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Infrared remote control repeater

Miss. Varisra Treewatchararat 1D.47010650
Mr. Adisak Sontimuang ID.47010919
Asst. Prof. Polphadung Phadungkul (Advisor)

Educational Year 2007

Abstract

This project aim to design the infrared remote control repeaters which apply for
home electric appliances. And this-device can be separaté into two parts. First one means
for receiving an infrared signal from remote control. And modulate this signal with carrier
frequency then transmit into AC line. Another part of this device is use to retrieve the signal
from AC line and convert to data. Then modulate the data with remote control frequency,

act as repeater for transmit the infrared signal to home electric appliances.



iii

=y =)
naanssudszma

s d,o =1 V Yy = n’; dy 1 L4 & ﬂ
swuntuiidusegale 1y 18d 68 Neilins 13111919130 wowaa weena Fuily

P ¥ Yo o [ =2 o = q’: o 9
owantinu IdnoslidwusthuazdSou lunmsiiseau vaz Tnsaau Banadaldnns

o ¥

ar A A aod = o 9/ ar = g a 1
ﬁuUﬁHuLﬂiﬂﬂﬂﬂﬂ!ﬁﬂﬂiﬂuﬂﬁﬁluﬂ'ﬁﬂﬂaﬂq Q‘Uﬂ'ﬂ'ﬁﬁﬂ"]ﬂ’l.l“lf\?cluﬂ'ﬂllﬂlémﬁ']zﬁ‘l]']ﬂ'ﬂ'lu

u

uagvensveunsyRailuadiags

sd,.’ o o o - =Y S oaq [ P}
uaﬂﬂ’lﬂuﬂlﬂ‘ﬂﬂﬂ“ﬂ'ﬁZﬂmﬂ‘m’l‘iﬂﬂi3%1ﬂ1ﬂ1‘lﬂﬂ!'ﬂﬂ'ﬂ'iE]'NﬂfT Wiﬂﬂ'ﬂﬂ‘lﬂﬂlﬂﬁﬂ
3o o} o 3/ ar dyn o3 ¥
ﬂaaﬂwiﬂﬂmuzmmdq ‘i]u“l’n“lﬁ5']8]\1']1!ﬂUUuﬁ]Li%Iﬂﬂﬁuuiﬂﬂﬂ

U

Ed
J & ar s L @ o v Pt 3
aunmazdss Tvgudunsli luswaue vl idanveteunadiinszguynviu

¢
N e v
s é 5 Re sy g

......................................................



iv

aIUY

unaageny iny
UNARYONIHIDING Y
Aaanssuilszme

as

a3ty g m
4 .
N1 umi
Saniszadn
anumduinveslnsing
YDUALAE RTINS 199D 33710970
Use Tominaraioz 1asy
P ada 9/
Uil 2 nefAinoados
% d‘
2.1 nannisdeas
o = 4 o
2.1.Lg1nssinmaduyniazalnsalnmeiennm
2.12 w509y
2.1.3 \H0ININNS AORAS
2.1.4 MILOALIN
2.1.5 MIABRAGLAY
2.1.6 FYIUIUAIM
= o
2.2 lo@ies 555
2.2.1 M3 eIz e aan 1wsmes 1neld lediues 555
2.3 79950509 NUD
2.3.1 ITUNIA LC
2.4 3305918 d YY1 (Operating Amplifier)
2.4.1 guavidvesestluoud
2.4.2. Wesvoronuy lundua (Non-Inverting Amplifier)

2.4.3 2995VNIUIUNAUME (Inverting Amplifier)

ii
iit

v

w W o

L= - - N N

12
13
14
15
17
17
i8
19



2.5 anvaziililvesmodetde vl
2.5.1 siinvesaio IW{uauIu
2.5.2 amminadouvasae Iisds
2.6 Wlalalon
2.6.1 PN TllnlaTon
2.62PIN T lnlalon
unit 3 M3venUUY
3.1 masudyanmns lunaeu Insa
3.1.1. lugaiudwans sursuse
3.1.2 WA adauing 100 kHz
3.1.3 2995 dsrudaanelldamn vl
3.2 nindsdayannlufansosls i
32.1 2993050 WAVATNAATY M5B UnIAgL
3.2:2 195 veunun AU
3.2.3 1995 AMARDS
3.2:4 29955 aino s A
32.5 'm'm%'nﬁmuiymﬁaﬁmmﬁ 38kHz
3.3 29051md e Td
uNii4 HAMINATES

'
o =

ar o
4.1 T dy o N Una luga

4 b

4.2 Sadyanufiyamuinvesnesaiiviad a1 100 kiz

a L]

L

4.3 FadgaUNyADUNTITOWUTLNAR I
4.4 adyananyadunnvssnadil diehmsnas lun
4.5 Tad g I uNYABUNNVOWUUING FIN 2
Y P = o A ﬁ' o L=
4.6 Ay UNYABUNNVBUIWAAGIN2 oM na3 lun

s

4.7 %

o

4.8 )9

anahyauavemswdmani BD140

grafigaluaveans uFmans BD139

RN A A L

o 4 o a o
4.9 IA iy1mﬁﬂﬂﬂﬂﬁlﬂﬂlﬂﬂi VOINITUHADT

o

4.10 Fadeyamlu AC Line

o

e e o

4.11 SndoanafiemMuNve9suneg

20
20
21
22
2
25
27
28
28
29
30
31
32
33
34
35
36
37
38
38
38
39
40
40
41
41
42
42
43



.

@ o L4
4.12 VYUY IUNDINHNUVDINITUVUG

o o o o = 7
4,13 AU IUNDINHNUDIND Slﬂunﬁﬂﬂﬂ!ﬂﬂlﬂﬂi

L] 9

a

@ W L4 J
4,14 'Jﬂﬁﬂ.lm'lmﬁlﬂ'lﬂqumB\‘]ﬂﬂuw'ﬁuﬂﬂi

NN 5 A3UHA IATINULASIUINIINTIHAILN
5.1 aydnalassaiu
¥ o w
5.2 avuszdesiiavoslasenu
5.3 uuanslunmswannge
o M § &
M1i2d001989

MARUIN

44
45
45
46
46
46
46
47
48



U

€
2
€ah

an

31 2.1 nnu?}ﬂmﬂﬁugm

510 2.2 nsuoagEmFtialumanm

5107 2.3 dyapaluauvesanyd

51t 2.4 MsusagianFanaud

JUii 2.5 Foyo ASK () Binary ASK () #-array ASK

70 2.6 Foyane Ask @latn) uasdesaiidaamsds gin)

511 2.7 dyayres FSK (n) Binary FSK (W) 4-array FSK

e

h.

91/# 2.8 FeyayI10y PSK (N) Binary PSK (%) 4-array PSK
~ ar ' < = [
91l 2.9 naaeAet st Taddimamans
5171 2.10 TassadrameTuvoslodinies 555
317 2.11 nandassogaaidiaan hisimes Tns 1§ Todiuas 555
171 2.122995UTALC

A H e
51912.13 LAAINANBLAUDINIIA LDV THUNIA

&

317 2.14 weasdgdnueiontluoui
510 2.15 29asvoiveetueniuuy hindunla

5107 2.16 1993 v o DTou RGN

51l 2.17 nansdaydnueived’ BN-Photodiode

5107 2.18 uerma Tasaa$ 19984 PN-Photodiode

5107 2.19uaA9M3H1UYBe PN-Photodiode

51041 2.20 uaRsFydnuaiues PIN-Photodiode

3107 221 uaras Tnssadrauazs¥1aIuuey PIN-Photodiode
51/ 2.22 U943 Photodiode

310 3.1 uamendnmsiavesglnsemiudyyn

517 3.2 Wesmnsudy g

31l 3.3 uaaaresneluves Tugasudayg u sursusa

v o

o

UM 3.4 2vsezainidia Fod lususiaes 714 Tod wes 555 (100 kHz)

i @ w o
51 3.5 uananuduRus lumsnuuasassavealodsss

10
12
13
15
16
17
18
19
22
22
24
25
25
26
27
28
28
29
30



U6 2evsderimdayanolufme ity

317 3.7 nrasaees lumadadyana ludunsellnin
3107 3.8 20suNeAY

317 3.9 2esvenvUnula

Jun 3.10 HEAA9IAmARE A 19 ums penuUY

h.

519 3.11 23nfSoufsuns e u

&a

517 3.12 29950z mmidin Wad lusiwswes 24 Tod wed 555 (38 kilz)

.

U 3.13 uraeeesunass oy

@ qr 1 4
319 4.1 namsmis Tadygrunauemnnues luga

51 4.2 nansns dadaianafivuamnneealod 555 ANt

o

511 4.3 uermantsdadyanaivueiynyedled 555 At dionas Tun

319 4.4 uamaFy 1N PABU YO ABING AINL

oo 4

E" e = bd o ﬂ‘ ﬂ' o 1
31N 4.5 uaR TN URYRDUNNIBWHILARAIN | IIEMINIZAAT LY

317 4.6 uoPeF U igABUNNYRsIIILING AI72

a

51l 4.7 wanedyanafigaduynvesituinadad 2 idavinisnas Tun

51l 4.8 urrAada Y ANIaUBIN T IUT AW DS BD140

[

317 4.9 uansdany TR AyaluavB NS T manT BD139

qs - o = o
517 4.10 uaRsFyannTigAapaldRwDI UM UG dIAE4

ﬂJ‘n 4.11 UAAITYIN ac line

o

U 4.13 uﬁmmwmuammmﬁ ac Tine ugy

g
3

5117 4.14 naeadganai Wi YDA INGS

v
=%

3107 4.15 namadganafite 1 Nved2395ve1y

s

{ w : o 4 a 4
g‘l]'?l 417 !Lﬁﬂdﬂ’l'i’mﬁﬂlﬂl'lmﬁ l?J'IVI‘V!TI‘U?N'Nﬂ‘SEE]m’JﬂEl']JﬂWIﬂWlﬂ‘i

L]

o

A [ 3 LS L4
31N 4.18 nAAIM I IAT Y IU MO HNVDINDUMIT UADT

[T}

30
31
32
33
34
35
36
37
38
38
39
39
40
40
41
41
42
4
43
43

44
45
45



=]
Unnl

NN

Uszaan

¢
L)

9]

) )
& A =]

o o
1. WefnyszuumMITems uaziwnszandlyau

] 1

= =]

2. wisfnuIszuumsdomsuuy 13ae Taeldadudursusa

anuihanvedaseims
a ] oM [ H ] 5 o 0'1
Tulangailagdusmudigynsadamsmegnegmuoimadninau niaulinseia
3 Y v Vv [ dg [] < (K] = 4 ‘3'4 P rd
Thunnoeliuuautiy Idumswaninissuegiss s ludnndunouimes n3oaRun
ar r'd =Y = ¥ ¥ 4 PV
Tan' Tnsiiend nazginsaldannsatindaing waliuginsel 13aeidduiden
seozlna
Ca o St ot & g P=1 4'1 ¥
9UnsaidiannIplnd NN Fe1ua285 lunasu Insa thoanudzaInauio ualu
o { = 3 r'd o v =1 [
manrunuglnsel W Tueiais Al asdsgilnsel Pratoage asdaausins Tun Ta
annseanu 1aae mndesntsaaugugilasal iy Wilaynea udludesondodinans
4 = v 5 T () o
Tunsfoms Mnsanluauidaseuagunit dinidisernisdaningaisnls 1Wien
E Y
YY) 1 () [] s ar
e I aeiu Susrensoddegari lulumelinga Taormunilnsainu dygu
%::Lﬂumssﬁnmmﬁwmjuua:ﬂ'mmdaw“fﬂumi‘161’5’&mﬁﬂﬁ'msﬁmuﬁmmﬂzmnﬁuw

< a2
LAZIIALT ININYIVU

‘I!El‘l][‘llﬂ!l’i;lxiﬂi\‘]ﬂ%’%ﬂlﬂxﬁﬁl\ﬂ‘l«l

o

¥
=1 v o
Taseauilnandeniseanuuuginsainiudyyia 01a3 Tunaruqu Tavars

1 o« @ e 1
panuuuIzutegUnssieenilu 2 an Ao mnsudyanueind lunaeuInsauaz ninds

LU

dygrulddunseddd i seesmasudygrmesdmdnsudygraend TunaeuInsa

4 ar 4 o Y o a ar 4
ousndygimeonainadum uay hisiadeyai 14 Tuuoagran(Modulation) funau

T ) ¥ [
Anud sz 100 kHz etlouasldlnIvdm simiuasssmadedyanassimihngs
dayanann Iiuwhinshvengian(Demodulation) Ay wazhsvadoyanlaliluen

= 0’: é nﬂ. q o L) at -
gandnasmile Awanudlsznin 38 kHz tehnmsdedyaa sursusasenliarugu

193031419



TuTassomiiazdsznouludesonionua s un §uldun

Tuundi 1 pads Jagussasduunanudauaziinn vouwaveslnssan uaz
sz Tomiimadies 1450

Tuumdi 2 namde nouiiidudesiunsesnuuylaseny

Tuunit 3 ndndstunoulumseeniuy paeILIE MR IaMmvesgUnsaiaeg i
T lumsesnuun

Tuunii 4 ﬁ‘lum'suﬁmmamﬁmaaﬁﬂﬁ’mmgmﬁqmshqq VD3T3

Tuungaio undi 5 wwndndemsagrainseau dosrvaveslnsenu uazuanis

TunswmuIne

tsrlovainmahez1dsy
1. anaazanavinlunisaanguednsaingesl Findaeluihu

» ¥
2. dszniandsnn i uiesninonisssumangnideeduies

= P o W o é’
3. WhiuamslumsaasuitomswannldssutiauiEoisaiy



=t
=
=n.
N

2op
=h-
ob.

G BIGERLEN

o A
2.1 HannN1yaoas
2 A’I’ [} Vs = o -] ar a
sruumsdomsnug i Iasaulvgiinesiinszuaumsdsudon laezunsudeginz.i

4 o o q ] [} y A o o
Falsznoy laegUnsaimaduBunndnpun) nFesds seamemsfems FainoziliFyao

¥ ]
TUNIMNoise) I UN I NnwTygradezgaaelilfaunseiu wazginsainineninn

L

(Output)
> £
wags
5
daseld MSHIPAR ¥aama N sauaatan -y
atlnsaidunn e * . iy aulnssitanivg
1959333 asan3 YL E |

J

a 120N
3uwa ]

3 i
511 2.1 szuudemsiugiu

211 gUnsainiaduynuazqinsalniareminm cﬁqqﬂnsn‘i’mﬂﬁunwﬁaqﬂﬂm‘fﬁuﬂm
sramsudgeno i uasgnsamaeniynifegunseifuasdyane TWfhnduuidu
F1restiuies
srdsiisinssudensnsandaiiy 3 vila fe

1. 1dus vie vadle(Audio) laud dvsyaluszun Insdwy 1dvawas nindviauas 1

Fosmsnmnmiesdia Tussuningnssnudo
2. amicture) MAunnmilaluszuuTnsms uagszuvdsnmszos lna
3. doyn (Data) druingzdanilusiaifug niosing wSesneufiunes wu foya

uazA1de luszuuInsuas deyaluszuuneuiames



ar

A ] A T o Y oo da o o
21.2 A3t inTsedusimhiiudyraTifhuninglassiBunm ninfuimsuena

L)

o & o = A [ rTar A - 3 o o oo wr
ﬂlﬂﬂﬂﬂﬂ'ﬁUW'lﬁﬂ'J'lﬁJﬂTZIQ Lﬂiﬂﬁﬁﬂﬁﬁuﬁlﬂﬂluﬂuﬂ'lﬂ‘UU'IULWE]THﬁmqiy'lﬂlﬂﬂ']\iﬂ'BﬂNﬂ']ﬁ\uLﬁﬂ

a

: ry
mnsodsldlnaiu
) A'! 9 1 [ [~ 9/ .:'i o A W w
243 Yeamamsaems lAun ussuima sodedaana udunsesdy diesudyayiunn

w3095y dygruesiisidsouawaziildsunmssununndygiusvniuda iniees vl

o

v ¥
?sl‘?]ﬂﬁﬂ’l'lilﬁ'lll'liﬂWLﬁH 1uﬂ1ﬂaﬁlﬂ‘iﬁ HAazsusuioUawiIsaLy mmmﬁﬁﬁ’mmsw%’ﬂnﬁa

Aeslimsiiadaanasuniudndie
AsamnendnyeIn1s femsie msRasedar udeyat 13 1ingdnsaida
w ' A O v WY ¥ v o o
ganuasuuresmansdoats 14 lasnmesuldedigndetnindesnts dyaiuiiosnsn

T o o = Vo oar J ' 1 e Y '
smaammﬂ%y‘m‘iUﬂ’nﬁtgnpmmmmuﬂ(Baseband) ADUTITY WU AIVUFBINIING

@ ar [

Y L4 ) ¥ ¥ '; 4 al
Aomsdnoziininidyanadenaa Tdruns suums@auaunay we Idmuizaudy

o

1
= v g

AuansuzveFosdynIafivy denen vuziReInun R URElnsUIUn s uRY

o2
v ] ¥

1 1 W
MAde Aelimsideunadas nssums lumsieunudilizend) nsuesgananiuda

or

] 1 a g a4 ot &4
dadygmesn il uazamwmasunaclinszyannsAsdyanduau FaSonaszuiums

3
191 MyAueAgian

2.1.4 M3lanfan

2w

a 3/ o @ P ae A V A
ﬂ’Jmﬂ‘U‘EJfI‘U’ﬂgﬁﬁ‘5EJﬁt’Ut’U"IiuIﬂEJﬂ’J"lﬂiJﬂ‘ﬂmJﬂ’Jnmﬂ‘l PINTILUNINTSWUDIATU

O

i1
e 2

1 -1 A ¢; g £ (=) A Q o ::
wiman ldhanuadienszd 10 A iewindymiannuddeslianuerniuun 151

a9

4 4 o ya s gy o Ay )
mm'ifm%maummmlmﬁignpmiﬂnmqwu"lﬂiﬂﬂmmmﬂmw TYYIUNADINTTIZ A

[ & =

o . - P S A o
UARUWIN(Carrier), ANUAGY  nFondMBANUNI IATTsNaAgaNABNsZYIUNIST
Ty oz s (Modulating Signal) M ligaraulfvesndunid (vuia anud uazma)
- Qs s 4 Jeiq 9o i 1 s
wWaswuwlasTdawanizvesdyya dggranduwninlddudiulngfo dygroley

¢ o 1 ' < t
Bl ngﬁﬂluﬂﬁmﬁvlﬁ"ﬂ'lﬂﬂ'lﬁ.lﬂﬂﬂm'ﬂﬁﬂﬂ'ﬂ Modulated Signal ’J%ﬂ'liﬂﬂﬂ@'lﬁﬂﬁ'lﬂ'liﬂuﬂﬂ
18l 2 dszianingq Aemsueaguanuuuemnasn uazmsueaganYUAsAoa

4 b4 2
miugagianiiuuauIasn ﬂ']ll'limﬂNllﬂ 3 ﬂizm‘n 19

1.MITUBAAANIFIVIA(Amplitude Modulation:AM) N15NBGOATIVUIA AB NISHIN

s 1

v o o as o 1 ar o
dygnavnmsdudygramv laedganaueiayain ldannsueaganzidludyanuwiii

a g

-~ 2 &4 o = o ' A o [
'ilmSlﬂﬂﬂuuﬂﬁﬁlumf‘NUﬂ1‘51‘1]’;10‘14 “ﬂa@ﬂ']“‘"u'}ﬂma\’ﬁiyﬂc!'lmm’IQﬁ‘liﬂu1u1uﬂﬂﬂ£ﬂﬂﬂ\i

waeatuginz2msinlfouilasvesdyanavwidlugl Seniinsovvesdygumsuaagan

o

A = o ' o a o =
Felimsnlfounasgisevesdyaanfoundasmudyaaidheaquneiuuinnie



ar P 3 @ o | L) -
ay) Fyanaduansldunvinnisueagandudyaaidumdulusns hilinsuesgen
o . o ' ) ' v
RNV IAYDIT YR IUBYI TN INY maxkiazV min HIOUAWNIAU(Vmax + Vimin )/ 2
A s o da ¥ @ g8 o A e v 4 o b
feaddgifinadevuiavesdygrunfedygramivdveagandgairidunayes

o o ot
aanuwimamsasulas

JAY
Unmodulated

carrier n n

Y,

e T L L
|2

211 2.2 maveagamEIIa lunshn

oot A SoHia

310 23 dyanolunmuvesanud
2. msmﬂﬂxam?ﬁammﬁ (Frequency Modulation :FM) mim@,mmfﬁammﬁ a
ﬂ:izmummﬂﬂamwﬁ'ﬁ1°lﬁ'ﬂamﬁﬁuaqﬁ"mutuummﬁﬁmsuJ?;Uuuﬂmmnmmﬁmmﬁtgigm
fidunueagian Tassasnsnldounlasnand AF. vesduanamissiludadm fy
uouaga v, yoadyanuiidmmengandalumunis
AF. = KV ,

K ao anulh lunmsdeuvuanud @Enuv)



daranarnda i

ﬁmma@tam Jaygnawiiioa
INAVIUBALAR

DAL AL R A
YU VUV Y U

daugpmdndas /
o % \/

si0 2.4 myvesgrEamFIn UG

1n31N 2.4 udaedqy mwmwmnﬂauuuﬂaemmnmmmnﬂmmmammmnmi

dunalugl) iod Yeyy mmnmmﬂﬂmi‘lummﬂmwa’lﬂﬂ'smmmﬁmmmwmnmmua~

v

ﬂ')'ﬁJﬂ"UﬁNﬁ'ﬁUiU'lmi]Zﬂ"luﬁ)ﬂﬂgﬂg'lm‘t]'nﬁ'ﬁuﬁﬂﬂlﬂua'lj ﬂﬁﬂN“UﬁNﬂ'ﬁlﬂﬁUullljﬁﬁﬂﬂ'lllﬂi]&’

LI

’ 1 v &
Sudedannasinatsiiuian anufvesdygiam e gavumuiuizauioulgaves

v U

dyanuanaassuanutyssdyyiawigaganssdvueulfgevesdganadnmsivoy

a y o o ] - < o =]
dyagege wasdenovilfevesdagnusnasfuannnrmivesdaaisniinezana

[ ,
& o a ar ad =L

aiiiououi/dgaus tagami gt A ndIge namdvesdaansnvnesindga
Aatguniu
=) o o« o a o = 1 o e
wvs AUl sanuuANNas N saAganIFIaT I sz ln AN iUy
Y = a P o @ o g
msveagEamdue Msveagendnmtdiuntiusaganiilddmiudyanumifios
@ s e q ¥ a o I ’ 4 A P s “da 4 a
fyanudermmsamIdifannud lasuoudeaiuunnng Fwanud leauuyinaiueel
0 = -; e o A 9/
imnnnsersevueiiuArinIsNegIARIL
¥ < w o o ° w1
3. Pulse Modulation ﬂﬁﬂ‘ﬂ“‘l%ztﬂl&ﬂﬁﬁ uazﬁtyﬂpmxm“lﬁﬂmﬁw ANV
o { ' v 2 ar
wadulaouuas i) wu vinaveswad anuahsveswad udu
AIUMSUBAGIEINIIUATADS B U1snIIa 1A 3 YsznmruReaiu fe
= . N . Pl 4 & ]
1. MIvoAnaMFIVUIA ( Amplitude-Shift Keying :ASK) 3viSondn¥oniialad

aQ/

. . = 4 4 A
Digital Amplitude Modulation (DAM) (Human/Seuvuiavesdyanunaumy Femsnldou

]
=

siluszaun uuou wumsdoumy da 00 1 sz ldduanmfuuusy 2 seau Sonh

o o



L -

iflumsueagian uny Binary ASK Tunsdifildfszdugeqaunudeoya 1 uassedudyanu

L)

o o o =8 ' a
wimifuguddiodoymilu 0> 9z3eniimsueaganiuy On- off Keying : 00k Aauaaslugl
{ [} -=§ as [ 4 o o A o
P2.5(m dmlugy 250) Wumsnlfoussdvvesdgyapanaunviu 4 sefu Fezild
= o 1 9 o ['s T
anse unudadeyaldassda lundazszAuvesdyaawii Soniudumsueaganuuy
o ' o = . o @ a
M-array ASK 1ag#l M=4 uazaznurdnlugiil n nsdl Binary ASK msinaouulasdygramv
J u’: =2 aa Y 2 a ] M o 9 v =1
uaazasa vianedalidadeyanilada gndsesn Tduiesudwr ualunsdiguzs) ms
o I ¢ 3 =T = ] A o 9}
wWasumlasdygramiudazawaasiiiiindoyaaesingnasesn ldwiesudwn naaq

9 o ] ° = Y S 1w a Yo d' ar
1wswu31 NIUIUURVDYDNINIDU NI-M-array ASK %ﬂﬂfmu’mnmﬂaﬂuuﬂawmamnﬁm

¢y I -« " yvd 4 4 o 4 o eda
WItUaaaIINM ﬂll']ﬂﬂQﬂ’ﬁﬁq‘lﬂﬁq‘“u"ﬁQQQS ']ﬂ'\ikﬂﬂﬂuuﬂaqlﬁﬂﬂﬂmmwmwﬁ]ﬂ'ul.'iﬂﬂ’n

o
-4 P

=Y ar -1 o o o @ @ o o w o o o
1U9a (Baud) uU’lu!ﬂu'ﬂﬂﬁ1lﬁqmﬂﬂﬁﬂ]uﬁﬂﬂﬂlﬁﬂ'nuﬁllwuﬁ AUBAITUIIVR ADDTHUITUDNYY

2 a o d a 1 o v =t R ] & dy o
Ao nileda 6035900 N Vo 151 AT Binary - ASK um’fmmunaﬂ SﬂUUﬂi'lﬂ'}ﬁ

» ¥ 14
wldsunilasesdyaswdiid il uians il Binary ASK 11ag 4-array ASK, §1dsdnya ol

3
o (%

' o & T ga LN a T Y
Tluresdaanavilavsnuumudaisnvosdaaismaass uny luasnume uses 18dns

v

v
o A o =

a 41 o as A ' ' o { o o
dafa1aiu Aeasis e Idemnsadedoyaiiioasitings W lusesduapaniinuuaian

uaulé

Iﬂe O{\}é ;"‘Jﬂ Oﬁ][\ 0 0 1, 0

TRV =] i

NGB g |
AR )

i
y

a’

gU# 2.5 dyayiu ASK () Binary ASK (V) 4-array ASK



, ine  —

71# 2.6 Fyan askGildiguazdeoyaiidosmans (guw)

2. Frequency-Shift'Keying (FSK) ilunsuaaganidmdvaiunisuengandinnud
Aflueulige nazdansh wipna1anupsaNBUNN Y89 FSK seliown 2 52y dajgnu
o 4& =1 d' s cu d' d‘ 4&
Asmpadedimanldoulassrsuassdyanamnidi a7 oy ‘ot daay 1 unums

o o a3 . & o y < i‘l
wasunilasuesdagaanudy nagdyanaaldouitasanssataiunualo 0 Fuilunisues
_ ° 3 ar ¢ ) - A o
QINVL Binary FSK IR dganaminlfon iduanndasmnud dwanslugiin2s
A gy - A w a < 4 2.9 ¥ a
(M) waziilalfmaeanuifionnuneutiiuduvesindoynimnyu szitlia nudvesnve
; ' ) 4
wdenYrareaimd ladlupsueagianiuy Maray FSK aag1l#i 2.7(v) Failunsd 4
Q2 P W o A 5 o = Q) J 9 =
array- FSK. 9114 148as1ilangeiwiueufeaiy M —aray ASK Linmsidnatoaud u

= ar =

AN o Ja o o A J
nsununen o dedoynuiivedi T fuuudianve sdtyainiuoagamds nhevu

9/ r as -1

T oA o Ao o /o 9 da o
DUNVUITIANY AWDUNIU M -array ASK WUQﬂQ!ﬂuﬂ')1“ﬂlﬂU'Jﬂg ﬂ]iﬂlluuﬂ')ﬂﬂﬂﬂq

o

o i 1 ; ¥ = o o o dy o’ ~ o
Foyanaiineagionnds Linfuluedidhivdrgnsusagoniuy FSK Auinisnldiulu

v
11 ar A e

msae FoyauniidasadeTuganiin ww-e00-1200 T Aun

A
i

I

et
=
=D,
N
“
e
@
2
—
2
!
7]
~
=
o
o)
5
rf
9]
=
=@
A
N
8
&
o)
w1
~



3. Phase-Shift Keying (PSK) iflumsul@oumlavesdyanawd mumsulfouia

foya Tunsdives Binary PRK Wiumsi/asumavesnauniv senine aound Tasezunis

adumahe Tlanuuandsvesraunniige Asaasiugilin.g (n) wesilleuoaganuuy

o 4
M-array PSK 9 18 ayanalugl2.s (u) Failu 4-array PSK

TMALAMA
AP

T
A
&

~—

I

et v PR

U 1\} )

()

v LAY

W !

[
b~
[
Pt

i
VW

317 2.8 deya I PSK (n) Binary PSK (¥) 4-array PSK

2.1.5 msanaagan

msAvoAgIEaI VA AemsAugl dansiteya ansziuntsdidygyrudeya

o [T 7} ¥

4 o ol as S o
UUVAM °]f\3‘i}‘?‘.¢THﬂﬁLLUﬂﬁiyil&l'Im%ﬂy,ﬁﬂﬂﬂ%1ﬂﬁﬂlm1mw1ﬁﬂﬁﬁﬂ1ﬁ”w Tasazihimsnsoun?

' o = ¥ a o A g 90 Y Y @ A
umim‘lzﬁmuiyimmﬂuﬂlﬂgafJE]ﬂm 1“ﬂ15ﬂﬂﬂﬂ%lﬂﬂﬁiymﬂ1mlﬂﬂ1ﬁulﬂﬂq:lﬂg’lmq‘ﬂgaﬂa’l]ﬂu

o W ¥ aa = o a o -] P s
ﬂ1ﬁ1ﬂ1§ﬂﬂ11ﬂﬂ3191ﬁﬂ35 ﬂ’]iﬂuﬂﬂﬂlﬁﬂﬂutl”u'lﬂﬂqﬂﬂﬂ I.El‘uL’ﬂﬁﬂﬂmﬂmﬂ‘i(Envelope

[
Qddlll L%

& v a 9 o [ ' o 1Y
Detector) !HEN‘D'lﬂLﬂH’J'ﬁ‘VI UBUHOU IITﬂ5\1’&151\1"“9\7’)\1“5“?\8”"“1\1\310 Ll'ﬂ#ﬂ\‘lﬁl'ﬂ

Y o

o & o 9/ 9/ as t:lyé = o d' o 9} ] 1
ﬂ‘ixﬁﬂ‘ﬁﬂ’m‘l’ﬂ‘lﬂ\ﬂuqﬂ UVDITNAVDIITNITURAD mmmmﬁtgqpmﬂauwm mzmﬂwagﬂﬂ
a4 ar 3 1 ' sd o A vd Yy A
uuumﬂmmﬁmumwmmayamﬂmmwa llﬂzﬂ’llﬂﬂiL"])"Llﬂﬂ’l‘iMﬂﬂﬂmﬂﬂi%ﬂﬂzﬂﬂiuﬂu’lﬂ

Yeundn 100 tleFidud

=1 L3 Y o e o -
a20sun Taddmamestl Usznenlude lalea drdmumiu uazdnnuilsze il

[ I o dy & o Y A ﬂ a @ o
wanmsmouasil luvas dggramevndn dsutluuon lTalea szgnludanss uazdudy
Uszyeshmsszgouilussdumdudygraimad sunseisdyapaimadilivug

e A o - ) @ ¥ a g o
gage mimiufledyanausuanas darald laleagnludadoundy luvmezidunulszy e



10

] ad 9 ] w9 = J’ Y o v
sovmuilszany i lTaoriudadmmur msmnlseymfavusunseisdyaafinmagh
w ﬂ ] = u‘: a o 1 o o ] o o ]
AaLumINENATIAZIMTIANGIN T suTanAToudnnULsE] dwaldlaleagn
[ 3 ) Iy o o o o a ;
Ilﬂﬂﬂﬂi\iaﬂﬂﬁﬂ GINFI‘IWﬁ'mmEl'i(Pa.rameter)‘ﬁﬂ’ﬂﬁJﬁiJWﬂIﬁuﬂﬁﬂ1u'§luﬂﬂ‘u

1/RC << fe

Meodulated Demodulated
wavaform

s
!

v(t)

500 () /

a ar * o 4
3UW 2.9 nameasatirnsiounialfamames

2.1.6 AUYIVIVNIY
= as r_"l ] w :-‘.'I o VYt o o n'
MsAuNnIveIdygunmaiesds funiesiuszgraansuldiifidedinclu
vauziauneiuana dedygiu Mihidhdasas seiilomagnsumunndygia
Aa ' ] ¥ a ] n’; da o =Y o o
sunauiiliegszrdrudunia d9ldadniu selugilnsadidanseding Aarwrsadu
- = Va9 Qs :: T yﬂ -
unasiutadygusuniu 1ddnds Fygnasumuivennezute 18 2 dssian fe
ar ‘ﬂ' = Al QF é ] i
1. CORRELATED NOISE (iudygyinsuniu fifianinddyananes dseziiziiei

»
UHUDY o muﬂjuﬁu‘i‘ljﬂ’m‘]fﬁﬂﬁ]lﬁ’uﬂ Harmonic Distrotions 8% Intermodulation Distrotions

o



v b 4
2. UNCORRELATE NOISE 1iudgygaisuniu fiadumaeanar lihesiidyaa
) ‘é o = dynl 1 Qs ] 1
wiolifnm ¥ dygusumusiiadiineglugvesdyanamuugy Random signal) Wi
] ¥
315199 UBU Uncorrelete noise Hifvamnsontie1Aifiudn 2 uuu fle
o { = g ol
uwypusAAe EXTERNAL NOISE udyanmsuniu fifaiumouondagnseinie
v v
2993 1AuA
- MAN-MADE NOISE OR INDUSTRIAL NOISE (fiaoiamsnszshueanyus aumg

]

L d‘
GRLGNT

Y a = dyd = o 1 M a g = d
ifadyanasuni wiail Ao msaing litwathinaln niedidanseind as
[ = dl' o 3 + A Ao Qy .
andgamsuniu yilad 019vh 14 laenTideuania wie Afa (Bypass or Decoupling)
Voo o &
unaene 1vase uaznstad
- ATMOSPHERIC _NOISE t9alaosssugia sinanuihiuvestlszyInih Ty
U358 NIAU04 Tan AUAIINAUD | Atmospheric nojse 9eHNIZIT0 AnBAtIUAMNATNY LA
[} o . g 3 . ] ' ,
8419'150A1N Atmospheric, noise LANAABIL UL DHITUDINA MRV INNTT 30 MHz
- SPACE NOISE 130 EXTRATERRESTRIAL NOISE tAavindgyanm In#h wen
4 a a 3 A a4
Tan aserwinninalserfing Madreiren nsenuandou
o Qs { o 3 o
HUURTesAe - INTERNAL <NOISE - | ihudggiasunun@adunngnsel
a =Y 1 ar 3 = oo a y n’;’
Biaansolindlyains o yesedygioudn Ausidagiasuna Bady a paduds ms

v e 9
b 4

PONLULNITAIANINYBIATEISY  assiimnumanasduiay wiiedauanadlasuinns

(7
1

1 o o a | & 5’ 2 a
u3n (NOUYNVEIL) WnNslivuadn MdueasunIw Miedu e yededaanadh ffavn

@ o’ - d o Y A 9 d'l @ ¥ o
wnsallurslannpnegiiiinsdeaasdumar o dyaiosyniu sxsnadhi
Foyana au lannsaneniogeen la ausenisesniiu 6 viia 1aud
- | o L | ar A 124 t:i
- THERMAL NOISE %30 WHITE:NOISE & tinanu1mtisedu Tihd s lusiawoad
' PR o A st & a ar o4 4 A a
wiuen AnvudvgUnsainnsiafvanLdum i mneia  wazliauiviuiiogunail
A 4
LAY
s = dg‘ w i Py
- SHOT NOISE sfludayanasuniu wavunwludiginsainldlumsvne hann
NMINTINOUVDINI A (Fluctuation of current) 191nAINIZiteNndY
o { a 3 a { o L4
- TRANSITTIME NOISE (ilu dyyapasuniy iiiadudinnuige vesdginsel
) v ¥ N ¥ v
vowdyana  maedeudivealssyindz Iihidludududaventssy T Ivdhi
3 3 v & =t T - =) . ' dy 1 A
N900N 12ABA 1HIMAIMIN (T8N transittime 139 delay time Uszynimzautivied e
=y n’: d' d' d' 9 ar o o =3 3/ ar -l
wune T Idhiinesn smmdouniayfounduindagaduiia D1ALIAIBIF YR IMA

Indifizaniorioondt transit delay time voatlszywime swh IfiRadyamsunay



12

- FLICKER NOISE %38 CONTACT NOISE 1Aa91nmsnseieyvasaninii v

4 ] o 1 ' a ' ¥ a 1
ieenn anwhimuugalvesganessndieds 2 wila wu wihdudavesaing yadevesans

o o o

2
A1 Ua8 (Ohmic contact) 1Hludu

- POP CORN NOISE 138 BURST NOISE (haondounnsoslunisnas

= ‘¢
2.2 loduas 555
~ 4 ~ n’l’ v v a o
lofuos 555 11112995520 fien 1 wazaduduasesiad luuswmesuuy
A199) niu‘luiummﬁaﬁaﬁ"l NITRTAMALTANA p3(M302esiuiladya u
usuil) uazaeesiana QGMH 392.10
—
/V‘ o % &T‘E
N N
A N
DI \ I
v ad
éi 15 uo§
2 He
| _ G
| I
2 3
. ¥ * ©@
? Sk )
1
! 1
14
N« |
| #s. . |
1 e i
| Yganan ¥
H 1 ]
“-_-. wwwwwwwwwwwwww RS o e o s o P e g
1 2 3 4
Ground Trigger Output Reset

517 2.10 Taseadramoluveslediues 555

Taseadamuluvesledwes 555 Usznoudae eetluend FaimihinfSoumioy
usedu 2§ Wilae uaz Sunesined 1 &2 Tisvsutiausedu Taoli R1, R2, R3 Aoegiiie
HoulifusesilSouiouussdu §ai1 uasdait 2 Ferneninnezdlonl¥iiu RS Flip Flop
- Amguemmi i Wdefumsmdanes 2. loyelvihlulduseleviaunise

[
a v

lidnsdilagiadu dnvievnuiilvidaulasient wagdesdnadadadivesenaisynasaninisialuly



13

2.2.1 msaesesezaaidaiian wsmeslaaldlodiues 555
asadrnsesezamdaian luuswes las1d lodues 555 v lalasnsaou2
. @ A 1w o g [} 4 v A a
(Trigger Input) 1911916 (Threshold) Fadnrudnnuilszyog iivoliussduinnldoumlasves

v d o @
autulszy dewdhaszdumsiauvesisesunumsnzqudyanaainniouen

_ 18V
Veo
Ik :
- RA
\fe
O
2.7 k%
s, o s —--—1-——-—--7*—VCC
-.--—% Vee
¥y m‘lj Vee
| i\ W — e e e
| 0los2 uR - +
-y c"
L("
T AN ——1
=

AR O rasats ez ammini L ines Tauld leBivog 555
M3 e VoA Ve nssnununimastsuen /S vuifioy
s s :; D' 1 Q/ Ci 4 d ar 4
USIAUAIN2 EAINIULTNAUNT I TN (Lﬁ'aamn V3= 148 Vee) mmwmmmﬂuauﬂmﬁ 2
. 9y
" a o =1
wiffuaug High uasrauaealizesluaniazancsertyi @ wWuaaue Low Tuvmedl
a "o o o o =] [} LY
nsmFmees Q1 ezl uazdufulszy C, sziimsnulszgiudadumu R, o
y =] ! a 1w = = Y a

R, iil0 C, iuiszyaudinus sduminy 2/3Vee ivuanvessedueniffouiioudunssdu
§ai 1 seidfuaoiug High vldaozveaduwaeiduiivn wafe Qezifluaniuz High
a 4 o o Yo g 1 ) J ' [
wasnsudmaes Q1 vxhau midduiulsey ¢, melszyiumsmdmans Q1 riuluds

ar é Ql.l L2 = L { ‘=y
Fadmu Rb Favzaelszgaunsziausadu v, Sawidy 13vee fyaiionyavesoel)
o A ~ o 4 a a J
wowdldai 2 wxfiouziiu High Mldiodyavesrdalashiluaoius Low nsmdmaes

V"o = 3 dy a J & P Yo A ar '3 P

Q1 92 Tiha 8nnss nszvaumsiziiadeiiiosnaea 1 wai ldsuAsussAm@ImMYN N9

o o o Jda A Aa 9 v d v oo o =
3 woelnwed wed 555 ilugiWadamavuiiinnuniieiad vy T1 Asguiz.1n



14

2.3 299303890 1UD

14

- da 1Y o &
E‘IJL!'IJUWUiﬂuﬂJ'ﬂ\‘l'Ni]ﬁﬂiﬁNﬂ'J'llm Uﬂgﬂ?ﬂﬂu 4 1A
Ao v . ~ o Aae 1
1, 193N DIAITUDN WU (Low-Pass Filter ,LPF) l‘l:ju'Ni]iﬂﬂﬂﬂrlﬂﬂ’ﬂllﬂﬁ"m’lu‘lﬂ

Y o a o4 -
188 nagdmsaanoudyaiuniianudgeeenly

L]
[=) ]

2299505890 WD IR (High-Pass Filter ,HPF) dluaevsiivanldnnmigerilyl

L

L]
=g

i o ar Ao
188 uazvimsaanoudyaaninuadioen lu

L1

399930 IBIMAUATMIATH (Band-Pass Filter ,BPF) 1unsivanifigisnnudiung
g1 1187 nazdmsaaneudanrafiinrudsmndnaz ganiesn
49395130 UATINE (Band-Reject Filter ,BRE) 1JWatvsiivon Idanuadiniuas

gandwiusen I Idd oz hasaaneudynnslugimeunimdfismua 'l

d‘ a = é T £
ﬂ’liﬁg'N'N‘tl'iﬂiBﬂﬂ’ﬂllﬂﬁ'lijﬁﬂﬂﬂﬁﬂﬁw’ﬁ HIVSHUL MUTUAVDINIVINTOY

: o -
anwdawgdnsainaselddi 2 vie Ao

=t ) ‘ ad -y s <
1. 14950509 pANNH (Active Filter) ni‘lu’msmmmmmﬁsnm%m Qﬂﬂﬁmﬁ'ﬁﬂ\‘)-

a a ' = o o i o L} @ a a
Faih 1wy nsudmens esdioul) nie lodaseasaumie Taviwanesuiy Aduniud
o o A oo d ) Sga & Yy o
miieni1 niedunuilsey deaveseesuuuinaesiuiovogdaaia lanas uaziaminso
° A an g
Mamluszuyethnennsodansanlanin
= Y . § = L4 o
2.299303 09 (Passive Filter)itl9933 pan b NaSauisnglinsal 3 dahe
o Y { o v s oo o
fauniu (R)\ Aanidgniiwydazaunuyss 3.(c) 11189970 DUAIAUTVDI C 1oz L 92
aavwwasmunwd Taemsii 1l lusse sermsimmisiunang as (Oynsuwanw)
A o 9 ar a ar v 4 o/
Tuszuudoms Tauite 11 e Wdyanaidludgapertinoy Adsaalnaiuves
[} L] ¥ L] H A ar Uﬂ 4 d’ 1 ar Y 1 {
Fyanaiimeglutanuinii eaulinieiimdaaiaisiumuizay syl
b3 ]
mamyvesdganaiitensfsaiiuszuuimmoumudu 2esnseamaBaedisiuiodns
nyesduAUTes w3 o lumien(Biquad) Nd1auenadiimeu(Resonant) Tavazisunasan

9INNITUMALC (LC tank)



2.3.1 2905UN98 LC

Tank circuit presents a
@ AC source of 1 high impedance to a narrow
m

load

i I%
319 2.12299509ALC
° ' v o d { o
29IMMOUULYIU BN 5ENBVRIBA ALY uazdnaanmiloni Moy
Y 2 o ar U4 : = ar Y i [

M Faez Ideignilludganugl lsinoudam Taverdenannatondfoundaay
v e od P o 4 al Py anad 4 a
sersdunylszguazuamIaily1iraInlsildennuiveadianiinuiniuaiSuen

'3 o Py o s A .3 9 a a o & = 9 Al =] o
UAUTIVIA W NN ISR NRNTU AT NN UADN YIS 29t ez iin wiovas oS uenuauy

@ o Y ~ o = 1 9
‘Uﬂ\iﬂ’)&ﬂ‘ﬂﬂiﬁ} uaxmmumummmmuﬂ:'lﬂm

AsneAUANRvaIN uNULIEY X, =2l
AfuenuauNYeIAImMilEi S 3T

2wt
: B AR Y

Xp=Xc > L 2niC
3 L

2n2nlC

fot

g ¥ ¢ -; o ' w o o o4 a o '
ﬂ’Jmnﬂﬂfmﬂuﬂh’m}sumﬂ ﬁJHﬂUﬂWﬂlﬂﬂﬁ?SﬂUﬂﬁzﬂ HASAURUHYIUUNEIDY

= ] ¥ s ar = o = '3
P TUAUAUVUIAUDUTIAU B BT ZIE Tureseeadamesniedunn 299sunspmunse
¥ lunsinanud #Sesaeanudndaesnis Tasviinsaaionnus niensow i

9 a1 A 9
#09M15000INANDA1U 1A

ixed frequencies ~T— range of frequencies, blocking
them from getting to the load



16

f(31 fcg
0dB - f
~-—- |deal
AAu(dB) =3dB —
~4——— Practical
il// ractica
-0 dB

UN2. 13 UoANERD LR UBINHA TINAYETINDT UNeA

= 'S % i v v ]
Tunnguanadzswsinadvzdansoaansudygiuiognousninnd £y uas
& e Ll ~ a ar voa 4 [} d
fo  MHugud @nswme=-o 08) fanud f) samensia uiniuedasiasa
@ o o & gr ey Ay 1
wnssianitiiuts - Sasiweivszanastugudiui Tasaamasioflusa £ uast,
» ] »
miniuitansodiu U 18 galumal 073 saswns Wawnsoniaounlased winiiula'ld
as lt’" b 9 2 & y
Windensinenslumsoenuuiiie
- aspennunidaesiinsnenaue lndifsesiunsgaundinniae
s ar ) of 9t o P
- dwmsumsidaunldasseanuuy 1Fsiauuud Iavag

9 r=1 9o ar = a’: Jz’ ar 1 2 A
m'sat)mmu“lmwsumsﬂﬂuﬁuﬂﬂﬂammﬂumcqﬂmm HUYUNUAT Quality factor 150

MQ  UAUMN 0= o
' BwW
@ o o = [N P -1 ' o o
vInauduRUS 2estinuudIantinue. @aiios) s fazlian
Tumed§iRasesunsd Taovialalezdl A1Q oglusna
10< Q <100
v [N 4 ¥

el 1dnezdiouenmile langaeiii uddesmsmioonuuiluimey) sauiuluma

) ] P o ] 1 [} ¥ 3 yd y o
U1id dyasuouiuienlsieziisnsidiues £ Bweglushaiidae nailfiedlesdiums

¥ "
ar

a P & da a o o fvly.
INIAANUNIUUULDY %'lﬂNf]Nleu TUVIUANTUTAUNUE LA

0.01< BW/ £, <0.1



hilovemyanis nasvounAnTR

17

2.4 23B5UNYTYYIV (Operating Amplifier)
2.4.1 guaniaveseoi/uewil

sl (Op-Amp) WuaBdod M TS 8719959818711910 Operating Amplifier 11U
NITVWHUUABATY (Direct couled amplifier) Nigns1msvervgaunnldmstlounduuuuay
4
o o o o 1 Qs = 4
Tdmuguanbazmstiann Mldwanisdhourenses liiudumniiweinwluvesss
Y 0 o & a a g
wowil 2vamolulszneudlnsssvmneiineaynsufiu nnde 29svneariesuBvadin
mMud 1svereadiesudoaniaiaes asssiioussivuazresunsidsdunieen
o o e o P~ i '
dydnualnlsunueedueuiisdiigdanmiasy TeFeeilueuililulednuand1s1don
fufios ledian TiAglodoatueniliiandunn 2 v Geanvudilindumla (Non-Inverting
A F s " P! U Y - =
Input) Y159 Y1 + oz udinawna {(Inverting Input) 135091 — AIUNNATUDBNINWIIVUAYD

or

diedanudowdwrlinduadygiamidesnagiindans siunisd it uad1fion

i
Tyaonshivndanduma dynunseonszlimanie 1l 180 0w nndugnamednud

+Y 60
Inverting input
o—] =
Output
G ———— |+
Non-Inverting input
-Vie

517t 2.14 urasdaydnuaioniue]

82426



18

Auaulivessstuenilumgaund
o A L - = ad
1. Sasweelimgamilueiiuduie suniia
a a A ot w o
2. BuymduRnaudiisgamiluotiug
[s a o s 1 o Y L4
3. e MynduHuAUFIAIA MUY

4. ANV WLUAIN (Bandwidth) Tumsvenogaunn
¥

5. ansnutedygu landygia AC e DC

=

v
6. My lduiugungl

U

disfiny g aisifveseednanillugeuadudanyit setuouil1dsudedves
Y ¥ 1Y A = o o as ya’:
2985901013 1deg1ensudan tiesnniidasweedluoiuduazmuso v doe 1dns e
o o ¥ n’: A £ ar =]
nssparaauios lnssuaasy msh v luinmsaledosmsandasinsvssiaise
© Ly = A a a a A C=B
g 18 Tnan1stleonundy (Feed Back) wiag Joasnisenisnitanie sunndnfiuaudiings
AR o ¥ s 1ot = o 1 d”-ﬂ (3 ¥ = ]
wn e 1 imiieu lufinszuadunn Ivaiae dovasisuisaih i n1sduyn liTnas
I 6 e v £ [ 9 o e A o ] P
esdamideludiundr daumsdrmeninnadsuiisaudimniugudseamnsailyd
di ] ar d’ 94
Wounarua9950u 1A

2.4.2. 29v5venemud unda (Non-Inverting Amplifier)

A A
Rz
R1
A -_
_“"I:_ = V)
- 0
IASU{ —
" —
A —]s

5109 2.15 vsvsweotuonilnuy hindume

d’ld - & -:iy = o w n,:
aevsvewiidursesveednuuunilandesnmsiialumsvenduradeisy saiu

o a =2 ¥ 9 d' = ] L é ﬂ‘ :; s b1
mstloudgygradunnisdesilemditvBuyn hinduma (+) Fullovmesesnieninnuda
Qs s i = o u’: " o :f ar 4
vz lAdyanauomwnifiamilowan Auiululresvorouuy binduiadimstlounduie

o Qe 4 o a (n’ A ) = w g [y Y
ﬂﬂﬂﬂ§1ﬂ'lﬁ"llﬂ']ﬂﬁNU\'lﬂ\‘lﬂﬂﬂﬂE]‘LIVI.ﬂUQ‘U'IE]H!'J‘EﬁﬁN ) i'WEirlﬂ!ﬂﬂﬂ'liﬂﬂﬁ'lﬂilﬂﬁﬂfgﬂiﬂmﬂu



19

moluirledeetlioud Tasaunsamidanmsvmevedrses lRangas

Av=R2+1
R1

2.4.3 195venauUUnauHe (Inverting Amplifier)

A
N\ "
R4
Y1 ol San <+
VD
IA=0 >
—-
+
R

'll

511 2.16 295 uteeeduonTiurnAUIW

L v
Turvsverseotuey diuainn o fieed Muasas 1015 ¥9109897993 14 Taoms 1§
<] ; o 9 o

2esumiinilaidia (Negative Feedback) tiestloudaanandimsvindumde (1 -) usedu
9 = t o 9 A o e 3 [ Y
Muneeeneyiyunea1 1onuseaumIudgn 180 et el dnunzassdiu duguased
Ky :iu [ 1 9 w = a‘ay ~ n‘: A dy 'y 3 o =y
twiezgailounduniu Ryt wifaidunesadnamile assgadagdi Iddygroufans
Qs YY) [~ ar = [y Y- o as
fndfudasinsveisizanad fdadiumuiiiudidetnduiiaunn sevi 1 dygn

w A o [ <5 ¥ a9 P [ - [V
floundufivuradndasimsveivesnisgs sdrdunuideunduiisdesdygiu

»

flounau Tl ldnnaasimsvnoiezanas aztiusasdeenuammu R, uaz R, wiily
o a Q' ‘g os Q é -2
AfuasnIIMsvnsee92997 Iag ivutusasimsvesvesestuent Famnsamda

nsvesusiau Idengas

Av=-R2
R1



20

2.5 anvaid vesmeaamaslvih

T

Y] a @ [ [~ - |
a1 WA laem 1UN 2 Snueszdteiufe dends (Solid wire) uaza1vdndn?

]
[ ~

¥ ¥
(Stranded Wire) uaz Tagfiiwn 15idluema lwihivezafidioy nagnowas awlnfhnnen

9

prgiiondnozfiuaiovussqalussvuads naziumondesmnndinag 1 dvuiiu
mu'lius i daumwldihndonnewasansoutseen lailuaonldes wazaody
Ao = 4 ] ] H
auau i Iiihniameamsszdestiosddsenevveaneauas itesni198% nazae vl
] ¥y A (3 = et Y '
ninezgiifloudesiiosdilsznouvesergiifion hidouni199.3%
2.5.1 yitavasmarlunuau
PEREY J = J ar A 9 [y ¥V
auun ldfnee Mudagsiainndesumio Imuzausvansms 190w
- wilarv
' P=% dyn 9 bl v Yo n’: :d Y o W
medividailifonoae qualon i PVC Maaaslutunneidenild auise
nugavniigaf 60 ssruamdod 1¥tuusaau w250 Toed uazldidumomuaniad
o o
Tertuiimosdnin1d
- 9@ VCT
¥ 1
fai Wi Mdenesuas fudeauin pyve ldaanunisedninanieg swisonu
= [ as o
M ilgeie6o ermdaiamiaz 14 1 dnuusedu Wi 750 Tood
- 1A VAF

o

Forin W sevoauns Sudaomiatl pve Waassluthuingadiorn tl aunse
nugavgil 149960 vamiamdoe laduussau Tvid 250 1aed
- ¥HATW

darih I lonesuas Judaunuou, PVC W andalitine do dnina ua
ugammnssuialu ansanuaamgigaieso ssrueaiF ooz 19 18 uus i I 750
Thad
- %1l THW

aniWddidaoneas Judteauau pvcldnunsdi@erdunuy  TW uany
aaunniilAge7s esrmadoe uaz 19 ussdu7s0 Tad
- YUANYY

3
=)

b 4
anildinihdionewns dudwnui pve 19dadaldiuau mansanugangi

¥

a90960 samurarToauaz 15 1dTvusedu Wi 750 Tred

- ¥4 VFF



21

o’

M WA vId e e wiiae1d 1EfmasoslF Idf imdeunld awisany

goungi 146960 oruwaidoe 19uus aduInf 250 Toad

¥
faividdhidaemesuas fuasenuiu pve 19aedstuan ihsooud awrsonu

gl 1060 esrruradoa Miuusein Ivihd

2.5.2 amvsnnaenvesme ivvhinas
¥
g I maduiinnudwninelarmunuvesae Wiz unusedon
.3 "o = [~ ar n’: y A '
Yuegiunnusndmeluiiariueiun anwdumunnnmd aniuiielinszud Inasu
» ¥ ¥ ) ) N
o' szifaus s iifhaanaimindenseau i mteuldduasesld Idiaaasdinn
d' d‘ I o od s Y o a A 1A e
vanniaa e s mua Aveilimsriauianaia nie lugminaos
usas Tl nmodlovfeeder a0 H2% wazusou ihaan9asdes Tuadsinuy
21 q’;’ ) LY 3 v o 9 ) dw v v g ¥
3% wipviamutloutaglevsdess wiunds Tiasiinsy Jenusimiilusigiga uddezId
= ) =
A luAI91012%

ar

iinsniaedevasszun iididegaeentuuyuieldluns dadua e lWihigs

L

¥ 1 ] b4 r
sonse 60 Hz miniuTaol'lad wisteamsasdyanndoaisanuigadaiuilymnd iy

o

=n.

= J ar 1} s 4 dy
pNAYuA UM AT ndodsife

o A A = = A o
- MIAANDUYDITYUINTBNT ﬂulu@qu'm'lﬂ']ﬂl'ﬁUul!ﬂﬁQﬂqulﬂucﬂﬂlﬂqﬁ’l(ﬂﬂﬁ‘l

aoa o o

4 = g & o o
Fadufitaudecnldonudasiesnngnseinsainuszan i Iddyau

4 A 1 y 1 Qs = 1
doansgnasmen I8 Balsznanisdoiysoudonuguinel Wi isuiuaudli
'k

miu dyaadosiruadvgazioundy fildiiansaaneu ldizuiu

o—

£7]

- cui:l(;i‘.y‘lm‘i ‘Uﬂ’mﬂ'N“} 1uizuu"lﬂﬁmiu Impluse-noise, White noise,Continuous wave
source 1871 Impluse noise iRIINMIAB THanYszandusnin ihfuszuy Infee
a  a o ar u"; = L A o o d'. [% LY 3/
edayam suwaday Inthadusuiludugrusuniuiiesduldon uazdman
o ool P a A o o a o

Tuszvvil Tvaailszianahdnn Agunsnnas Tauuus dunudvesdyyiu
oo a o P ¥ . £

sunuduNad wod swiiadaguIunIuNSund Continuous wave source 99z
] ¥ ¥

supudyaradesisaasanarlaoh luamisomalain fyausuniuiesd

hrd e d‘

0

i T =t L] t} -=;n=| r
anuoila uazdall YEIUITUNIUINDY NN UINUNITNISNIWUDINDIN U AN Y

l?ﬂﬂ')"l White noise



22

¥ )
- wansznunnnIaadame M marmdunadissnnszuy IWdid1aaeziinaas

Qs

Fayana T e fhmarsdumanazanuonivesmes ihdsaredu

)
[ =)

dygrademsiignds ldawme Wi uduarey szlidaarsiuminuiusssuiu

[

. Ed [
dygranesgnaanonld nieovsemis liiigavsssuniulidygrudoason doq

o

WWunian Didasnaiu180 oerwed

sufiuandmelumeiianszana 10-100Tou smavesdufvulszaniolumolszann
10-100% Iav15A 791000 Ha vinaanudmmuluaislszana 0.1-1 Tovu Ap1000 Ya

s T T é’ ta’ g ' a
anuiunulumodsiiany Tiwivenduegivsaaunisaegunsel Inihandae

2.6 inlalen
2.6.1 PN TinlaTon
PN 11 laToa. (Photo Diode - PDY ihieasmadniifae i nszua narn 18iile

’ =] = voa A o o A =] o a
gruers $1ldfsoode Wudu AesBona A4dulnlalelen msiwinhildneniugdaen

A A
eI G
K W

= w ¢
JUW2.17 uanidaid@nyelve PN-Photodiode
' =g 3 2 o % = a d a s o
souAD W-0U ilnsouRoteIansH Bl W _uas 1w e A 1HAnINmMs

o { =Y a a o
Bemsnanuenidiines (acceptory saudiin 1By Hasnmsoassman lawes (donor)

fuFdnouriia N

517 2.18 uaaalnseerd 19989 PN-Photodiode



23

ASIVSIUTOERD MU

T

QU
Ed
b4

= J =) a o
1103y 2.18 sziunTealumsaiia #  uazdidnaseuluas
= o ] 9/ 9 a o as = A 5 ted a
wila 1Ou  szuwinszwdun Mlddansswddulunined Sdhitlszyifwsonu

¥ ¥ ] 4
sovapiim IiinaduRiSeni depletion layer VU
=Y q 3 a oo v = Y
Tumsyila # iolennatosnsnezifndoouilszyay daulumssiia W ile
- g/ o = cg [ n‘: = v 3 n’/’ 9
BinATeULDERINIIAALTEILINIY ANTuUSNUTYRDITIMULSTyaLAZIINYT9RBIA Y
A 2
JuAaauy iy
A P v oo g o o ' o q Yo d
Wellumamnannsznuiisogae-A-BuU T wireuuazs v IvBidnasoungasen
b4 = = od { td'
nnezaouih liiinlen Sinasouiiilszgaunaz Tsafififszanssgoussvesannnf
2 o Yoo & d'y 1 YA 1 s o 9
asssouaem IMiNansaounisasde lane nssualuansesesde -y 14
N u’: G v 4 ~ 1} ~a g
aniu siiuudiomeuas lunsosaesztansaua Tna 9l duln Tnduaes 14
] £ 4 4 9
SidnasounazTgafiiaainsotaonu i Bineqervswaitusn fuiuasausinsoode

qJ ar as ar Y E .J
sainlius sanludadoundu’ld angal 2.19(4) 1We1¥ depletion Tayer: iviinlnaivu



24

nanidinof

@ ; o
&R

4 i - .
p ) P~ dlolsatrurevao ifethndeouay
R
N - '»-‘\\ A = u . il
e v A
Yawod G Qe WeBIRnATOUTINIDORD
awer v sufindoouun
@ -~ -3 Boou

_‘,_";\. .

Oe._

- - - .
deoudnaiiv:huiasy

@

goounu

doovautvdosuuin

Il . -
uingnuganiliiia
/ Blinpounazlan

ety el R S _\lun‘:ﬁn'w'ld P
s BeBNRIBUAT ST N

b e

depletion layer
g Tuuoudou

319 2.19u8A9M15¥1197UvB3 PN-Photodiode



25

2.6.2 PIN Tllalaleon
1 ] ¥ ¥
fijamidou -8y InlalaTeadi ldna Bludadofium Wowsiiudu 1

v 3 =t d = do’: A'
ASINANTSHINTY Mitaz 1By T9iidu PIN audovedlnTalalen

A

\_\»‘Cgl N

RN

511%12.20 ugeadeyAnysivey PIN-Photodiode

Silicon
- P Active Area Nitride P-assivation
AR Coating
Diffusion Mask Anodg‘ |

o At W PN
Junction

Bulk N-Type Silicon L N
Back
Contact
Depletion Back Metalization Z] Diffusion
Region Cathode
PIN Wialalon

mwolFuldlul i 1000 MHz

£\,

- =
o —~ @ Whumstomshudulum

Touonbousooso PN

unAu

T §i0, —— s
(0-’3}mﬂ

"Wl g UnA
4 N j = Tusom
N Ju—

yuBdnouviin N
I(AIMToAL)

51# 2.21 nanalaseadauaznisiiamues PIN-Photodiode



26

n’: n’: & o o A ] q’: =Y =1 < n’: A o ° a & ]
du 1 duduvesmstsdnin liidunsria # uaz By Wuduvesmsnadninsgns
= -~ ' o ' . .
51901y I 8811910R11 Intrinsic
4 n’: 1 3 =] o a {
domaadu 1 W11 uszniedu # waz 1Bu ud29iliine depletion layer NN
' - 2w o 2
MANUAUNIUGS HAZFUVDININIFNIILUANUNUBNNTY
A o 9 ' a d 5 .2 a P a ] ° ) v
o ludadousovne N-19u o (VHAVNEIT W VIVINNAT 1DU) g Inusenu
- u’: ' 3 qy o Y a =1 3
Weunaruauanasenuusu 1 9 mldnaauy Wiy

4 ' ad y
diemesuaalinnniznunsisesaeziidiinasoungaoeniinezaey 1HBIINUAS

¥
Y

g :: =1 9 3 =} L3 9 = a o ‘3'
zdhunnty A W Iuger T 1 lusu 1 nalsauasdianasouiy laauas
ad a a d’ a am N\ \ o : o @ Y a A a
sinaseuiinannugdhttgnansinvosa gy 1 “wingulvinanisindoui

=1

a

a 4'3 T k) s A A.’.’ A a
L ﬂﬁﬁau%’m‘lﬂﬂmum‘umﬂﬁ ou ﬁQUTaﬁﬁgj\?!lﬂﬂinﬂU‘Uﬂﬁﬁ'ﬁ N !ﬂﬂﬂ'ﬁ%uﬂjﬂﬁ

Be OD

Yy A oy v q Y & ~ay4 al N Y ) : AR A A
U mtwml’iﬁﬂu'l‘uafﬂﬂ‘lﬂﬂ"uu ﬂ'l'it‘ﬂﬁﬂﬂﬂﬂf‘@d@lﬁﬂﬂ‘iﬂuL!.ﬁf‘u"iaﬂi}:ﬁ‘J‘Uumn amey

Su sy Nabiertatonsss upr iy dansnsantaildusius diveeua 31819390152
WnuaaTinanpUa osdb ot Rouinla sy a e W e}
pIN To(Tn'lnTo Asimmands Win13 inensgsa e 190Imania g eds 1 Anzidsad
o ar . 2 Y o A 1 A L
33 usuiaNens npmshiadnidasvesidelstunisab rasaodu lunas 141y
v . o o o | @ s A Aaa
mdadyial POMnT niired nagdslaiiudasunmueds lumpeninidupainsodale

andne

51U 2.22 u@a4 Photodiode

¥



27

unn 3
NM500NULIL

ar

mseonuuuesezitiuiiuz damlnajq Aednvesnasuduaauazdinues

madedya waansglnz.g

N e

NI

¥s.

v RS
e Ak WG iais

A PN ¥ o [ v B = & 1 Y o ¥ ¢ v 1%
nansiiluenarsnanulidmsunsldanuienisfinwwingu leygelmhlulduselevsisunism

lidnsdilagiadu dnvievnuiilvidaulasient wagdesdnadadadivesenaisynasaninisialuly



28

ot o’ S
3.1 Mmasudggnuenilunasulnia
[ . o 9 Ao @ 9 [ 3 ] ar
maTudyans s mihiudaanann lunaouInsa udrdedygnaniudmlud
a1aTvldhu
YCC
wCC
LR ==
2%
Rl
TM&B3 GND 55 vCC R4
10 e T_o ; 2 o Sk
- —0] 2 7 I
O 3 5 |0
I VA W I Ny, | 5
—lt 2w Q l Ja
Cl T
oy
GND D1 c4 wee
1H4 143 |
R?
B 10K
Ik |
s 0IUMO0v
NAND
R VCC miBAMIER. Lo
1 1K =

| LE 139
___J NAND
D2 1N4148 —3 C7  01Um00v

l 10P GND

GND

110 3.2 1esma udy e

Qs

3.1.4. Tugasudana ursnse, vwmdnsudygiadususaning lunaouInsa

A

udnhdganai lavuasihusvadayaeen

o

-1

25 k2

Jofac p%}-m

PIN t Control Cirouit J

as

P @ a
3U9 3.3 naanvsmeluveslugasudygra dursusa



29

3.1.2 JsesainadyanuVad 100 kHz

Taold 5oz asutia Tad lusiwsines 1aold 1od Suog NESSS

VCC
VER1 R3 2 e
VNN 1
2k
GIND 555 VCC R4
T[4 g lo1 Sk
———— 0 2 70
——0 3 & 1O
CEpD——— 411 | 5o
ST - <
G.0lu In

Py = s e o ~ 9/ =l o
1% 3.4 2evsezamdia o lusiwsiees 11 Ted o3 555100 kiz)

¥

I=% o a o = o ° J12 ]
MIvONKULINISO tiglia an tuTwsmes n19 lod wos 555 %11d Tavmsdon
@ ar o Y4 w o @ o
Trigger A0 U Thieshold MilRansamnseadeiad Tasordusuduiuiveins
o 9 v o - o a o
utiazAedizy AN R Rouasduiuilizy G, itningauaianudves Vo f
9 a a e d det = ] Y '
ABIM3 lagWesani dunuilsey e, vasninslssyeviinsena iubsddiuniu Ruaz R,
INUTIAY 1/3 Ve 3Ude 2/3 Vee Tugal 3.5
)Y o o o [} as dy
v lannuduius voeanmiunsdsyyaail
=
panlumsinuydszy  (=0.69 (VR +R+R,)C,

[] 14
uaztiinC1 molszyez Tdnnudunusdail
palunsmeilszy ¢, =0.69R,C,

HATAMILIIA T=t +t,

anydoeadan f= 1/T

= 1.44/(VR +R,;+2R,)C



& @ o 1
Fy9z lAnuduUAUT 1n15¥1A1 Duty cycle : Duty = t,/T

] a L P Y A w -:f
AMITNPDTA A 1% I TDOAUDDUAST

R3=22KQ
R4=5K Q
C2=0.01uF
C3= InF

R

- non meyd

=P

Fe

¥a

Iy

B T e an e

i3

E

bl
-5 Veo

&

3

Yee

o

> B

=

P2 I L a =
71l 3.5 uemannnduins lumshutazaelssyvoslafsss

3.1.3 wesaernwdeoluaeeme Tuih

51/#13.6 reesdaudgyann ldans e

Voc
DI WM
‘iclﬁ_m. H1BE Q| EDKO
RS 1K G KV?/\/\I I
) — K N G OIUANV
T - A
R - 1 VO mIB40IEE {—l
| . & T .
1K o AAN L
I Bmzs!y
I o —”———-
IR R 1@ omov
[ 10p GND
GND



- e

31

L 1 r s [ 3 1 A 1 A
Tudwes nesdwudrygs ldeae iy dwusnfonsesmiisim &

o o o ] o 7 1 °

Usznouainlalen dxdumunasdududsey mmsiliwesawgmunsodionlden
Time constant : T= RC
R=10K
C=100pF

. \ va g oo 03 a & ¥ o
ualudINTBIUUMNANAND Gate) sx5 10 liWadf IdiuauysolnnBatu aniude
1 o = A ° L ﬂ; (3] =3 d. ' as lﬂ. a
folldmmudaae frnhmihimiawiudiafifedidyanuimmusaganuis
HudnfvyzdudasldSamelnt

3.2 magsdaanalfunsocdy Invh
Wi A udaanasineyIdilu fgndaunnnteesniasndwyia udki

NIzUUMIDAGMIMNaRT It auvs wsapen Tiladunueses 14 v

5
¥
um
[

y
% 2 G
I

*

N

317 3.7 uanaaes lumndedayeuludunsea 14 Wi




32

3.2.1 3393NF0MDUANININIY %30 UNIAQY
o o o as - 9 1 o A
29sumnagu veilszaou hdwdannlssquaz umiionihdevuiuiu Feee
J ﬂ o L3 = = ar W = ar 1 @ o
wwiwnitudyanugllnianudah Tasodondnnisuandoundsausennedany

UszaazvanlIsmileni

8

Eo——f— -
¥ 1R
0 J0d00 W
| N 210
C —
100aE - iln
C
co l
CH |
|

P iaA00v

1 s
JUN 3.82393109A7U

a

1 ¥

P © 1 Q. d. . ‘b 3
ievms dsdgaiuhsuniseageneds W lddseno il aelsznoudlondu

P 4 o a , e °
ﬂ’}’lllaﬂﬁﬁ'lﬂﬁﬂw Ns]summmmmi%’iumamnﬂmmm ﬂ?'ﬂ%’)ﬁﬂ’ﬂhﬂﬁﬁﬂﬂﬂﬁiﬂﬂﬂ]
P-4

a - P oA o w @ o
NMIAALADANIUD ﬁ?ﬂﬂif]\‘lﬂ'l'll]ﬂ'ﬂﬁﬂﬂﬂ'lﬁﬂﬂﬂ%’lﬂﬂ?'ﬁlﬂﬂ'\'ﬂu.'l@%l‘ IﬂUﬂ’]ﬂUﬂ']’lHﬁﬂWUﬁ

¥
& A
AU

147 L=100 uH
1351 c=22nF
3 <
vwland F=112KHz
dmiumseenuuuiveliiseslinamsaouauselndifivegauad arseonuuul
2vsiiamuumaiuny &1 nseenuuuliesiimsaouausslndifvsiunsgaund tiu

3 o d & ’ = oW
YUNUAN Quality factor HIDAT Q NAUNINY



13

=

Tagm1 Q 7if Tumalfiideesuned veiiaegluse

10< Q <100
MNNITIITefRIN Q 1dnn
o R
L/C
Taof R =R9 //R10 92 14n1 Q tszunal 14
3.2.2 Wasvensuuunauia
R ok
—-——/\N;‘
vic
Ula

-t 4 RIO
mpa —’SE/\/‘

d 2
JUN 3.9 2eesverauun e

]
o el = -~

2esvedyanasisaduadivasveedusuilindudygnusunalviinTomue
o Y

ar % = .& o o s ar %4
ATINUIUAVVBURY FIXNIONTHUASAT TV 1R IaeaTon U TUR U]

o R11
DATIYIY : Av= — ——

RI10
1#M1 R10=5K

1#f1 R11=100K

12 1ddn31me Av =20 1

T

AN Y o a

4 as v oar 14 a =
winmueay Wudweni anuUMue My landue Audyaunisouyn



34

3.2.3 1905ANAIABS

e g ¥ < - s A Vo oy =
Tuniidenldises ibunloy Amamesitesnin 2ees lududeunazisimgn

D5 IMI48

a [

< Imput> N < Output

a =1 o
519 3.10 LaaesAmanes 14 luniseoniuy

Tumsdunuliseese 1§ le TeadludaSuenszua mm’fu“l‘i’f'fhmnﬁmmzmuﬂizq
1893993 RC Nodnawiai] wieRweagianioinindoys Tnvsamnmaes
F= 1/RC
1471 R16 = 1KQ
471 c12 =0.1uF

92 18n21u0 Amoeegn 10 KHz



35

r-§ LY
3.2.4 NesfFeneuusInu

¥ b4
lumsifSsuisudgaraiusisedussdudrad ddansodadaagusuniy

ar

3 Y 9 = ah:; = =1 =1 = [v]
o0 11 Tsdsusedudreds PnvauverrnnnSouioy uaznlSoumfivussdu YWY IUNN

29959un Tay

&

(R ve

10K SFL8

» e

P (1351{
<

Z Part > :\!D
>—l—.
,}h’ L31]

!%\ VEE

1B

GHD

= = = o
3% 3,14 2sesulseniouus s

¥

n’: as 92 = :; - p-1 P o 9 o 1 9 a ¥ ¥
ATAULTIAUDINIBINUIOY 1uﬂu!ﬁﬂﬂ1‘b’ mmumuﬂi‘um"lﬂuazmmumuﬁsmmwa

9

o ' o w4 @ 1 . 9 a1 LY 4
YNTUNUY LINUIIAUNY "IN"i]gvlﬂﬂ'lu'iﬂﬂuﬂﬂﬂ'ﬁﬂﬂﬂ’)ﬂ1u‘ﬂ1uﬂiUﬂflﬂ‘l]i%ll'lm 1.4 I'J'ﬁﬂ



36

3.25 osaeFuanawadn160 38kHz

Taoldeesozmaiia ad lusiwsines loold lod Suod NESSS

R19
vodg AN —
T '\/‘b\ ~
R20
QD 5% . WX 18K
—I_—O" 1 8 o._—r
—< 2 7 (o
3 6 O
< Impu™ —O 4 5 lo—
. — g
1K
1 a3 a4

2

4’ VCC 4% 47n

or.
g

519 3.12 999502 dEniia dad lusmsiees 7119 108 1wes 555 (38 kHz)

wldanuduniug mmﬂhmmlunﬁﬂszqﬁ'ﬁ
na lumsusey A= 0.69 [R, (R ;3 VR2IC,]
waziijeC,, ﬂwﬂszig%z'lﬁ'mmﬁuﬁuﬁﬁ'aﬁy
parlumamoiszy  §=0.69(R,C,)), .
MazAA T=t +t,
anudeaadian £ 1T
= 1.44/[2R;+ (R ;+VR,)C,,]

Saoz I8anuduing Tun1swIs Duty cycle 447
Duty = R,,/(2R,;+R ;+VR,)
KazAImTmesae sunsod ' lde
R, =2kQ C,=4.7 nF

R,= 1.8kQ  C,=4.7nF

VR;=2K Q foc =38 kHz



37

3.3 2395unasnng |

D2
1N4005GP

RF1
82Q L2 :L

2W 1mH

12V,

D3 120 mA
85-265 1N4007 C4 LinkSwitch-TN o
VAC ATWF 7R47uF  LNK304 Di 13 k0
D4 400V | dooV UF4005 '
1Nd0o7
)
o T : . . + ORTN
51 3.3 a0 na Y Ty
= A =4 ] o [= J o c}w ::‘
don14'l0d 1wesLNK306 adiinidoaseasegiiuuy miailieesaiehmhngad
Jalan D1 dluniiaaslalon (Freewbesling, Diode) aaaiiulaleariianinnul
q (Ultra fast* Type) dmsunslyauiulnua ludenios MDCM(Mostly discontinuous

9
mode) laToadoaniawiarlumsludadonundy (reverse recovery time: tr) Hoon31 75ns 1%
uRgumaidnin 7ossrnaaiFod uaon 15y TnuanailoaCCM(Continuons  conduction
mode )AvaT It HDONI35 ns
- laToa D2 Whilanya taloagnsaldlelonnizna ING00x TAiTossng a1l
unaiazn59ziluriin glass passivated
o - o & 9/ s A =1 Qs o4 oW
- Fawmiienii L1 arwdenuau Ifdume s lsddloseiniisimgruasdall dyga
SUNIUAT A amilonhoeliannIms ony nivuala
o o 9 d' o A L] Vv t:iw d’ o =4 dy
- duduilsey c2 wihdindnfesiolinszuaiidunionhiSouiy
ar -] { F % 4 2 =i A
- FUNIHRI tagR3 Rmthfuausesuiotlouldsurdlanunvesled Fed14
A AsgUAmTue disseuminy 1.65 Toad
o o o P . 1 1 v
- fufuilszy €3 iR Sampling and hold A5 fiAeg1us 3 10 uF- 22uF

- @ unura Kammilu Pre- load 19un7993



38

Unin4
Han1INaaod
4.1 Yadyanasiigaieninynvedhiga

v o

4 o v = [ v v =
eohmsiadyauiyaemynuesluga vz 1d1lswadeyaning Tun

2 ¥ihdpantAadamnmdnouiypdaalugn

a

4.2 Yadanaiigae i nyesl oy Hylad aalE 100 kHz

v
A o

ievhmadadayannnlodsssavldsudarnnitas n1ud 100 ki,

P [ A o ~ o A
U9 4.2 uamamsdadyananviemynveslod 555 dai1



39

[ Y

d.l '] =) o ci =) o ci =] o é
Weinsngs Tun oz dadygu Mernves 1555 @2 1 vimusiadygiud

QPUBAYPANAILAND 100 kHz

UiY4.3 ugagmisTadghptivawiyeelns. s55diLenas lum

v

43 Sndaafiyadufnsstiinaiiig
g tagans natlam ] dRn g aega D 1005kET

"
a o

311 4.4 uarasdyaungABUNNYBIUUAG AIN]



40

H
L) =

4.4 INTYYIUNYABUNNVBIUMDAMINT 1iloimsna3lam

4 < 18- € N = :
3 4.5 uaasdaihafigadHABRN R 1A 1 H19Yi0Aa3nAT Lm

4.5 IndyaNegRduIMAR IRINN FIN 2

dlads il inedh-ael a0 manWaden V1 004z

JU7 4.6 naasdya Ny duynvouUIng G902



41

=

4.6 INTYUNYADUHNVBINUMINAAINZ 11DTNIMINATINN

o o = R 1o el W o a
U uaasdaRorigRauRYDINART 2 iestanisnasum

"
[ A

4.7 Yad oyl uo nstualamas Bo140

317 4.8 uamadyanuiigauaveansiudmaes BD140



42

o

4.8 MndyaaNgAave N UTaINes BD139

c.: 8 gl A4 G 2. W ==
45 ueaedgehanaildde st oeig Bo1sg

b

4.9 Tadyanainnnoniantaes ve me 1T H00;

B o 4 s a Pl
Eﬂﬂ 4.10 L@ moapmﬁqﬂﬂamaﬂmawmmmmmﬂas



43

v

4.10 Inauanadly AC Line

v o

"W

Wehmsvnenmdganaly AC Line wiiuhiidyanaiigndsesn lfeguuln

3U# 4.13 uaaamsveodyaIud ac line V1Y

wnasiiluenansianulidmsunmsldnumenisfnwmingu ldeygalihluldussleviiunism

lidnsdilagiadu dnvievnuiilvidaulasient wagdesdnadadadivesenaisynasaninisialuly



44

a

! ]
411 Sndyanaiemynueadsasuman

q’. =1 o = £ 9 A ' y A
aapuigatiwzilunsdannuivesifhueen Himdeuadyainvosdoyanids

o U

11970 Tty

RPN TR R GV RN (R (TR RER IR

412 SdayenamoImnUsiidasuend
FA R o Al \ ,13:;4.‘ A o q 9 ¥ ol | e
v NRF Y IRTTRILANL BNATITTTAEAT A et L damnhiiviae

ol
Tnajau

- [ i Jd
51 4.15 LAAITYYIUNDINHYNVBINTVO Y



45

[V i d 3
413 Jadganaiemynvenasieunaslamames
A o @ W a1 d = o £ @
Wievhmsiadayanuiiaiuies wunaoddmames sz ldgdveuvessva

Ty TavldnnudAnesii 10 kHz

511721 74 DT AR d R AN NG 04931 hanin oA ivintn a5

4.14 Yoy MR 1HTTOINONII 110D

y 9
o

A o = A o o a WA s o e Yy alig g
devhmsn/Suting 18910 3esiinn oTa iAo 5 AULEIR L1 9AE 1)

{ [ { ' 4
317 4.18 uaAIM s I T Y IUNOIMHNVDINDUWITUADS



46

=
UNN S

ajmalasaTuuaznuIniemanann

5.1 agiwalpsany

¥ v
- Tassawiildhinsesnuuudiuvesmsaruguadnsaiaialdivihla
<« o & 1 {
gunsaimudyenu deeunsoniuquginseiniag s lunaounse
- mnsodadgana lasuguednsel I IRidnszoz sy 3 was

ar

- gunsesu-dedagoallaynsiadoya

5.2 Pzt naveslasiny

o

W1

- annsonsuauases 1 Wi lane luiuhdnefidyausursusamaunsodelilt

- mngulamnznles maeninsa

' o d - = o o v 1wy e ny <R 9
- ﬂ1ﬁ]§)§ﬂ’)1ﬂﬁﬂ53?ﬂ'§ﬂ‘ﬂﬂﬂ?ﬂ!ﬂu&’]uTiu?ﬁﬁ]illﬂQﬂwf'nlniﬂlh‘Uﬂ'lvlﬂ Vl'lvlﬂtnﬂﬂ‘jﬂ'l

1 4 ] = 4
myant Auar ldfsussssa nudmvimu

- Tod ss5s@uan Mmanudiuniudean i lifunss suduintaninistiiua

¥ y
A lny

- Hidganaisunvainuvadsie il luases

1 ' J 1 o =
- lupisaadoya frdglussos Tnavunie dellauagay sedr il dygiusuniy

npanUna

5.3 wnslunsiannne
o 1 FTSY o o ='x d?
- wanludinvesnisueaaanIniidsydninmanngy
- Sudgsluduvesmsandyanusuniu

- A Tudmvesmsileatudeyagamieiifianinisds

-hhweudeny Tulasneunsaes Tasmseenuuy I luTasauseiudeyaldyn

siadeyauazmusaiudeyae inesh ludaddafismua 13lud lulns

atr 1 1 o Clw = = J
- d5mlgaludruvesisessrous siu Iides Wiz @nsamundy



47

ar A Y o
HUITDD19D3

s aa e = 1 4 o @ a o o @
1. fynns Widnnans, Wugussuufemsuenzasn”, dninfuigmainssiuminedo,

144 m1¥1, 2542

1

2. Q1A Aansaag, "G essudainguasssuuingdeast, uson Hidayniu $11n, 65 nih
2538

3. A1NA NDAT09, "N uazmIseITINEI AT dninRuwans Jand, 2511, 2539

4. 158005 qI35M2, "Electronics Engineering 1", Az Iaanssumans an1iumalulad

Y 9 & LY
WITIDUNAUNIRMPITT DIANTEUN, 42 1UN



48

MARUHIN

&z d‘ ¥ o [ ¥ - = & 1 ¥ o £ L83 14
wnanstluenansnanulidmsunisidnuienis@nwivindy ldeugnlviluldusslomismunisen

Lidnsallagrsdu Snviamuiiidaulasion uazdesdsdedadivaaenaisynasaninisululy



R S
FAIRCHILD
frex b s |
SEMICONDUCTOR®

www.fairchildsemi.com

LF353
Dual Operational Amplifier (JFET)

Features Description

* Internally trimmed offset voltage: 10mV The LF353 is a JFET input operational amplifier with an
* Low input bias current: 50pA internally compensated input offset voltage. The JFET input
* Wide gain bandwidth: 4MHz device provides wide bandwidth, low input bias currents and
* High slew rate: 13V/us offset.currents.

High Input impedance: 10'2Q

8-DIP

Internal Block Diagram

Rev. 1.0.0

©2001 Fairchild'Semiconductor Corporation
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Schematic Diagram
{One Section Only)
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Absolute Maximum Ratings
Parameter Symbol Value Unit
Power Supply Voltage Vee +18 V
Differential input Voltage VIDIFE) 30 Y
input Voltage Range A +15 \
QOutput Short Circuit Duration - Continuous -
Power Dissipation PD 500 mw
Operating Temperature Range TOPR 0~ +70 °C
Storage Temperature Range TsTG -65 ~ +150 °C




LF353

Electrical Characteristics
(VcC =+15V, VEE= -15V, TA=25 °C, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. | Unit
Rs=10KQ - 50 10 my
input Offset Voltage Vio 0°C<TASITOC
Input Offset Voltage Drift AVIO/AT| Rs=10KQ | 0°C<TA<+70°C - 10 - puvi°c
- 25 100 pA
input Offset Current ho I 0°C<TAsrT0°C - - 7 vy
. - 50 200 pA
Input Bias Current IBIAS I 0°CTAZT0°C 5 Yy
Input Resistance RI - - 102 - Q
Large Sianal Voltage Gai G VOo(P-p) = 10V 25 100 - VimV
rge Si ain
98518 9 VAR = 2k0 | 0°C<Tas+70°C{ 15 - - .
Output Voltage Swing Vor_P) |-RL = 10KQ 12 +13.5 - \
Input Voltage Range VI(R) 5 1 | +15/-12 - A
Common Mode Rejection Ratio CMRR | Rs < 10KQ. 70 100 - dB
Power Supply Rejection Ratio PSRR | Rg= 10KQ 70 100 - dB
Power Supply Current Icc - - 36 6.5 mA
Slew Rate SR Gy =1 - 13 - Vius
Gain-Bandwidth Product CBW - - 4 - MHz
. f=1Hz'~ 20KHz
Channel Seperation CS (npirt réferanced) 3 120 - dB
Equivalent Input Noise Voltage VNI F___S 1= KLOZOQ - 16 - ;H!zl
Equivalent Input Noise Current INI f=1KHz - 0.01 - ﬁ%’
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Mechanical Dimensions

Package
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Mechanical Dimensions

Package
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LF353

Ordering Information

Product Number Package Operating Temperature
LF353N 8-DIP 0~ + 70°C
LF353M 8-SOP

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGESWITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION ORUSE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTCOR
CORPORATION. As used herein:

1. Life support devices or systems are devices of systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c¢) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

§/1/01 0.0m 001
Stock#D Sxo00000x
© 2001 Fairchild Semiconductor Corporation



Philips Semiconductors Linear Products

Voltage comparator

DESCRIPTION

The LM111 series are voltage comparators that have input currents
approximately a hundred times lower than devices like the pA710.
They are designed to operate over a wider range of supply voltages;
from standard £15V op amp supplies down tc a single 3V supply.
Their output is compatible with RTL, DTL, and TTL. as well as MOS
circuits. Further, they can drive [amps or relays, switching voltages
up to 50V at currents as high as 50mA.

Both the inputs and the outputs of the LM111 series can be isolated
from system ground, and the output can drive loads referred to
ground, the positive supply, cr the negative supply. Offset balancing
and sirobe capability are provided and outpuls can be wire-ORed.

Although slower than the pA710 (200ns response time vs 40ns), the
devices are alsc much less prone to spurious oscillations. The LM111
series has the same pin configuration as the pA710 series.

FEATURES
® Operates from single 3V supply (LM311B)

® Maximum input bias current: 150nA (LM311—250nA)
® Maximum offset current: 20nA (LM311—50nA)

® Differential input voltage range: x30V

® Power consumption: 135mW at +15V

® High sensitivity—200V/mV

® Zero crossing detector

Product specification

LM111/211/311/
LM311B

PIN CONFIGURATION

D, FE, N PACKAGES

S

GND| 1 8 lwvse
INPUT | 2 7 | outPUT
INPUT| 3 6 | BAL/STROBE

v_| 4 5 | BALANCE

APPLICATIONS

® Precision squarer
® Positive/negative peak detector
® L ow voltage adjustable reference supply

® Switching power amplifier

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE CRDER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C LM11IN (4048
8-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM211N 04048
8-Pin Plastic Small Outiine Package (SO) 0to +70°C LM311D 0174C
8-Pin Plastic Dual In-Line Package (DIP) 010 +70°C LM311N 0404B
8-Pin Plastic Small Outiine Package (SO} -25°C to +85°C LM211D 0174C
8-Pin Ceramic Duai In-Line Package (CERDIP) -55°Cto +125°C LM111FE 0580A
8-Pin Plastic Smal! Qutline Package (50) 0to 470°C LM311BD 0174C
8-Pin Plastic Dual in-Line Package (DIP) 0to +70°C LM3118N 04048
August 31, 1994 273 853-0927 13721




Philips Semiconductors Linear Products Product specification

Voltage comparator LMHUZL?\;:/S"I:;
EQUIVALENT SCHEMATIC
BALANCE/
STROBE i o BALANCE o v

R3 £R1 R4 R2 R8 R9
300 S1.3K5300 513 750 600
RS Q20
70 Qt1

v +— L otz
}1{ R6 3 R7 w
as 12K S12K Q13
Qig > R10
4K OuTPUY
[s17)
Q18
ol | g oo
4P
INPUTS R15
450
i § % any
a7 Al
> R13
) L6 34
o V- =
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Total supply voltage 36 Vv
Output to negative supply voltage:
LM111/LM211 50 v
LM311/LM311B 40 v
Ground to negative supply voltage 30 Vv
Differential input voliage . +30 v
Vin Input voltage' +15 v
Pp max Maximum power dissipation,
TA=25°C (still-air)2
F package 810 mw
N package 1190 mwW
D package 780 mw
I Output short-circuit duration 10 sec
Ta Operating ambient temperature range
LM111 -55to +125 °C
LM211 -25to 485 °C
LM311/LM311B Oto+70 °C
Tsta Storage temperature range -65 to +150 °C
d solderi ratur
Tsow l(_f(?sec max)ng temperature 300 oc

NOTES:

1. This rating applies for 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is
equal to the negative supply voltage or 30V below the positive supply, whichever is less.

2. Derate above 25°C, at the following rates: F package at 6.4mW/°C; N package at 9.5mWFrC; D package at 6.2m/M°C

August 31, 1994 274




Philips Semiconductors Linear Products

Product specification

Voltage comparator LM311B
DC ELECTRICAL CHARACTERISTICS1: 2.3, 6
Over temperature range unless otherwise specified.
LM111/LM211 LM311 LM311B
SYMBOL PARAMETER TEST CONDITIONS - - UNIT
Min | Typ | Max | Min | Typ { Max | Min | Typ | Max
Vos Input offset voltage® Ta=25°C, Rg<50kQ 0.7 3.0 2.0 7.5 20 7.5 mv
los Input offset current3 TaA=25°C 4.0 10 6.0 50 6 25 nA
Igias input bias current Ta=25°C 80 100 100 250 100 | 200 nA
Ay Voltage gain Ta=25°C 200 200 200 VimV
Response time? Ta=25°C 200 200 500 ns
LM111/211 Vip<-5mV,
lour=50mA
VgaT Saturation veltage LM311/B V|nys-10mVY, 0.75 1.5 0.75 1.5 0.75 | 15 v
louT=50mA
Ta=25°C
lgasTr | Strobe on current Ta=25°C 3.0 3.0 30 mA
LM111/211 Vy>5mV,
VOUT=35v
LM311/B Vijy=10mV,
heAkaGE | Outputleakage current® Vour=35V 0.2 10 0.2 50 0.2 50 nA
Tp=25°C,
ISTROBE=3MA
(V== Vgnp=-5V)
Vos Input offset voltage3 Rg<50kQ2 4.0 10 10 | mv
los Input offset current? 20 70 50 nA
Iplas Input bias curent 150 300 250 nA
B = 13.8 13.8
Vin Input voltage range YT l‘:;”\g MYl (a5 10 [130 |-1a5 ) ‘o |30 X)‘s _‘1"5 v
-14.7 -14.7 ’ ’
V+245V,V-=0
LM111/211 V y<-6mV,
VoL Saturation voltage® IginksSBmA 0.23 0.4 0.23 0.4 023 | 04 v
LM311/B Vin<-10mV,
|5|NKSBIT|A
oH Qutput leakage cumrent | Vin25mV, Vo 1=35V 0.1 0.5 pA
lec Positive supply current Ta=25°C 54 6.0 5.1 7.5 16 35 mA
33 Negative supply voltage T5=25°C 4.1 5.0 4.1 5.0 mA
NOTES: )
1. This rating applies for 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is

equal to the negative supply voltage or 30V below the positive supply, whichever is/less.

2. These specifications apply for Vg=115V and 0°C < T < 70°C unless otherwise specified. With the LM211, however, all temperature

specifications are limited to -25°C g Ty < 85°C and for the LM 111 is limited to -55°C T4 < 125°C. The offset voitage, offset current, and bias
current specifications apply for any supply voltage from a single 5V supply upto £15V supplies.

pns @

August 31,1994
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The offset voltages and offset currents given are the maximum values required to drive the output within a voit of either supply with 1mA
load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

. The response time specified is for a 100mV input step with 5SmV over-drive.
Do not short the strobe pin to ground; it should be current driven at 3mA to SmA.
LM311B, all parameters are at V+ = 3V £10%, V— = GND = 0V.




Philips Semiconductors Linear Products Product specification

LM111/211/311/
LM311B

Voltage comparator

TYPICAL APPLICATIONS

Vez 5V
9

INPUT

MAGNETIC
PICKUP

* Values shown are for a 0 to 30V logic swing and a 15V threshold,

“* May be added to trol speed and red plibility to noise spikas.
Zero Detector Detecter for Magnetic TTL Interface with High
Driving MOS Logic Transducer Level Logic

August 31,-1994 276



LNK302/304-306

LinkSwitch-TN Family

Lowest Component Count, Energy Efficient

Off-Line Switcher IC

ER’

INTEGRATIONS

Product Highlights

Cost Effective Linear/Cap Dropper Replacement

+ Lowest cost and component count buck converter solution

+ Fully integrated auto-restart for short-circuit and cpen
loop fault protection — saves external component costs

* 1.NK302 uses a simplified controller without auto-restart
for very low system cost

* 66 kHz operation with accurate current limit —allows low cost
off-the-shelf 1 mH inductor for up to 120 mA output current

« Tight tolerances and negligible temperature variation

* High breakdown voltage of 700 V provides excellent
input surge withstand

* Frequency jittering dramatically reduces EMI (~10 dB)
— minimizes EMI filter cost

* High thermal shutdown temperature(+135 °C minimum)

Much Higher Performance over Discrete Buck and

Passive Solutions

* Supports buck, buck-boost and flyback topologies

* System level thermal overload, output short-circuit and
open control loop protection

* Excellent line and load regulation even with typical
cenfiguration

* High bandwidth provides fast turn-on with no overshoot

* Current limit operation rejects line ripple

* Universal input voltage range (85 VAC to 265 VAC)

¢ Built-in current limit and hysteretic thermal protection

* Higher efficiency than passive solutions

* Higher power factor than capacitor-fed solutions

e Entirely manufacturable in SMD

EcoSmart*— Extremely Energy Efficient

* Consumes typically only 50/80 mW in self-powered buck
topelogy at 115/230 VAC input with no load {optofeedback)

* Consumes typically only 7/12 mW in flyback topology
with external bias at 115/230 VAC input with no load

¢ Meets California Energy Commission (CEC), Energy
Star, and EU requirements

Applications
* Appliances and timers
* LED drivers and industrial controls

Description

LinkSwitch-TN is specifically designed to replace all linear and
capacitor-fed (cap dropper) non-isolated power supplies in the

FB BP
i ) s
Wide Range  LinkSwitch-TN = DC
HV DC Input Output
o + o

P}-3492-111903

Figure 1. Typical Buck Converter Application (See Application
Examples Section for Other Circuit Configurations).

85-265 VAC

230 VAC £15%
PRODUCT!
MDCM? | CCM® | MDCM? | CCM®
LNK302P or G| 63 mA | BOmA | 63 mA | BOmA

LNK304P.or G} 120 mA | 170 mA | 120 mA 1170 mA

LNK305P or G| 175 mA.| 280 mA | 175 mA {280 mA

LNK306P-or G | 225 mA | 360 mA | 225 mA {360 mA

Tuble |. Notes: 1. Typical output current in a non-isolated buck
converter. Qutput power capabilily depends on respective output
voltage. See Key Applications, Considerations Section for complete
description of assumptions, including fully discontinuous conduction
mode (DCM) operation. 2. Mostly discontinuous conduction mode. 3.
Continuous conduction mode. 4, Packages: P: DIP-8B, G: SMD-8B.
For lead-free package options, see Part Ordering Information.

under 360 mA output current range at equal system cost while
offering much higher performance and energy efficiency.

LinkSwitch-TN devices integrate a 700 V power MOSFET,
oscillator, simple On/Off control scheme, ahigh voltage switched
current source, frequency jittering, cycle-by-cycle current limat
and thermal shutdown circuitry onto a monolithic IC. The start-
up and operating power are derived directly from the voltage
on the DRAIN pin, eliminating the need for a bias supply and
associated circuitry in buck or flyback converters. The fully
integrated anto-restart circuit in the LNK304-306 safety limits
output power during fault conditions such as short-circuit or
open loop, reducing component count and system-level load
protection cost. A local supply provided by the IC allows use
of a non-safety graded optocoupler acting as a level shifter to
further enhance line and load regulation performance in buck
and buck-boost converters, if required.
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Figure 2a. Functional Block Diagram (LNK302).
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Figure 2b. Functivnal Biock Diagram (LNK304-306).
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Pin Functional Description

DRAIN (D) Pin:
Power MOSFET drain connection. Provides internal operating
current for both start-up and steady-state operation.

BYPASS (BP) Pin: .
Connection point for 2 0.1 uF external bypass capacitor for the
internally generated 5.8 V supply.

FEEDBACK (FB} Pin:

During normal operation, switching of the power MOSFET is
controlled by this pin. MOSFET switching is terminated when
a current greater than 49 pA is delivered into this pin.

SOURCE (8S) Pin:
This pin is the power MOSFET source connection. itisalsothe
ground reference for the BYPASS and FEEDBACK pins.

P Package (DIP-8B}
G Package (SMD-8B)

PI-3491-111903

Figure 3. Pin Configurarion.

LinkSwitch-TN Functional
Description

LinkSwitch-TN combines a high voltage power MOSFET switch
withapower supply controllerin onedevice. Unlike conventional
PWM (pulse width modulator) controllers, LinkSwitch-TNuses
a simple ON/QOFF control to regulate the output voltage. The
LinkSwitch-TN controller consists of an oscillator, feedback
(sense and logic) circuit, 5.8 V regulator, BYPASS pin under-
voltage circuit, over-temperature protection, frequency jittering,
current limit circuit, leading edge blanking and a 700 V power
MOSFET. The LinkSwitch-TN incorporates additional circuitry
for auto-restart.

Oscillator

The typical oscillator frequency is internally set to an average
of 66 kHz. Two signals are generated from the oscillator: the
maximum duty cycle signal (DC, .. } and the clock signal that
indicates the beginning of each cycle.

The LinkSwitch-TN oscillator incorporates circuitry that
intreduces a small amount of frequency jitter, typically 4 kHz
peak-to-peak, to minimize EMI emission. The modulation rate
of the frequency jitter is set to | kHz to optimize EMI reduction
for both average and quasi-peak emissions. The frequency
jitter shouid be measured with the oscilloscope triggered at
the falling edge of the DRAIN waveform. The waveform in
Figure 4 illustrates the frequency jitter of the LinkSwitch-TN.

Feedback Input Circuit

The feedback input circuit at the FB pin consists of a low
impedance source follower output setat 1.65 V. Whenthe current
deliveredinto this pin exceeds 49 pA, alow logic level (disable)
is gencrated at the output of the feedback circuit. This cutput
is sampled at the beginning of each cycle on the rising edge of
the clock signal. If high, the power MOSFET is turned on for
that cycle(enabled), otherwise the power MOSFET remains off
{(disabled). Since the sampling is done only at the beginning of
eachcycle, subsequent changes in the FB pin veltage or current
during the remainder of the cycle are ignored.

5.8 ¥V Regulator and 6.3 ¥V Shunt Voltage Clamp

The 5.8 V-regulator charges the bypass capacitor connected to
the BY PASS pinto 5.8 V by drawing a current from the voltage
on the DRAIN, whenever the MOSFET is off. The BYPASS
pin is the intemnal supply voltage node for the LinkSwitch-TN.
When the MOSFET is on, the LinkSwitch-TN runs off of the
energy stored in the bypass capacitor. Extremely low power
consumption of theintemnal circuitry allows the LinkSwitch-TN
tooperate continuously fromthe current drawn from the DRAIN
pin. A bypass capacitor value of 0.1 UF is sufficient for both
high frequency decoupling and energy storage.

In addition, there is a 6.3 V. shunt regulator clamping the
BYPASS pin at 6.3V when current is provided to the BYPASS
pin through an external resistor. This facilitates powering of
LinkSwitch-TN externally through a bias winding to decrease
the no-load consumption to about 50 mW.

BYPASS Pin Under-Voltage

The BYPASS pin under-voltage circuitry disables the power
MOSFET when the BYPASS pin voitage drops below 4.85 V.
Once the BYPASS pin voltage drops below 4.85 V, it must rise
back to 5.8 V to enable (turn-on) the power MOSFET.

Over-Temperature Protection

The thermal shutdown circuitry senses the die temperature.
The threshold is set at 142 °C typical with a 75 °C hysteresis.
‘When the die temperature rises above this threshold (142 °C) the
power MOSFET is disabled and remains disabled until the die
temperature falls by 75 °C, at which point it is re-enabled.

Current Limit
The currentlimit circuit senses the current inthe power MOSFET.
When this current exceeds the internal threshold (I, ), the
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Figure 4. Frequency Jitier.

power MOSFET is turned off for the remainder of that cycle.
The leading edge blanking cireuit inhibits the current limit
comparator for a short time (t ;) after the power MOSFET
is turned on. This leading edge blanking time has been set so
that current spikes caused by capacitance-and rectifier reverse
recovery time will not cause premature termination of -the
switching pulse.

Auto-Restart (LNK304-306 only)

In the event of a fault condition such as output overload, output
short, or an open loop condition, LinkSwitch-TN enters into auto-
restart operation. An internal counter clocked by the oscillator
gets Teset every time the FB pin is pulled high. 1f the FB pin
is not pulled high for 50 ms, the power MOSFET switching is
disabled for 800 ms. The auto-restart alternately enables and
disables the switching of the power MOSFET until the fault
condition is removed.

Applications Example

A 1.44 W Universal Input Buck Converter
The circuit shown in Figure 5 is a typical implementation of a

12 V, 120 mA non-isolated power supply used in appliance
control such as rice cookers, dishwashers or other white goods.
This circuit may also be applicable to other applications such
as night-lights, LED drivers, electricity meters, and residential
heating controllers, where a non-isolated supply is acceptable.

The input stage comprises fusible resistor RF1, diodes D3 and
D4, capacitors C4 and C5, and inductor L2. Resistor RF1 is
a flame proof, fusible, wire wound resistor. It accomplishes
several functions: a) Inrush current limitation to safe levels for
rectifiers D3 and D4, b) Differential mode noise attenuation;
¢) Input fuse should any other component fail short-circuit
(component fails safely open-circuit without emitting smoke,
fire or incandescent material).

The power processing stage is formed by the LinkSwitch-TN,
freewheeling. diode DI, output choke I.1, and the output
capacitor C2. The LNK304 was selected such that the power
supply operates in the. mostly discontinuous-mode (MDCM).
Dicde D1 is an ultra-fast diode with areverse recovery time (&, }
of approximately 75 ns, acceptable for MDCM operaticn. For
continuons conduction mode (CCM) designs, adiode withat_of
<35 nsisrecommended. Inductor L] is a standard off-the- shelf
inductor with-appropriate RMS current rating (and acceptable
temperature rise). Capacitor C2 is the output filter capacitor;
its primary function is to imit.the output voltage ripple. The
culput voltage ripple is a stronger function of the ESR of the
output capacitorthan the valve of the capacitor itself.

To a first order, the forward voltage drops of D1 and D2 are
identical. Therefore, the voltage across C3 tracks the output
voltage. The voltage developed across C3 is sensed and regulated
via the resistor divider R1 and R3 connected to Ut’s FB pin.
The values of Rl and R3 are selected such that, at the desired
output voltage, the voltage at the FB pin is 1.65 V.

Regulation is maintained by skipping switching cycles. As the
output voltage rises, the current into the FB pin will rise. If
this exceeds [ then'subsequent cycles will be skipped until the
current reduces below 1. Thus. as the output load is reduced,
more cycles will beskipped and if the load increases, fewer

A1
13.0%Q
1%
AAA Py
ey
RF1 ‘E e 1(? 3|=
2.05 kQ B D2
<
82'2“‘:2 1L§H sl |mp 1 ¢t 5 1% 3BV 1N4GO5GP
T1 00 nF - 7YYL O 12 Vl
e Dr—-ls L1 120 mA
. 1 mH
85265 1N4007 ca cs LinkSwitch-TN 280mA | C2 > P4
VAC 47yF Ta7pF  LNK304 D1 T 100F < 453%0
m%o 400V 400V UF4005 16V
7
[V |
o K: ORTN PI-3757-112103

Figure 5. Universal Input, 12 V, 120 mA Constant Voltage Power Supply Using LinkSwirch-TN.
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LinkSwitch-TN

o~ C4 Cs =~

AC
INPUT

Optimize hatched copper areas ([ =7_7_A4) for heatsinking and EMI.

PI-3750-083004

Figure 6. Recommended Printed Circuit Lavout for LinkSwitch-TN in.a Buck Converter Configuration.

cycles are skipped. To provide overload protection if no cycles
are skipped during a 50 ms period, LinkSwitch-TN will enter
auto-restart (LNK304-306), limiting the average output power
to approximately 6% of the maximum overload power. Due to
tracking errors between the output voltage and the voltage across
C3 at light load or no load, a small pre-load may be required
(R4). For the design in Figure 5, if regulation to zero-load is
required, then this value should be reduced to 2.4 k€.

Key Application Considerations
LinkSwitch-TN Design Considerations

Output Current Table

Data sheet maximum output current table (Table 1) represents
the maximum practical continuous output current for both
mostly discontinuous conductionmode (MDCM) and continnous
conduction mode (CCM)of operation that can be delivered from
a given LinkSwitch-TN device under the following assumed
conditions;

1) Buck converter topology.

2) The minimum DC input voltage is 270-V. The value of
input capacitance should be large enough to meet this
criterion.

3) For CCM operation a KRP* of 0.4.

4) Output veltage of 12 VDC.

5) Efficiency of 75%.

6) A catch/freewheeling djode with t <75 ns is used for
MDCM operation and for CCM operation, a dicde with
1, <35 ns is used.

7) The part is board mounted with SOURCE pins soldered
toa sufficient area of copper to keep the SOURCE pin
temperature at or below 100 °C.

*KRP is the ratio of ripple to peak inductor current.

LinkSwitch-TN Selection and Selection Between
MDCM and-CCM Operation

Selectthe LinkSwitch-TN device, freewheeling diode and output
inductor that gives the lowest overall cost. In general, MDCM
provides the lowestcost and highest efficiency converter. CCM
designs require a larger inductor and ultra-fast (1, <35 ns)
freewheeling diode in all-cases. It is lower cost to vse a larger
LinkSwitch-TNinMDCM than a smaller LinkSwitch-TNin CCM
because of the additional external component costs of a CCM
design. However, if the highest output current is required, CCM
should be employed following the guidelines below.

Topology Options

LinkSwitch-TN can be used in/all common topologies, with or
without an optocoupler and reference toimprove output voltage
telerance and regulation. Table 2 provide a summary of these
configurations. .For more information see the Application
Note'= LinkSwirch-TN-Design Guide.

Component Selection

Referring to-Figure 5, the following considerations may be
helpful in-selecting components for a LinkSwitch-TN design.

Freewheeling Diode D1

Diode D1 should be an ultra-fast type. For MDCM, reverse
recovery time t <75 ns should be used at a temperature of
70°Corbelow. Slower diedes are notacceptable, as continuous
mode operation will always occur during startup, causing high
leading edge current spikes, terminating the switching cycle
prematurely, and preventing the output from reaching regulation.
If the ambient temperature is above 70 °C then a diode with
t, <35 ns should be used.

For CCM an ultra-fast diode with reverse recovery time
1. <35 ns should be used. A slower diode may cause excessive
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High-Side 1. Output referenced to input |
Buck — 2. Positive output (V) with respect to -V,
Direct 3. Step down ~-V_ < Vm
Feedback i 4.L i 0
. Low cost direct feedback {+10% typ.)
D S
VT LinkSwitch-TN
o
High-Side 1. Output referenced to input
Buck — 2. Positive output (V) with respect to -V,
Optocoupier 3. Step down -V, <V,
Feedback s [ + | 4. Optocoupler feedback
> - Accuracy only limited by reference
Vin Vo choice
-.Low cost non-safety rated opto
> F - No pre-load required
5. Minimum:no-load consumption
Low-Side o
Buck -
Optocoupler Link§witch-TN
Feedback Vin
1. Cutput referenced to input
2, Negative output (V) with respectto +V
Prarss1ie0s 1.3, Step down — V<V,
t ow-Side o= 4. Optocoupler feedback
Buck — + ,0 /% g - A;;cluracy only limited by reference
Constant N1
Current LED | u e o R < Low cost.non-safety rated opto
Driver s i - No pre-load required
- Ideal for. driving LEDs
—\iE P1-3754-112103
S 8]
High-Side
Buck Boost -
Direct
Feedback
+ o | =
Vin LinkSwitch-TN vg~|1. Output referenced to input
. i 1— ¢ | 2- Negative output (V,,) with respect to +V,,
PI3755-121003 3. Step up/down - V>V orV, <V,

- - 4, l.ow cost direct feedback (x10% typ.)
glgh-&de o W2y 5. Fail-safe — output is not subjected to input
Cﬁﬁ;’:ﬁ?g - L 3 sense = 72 voltage if the internal MOSFET fails

FB|_lap 1 Rsc -— 6. Ideal for driving LEDs — better accurac
T1 ., T o 9 y
ggrrent LED _(,_)—_DLJ? I_')T_I NJ_ 3 and temperature stability than Low-side
rver LinkSwitch-TN L NN Buck constant current LED driver
N 50;;] 100 nF % kN
[3% 3
= ‘
PI-3779-120803

Table 2. Common Circuit Configurations Using LinkSwirch-TN. (continued on next page)
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. Positive output (V) with respect to +V,
- Step up/down — V>V orV, <V,
. Optocoupler feedback
- Accuracy only limited by reference
choice
- Low cost non-safety rated opto
- No pre-load required
5. Fail-safe ~ output is not subjected to input
voltage if the internal MOSFET fails

i
£WN |
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Table 2 (cont). Common Circuit Configurations Using LinkSwitch-TN.

leading edge current spikes, terminating the switching cycle
prematurely and preventing full power delivery.

Fast and slow diodes should never be used as the large reverse
recovery currents can cause excessive power dissipation in the
diode and/or exceed the maximum drain-eurrent specification
of LinkSwitch-TN.

Feedback Dicde D2

Diode D2 can be a low-cost slow diode such as the I N400X
series, however it should be specified as a glass passivated type
to guarantee a specified reverse recovery time. To a first order,
the forward drops of D1 and D2 should match.

Inductor L1

Choose any standard off-the-shelf inductor that meets the
design requirements. A “‘drum’or “‘dog bone”” I’ core inductor
is recommended with a single ferrite_element due to 10/ its
low cost and very low audible noise properties. The typical
inductance value and RMS current rating can be obtained from
the LinkSwitch-TN design spreadsheet available within the
Pl Expert design suite from Power Integrations. Choose L
greater than or equal to the typical calculated inductance with
RMS current rating greater than or equal to calculated RMS
inductor current.

Capacitor C2

The primary function of capacitor C2 is to smooth the inductor
current. The actual output ripple voltage is a function of this
capacitor’s ESR. To a first order, the ESR of this capacitor
should notexceed the rated ripple voltage divided by the typical
current Jimit of the chosen LinkSwitch-TN.

Feedback Resistors R1 and R3

The values of the resistors in the resistor divider formed by
R1 and R3 are selected to maintain 1.65 V at the FB pin. Itis
recommended that R3 be chosen as a standard 1% resistor of
2k£. This ensures good noiseimmunity by biasing the feedback
network with a current of approximately 0.8 mA.

Feedback Capacitor C3

Capacitor C3-can be a fow cost general purpose capacitor. It
provides a “sample.and hold” function, charging to the output
voltage during the off time of LinkSwitch-TN. Its value should
be 10 pF to 22-pF; smaller values cause poorer regulation at
light load conditions:

Pre-load Resistor R4

{n high-side, direct feedback designs where the minimum load
is <3 mA, a pre-load.resistor is required to maintain output
regulation. This ensures sufficient inductor energy to pull the
inductor side of the feedback capacitor C3 to input return via
D2, The value of R4 should be selected to give a minimum
output load of 3 mA.

In designs with an optocoupler-the Zener or reference bias
current provides a 1'mA to 2 mA minimum load, preventing
“pulse bunching” and increased output ripple at zero load.

LinkSwitch-TN Layout Considerations

In-the buck or buck-boost converter configuration, since the
SOURCE pins in LinkSwitch-TN are switching nodes, the copper
area connected to SOURCE should be minimized to minimize
EMI within the thermal constraints of the design.

In the-boost configuration, since the SOURCE pins are tied
toDC return, the copper area connected to SOURCE can be
maximized to improve heatsinking.

The loop formed between the LinkSwitch-TN, inductor (L1),
freewheeling diode (D1), and output capacitor (C2) should
be kept as small as possible. The BYPASS pin capacitor
C1 (Figure 6) should be located physicaily close to the
SOURCE (S) and BYPASS (BP) pins. To minimize direct
coupling from switching nodes, the LinkSwirch-TN should be
placed away from AC input lines. It may be advantageous to
place capacitors C4 and C5 in-between LinkSwitch-TN and the
AC input. The second rectifier diode D4 is optional, but may
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be included for better EMI performance and higher line surge
withstand capability.

Quick Design Checklist

As with any power supply design, all LinkSwitch-TN designs
should be verified for proper functionality on the bench. The
following minimum tests are recommended:

1} Adequate DC rail voltage — check that the minimum DC
input voltage does not fall below 70 VDC at maximum load.,
minimum input voltage.

2) Correct Diode Selection — UF400x series diodes are
recommended only for designs that operate in MDCM at
an ambient of 70 °C or below. For designs operating in
continuous conduction mode (CCM) and/or higherambients,
then a diode with a reverse recovery time of 33 nsor better,
such as the BYV26C, is recommended.

3) Maximum drain current - verify that the peak drain current
is below the data sheet peak drain specification under

worst-case conditions of highest line voltage, maximum
overload (just prior to auto-restart) and highest ambient
temperature.

4) Thermal check — at maximum output power, minimum
input vollage and maximum ambient temperature, verify
that the LinkSwitch-TN SOURCE pin temperature is
100 °C or below. This figure ensures adequate margin due
to vartations in R . . from part to part. A battery powered
thermocouple meteris recommended to make measurements
when the SOURCE pinsare a switching node. Alternatively,
the ambient temperature may be raised lo indicate margin
to thermal shutdown.

Ina LinkSwitch-TN design using a buck or buck boost converter
topology, the SOURCE pin is a switching node, Oscilloscope
measurements should therefore be made with probe grounded
to a DC voltage, such as primary return or DC input rail, and
not to the SOURCE pins. The power supply input must always
be supplied from an isclated source (e.g. via an isolation
transformer).
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DRAIN Voltage ........... -0.3Vio700V
Peak DRAIN Current (LNK302) 200 MA (375 mA)YP
Peak DRAIN Current (LNK304)................. 400 mA (750 mA)Y®
Peak DRAIN Current (LNK305)................. 800 mA (1500 mA)®
Peak DRAIN Current (1.NK306)................. 1490 mA (2600 mA)®
FEEDBACK Voltage ........cccocovveniiniricnricrnnns 03VieoV
FEEDBACK Current.............c.cooiiviiiniis 100 mA
BYPASS Voltage ... 03 Vi9V
Storage Temperature ...............occvvicer e, -65°Cto150°C
Operating Junction Temperature™ ... -40°C o 150°C
Lead Temperature™ ... 260 °C

Notes:

1. All voltages referenced to SOURCE, T, = 25 °C.

2. The higher peak DRAIN current is allov» ed if the DRAIN
to SOURCE voltage does not exceed 400 V,

3. Normally limited by internal circuitry.

4. 1/16in. from case for 5 seconds.

5. Maximum ratings specificd may be applied, onc at a time,
without causing permanent damage to the product.
Exposure to Absolute Maximum Rating conditions for
extended periods of time may affect product reliability.

Thermal Imped'lce P or G Package Notes:
(0,) o 70 °CIW®; 60 °C/WP 1. Measured on pin 2(SOURCE) close to plastic interface.
(0,0 11.°C/IW. 2/ Soldered to (.36 sq. in. (232 mm?), 2 oz. (610 g/m?} copper clad.
3. Soldered to-1'5q. in. (645 mm?), 2 oz. (610 g/m®) copper clad.
Conditions
Parameter Symbol | SOURCE =0V T;=-4010125°C 1 -Min | Typ. | Max | Units
See Figure 7
{Unless Otherwise Specified)
Average 62 66 70
Output né T,=25°C KHz
Frequency Peak-Paak Jitter 4
Maximum Duty DG, ,; 52 Open 66 69 72 %
Cycle
FEEDBACK Pin
Turnoff Threshold e T,=25°C 30 49 68 HA
Current
FEEDBACK Pin
Voltage at Turnoff % 1.54 1.65 1.76 \
Threshold
Vi 22V
I, (MOSFET Not Switching) 160 220 UA
See Note A
DRAIN Supply FEEDBACK LNK302/304 200 | 260
Current Open
|52 (MOSFET LNK305 220 280 pA
Switching)
See Notes A, B LNK306 250 310
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Parameter

Conditions

SOURCE =0V;T,=-4010 125°C
See Figure 7

(Unless Otherwise Specified)

Min

Typ

Max

Units

difdt = 55" mA/us

[ V=0V LNK302/304 | -55 | -33 | -1.8
BYPASS Pin o T,=26°C LNK30sm06 | 75 | 46 | 25 |
Charge Current | V,, =4V LNK302/304 | 38 | -23 | -0

ore T,=25°C LNK305/306 | -4.5 -3.3 1.5
\B/;(If; gses Pin Voo 556 | 58 | 610 | v
BYPASSPin 1, 08 | oo | 12 | v
Voltage Hysteresis
BYPASS Pin
Supply Current I £ See Note D 68 pA

T, 225 °C 126 136 146
LNK302
di/dt = 250 mA/us
T, 225 °C 145 165 185
di/dt = 65 mA/us
T, =25 °C 240 257 275
- LNK304
difdt = 415 TA/ps 571 308 345
- 1% (See T,=25°C
Current Limit Note E) o Sve S0 mA
i/dt = 75 mA/s
T, =25°C 350 375 401
LNK305
di/dt-= 500 mA/ps
T, 25°C 306 450 504
di/dt =95 mA/us
T.228°0 450 482 515
LNK306
di/dt = 610 mA/s
T,=25°C 508 578 647
LNK302/304 280 360 475
Minimum On Time |ty LNK305 360 480 610 ns
LNK306 400 500 675
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Conditions
Parameter Symbol | SOURCE=0V,T,=-4010125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
Leading Edge T,=25°C
J
Blanking Time e Sée Note F 70| s s
21?1;;:?; t%t::tdown Ty, 135 | 142 | 150 °G
L';::Q:Liih”tdown Ton See Note G 75 °C
LNK302 T,=25°C 48 55.2
lp =13 mA T,=100°C 76 88.4
LNK304 T,=25°C 24 27.6
ON-State a I5 = 25 MA T,=100°C 38 44.2 o
Resistance pS(oM | NK305 T,=25°C 12 138
lp = 35 mA T,=100°C 19 22,1
LNK306 T,=25°C 7 8.1
I, =-45mA T, =100°C 11 12.9
LNK302/304 50
OFF-State Drain Yeer2:2 Y aaEs Aeg o
Leakage Current o5 V{-’Sf 252 03’ : hA
i LNK306 90
Vo=6.2 V.V _ 22V,
Breakdown Voltage| ~ BV o T/=25 o 700 v
Rise Time U Measured in a Typical Buck 50 ns
Fall Time 1 Converter Application 50 ns
DRAIN Supply 54 Y
Voltage
ggltg;t Enable 1oy See Figure 9 10 us
tput Di
Output Disable Lo 05 us
Setup Time
Auto-Restart ; T,=25°C LNK302 Not Applicable "
ON-Time AR See Note H LNK304-306 50
Auto-Restart DG LNK302 Not Applicable - y
Duty Cycle R LNK304-306 6
| :
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NOTES:

A. Total current consumption is the sum of i, and |

Ds

s when FEEDBACK pin voltage is 22 V (MOSFET not

switching) and the sum of |, and I .o when FEEDBACK pin is shorted to SOURCE (MOSFET switching).

B Since the output MOSFET is switching, it is difficult to isolate the switching current from the supply current at the
DRAIN. An alternative is to measure the BYPASS pin current at 6 V,

C. See Typical Performance Characteristics section Figure 14 for BYPASS pin start-up charging waveform.

D. This current is only intended to supply an optional optocoupler connected between the BYPASS and FEEDBACK

pins and not any other external circuitry.

E. Forcurrent limit at other di/dt values, refer to Figure 13.

F. This parameter is guaranteed by design.

G. This parameter is derived from characterization.

H. Auto-restart on time has the same temperature characteristics as the oscillator {inversely proportionaf to

frequency}.

:

[?jn?
—

470 k2
52

S1uF

P1-3490-060204

Figure 7. LinkSwitch-TN General Test Circuit.
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VOLTAGE Tt
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PI-2048-033001

Figure 8. LinkSwitch-TN Dutv Cvcle Measurement.
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-
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Typical Performance Characteristics
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LNK302/304-306

Typical Performance Characteristics (cont.)
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Figure 16.-C,__; vs. Drain Vollage.

LinkSwitch Product Family
TN Series Number
Package |dentifier
G | Plastic Surface Mount DIP
P Plastic DiP

Lead Finish
J Blank | Standard (Sn Pb)
N

N Pure Matte Tin (Pb-Free)

Tape & Reel! and Other Options
‘ Blank | Standard Configurations

-TL Tl | Tape & Reel, 1 k pcs minimum;, G Package only

l
l
L
[
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LNK302/304-306

DIP-8B
@ID $1.004 (.10} 137 (3.48) Notes:
-E- — MINIMUM 1. Package dimensions contorm to JEDEC specification
i | ‘—] MS-001-AB (Issue B 7/85) for standard dual-in-line (DIP)
package with .300 inch row spacing.
2. Controlling dimensions are inches. Millimeter sizes are
shown in parentheses.
240 (6.10) 3. Dimensions shown do not include mold flash or other
.?GF(G'SE) ) protrusions. Mold flash or protrusions shall not exceed
" . .006 (.15) on any side.

O 4. Pin locations start with Pin 1, and continue counter-clock-
wise to Pin 8 when viewed from the top, The notch and/or
dimple are aids in locating Pin 1. Pin 6 is omitted,

——L_J LI L1 L 5. Minimum metal to metal spacing at the package body for
the omitted lead location is .137 inch (3.48 mm).
.367 (9.32) 6. Lead width measured at package body.
-D- .387 (9.83) = 7. Lead spacing measured with the leads constrained to be
-057 (1.45) perpendicular to plane T.
{068 (1.73)
T H {(NOTE 6)
125 (3.18) .015(:38)
t M ;
I1- — )
‘i 008 (20
PLANE .120(3.05) b ’W%ﬁ;
140 (3.56) i
uu ———i i 300 (7.62) BSC ‘-=
.100(2.54) BSC —{} | .048 (1.22) I s (NOTE7) )
014 (.36) .053 (1.35) 300 (7.62) P0OSB
= T02Z (56) [STIEID §.010 (.25) 8] 380(3.97) PI-2551-121506

137.(3.48) Notes:
MINIMUM 1. Controlling dimensions are
SCT T -~ inches, Millimeter sizes are
i D D l shown in parentheses.
g 2. Dimensions shown do not
i include mold flash or other
E protrusions. WMold flash or
! protrusions shall not exceed
24D (6.10) L”% 4o 006 (.15) on any side.
260(6.60) 268 RGP\ " 3. Pin locations start with Pin 1,
m and continue counter-clock-
O | .046| .060 .060 .046 wise 1o Pin 8 when viewed
l —+ from the top. Pin 6 is omitted.
i EI 4 4. Minimum metal to metal
_ i E .080 spacing at the package body
Pin 1 —— ETJ w Eﬂ ; Pin. 1= 5 for the omitted lead Jocation
L 086 is .137 inch (3.48 mm).
-100 {2.54) (BSC) 186 5. Lead width measured at
556 package body.
367 (9.32) N ] . 6. D and E are referenced
-D- |- 387 (9.83) '-' Sclder Pad Dimensions datums on the package
. body.
I 057 (1.45) oy
125 (3.18) 068 (1.73)
145 (3.68) (NOTE 5)
| I , ¥
004 {.10; [}
032(.81) L 048 (1.22) J L 009 (23) T 2,004 (.10) | o'g?
037 (.94) .053 (1.35) . - .004 (.10) .036 (0.91) 0-
.012 (.30) 044 (1.12) GO8B
PI-2545-121504
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LNK302/304-306

Revision { Notes Date
C 1) Released Final Data Sheet. 3/03
D 1) Corrected Minimum On Time. 1104
E 1) Added LNK302. 8/04
F 1) Added lead-free ordering information. 12/04
G 1) Minor error corrections. 3/05

2) Renamed Feedback Pin Voltage parameter to Feedback Pin Voltage at Turnoff Threshold and
removed condition.

For the latest updates, visit our website: www.powerint.com
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NE555

SAS55 - SES55

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOW TURN OFF TIME

» MAXIMUM  OPERATING FREQUENCY
GREATER THAN 500kHz

» TIMING FROM MICROSECONDS TO HOURS

s OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

» HIGH QUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

a TTL COMPATIBLE

» TEMPERATURE STABILITY OF-_0.005%
PER°C

DESCRIPTION

The NES55 monolithic timing circuitis a highly stable
controlier capable of producing accurate time delays
or oscillation. In the time delay mode of operation,
the time is precisely controlled by one extemnal re-
sistor and capacitor. For a stable operation as an os-
ciltator, the free running frequency and the duty cy-

N
DIP8
(Plastic Package)

(Plastic Micropackage)

D
sog

cle are both accurately controlled with two external ORDER CODES
resistors and one capapitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N D
put structure can source or sink up to 200mA. The E5 5°C. 70°%C R R
NES555 is available in plastic and ceramic minidip gASZS _400% 105°C
package and in a 8-lead micropackage and in metal ’ ' *
can package version. SESP ~55°C;425°C . .
PIN CONNECTIONS (top view)
[: 1 8 :I 1 - GND
2 - Trigger
3 - Cutput
I: 2 7 _—_l 4 - Reset
5 - Control voltage
6 - Threshold
E 3 6 ] 7 - Discharge
8 - Vcc
]+ 5(]
July 1993 1/10




NES555/SA555/SE555

BLOCK DIAGRAM

Vet -
=7 I
| t
i Skt |
: COMP
THRESHOLD ——— DISCHARGE
CONTROL VOLTAGE | r R
j FLIP-FLOH
| 5k Q
1 SoMp ourt
TRIGGER — ~
| s
: INHIBIT
| RESET
|
|
|

SCHEMATIC DIAGRAM

THRESHOLD
COMPARATOR

CONTROL
VOLTAGE

OUTPUT

THRESHOLD

GND
TRIGGER COMPARATOR FLIP FLOP
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage 18 A%
Toper | Operating Free Air Temperature Range for NE555 0to70 °C
for SA555 —40 to 105
for SE555 —55 to 125
Tj | Junction Temperature 150 °C
Tsg | Sterage Temperature Range 65 to 150 °C
2110 K’I




NE555/SA555/SES55

OPERATING CONDITIONS
Symbol Parameter SES555 NES555 - SAS55 Unit
Vee Supply Voltage 45t 18 4510 18 v
Vith, Virig, Vi, Vieset | Maximum Input Voltage Vee Vee A

ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vce = +5V to +15V (unless otherwise specified)

Symbol Parameter SESS5 NESSS - SAS55 Unit
Min. Typ. Max. Min. Typ. Max,
lec Supply Cutrent (RL ) (- note 1) mA
Low State Vee = +5V 3 5 3 6
Vee = +15V 10 12 10 15
High State  Vge = 5V 2 2
Timing Error (monostable)
{Ra= 2k to 100kQ, C = 0.1uF)
Initial Accuracy - (note 2) 05 2 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 0.5 %V
Timing Error (astable)
(Ra, R = 1k to100kQ, C = 0.1uF,
Veo = +15V)
Initial Accuracy - (note 2) 1.5 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %V
Voo Control Voltage level v
Veo = +15V 96 10 104 9 10 11
Vee = +5V 29 3.33 38 286 333 4
Vin Threshold Voltage v
Vce = +15V 9.4 10 10.6 8.8 10 11.2
Vee = +8V 2.7 3.33 4 2.4 3.33 4.2
Ith Threshold Current - (note 3) 0.1 0,25 01 0.25 A
Virig Trigger Voltage \'4
Vee = +15V 4.8 5 52 4.5 5 586
Voo = +5V 1.45 1.67 1.9 1.1 1.67 2.2
hig Trigger Current (Vg = 0V) 05 09 0.5 2.0 LA
Vieset | Reset Voitage - {note 4) 04 0.7 1 0.4 0.7 1 \
leset | Reset Current [ ma
Vieset = 10,4V 01 04 0.1 0.4
Vreset = 0V 0.4 1 0.4 1.5
VoL Low Level Output Voltage v
Ve = ¥15Y,  losinkg= 10mA 0.1 0.15 0.1 0.25
logsink) = 50mA 0.4 0.5 04 0.75
losink) = 100mMA 2 22 2 2.5
logsinky = 200mA 2.5 2.5
Vee = 45V, lognk = 8mA 0.4 0.25 0.3 0.4
logsink) = SMA 0.05 0.2 0.25 0.35
Vo | High Level Output Voltage \'
Vee = +15V,  logource) = 200mA 12.5 12.5
Iogsource) = 100mMA 13 13.3 1275 | 133
Vee = +5V,  logsoure) = 100mA 3 3.3 275 3.3

Notes : 1. Supply current when output is high is typically TmA less.

. Tested at Vee = +5V and Vg = +15V.

. This will determine the maximum value of Ra + Re for +15V operation the max total is R = 20MQ and for 5V operation
the max total R = 3.5MQ.

w N
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NE555/SA555/SES55

ELECTRICAL CHARACTERISTICS (continued)

55 NE -
Symbol Parameter SES%5 - 595 - SASSS Unit
Min. Typ. Max. Min. Typ. Max.
lasoy | Discharge Pin Leakage Current 20 100 20 100 nA
{output high) (Vgis = 10V)
Viissaty | Discharge pin Saturation Voltage mv
{output low) - (note 5)
Voo = +15V, lgs = 15mA 180 480 180 480
Vee = +5V, las = 4.5mA 80 200 80 200
tr Output Rise Time 100 200 100 300 ns
L] Output Fall Time 100 200 100 300
tort Turn off Time - (note 6) (Vresat = Vcc) 0.5 05 us

Notes : 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will not be exceeded.
6. Time mesaured from a positive going input pulse from 0 o 0.8x Vec into the threshold to the drop from high to low of the
output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for Figure-2.; Supply Current versus Supply Voltage
Trigering
B-5415 G-SL16
w T T Is
s} | i imal [
b e —t : 125°C W esec
i [ ‘ [
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«55°C
00 LT
x o°F &
L—T"
1 T s
» LT — :
5 ; 70°C
3 125°C
i I o
0 o 0.2 03 vy vl 5 0 "% \lslvl
Figure 3: Delay Time versus Temperature Figure 4 : 'Low Output Voitage versus Output
Sink-Current
©-502% G547
T T
" ! i I I (‘\’?I Vg5V
P ey
¥ =1
100 : -55°C I 15 [ 1757
i F /4
1005 . i
-— L‘—.l_ _ |
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NE555/SA555/SES55

Figure 5: Low Cutput Voltage versus Output

Sink Current
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Figure 7 : High Output Voltage Drop versus

Output
G-5420
)
9 =55°C =
ey
1% ! -
25°C "]
T3 -
12 o
usc__t—t"]
]
-
(1)
21
04
g5V 1Y
o2 J_
o |
v 5 W 20 iypypcplhal

Figure 6 : Low Qutput Voltage versus Qutput

Sink Current
G-%419
% .
o™ Vs 15y
+951°C
, [
-
e /
e A TA
ol Zone
]
=
om
] 1 H 1020 lgypimAl

Figure 82" Delay Time versus Supply Voltage

G-5025

‘a

1015

1010

1005

o s 0 15 Vg (v)

Figure 9.: ~Propagation Delay versus Voltage
Level of Trigger Value

[

ta
{ns)

350

300

750

200

o

./

Sy

t
& -55*C

100

o°C

i

15%¢
50 : 0
- 125°e

N 1

0 at

J

az 03 wiv

510




NE555/SA555/SE555

APPLICATION INFORMATION

MONOSTABLE OPERATION

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

Figure 10

Vgt = 510 18V
[og

The circuit triggers on a negative-going input signal
when the level reaches 1/3 Vce. 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 stateis given
by t = 1.1 R1C1 and is-easily determined by

figure 12.

Notice that since the charge rate and the threshold
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 startover. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the reset 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 shert 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 capagcitor equals 2/3 Vcc, the compa-
ratorresets the flip-fiop which then discharge the ca-
pacitor rapidiy 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.

6/10

Figure 11
t=0.1msfdiv

I 1 L
INPUT = 2.0V/div

OUTPUT VOLTAGE = 5.0V/div

AL
(L LT

CAPACITOR VOLTAGE = 2.0v/div
R1=9.1k0, Ch=0,010F, R = 1kQ

Figure 12

u;g) 5 ,///
10 ~”%L/
o

10 100 1.0 10 100 10 {tg)
ms s

ASTABLE OPERATION

Whenthe circuitis connected as shown in figure 13
(pin 2 and 6 connected)it iriggers itself and free runs
as a multivibrator. The extemnal 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 V¢c and 2/3 Vee. As in the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.

573




NES555/SA555/SES55

Figure 13

Ve =510 15V
o =919 10

Figure 14 shows actual waveforms generated in this
mode of operation.
The charge time (output HIGH) is given-by :
t =0.693 (R1 + Rz} Cq
and the discharge time {(output LOW) by :
t2 =0.693 (R2) Cq
Thus the total period T is given by :
T=t+t2=0.693 (R +2R2)Cs
The frequency ofoscillation is them :
f=d._ 144
T (R1+2R2) Cq
and may be easily found by figure 15.
The duty cycle is given by :

__ Rz
=R+ 2R
Figure 14

t=0.5 ms / div

OUTPUT VOLTAGE = 5.0Vidiv

\

CAPACITOR VOLTAGE = 1.0V/div

R1=R2=4.8kQ, C1=0.1uF, R = 1kQ

73

Figure 15 : Free Running Frequency versus R;,
Rz and C4
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PULSE WIDTH MODULATOR

When the fimer 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.

-0 Voot
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C
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NE555/SA555/SE555

LINEAR RAMP

When the pullup resistor, Ra, in the monostable cir-
cuitis replaced by a constant current source, alinear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this function.

Figure 17.

Figure 18 shows waveforms generator-by the linear

ramp.
The time interval is given by :
g
Figure 18 : Linear Ramp.
//E
P . ]

Vee = 5V Top trace : input 3V/DIV

Time = 20us/DIV Middle trace : output 5V/DIV

R1 = 47kQ Bottom trace : output 5v/DIV
R2 = 100kQ Bottom trace : capacitor voltage
Re = 2.7kQ 1vDIV

C = 0.01pF

8/10

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle the resistors Ra and Re may
be connected asin figure 19. The time preriod for the
output high is the same as previous,

t1 =0.693 Ra C.

For the outputlow itis tz2 =

[(RaRe)/(Ra + Re)] CLn [M ]
2R — Ra

Thus the fi f oscillation is f =
us the frequency of oscillation is v

Note that this circuit will not oscillate if Rg is greater

Figure 19 : 50% Duty Cycle Oscillator.
QO Ve
[\] RA
51k0

Rp

22k

[5 100ter
{_,T} T ?L:o.o%f

than-1/2 Ra because the junction of Ra and Rg can-
not bring pin 2 down to 1/3 Vcc and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect »associated circuitry.. Minimum recom-
mendedis 0.1uF in parallel with 1pF electrolytic.

q




NES55/SA555/SE555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

r_ei_*
H <
= - bl
BBl |]
ey e |
; | |
7 e Z
D
|
8 5
EL
1 4
| o S
Dimensions Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
ail 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.58 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10,92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 762 0.300
ed 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
Z 1.52 0.060 |
172 /10
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NE555/SA555/SE555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
o el R
- =t
\lJ_Ll—LI_LLil %ﬂ\ L)
b Ji | e | s % l 2
e3 l E
t
D
i
1 1l #
~ ™~ 1
8 5
L.
1 4
C 7
. . Millimeters Inches
Dimensions : -
Min. Typ: Max. Min. Typ. Max.
A , 1.75 0.069
at 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 ‘ 0.19 0.25 0.007 0.010
o 0.25 0.5 0,010 0.020
ct 45°)(typ))
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
ed 381 0.150
F 38 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 06 0.024
S 8° (max.)
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Vishay Telefunken

Photo Modules for PCM Remote Control Systems

Available types for different carrier frequencies

yp vk : PR :
TSOP4130 30 kHz TSOP4133 33 kHz
TSOP4136 36 kHz TSOP4137 36.7 kHz
TSOP4138 38 kHz TSOP4140 40 kHz
TSOP4156 56 kHz
Description

The TSOP41.. — series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame; the epoxy

package is designed as IR filter.

The demodulated output signal can -directly. be
decoded by a microprocessor. The main bengfit is the
reliable function even in disturbed ambient and the

protection against uncontrolled output pulses.

Features

¢ Photo detector and preamplifier in one package
¢ |Internal filter for PCM frequency

e Improved shielding against electrical field

disturbance

¢ TTL and CMOS compatibility

¢ Qutput active low

Block Diagram

Low power consumption
High immunity against ambient light
Enhanced data rate of 2400 bit/s

Operation with short bursts possible
(=6 cycles/burst)

3
OVs
Input Cc_)ntrpl
Circuit 30 kO
2 4 1
N ouT
2 PIN )
Band Demodu-
AGC Pass lator K
T 2
Lo
8612226
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TSOP41.. —
Vishay Telefunken v
Absolute Maximum Ratings

Tamp = 25°C

Supply Voltage

Supply Current (Pin 3) Il mA
Output Voltage (Pin 1) Vo -0.3..6.0 \')
Output Current (Pin 1) Io mA
Junction Temperature T; 100 °C
Storage Temperature Range Tstg -25...+85 C
Operating Temperature Range Tamb -25...4+85 °'C
Power Consumption {Tamb = 85 °C) Piot 50 mwW
Soldering Temperature t = 10 s, 1. mm from case Ted 260 °C

Basic Characteristics
Tamb = 2506

Supply Current (Pin 2) Ve=5V, Ey=0 lsp. 108 | 41 | 15 | mA
Vg =5V, E, = 40 kix, sunlight sH 14 mA
Supply Voltage (Pin 2) Vs 45 5.5 Vv
Transmission Distance E, = 0, test signai see fig.8, d 35 m
IR diode TSAL6200, Iz = 250 mA
Output Voltage Low (Pin'1) oL =0.5mA, Vou 250 mv
Ee =0.7.mW/m2, f =1,
Irradiance (30 — 40 kHz) Pulse width tolerance: t,; — Sy < Ee min 0.2 | 0.4 [mW/m?2
oo < tpi + Sifp, test signal see fig.8
Irradiance (56 kHz) Pulse width tolerance: t;; — 5/f; < Ee min 0.3 | 0.5 |mW/m?
tho < 1o + 5/, test signal see fig.8
Irradiance Ee max.| 30 W/m?2
Application Circuit
100 Q2 *) +5V
2
TSOP41..
TSAL62.. #’? 1 uC
\:‘ **)
3 O
16286 GND

*) recommended to suppress power supply disturbances
**} The output voltage should not be hold continucusly at a voltage below 3.3V by the external circuit.

www.vishay.com
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Suitable Data Format

The circuit ofthe TSOP41.. is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain controt are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst tength
and duty cycle.

The data signal should fullfilt the following condition:

» Carrier frequency should be ciose to center
frequency of the bandpass (e.g. 38kHz).

» Burst fength should be 6 cycles/burst orlonger.

« After each burst which is between 6 cycles and 70
cycles a gap time of at least10 cycles is
neccessary.

+ For each burst which is longer than 1.8ms-a
corresponding gap time is-necessary at some time
in the data stream. This gap time should have at
least same length as the burst:

e Upto 2200 shortbursts persecond can berecaived
continuously.

Vishay Telefunken

Some examples for suitable data format are:

NEC Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, RCMM Code, R-2000 Code,
RECS-80 Code.

When a disturbance signal is applied to the TSOP41..
it can still receive the data signai. However the
sensitivity is reduced to that level that no unexpected
puises will occure.

Some-examples for such disturbance signals which
are suppressed by the TSOP41.. are:

» /DC light (e.g. from tungsten bulb or sunlight)

= - Continuous signal at 38kHz or at any other
frequency

 Signals from fluorescent lamps with electronic
ballast (an example of the signal modulation is
shown in the figure below).

[l it

T T T

0 5 10

time ms]

IR Signal from-Fluorescent-Lamp with-low Modulation

Document Number 82135
Rev. 7, 29 Mar-01
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Vishay Telefunken

v

Typical Characteristics (T;,p = 25°C unless otherwise specified)

1.0
& / \
:‘-_’E 0-8 l’"
: TR
Q
& /
o 0.6 T\
3 —
I
0.4 v —
o M ,
uié 02 f="fot5%
Af(3dB)=fy!7
0.0 1 | }
67 08 09 1.0 1.1 1.2 1.3
94 9102 f/fo — Relative Frequency

Figure 1. Frequency Dependence of Responsivity

0.30
’é‘ 0.25 —3-.\_;.!\
: I
% 020
3 7 Input burst duration
L e ldle afd = 4 Jr=fd B M -
2 015
= |
=3
& 010
5 A =950nm,
optical test sipnal, fig,7
's 005 4 a =
0
0.1 1.0 100 100.0. 1000.0 10000.0
12751 Ee - Imadiance { mW/m?)

Figure 2. Pulse Length and Sensitivity.in Dark Ambient

5.0 T T T

4.5 | Correlation with ambient light sources
(Disturbance effect): 10W/m? =1 4kix
40| (Stand.illum.A, T=2855K)=8.2kIx

15 (Daylight, T=5900K) ;
3.0
25 /
2.0 _[
/

Ambient, » = 950 nm

E, min — Threshold Irradiance (mW/m? )

L5
1.0 /_,/
0.5 s ]
0
0.01 0.10 1.00 10.00 100.00
96 12111 E - DC Irradiance (W/m?)

Figure 3. Sensitivity in Bright Ambient

Bl _P /
2.0 /
1 f(E)=fy *ﬁf_f
1.6
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0.8 T
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0.4 ——
0.0 |

0.0 0.4 0.8 1.2 1.6 20
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E, nin— Threshold Irradiance { mWim? )

Figure 4. _Sensilivity vs. Electric Field Disturbances
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Figure 5. Sensitivity vs. Supply Voltage Disturbances
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o Sensitivity in dark ambient
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Figure 6. Sensitivity vs. Ambient Temperature
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Optical Test Signal
Ee [ (IR diode TSAL6200, Ip=0.4 A, N=6 pulses, f=fp, T=10ms )

LI

.
tpi

* tpi = 6/fo is recommended for optimal function

Qutput Signal 16298
Vo
1) 36 <ty < 9/fy ‘
Vou 2) by — S/ < tho <t + 5/fp
1) t
b tpoz) —
Figure 7. Qutput Function
Optical Test Signal
Ee

94 8134

Output Signal, { see Fig.10")

ﬂﬂ ATHE

N NCARN PR

Figure 8. Output Function

1O
09 -]

0.8
07 A \
0.6 A \
0.5
0.4
0.3
0.2
0.1
0

Envelope Duty Cycle

0 10 20 30 40 50 60 70 80 90
16137 Tamp — Ambient Temperature { °C )

Figure 9. Max. Envelope Duty Cycle vs. Burstlength

Vishay Telefunken

0.9
0s 1
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05 A e
Totr

0.4

0.3

optxcal test s:gnal fig.8

0.1

0
0.1 1.0 10.0  100.0 1000.0 10000.0

12753 E, - lradiance (mW/m?)

T, T — Output Pulse Length (ms)

Figure 10:. Output Pulse Diagram

| s~ Supply Current { mA )
=)

-25- -8 15 35 55 75
16138 Tamb — Ambient. Temperature ( °C )

Figure 11 Supply Current vs. Ambient Temperature
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Figure 12. Relative Spectral Sensttivity vs. Wavelength
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Figure 13. Directivity
Dimensions in mm
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technical drawings
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www.vishay.com Dacument Number 82135

6(7)

Rev. 7, 29-Mar 01



o TSOP41..

\ 4 Vishay Telefunken

Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and interational statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

Itis particular concern to control or eliminate reieases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987} and its London Amendments (1990 ) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national andinternational initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to-use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2.Class | and 11 ozone depleting substances in the Clean Air Act Amendments-of 1990 by the Environmental
Protection Agency (EPAY)in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 {0)7131 67 2831, Fax number; 49 (0)7131 67 2423
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