dulnmeyanan nizeondimanyik

MIsAITOY AN Ty QI AUTIA LA INDINT
FREE SPACE TRANSMISSION OF DATA AND VOICE SIGNAL
VIA OPTICAL BEAM TRANSCEIVER

T
WHANNY (HAITNIE

w1 ienley

~NE137)
9550

mumy..... . o

Suaiowi. Ao esvessresassans

Y a3 3 ar o L)
PyaniinusiiduaauniisveamsanmnmundngasifBaygrininssumansiiumia
Mu1IBIaInssuInsnuay
aaiumalulagnszooundndigammisaIanszlia

Unrsfnu 2550



msaedeyanas Fya 1anaeIRIeuarIHe 1IN
FREE SPACE TRANSMISSION OF DATA AND VOICE SIGNAL

VIA OPTICAL BEAM TRANSCEIVER

Tae

WRNNY HATNTS 48015025

Mpai)s euley 48015040

21953

HA.AS. TNBTE uNIANGY

oy A ¢ s o CY Y
BagniinusiiiluaduniiavesamsinnmundngasBaygnininssumansiadia
1IN SUINIAMUIAY

aoumaluladwszeomndndinunmsmansziia



Psaygniinusmsdow 2550

MAIFIAINTIV INTAVUIAY

auzimnssumea aoruma Tulabwizsoundudigunmismanseiia

A [ [y = v

93 msasioyanns Ay ouaeInuuaIHIueINA
FREE SPACE TRANSMISSION OF DATA AND VOICE SIGNAL
VIA OPTICAL BEAM TRANSCEIVER

1. wgiinY  tumInse 48015025

2. wiays  tewley 48015040

oA a2
219130N1/5A11

( WALAY. NEFY umIANY )



aanateyounzFyenandesdisunaiIve 1A
FERR SPACE TRANSMISSION OF DATA AND VOICE SIGNAL
VIA OPTICAL BEAM TRANSCEIVER

Tao wwfving  uaswsz 48015025

Wwais  ouley 48015040

4l oo =3 d
E)'Iil'l‘iﬂﬂll‘qiﬂ‘tl'l RAAT. gNTTY UNUIANIY

unfiage
a’ o o 9 Y L&) = ] [l b 4
Tassnuiidumnhdygraudeyannnowiuaei fudyyadsadaimdiouaanyl3
mw Taouwneeniilumesdau fie nndwazniafuTasludiuvesnamadaszideyann

= o é [] as as o - LY
AauaRes i utuvniliteadyuninwesa Rs232 fudygnoudus Tasldmalindadmanuuy
(19529 NYA (Frequency Division Multiplex) Thdgygaumnassiadamdnuunlaaiiudygpauda
d 1 o 9 o o u’: °

Tavldiamed drunnnmafveriinsulasdygruuadldidiudygra i vimiukinid

o

fadmdauuuutnnudimeusndyagnuidvafudoyansuiinnsfeenniniu

ABSTRACT

This project presents wireless digital and audic signal transmission via light. If consists of 2
part. They are light transmitter and receiver. The transmitter uses computer digital data from RS232
ports and audio signal from microphone multiplex with FDM (Frequency Division Multiplex) then
convert electrical signal to light signal using laser. The second part is the receiver which convert light
signal to electrical signal. After that the receiver de-multiplex (Frequency Division Multiplex) the signal

into the original.
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MI = (6 kHz — 8 kHz) / 2 kHz

MI=1.0
MI 3, J, ], ], ],
0.0 1.0
0.25 0.98 0.12
0.5 0.94 0.24 0.03
1.0 0.77 0.44 0.1 0.02
1.5 0.51 0.50 0.23 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

M13197 2.1 Bessel Function Table

' 4 i
91NM1974 Bassel Function lum319%@ausn tile MI = 1.0 92 1Aunun218419 (Sideband
4 ] a [ 4 & o 4
Frequency) 80n1919a¢ 3 A1 Tnondazanubezvieeindinais (f) = 1 kHz e £/2 o f,

é 1 ar o { ar ﬂ'
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2.33 ﬂ?mméiﬂnﬂmﬂuagmmm (FSK Demodulator)
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2.4 M3HOGIIANNNNING (Frequency Modulation: FM)
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2.4.1 &'ﬂ_gmmnﬁuaﬂmﬂmmﬁ (Frequency Modulation Signal)
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x ()= A, cos[wt + ¢(t)] (2.5)
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2.4.3 A¥HMINOQIAN (Modulation Index: MI)
Taohawiinsuaganioulieglugtvesaums 1dii
m=f,/f. @.7)
] - d A
e f, Ao Anudivauu
- o o a4
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3 026 | 034 | 049 | 031 | 013 | 004 | 001
4 04 | -0.07 | 036 | 043 | 028 | 0.13 | 0.05 | 0.02
5 -0.18 | -033 | 005 | 036 | 039 | 026 | 013 | 005 | 002
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2.4.5 KUUAIANVBINTINOGDAMIAND (Bandwidth of FM)
5 ' ) i 1 o 4 LI
Tuszvunsuegaanunid laduuudgusafinnudmiiu £ + £, uae £ - £, 1aduuudg
o o A 1w 1 t o o 4 J d’ﬁ' o 3 da o
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BW =2f_x Sideband 2.9)
a e o q ¥ ' g o
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BW = 2(f, 0 + £ ) (2.10)
Tums Mniadyanumsvegaanianuitiy Tavia luszieondlu 2 351ng) 4 de Taw

NAsa taz Taonadou
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fi(e) = Av,(t)cosa, (1) (2.13)

4 a1

» ¥
dwudyauaduwiiidudadviaes 90" uezidoulddail

L) = Bcos(a)ct - %) = Bcosw,t (2.14)

[ 4 ]

4 o : o as d o 4
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f@) = fi(6)+ f,() = Av,(t)cosw_(¢) + Bsinw t

2
= B, fl + gi' v; (£) sin[e,f + §(2)] (2.15)

A af A
Tavh ¢(¢) = tan I(Evz ) (2.16)
dnzduvesdygunaumigunnuimii A /B << 1 aums(2.16) fzlszanum 1didu
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f(t) = Bsin| ot +§ [vi (o) (2.19)
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duyyd = u A ¢ 4
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2.4.8 miﬁuas_]mﬂummmeﬂmﬂmammi’% (FM Demodulation)
nnylfi 214 uamandonlassunsuvoanisduegianvesmsueg@annud Faez
1sznoudIndnve9299337A07 (Limiter), 2993NTBINOVAIWANIY (Band Pass Filter), 1995AM
esisuFiowes (Differentiator) tazAmiANes (Envelope Detector) Tasaauveansadivesisusie
a .

s a g Pl a  aa ¢ ... & Y- R T-| o
MBS LLAZAINAP DT SLTUNTIUNUT ATATUIUIADT (Discriminator) ﬂf\?lﬂﬂﬁ?ﬂﬂlﬂﬂﬂﬂﬂiﬂiﬁ'ﬁlﬂ?i

vegraanannudhinduuidiudygrautinmsdudy

Envelope
Differentiator 5 ¥(D
Detector

X(t) —»| Limiter » BPF

h 4
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2.5 rladongy

o n’: a o 3 o
msyldmadengllumsdvegandyg o FM 1y szeidondnms lumsiissmadengy

{ o = o ar .
nouezdeaniedalas lusd yudvmuzveadyg 19102993 VCO (Voltage Control Oscillator)
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Widuyufvuzvesdygraidindinisazidoanznande 1Ui msdenyusivaciles
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ANy nutlazavesdgeu diulszneriugiuveeninadenglezdudish
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x(t)
—p Phase y(t)

»  Comparator

vCo

Ui 2.15 dawlszneuvensaiongy)

o’: J U @ T 4
sl sufvummivezaiaiu1dTasldrgunelinme §iwiulamesiuanud

de e 13 lugulit 2.15 movhamezdhuddife S dygnavdudi

x(t) = Acos[w,t + ¢(t)] = Acos[E_(1)] (2.21)
wazdygafinnnnies veo Mgl

v(t) = Bceos[&,(1)] (2.22)

uazdrey I unan oy uvaadyauiaeadon Iy
o oz
LO-0,()=-Z+50) (2.23)
s d' ' 4=i 1: L] = ! d’
e IuU19enIHIINNIINTBIARA IR M sz ailon T Tugde Tk

o) = %ABcos[ec -6,

= %AB cos[s(t)—%] = %AB sin[£(£)] (2.24)

Fugw £(f) Ao AArmnaandowna (phase eron) Fuilorhrums2.24) lindeans e 14
gyl 2.16 mstis uionIinameveanlaiiudefiaums(2.23) Ao 1 dyamvienn yo dugud
il £(r) = 0 Hailfiol¥nai 14T munsoldan 1dazainuazassfudeiiAaduluacesind ety
¥31 Anuusdananiie Winwesmadenguezannsoionyyldilem avesdynuvisonfuma

o ! o ' A ot a o
YIF Y IUDINILT VCO A1siuDy 7/2 Fazadwafafiumannisvointeainsieosamadu

y(t)

. = AB
2
(t
X LPF | i /\ ()

-180° N\ —9%0° 50°  180°

v(t)
"

()

3N 2.16 2vsffouiouvauaz Fugnuvisonfithaninmnainmdoumes
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= ' o vAe Yo = 1w E d
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J as : * [Y v A 1 P4 = Yo o oA
uAdavesdyguisanszaafuiuminlily 72 mazaifages veo MWiuiaanudiian
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10 @, fdea1 1y doumneanuhiidganu y(0) hilsgudidnnnivguases veo ef M y(7)

TidugudpuaasiuavesdyanaidhgresnFouivudad sl 72 uaziivann
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AYYIUNDONDINWT VCO uanymzni‘luﬁtgmgm FM 11 y(f) nueqianoy aanna dedu
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ar 4
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dyanudinezannsod@onldlugire hiiife

3
w(t) = Beos[w,t +k [y(@)da] (2.25)

wendyyiw v fianvnmidudyeu x(¢) Az ldmuanuduiuiseniruaves
»
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aanaiarouiiudail
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o, +k(0) = 0, +260)

Oy 2.26)
£ d (Y -] -] o o o
Fanuuwanundyauvesnveadadengliie y(r) srilifuassfuaiubouuuves
[ 3 A o A d’ o o o ¢ o o o
Fyanuvud uazileannanuidosuuiindsduasstuumnavesdyg oy auund Aaiu y(r) f
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wwudsAuasafudyasiumuuug m() Tudemadenguiee Idyguviseniitludygufue
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madengdIneia lzaunieduamdldlugraniis nafelusasiadongilinm
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86198732 (free running) udnfalidygnunnuddudnn Madenglesnnmdamumofuanud
: 1 4 o a ar d"d | S e o A
i Fumwdfiadeaglansedamudu 1Al un 319290 1m8 32991 (capture range) uaziile
madongUaamuiunind 1Auds Trsnnvindadenglezdanusuldaasanaiezifoniigs
ad o ] dd [N e [ ] v Ad
AUAADA (lock range) Taealil¥2annudAenszAd 1IN 1923 WAA 981 19U F29RLDREN
R i o v: y A o ° ]
fhu 1 MHz udtanvdasadudiu 100 kHz dudu dsiliiteanimdadengilezinvediadl
wdusnlusagh £() daaaalugiii 2.16 ) eflutrsii lfidunsmiimeyiusiiiuun fie
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2.6 1od MAX232

lo& MAx232 ifiuTeduasszduduanuninszdn TIL Tildiuszduvos Rs-232uaz 1y

[ = 9@ 9 @ 9 A @ & o
Wusadniufsuszdudyanuna rs-232 ieutaaiiussaudyanu TTL I ussdudyya

RS-232

—
D~ O U B W N

UM 2.17 naasdmiavives MAX232

2.6.1 NoIMBYNIU RS-232

- o 1 3 J LY =
TaunAwasnaynsu RS-232 szenunsoasaiu 1ae1a 50 alavdszinm Yuegiv siinves
aedynu, Tzoen, uaz UTinuvesdygnusuniu Tavdaanefneynsuves PC szilunsudln

1AL DBY Af (Male) uazwainoynsuvaaginsainieuen suifunsudinmosuuy DBY &)

o (Female)

Pin Description Type
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD} Input
3 Transmitted Data (TXD) Qutput
4 Data Terminal Ready (DTR) QOutput
5 Signal Ground (GND) Input
6 Data Set Ready (DSR) Input
7 Request To Send (RTS) Output
8 Clear to Send (CTS) Input
9 Ring Indicator (RI) Input

1 o o
msnﬁ 23 llﬁﬂﬂﬂTii]ﬂ‘lJ‘I‘llﬂQﬂi)umﬂmﬂ‘i{ﬂqﬂ‘immu DB9
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2.6.2 nansmai¥eudegUnsaimuvenihfuneuiime sdeaiy DBY

3 =D ™D 3 3 ™D =D 3
2 AXD+—<—» XD 2 2 AXD AXD 2
7 ATS RTS 7 7 RATS ATS 7
B CTS CTS B B CTS DC;CTS B
4 DTR DTR 4 4 DTAR DTR 4
6 DSRH DSH B 6 DSH DSA 6
5 GND—GND & 5 GND—GND &

10 2.18 m3aieusegnstintsueniu DBY uuy 3 idu uAZUUY Null modem

n5H 1Yo ISy DBY
1) TXD dlunilddsdoyn
2) RXD i 195 udeya

= t ¥

4 Y ' ¢ o VoA
3) DTR uerasanznesaiuilaldinu uaz DSR astvaeuliein Hinadedau daegnia’ly
4 4 " . .
idioidlanasnoynsy 41 DTR vz ON e Iignsal 1ATunshdesnmsAndedau
Tuvuz@oriunszaseaeuy DSR igulnsaindouniel
4) RTS uarannzneinndeamsaadoya uaz CTS aseaeuiinesafidndony Apemsas
¥ = v
Joyan3e’lu
A ’ 1 { q
({ledoamsdadoyaut RTS 9z ON uazvzdadoyaseniiva TXD iifeduaiones OFF
Tuvaiz@vifuizasisasun CTs Tigunseidenmsiivzdefoyanie’l

5) GND %1 ground

2.6.3 plmumisdemsuuueynsx
’ﬂﬁauﬁuagj 2 wuy Aeuuuda lnsie (Synchronous) HazUUUoLFI 10T via(Asynchronous)
1) Midee5uuV%FaInstie (Synchronous)

4 he o ar 4 9 o [ 1
msfemsnuuiimifudidoya exiidgygrauiiin Fududidmus Sanazaar msaa
Y ' 9 = ] & 3 1o e ar 1] [] [ ] ad o

doyasuogiudmduniis Wgdudygraudeya Aediaru msdidygrunnfidueda

51 2.19 namams Foensuuuda Insia
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2) msdpmsuuvezdeTasile (Asynchronous)
mrdemsuuvesd Ianta dumssudedoya Taui lisuiludes Tdyananiinisueg
v uas 1 d s uag dasulidasdsdeya fvhiiu JUuuudeyauuvezdelnnia
UsznouRn 4 aaude
1. DaFudu (Start bit) Tval ia
2. findoya (Data) Hv11a 5,6,7 150 8 1
a ad . -] a A )
3. TAATINABUNI5A (Parity bit) Hvuia 1 Tande'lill

4. ianya (Stop bit) Tvua 1, 1.5, 2 Ua

1 2 3 4 5 B 7 8 I VR | N A
: : : ; | : | : : . | | |
..... I T ! I
0 1 0 101 0 1 0 : '
] 1
WAITSTAGE ,5TART: DO + D1 + D2 « D3 : D4 1 DS + DB 1 D7 EPAHW: STOP :smpi
BT : : i : . i . | v BITU . BITZ,
e DATA » 1.15.2

U 2.20 urmamis fomsnuvesd Ianda

- o liimsdatioya 11 data vzanmziBuladn 17 n3e anmzngase (Waiting stage)
A A. ] - [-] = 1 - ﬁ' N
- oS ududadoyaz i data uTadn "o udou 1 O Guniidadudu (Start bi)
» [] T
- nmiunsziSuAudadoya Tavdadas lunou (LSB)
¥ ada | il v 4 1o a 2 - J
- A dewmiatia (sxfindolin 1A YuegiumsAadam veaiaaesrhy)

] »
- gatomudauTadn *1° etharden 1 Oa (Tvna 1, 1.5, nie 2 ia) theuaaaihdugadoyn

2.6.4 BA3IM 3094030 (Baud rate)
AonnuiErweamsiu-deadoya Wuswaudiadeduniisu 300, 1200, 2400, 4800, 9600,
o 1 J 1 = o
14400, 19200, 38400, 56000 iHludu msiBendasimidsdoyaiusyiu siavesmuodyn

soen uazTnudyusuniu

2.6.5 dnunizm3iuuazasdoyanuveynin
Y o . T A a W =3 e ] n’:
1) IuFumand (Simplex) iflumsds niosudoya vuufamudos winiu
d ] o o e
2) wuugdramand (Half Duplex) flumsdanazfudoyauuvaduiu

3) wuurgamand (Full Duplex) @nsasu-dedoyalunanfoaiuld
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2.7 luwedlalen
det o & da o w A s a & o o . a
WO TONTUANUINUANUTIAYINNAD 1BIFDITUATITAIAIUL (semiconductor laser) 139
»

105 1 Ton (laser diode) tunRnveuawes lalengniouedluniusnlu a.a.1970 uazmindald
o = A 0” a C; - ) =
#3093 u n.a. 1962 Femeuiudesiauiigangii luTasmumad (77k) dewnlu aga. 1970 T
msnandusosdsfiduria Insaadranvududiaiems (double heterojunction) ¥iltiaireslalen

{ a ' . A ’ of

o ldhgungiiteunznlawmuudeilos iawed laToall Tnsesadsesdenvufiduvesas
& o o e & o e [} -3 =3 t
NIANIM91AT13UTE NP VMR UTU GaasInP  THumnadnnafidSuasifoalufa 1 gaund
Tadwns ussgeylunasalans (metal package) illviAaogive14flounszuavih

o\ & s o A 1=
qumidruveaes 1a Teaduamsoiinou 1l
1. Hvwa@nuazinnn
2. Mlszfiniamga
3. aunsoueaman NuduveImsalaamsdunszua i 18 Tavass

= ¥

4. nowmsldumnnu

5. waAns ez ngn

2.7.1 nalnmsildamsve aisedlalon
v A A v Aad 4 o o da o
Tasardrfuguveuawes'la Teafe sesdsfiduvssmnsnidniiligesiiamdanuuny
34 (direct band gap) M39eUdMTUYIAR 181A Zn nT0 Be uazms@otudmivetiabu1dun
. o [ 4 A o o L) {

Te 130 Si An¥MTVBAIUHAIIHYBAMINIRIhrTiaRuasdutaaalugli 221 TumsTfdas

[ L4
Worufilinnudugann ssdundaamvearasiezd i W hawurnmuddmvsian uazdr

v w s w o d o d o o, decy v A '
Tuneuneudndudmivriadu v uSvnasfednhn TRdunneuiii Aumesisa (degenerated
B A o & o o o a ¥ r o d I o

semiconductor) (ifothemssdniaresriamauiusesdof-Bununialeasz lduoundu
Tuzaln 2.21 ()

¥
1

Tumsnszquumzineliidamaesiiu 01433 1unszualdfhnmouenlinanig

Y
]

=) ¥

sosnofidu TaotlouussdulihuuuTues dufe Jeuus v d i uaztouussduaush

Amudu sz Iuoumdsaunlaougdidlug Ui 2.21 @)

P WP -

. fuauRduUANTU ZE, URUABURNTU
Ec & .o 7

™ e
aLanatad

aoudaavIy
Ey
[y Y-S }

" unurnauy uoutiaud
Ten 7 - : -
P -~ -~ . -

(n) epednivaiia p © (u) asfeshimiia e

4 o o A o oo A i o
UM 2.21 drvazve woundivemsid i IRt msfelunianudungans
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Tavdianasouss lnasindnududigsevae uaz Teass Inaninduidigsoude fusinu
3 a0 a o o J a 4 adg o o .
sovApezfiguasdidnasounas Teaaudiuinn illedifinasounaz Taas1ud2fiu (Crecombine)
wiiamsinlaumieanuidrendsau InaoumiAusedanda1uvesssune E = hv HaNNIS
] (] -4 o =1 ] 2 - (: 0
Wawaasuilndefunsdl LED uanmsmfifausaaresiiuszdeasionssua i ldunisiu
[ y »
audanuaasluglin 222 (0 Snszualdihilianfesmindanmassifiunyuidadiues
4 4 l 4 a
(spontancous) naziiounszua T Itgannnszua Wi @a5u (threshold current ;I ) 921fin
152 ¥INSHORY (population inversion) AA1IAD MdIuguedidnasounns Tealinuinniinig
£ d 9 ¥ oo a a d a ¥ ] ] [ .
ninvzhldinanmssaudrvedidnasounaz Teav IMmanmsalasuaauvus ui (stimulated
.. Ay g \_ad ¥ a o v o ¥ o
emission) AimudanisusnvessesafiduszgroenuuufiiuAuiunuuaszen TWimihduy
1 ¥
poUanais Tauined (optical resonator) tafierzoundulumelus Inumestve narondunas

@3 2eongmuuen lufiga
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2.7.2 SnvazantiAvedmes talea
4 o v o B
ANYINANTBT UDIAYATBUAITDT laToassgafivua Tauroahandsnuyesmsia
animinnsasiihuameslalon uaionnnsHINUIBiAnasau TuLOUABUANTULEZ VDY
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nlavuaoiuzvoanmzmaniu J14ifassnhvoudngavowounoudnFuLAZ YO UUGAYDY
g g o : q. = o o 9 =8 g 9 a
uau AN AuTumsulasuaniuzveamnziuinaldTudnyuzinin 39 Iaunlnasy
o ] [ ] I o o o

voumae el Uk N Insdive e s viame
& v a L a . q ¥ Yy & A . q¥
uanvINi mqmnqwmmmaﬂﬂIaﬂqwumzm"lﬁmsuvmmwmznﬂwu a1 1v

1] » [ » »

anlnasudintraliudae msmunszua ey sziiliordnagedu ussevir I Funeniivi
=Y 3 W o ¥ ] d’ ..’,' P- W Yo ¥ Py
gangligaiu lddanslugui 2.26 dromgramariivinidiwen lilddanuinamreslaload
Adrldnuldumaniianuueaunila udevvendiudiuning 18laei ludamsdeans
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0611 laas ww BAITNHRINY
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U 2.27 muduRusseniemaaduan ez geain

2.7.3 Sn¥az AU HUAMNYIN (Transverse Mode)
) & £ d.o a A 1 a o o
Tagiia hlileaninufidaensveswinainldwaseunyes In loallnnadnunnifivs
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Tunsd Inseedraalnslndudaem Tses AlGaAs 1u Fuuonfivimifive 0.1 Lm 33
falosndinnuninduuaunesashliyy 0, fisufeu 20 asmn lunsdiaeslnToaduia
TruaawvanuazsiaguiaTvuanien Imseenuuuldyu 4, Tiduhvs 5-10 o dnvuzms
Funamsaidanaaluguii 2.28 () Sondmmunugdmnulng (near field pattem) nasgal 2.28 (v)

Funhnmuvugaunlna (far field pattern)

2.7.4 dnyazaNAve I nuAnINE17 (Longitudinal Mode)
o =) @ o d o A ar J a

Tuviusafvifufuareswilndus dnvazvesTnuaniueivesairesla Tonvs dun
ANUUIYDBDLARALS TuIABT (optical resonator length) LIATAIIUENIAAULAUAYOT A20H1UTY
faweslaTensnd 0.1-0.3 mm uandumilnadundalssyia 23 nm sz lfinaTnuasinen
o o § < o & .
suumanadudag Ui 2.29 (n) ¥aFoniniad Tvua (multi-mode)

daulunsdiawes lalealassadamaiwmawazalasveziidunalvuaniuea &

t d

nszia I tinniosy mupasuevdhuiiad Tnua natnszua iihiisunng szaaudugaia

TnuadegUf 229 ()

o
g
=
>
(n) 3
o
G
.V1VAVIV. N
4
- AIM1IAEN
|
= & ’
() & 0N 1 mW }tmmqwémw
‘Z ]
[
Ll g

A A
nssualvldhiios nysuelvfiaen

U 2.29 mnaFuvename AT Tvuauuumue (n) Vad Inua (1) Fudalnua

2.7.5 msvuiaes lalea
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pon an
&= as
L~ ‘\M——“i
[
i
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]

I
10n
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i
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]
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3.2 Mnsu

Tumad sy Photo Diode vzvimsnloudgauumaniy a1 dudygioni uda
4 4 4

1 w o A o 3 o | o
asllfasvsveedygrae 1t ivunadygnaigiiu devmedaanaadwudrezde s

L'

] A at d' T (] o i ) 1
58900 (Filter) (Monondrygai lidesmseonl udnihdyanuniumanseands Tl

ASEUIUNT Demodulation iNeAmAdyaaudsaasdyanuadnea Induthunileudy

Audio

» LPF M » Amplifier |—»
Demodulator|
O/E
Circuit
» HPF FSK > Voltage 5
IDemodulator Convertor

U 3.9 uamandenlaszunsufusy

3.2.1 NN TU Ty IauaNnE 199 VN Ty
”

Tulnsaaui1A19 PD (Photo Diode) Tumsulasumalditludayeyro Wi uddayga
1Y 1deeninlhins swedsfealimsvoodygnaiimng audeudadrsesdauseg de'l

luduvevrsesvoedygiuesSudygadunudnimsvoodygaldianus

] o , : H & o '

wonvzii 11 nune 14 Tauh I 1@ laleah 19ithuues BPW 34 Fefidnumzmsasumussdeniy
wdaalun iimddn vaz ludiuvenrsvnudygruvz 1eerueuilives LMs3s1
ﬂ a P ' a n: 1 Y E
Wursvnsuuundume Fuerdinaveagalii 3.10 Hvzgndndifneesniesnnuadidiuuaz

NIINIDINNNAGIHIY

Taovimseanuuyldneil

Sosan = GBw dasvey (G) = _&
1+ R R,
Rl
GBw =35 MHz

pefidszneunufiqeqaluTasenniiie 4 Mz

Soa =4 MHz

Signal

Data
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R 35
R 4
< 9

fniudenr, = 1KQ R, =775KQ

q - - & U A [']
oanuazanlumsiFiutadimuald R, dudmdumiudius1d 10 KQ unu sai

ausovnedygugagald 100

N D R2
LY 1K
FHOTOD%ODé

o}
}

37 3.10 AR 999sAT IR LAY G A ILBL I TVINET Y BN

3.2.2 24930 T89A UG (Filter)

MM IBONIUUY low pass filter LAY high pass filter Tat1978v049 Butterworth — equal
termination filter lun1388nUUL T2 12995 AUIUVYDS Jow pass filter DY 2 11111 1B capacitor input
402 conductor input M3 Wanuegisrhazainez 1¥euu dmluinsanuileeld capacitor input

msfimuaniveginsaluaazAalursesuazduduvearsesnsonnudezgiinised 3.1

n stages C1 L2 C3 L4 CSs L6 o)

2 1.414 1.414

3 1.000 2.000 1.000

4 0.765 1.848 1.848 0.765

5 0.618 1.618 2.000 1.618 0.618

6 0.518 1.414 1.932 1.932 1.414 0.518

7 0.445 1.247 1.802 2.000 1.802 1.247 0.518
n stages L1 C2 L3 C4 LS Cé L7

MI1aT 3.1 uaaamiaedinuaniaieg lumsdendufuve 9IS aIANLDAULLY
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* & & @9
IR L2 L4
a | o] IR
)
. e & »
Ll
IR L3
C2 I C4
)

1% 3.11 UTR92993AUNLDYBINIITNTBINNUDA NI

(M) WU capacitor input (V) U1V inductor input

1M 3IDONIUUUIT low pass filter 1a0141993AULUY capacitor input (HBnudui 7 TaugArves C

iz L 910131971 92 192995AUILUYD4 low pass filter T3 D92111111117995 low pass filter Ao 1)

TRrOT Lo oJTUT
- AN " PN, PN
1:47 1247
c1 o3 L et R2
f— e 1R
o.«u]: 1, m:[ 0518
e ==

"t
[=-3

i
—

"i’

711 3.12 1AR DI AUULUYDIII9TNIDINNUDA NI

4 . o 2
e'ldarsdunuudmsue$ 191993 low pass filter (Suufoundn AiSuRinsad192993 low
pass filter TAUMIMTAIMUAAT cut off frequency nazAnTmAUNUAL T Tauldgas lunmsmen
»
494 capacitor LIAZA1YDA conductor A1

co G LK

27f R
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M f, =800 KHz , R=50 Q

- 0.4453 C177x10 F - 1.8023 7 16x10® F
27(800x10°)50 27(800x10°)50
L= 1'8023 =1.77x10"" F .= 0'5183 =2.06x10" F
272(800x107)50 27(800x10°)50
,=—50£‘5‘f7)—3=1:z.40><10'06 H L, =—~§—.&3——=19.80x10"’6 H
27(800x10°) 27(800x10°%) _
(L) BPYRIRTE R
27(800x10°)
wor R1 12 (E s QUTPUT
- AN\ [ Ve ta el faTaletel e, .
10uH 18 uH 18 uH
&0
c_1 i I ce | co_ i R2
18nF] 8.8 nF| 88nF| 20F | 3 %

.;;i
'ii}

311 3.13 UAN 9239303 DIANUDAIHIY

¥
Y ' ¥
nMIUAMIMIa3197995 high pass fiter TA0M3UYADINVIAUUVUYDA low pass filter 111
¥
Dur393AULLLVDS high pass filter FuABUMIH9HD 912995 AUUVVYOA low pass filter 1519211
M311aa91nA2 capacitor 142395 1H1UAD conductor taziIMTIJAeUAT conductor 1 1TTuA%

¥
capacitor UA1YBIAI capacitor 1AL conductor A2 MUY TAUNIAUMS invert A1 capacitor LAZ

1 5 . i ayyﬁf
1U6W1ﬂ1UUHNﬂlﬂiUUiﬂUHﬁ?ﬂ$1

W

I 4
conductor ANAN AIAUNITU L = uaz C,

old old

2995 high pass filter MduAuuuududUR 7 indounz1inlUa$199993 high pass fiter Tumsri lues

14 ude 1
vz R1 ‘I:;" c4 ::: UL
- il -
A H il 1l
iR 080 05 0.802
Lt L3 L? Rl
22412 0.5540 1.9306 iR

"tl

.Ill

U 3.14 1AW AULDLVBII9TNTDIA NI QIR
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dioti9sAunuudmsuaiianans high pass filter Foufouuda MTuimsad191993 high

pass filter 1AE1AITHIMUAR cut off frequency uazn AUl TaolFgaslumsmia

o

L4
424 capacitor #10%A1Y2Y conductor Aail

c-t_  -R
27 R 27,
M f, =900 KHz R=50 Q
Fufuve e
= 0'8023 =2.83x10™ F C, = 0.50 —=177x10" F
27(900x10°)50 27(900x10°)50
=2 _83x107 F
272(900x10°)50
: _ 502.2472) 0(2'24723 =19.80x10"° H ) - 2000.5549) 492 =490x10"° H
27(900x10%) 27(900x10%)
\ = S005599) 493 =4.90x10™ H L, =~——_~—50(1‘93052 =17.06x10™ H
27(900x10°) 27(900x10%)
wvr A28 G c4 ce ourpor

- " il il . | .

A 1 1l il *
80 2.7nF 18 nF 2.7nF
L L [5.] (&3 R31
18 uH SuH SuH 18 uH 80

3
= 1

719 3.15 uermeaaesnseIn DT IHIY

3.2.3 an FSK Demeodulator
- . 4 e 4
vz 14 leFuos 74HC4046 1 Tosnunyifhursesdnegraney Faesadivduninded
R s A o ' < ' a4 4
whesinnumAI R, R, uaz ¢, Wofmuamniudnaia (f) uazranudien 2f) ¥ams
»
aonuUUAA1 U FSK Modulator 33 noonuuy Tdaail

- fmuanuog YN 2 MHz f44 MHz

»
w o &1

- dniufinnuinan () Uszam 3 MHz

-1 f, Uszun | MHz

- Wasmluadridnma R Tav1dszina 10K Q uazmiswea ¢, szinm 100 pF
onnurzaInee 14 R, i Waoneelddmdumudiuim 810K Q i MR, = o

P a o ! & '
- Taufivt 9 wnaleFwad 74HC4046 sxvimihnifugitamesFamansama 1don

| : - .
aums f, = — aniwsiezldi R, =10 KQ @dalu C, =5.3 pF udl¥ 7pF
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E:i: PP ﬁ
BT CZ DDV uF a:"-" M
i} 41 oin p2 (o J—
.J:———__L o
T e 0
£ CX  VCOIN '
= ot z ZEN g v 2 200 K

0K

52
Fad
i
H

-~

v

%

311 3.16 1AM92993 FSK Demodulator

3.2.4 MA Frequency Demodulator
- 4
210 FM Demodulator 9 1% leFues 74HC4046 Fuilu'lodmadong! (PLL) mwnsa
o & e a x4 o ' A .
Autiannudnana1dgada 13 MHz ms ¥ nuvedleFiwesiszdosihmsme R uaz ¢, o mua

4 ' 4 2 o o 5

ANNONAN (f) HAZFNANUDADN 2f) Faiin1soonuuund1uiu1995 FM Modulator ¥a813150
»

panuuy ladadl

- fmuanudogluy 100 KHz §4 700 KHz

- fafufinnulnar () Uszutu 400 KHz

-1 f; 15z 300 KHz

- 195 lumidr@ana R Taoldamlszina 10K Q uazmawes ¢, dszuw 1 oF
Wenuazanezld R, i Mause i@ ummnliudIf10K Q unu AR, =

d‘ = a 4 J 1
- Taufinn 9 vosloFwes 74HC4046 sxvimhiihigiamessaminsonim Iden

aums f, = ; ! G fnualin R, =10 KQ dufuee1d C, =39 pF

—i e
Bevr €2 0.01uF @:’U" P tg
I3 o p2 Hi-c R
cx
=L ey '
T _inr G o 2 .
1
oewo e R4
4 il jt—arv*‘] S Bo
y MK ,
At L o
0K T Qo

31UV 3.17 48992995 FM Demodulator
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3.2.5 71N Voltage Comparator
49 a o s '
Tunmatil4ilS vuifivuns Wuoann91n@1dyAv991995 FSK Demodulator Inuazdoeatl

1 o 9 L o A @
wonduuuhifinisfloundu himsdsuus sdunSsudow v, Famsuio v, sziinade duty cycle

YOUD WA
mor Uy
»> AN + ATTPOT
100 T e E—
sy oPAWP
3
R2 2 10 K
500 K

& +

317 3.18 AR 32995 Voltage Comparator

3.2.6 205veneFyanalablveoUuoui

A4 o a0 o Y d'; 24 o W o 3 o Hy ¥

Wefyanuidiusinosnudgatulesnsennuddnlmoudy 7 Mldiodyain 14
15 o ady a1 1WoA0Id 171993 Frequency Demodulator %119 limunsoddyau
ndnn1d FadealdrsvorndygruTaoldesduond TudruvesseruouilldldloFived

ﬂlﬂ ) - ‘& 1 1

LM6361 luseiueniiifisununuudiannia gafia sz 35 MHz dulumsesnuuvus
AdwiuNsaNLIUNITIL AN

1 a du ¥ 14 [

a29035 00Ty 1N 189102995 FM Modulator e 1doetuewilives LF3s3 unu
A 'y da & 9 4 < ¢ = 1
riaann lidesmanumsvsisuuudiaini uazenmadnn ledwes LF3s3 sxilsnignnn

ToFues LM6361 Aoud1anin

7]
10K
— R
AAA OF AP
OouTPUT
tK o .
5
Rt 1
00 K
2 10K

U 3.19 urmnssvnedyana TaolFoationd
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un 4

NINAtediazHANM INAand

td »
Tuuntivzuaaaiawanisnane w1990 1na 199 NamedudanznsduiuTaoeziing ia

Fyeai 1491019957 1deenuuy 13 uansdsudenlaesunsugii 4.1 uae 4.2 aniddu

Audio
Signal
igna M
» FDM .
- E/O Driver
» Multiplex Circuit
D
ata Voltage of
_— FSK
Converter
511 4.1 uamavdenlaezunsnveamads
Signal
Audio
»| LPF FM » Amplifier —»
Demodulator
I O/E
Circuit
Data
HPF FSK Voltage
Demodulator Convertor

U 4.2 uzmanden laezunsudmy
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4.1 Mnda

¥
= 1 o

¥ y WY o o Yo o
nadumiada ldihnsiadygnanganian uenamuden laezunsu &Rl
4.1.1 /A Voltage Convertor
ap23vIAmgLi 3.6 udnhimsfleudygradunannneda rs 232 Tasldadeuvu DBY 1h
deyanunnu 3 (Tx) Mianeda DBY ety 13 vealediues MAX 232 udr¥adganaueiinai
o a e
PONNINVT 12 v8a laFues MAX 232
hazidoifubdgapunne 12 vedledaedfuu 11 vedleddaudsrdu udainiaia

o d A ) @
vl 14 F3@ef U 2 (Rx) Y0anesn DBY

Tek BB 100kS/s
!
I

T T T T T T T T

Low signal
amplitude

:nm; IO\iI éhz ; 147 M;OO i<:mif 1iozv
S ~10.
M 22 Dec 2007

13:48:34

o o

; e 4 .
17 4.3 uarramsfouduanue 3 ¥e89rS232 Hrzduduana 9V Willudwaa TLL (O v, 5v)
3 ey Yy Yoy

Tek EIIEITB S0kS/s 8 Acgs
[ .

R TR SR PP 1 chi Freq
+ : : : : 1,22kHz
Low signal
amplitude

Ch2 Freq
1.219kHz
Low signal
amplitude

2ef oo

31 4.4 uermamnihidggu 12 vealed aerun 11 vaeleFuazur 14 vesleddaduut 2 veq DBY
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o ' o o @ '3
nnzl 4.3 dlurannnsdedsssamgli 3.6 Humsnldoudygruin 3 (Tx) veanein
RS 232 Willszdudyaia +97 IWduduenufiisz® TLL © v, 5 v) Channel 1 Hludunandioul
sedudaygas (297 ) Channel 2 T 101dnai S l&Fdszdudyana © v, 5 v)
o o o =t ¥ o = o
103U 4.4 Furaninmshdyapannut 12 veeled asidfuan 11 vesled Fygraunnn
12 veslodezidludyana TLL (0 v, 5 v) unzidoTaimianain 14 vealedndaiuul 2 (Rx) veanesn
DBY dyanaiialdsudu £9¥ Channel 1 Hudunantlouiisedudeygiai 0 v, 5 v) Channel 21y

'N é ar o/
wnnaniala salisvAudyga 9V

4.1.2 /M Frequency Shift Keying Modulation

1 i E o ) = 4 o i

a0299sa gl 3.2 diedalu1Afleudunadiiivg 9 vedlediues 74HC4046 udnlSun1R,
iy 10 KQ e Iddgyganeranaiivg 4 vesled 1anawid 3 MHz awgilii 3.2

4 @ 9 { o o a i
e fleudygia TLL A1891n1A Voltage Convertor dyapaiit ldvziusazalii 4.7

Tok SIIITH 200MS/s 74 Acgs
i { - 3 i
T T T T T T T T T
: 1 .
........................ +... L T R T T T S SR
N T Ch1 Freq
+ 3.015MHz
[ . : : . I . . . . Low signal
:. PR : e ‘ EERE : e . PR ¥. . fe e EETT Ce . B amp"lude
B+
23 jan 2008
09:41:14

= 4 ¢ <
3N 4.5 uaandun a1 3 MHz



CHL R 3pectrus 10 dbB/ REF © dbm ~38.985 dBa

' SELECT
2.58 MHz LETTER

SPACE

Avg
16

DONE

RALE 10 kHz VBH 18 kHzl ATN 39 B SUP 8@ msec CANCEL
START 2 MHz STGP 4 MHz

710 4.6 uamanAunminWD 3 MHz

976 Acqgs
F.

Tek BICIER 10MS/s
| I 1
! | 9 T 1

=TT T —T T L e BLEN  h a T

Chi Freq
100kH2z
Low signal
amplifude

Ch2 Freq
1.267MH2
Low res

24 Jan 2008
13:18:47

gﬂﬁ 4.7 AN YD99997 Frequency Shift Keying Modulation

52
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4.1.3 Mn Frequency Modulation
r P A o ' = s o ° W ' & Yo 9 o !
anresawgiti 3.3 dieda lufleudunadindaises shimsdive R, Falgddmmalivm
A o ' o o
18 10 KQ wolWdgyg e dnaiion 4 vealed 18a2md 400 KHz ngi#i 33

o L d' - o 4 - d 1
vmsfloudygugyl lnianud 1 Koz dunmadunadygnawednai ldvdudagyi 4.10

Tok HXME 50MS/s 9 Acgs
; f F- } i
T T T T 7] T T T T
..... b T e
: X : ? : : : : 403,7kHz
{J .;\ e l; f g,g,.z.f T FT—
; ; i ; t ; ; ; ;
b 1] pRL M1Tis ChT J—320mvV
. 23 )an 2008
09:43:05
1 1 *
= ) - o
aij'ﬂ 4.8 LAAINNUDVDIAAUNIN 400 KHz
CH1 R Spectrum 18 dB/ REF @ dBa -52.844 dba
i T
SPACE
Avg
16
BRCK
SPRCE
ERASE
+ TITLE
""" DONE
STOR DEY
BT SRV SO PR UUOE SUURURPPUE JURRTORE SUPIURUTOT SOURUUTTEE-SOUROTOUORE SRR POE RSP IDISK]
RBGR_ 390 Gz Vil 390 Tz “ATN 30 88 SWP__565,Z msec CANCEL
START™ 280 kKHz STOP 580 kHz

P e 4 p
3UN 4.9 uarnannudve AU 400 KHz
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Tek EIUIEH 500kS/s 9

{1 Chl Pk-Pk
] 1.62V

Ch2 Freq
137.7kH2
Low res

JU7 4.10 uaRInavoIMIUBGIEANIIANLD

4.1.4 7993 Summing

] ]
- -}

hd { -] a s A L d a 4 1 )
Av2vIAwlN 3.4 udrhimsiadyg uTaon 9o 1 Aodyguiinaud 2 MHz dau ¥8df
y

2 fiedya a2l 500 KHz uaz R1 Aewavesmssiwvesdesdynsuthdodu

Ch1 Freq
2.055MHz
Low signal
amplitude

Ch2 Freq
508kHz
Low signal
amplitude

U7 4.1 narmamissavaLd AR UTdIA0iY
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4.2 MA3Y

4.2.1 2995510 AS

Tek EIITIER 1MS/s 6 Acgs
T

T

31 4.12 ustmegivesdygaiisu i
zﬂmﬂi]:l.‘ld.luﬁ'tutymlﬁﬁmﬂﬂuﬁmwﬂsﬂnﬁmqm ﬁ'mzﬂﬁﬁmﬂzlﬂuiﬂmaqﬁmumumﬁ%'u
Thunzglgatefedyauisy Midninhnsvnedyea
4.2.2 2491 LC Filter
22152NBUAIWI90INTBININER WU (Low pass filter) 11AZII9TNTOIAUTFINM (High pass
filter) Tﬂuﬁwwﬂsaammﬁwﬁimﬂxﬁ cut off frequency 800 KHz lﬁﬂﬂiadﬁiyﬂﬁmﬁ1ﬁﬂ1ﬂ’l~1ﬁuﬂﬂ
A #inawd 500 KHz ﬂ"rumsﬂimﬂnuﬁqamuﬁﬂﬂuﬁ' cut off frequency 900 KHz 1i®

oF H A H
ﬂimmymmﬁ'lﬁ'inma 93 Frequency Shift Keying Modulation alinnudfie 2 MHz

* Ei\Wy Docaments\Lovpass_Filter.sch
Date/Tiew run: 01/01/08 14:36120 Temperatuce: 27.0
(OF Lovpass_Filter (active)

-

T
i T T - 1=

e

-0

|
|
i
SRS S R P A

-8+ ke s H i e}

- 248

10Hz 10002 1.08R2 10Kz 1008H2 1.0m1z 10Mn2 100MRz
° DBIVZ (RLA} /VL(vin)}

Frequancy 3
Gacai January o1, 2008 Page 2 Tima: 14:37:00

UM 4.13 vamansueaesnseIn RGN
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* E:\My Documents\Highpass Filter.sch
Date/Tims run: 01/01/0B 14:35:16 Terpurature: 27.0

{B) Bighpass_Filter (active)

-500

-0 4 - S 2
1.0KHz 10KHz 100RK: 1.0M12 10m4z 100MHz

1eiz 1006
o DB W2 (R14} /¥1 {vin) )
Fraguency
Date: Jaguary 01, 2008 Page 2 Tima: 14138103

4 o ¢
U 414 naansiuesnvIneIANLDgIHTY

Tek AIEH 50M5/s
1 1 i
I J

H T T T J T T T

14 Acgs
T

I
T

Chi Freq
520,8kHZ

Low signal
1 amplitude

Ch2 Freq
2MHz
Low signal
amplitude

[T1AN ™ RS [T ol 13 I 3 -1/ T
Ref1 2v us 2 Jan 2008
1d:20'58

31U 4.15 uamamsnseanId
4 4 . i g - o d
317 4.15 7 R1 fomasinvesdygiunindin 2 MHz uagnud 500 KHz dautesh 1

] r

a4 o A1 a0 a El [ - o
o ﬂmum'lﬂl'ﬂW'IU'NﬁSﬂSQQﬂ'nuﬂﬂ‘lﬂﬂ AUD 500 KHz HasYo3In 2 A9 ﬁﬂﬁlfy]mﬂﬂ]uqqﬂi

nspanIdgsite AN 2 MHz

4.2.3 0 FSK Demodulator

floudyga TTL 1917 FSK Modulator udati /i masessaudyapaduasesueqmanta
anwdudardssendnuases Wimady TIdlaTeavnsudasdyaauasiiudyg e i

-3 o J ) 4 o
minsverodyana s dWund lddwasesnsssanudgaudaniing FSK Demodulator
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Tek 2MS/s S Acgs
.

T T T T T T T '

Ch1 Freqg
48.8kH2

Ch2 Freq
47.56kH2
Low signal
amplitude

e B e T ias asans e S s [ T 3. "
. . . ) . . . . 2.2V

Thi——2 V% B BV B LTI o 1 N s 1,734

31 4.16 urAIMINEYIAR Ty FSK

4.2.4 113 FM Demodulator

Houdayanios sine nwA 1 KHz €1# FM Modulator udarinliinsss s fyaafivasese
ganuadtdidieendnunees ldiniady Il1alaleanimsuasdygranaa i
Fygra M wdviimsvesdyyiaiusd@uud Wdnnasnsesnuddwdsiins m
Demodulator

sn Aedygnadeyaiihimsdegilass Aedyauii1®u19102993 FM Modulator daugal

= o 51'
awie Fyaud 141910n13 FM Demodulator

Tok EIIEIER 100KS/s 55 Acqs
f { T } {
N H ! T T T [ l T 1 1
................................................. Ch1 Freq
i : : i . : 2{1.99kuz
S S N AT N S N R T ow res
: ' : : : : : : chi Pk-Pk
O 5.8V
UL : ! [\ ‘1 [
l||‘1£n’r.h.;j ; |51‘|.' i WAL ‘[|4I| “I Ch2 Freq
: | L LS L ] 996.7 Hz
N Low signal
................................................... amp“tude
.'. ........................
;
V C 2] V M500us =100mV
Ref1 1V OOUS 25 )an 2008
14:35:17

=90,

JUN 4.17 vamamsegann WA
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4.2.5 HTAIHAMTIATZUSNN

Tek EIIIN 200kS/s 15 Acqs
E F-

T

T 1 T

! chiF

i : req
i | ! |
! ‘ i Low res
| |

|

Ch1 Pk-Pk
1.34V

IS A f 1 Ch2 Freq
. . . . . { 1.02kHz
: : : ; Low signal
amplitude

'5 : Tom

Ch1 Freq
807.5kH2

1 cht Pk-PK
1.39V

ns m

25 Jan 2008
20:29:07

31 4.19 nanagvenodgradoyaiisuldnszos 5o was
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Ch1 Freq
24.43kHz
Low res

Ch1 Pk-Pk
544my

Ch2 Freq
1.009kHz
Low signal
amplitude

MS00is - ChT— 7 T0mv
25 Jan 2008
20:36:10

37 4.20 ugtpsnamis iAs oy Maf 100 was

Ch1 Freq
855.6kHz

Ch1 Pk-Pk
664mv

W Zoomve S {1 1 ) I 11

25 Jan 2008
20:54:09

3 421 vermsglvoedygadeyansulAnis zoy 100 as



10 Acgs
xI.

I
L

Tok EXUTE 100KkS/s
!

|
v ) 1

Ch1 Freq
25.57kHz
Low res

Ch1 Pk-Pk
312mv

Ch2 Freq
1.004kHz
Low signal
amplitude

25 )an 2008
22:43:42

Ch1 Freq
878.2kHz

Ch1 Pk-Pk
329mv

31 4.23 vaasgllvredygradoyai

1C 1 DD T — [/ [: T3 o ) BV A (R

o

7l

25 Jan 2008
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Philips Semiconductors

Product specification

Phase-locked-loop with VCO

TAHC/HCT4046A

FEATURES

Low power consumption
Centre frequency of up to 17 MHz (typ.) at Vec=4.5V

Choice of three phase comparators: EXCLUSIVE-OR;
edge-triggered JK flip-flop;
edge-triggered RS flip-flop

Excellent VCO frequency linearity

s VCO-inhibit control for ON/OFF keying and for low
standby power consumption

+ Minimal frequency drift

Operating power supply voltage range:
VCO section3.0t0 6.0V
digital section2.0t0 6.0V

Zero voltage offset due to op-amp buffering
Output capability: standard
lec category: MSI.

GENERAL DESCRIPTION

The 74HC/HCT4046A are high-speed Si-gate CMOS
devices and are pin compatible with the “4046” of the
“4000B" series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4046A are phase-locked-loop circuits that
comprise a linear voltage-controlled oscillator (VCO) and
three different phase comparators (PC1, PC2 and PC3)
with a common signal input amplifier and a common
comparator input.

The signal input can be directly coupled to large voltage
signals, or indirectly coupled (with a series capacitor) to
small voltage signals. A self-bias input circuit keeps small
voltage signals within the linear region of the input
amplifiers. With a passive low-pass filter, the “4046A"
forms a second-order loop PLL. The excellent VCO
linearity is achieved by the use of linear op-amp
techniques.

The VCO requires one external capacitor C1 (between
C14 and C1p) and one external resistor R1 (between

R1 and GND) or two external resistors R1 and R2
(between R; and GND, and R; and GND). Resistor R1
and capacitor C1 determine the frequency range of the
VCO. Resistor R2 enables the VCO to have a frequency
offset if required.

The high input impedance of the VCO simplifies the design
of low-pass filters by giving the designer a wide choice of
resistor/capacitor ranges. In order not to load the low-pass
filter, a demodulator output of the VCQ input voltage is

1897 Nov 25

provided at pin 10 (DEMguyr). in contrast to conventional
techniques where the DEMqoyt voltage is one threshold
voltage lower than the VCO input voltage, here the
DEMgyr voltage equals that of the VCO input. If
DEMgyr is used, a load resistor (Rg) should be connected
from DEMgyt to GND; if unused, DEMgyt should be left
open. The VCO output (VCOgyrt) can be connected
directly to the comparator input (COMP)y), or connected
via a frequency-divider. The VCO output signal has a duty
factor of 50% (maximum expected deviation 1%), if the
VCO input is held at a constant DC level. A LOW level at
the inhibit input (INH) enables the VCO and demodulator,
while a HIGH level turns both off to minimize standby
power consumption.

The only difference between the HC and HCT versions is
the input level specification of the INH input. This input
disables the VCO section. The sections of the comparator
are identical, so that there is no difference in the

SiGy (pin 14) or COMPyy (pin 3) inputs between the HC
and HCT versions.

Phase comparators

The signal input {(SIG\y) can be directly coupled to the
self-biasing amplifier at pin 14, provided that the signal
swing is between the standard HC family input [ogic levels.
Capacitive coupling is required for signals with smaller
swings.

Phase comparator 1 (PC1)

This is an EXCLUSIVE-OR network. The signal and
comparator input frequencies (f;) must have a 50% duty
factor to obtain the maximum locking range. The transfer
characteristic of PC1, assuming ripple (f, = 2f;) is

V
s - Yee
suppressed, is: Vpeyour = —= (¢sigin ~ Pcomein)

where Vpemourt is the demodulator output at pin 10;
VDEMOUT = VPC1OUT (via Iow-pass ﬁlter).

Vv .
The phase comparator gain is: Kp = % v/n.

The average output voltage from PC1, fed to the VCO
input via the low-pass filter and seen at the demodulator
output at pin 10 (Vpemour), is the resultant of the phase
differences of signals (SI1Gy) and the comparator input
(COMPn) as shown in Fig.6. The average of Vpemour is
equal to 14V when there is no signal or noise at

SIG|y and with this input the VCO oscillates at the centre
frequency (f,). Typical waveforms for the PC1 loop locked
at f, are shown in Fig.7,
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Phase-locked-loop with VCO

74HC/HCT4046A

The frequency capture range (2f;) is defined as the
frequency range of input signals on which the PLL will lock
if it was initially out-of-lock. The frequency lock range
(2fL) is defined as the frequency range of input signals on
which the loop will stay locked if it was initially in fock. The
capture range is smaller or equal to the lock range.

With PCH1, the capture range depends on the low-pass
filter characteristics and can be made as large as the lock
range.

This configuration retains lock even with very noisy input
signals. Typical behaviour of this type of phase
comparator is that it can lock to input frequencies close to
the harmonics of the VCO centre frequency.

FPhase comparator 2 (PC2)

This is a positive edge-triggered phase and frequency
detector. When the PLL is using this comparator, the loop
is controlled by positive signal transitions and the duty
factors of SIG and COMPy are not important. PC2
comprises two D-type flip-flops, control-gating and a
3-state output stage. The circuit functions as an up-down
counter (Fig.5) where SIGy causes an up-count and
COMPy a down-count. The transfer function of PC2,
assuming ripple (f; = f)) is suppressed,

is: Vpemour = 4an (9sicin— Pcompin)

where VpemouT is the demodulator output at pin 10;
VoemouT = Vpczour (via low-pass filter).

\
The phase comparator gain is: Kp = -4—Cn9 (V/n).

Vpemourt is the resultant of the initial phase differences of
SIG)y and COMPy as shown in Fig.8. Typical waveforms
for the PC2 loop locked at f, are shown in Fig.9.

When the frequencies of SIG;y and COMP) are equal but
the phase of SIGyy leads that of COMPy, the p-type
output driver at PC2¢u7 is held “ON” for a time
corresponding to the phase difference {¢pemout). When
the phase of SIG)y lags that of COMP\y, the n-type driver
is held “ON".

When the frequency of SIG)y is higher than that of
COMP\y, the p-type output driver is held “ON" for most of
the input signal cycle time, and for the remainder of the
cycle both n and p- type drivers are "OFF” (3-state). If the
SIGy frequency is lower than the COMPy, frequency, then

it is the n-type driver that is held “ON” for most of the cycle.

Subsequently, the voltage at the capacitor (C2) of the
low-pass filter connected to PC2g1 varies until the signal

1997 Nov 25

and comparator inputs are equal in both phase and
frequency. At this stable point the voltage on C2 remains
constant as the PC2 output is in 3-state and the VCO input
at pin 9 is a high impedance. Also in this condition, the
signal at the phase comparator pulse output (PCPgyut) is a
HIGH level and so can be used for indicating a locked
condition.

Thus, for PC2, no phase difference exists between

SIG)y and COMP) over the full frequency range of the
VCO. Moreover, the power dissipation due to the low-pass
filter is reduced because both p and n-type drivers are
“OFF" for most of the signal input cycle. It should be noted
that the PLL lock range for this type of phase comparator
is equal to the capture range and is independent of the
low-pass filter. With no signal present at SIG,, the

VCO adjusts, via PC2, to its lowest frequency.

Phase comparator 3 (PC3)

This is a positive edge-triggered sequential phase detector
using an RS-type flip-flop. When the PLL is using this
comparator, the loop is controlled by positive signal
transitions and the duty factors of SIG,y and COMPy are
not important. The transfer characteristic of PC3,
assuming ripple (f, = f;) is suppressed,

- _ Yec
I8: Vpemout = S (Psigin ~ Pcompin)

where Vpemour is the demodulator output at pin 10;
Voemout = Vpeaout (via low-pass filter).

v
The phase comparator gain is:Kp = % (vV/r).

The average output from PC3, fed to the VCO via the
low-pass filter and seen at the demodulator output at

pin 10 (Vpemour). is the resultant of the phase differences
of SIG)y and COMP)y as shown in Fig.10. Typical
waveforms for the PC3 loop locked at f, are shown in
Fig.11.

The phase-to-output response characteristic of PC3
(Fig.10) differs from that of PC2 in that the phase angle
between SIG)y and COMPy varies between 0° and

360° and is 180° at the centre frequency. Also PC3 gives
a greater voltage swing than PC2 for input phase
differences but as a consequence the ripple content of the
VCO input signal is higher. The PLL lock range for this type
of phase comparator and the capture range are dependent
on the low-pass filter. With no signal present at SIGy the
VCO adjusts, via PC3, to its lowest frequency.
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QUICK REFERENCE DATA
GND=0V,; Tymp=25°C
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT
fo VCO centre frequency C1=40pF; R1=3kQ; Vec=5V |19 |19 MHz
C input capacitance (pin 5) 35 |35 pF
Cro power dissipation capacitance per notes 1 and 2 24 |24 pF
package

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp X Vg2 x fi + T (Cp x Vc? x f,) where:
f, = input frequency in MHz.
f, = output frequency in MHz.
C, = output load capacitance in pF.
Ve = supply voltage in V.
2 (CL x Ve x ) = sum of outputs.

2. Applies to the phase comparator section only (VCO disabled). For power dissipation of the VCO and demodulator
sections see Figs 22, 23 and 24.

ORDERING INFORMATION
See "74HC/HCTHCUHCMOS (Logic Package Information’.

APPLICATIONS

FM modulation and demodulation

Frequency synthesis and multiplication

Frequency discrimination

Tene decoding

Data synchronization and conditioning

Voltage-to-frequency conversion

Motor-speed control.

PACKAGE OUTLINES
See "74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 PCPoyt phase comparator pulse output
2 PClour phase comparator 1 output
3 COMP\N comparator input
4 VCOgpur VCO output
5 INH inhibit input
6 Cia capacitor C1 connection A
7 Cig capacitor C1 connection B
8 GND ground (0 V)
9 VCOpN VCO input
10 DEMgoyt demodulator output
11 R4 resistor R1 connection
12 R; resistor R2 connection
13 PC20ut phase comparator 2 output
14 SIG)N signal input
15 PC3our phase comparator 3 output
16 Vee positive supply voltage
ergyr [0 U [38] vee 3—] COMP,, Pelout [—2
Peigyy 2] 78] Pe3out 4 ::m ::: F?L
conr 5] oy 1a—{ 516, moﬂ - 3 AQ4BA  pa _.‘la.
1 SIGN PC2 p—
veloyr [4] 40484 3] PeZour 3 Jcome pea |18
INHE E Ro 6—{Cta £ ex rce f—1
c1a[e] 7] 7y 1—{Cg veoguT b—s f‘*‘ cx
cta 7] [19] oEMour :;: :l veo z :: oen (18
chole [5] veom 9—{veoyy e 2 My veo L
1199023 6 =1 INH _‘_‘E. iNH

Fig.1 Pin configuration.

TZM0M

Fig.2 Logic symbol.

7Zpa025.?

Fig.3 IEC logic symbol.
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ct
—
6 7 4 3 14
Cla| Cig|Veoo out| COMP Iy SIG )y
r :7 Y7 4046A
identical to 4046A
12| R 4
2 — PHASE PCigyr |2 7046A
COMPARATOR |
Rz vCO ! Y PHASE PC2oyT |13
PC2 \ COMPARATOR
y 2
1R PHASE LN L
COMPAZRATOR PCPouT|1  _>:
<
R1 N R4 LOCK
; DETECTOR
- ] PHASE PCSOUT 15 ’1‘ CZ;
COMPARATOR
3 d 1_
INH DEMgyr |VCOIN Cip
5 10 9 c |_‘15 MGASI7?
CLD
Rg ;
(a) (b)
Fig.4 Functional diagram.
(]
- —
[} 7 4 3 14
Tl,| Clg| ¥COout|  [COMPyy [SIG)N
S — N PCloytia
Vst H .~ V |
ven \
L] \
!
snu NG PCIouT |15 |
|V 14
‘. l |
A noﬁ i1
11" . 1
il
n _x 1‘||
P Vee ‘l‘l
r-p GH v N
_|>°‘| ]
cP |
10|0EMoyr| a pc2 j R3
i ED +,%18 1_3-_
Rg { A4
[ | Y
+—p a c2
1)
. cp GN I
_ gjoown e
fip out |1
4 I |
INH VCO iy
[ 9
7TM08E 3
Fig.5 Logic diagram.
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7288027
VCC"—‘-'———_—-—

VDEMOUT (AV}

el

Q
[-]

Vv
- - Yee
Voemout = Vrczour = —= (051618~ Pcompin)

ODEMOUT = ($SIGIN — OCOMPIN)-

Fig.6 Phase comparator 1: average output voltage versus input phase difference.

O B
=

—Vee

VO NN

— GND
7222232

Fig.7 Typical waveforms for PLL using phase comparator 1, loop locked at f,.

7r0029
Voo — — o ——

VDEMOUT (AV)

WivVee 4+ — = —

adl

|
I
I
i
®

0
-380° +

00
@pemout

\'
_ _ VYee
Voemout = Veczout = Zx Osiin - Scompin)

doemout = (¢sigiv - $Compin)-

Fig.8 Phase comparator 2: average output voltage versus input phase difference.
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o 4 L4 L.f L

SO 1 SO ——— o

VCOy — S——

PCPouTt | I U
7298030

Fig.9 Typical waveforms for PLL using phase comparator 2, loop locked at f,.

72048021
Yoo :

VDEMOUT (AV)

VaVee 4+ — — ——

\
- = Yec
VoemouT = VeciouT = 5o ($si6in ~ Ycompin)

$pEMOUT = {BSIGIN — SCOMPIN)-

Fig.10 Phase comparator 3: average output voltage versus input phase difference:

SIG|y

R S T T N
w L L L F
1L

Vo ‘W Yee
——— GND
rX22238

PCl3our

Fig.11 Typical waveforms for PLL using phase comparator 3, loop locked at f,,.
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RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT

74HC T4HCT
SYMBOL |PARAMETER UNIT | CONDITIONS
min. | typ. | max. | min. | typ. | max.
Vee DC supply voltage 30 |50 |60 |45 |50 {55 |V
Vee DC supply voltage if VCO 20 |50 (60 |45 (50 |55 V
section is not used
V) DC input voltage range 0 Vee 10 Vee |V
Vo DC output voltage range 0 Vee |0 Vee |V
Tamb operating ambient -40 +85 |40 +85 |[°C see DCand AC
temperature range CHARACTERISTICS
Tamb operating ambient —40 +125 | 40 +125 |°C
temperature range
tr, input rise and fall times (pin 5) 6.0 | 1000 6.0 |500 |ns Vee =20V
6.0 {500 6.0 (500 |ns Vec=45V
6.0 {400 6.0 1500 {ns Vee =60V

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Voltages are referenced to GND (ground = 0 V)

SYMBOL |PARAMETER MIN. [MAX. |UNIT |CONDITIONS

Vee DC supply voltage -0.5 +7 v

+hk DC input diode current 20 mA forVi<-05VorVv,>Vegc+05V

*lok DC output diode current 20 mA forVo<-0.5VorVg>Vec+ 05V

tlo DC output source or sink 25 mA for-0.5V<Vg<Vge +0.5V
current

tice: Hlgnp | DC Vg or GND current 50 mA

Teg storage temperature range —65 +150 |°C

Piot power dissipation per package for temperature range: — 40 to +125 °C

T4HC/HCT

plastic DIL 750 mw above + 70 °C: derate linearly with 12 mW/K
plastic mini-pack (SO) 500 mw above + 70 °C: derate linearly with 8 mW/K

1997 Nov 25 9
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DC CHARACTERISTICS FOR 74HC

Quiescent supply current
Voltages are referenced to GND (ground =0 V)

Tamb {(°C) TEST CONDITIONS
74HC Vee
SYMBOL | PARAMETER UNIT | (v) | OTHER
+25 —40 to +85 | —40 to +125

min. | typ. | max. | min. | max. | min. | max.

quiescent supply pins 3, 5, and 14 at V¢c;
lce current (VCO 8.0 80.0 160.0 |pA 6.0 | pin 9 at GND; |, at pins
disabled) 3 and 14 to be excluded

Phase comparator section
Voltages are referenced to GND {ground =0 V)

Tamb (°C) TEST CONDITIONS
N 74HC Vee
SBM PARAMETER UNIT (3) OTHER
BOL +25 —40t0 +85 | —40 to +125 2
min, | typ. | max. | min. | max. | min. | max.
Vi | DC coupled 15 (1.2 15 15 v 2.0
HIGH level input voltage [ 3 15 2.4 315 3.15 45
SIGn, COMPin 42 |32 4.2 4.2 6.0
Vi | DC coupled 0.8 [0.5 0.5 05 |V 2.0
LOW level input voltage 21 [1.35 1.35 1.35 45
SIGw, COMPy 28 |18 18 18 6.0
Von | HIGH level output voltage [ 1.9 | 2.0 1.9 1.8 vV 20 |ViH |-lo=20pA
PCPour, PCrour 44 |45 4.4 4.4 45 |Or |_|g=20pA
59 |6.0 5.9 5.9 6.0 |/ [Zig=20pA
Von |HIGH level output voltage | 3.98 | 4.32 3.84 37 Vv 45 |V |-lg=4.0mA
PCPout, PCnour 5.48 |5.81 5.34 5.2 6.0 sf -lg=52mA
IL
VoL | LOW level output voltage 0 0.1 0.1 0.1 vV 2.0 [ViH |1o=20pA
PCPout, PCrout 0 {01 0.1 0.1 45 |07 |Ig=20pA
0 |04 0.1 0.1 6.0 | Vi lo =20 pA
VoL | LOW level output voltage 0.1510.26 0.33 04 vV 45 (Vg |1c=4.0mA
PCPour, PCrour 0.16 | 0.26 0.33 0.4 6.0 3r lo = 5.2 mA
IL
bl input leakage current 3.0 4.0 5.0 HA 290 |Vee
SIGin, COMPy 7.0 9.0 11.0 3.0 |or
18.0 23.0 27.0 4.5 |OND
30.0 38.0 45.0 6.0
gz | 3-state 0.5 5.0 10.0 |pA 6.0 |Viy |Vo=Veeor
OFF-state current or [GND
PC2our ViL
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Tamb (°C) TEST CONDITIONS
EE“L"' PARAMETER 7ahe UNIT \(’3;’ OTHER
+25 -40 to +85 | —40 to +125 A
min. ; typ. | max. | min. | max. | min. | max.
R input resistance 800 kQ 3.0 |V, atself-bias
SIG)y, COMPy 250 kQ |4.5 |operating point;
AV,=05V:
150 ka2 6.0 seeIFigs 12,13
and 14
VCO section
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
gm' PARAMETER TaHe UNIT \(’3;: OTHER
+25 -40 to +85 | -40 to +125 \
min. | typ. | max. [ min. | max. | min. | max.
Viy HIGH level 21 |17 2.1 2.1 Vv 3.0
input voltage 3.15 [2.4 3.15 3.15 4.5
INH 42 |32 4.2 42 6.0
Vi LOW level 13 |09 0.9 09 |V 3.0
input voltage 21 |1.35 1.35 1.35 4.5
INH 28 |18 1.8 1.8 6.0
Vou HIGH level 29 |30 2.9 2.9 Vv 30 [Vih |-lo=20pA
output voltage 44 |45 4.4 44 45 |0r | _|5=20pA
VCOour 59 |6.0 5.9 5.9 6.0 |Vt ~lo =20 pA
Von HIGH level 3.98 |4.32 3.84 3.7 V  [45 [V [-lo=4.0mA
output voltage 5.48 | 5.81 5.34 5.2 6.0 [OF |-lg=52mA
VCOour ViL
VoL LOW level 0 0.1 0.1 01 |V 3.0 {Vu [lo=20pA
output voitage 0 |0.1 0.1 0.1 45 {0 ||g=20pA
VCOour 0 0.1 0.1 0.1 6.0 |Vt lo = 20 pA
VoL LOW level 0.15 [0.26 0.33 04 |V |45 |V lig=40mA
output voltage 0.16 [0.26 0.33 0.4 6.0 |Or lo=5.2 mA
VCOOUT vIL
VoL LOW level output 0.40 0.47 054 |V |45 |Vih |lo=4.0mA
voltage C1a, C1g 0.40 0.47 0.54 6.0 Sr lo = 5.2 mA
IL
) input leakage 0.1 1.0 1.0 HA 6.0 |Vce
current or
INH, VCOw GND
R1 resistor range 3.0 300 kQ (3.0 note 1
3.0 300 4.5
3.0 300 6.0

1897 Nov 25
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Tamb (°C) TEST CONDITIONS
- 74HC Vv
SYM- | pARAMETER UNIT | vy OTHER
BOL +25 —40 to +85 | —40 to +125 \
min. | typ. | max. | min. | max. | min. | max.
R2 resistor range 3.0 300 kQ 30 note 1
3.0 300 4.5
3.0 300 6.0
C1 capacitor range 40 no pF 3.0
40 limit 4.5
40 6.0
Vvcoin | operating voltage 1.1 1.9 vV 3.0 over the range
range at VCOyy 11 3.4 4.5 specified for
R1; for linearity
1.1 49 6.0 see Figs 20
and 21

Note

1. The parallel value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/ or
R2 arefis > 10 kQ.

Demodulator section
Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | . | OTHER
+25 —40 to+85 | —40 to +125 v
min. | typ. | max, | min, | max. | min. | max.
Rs resistor range 50 300 kQ (3.0 |atRg> 300k
50 300 4.5 |the leakage current can
50 300 6.0 influence VDEMOUT
Vorr offset voitage +30 mV [3.0 | V|=Vycon = 1/2 Ve,
VCO\ to VoemouT +20 4.5 | values taken over
10 6.0 Rgs range; see Fig.15
Rp dynamic output 25 Q 3.0 [ Vpemout = 172 Ve
resistance at DEMoyr 25 4.5
25 6.0
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Phase-locked-loop with VCO T4HC/HCT4046A

AC CHARACTERISTICS FOR 74HC

Phase comparator section
GND=0V;t.=t=6ns; C_ =50 pF

Tamb (°C) TEST
CONDITIONS
SYMBOL | PARAMETER 74HC UNIT OTHER
+25 —40to +85 | —40 to +125 ‘('3;3
min. | typ. | max. | min. | max. | min. | max.

tprL/ propagation delay 63 200 250 300 ns 20 |Fig.16
teLH SIGn, COMP 23 |40 50 60 4.5

to PClour 18 |34 43 51 6.0
terl/ propagation delay 96 340 425 510 ns 20 |Fig.16
teLH SIGn, COMPy 35 |68 85 102 45

to PCPour 28 |58 72 87 6.0
tenL/ propagation delay 77 |270 340 405 ns 2.0 |Fig.16
teLH SIGN, COMPy 28 |54 68 81 4.5

to PC3our 22 |46 58 69 6.0
tezn/ 3-state output enable 83 280 350 420 ns 20 |Fig.17
tp7_|_ time S|G|N, COMPiN 30 56 70 84 45

to PC2our 24 |48 60 71 6.0
tpnz/ 3-state output disable 99 |325 405 480 ns 2.0 |Fig.17
tprz time SIGN, COMP 28 |85 81 a8 4.5

to PC2our 20 |55 69 83 6.0
trud/ output transition time 19 75 95 110 ns 2.0 |Fig.16
triH 7 15 19 22 45

6 13 16 19 6.0

Vipp) AC coupled input sensitivity 9 mV 20 |fi=1MHz

(peak-to-peak value) at 1 30

SIG or COMP|N 15 45

a3 6.0
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Phase-locked-loop with VCO 7T4HC/HCT4046A
VCO section
GND=0V;t,=ti=6ns; C_. =50 pF
Tamb (°C) TEST CONDITIONS
74HC

SYMBOL | PARAMETER UNIT Vee OTHER

+25 —40 to +85 | —40 to +125 V)
min. | typ. | max. | typ. | max. | min. | max,

AT frequency stability 0.20 %K 13.0 |V,=Vyeon = 12 Vees
with temperature 0.15 4.5 {R1=100kQ; R2 = oo}
change 0.14 6.0 C1 =100 pF; see Fig.18

fy VCO centre 7.0 (100 MHz 3.0 |Vycom = 1/2 Vg,

frequency (duty 1.0 [17.0 4.5 |R1=3KQ R2=c;
= 509, = . ig.1
factor = 50%) 13.0 | 24.0 6.0 C1 =40 pF; see Fig.19

Afyco VCO frequency 1.0 % 3.0 |R1=100kQ; R2 = oo

linearity 0.4 4.5 |C1=100pF,
0.3 6.0 |S€€ Figs 20 and 21

dvco duty factor at 50 % 3.0

VCOour 50 45
50 6.0

DC CHARACTERISTICS FOR 74HCT

Quiescent supply current

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT

SYMBOL | PARAMETER UNIT | v OTHER

+25 —40 to +85 | —40 to +125 V)
min. | typ. | max. | min. | max. | min. [ max.

lce quiescent supply 8.0 80.0 160.0 |pA 6.0 |pins3,5and 14
current atVec; pin 9 at
(VCO disabled) GND; | at

pins 3 and 14 to
be excluded

Alge additional quiescent 100 | 360 450 490 |pA |45 |pins 3 and 14

supply current per to at Ve

input pin for unit load 5.5 [pin9at GND;
coefficient is 1 {note 1) I at pins 3 and 14
Vi=Vee—-21V to be excluded

Note

1. The value of additional quiescent supply current {(Alcc) for a unit load of 1 is given above.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT

INH 1.00
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Phase-locked-loop with VCO 74HC/HCT4046A

DC CHARACTERISTICS FOR 74HCT

Phase comparator section
Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL. | PARAMETER UNIT Ve V, |OTHER
+25 —40 to +85 | 40 to +125 V)
min | typ. | max | min | max | min. | max.
ViH DC coupled 315|124 v 45
HIGH level input
voltage SIGy, COMPyy
VL DC coupled 21 |1.35 \Y 4.5
LOW level input
voltage
SIG)y, COMPy
VoH HIGH leve! output 44 |45 4.4 4.4 v 45 (Vin [-lo=20pA
voltage PCPoyr, or
PCnout Vi
VoH HIGH level output 3.98 |4.32 3.84 37 vV 45 (Vi |-lo=40mA
voltage PCPqoyr, or
PCnout Vie
VoL LOW level output 0 0.1 0.1 0.1 vV 45 (Vg |lo=20pA
voltage or
PCPour, PChourt Vi
VoL LOW level output 0.1510.26 0.33 04 |V 45 Vi |lo=4.0mA
voltage or
PCPourt, PCrout ViL
H input leakage current 30 38 45 KA 5.5 |Vee
S|G|N, COMP|N or
GN
D
tloz 3-state OFF-state 0.5 5.0 10.0 |pA 55 |Vig [Vo=Vcecor
current PC2qyt or |GND
Vi
R, input resistance 250 kQ 4.5 |V, at seif-bias
SIG)y, COMP;, operating
point;
A Vg =05 V;
see Figs 12, 13 and
14
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Phase-locked-loop with VCO 74HC/HCT4046A
DC CHARACTERISTICS FOR 74HCT
VCO section
Voltages are referenced to GND {(ground =0 V)
Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT Vee VvV, |[OTHER
+25 —40 to +85 | 40 to +125 V)
min | typ. | max | min | max | min. | max.
VH HIGH level 20 (1.6 2.0 2.0 Vv 4.5
input voltage INH to
5.5
ViL LOW level 1.2 0.8 0.8 0.8 Vv 4.5
input voltage INH to
5.5
Vou HIGH level output 44 (45 44 4.4 Vv 45 |Viy |-lo=20pA
voltage VCOoqyr or
ViL
VoH HIGH level output |3.98 |4.32 3.84 37 Vv 45 (Vi |-lo=4.0mA
voltage VCOqyt or
ViL
VoL LOW level output 0 0.1 0.1 0.1 A 45 (Vg |lo=20pA
voltage VCOoyrt or
ViL
VoL LOW level output 0.15 [ 0.26 0.33 04 Vv 45 (Vg |lo=4.0mA
voltage VCOoyr or
Vil
Voo LOW level output 0.40 047 054 [V 45 (Vi [lo=4.0mA
voltage C1,, C1g or
(test purposes only) ViL
4, input leakage 0.1 1.0 1.0 LA 55 |Vee
current or
INH, VCON GND
R1 resistor range 3.0 300 kQ 4.5 note 1
Ry resistor range 3.0 300 kQ 4.5 note 1
C1 capacitor range 40 no pF 4.5
limit
VVCOIN operating voltage 1.1 34 Vv 4.5 over the
range at VGO range
specified for
R1; for
linearity see
Figs 20
and 21
Note

1. The parallel value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/or R2

arefis > 10 kQ.

1997 Nov 25

16




Philips Semiconductors

Product specification

Phase-locked-loop with VCO 74HC/HCT4046A
DC CHARACTERISTICS FOR 74HCT
Demodulator section
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT Ve OTHER
+25 —40 to +85 | —40 to +125 V)
min, | typ. | max. [ min. | max. | min. | max.
Rs resistor range 50 300 kQ 45 |atRg> 300 kQ
the leakage current can
influence VpoemouTt
Vorr offset voltage +20 mvV 45 |Vi=Vycon =112 Veg;
VCO to values taken over
VpEMOUT Rs range; see Fig.15
Rp dynamic output 25 Q 4.5 | Vpemour = 1/2 Vee
resistance at
DEMoyur
AC CHARACTERISTICS FOR 74HCT
Phase comparator section
GND=0V;t,=t;=6ns; C_ =50 pF
Tamb (°C) TEST CONDITIONS
TAHCT
SYMBOL | PARAMETER UNIT | v OTHER
+25 —40 to +85 |40 to +125 (\C/;:
min. | typ. | max. | min. | max. | min. | max.
tenL/ propagation delay 23 40 50 60 ns 45 |Fig.16
tpLH S|G|N, COMP|N
to PC10UT
teHl/ propagation delay 35 68 85 102 |ns 45 |Fig.16
tpLH SIGy, COMP
to PCPOUT
teul/ propagation delay 28 54 68 81 ns 45 |Fig.16
tpLH SIG|y, COMP N
to PC3our
tpzn/ 3-state output enable 30 56 70 84 ns 45 [Fig.17
tPZL time SIGIN: COMP|N
to PC20urt
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Phase-locked-loop with VCO 74HC/HCT4046A
Tamb (°C) TEST CONDITIONS
7T4HCT

SYMBOL | PARAMETER UNIT | v, |OTHER

+25 —40 to +85 |40 to +125 (V)
min. | typ. | max. | min. [ max. | min. | max.

1) 3-state output disable 36 65 81 98 ns 45 |Fig.17

tPLz time SlGIN' COMP;N
to PCZOUT

tral/ output transition time 7 15 19 22 ns 45 |Fig.16

tTiH

Vipp) AC coupled input 15 mvV (45 [fi=1MHz

sensitivity
(peak-to-peak value)
at
SIG)y or COMP
VCO section
GND=0V;t,=t{=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT

SYMBOL | PARAMETER UNIT | y.. |OTHER

+25 -40 to +85 | 40 to +125 V)
min. | typ. | max | min. | max | min. [ max.

AT frequency stability 0.15 %K 4.5 |V,=Vycan withi
with temperature n recommended
change range;

R1 =100 k€;
R2 = oo

C1 =100 pF;
see Fig.18b

fa VCO centre frequency | 11.0 |17.0 MHz [4.5 |Vvcown =1/2Vee
(duty factor = 50%) ;

R1=3kQ;
R2 = o}

C1 =40 pF;
see Fig.19

Myco VCO frequency 04 % 45 |R1=100kQ;

linearity R2 = e
C1 =100 pF;
see Figs 20
and 21
dvco duty factor at VCOqur 50 % 45
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Phase-locked-loop with VCO 74HC/HCT4046A
FIGURE REFERENCES FOR DC CHARACTERISTICS
" " K [T
av, o “:‘r:u \\ voc-:c.ov}/
\\
400 /,

™ 45V
it blas coerating poim \\\‘\‘ 111:—"

LTI

v

Fig.12 Typical input resistance curve at SIG,

1/2Vpp-028 12V, HU2Vpp+0 28
cC cc vy v cc

Fig.13 Input resistance at SIG;y, COMPy with
AV, = 0.5V at self-bias point.

Fig.14 Input current at SIG;y, COMP;y with
AV, = 0.5V at self-bias point.

COMP.
J298038.3
+8 72940381
Veg = 60V v;::
- tmvi l
b ] 1V
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Vycoin IV
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Fig.15 Offset voltage at demodulator output as a
function of VCO)y and Rg.
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Phase-locked-loop with VCO 74HC/HCT4046A
AC WAVEFORMS

PCigyT OUTHUTS

7298037 TrHL - - e tTLH

(1) HC : VM= 50“/0; V|=GND tOVcc

Fig.16 Waveforms showing input (SIGn, COMP ) to output (PCPoyT, PC1ouT, PC30UT) Propagation delays
and the output transition times.

Vv
INPUT J M

COMP )
INPUT

-

Lz
L]

PC2our
ouTPUT

10%
1zesoss

(1} HC : V= 50%; V, = GND to Vg

Fig.17 Waveforms showing the 3-state enable and disable times for PC2qy7.
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Phase-locked-loop with VCO

"0OA G0 = N OIAA 14d 001 = 1D "seAIND AJIQels 5 0} oM 8y} Jo uoppe ay) Aldwis jou

S1 puB ‘JuainNd selq QDA |10} 8Y) Aq 189S St aaINo sy {y sand) usnifl osie st A G 1e T 01 = 2 = 1Y 10} Apigels Aouanbagy ay) “(q) uj
VA 00E =28 (O) ‘N 0L =2 (Q) ' BHE =2 (B) (== 1Y) Iesyouyum -—-—

T 00€ = LY (2) 1T 0L = LY {Q) W € = LY (B) (> = 24} 19sy0 Inoypm

Jejeweled e se sfejjoa Alddns yim ainesadwa) Juaique jo uonouny B se QDA 8y} 40 AJiiqe)s Aousnbaig g} -Bi4

'4d ool vey Jabie| jnq a|qissed sk |jews se 3q 1snw | ‘Alqels amyesadwiay wnwido uelqo o)

o]%

§i

0z
(%)
y
sz

(2) (q) (e)
(2,) AWE) (05) %L (90) AUe)
0S5l + 00l + 05+ 0 s - 051+ 001 + 0s + 0 05— 051 001 0s 0 05—
5z- sz~
0z- 0z-
7
\ S1- G4
\\\\ \
\\ 77— 0L~ #A— 01—
\\\ \ Py
/4 /2 d
. 4L s i
s\ \\\\\‘\ \\\“\\
7 7 AT
0 0 ~A9 —— -
/74 | ASE=="""1" A" #
A nGY vaura
/ G \k\\u. 5 LA o \\ \\
/
% / liK\\\&\\ / | ,4« Y
| 7/
\\\.\ o >m\\ /L /\f>“w 01 X
/i 1 A Y AVl
7 ne? f =
&\\ \ sl =99, £ \>n sl AL
/, ; il =
>m__ \\\ Jho \
1/\/ \
>m\\\\ / hs 0z b 0z
ne~ff] gne (%) I/ (3%)
I/A _ 02 v v
\\ ..-_ A sz / 52
ZiZASH LEZESH 01485

21

1997 Nav 25



Philips Semiconductors Praduct specification

Phase-locked-loop with VCO 74HC/HCT4046A

438 L L .25 7222347 28 Tr2348
af at at l /
{%) % ™ l /
«20 +20 +20
/] [ 4/
s +18 I +15 / //
7] ]
+10 { oo~ +10 v‘f’“’l-/jﬂ +10 a8y ﬁ
/5 »f 4 f
/i
e +8 +6
¥V Nsv 7
/// .\I b
Q 0 (1]
//
NP4 Y .
¥ /4
! // ’
A
-10 =10 =10
/ N7
/
-15 ~-18 -16 /
-20 -20 -20
—z—slﬂ ] +80 +100 +150 _2—'50 1] +80 +100 +150 -z—.io ) +50 +100 +150
Tunbl’Cl T.,‘,I'C] T'mh('C)
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To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.

Fig.18 Continued.
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Phase-locked-loop with VCO 74HC/HCT4046A
10 7190042 0 7]“!_‘3
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/
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{c) Ry = 300 kQ); (d) Ry = 300 kQ;
Cy =40 pF C4 =100 nF

To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.

Fig.19 Graphs showing VCO frequency (fyco) as a function of the VCO input voltage (Vyvcom)-
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Phase-locked-loop with VCO

74HC/HCT4046A

TIRS047

JZOR0A8 +10
e
A'VCO Voo
1%) oV
\
Cl= i pF
+8
l—av—sfe—av —]
+ } 4 ’
min 12Vge "’1".( /
— YVCoIN eovM\| ‘\
N \\~
.
Veg =45V N
. . . . o |S1a 00k -
Fig.20 Definition of VCO frequency linearity: =-- i
AV = 0.5V over the V¢c range: FHTHAC HH
for VCO linearity 483 AT
f' _ f1 +f2 v,
0 2 .
1 10 w0t L. way 19*
linearity = o ‘ fo x 100% Fig.21 Frequency linearity as a function of R1, C1
() and Veo: R2=wand AV =0.5V.
10. 1208048 10. TZN0049 ID, FZ09080
LT Pa2
{u) (W)
108 108 — - PoEm L
1 1l . oW N
< 3 i N
104 |— h 104 . {\‘ : 102 ) \
~YEH o < Jw S
h o) 45V N 3 45V r
e aov o? aov AN X k:!i{/ M
Nzov
10? w0? w0 L1
1 10 107 gy ey 103 1 1 107 a3 (xa) 107 10 0 a 10
—C1=40pF — C1=40pF
----C1=1ypF ----C1=1pF
Fig.24 Typical dc power
Fig.22 Power dissipation Fig.23 Power dissipation dissipation of
versus the value of R1: versus the value of R2: demodulator sections
CL=50pF; CL=50pF; as a function of Rg:
R2 = o; R1 = o; R1=R2 = oo;
Vvcoin = 1/2 V¢, Vvcomn =GND =0 V; Tamb = 25 °C;
Tamb =25°C. Tamb =25 °C. chom =1/2 Vcc.
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Phase-locked-loop with VCO

74HC/HCT4046A

APPLICATION INFORMATION

This information is a guide for the approximation of values of external components to be used with the 74HC/HCT4046A

in a phase-lock-loop system.

References should be made to Figs 29, 30 and 31 as indicated in the table.

Values of the selected components should be within the following ranges:

R1 between 3 kQ and 300 kQ;
R2 between 3 kQ and 300 kQ;
R1+ R2 parallel value > 2.7 kQ;
C1 greater than 40 pF.
PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
VCO frequency characteristic v
VCO frequency PC1, PC2 or PC3 With R2 = « and R1 within the range 3 kQ < R1 < 300 kQ, the
without extra characteristics of the VCO operation will be as shown in Fig.25.
offset (Due to R1, C1 time constant a small offset remains when R2 = ),
IZ980851.1
tvco
=T 1
I 2t duete
Lt PG
4
o9V W2V Veo-08Y  Vep
VCO N
Fig.26 Frequency characteristic of VCO operating without offset:
fo = centre frequency; 2f, = frequency lock range.
Selection of R1 and C1
PC1 Given f,, determine the values of R1 and C1 using Fig.29.
PC2 or PC3 Given fax and f,, determine the values of R1 and C1 using Fig.29, use
Fig.31 to obtain 2f_ and then use this to calculate f,.
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Phase-locked-loop with VCO

74HC/HCT4046A

SUBJECT

PHASE
COMPARATOR

DESIGN CONSIDERATIONS

VCO frequency
with extra
offset

PC1, PC2 or PC3

VCO frequency characteristic

With R1 and R2 within the ranges 3 kQ < R1 < 300 kQ,
3 kQ < R2 < 300 k€2, the characteristics of the VCO operation will be as
shown in Fig.26.

*vco S 7Z98082.1

due to
R2.Cy

l

v 2 Vcc Vccoo.o v VCC
VCaO |y

O = ————

Fig.26 Frequency characteristic of VCO operating with offset:
f, = centre frequency; 2f_ = frequency lock range.

PC1, PC2 or PC3

Selection of R1, R2 and C1

Given f, and f_, determine the value of product R1C1 by using Fig.31.
Calculate fy5 from the equation fyq = f,— 1.6f.

Obtain the values of C1 and R2 by using Fig.30.

Calculate the value of R1 from the value of C1 and the product R1C1.

PLL conditions
with no signal at
the SIG)y input

PCA1

VCO adjusts to f, with ¢pemoyT = 90° and Vycoin = 1/2 Ve (see Fig.6).

PC2

VCO adjusts to f, with ¢pemout = —360° and Vycoiy = min. (see Fig.8).

PC3

vCO adjusts to f; with dpemouT = —360° and Vycoin = min. (see F|g10)
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Phase-locked-loop with VCO 74HC/HCT4046A
SUBJECT zg?n?:inmon DESIGN CONSIDERATIONS

PLL frequency PC1, PC2 or PC3 Loop filter component selection

capture range
R3 irllw)l
—_———
Ry
INPUT cz3=  ouTruT 4

w TINQ83

(a) T=R3xC2 (b) amplitude characteristic (c) pole-zero diagram
. . . 1
A small capture range (2f) is obtained if 2f_ = - j2nf /1

Fig. 27 Simple loop filter for PLL without offset; R3 > 500 Q.

R3

[Fuiw)|

~tirg ~liry

c2 Fom——t—— _As_
| " M RITRA
t

w 1Zisone

Vg3 Vg

(a) 11 =R3xC2; (b) amplitude characteristic (c) pole-zero diagram
12=R4 x C2;
3=(R3+R4)xC2

Fig.28 Simple loop filter for PLL with offset; R3 + R4 = 500 Q.

PLL locks on PC1 or PC3 yes
harmonics at
centre frequency PC2 no

noise rejection at | PC1 high
signal input PC2 or PC3 low

AC ripple content | PC1 f, = 2f;, large ripple content at ¢pepmouT = 90°
when PLL is PC2 f. =, small ripple content at dpemout = 0°
locked PC3 f. = f;, large ripple content at ¢pemoyt = 180°
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Phase-locked-loop with VCO 74HC/HCT4046A
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To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.
Interpolation for various values of R1 can be easily cafculated because a constant R1C1 product will produce almost the same VCO output frequency.

Fig.29 Typical value of VCO centre frequency (f,) as a function of C1: R2 = =; Vyco = 1/2 Vee: INH = GND;
Tamb = 25 °C.
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Phase-locked-loop with VCO 74HC/HCT4046A
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To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.
Interpolation for various values of R2 can be easily calculated because a constant R2C1 product will preduce almost the same VCO output frequency.

Fig.30 Typical value of frequency offset as a function of C1: R1 = co; Viycon = 1/2 Ve INH = GND; Tamb = 25 °C.
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Phase-locked-loop with VCO 74HC/HCT4046A
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Fig.31 Typical frequency lock range (2f,) versus the product R1C1: Vycon range = 0.8 to (Ve - 0.9) V;
R2 = c; VCO gain:
2f,

= —T r/s./V .
Vyecoin fange ( )
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PLL design example

The frequency synthesizer, used in
the design example shown in Fig.32,
has the following parameters:;

Output frequency: 2 MHz to 3 MHz

frequency steps : 100 kHz
settling time 1 ms
overshoot < 20%

The open-loop gain is

H (s) x G (8) = Kp x K¢ x Ko % Kp,.
Where:

K, = phase comparator gain

Ks = low-pass filter transfer gain

Ko = Ki/s VCO gain
K, = 1/n divider ratio

The programmable counter ratio
K, can be found as follows:

f 2 MHz
N =out_ eMhAz _ .4
min - fep 100 KHZ
N - _o_ﬂ — 3 MHZ =30
mex  foop 100 KHz

The VCO is set by the values of R1,
RZ and C1, R2 = 10 kQ (adjustable).
The values can be determined using
the information in the section
“DESIGN CONSIDERATIONS".
With f, = 2.5 MHz and f_ = 500 kHz
this gives the following values

(Vec =5.0V):

R1=10kQ

R2 =10 kQ

C1=500pF
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The VCO gain is:
_ 2f, X2X7 _
V. 0.9-(Vee-09)

- 1 MHz _ 6
= =37 x 21 =2 x10° r/s/V

The gain of the phase
comparator is.

V
_ Ycc _
p - Zx_n 0.4 Vlr-

The transfer gain of the filter is
given by:

1+1:25
Kf = 7.
T+ (1,+1)8
Where:

T, = R3C2 and 1, = R4C2.

The characteristics equation is:

1+H(s)xG(s)=0.
This results in:
&2y T+K, <K, xK, x1,

s+
(T4 t1,)

pr K, xK, _
(11 ‘”2)

The natural frequency wy, is
defined as follows:

o - [XKxK,
n (Tt

31

and the damping value { is defined as
follows:
1 THK XK xK x1,

&= 20, % (1, + 1)

In Fig.33 the output frequency response to
a step of input frequency is shown.

The overshoot and settling time
percentages are now used to determine
. From Fig.33 it can be seen that the
damping ratio = 0.45 will produce an
overshoot of less than 20% and settle to
within 5% at wnt = 5. The required settling
time is 1 ms.

This results in:

Rewriting the equation for natural
frequency results in:
K, x K, xK,

2

©n

(T, t+ T,) =

The maximum overshoot occurs at Nyay.:

0.4 x2x10°

= — = 0.0011s.
5000° x 30

(T4 +1,) =
When C2 = 470 nF, then
(T4 + 7)) x2xw, x{-1

R4 =
prKvxKnxCZ

=315 Q

now R3 can be calculated:

_ T =
RB—E—R!'I =2kQ.
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Kp K¢ Ko
100kHz
OSCILLATOR | | OIviDE-8Y 10— —» co“';::‘:mn 13RI g | veo e
“HEU 04~ | e pC2 >
3 "N 1228 75§
T R4 *
At1]|R2 4}
Lﬂ_l Kn c2 I <':1
1 MHz PROGRAMMASLE
DIVIDER  |e
" 4069" 7Z22349.1
Fig.32 Frequency synthesizer.
note
For an extensive description and application example e
please refer to application note ordering number e L e
9398 649 90011. oty e ST
Also available a computer design program for PLL's ol I;_#"‘ 10 —02 20
ordering number 9398 961 10061. ress
10 FT] m— [
08 / 02
i
i1/ N
i i
osflll 0

Since the output frequency is proportional to the VCO
control voltage, the PLL frequency response can be
observed with an oscilloscope by monitoring pin 9 of the
VCO. The average frequency response, as calculated by
the Laplace method, is found experimentally by smoothing
this voltage at pin 9 with a simple RC filter, whose time
constant is long compared to the phase detector sampling
rate but short compared to the PLL response time.
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Fig.33 Type 2, second order frequency step response.

; 11 __4’,' FZ22480
 output N=30
f
{MHz) D~
N stopped from 20 10 30
29 J-—J
% - st8p input .nF
2.1 Jefs % % {
N stepped from 21 10 20
s
20 X
1.9 -~
B 13 1.0 1.5 2.0 25
time {ma)

Fig.34 Frequency compared to the time response.
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SOLDERING
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

our “IC Package Databook” (order code 9398 652 90011).

DIP
SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstg max)- ' the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

S0, SSOP and TSSOP
REFLOW SOLDERING

Reflow soldering techniques are suitable for ali SO, SSOP
and TSSOP packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method.
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Typical reflow temperatures range from 215 to 250 °C.
Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering can be used for all SO packages. Wave
soldering is not recommended for SSOP and TSSOP
packages, because of the iikelihood of solder bridging due
to closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering is used - and cannot be avoided for
SSOP and TSSOP packages - the following conditions
must be observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

e The longitudinal axis of the package footprint must be
parallel to the solder flow and must incorporate solder
thieves at the downstream end.

Even with these conditions:

* Only consider wave soldering SSOP packages that
have a body width of 4.4 mm, that is
SSOP16 (SOT369-1) or SSOP20 (SOT266-1).

¢ Do not consider wave soldering TSSOP packages
with 48 leads or more, that is TSSOP48 (SOT362-1)
and TSSOP56 (SOT364-1),

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
{less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C,



Philips Semiconductors Product specification

Phase-locked-loop with VCO 74HC/HCT4046A
DEFINITIONS
Data sheet status
Obijective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application informatton

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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National Semiconductor
High Speed Operational Amplifier
General Description = ['igh u"itvl gain ffef 55&;\"“2
u
The LM6161 family of high-speed amplifiers exhibits an ex- s Fowt suz?y cu:rzeg t0 0.1%
cellent speed-power product in delivering 300 V/ys and as 5_8 ing R -ns 2 e
50 MHz unity gain stability with only 5 mA of supply current. m Low d!ﬁerent!al gain 0'1_/"
Further power savings and application convenience are pos- 8 Low differential phase 0.1
sible by taking advantage of the wide dynamic range in oper- @ Wide supply range 4.75V to 32V
ating supply voltage which extends all the way down to +5V.  m Stable with unlimited capacitive load
These amplifiers are built with National's VIP™ (Vertically In- 8 Well behaved; easy to apply
tegrated PNP) process which provides fast PNP transistors
that are true complements to the already fast NPN devices.  Applications
This advanced junction-isolated process delivers high speed g Video amplifier
performance without the need for complex and expensive di- .
electric isolation. m High-frequency filter
m Wide-bandwidth signal conditioning
Features - g:ﬁ::
m High slew rate 300 Vips
Connection Diagrams
10-Lead Flatpak Vos
M — O e Adjut V& Your  N/C
Yoy ADJUST Vg ADVUST 3 7 6 5
ol.m INPUT E LMW % v:s | I I l
wON-iHY INPUT ¥,
V- e
DS003057-13 )
See NS Package Number W10A
1] z] 3 4 |
Yos NV Ni V-
Adjust  input  Input
DS00B057-5
Soee NS Package Number JO8A,
NOBE or MO3A
Temperature Range Package NSC
Milltary Industrial Commercial Drawing
=55'C s T, s +125°C -25'C < T, < +85°C 0'C<T, <+70°C
LM&261N LM6361N 8-Pin NO8E
Molded DIP
LM6161J/883 LM6361J 8-Pin JOBA
5962-8962101PA Ceramic DIP
LM6261M LM6361M 8-Pin Molded MOBA
Surface Mt.
LME161WG/883 10-Lead WG10A
5962-8962101XA Ceramic SOIC
LMG161W/883 10-Pin W10A
5962-8962101HA Ceramic Flatpak
VIP™ it a of Natonal C
© 1999 National Semiconductor Corporation DS008057 www.national.com
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Absolute Maximum Ratings qote 12)

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

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

Storage Temp Range -65'C to +150°C

Distributors for availabllity and specifications. i
Max Junction Temperature 150°C

Supply Voltage (V* - V7) 3V ESD Tolerance (Notes 6, 7) 700V
Differentiat Input Voltage
(Note 8) 8V Operating Ratings (Note 12)
Common-Mode Voltage Range Temperature R Note 2
{Note 10) (V" - 0.7V) fo (V™ + 0.7V) m‘;ezu“’ ange (Note 2) ST < 125
Cutput Short Circuit to GND o 1 1 =55 C_:Cs< _Jr S, ‘C
(Note 1} Continuous LM2§21 25‘0 R f;g_g
Soldering Information 0CsT,s
Dual-in-Line Package (N, J} Supply Voltage Range 4.75V to 32v
Soldering (10 sec.) 260°C
Small Outline Package (M)
Vapor Phase (60 sec.) 215'C
Infrared (15 sec.) 220°C

DC Electrical Characteristics

The following specifications apply for Supply Voltage = £15V, V., = 0, R_ 2 100 kQ} and Rg = 5002 unless otherwise noted.
Boldface limits apply for T, = Ty 10 Tuax: all other limits T, = 25°C.

Symbol Parameter Conditions Typ LM6E161 LM6261 LM6361 Units
Limit Limit Limit
(Notes 3, 11) (Note 3) (Note 3)
Vos input Offset Voltage 5 7 7 20 mV
10 9 22 Max
Vos fnput Offset Voltage 10 uvre
Drift Average Drift
Iy Input Bias Current 2 3 3 5 pA
6 5 (] Max
los Input Offset Current 150 350 350 1500 nA
800 600 1900 Max
las Input Offset Current 04 nAl"C
Drift Average Dnft
Ry Input Resistance Differential 325 k2
Cin Input Capacitance A, = +1 @ 10 MHz 1.5 pF
Ava. | Large Signal Vour = 10V, 750 550 550 400 ViV
Voltage Gain R, = 2 kQ {Note 9} 300 400 350 Min
R, = 10 k2 (Note 9) 2300 ViV
Vem Input Common-Mode Supply = £15V +14.0 +13.9 +13.9 +13.8 Volts
Voltage Range +13.8 +13.8 +13.7 Min
-13.2 -12.9 -12.9 -12.8 Volts
-12.7 -12.7 -12.7 Min
Supply * +5V 4.0 3.9 3.9 38 Volts
(Note 4) 3.8 38 3.7 Min
1.8 20 20 21 Volts
2.2 22 2.2 Max
CMRR | Common-Mode =10V £ Vg < +10V 94 30 80 72 dB
Rejection Ratio 74 76 70 Min
PSRR | Power Supply 10V s V* s 216V 90 80 80 72 dB
Rejection Ratio 74 76 70 Min

www.national.com




DC Electrical Characteristics (continued)

The following specifications apply for Supply Voltage = £15V, V¢, = 0, R_ 2 100 k2 and Ry = 500 uniess otherwise noted.
Boldface limits apply for T, = Ty to Tyas all other limits T, = %"C.

Symbol Parameter Conditions Typ LM6161 LM6261 LM6361 Units
Limit Limit Limit
{Notes 3, 11) (Note 3) (Note 3)
Vo Output Voltage Supply = 15V +14.2 +13.5 +13.5 +13.4 Volts
Swing and R, = 2 kQ2 +13.3 +13.3 +13.3 Min
-134 -13.0 -13.0 -12.9 Voits
-12.7 ~12.3 -12.8 Min
Supply = +5v 42 35 35 34 Volts
and R =2 k2 3.3 33 33 Min
(Note 4) 1.3 1.7 1.7 1.8 Volts
2.9 19 19 Max
Output Short Source 65 3¢ 30 30 mA
Cirguit Current 20 25 25 Min
Sink 65 30 30 30 mA
20 25 25 Min
Ig Supply Current 5.0 6.5 6.5 6.8 mA
6.8 6.7 6.9 Max

AC Electrical Characteristics

The following specifications apply for Supply Voltage = 215V, V,, = 0, R, 2 100 k{2 and Rg = 500 unless otherwise noted.
Boldface limits apply for T, = Ty to Ty all other limits T, = %'C.

LME761 LM6261 LM6361
Symbol Parameter Conditions Typ Limit Limit Limit Units
(Notes 3, 11) (Note 3) (Note 3)
GBW Gain-Bandwidth @ f =20 MHz 50 40 40 35 MHz
Product 30 35 32 Min
Supply = £5V 35 MHz
SR Slew Rate Ay = +1 (Note 8) 300 200 200 200 Vius
180 180 180 Min
Supply = 5V (Note 8} 200 Vius
PBW Power Bandwidth Vour = 20 Vpp 4.5 MHz
tg Settling Time 10V Step to 0.1% 120 ns
Ay=-1,R . =2KkQ
om Phase Margin 45 Deg
Ag Differential Gain NTSC, A, = +4 <0.1 %
¢D Differential Phase NTSC, A, = +4 0.1 Deg
€npp Input Noise Voltage f=10kHz 15 nwv/Hz
inp-p Input Noise Current f=10kHz 15 pA/{Hz

Note 1; Continuous short-circuit operation at elevated ambient temperatura can result in excesding the maximum allowed Junction temperature of 150°C.

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N} is 105°C/W, the moided plastic SO (M) package Is 155'CAW, and the cerdip
(J) package is 125°C/W. All hars apply for d directly into a printed circult board.

Note 3: Limits are gt d hy testing of col .

Nots 4: For single supply operation, the following conditions epply: V* = 5V, V™ = OV, Ve = 2.5V, Vgyr = 2.5V. PIn 1 & Pin 8 (Vos Adjust) ere each connected to
Pin 4 (V) lo realize maximum output swing. This connection will degrade Vgg, Vggs Drift, and Input Voltage Nolse.

Note 5: C; < 5pF.

Nots 6: In order to achieve optimum AC performance, the Input stage was designed without protective clamps. g the { differential Input voltage re-
sults in reverse breekdown of the base-emitler junction of one of tha Input trensistors and probable degradation of the input parameters (especially Vos, los, and
Noise),
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Supply Current vs
Supply Voltage
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AC Electrical Characteristics (Continued)

Nots 7: The aversge voliage that the weakast pin combinetions (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test circuit
used consists of the human body model of 100 pF in sedes with 150042,

Note 8: Vi = 8V step. For supply = £5V, Viy = 5V step.
Nots 9: Voltage Gein is the total output swing (20V) divided by the input signal required to produce that swing.
Note 10; The voltage between V* and either input pin must nol axceed 36V.
Nota 11: A militery RETS elacirical test specification is available on request. At the ime of printing, the RETS6161X specs complied with all Boldfaca (imits in this
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Note 12: Absoiute Maximum Ratings indicate limite bayond which damage to the device may occur. Oparating Ratings indicate conditions far which the devica Is
intanded to be functional, but do not guarantee spacific performanca kmits. For guaranteed spedifications and test conditions, sae the Electricaf Cheracteristics. The
guaranteed specifications apply only for the teet conditions listed.

Typical Performance Characteristics (R, = 10k, T, = 25'C unless otherwise specified)
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specified) (Continued)

Input Noise Voltage
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Typical Performance Characteristics (R, = 10 ka, T, = 25°C unless otherwise
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Simplified Schematic

Applications Tips

The LM6361 has been compensated for unity-gain opera-
tion. Since this compensation involved adding emitter-
degeneration resistors to the op amp's input stage, the
open-loop gain was reduced as the stability increased. Gain
error due to reduced Ay i5 most apparent at high gains;
thus, for gains between 5 and 25, the less-compensated
LM6364 should be used, and the uncompensated LM6365 is
appropriate for gains of 25 or more. The LM6361, LM6364,
and LM6365 have the same high slew rate, regardiess of
their compensation.

The LM6361 is unusually tolerant of capacitive loads. Most
op amps tend to oscillate when their load capacitance is
greater than about 200 pF (especially in low-gain circuits).
The LM6361's compensation is effectively increased with
load capacitance, reducing its bandwidth and increasing its
stability.

Power supply bypassing is not as critical for the LM6361 as
it is for other op amps in its speed class. Bypassing will, how-

Typical Applications

Oftset Voltage Adjustment

1% tolerance

150 pF" o

+*
Yin : '
rokat  rLokn |
150pF°

aver, improve the stability and transient response and is rec-
ommended for every design. 0.01 pF to 0.1 yF caramic ca-
pacitors should be used (from each supply “rail” to ground);
if the device is far away from its power supply source, an ad-
ditional 2.2 uF to 10 pF of tantalum may provide extra noise
reduction.

Keep all leads short to reduce stray capacitance and lead in-
ductance, and make sure ground paths are low-impedance,
especially where heavier currents will be flowing. Stray ca-
pacitance in the circuit layout can cause signal coupling
across adjacent nodes and can cause gain to unintentionally
vary with frequency.

Breadboarded circuits will work best if they are built using
generic PC boards with a good ground plane. If the op amps
are used with socksts, as opposed to being soldered into the
circuit, the additional input capacitance may degrade circuit
performance.

1 MHz Low-Pass Filter

C1 = — Your

RI R2 10ka

Icz j;l_

DS008057-10

*Matching detarmines filter precision

——

fe = 2w JRTR2C1C2) !
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Typical Applications (Continued)

Modulator with Differential-to-Single-Ended Converter

+12v
4 MODULATION
BALANCE
2% :E AAA—AAA—AAA

10k S0k 10Kk

< 512 51 [ I

J_ <
0.1 uF % < 3
| 2 3 < S 34
w 7 3.9x s s 9K

*12V

carrier ———] |- e — oUTPUT
WODULATION 0.01 uF _ 1
INPUT
4

10k 2 10k Z 5125

10 5
>
SDk %
9.1k
CARRIER ——

NULL
=12y

DS0080s7-11
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Physical Dimensions inches (millimeters) unless otherwise noted

0.400 MAX ———nl

nnmum-\l—lTTm i

P

0.220  0.310 MAX
0.2 GLASS

RD.025 TYP 1 l

| 3 R I K

0.045
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0,200 f«— 0.005 QLASS
!'n.szn i /scAunT
0.180 l 4 VA

0.200 [] 0.020
uAx AK -I- 0.080
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: 0.200 |
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950450 MY H 0.310 0,055 MAX —
|' 0.410 “i BOTH ENDS i
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPCRATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgicai implant
into the body, or {b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Samiconductor

Cor Europe

Americas Fax: +48 (D) 1 80-530 85 88

Tel: 1-800-272-9959 Emall: surops.supportifinac.com

Fax: 1-800-731-7018 Deutsch Tal: +49 (0) 1 80-530 85 85

Email: support@nsc.com English  Tel: +49 (0) 1 80-532 78 32

Frangals Tel: +49 (0) 1 80-532 93 58

www.national.com leliano  Tel: +49 (0) 1 80-534 16 BO

National Semiconductor Natlonal Ssmiconductor
Asia Paclfic Customer Japan Ltd.

Responsa Group Tal: 81-3-5639-7560
Tel: 85-2544458 Fax: 81-3-5636-7507
Fax: §5-2504466

Email: saa.support@nsc.com

Natlonal does nol assume any responadbility for use of any circuitry described, no circult patent kcenses are implied and Nabonal reserves the right at any time without notice 1o change said drcultry and specifications.

Jayiduy jeuonjesadQ paadg YBIH L9CONT/19ZONT/L9LONT



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



BPW34

Vishay Semiconductors

Optical Characteristics
Tamb = 25 °C, unless otherwise specified

\ . A
VISHAY.

Parametar

Test condition Symbol Min Typ. Max Unit
Open Circuit Voltage Eg = 1 mW/cm?, A = 950 nm Vo 350 my
Temp. Coefficient of V,, Eg = 1 mW/em?, A = 950 nm Ty 2.6 mw/K
Short Cireuit Current Ea=1kix Ik 70 pA
Eg=1 mW/em?, A = 850 pm T 47 pA
Temp. Coefficient of I, Eq= 1 mW/cm?, & = 950 nm TKix 0.1 %K
Reverse Light Current Ep=tKx, V=5V Ira 75 pA
Eg=1 lecmz, A = 950 nm, la 40 50 A
Vp=5V
Angle of Half Sensitivity Q + 85 deg
Wavelength of Peak Sensitivity Ao 900 nm
Range of Spectral Bandwidth o5 600 to 1050 nm
Noise Equivalent Power V=10V, A=950nm NEP 4x1014 Wi Bz
Rise Time Vp=10V,R =1k{, A=820nm ty 100 ns
Fall Time Vg=10V, R = 1k}, A=820nm t 100 ns
Typical Characterlstics
Tamb = 25 °C, unless otherwise specified
[ = 14
£
g § 12 V=6V
g e i) A =950 nm
& =0 2
B t=1MHzZ |
g 4 1
(&) e [
L]
i ¥ o
i i o
'n \u-_.-. ia
o I'!
0 £ 08
A 1 10 100 0 20 40 60 80 100
048430 Vy- Reverse Voltage (V) s4gare T - Ambient Temperature ("C)

Figure 1. Reverse Dark Current vs. Ambient Temperature

Figure 2. Relative Reversa Light Current vs. Ambient Temperature
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VISHAY.
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Figure 3. Reverse Light Current vs. Irradiance

1000
- P
3 L
E 100 -
3
= -
:§. 10
8 A Vp=5V

A=
5 1 ,/7
x
e
01
10! 1R 108 100

948418 Ea - lluminance {hx)

Figure 4. Diode Capacilance vs. Reverse Voltage
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Figure 5. Reversa Light Current vs. Reverse Vollage

Vighay Semiconductors
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Figure 6. Diode Capacitance vs. Revarse Vollage
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Figure 7. Relative Spectral Sensitivity vs. Wavelength
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Figure 8. Relative Radiant Sensitivity vs. Angular Displacement
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Vishay Semiconductors

Package Dimensions in mm

CATHODE MARKING
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Vishay Semiconductors
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VISHAY.

Ozone Depleting Substances Policy
Statement
It is the policy of Vishay Semiconductor GmbH to

1. Meet all present and future national and international 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.

It is particular concem to control or eliminate releases 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 and international initiatives are pressing for an
earlier ban on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to sliminate 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 Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) 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.

Wae 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 Semiconductors products for any
unintended or unauthorized application, the buyer shall indemnify Vishay Semiconductors 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

Document Number 81521 www vishay.com
Rev. 1.9, 13-Nov-06 5



Legal Disclaimer Notice
Vishay

Notice

Specifications of the products displayed herein are subject to change without notice. Vishay Intertechnology, Inc.,
or anyons on its behalf, assumes no responsibility or liability for any errors or inaccuracies.

Information contained hersin is intended to provide a product description only. No license, express or implied, by
estoppel or otherwise, to any intellectual property rights is granted by this document. Except as provided in Vishay's
terms and conditions of sale for such products, Vishay assumes no liability whatsoever, and disclaims any express
or impiied warranty, relating to sale and/or use of Vishay products including liability or warranties relating to fitness
for a particular purpose, merchantability, or infringement of any patent, copyright, or other intellectual property right.

The products shown herein are not designed for use in medical, life-saving, or fife-sustaining applications.
Customers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Vishay for any damages resulting from such improper use or sale.

Document Number: 91000 www.vishay.com
Revislon: 08-Apr-05
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