAUNY Tran (Load Voltage Divider)

2.4 3AURBA
2.5 M9INIUFAADTAING (Transistor Switching Circuit)
2.6 20vasnpawes 1as141od 3 vuwuusaduednansd
26.1 ’Nfususngmmai’ﬁugmiﬂﬂ“l%'"lﬂ%mzqa MC78xx 1A MC79xx

2.7 UAUADY

11

12

13

15
16
16

18



M3y (919)

d‘ ad o o s Qs
UNN 3 ISMIAUHUIIUIVEY

3.1 gilnsainsnaana

3.1.1 gilnsaid@nnsoting
3.1.2 @aumuiliuald 100 kQ
4 o
3.1.3 yagunIniiaees
3.1.4 IC 1105 NE 555
3.1.5 LDR
3.1.6 31Ina
3.1.7 DC adapter
= o
3.1.8 I9NY
3.1.9 vadiwes (Multimeter)
3.1.10 uru ' l5oa
3.1.11 SN0
3.1.12 Terminal block

< A A 4
3:.1:13 Q‘].'ﬂ‘imlﬂi’ﬂ\‘lnﬂ“h"lﬁ

A a
3.1.14 1nTe900a% laa 1ml

a o
3.2 ﬂ’l'ﬁﬂﬂﬁﬂﬁtmx’)miﬂlzﬂﬁﬁﬁlilﬂtﬁﬂ'ﬂ{é’f"lw

3.3 ﬂ'l'i’ﬁ%"lﬂlmgﬂ'lﬁﬂﬂﬂilﬂﬂiﬂi\‘lﬁgﬂ

UNT 4 wamsIvenazedlaena
4.1 m3fumAANudvewaazd THAMNNguR
4.2 MANUANINATON Oscilloscope N1IMINARDA

4.3 A1AUAVINATDN Electronic Tuning

VI

20

20

20

21

21

22

22

23

23

23

24

24

25

25

26

26

27

29

36

36

37

41



M31iny (AD)

r-; a v
Unn s ﬁ@ﬂwmﬂmmwﬂmummz
Y a <
5.1 ﬁ?ﬂﬂﬁﬂﬁ'ﬂﬂﬁf]\‘l’i]"lﬂﬂ’]i')ﬂl.l.ﬂ%’llﬂ'ﬁg‘lf‘f
o 1 CJ )
5.1.1 ﬂ'liﬂﬂﬁﬂﬂﬂ'm?m’ﬁ'lﬂ’]ﬂ')’maﬂ"lﬂ‘i’lﬁ]Hﬁ‘UﬂQ’]\Wﬁﬂ%ﬁlﬂlUﬁ
w A 4 o o
aa luuswes (Astable Multivibrator)
5.1.2 MINAADIIAAINIUDMATIOscilloscope
5.1.3 MINARBIIAAIAIINDINATOY Electronic Tuning
= o
5.2 11TUAINTTNARDY
o " { 1 ar 53 =
5.2+ ﬂﬁmmmmmmmﬁwumaamiuﬂ%m‘nqua
! Aﬂ' d:l A L‘:; o
5.2.2 MANNDNLATOY Oscilloscope NNINITNARD

5.2.3 IIANINDINATOY Electronic Tuning

5.3 oAU
Y =Y
1PNA1591909

HAHUIN

v

45

45

45

45

46

46

46

47

47

47

48



A3UYNIT

CRERN

v
1.1 13 19328LMIAUUUMTUARZIUADU

2.1 ®13149 Flip Flop

2.2 uaaamsuUudesauasmadInenmany

4.1 MINMIAMIUMAINNNAVBUWARSAD THADINNY W)
; 4 4 _ i

4.2 AMTNMANNUDIINATDN Oscilloscope NNINTTNAADY

4.3 MINAINIVDVINATDElectronic Tuning

VI

15

37

37

41



1

a3

€
@
Caht

=h.

71
= 4
2.1 v ledwes 555
= o
2.2 wana9snelu leSues 555
2.3 Ll A97997 Astable Multivibrator
kY .
2.4 Tn59a$199949 LDR
' o

2.5 f10819n T UAAIA1 1IABLEIAINDAI9 9] VDI LDR 919 2 111

dI’ = a

Weomeunuany 1usamau
2.6 waveamsnlasuanuduuaaluiunnulany LDR

2.7 2395uaiansaeui lusi Tvaa

1 o C;d.
2.8 1WITUUWTIAUNT Tnaa

1 { 10 |~ ] i 1 d o
2.9 ANANVDVBUMAIN LA uazaIn U NNy H-dad Aoy

- L4 g/ =) 4
2.10 29958 Iae lamsudaaes
2.1123995uvae91e 10 Taald MC78xx
2.12 2395unaane I Taeld MC79xx
2.13 ANUTNUDIULAIRAE
3.1 gilnseldidnnsoin
3.2 gadumudsuald 100 kQ
a
3.3 lalss
3.4 IC 1195 NE 555
3.5 LDR
3.6 811n9
3.7 ozualinos 2 N304
= o
3.8 A3

3.9 Janimes (Multimeter)

3.10 upu li1oq

IX

10

11

12

13

15

16

17

18

19

20

21

21

22

22

23

23

23

24

24



astny3il(eain)

31

3.11 59974

3.12 Terminal block

3.13 gUnsalingesiienna

3.14 1nS0900a% laa In
4

3.15 Nosaesa

o [~ o 9
3.16 ﬂ1ﬂ'li¢llﬁl‘llm$?ﬁﬁ.lu'lﬂllnt"lﬂ

Yo d.rru

w Yo o Yy 9 oy “D b Y 2

3.17 fn ldoantavia Adeiunsudedudonseuaseinyes
3.19 11 loavuiaaegiida Bundsenoudunes 19aim Iddhdstentada i

)
3.19 Taseadaduaiu
3.20 wuanlsduanmnesinaoun 1
3.21 1123 Ifoada 13via 20x100 cm.$1349% 2 Ay
3.22 11z liidanda v 5x100 cm.

d‘ " 9/ 1 ] c{

3.23 59914 Ll azaiay niansualldludesivinisionz 13
3.24 NanesBuames awn Iikuafead Idinzg 14

o 1 a o o o 9/
3.25 2aslaresavudazduneddumiefinasal’

w 9 LY 1 PR o o
3.26 arduniuyiua ldndedensulsasiames s
w Y ru 1 Y g s 1

3.27 maaseusadumulivallddrednseuieagu
3.28 DC jack I8 mono jack iN® 13id8UU DC Adapter uazdIna
3.29 AUWUINITI Terminal block
4.1 A1AND9IN Oscilloscope (FB3 1A
4.2 MAMINDIN Oscilloscope (R

4.3 AAUDN Oscilloscope 1H BN

4.4 A1IANUDIN Oscilloscope @egavh

25

25

26

26

&1

29

29

30

31

31

32

32

33

33

34

34

34

35

39

39

39

39



a151ay31(e0)

=1

71l

4.5 ﬂﬁﬂ'ﬂlléiﬂﬂ Oscilloscope i@eoa

4.6 1ATNEIN Oscilloscope 1HE9a1

4.7 ﬂ'Wﬂ’)mﬁ'iNﬂ Oscilloscope (o9

4.8 AAWA9N Oscilloscope (T8 1a’

4.9 JfAMAINATES Electronic Tuning 1HgaTa
4.10 gUlsANNEINAST0Y Electronic Tuning H643
4.11 ilsAmuEInA3es Electronic Tuning 1desd]
4.12 gAAuA01MATe4 Electronic Tuning iAgavh
4.13 plf1AANINIATEN Electronic Tuning 1dowea
4.14 UfAMUAINIATEY Electronic Tuning 1Ho9a1
4.15 710192 91NIA5 04 Electronic Tuning (0

4.16 3UAANUHINIATOI Electronic Tuning L8 1a’

39

39

40

40

42

42

42

43

43

43

44



XII
Meouazdayanyal
AMUNUY

Light Dependent Resistor
nszua I (a)
useaulWdh (v)
Manudvoudes (Hz)
Adanumulsua’la (Q)
o~

AINTUNTUDINGT ()

dunuiszglFluaes ¢



o

1.1 anuiluanuazanudina

o
V

Joyuilfindesnuainarnuarsilanunioias mieuih ndoed sudundos
aad a ﬂ v A d. A daa A ﬂ @ ' o A '
auasotan Insia iuau Taomniesauasmaiiaenidesiidluendnyalmnizaafinanaig
@ Y a ) { A @ a a  d o o 4
i1y Tuilegiiu ldfinmsiiwma TuTadanq fifeadudiansetindulszgndiniunisnuas
w & S w ~ 3 - A o
wneratelunurazannentanyai laamu uilana arenuuaziiideinuaiinig
{ ' o < [ 1 o o :
eon llanlusAanius 8 A2 ldaflundnuazaiga ldimsinamesinldiunTosaunidae
ow A a e o = aw ° J 49 v 4
Ui G lassnumreivaiimsany e tsmaiawesunlszgnd 19 lumsasiunio
o s 4 a 4 a4 & ' H
AuAT InalunToanuniilszmmasesde o n5e9e1v (Harp) 5 luudaz aevesaiiiueg
E 3 1 i 1 @ Y ~ o v {
liaresunuaiednquaz Wiidsaivanaradu lauda lTeauas Tavadmuaainnuaf
o & :1 o co Ao o o P = ~
mngauiunIosauaTlszianaoaudr Tiadiinaua 8 @ laun Ta 15 3 v gea a1 7

Ta’

s

d! dt:; a
anvazmnizdudumaluladfisoun

=

s iiuginyal (RIS uia g aradidl

Be

! e v w o & @ ¢ o wa
TENINNAMTATAIDUANNY QUUNAMANT FINAITUMA U THUT AU au1la |
PP < =
wmﬂﬂmﬂmuagﬂmﬂﬂswmﬂiumsaﬂmmmawasmuummﬂumu'dm Huwradn s
a 9 2 ot A @ 1 1
gV UNY (low-divergence beam) uaznauamaiivatenueaauawdlug s uv Tl
= & a dy 9 o 1 ~ g & s‘t:!y 1 Y i‘]
IUDA Infrared 33 TnsunAb g 1Hames luimiaueuiuduames Ho1ona1d laiuily

NTFIUNAINULEINEAIDDNINIAANUEAAUTRM N U281

o 4 o : . 2 o °
o3 a1 (Laser-Harp) iuinsosaunisilanilan Mamesssdwasoonuuily 8 §1
Iﬂﬂ&tﬂﬂwﬂ'lllﬁ\‘l"r’lﬂﬂﬂﬂ']uuﬂ gnn muwmgmud'l:lmﬂﬂﬂwhlﬂﬂimumuu LDR ‘Uﬂﬂlﬂ?'ﬂﬂ

o A 1 i = 1 y s [ as &
Aulla@eanaazinses LDR ina1niliiludd Sensor Sudyaamanas Taouaaamos i

v o = g v - A a = = 9 d.r ;

N3¢MINUAI LDR Sensor ‘Lle"Jff\ill']“l"llﬂi’ﬂ\‘lﬁ“uﬂlﬁUQ‘ﬂﬁTM'liﬂﬁi'lﬂﬂ’ﬂuﬂﬁﬂﬁlﬁmﬁﬂﬂ“ﬁﬂ

] v
o -7

a o 4 v Y cy 1 ! o
!.ﬂ%'EN mmmﬁﬂauu%nmuﬂmmﬁm‘aasmazﬁ’ﬂum'lmwﬁaunu Sl.uﬁ')u‘ﬂﬂ\iﬂ']'iﬂTHUﬂ

>

9
o Yo

1 t:i Yo Y o [ 1 Y as YA .:{ 1 n:'! d? 1o = 3
manuadugITvee ldddmmuinliuam lalumsdsulndanudaeg deduegiuaewsild

e

' v " [
lumsaanuduazazi liusedunaznszuaiwnlasu lUam lUdrenazinnudn launi



. . o . . o
TuifevuainnualilndiRestunissauasilszinnete ol lan1udfidesnisarudl Tia

y 4

o 7] =1

= ~ g a o U =& T n: =i 9 Y | s o
AURAT Llﬂzuﬂﬂ%’]ﬂu&m”l’mﬂﬂﬁﬂﬂ\iﬁﬂ‘kl'l']\i"i]i@‘lN“]‘ﬂLﬂﬂ'J“l.lﬂ\iﬂi‘]ﬁiﬂﬂ']i’ﬁ]ﬂlﬂﬂ?ﬂﬂﬂﬁﬂ"l

tatyes 8 (Laser-Harp)

o d S oar
1.2 Jaguszasnvesniiae
d‘ =2 o o a tb ) d' 1 [
1.2.1 eAneIMsiEwaes 15 8RNy Sensor 1A nuduanaaiu i Tasuaag
= s [~ u’a‘ Qs
Wudeedaliiang 860
1.2.2 1#Wofiny¥1IA13111911989 LDR Sensor
1.2.3 Wefiny1nTeenauas lasldames(Laser)

1.2.4 1iefAnuIN13N1914U94 IC Timer 555

1.3 Y I UAUBINHIDY
131 ﬁﬂHulﬂgﬂﬁﬂ'ﬂ\iﬂ’lﬁﬁﬁ']u"UBQLDR Sensor

= d? 9 o d' o P
da3.2 ﬁ'ﬂﬂ'mﬁ]tl;]mﬂﬂﬁulmzﬂ'lﬁ"lfT]\'l"lH"U'EN'Nﬂiﬂi‘ﬂuﬂ'ﬁﬂﬁﬁl‘lﬂﬂ’]’ma

=2 = a/ & a A
1¢3.3 ﬁﬂ‘.lsl'l‘ﬂf]BQ'i$ﬂ‘1JLﬁﬂﬂﬂlﬂﬁiﬂiﬂﬂﬂuﬂi‘ﬁuﬂﬂ']ﬂ

:.'l s v =, o =\
1.4 mumaun1smauam§1un1smmmm

1.4.1 UAUMSAUHUY ﬂ"liJﬁt]LLﬂdLﬂWifﬂﬂ’e]Hﬁi’N”] deagie i
UABUA 1 1aUDIUIY

Tugeuii2  Anemgul uazvideyadin Mifvadeantseaniise
Tunoui 3 gﬂﬁumﬁgm LAZIASEUNITNARDY

Funoud 4 naavdtazlszliurNamInaand

Funoud 5 Usuilgesmsnaasaludiuiidanain

duneun 6 a3UniIte wazuuamilumswannae lueuina



v v
1.42 szeznamlFlumsaiunsudasdunoy

B e [ne | wa. | 5o | na | an | ne | an | we | A | u.

N.A.

dal 1 Vaos
1.5 Uszlevuiimaiiezlasu
¥ Sidy ag o & =
151 laanuiugnitmsnaasimsiunioinuns
152 inezanuineduma Tuladmauasdasmmzuasacoy
r ] v ¥
1.5.3 ewanunsosauasiuy Ind Wi doungeu
1.5.4 iverhanuin ldiseuunTssgnd 1damldifenlse Toand

s { [] E& =)
155 ldinuzaauilumsadraazesnuuunasildlumsiuniesauns




UNN2

= a v 4; nz;. v
NEHHYUAZINTHIV TN IVDI
ﬁluﬂﬂf:‘ﬂzﬂﬁﬂﬁﬂﬂﬁ]yf]ﬂmdI,m“]fﬂ'ag(LASER)I,m%,’Hﬁﬂﬂﬁﬁ‘lﬂﬂ%ﬂd@ﬂﬂiﬂ JGERGERR

vo9g1nsal 2995ve9g)nsaididnnseiing Ae ledwes 555 (Timer IC) , LDR (Light

Dependent Resistor) , 239 5411i9159a4 IW#1(Voltage Divider Circuit) ,2995M3 1S aaos

= o s [ [ ~
AINY (Transistor Switching Circuit)ll82 997 INHITEAVLUTIAU (Voltage Regulatorﬂﬂ gn VI.F?{

]
~

[ & ] ad 9/ 9, A a A
ﬂ'ﬂ"I'Jl”uu’ﬂgl"ﬁlﬂuﬂﬂﬂg]ﬂlﬂﬂﬂﬂ]ﬂqwﬂgtlsﬁ&luﬂ1§ﬂﬂﬁﬂ\31u~11u?%ﬂﬂlﬂﬁiﬂﬁqq1uWLﬁHL59~3

LASER HARP
2.1 "l?ﬁ!‘ll’e)‘; 555 (Timer IC)

lodwoes 555 Hu'ledfidowldfuunlumsinnadedyyia Square Wave
day Ry 1 Pluse o ) & IRampltA £ 2995091901619 18 198556 (Dual Timer)il 1 ' lod

szneudieledsss agniolu 2 @

2.1.1 iunledues 555

Ground E E Vce
Trigger ’z EI Bischarge
| M555
Output |3 | 6| Threshold
Reset E E] Control Voltage

5191 2.1 puvanTedwes 555



2.1.2 299smeliledues 555

| Vo |
1
]
- 4
Threshold o—°| o °  Reset
i L Comp1
RS
& SJ ) 3
Control Voltage i b aves : Q Outpl) O Output
1 1 7
Discharge

5 Q
2
Trigger O_'_‘ﬁ}*‘_
RS

= = o
717 2.2 uaaarsasmeluleduies 555
1 1 = d
2.1.3 ﬁ?ﬂﬂﬁ%ﬂi’)ﬂﬂﬁﬂ‘ﬂﬂﬁ'J»ﬁ]‘iﬂ'lﬂllaalil‘llﬂi 555

o o ) | =} =} o =3 {
1. Comparator2 7 mwmﬁﬂawmw a,;immauwwﬁmmmmzau

o q

[ T I a o =
e & /' Udnaunnani Koemiwnezondu ¥, uieladn <0
Y + A @ 9 1 ol o W o =1 = o
® i I/ iifnatieendl Vo mvinniziiny 0V wielata “1
Y 4
2. Resistor 3 A7 vW1AAINATUN WY 5200 5 4Q A UITe 380 A usuduagsia 1

4 ~ " Y
TradwmianasouRmn ¥, /3

wa o

3 3 daa o a2
3. Flip Flopijuginsniaineanigueuiifniniig

M13199 2.1 uerutia Flip Flop

R s 0 @

0 0 No change

1 L Not allow




4. Transistor 3 267 A9

® () (NPN) ﬁ1wﬁ1ﬁ Discharge Capacitor Lfi’éJ L’fﬂ“ﬁ"l/!‘ﬂ éﬁ‘luia%‘ﬂ “17 §1 195
nszudIIMAadY nszuaneamaneInaIusuRI (Saturation) V=0V
W39 Short Circuit

® Q, (PNP) imidi Reset Iioninniilu 0 v fiod 114 Reseodoaansind
i ldnsudames 0, ONV,=0v wiiyniivt Qiflu “17 ieinnues

Output Amp uTa%n «0”

| o a
5. Output Amp U995 VE BN TS0 Woo0N0 1M WY Tod U Invert ADBIDUNN

il <07 i miwmazidlu <17 drduwmilu <17 wiiynozidy <o

2.1.4 29090za6la (Astable Multivibrator)

82993613 19d a9 Square wave i udiannIafmua ldmuanudeinmsaien

= o [ 2 o {

anhdmaed Cuazmanudumiu R, uaz R, Taoluieastivenninizansaimuannud
as 9 J 1 3 P o 1

UYBITAYY I Square wave 19881 C naze1 R, = R, + R, udrdamuisafisgimuagiauial

“ON” uaz “OFF” yaddayanudemiiuandiafiuved R, uaz R, 1é9nde

Ve
Ra = 8
/ 3 Vo
— -
Re 6
{ M555
2
Fule C 11 [s
| C i}.mi

717 2.3 1AA92995 Astable Multivibator



HaNMIIMIU
o = a o o = 1
Tdndnmanudszquazaiedszyuesmihdmans Tasazshmsidulsegii R, R,

uagazmellszyru Ryuaz 7.neluas GND

cl a < d = o v & w
-vagnahdmeeinulszgaudeseauussdu 23V, vaziuussduvesV, =V,

= = d a [ ' = =] 3 v
-vazinhdmaeinelszgooninaussauanasentiawin2a vV, aaV, /3 vaziuussiu

Y04V, = 0 (gud 1aan)

wlsfumeumsmanai 5 v

¥4l 1 dugaeiihimsdassssanhdamesesiniulszgan V. HWR,, R,
Output Y99 ComparatorfiaUuLaa1992H1 “17 11119 Output Y09 Nand gate v2181u “0” dana
14 F/F 41 R =“0” uaz S =“1"1Tuns set F/F Output 0 =17, O=“0" anhdamosaziinis
uilszq liSevauiiusefunnasouminiy V.:3

29t 2 FiinthFdmesimsiulsegiu V. /3 szl Comparator) #ra1ufiu
“0” F/F 1R =0”, S =“0” I8 Output V, imilouidy

¥99i 3 ifeanhdamesgniuilssyaunsziaiidminnia 2V, /3 output Y94
comparator()F 1z nlasuiily <o Output U84 NAND gate 32131 logic “1” oy FFR =
“I8 § S =07 Wumsin i Br 0 =“0" uae é= “1” Transistor 9& “ON”

$29i 4 a1hdamessziinisniodsegiiu R, uay T.ae GND v 1 Output veq
Comparator(l)ﬁ’]‘]_l U L‘ﬂ H “1” Comparator(2) A28 14 L'ﬁ u «0” N1 1A F/F ¥ TR=%“0",S="0"

Output U84 F/F 9£AUAN Q =“0" Q=17

39971 5ilen1Famesiinisaiel sz gaunsaduason c= vV, 3114
Comparator(1)d 2111511 “1”Comparator(2)f3a1au “1” %11% F/F 41 R = <07, § = «17 15lu

3
msld FF 1A Q =«17, 0 = “07Tr 9 “OFF” anhdmaedagsimaiulszyInidansalu

Y ' Y ¥
Jupoui 2 wazdluauil li5oe

M33R512%181143 charge Uaz Discharge Capacitor
811Un5 charge-C 9100 84 Ve /3 141087111

ve(t) = Vee(1— %)

Veed 35 Vee(1—€77F)

~t1/ RC =In2/3=-0.405

n=0405 RC



1na1luMs charge C 910 0 89 2/ 3V 193a1 1 22
2/ Ver = Vee(1—7¥FC)
—t2/ RC=In1/3=-1.098
Ti=t2—t1=(1.098—-0.405)RC
T1=0.693RC

e  R=Ra+Rs
T1=0.69(Ra+Rs)C

nanlums discharge C 910 2/ 3Vie 04 Vee /3

ans
Ve(t) = Ve ke

Veel 3=2/3Vee "'%¢
T==RCInl/3=0.69RC
T2=0.69(Rs)C

T=T1+T>
T =0.69(Ra+2Rs)C

= =
NAITUD square wave

F =1/0.69(Ra+2Rs)C



2.2 LDR : Light Dependent Resistor

o =Y { 1 1
119aA©15 (LDR : Light Dependent Resistor) fin A1MMAUMUyHaN douas nande
¥ 1 v v
Arnnuduniuiisnson)dsuaninnieanuir Wi Idde T uasannsenuuiens
=1 ] o % o 7]
5801 10 TaT F A 1095 (Photo Resiston)¥ 30 1M TnnouAAIAD3 (Photo Conductor) (HuAId 11N U
A o &£ o o . ~ Y 4 " A
NNINIDINA1TNNAIU1(Semiconductor) Usznnuaadiouda lna (Cds : Cadmium Sulfide) 50
= aa L4 % . 4 & a a:ivﬁ 2 o o
UAALTENEA 1A (CdSe : Cadmium Selenide) F49iaarafimiluatslsznniediite1uiniy

' o AHq Y Y ~ 9
fNUul!WUL“]fﬁ13Jﬂﬂ1mLﬂuﬁ1u5ﬂ%la3ﬂﬂﬂnﬂ’]ﬂﬁ’liﬂﬂ1Uul'3'ﬂﬂﬂ3J']

w n3ztpslans
wiowaafin

e

s - .1
TR MY Bifinlne
1')1‘%&»&
- TN
YR Ean
WG

511 2.4 Taseaf19ves LDR

715199949 LDR uglit 3 davdvailunundng & atmihiidudaduniuluaa

Y A

£ v o ¥ 1
nag uuIda1 Huazutaiuivesdrduosndly 2 419 aAnesdu Wudni Inifisama

¥ oo oW w9

A o w A A v ad 2 A g
RG] ﬂUﬂqﬂ']uﬂ']uul'Jllﬁﬂ ﬁjuﬂﬁ1ﬁ53ﬂﬂm199ﬂ“1ﬂ16u9ﬂﬁ5ﬂ Liﬂﬂa1ﬂlﬁﬂ1ﬂﬁﬂ"ﬂi‘ﬁﬁ@ﬂ

3w

= d o ) 1 ] sy v
ﬂt!ﬂuﬂ"lul“ﬂ‘i'mﬂLLﬁZQﬂﬂ‘iﬂlﬁ'l'ﬁiﬂHﬂﬁhhuméiﬂﬂﬂﬂ'lmmu

L]

2.2.1 anUAMmasag

o 1 8 @ ) =} 1
17NV LDR !.‘W‘:N$?1Lﬂuﬁ1iﬁﬂﬂ’3u1l'}la1ﬁuﬂﬂFlﬂﬂ'ig“ﬂ‘ljﬁﬂulﬂﬂi]gﬂ"lﬂ‘ﬂﬂﬂ

3 a Y

@ Y w ~ 10 v ad A ad a dy =]
Wﬁﬁsﬂuiﬁﬂ‘uﬁTﬂ’lT!'I‘]J’EJEI‘V]']EIT‘HﬂﬂTﬁﬂﬂilmﬁﬂﬂﬁﬂuﬂ'liﬂlliﬁﬁ VAANFATOUDH TS UNINN

G

1w n‘z c; H 1 dn:'\
mmuﬂ'Jmé’fmmuﬁﬂaﬂummmﬂ'nm“ﬁ'mmumﬁmﬂnﬁ:wumnmﬂsmmﬁmmuntm

'
AARININNINY



10

EL g S

#

T e
Lt wasimmaaselaind

erelyES) LR §%)
1

Z

3 « 5 P ¥ ¢ 12

rraarrebufaBswsen {10 awy

IS0
P

7%

bt 1uvmm;%%§h§

wEuitrens IR (%}
b

T T T LT T T T T e

.a; - 2. o & Rovose & o

A £ 5 ) ? ¥ & 1

manssraduuiawien { 00°F gy b

v ¥

119 2.5 vgansuaasnnu lideuaen1unae 9 ¥o9 LDR 119 2 uu

&an

] v
1umuﬁﬂummﬂﬂiwuuu Ni%??ﬂ%!ﬂﬂllﬁ&ﬂ&qiﬁqﬁ mwziaalugaenuen

AaullszaTn 4,000 daansow (1 S9a@IEN MINU 10 - 10 a5 ) Daals=uial 10,000 BIaATOU
7

1 C{ 1 a 23 é
miunez 191d @E@omausziiuld Tugetlszunn 4,000 S3aason 19 7,000 SeaaToN ) &4

= Y o 1 A ~ o w ° o A =]
ﬂﬂllﬁ?ﬂlﬂu“ﬁUQﬂauLWUﬁllﬂU QHDNYUNVUNITNINIU ‘Uﬂ\iﬁ!ﬂﬂimvhllﬁﬂﬂiw.ﬂﬂﬂu LA

1 ' A ;Hd T a o Y
a8 lsuaslugnnaui Alleglunaserfiad uasnnnasa Iiuun |4 uaz uaeninvaen

o a 4§ P { =] T
WgeosmaLARIe wie d19zAndenlwe1InaY i LDR vzaeuaues laiigauda Alieguats
anuenaau laeall LDR Ahminuaadiouda lrdez Tadeuasifinnweinaulugis

1w 5 =1 A o a o/ :
5,000 91 BeaAsew. Fuswzwuiudmior llvudadmasadmsy vredudd anw snau
c; 4:1' LY Y A a t-‘.‘l As' ci T d‘.
i higaveuiylndifestuanueaauihitgavesmauin@inu ldeanuerinau
Uszam 5,550 Bearason )iesinezl9iuilumTesTauaalundoeniogildr LDR H191n

=1 e 4= ] A i "o £ ' ' a 4
uaalouda luanve ldennuenanaulugig 7,000 ﬂ':nmtmsama"lﬂag"lumaauﬂﬂﬁmm



11

2.2.2 wanauauaama i

AT IUTTNINNANNAIUNIUYD LDR Iuvars i lufinas svvasifnegs 01902
¥ '
'l Adauad 100 11 1,000 W1 150 10,000 W1 ud AU wd Taeia Tdudrannudmmuly

1 ¥ v Y
vaz i Tufiuaeazegluaaa Uszua 0.5 Mw Ju'll) luddaaidneniulillduinnd 2 Mw

]
=

waz Tuvasituasazdlulszun 10 - 20kw a9 11 o199zmaniioeld ey vse luda

[

d o @ 1o 1 o " °
Tovun ldnuussdugagalalidindr 100 v uaz S1dsgayde sdrednlszana 50 mw

; vy (1) v ammm"aumumu
g Mm*&mwummwu
5 P vile

SRLANN 180
., A€ SN 3 o

{0} ATRUBEWATRTIHETIY
SRR TR SRR
PR e

shudbe

317 2.6 naveamsilasuanudunaa v lasy LDR

A s wa 1 P ST ' 4 Ao o oA o
HUHDNHUDIINANHAULTUUAN T IHATULUAIEINDNDE U UINA U Ao ﬂi1ﬂgn1§mﬂ

= 4 { 1 a s A at { e
ATUINANY iWunaas nlfsunlasedieiuwdy Fezgdred1aldlugali s 81 LDR 185y
== 9 L v a9 o A '
uaeiladugadadu (n) anuamunueziia d1uaz Tusituiinanuduveswagnanas
= f=1 ar o 9 = 9/ = 1 a 5 =] ' Y o
maDedszAUE 9ae ANudIUMIUizdos Muduhlsudsmnaudunu duniseziiu
a9 a 1 A w 1 v Y =) Y s a g = Y =
Tuszavave. uannuiues lilngaogszaudrede dundy muaeiiulidnudSezanag
1 v Y A = a1 o [ = o a v 9 g w EY =
wegluszay 81989 milounudnwsndu ludesd nag luiweuderfud wuiu1ilun

= o

i w a  w =]
anuduuaatosy udmlFounnudmiuszdy Sradaiuil dalugal () anudumiuie

Fd
=

an medaaInnseaudadwdsediulaling Sanuduveauaaniniu LDR nununaio
i1 lud 92 140m lunmsdhganefidunisesiudesnduuuunadouda lidudiez 3 ua
' lnandreuazsnedranilnnuE lumsulaouseduanudmumunnsmin lnd
nilsdunndazeglusawesdiadiufivde vie Afifhuiud me Seil¥ LDR 1918 fuam

[ £
ANUDAIN Y



12

2.3 290sutausadu it (Voltage Divider Circuit)

299505 9au TWH1 ( Voltage Divider Circuit) ¥u189 97993571152 noUA 20027
F T
a2 @a9u lildoaynsu ( Series) agszninaumassonsadu 1l ( Power Supply) ¥
anumuniululessgsimihintusaiu il Teean Tudeesut s e i
@ o = 1 = s r a 9 1 [ Yy
Warwannguea leuiisuanisaausadu Iddanaseudadumundazdil9i5ves
] s [~ T ' ] w
2sutasin Iiheesiaswazazainniingues Terursasutias e I feendy 2

Uy 1dn

2.3.1 299suianssnui hifilvan (Unloaded Voltage Divider)

asutians sy Iy Tdms: il uduasesutaus sdu i n g Ll 1dden1s e
IWsansanszeenuuumsutas gy i 1daun 1udeenis 19 lumsdiuaus

Tideaihanmsy Infasunadae

71 2.7 29vsuiausediui lifi Tvan

1031 R uaz Rimdhiiunduseduldfeonidiu 2 929fe Vuaz v, as

AV uaz V, drldgasnisdrinanuuiaseynsuduliudesduosmainiy

= 1

dumusan (R, uasnszua il (1) venwsidedou Faildidonar mamsolszand

v
= o/

B o 1 a [ { o 1
gasi ¥ lumsiamaiusau Iihenasouididumuunldlumssmauma vV uag

u

¥
V, laTag lildmveenseua IWihueaases 1@l



13

= A _ E
VI=IR  ip I_R—r

E E
wnue / = — Tumgumsezld, Vi =—Rud R, =R +R,
R, R,

R]

unue R, =R + R, luaumsezld Vi — Em
1 2

R,
R +R,

wiesfeaiu Va — E

2.3.2 29935 90U N THaA (Load Voltage Divider)

295U AR A LA I Az AR e 9a L s uses L IW T w1
neelnniNeausnasaantse R i T g uius usas I in 13 saiiuni sAnws e e
usafuldd TuressResiaeAniiafA1 AN s U uaasni s RN TN U sadae Tnennsls

nazuad A Iuasusiadiun R derunuiun s AT U A1 U988 04 10% — 20 % 284

nrzua TR Ianun 9L IWH NN

-
16¢ _b.IL
R2§ RL§ 4
4—

317 2.8 29935 e uni Tnan



14

MNNIIYUITIW R uaz R, lddegas

R = R,XR,
" R,+R,

framia R danges

R, =R+R,

nagasmMsfnummnszua i luaees

3 =E o

Rl R R,

A Ik

VL= TRT{

wnudn I, Tugas V, =R, wld

E

Vo=——= -XR ﬁ?ﬂ
L +R I
R

Ry
%=EX—L
Ry
il R, =R +R,
R

w3 no. —
Aviudansaldgas VLZE)(—L Aoumiamseau liihwesnisg I 18
Ay



15

2.4 STAUINEY

Yo oy ¢ £ aw v v o4 o A A
M3 lagudesveaypduenantusgiuanududowdidiuiuanudvenau
. o, ; ;

ideadndaonnudidesdigaiiuyudamse 18uie 20 iFaad uazanudgegaiiawseld
a oA a A= A ' a o = 1 A gy A a o &
gUND 20,000 [FTACK 1HGANTANDAIND 20 13509 1515 eau 1A smTD BunTI9d ¥
a ' o oA o @ A 3 1 ¥ ' A et o
mavinurasiuidadesunalng) wumsduaziouvesdaneaine daudosiilinnungs

1 a 4 —~ 1 A =] A Y o a:q’ 1 e A ] <
131 20,000 (3504 13138071 AAUMHBIABIMS 0dRR I IANBRNRTLAsS ulaE B 199 7

] ' ¥
TiFssnianudaedueon lusaasde lail

W

o LTI T

VT WG 5 T B 1 | )
pled B Bood i §
S S O e
i
P f ;

J“H [ ] ¥ IEI 7 550 iy 160 000
100 1 6a0] [ ] I J !—[ !}'
E et 1 2 B! A 0 1 Bkl } !
5¢ 100 booon 16 BBy .. 100 0DO
g s a | P TG R
i ey F S

i 1 { o S ] | ~ d a Yy
U7 2.9 Fnnudvewmdsduiiafies wazaneanudidosiuyud-galdou

@eeniinnuannudtesania leniudusjududssiiianudqenusia S endy

1 as { 1 (- a o [ Y
!ﬁﬂﬂuﬁﬂﬂﬂﬁuﬂﬂi%ﬂﬂﬂ:ﬂl%’ﬂ?'maiuﬂ’]‘iuﬂﬁ ﬂ']iI.L‘]JQLT:TFNﬂuﬂ%ﬂN'JT]fJ"lﬂqﬁﬁillﬁﬂ\?ﬂﬂﬁ

AT 2.2 BEAIMTLUUT NI ITIARS

7 TTE RTTE & o E F Gitaa) A B g
{Tay (43) iy (W} (A1) () {fw)

#1797 Mﬁi{ Hz} 254 288 324 341 384 427 486 5z




16

a ¢ a d
2.5 NAINNUBTINDIAINGY (Transistor Switching Circuit)
Tagndee lufims ludausedu ileannnnudamesazgnldiauudaes Tnua

E '
mmuﬁa THuADUA? (Saturation Mode) uag Ivuannoan (Cutoff Mode)

Yo

iy

r

L9

%
oF

e
wns

517 2.10 2995834 Taeldnsmdanes

a = o 1 5 a =
mﬂgﬂﬁflmwsmmmﬁmeimwmmuﬁugm “ﬁ\'iﬂ’l'i‘ﬂﬁ]’]'iil!'l']\‘li]'iﬁ]&ﬂﬁ"l'iﬂlﬂllﬂ'l'R
{ = A w o W a d a ' o
ﬁ NITUHTNDITDUND (“ON” ‘H?ﬂ WINTZUanUNIUF a0 AN ,“OFF?” W?B ”lnmﬂ'mm)

=) Y a

: a 1 o ~ ot v a ) "
Falurvasaenaruervinai 14 (V) sendmdaduduna (V) ude mﬂuwmi‘lu High (V)

o T = d 1
winavziianilu Low (0 Vol uaz d18unadu Low iwminavzfiauiu High dialndiAos

= a:’l = 4 4
V) 1390 935UVVUI 29950105907 (Inverter)

o J Y

2.6 29asngameslaeliled 3 vmuunssduedyanad
lod 3 vmuuusadueIdyansifdonldiuuinfonsyga MC78xx uazaszna
MC79xx Tavaszna 78xx 9z 1dussauunuLIninaidIuaszga 79xx 92 Idussdunuvauned
Tasfl xx 9z UDNVWIALITWUAIBE1UTY MCT805 fip ladnszna MC78xx M lHuss@uuuDLIN

= & ~ Aq ¥ @ ~ Y]
ANNVUIR 5 Vilay MC7912 ﬂﬂqamﬂiﬁqa MC79xx ﬂ1w1155ﬂullUUﬂUﬂ\7ﬂﬂJu1ﬂ 12V lﬂu‘ﬂu

= Y '

IC A520A MC78xx g MC79xx sziidnuaz il Indifeanuuinazuanaanuiieants

Ed H
= ~ @

LT s n:\i =1 ] 3 g w 9 U =1
Thussdunsnuanuieaumniunziiuluiadeiiaznarnfeafiunisesnuuuled MC78xx
1 (R < o a
@oiludulvagdiudrdesnisesnuuy lefasga MC79xx AvhmannsaInmsesnuuL

Mc78xx 1114 11



17

TodvoeuTEnuduuuanszna LM140 - xx / LM340 — xx wildnusizadofuaszna
MC78xx fin IR us s uuuunInfinsimiloududiunsena LMI120 - xx / LM320 — xx 921
dnyazadieiuaszga MC79xx A ldussiuuuuaviinaimilouiulaeh xx Aovuiausaduy

UREINY

2.6.1 ’awmngmmﬁﬁvugmimﬂﬁ"laf'mizqa MC78xx #ag MC79xx

Tugdito uan SRS PIUveaumasie Il sduedanai Tno 19 MC78xx
ifhuasessngamesvziiuldin I ves MC78xx azdedu Iundauw1 GND szdeiy u
av C, 1d ¥ioannnumilvniinieluleddawin1#in wF wunumumdumioo.1 UF iy
mrsrfindau C, i1 3elosdudyanasuniudainldan 4F uuumunidunieos uF
HUVE TN

n9floafunsaf Ui In Lazu1 Out vos MC78xx 1zdoadiniaiuneannls laog
2NV, - V., 1 Data Sheet 191 MC7805 A1V, - V. =2 V ztiuusadufian in dosilou

out

3
T 1 1 1 A = 1 ar
wAnM 7V 3y lluddeaiosndii V,, ., 9910 Data Sheet Hauiiy 35 v

in

Vaoltage
t‘agﬁlaiéafz
' o lowt

+ D 4 i MOTEXy P ol O —

G

| 4 )
yiﬁ G? i il: C2 e+ Vot
1

GHE O & * i O

1071 2.11 wvsunasnw W Tasld MC78xx

Tugouaassesnsguveassunasnie lluuuussdueayanai lao 14
MC79xx {l1399515n iAo s Runuea MC79xx azdefiv IWauuazy out 9z 15 efuane

C, wag C, vz 1dmiuaees luglodunannsdien Amilouiu MC78xx



18

& 4 > 3 PR e
Wy, Cp mom c, e W
{'}-1
” L Efy o i
GNDOr - & MCTHEXK & .o
Megatiee Voltane
regilalion

719 2.12 2995umasnie T Taeld MC79xx

Tugdilouaaaesnsgvesrsssurdssie IuuuusefuedyansiuuuuIn-ay
o 9 = - B = o/ 9y @ 1 9
1a¥NI1IUA (V1 Common) Tnsld lodaszna MC78xx 1Az 79xx Feaziidnyazadioiudni

15 lugiouaz gl tomsauiu

2.7 ngraaires

N30 Laser udasnysfigeaaindoni1uii Light Amplification by Stimulated
Emission of Radiation #1198 an15vensuaadaonisnszduldurnsedsuilunisesuieda
NsEUIUMIKARLAUADIRAAINdBNIEUUNI RN Aemsnlduaauuugnnsy
(Stimulated Emission) L&ﬁ&ﬂWiMﬂ1UﬁﬂJﬂJﬂﬂl!!ﬁQ (Light Amplification)

inannmaa Idimuenuniiaesezasuinlsznoudeiiundsaegasanaredad

Aaa g &

1 d ad { =Y
UsgquanuaziisianaseudalilszyauTavseglavsoudidianaseun lnvsseuilundoasy
[] é ] @ A [ r.; 1 Y] U as d'l e;.x::l 9/
a8 Ty lasianuiindunuiuandadumuamdsnuvesezasunazdis laiiins 14
[ 1 P a g t:!'. ] aﬁslJ P Y 9
NAWIUUNBZADN MM IZANBIANATOUNBYANIZHY (ground state) 130 E, v2nnszAu 1
1 o B e W 1 ' 9 "
ﬂszTﬂﬂmmﬂmsﬁﬁwawmmqwTﬂﬁ]iﬁuwnwmqamm%”lﬂqﬁmamﬂ (excited state)
W30 E,
a g 9 1 ) w a 1 9 A 1
aanasouluanzganszduazasaninegluszaundsnuigenitldiisariana
= ¥l A Ve A A W a ad 2 Y o~ w o
niuiiunse liedesesnnindsnuguiulusidnasouiedeslinmsanssdundeau
rﬁ'anﬁ'umtjizﬁ'uwﬁ'wwmﬁw%ﬂﬁ’ummﬂuﬁm’azﬂnﬁ (E) aronsanlasendseiy
4 a r 3 @ 1 4 ] =1 @ T 4
(E - Ey) pomndanasiumaniviineglugvesnauuiman iihwse Tlaeudnyuzeui
= ' 1 a & g
!‘iﬂﬂTILﬂumit‘ﬂﬁQLLfI’\‘lLLmeﬂ“UL!L'EN (Spontaneous Emission)
1 1 = 4
uan1silasuaalaen1sgnnsesdu(Stimulated Emission) WA 1IHAAUT AT 050
3 @ A 1 T Aa g 1 E A U @ [} J a
Lmﬂmanuﬂaimﬂaizmwﬂzaﬂﬂiauagiuﬂmnmmaﬂizﬂunu%"luﬂnﬂﬂ"lﬁ

a o s 1 a g w 1 = kY a 1 M
alanasaunauungluanzlnddisanewavziinmsldndsusunsaisuaaniods In



19

] ' k4 1
ADUNLNAINWMIAUANUUANAIYIM T Ao TEAUTUNT Y (E, - E,) w1 T)ie 1%

a g a = 1 = w ~ 1 o [
@Lﬁﬂﬁi@uﬂ"lﬂﬂﬁﬂﬁ"mﬁ?ﬂ'ﬂﬂﬂ@LLﬁ$Wﬁﬁ\ﬂu‘ﬂﬂﬁE]EJE]@ﬂiJ'Il!ﬂ']Wﬂﬂ'U El 'ED

'
=

3 2w v Y v va g o o w =
arwiginasnu Ilaeungnladillnsedulddidnasouniondsnuiundeau
a d S A ] 1w ] P 9 T =} A
fianasaumIenuITIlA AL OIUIIIAY Ay Idaeufininda ) hignganiwile
v ad =t o W A = a a o A A o )
nsgnuivdanasen) Banud@ertuadoud lluiemadorfunazidiolinsveedaau
K ¥ H
. . . = a o s
werd (Light Amplification) o liinamsmonaaninunsgih lfwdsaui ldinnudugann

@ o W o

S ‘é 3 v
Yudananuaiifenuauladidyveauamsos

wa o

d T 1
AuaNTARINgua AU NIANA IS I3 192 |

Q

A =} 1 @ c§d| Toa A :in:l @ &R .d'i a:i =Y
AouguaasinsUassnasnuniaumAulanud@etudIanaoun 1 lunania
= v A g do A w I~ o o 9 =
AEINUDNNILEIDINAEEDSTINAN B UL U AIUEINITNTEVIVUDIA LTI 0 UL AL DT
A a 9/ P o o o o LY d‘.:! kY 1
waoun 1d Tnawinidngua samwosidundsaunianudugauInau1s oz ne gy
H 1 n'.v 1 1 1 e 1 1 - y 4 1 9
Tavz lRvaznuasainen ldaunasainannvaea IWiaanudn ldvhdumaoun lundou
= w o SR A - 9/ T ¥ 9 T a
MBI UAEITIlMINTEedInIadoadn 18 li lnauinin
o a 1 = 3 o ] @ =~ A o a
g suluarvesdiumndunasadneia lhidlunnswa easluussoniang

=1 =< = Y a EY Bl = R S :’ a A A
L‘HuL‘]Juﬁlﬁﬂﬁ‘u’nll'ﬂﬂﬁﬂllﬂ?ﬂﬁzﬂﬂﬂﬂﬂﬂﬂﬁ@ 7 AUITINUNUADUIIATTHU I UV U ADILLETA

v 1
= =

2 ' g ci 1 o & U = A q!: - o =}
uasdwaazdnuziinnueaduiuanaienu Tasdiaiinnuenaduduigavaz iduad
4§ { v T @ 1 3 T '
anueMpduIniganiouiuanasa Ildaegna ldmunaea IWddn T latuamiodid

v & ' BA2 AYV.Y "y = o Y A e
iz imhRuinsweavegavvuziuauareslsynoudlonaunaeiinnuen

A 1w 2 g o A a T 9 o i 4 o =t 3 dg 1o
‘ﬂﬁum'Iﬂ‘I.J‘If‘iSJG]i]QL‘]J‘I.JE’I']LLE’I’\‘WIM?[LWU’J?JUNLLT’]i]ﬁﬁﬁlullﬁﬁkm“ﬁﬂﬁ‘i]$L‘lJHT;T1ﬂU1Jﬂ"UH’EJQJJﬂ'iJ

L0, - { o a d
memmmmaﬁumﬂ%’iumﬁNammamwm

X-Rays
Ultra Violet
Infra Red
Microwaves

szmm Rays
FM

ﬁ v
s

10‘14 1“42 10—10

-

400 500

= 3 o
gﬂ‘ﬂ 2.13 AUV UDILTITA 39

Wavelength (nm)



20

A
UNN 3

< a

ad a v
IFNIAVHUITUIVY

¥
@ A

a o = a ° 1 = d 4
1ua§ﬂ15ﬂ11uua1u1ﬂﬂu PZNINTITNARDIADINVTUAZAUAIICH IIVILDLY DT m‘v\luax
¥

ad = o 1 A o o 1 = w 14 Al g o o
2sddnnseiindaeiomuini ludmuadianudawaaliaauas laanneims
Y .:? A =1 L4 a g = Caul Ty ¥ a o
ponuvulassadnsuau mefuglnsainedidnnsetinddien la inolu orfiniu 2993

4 o 1 [ s o =3 3/
a5 a1l @eres 319871 19a 1u Ty aguan fuau
o
3.1 gUnsainisnaned
= d o
3.2 MINAFADULALIATIZH IS a5 819
9 v
33015 1A MIpDNUUL 1A 19
d

3.1 ginsaimsnaaes

da o d
3.1.1 ginsaddnnsennd

da d = Ca
3.1 pilnsala@nnsound

q

=n.

il

&anl



v Y

312 dadmumulSuald 100 kQ

€

U 3.2 @dwmulSua 1 100kQ

d d
3.1.3 yagUnsaiaryos

11 3.3 1aod

21



22

3.1.4 IC 193 NE 555

517 3.4 1C 195 NE 555

3.1.5 LDR

=
N

1/ 3.5 LDR

&afl



23

319 3.6 8114

W

#lng

3.1.6

(
)

DC adapter 2 171584

3.1.7

r
)

1 3.7 DC adapter 2 InT9D4

5943

U

J

7 3.8 @I9%

517

U



319 wa ﬁﬁm{ (Multimeter)

3.1.10 upu 13194

=h.

g1

7= d .
3AD3 (Multimeter)

3.10 1wy 196

24



3.1.11 51991¢

U9 3.11 57901

3.1.12 Terminal block

'gl‘ﬂ‘ﬁ 3.12 Terminal block

25



26

3.1.13 gUnsalinTesiions

o o 4 1
717 3.13 ginsalinTosiiong

3.1.14 th30300a% 1aalal

311 3.14 1nTeso0ed lae Tail



3.2 Manaaauaz Nz riNasaesa

3.2.1 MmMInaaeslaesmiselnsaresavaann

ot HER wf;"‘ﬁ
b R "Slﬁ‘{r
i as )
i R ¢

71l 3.15 2951 f e

27



28

¥
@ o ! 4
3.2.2 Induiimsdelesarsessiniloursstnauudn 1 ga
o o g Y 1 g 9 w
3.2.3 11 output ﬂJﬂQ'JQﬁ]'iLﬁL“]fﬂiﬂ'lﬂﬂﬂ'ﬂ?Jﬂ 2 YANIUINBDIIULTININU

o o d o as ! . o ' [
3.2.3 Wyl nsaliaie I u11n15tians ldswitch taziian3s1aa1u laouauia AA 3 Aeu

usaeu I 1.5v Tansianua 8 A0

o o 1 Y o :z’ 9
3.2.4 iminaaednesaeia 1ol 12v Tidusaesiawessmianua2aadae DC

adapter Tﬂﬂl‘ljﬂ%ﬂ% DE adapterﬁii)lﬁ”fl

o fa o w = 1 =) 9 a 1 o a g/
3.2.5 u’l!.ﬁ!,"]fﬂﬁ“lfl‘ﬂ'lﬂ'lﬁ']Jﬂﬂi!m%c’lﬁﬂTIJ.Liﬂﬂﬁﬂﬂh?ﬂﬂiﬁﬂ]\‘ﬁ]ﬂﬁl“ﬂﬂiH'I‘N'Iﬂﬂﬂﬂslﬁiﬂu LDR

Sensor

3 o o 3 i [ 3 1w 2 o
3.2.6 31NUUUT output VDIVILAFDT aTH N 29@ ﬁmi’mﬂuuummaﬂu mono jack LLAZ U

[~ o Y w 5
UINVRIAT ININUFIUNY mono jack 1S vuT 00

[ ar 1 [ [~4 a
327 1’”ﬂ']ﬁ'ﬂﬂaﬂqIﬂﬂlﬂ1536‘”\1Llﬁ45$ﬁ?1quﬁ\nﬂlmﬂﬁ(ﬂﬂ LDR Sensor ﬂﬁ):ﬁ!ﬁmﬂﬁ 29NUIAN

S Inailuduldlddernamresawhitnu
] ' 3/
3.2.8 leliFveenuudahmstanianglnsaluazienaie InasuuuriuilTulvEeuio

3.2.9 Mvuaanudnesnnd1 Ineld Tasnmsdiuanues IC woes NESS5 910

gas F =1/0.693(Ra+2R5)C



v v
3.3 ﬂ?ﬁﬁ‘i'l@!!il%ﬂ"lﬁﬂ@ﬂ!!‘lJ‘iJIﬂfNﬁ'i'N

¥
Limsadutazdauuia lida 19 lduuiagaeil

20x100 em. 31U 4 LKW1
5%100 cm. 91U 4 LR
20x40 cm. U 2 LHY

5x16 cm. 91U 8 UHY

Qs

2. da ' liidad

o/

Yo' o v oy oy AN A8 p
ﬂc'uu']ﬂll'gﬂ\jGUUWEJNEU'N@uﬂ?ULﬂTENLﬁBfﬁ]ﬂ“ﬂ'ﬂ?

s

Vi o Y v 4 A4 & ¢
ﬂ"Uu’]ﬂukJﬂQalluWﬂum1ﬂﬂuﬂ3ﬁflﬂﬁ@ﬁlﬂ@ﬂﬂﬂ“ﬁ@')

519 3.17 da'lddan

29



30

@

alAnilsznouduuazldaiu i Bealondafafu

] Y 1 ci
ERR RN EERTREERRETY

o

517 3.19 i ldBavaa1en

o

a13u1sznouiuuaz 1Fanu Wi dsiendadaiu

9/ .:? @
4. 3z laguuu Tassadesuauasnin

1 o
17 3.19TasaadaFuau



g A4 g ' P P o &
5. Tarsa S wdviuanlsduannasindowarlsl uazmnuaaneld 1 $211ug

o

6. lyanu lihwazaenaiuumna 8 mm. w1z Ifdanda 13unia 20x100 cm.$112u

' o o 1 ' -4 oaj 1 1 " 1 @
2 wru N uro U S DIENIHUA 8 YOI il'g’JL%u5385”13531’131\321’ﬂ~1ﬂu 12 cm.

@

317 321 g3 SaNdR 13vua 205100 cm.$10090 2 1y

31



32

o

7. e lSaRaa Buun 5x100 em. dnuuuiteiuiugesldaiagiz i anua 8 doq uda

9/ T [
FIUITBEHIN9NU 12 cm.

319 3.22 11z 1doadida 13vua 5x100 cm.

8. 191z ldaanda 13vuia 5x100 em ludruarsiuiusesdmduldaadiunudfua 1d Tna

£
DONUNIILNINUA 8 BB UAWIUTZHSH 190U 12 cm

i
o w ar

o T 3 ) = s 3 g —
9. thiea I e suaseind Miansuddienunanua 8 yalasadadldlugndi

o

Mgzl

apuusn laeagilnsal it Iddammn

o 5

1107 3.23 519811 e fuazaiad Aaniud ldlugesiminsmne 13



33

= 3 T 1 ! a o T {
10. nanpsduamesasn i uyosh Idmzg 13 uda 19auangamnialuaiuiinasan

P a 3 i i |
3171 3.24 nanesBanwasasn Ik uge s Idinz; 13

= = 1 odq 9 ] 1 ) Y 3 U .:? o
11. AAN1I8198AF190H uazarses uuay hiannsovdy'1d smiulsaemdang
94 1 9 A o Y da o = = o A oo
dany ON immes e ltawefiAaduas lnsnuaumsila-Tanees 1inadadn
] S0y Y
1ian3 13ud
o o H 1 g 1 1 ] o o 1 4 J 3/ 4
12. dnwsamesavde arulsuldlanwazdanrnedadumianunsa 1 mieliuag

o v W a T t:':‘ ] 4 ] Y]
AYBTANNTLNUATINVAI LDR udlraanensaurualsu lalar1Ame lildeansaviv'ld

~ 4 1 o v o " Al o 9/
319 3.25 2asaes anludazdmnnedesdumisiunsald



34

o 1 9 o 1 T 4 = 9 ] 2 @
13. muwu“lmm"lﬂ 5x16 Cm.ﬂJTJ’]\']ﬂu'igﬁ'Nleﬁz’NilimL“lfﬂﬁﬁ’]?‘lllﬁgﬂﬂiﬁuuulwaﬂﬂﬂﬂu

] 9 n’d‘q =1 4:5
Tl uaaaEro s NoIuITUNIUDN DT 1L

o w 9§ @ 1 Vel A a 4 kY w1 = = 3
14. mmmumuﬂmm%mawammwﬁmwméﬂ‘v‘lum ﬁ@ﬂ@ﬂﬂh'ltl&‘]iﬂﬁﬂﬁ]'l&ﬁg!ﬂiEJﬂJul’J

g/ o 9 o ! VY w U I Yo
udnsoudadiumuliua lddedinseuleagy 11 1daegl

QU

1
1 =)

= @ @ 1 i @ 8
31 3.26 fdunulFua ldRdeseuiulesaes a1l

311 3.27 mansoudadunuilsum ladaedanseuleagy

U

15. 101zA U9 1A uuia 20x40 em. 11 1dv11a@ 391 DC jack wag mono jack e Miduui

DC adapter uazd1 Inali 1dasgl

gﬂ‘ﬁ 3.28 DC jack 1181¥ mono jack e 1Aifsuiu D adapter Haza1 Ing



35

Aoy

EY
16. 11 DC jack NAAA1UANUAIMADAVI993 Voltage Regulator 910151 1% Terminal blocktin

1 [ @ o A Y o v o T
Vlﬂﬂ’lﬁz‘ﬁ'J’N‘F’fﬂﬂﬂ'ﬂ']li')ﬂﬂﬂﬂi'l’]utﬁ@i%lmﬁﬂﬁ’lﬂﬁ]ﬂm%@ia’]‘N HAZIUIAUWA U

AININ

U7 3.29 f1131119715919 Terminal block

& = 4 = o
17. i suae lvha e sswln ldiininaasslnissuden



36
VN 4

wamslsazenliana

a a o o 4 o
wamsna%zﬁmswﬂﬂammmmiwwmimqmmmm?m Laser Harp Tunsinau
& IS = = = ' s 1 ar (44 1
UBIUATDI Laser Harp ﬂzummmmlmmﬂmumﬂmmuﬂaﬂ‘hﬂmmn:mium Tagvz e
& o 1 o 1 ) Y =3 1 ~ A
?Ji"JﬂLﬁH 370 ﬂ'lﬁﬂ'lll’)ﬂl‘H"lﬂ'lﬂ')"liJﬂ"l.lﬂ\iL!‘i‘lﬂ&’ﬂ'J.Iu‘il‘ﬂﬂ'ﬂﬁ]’hl&] ,ATATUDIINIATON

5 A o ' = A . Nt 2 @ 1 o
Oscilloscope NNINITNANDN LATAINITNDVINIATIDY Electronic Tunmgllﬂﬂ’cwmﬂﬂﬂwmhlﬂu

4.1 MIANUNMANNTVO WA AN NN Y

'l'un1sﬁ1mmmﬁ1mmﬁmnﬂqu§ vrannldningas F =1/0.69(Ra+2Rs)C

Tasvziinunlsaaae 11
F fio Anudveudes ( Hz )
R, o mdadumuilfua1d (Q)
=1 o Y =
Ry A9 A TUNIUIINWIT (Q)
v g {
c fio aunuilseadlalurns (F)

fee 1A NNDNINNUHUB AT Ta (1046 Hz)

59 YA F =1/0.69(Ra+2Rs) C
F =1/0.69[ (11.43x10%) +2(1x10%) |x(1x10®)

F =1079.1328 Hz ki



{ o v { ¥ ar (43
ﬂ'lﬁ'l\Tﬁ 4.1 ﬂ'l'iNﬂ'liﬂ']‘L!'Jillﬁ'lﬂ'l‘ﬂ’ﬂﬂaﬂﬂﬁllﬂﬂgﬂﬁiuﬂﬂ1ﬂﬂﬂﬂﬁ

37

sedudes | mdadummuazdaudulsey fhildlumsdwon | Aenwdionms
InF0318(Hz) S AL sufnlszq(uF) ATHIUNWINGHY
(Hz)

1@ (1046) 11.43 0.1 1079.1328
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4.3 MANNDINATBY Electronic Tuning
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Ta (1046) 1057
15(1174) 1186
1(1318) 1328
W(1397) 1411
HOH(1568) 1583
f21(1760) L7i5
1(1975) 1980
T’ (2093) 2110

a o 1 A
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wadiruda AR IR A USIING (percent relative tror)

oA s
FIVILLYI 34

_ 10461057
1046
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= 1.05 %
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AUIUAINIUARIAINADUINABVDINIINAN 1710 Electronic Tuning FANNIAU
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Data pack F Issued March 1997 232-3816

Light dependent resistors

Data Sheet

NORP12 RS stock number 651-507
NSL19-M51 RS stock number 596-141

Two cadmium sulphide (cdS) photoconductive cells Electrical characteristics

with spectral responses similar to that of the human T, = 25°C. 2854°K tungsten light sourc
. L O A » gsten g e
eye. The cell resistance falls with increasing light inten-

sity. Applications include smoke detection, automatic Parameter Conditions | Min. | Typ. | Max.| Units
lighting control, batch counling and burglar alarm sys- Cell resistance 1000 lux 400 - Q
tems. 10 lux - 9 - kQ
Dark resistance - 1.0 - - MQ
3 . . . Dark it - - 3.5 - 3
Guide to source illuminations bl i e -

. L Rise time 1 1000 Tux - 2.8 - ms
Light source [lumination (Lux) 10 lux B 18 ~ | ms
Moonlight 0.1 [Falltime 2 1000ux | - 48 ~ | ma
60W bulb at Im 50 10 lux < 120 - | ms
1WMES bulb at 0.1m 100 1. Darkto 110% Ry,

Fluorescent lightin R 7/ (2 TR B \
Bri;ht & unligh? g 30,000 R,, = photocell resistance under given illumnination.
Features
Circuit symbol @ Wide spectral response
® Low cost
~ ® Wide ambient temperature range.
Dimensions

: . % i
Light memory characteristics
Light dependent resistors have a particular property in
that they remember the lighting conditions in which 512 1300
they have been stored. This memory effect can be = = 497 lm.ﬁz)
minimised by storing the LDRs in light prior to use.

Light storage reduces equilibrium time to reach L
steady resistance values. I
NORPlZ (RS stock no. 651-507) ﬁs:hve surface {
Absolute maximum ratings -
Voltage, ac or dc peak 320V 4 -250.00
175 [4.45 6‘—60)
Current 15mA i (3—54) 6.10
Power dissipation at 30°C 250mwW + T
Operating temperature range -60°Cto +75°C Y
ﬂ Tl 1.125
128.58) NOM
.025x.002
(‘ss) i S |
58 J l
1 0
l‘ .375%.010 ‘.‘
{9,?3)
9.27
Units in inches (millimetres)




232-3816

Figure 1 Power dissipation derating

Figure 3 Resistance as a function of illumination
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Figure 2 Spectral response
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Absolute maximum ratings

Voltage, ac or dc peak

Current

Power dissipation at 25°C

50mW+

Operating temperature range

*Derate linearly from 50mW at 25°C to 0W at 75°C.

FElectrical characteristics

-25°C +18°C

232-3816

100V
5mA

Dimensions

0.140£0.010 (3_33%)

Parameter Conditions | Min. | Typ. | Max. | Units
. 0.165+0.010
Cell resistance 10 lux 20 = 100 | kQ 4.45
100 lux - 5 - kQ (354!
Dark resistance 10 lux after
10 sec 20 - - MQ
Spectral response - - 550 & nm [_/\ A_jl 0.055¢ 3313 (1.78)
Rise ime 10ftc . 5 [ - | ms T L
Fall time 10ftc - 55 - ms
Figqure 4 Resistance as a function illumination L o 1.5
gur C inatio i W (38.1) NOM
1000
25 0.020+0.002 — ol |et—
¢ 100 0.5 L U_N\—Y
x b2 )
3 \ 0.46
S 10 ™. 0.10040.005
b N 2,67
4 (oo
c 10 N 2.41
) T~
0.1
0.1 1.0 10 100 1000 10,000
Lux
Figure 5 Spectral response
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232-3816

Typical application circuits

Figure 6 Sensitive light operated relay

—o0 +12V

IN4148
12V RELAY (min 110€2)

2N3053

VR

Relay energised when light level increases above the
level set by VR,

Figure 9 Logarithmic law photographic light meter|

Y A

NORP12 Rz

METER
@ 100pA
o0 0V

Typical value R' = 100kQ
R® = 200k preset to give two overlapping ranges.
(Calibration should be made against an accurate meter.)

Figure 7 Light interruption detector

3 @ 9 o +12V
min
VR 5 ( )
30k 2 1
_ W 2N3053
&
NORP12
— o OV

As Figure 6 relay energised when light level drops
below the level set by VR,

Figure 8 Automatic light circuit

T o +12V
&
NORP12 1av.2.aw
BULB
2.2k
2N3053°
VR
& 2 o OV

*Fit with RS 50°C/W heatsink

Adjust turn-on point with VR,

Figure 10 Extremely sensitive light operated relay

. . - o +12V
\ IN4148
\\ 12V RELAY

(min 110€2)

NORP12 i

2N3053
R

o0V

(Relay energised when light exceeds preset level.)
Incorporates a balancing bridge and op-amp. R, and
NORP12 may be interchanged for the reverse function.

The information provided in RS technical literature is believed to be accurate and reliable; however, RS Components assumes no responsibility for inaccuracies
or omissions, or for the use of this information, and all use of such information shall be entirely at the user's own risk.

No responsibility is assumed by RS Components for any infringements of patents or other rights of third parties which may result from its use.

Specifications shown in RS Components technical literature are subject to change without notice.

RS Components, PO Box 99, Corby, Northants, NN17 9RS

b An Electrocomponents Company

Telephone: 01636 201234
© RS Components 1997
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-t/RC £ In1/3 = -1.098
f = 1.098 RC -3
y / = t,-t, = (1.098 - 0.405)RC
T, = 0.693 RC
Wi R = R, /R
\ = 069(R, + R,)C

anluns discharge C AN 2/8V, 19 Vo3

-/RC

gns vl = A\
V3 = 2V 8
o = -RC In1/3 = 0.69 RC
T = 0.69(R,)C
T = Tt i
T - 0.69(R, + 2R;)C

NANNDTEY square wave

F = 110.69(R, + 2R,)C




ansatiRvas ladiwad 555
#
—————————————————————————————————————

Absolute Maximum Rating
Supply Voltage +18 V.
Power Dissipation 600 mW.

Operation Temperature Ranges

LM555C 0Cto+70C
LM555 -55Cto+125C
Storage Temperature Ranges -65 Cto+150 C
Lead Temperature (Soldering 10 sec.) 300C

Electrical Characteristics ( T,=25 C Vcc = +6 V. to +15V))

Parameter Condition LIMIT #LMBB5C UNIT
MIN TYP MAX
Supply Voltage 4.5 18 V.
Supply Current Vec =5V. RL =00 3 o) mA
Vee =15V. RL =0 10 12 mA.
Taining Error, Astable
-Initial Accuracy 2.25 %
-Drift With Temperature 150 Ppm/C
-Accuracy over Temperature 3.0 %
-Drift With Supply 0.30 %/V
Threshold Voltage 0.667 %Vee
Trigger Voltage Vec =15 V. 5 V.
Vec =5V. 1.67 V.
Trigger Current 0.5 0.9 LLA.
Reset Voltage 0.4 05 1.0 V.
Reset Current 0.1 0.4 mA.
Threshold Current 0.1 0.25 LLA.
Control Voltage Level Vee = 15V, 9 10 i V
Vee = 8V, 2.6 3.33 4 V
Parameter Condition LIMIT #LM555C UNIT
MIN TYP MAX
Output Voltage Drop(Low) Vce = 15V,




Isink = 10 mA. 0.1 0.25 Vv
Isink = 50 mA. 0.4 0.75 V
Isink = 100 mA. 2.0 2.5 Vv
Isink = 200 mA. 25 Vv
Vee = 156V,
Isink = 5 mA. 0.25 0.35 Vv
Output Voltage Drop(High) Isource = 200 mA
Vee=15bv 125 Vv
Isource = 100 mA
Vec=15v 12,25 13.3 V
Vec =5V 275 3.3
Rise Time of Output 100 nsS
Fall Time of Qutput 100 nS
Supply Current
(when Output High) At Veoe =5V 1.0 less mA
Maximum Resister Ra + Rb For Vce =15V 20 MQ




Nn1gaankbuUUII9T

FRIN1TaaNULLNNAIATIRE T AT neuuuuaeasezawids Teelidadndidandas “on” 1w
seaz1980 0.5 sec. Wia 1.0 sec. uazidandae “Off" (luszeizinan 0.5 sec. , 1.0 sec. ,2.0 sec. WAL 4.0 sec.

raelfaanuuy 29asenNgUineane Taeld switch Wudaidaniveriwuali on uaz off musesnasle

N1gATUIBY

deanuazanlumamgtnnd azimsan damefiau dlesann@Anenusnnsgidentd
AuudeanIAIANNFIUNIL TassfwaAta N Gamas Nl 47 LLF (C = 47 JUF)
a0 T(on) = 0.5Sec. or 1.0 Sec.

a1 T(off) = 0.5 Sec. or 1.0 Sec. or 2.0 Sec or 4.0 Sec.

D1 1N914 Vee

Re4 Res

D2 1N914 \ \ \

Rs2

[— LM555
2

- LED

1

RCIn2
TI( C.In2)

NGAT T

R
8N T, = 0.58

= 0.5/(47*10°)In2
= 15.348 KQ

A

7
R 1
Rai

floan Ton =18
R = 1/(47*10%)In2
R = 30.69 KQ

R-R, =R

A2

R, = (30.69-15.348)K (2
= 15348 KQ



'
=l

fadl R aviluneiuoasdsies “on” W4 AR R,, AT R,, Wl R NmIgui
Ao 15 KQ 4i3e 15.5 KQ faannisd R = (10 + 3.3 +2.2) KQ

Wisnisuiedenld R, war R,

al o i
HINUUE

Rai + Raz T1(on) T2(on)
15.0 KO 488 mS. 977 mS.
15.5 KQ 564 mS. 1.0 8.

\ o o | o o Y, oo va o doe > = \ -
LANTTUT R ‘Hﬁ’m"]mwﬁBl’ﬂmuﬂumﬂlmmm'ﬂﬂaLﬂﬂdﬂﬂ'ﬂﬂﬁw]muu qzuﬁ'ﬁﬁuﬂﬂﬂﬁﬂluﬂﬁ?ﬂﬁﬂﬂﬂ?m

ANTATLIUUNAT R 1941987 T “off" AmINmIs19m9T

T(off) Ohm.
0.58. R, = 15.348 KQ)
1.08. R? = 30.690 KQ
2.08. R, = 61.390 KQ
408. R, = 122.78 KQ)
e Ray = Re= (R, #Rg+Ry,)

Rez = Re=(Rg+Rej)

Res § B =Re,

Ree =\

Ry, = 56 KQ
Ry,= 33 KQ
Re= 15  KC
P~ 18 KQ

Faflunan off AlndiAeriudnnaisiemisuniga wazazanigalunisasgnend

T,(of) = (15*10°(47*10%In2 = 488 mS.
T,(off) = (30*10°)(47*10°)In2 = 977 mS.
T,(off) = (63*10°)(47*10°)In2 =205 8
T,(off) =(119*10%)(47*10%In2 = 3.87 S.
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@® 3-Terminal Regulators ® High Power-Dissipation Capability
® Output Currentupto1.5A ® Internal Short-Circuit Current Limiting
® Internal Thermal-Overload Protection ® Output Transistor Safe-Area Compensation
KC (TO-220) PACKAGE KTE PACKAGE
(TOP VIEW) (TOP VIEW)
=
Q ———— QUTPUT
20 ———— COMMON 5 — OUTPUT
= E——— INPUT g
8 = — COMMON
KCS (T0-220) PACKAGE 8 - INPUT
(TOP VIEW)

——— QUTPUT

O ——— COMMON
——— INPUT

COMMON

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 internal
current-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 obtain
adjustable 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 v) PACKAGET PART NUMBER MARKING
POWER-FLEX (KTE) Reel of 2000 | pA7805CKTER uA7805C
5 TO-220 (KC) Tube of 50 HA7805CKC
HA7805C
TO-220, short shoulder (KCS) | Tube of 20 HA7805CKCS
POWER-FLEX (KTE) Reel of 2000 | pA7808CKTER pA7808C
8 TO-220 (KC) Tube of 50 uA7808CKC
- HA7808C
TO-220, short shoulder (KCS) | Tube of 20 UA7808CKCS
. POWER-FLEX (KTE) Reel of 2000 | pA7810CKTER pA7810C
0°C to 125°C TO-220 (KC) Tube of 50 uA7810CKC uA7810C
POWER-FLEX (KTE) Reel of 2000 | pA7812CKTER uA7812C
12 T0O-220 (KC) Tube of 50 uA7812CKC
uA7812C
TO-220, short shoulder (KCS) | Tube of 20 pA7812CKCS
POWER-FLEX (KTE) Reel of 2000 | wA7815CKTER uA7815C
15 TO-220 (KC) Tube of 50 pA7815CKC
uA7815C
TO-220, short shoulder (KCS) | Tube of 20 pA7815CKCS
5 POWER-FLEX (KTE) Reel of 2000 | pA7824CKTER uA7824C
TO-220 (KC) Tube of 50 HA7824CKC UA7824C

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

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2003, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

tsot:tmrgf ";ﬁ'{,:‘,';”,;,;’;‘,ﬂ'f‘“"" processing does not necessarily include @ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 1



LA7800 SERIES
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[ s e R e W T N st o e i |
ichematic
3 o INPUT
I/ .
ha
L¢
[
3 ¢—9 & OUTPUT
‘ ot
o COMMON

bsolute maximum ratings over virtual junction temperature range (unless otherwise noted)t

Input voltagel ¥|: PGSR TN T o M ARAZIARNAN 9 /T 0% e B D .. ... 40V

All OtEfSiger? 17 Y. AOIATAIATOMN . €Cp” T oy, ... . AN ... 35V
Operating virtual junction temperature, T ... . i o e 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  .............................. 260°C
Storage tempegaiursFange, I Y p-- - RN - @« - WEZE - EN(Te - - (- | —65°C to 150°C

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.

)ackage thermal data (see Note 1)

PACKAGE BOARD 0Jc 0JA
POWER-FLEX (KTE) High K, JESD 51-5 3°C/W 23°C/W
TO-220 (KC/KCS) High K, JESD 51-5 3°C/W 19°C/W

OTE 1: Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T j(max) — Ta)/8 a. Operating at the absolute maximum T j of 150°C can affect reliability.
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===z

recommended operating conditions

MIN  MAX | UNIT

HA7805C 7 25
HA7808C 10.5 25
pHA7810C 12.5 28

\ Input voltage vV
NA7812C 14.5 30
uA7815C 17.5 30
UA7824C 27 38

lo Output current 1.5 A

Ty Operating virtual junction temperature | UA7800C series 0 125 °C

electrical characteristics at specified virtual junction temperature, V| = 10 V, Ig = 500 mA (unless

otherwise noted)

pA7805C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto1A V|=7Vto20V, 25°C 438 5 52
Output voltage ' v
P ¢ Pps15W 0°Cto125°C | 4.75 5.25
/ Vi=7Vto25V 3 100
Input voltage regulation 25°C mV
Vi=8Vto12V 1 50
Ripple rejection Vi=8Vto18Y, f=120 Hz 0°C to 125°C 62 78 dB
: lo=5mAto1.5A 15 100
Output voltage regulation s mvV
lo = 250 mA to 750 mA 5 50
Output resistance f=1kHz 0°C to 125°C 0.017 Q
Temperature coefficient of output voltage |lp =5 mA 0°C to 125°C -1.1 mV/°C
Output noise voltage f=10Hz to 100 kHz 25°C 40 v
Dropout voltage lo=1A 25°C 2 \"
Bias current 25°C 4.2 8 mA
Bias current ch ot (L °C L mA
nt change o
3 lo=5mAto1A Retito 125°C 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-puF capacitor across the input and a 0.1-pF capacitor across the output.
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'OSITIVE-VOLTAGE REGULATORS

LVS056J — MAY 1976 — REVISED MAY 2003
P

llectrical characteristics at specified virtual junction temperature, V| =14V, Ig = 500 mA (unless

itherwise noted)

HAT7808C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto 1A, V|=105Vto 23V, 25°C 77 8 83
Qutput voltage Vi
d 8 Pp<15W 0°Cto 125°C | 7.6 8.4
_ Vi=105Vto25V 6 160
Input voltage regulation 25°C mV
Vi=11Vto 17V 80
Ripple rejection Vi=115Vto215V, f=120Hz 0°C to 125°C 55 72 dB
2 lo=5mAto1.5A 12 160
Output voltage regulation 25°C mV
lo = 250 mA to 750 mA 4 80
Qutput resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage |Ig =5 mA 0°C to 125°C -0.8 mv/°C
Output noise voltage f=10Hz to 100 kHz 25°C 52 uv
Dropout voltage lo=1A 25°C 2 v
Bias current 25°G 43 8 mA
) Vi=105Vto25V 1
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 22 A

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-uF capacitor across the input and a 0.1-pF capacitor across the output.

lectrical characteristics at specified virtual junction temperature, V| =17 V, Ig = 500 mA (unless

itherwise noted)

nHA7810C
PARAMETER TEST CONDITIONS TJ'I‘ UNIT
MIN  TYP MAX
= = 25°C 9.6 10 104
Output voltage lo=5mAto 1A, Vi=125Vto 25V, v
Pp<15W 0°C to 125°C 9.5 10 105
) Vi=125Vto 28V 4 200
Input voltage regulation 25°C mv
Vi=14Vto 20V 2 100
Ripple rejection Vi=13Vto23V, f=120Hz 0°C to 125°C 55 71 dB
. lo=5mAto1.5A 12 200
Output voltage regulation 25°C mV
lo =250 mA to 750 mA 4 100
Output resistance f=1kHz 0°C'to 125°C 0.018 Q
Temperature coefficient of output voltage | 1o =5 mA 0°C to 125°C -1 mvV/eC
Output noise voltage f=10Hz to 100 kHz 25°C 70 ny
Dropout voltage lo=1A 25°C 2 Y
Bias current 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 2.2 A

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-uF capacitor across the input and a 0.1-pF capacitor across the output.
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POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003
———rere——

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

otherwise noted)

HA7812C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
= = 25°%C 11.5 12 125
Output voltage lp=5mAto 1A, Vi=145Vto 27V, v
PD=15W 0°Cto 125°C | 11.4 12.6
) Vi=145Vto 30V 10 240
Input voltage regulation 25°C mV
Vi=16Vito22V 3 120
Ripple rejection Vi=15Vto 25V, f=120 Hz 0°C to 125°C 55 71 dB
. lp=5mAto1.5A 12 240
Output voltage regulation 25°C mvV
lo = 250 mA to 750 mA 4 120
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperature coefficient of output voltage |lg =5 mA 0°C to 125°C -1 mvV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 uv
Dropout voltage lp=1A 25°C 2 \Y
Bias current 25°C 43 8 mA
Bi i Vi=145Vto 30V 3 A
ias current change o o m.
* lo=5mAto1A R 0.5
Short-circuit output current 25°C 350 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-uF capacitor across the input and a 0.1-uF capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| = 23 V, Ig = 500 mA (unless

otherwise noted)

pA7815C
PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
= = 25°C 14.4 15 15.6
Oiitput volage lo=5mAto1A, V=17.5Vio 30V, Vv
Pp<15W 0°Cto 125°C | 14.25 15.75
) Vi=175Vto 30V 1 300
Input voltage regulation 25°C mV
Vi=20Vto 26V 3 150
Ripple rejection Vi=185Vto28.5V, f=120Hz 0°C to 125°C 54 70 dB
. lo=5mAto1.5A 12 300
Output voltage regulation 25°C mV
lo = 250 mA to 750 mA 4 150
Output resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient of output voltage | Io =5 mA 0°C to 125°C -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 90 uv
Dropout voltage lop=1A 25°C 2 \
Bias current 25°C 4.4 8 mA
) V|=175Vto 30V
Bias current change 0°C to 125°C mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 230 mA
Peak output current 25°C 21 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-pF capacitor across the input and a 0.1-uF capacitor across the output.
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slectrical characteristics at specified virtual junction temperature, V| =33 V, Ig = 500 mA (unless

itherwise noted)

HAT824C

PARAMETER TEST CONDITIONS Tyt UNIT
MIN TYP MAX
lo=5mAto 1A, V=27Vt 38V, 25°C 23 24 25
Output voltage v
g 2 PD<15W 0°Cto 125°C | 22.8 252
) |=27Vto 38V 18 480
Input voltage regulation 25°C mvV
[=30Vto36V 6 240
Ripple rejection V=28V to 38V, f=120Hz 0°C to 125°C 50 66 dB
lo=5mAto15A 12 480
Output voltage regulation 25%¢ mV
lo =250 mA to 750 mA 4 240
Qutput resistance f=1kHz 0°C to 125°C 0.028 Q
Temperature coefficient of output voltage | 1o =5 mA 0°C to 125°C -1.5 mv/°C
Qutput noise voltage f=10Hz to 100 kHz 25°C 170 ny
Dropout voltage lo=1A 25°C 2 Y
Bias current 25°C 4.6 8 mA
) V|=27Vto38V 1
Bias current change 0°C to 125°C mA
lop=5mAto1A 0.5
Short-circuit output current 250 150 mA
Peak output current 25°C 21 A

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-puF capacitor across the input and a 0.1-pF capacitor across the output.
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APPLICATION INFORMATION

I A Wil I A
0.33 ].lF /Ij—vi—/]-\ 0.1 |.LF

Figure 1. Fixed-Output Regulator

IN ouT

+ ——— 1 LA7Bxx _I.__ G

_Vo

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

Input —— pAT78xx QOutput
R1
|0+
1~ 0.33 uF —~0.1pF
R2

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

V,
Vo = Vi + (R—";‘ + IQ)Rz

Figure 3. Adjustable-Output Regulator

Input PAT78xx

R1
T 0.33 uF VO(Reg)
= Output
—>
lo
lo = (Vo/R1) + Ig Bias Current

Figure 4. Current Regulator
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APPLICATION INFORMATION
1N4001
20-V Input uA7815C Vo=15V
0.33 uF 0.1 uF 1N4001
1
J__ -
- uk
SuF 3 1N4001

Vo=-15V

LA7915C

=20-V Input

1N4001

Figure 5. Regulated Dual Supply

peration 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| — pATBxx +Vo

Figure 6. Output Polarity-Reversal-Protection Circuit

everse-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.

¢
Il
L

Figure 7. Reverse-Bias-Protection Circuit

‘U TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

MPFMOO1E -~ OCTOBER 1994 — REVISED JANUARY 2001

T
KTE (R-PSFM-G3) PowerFLEX™ PLASTIC FLANGE-MOUNT
0.375 (9,52) 0.080 (2,03)
e = —b . 1]
0.365 (9,27) — 0.070 (1,78)
0.360 (9,14) I 0.050 (1,27)
0.350 (8,89) ™ 0.040 (1,02)
0.220 (5,69) —b’ 0.010 (0,25) NOM
NOM
A | | i
! ] ~1 | Thermal Tab
| | 0.360 (9,14) | (See Note C)
0280 (10 | | 0.350 (3,89) |
0.420 (10,67) } : iicd i |l
0.410 (10,41) | | 021017871 |
Ve 4 o N |
|
v H H N
‘.I l._ 9925(08 Seating Plane
0.031(0,79) e~ 0004 (0 10)
[@[o00 02 @)
0.005 (0,13)
0.200 (5,08) ﬂ 4 5.001(0,03)
L 0.041 (1,04)
0.010 (0,25)
NOM 0.031 (0,79)
Gage Plane
| 3°-6°
0.010 (0,25) —D.
4073375/F 12/00
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. The center lead is in electrical contact with the thermal tab.
D. Dimensions do not include mold protrusions, not to exceed 0.006 (0,15).
E. Falls within JEDEC MO-169

PowerFLEX is a trademark of Texas Instruments.
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MECHANICAL DATA

KCS (R—PSFM—T3) PLASTIC FLANGE—MOUNT PACKAGE
0.420 (10,67) 0185 (4,70) |, .
0.156 (3,96) b 0.380 (9,65) » 0120 (3,05) 0170 (4,32) ~ [ 1 0,055 (1.40)
0.146 (3.71) DIA —] 0.100 (2,54) -5 | m
e \\\ 4 T :
[ ,‘ 0.270 (6,86) 1L
&—l 0.230 (5,84) n
0.507 (12,88) l
0.480 (12,19) | | |
A : ' 0.650 (16,51) I Q——&
0.350 (8,89) ! 0.650 (16,1)
I 0270 (6.86) | 0.560 (t422) - 16 365 (9,02) |
! A\ ' 0.330 (8,38) '
| | ‘ ' l
[ .. B J I__\
J’ Exposed
y Thermal Pad
f f
A\ 0125 (3,18) o.15a A(S,gq
+ Jd VA
0.580 (14,73)
0.500 (12,70)
A VARAV RSV [
0.035 (0,89) 0.070 (1,78) 0.115 (2,92)
0.028 (0,71) Y B [\t 0.080 (2,03)
[4-]0.010 (0,25) @] S
100 (2,54) 0.024 (0,61)
> g (0,30) A
0.200 (5,08)
4204749/C  03/2004

NOTES:

The chamfer is opticnal.

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Lead dimensions are not controlled within this area.
All lead dimensions apply before solder dip.
The center lead is in electrical contact with the mounting tab.

Thermal pad contour optional within these dimensions.
Falls within JEDEC TO-220 variation AB, except minimum lead thickness.
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MECHANICAL DATA

KC (R-PSFM—-T3) PLASTIC FLANGE—MOUNT PACKAGE
0.420 (10,67) 0.185 (4,70) R
0.156 (396) .\ 0-352@(9-55) = % 0470 (45) 5 0.055 (1,40)
0.146 (3,71) —\\ R = 0.045 (1.14)
// \\ Y Y T :
S b 0.270 (6,86)
fe— e\ 5.230 (5,84) L3
0.507 (12,88) i
0.480 (12,19) | | |
A\ ] ' 0.650 Q—
0.350 (8,89) | 0.650 (16,51) —A\
4 0270 (6.86) ") 0.950 (G RY ~ 18 o (9,02) |
| A : 0.330 (8,38) :
Lt = TN J I__\
J Exposed
o Thermal Pad
! )
A\ 0125 (3,18)
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Lead dimensions are not controlled within this area.
All lead dimensions apply before solder dip.
The center lead is in electrical contact with the mounting tab.

The chamfer is optional.

Thermal pad contour optional within these dimensions.

BPropes

Falls within JEDEC TO-220 variation AB, except minimum lead thickness.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) 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 TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI 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 T| 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 T patent right,
copyright, mask work right, or other T intellectual property right relating to any combination, machine, or process
in which TI 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 property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

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
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