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ABSTRACT

This project presents a desigﬁ system of digital data , video signal and audio signal
transmission via the optical fiber by using a light source and photo diode . The light source and photo
diode are matched each other . For transmitting digital datg , video signal and audio signal channel .
First channel is transmitted signal by Frequency Shift Keying , second channel is transmitted in
baseband frequency and third is transmitted in broadband frequency by Frequency Modulation. After
three channels are multiplexed by Frequency Division Multiplex , intensity of light source is controlled
by amplitude level of composite signal . Finally , all the informations are transmitted through the optical

fiber .
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0.0 1.0

0.25 0.98 0.12

0.5 0.94 0.24 0.03

1.0 0.77 0.44 0.11 0.02
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Taoii 3 i):umadﬂ'?q&qmaaﬂmﬁ;mmuxwmmngm%‘aﬂﬁ vegEaFuds AT uazijoioisan
Fyanuluaunish 2.6.10) luSadyyia M v Tdnuddums ugiae 1i

f= 0 + B(,Om cos D t

2TC 2TT

s f, +Bf, cos @y auMmsn (2.6.11)

=1

1 = Py q)/l ' v v a < o =
mmasuvuanutgegade B, dudiiigy Ar veadusudndazidon 13y B=Ar/f
o & o ] Y o
wardyan FM dudvz@ou 1dilu
v(©) = A_cos (O t+ Afsin® ) aun1IN (2.6.12)

f

m

oA { I~ ' 1 1 1 <] @ o
fandaudiouuuanudgagaiy At g Tdenunsoagy1ddee Nanafuvesdyan FM

v20gluaa £ £AF Ny



39

2.6.4 fdsANvOId Y I FM nasdyanas PM

I
wvad o o o @ 1

4 o g o
E]f,uf.TJJ‘UG]‘V]ﬁ"IﬂﬂJ‘lJSZﬂW‘iﬁﬁ\i‘llﬂ\‘]il’ﬂﬂllﬂﬂmﬁﬁﬂulﬂﬁmﬂﬁﬂﬂmdﬁﬁlﬂﬁﬁiyﬂﬁm Gluﬂiﬁ

o

VoI IMIYY FM nazuuy PM § iflesninueutgavesdyaadiinedioznldoumlaunme

7]

Ed Yo
A v A

' v ' . -
AuD My uazmmjafmuﬂmﬂ'nuﬁuazﬂumMaﬁﬁﬂzuwaw”lﬂVIwﬁWuuaﬂxLazﬁ’wu
4' =1 T} [ d’ d‘ o [ 3 4’1 a o w 1 d' % qa//
au WwanlSsumeuiuanuduazavesndumy AN ANMAITURAsYOI Ty 9
z:y 1 Yo w [
doauvHazwun lamasgaily

P = A’ AUMSTN (2.6.13)

C

2

= E o A oA o
Tﬂﬂm:"lmuﬂummmmuwlmm:ﬂuummumma

= 1% v

2.6.5 minnTuvesdyair FM uasdoyanm PM ngaueganAledIUANNTIAL)

u u

~

~ =< a 29 o T B Y o Y
VINTUNITN (2.6.10) DIAWNITN (2.6.12) i]$3J"U®ffﬂmﬂ’ﬂﬂHiﬂﬁﬁﬂJﬂﬂﬂl‘l’]HﬂiﬂM@@LﬁﬂiH

3

‘= = = ~ Y o et e o)
NIUYDI FM 1las PM llﬂ'g'lllﬂlﬂﬂ'luagl"uﬂullﬂlﬂu fUﬂnmUl.‘IfuijLWﬂﬁ']\iﬂu 90

n38 PM m() = sin® t
A58 FM m(t) = cos@ t aunITn (2.6.14)
o AN Y oA & o A ’
Mf’r‘mmmzﬂﬂﬂznmmuauﬂuﬂa

O = Psine t aumsfi (2.6.15)

Fom i dygauluaunsfi 2.6.10) fo v = A, cos ( 0.t + Psin®_t)  annsouaadldi

¥ v
o @ @ v o a 4 @ @ LY
ayy PM uasdygim PM T ludados dalumzaunsednsisianlaauvosdyaats

@ @ 1 3 :;’ a J [ u‘// ' y
aowwyldTaodyanugUdendnd  Fusenlumsinssianlansniy ADUBUITINLATENY

L1}

¥
v

doayio v oonludal
v(t) = A [cos ( Bsin(Dmt ) cos@ t — sin( Bsin(Dmt )sin@ t ] aunsn (2.6.16)
! o ) : ) o D ! . g
1199910903 cos( Psine, ¢ ) 1Az sin( Psin® ¢ ) anuihuildduswmuiiinnddamiy o

A "o A g s o 7 a J e
HIDUMUNaUMNY 27T / (Dm magﬂumuu@13Jwaﬂmmmmaamsamswwammmimﬂm "Nﬁﬂ‘]ﬂl

:‘I‘;’ dyr Y o dAa q’dﬂ [ v A
ooz Iieglugivesoynsuyisos nanuifug iy £, 18 ifesan

Vv '
v o Jo A

<
avdulanrunitugiuveanis

jmo))

I o . = g

cos( Bsinw 1) WuilafFug uag sin( Psinw, ¢ ) uiladi

o = . o = a s ] dw

N3E0WAITU cos( n® 1) 1Az sin n®, 1) MUAFY 1IN ANEIMIARam RS TesTuT
dw ¢ S Jdao z:y
aosvrmsansznwluglounsuiSosdado 1il

oo

cos( Bsin®d ) = 1(B) + 2 21.(B)cosn 1) UM (2.6.170)

n: cven



40

0

sin( BsinCOmt) = Z 2] ( B ) sin( n@_t) ﬁllmiﬁ (2.6.17%)

n: odd

= o o g

Taoh n Wuaviwauduiidiwon vaz 1) o wawaildTudszmninifiisusudiu o
FavoulaTugdae il

T

1By =1 [ Pt 4o qun1sh (2.6.18)

PR
2TC

Y o

4 ' = a d a
ieunumaumsi (2.6.17) asluaumsi (2.6.16) izldduana FM wie PM finszaie
aglugdounsuyiSusaenn Uil
0

v(t) =AJ( B Jeos@ t + Z AJ( B ) [cos( @M _+n@ )t - cos( @, - n® )t]

n: odd

o0
+ 20 AJ(P) [cos( @, +nm )t + cos(®,- n®. ] qumsT (2.6.19)

n:cven

wazdunldqumuifvosvmaaileddui 1, (B ) = (1" 1( B) sezdouaunsi 2.6.19) 18

Twsieatl
0

v |2 A a J"(B) cos( @, +n® )t aumsi (2.6.20)

n=-00

Tagagdudanumsn (2.6.19) uioaumsii (2.6.20) fwzuraamiansuvesdoon  FM

A o A v a d dd
nIivauuI PM ‘wmama%uaummgﬂu B

g g U

v o v A Jd o [ v
2.6.6 ANUTNRUS Iz NINBITHBMANT T UmUnnSuvesFu FM

d o o o Ay v Y A g ' =

nnmsuaniueynsulisuTvosdyayia FM mui ldnanluidoiudusimudiesd

Y @ P P Ao v g w o 4
midansuvesdygineginnud £ & af, Taoflivinavesmasuiu 1(B)  dnfuios

a wa < Y Y1 o o
nnsanguanaves 5 ( B) fegdldhimsnszarevesanlans e sdyaia FM woanmluglla

Y =

2 4~ o < a {
1,0 B viudleouiuna ez 1dnwiinaas13lugd 220 dodunannnsmlifousinudl B = o

[l
A

a o 4 ' 3 o = 4 4
il Iy B) Wmaega vaz 1 () szdnaaiio n Trgeiu fodunadnlszmsnilsde o B

LV

P~ N 1; < < ~ ' g 1 @ a < &
uelvgudunaladve ) (B) Mundssgnduswinduasivinadnas Taommwiziio n >

= ' 1 @ wa Jo o 4 dw o
VZIANAIDYINUITUNA ‘”lﬂﬂﬂ‘ﬂ'!ETIJU@]“UE)QL'Uﬁk“ﬁﬁ{’qdﬂ“lmﬂ\3ﬂﬁ1Qu%%“ﬂﬂﬁlﬁ?ﬁﬂﬂiﬂﬁﬁqﬂﬂ’ﬂh

¥
S

v o ' < o W @ oa < @ A
?fiJ‘INU'ﬁ5$1‘i'JNﬂ1‘iﬂi$’ﬂ1EJ‘U@dﬁ’fﬁJﬂﬂﬁhﬂﬂil@@lﬂ"ﬁﬂ@ﬂlﬁﬂ“ﬁkzllﬂ\‘iu



41

{ 1 o W v
3V 2.29 mafasulasawe sy amailadsus sy n

S o a @ [ 4 ' ' {
M 1,(B) FuiuomlagavesanlansuveadyanuniumieisulGoundas luay B
= s { =] A [~ o v
Taviezlidngagai B = o uaziidudiuguéfiar B = 2.405, 5520 iihidu U T PRI R GTTATR LY
& ¢ A o o v 2 A o =
aauvszivinan/asunlaslladyyaiidunuegian WIVINTVOIFY AU NN INOGIAn
DYAWLIAIU FRLUANANAUNTHYDINTUOGIAAULY AM M zdyyIunaun luszuy AM

v lufiimsega

b4
=< 1 U

@ @ i < <

(@) mensznwvesmaasuasiuegiva B die1 B Hvinaidn fio << 1 is19eidinld
E4 ' 1 vV [

N3P A B minfuiiimgaiduna SehliTianansuwonas fouaz £ f  mniun
¥

1o ' 1 v o 5

widuna udd B gy Tesmmz B >> 1 msnszewsmalandufosnieon’ 31/ 230

o T [ A 1 o = o v
wanInIeumsnsznuvosdiaasylunsdiiiial B dwadu Tavh B gaezdil¥msnszon

y 4 & s Qo ML 2 e
m1wumﬁ@ﬂﬂamﬂumiwumimmmuﬂammqa

= A
Ae B =02
¥
!y
APy )
i
’11 \\\ ~ g =5
l}‘—zﬁ m N
/// \\\ £ =10

31 230 mansznwvesminasuvesduana FM wio pM ngnuogaada

dyaauFenuhif)



42

a o A v v 9 dy = @ 3 1 [ Ia o
Tupsdil B <<1 Fafindrdnadui BN AYY I FM U dyais FEM uuuasay
UAY (narrow —band FM  signal) mﬁmmmumuﬂﬂmauiusﬂMmmasmaummmJﬁttUtumx

AM g Lﬂuﬂﬂﬂllﬁﬂdqliuiﬂ 231 ‘]Ni]zmu'lﬂ’ﬂilﬁ’,mﬂmﬂﬂﬁﬂﬂUﬁﬂJﬂﬂm AM L‘Wﬂwwll‘b’ﬂlmuﬂ

'
a

fumi £+ £, dufuandeiuiae nsdlveadayanar FM s iavimuniy HATINYDL Ty ALILUR

Qe

' 2 o A s & o gy % = = =
iagzoglunndmnduadunyd  duihlfidareswasuimanSounamisnan Tuniei

U o

o s Y v ¢ a =
Yo AM HukasWed ladiuusiagazi Ilimyesnasuivnan Sounasaunan

LY

- 123; cos(we — wmit
R’
: esuitants
® Ar
- N
L —————COS et . > cos(we + wmt

Q)

le————Resultant, R
—— R ——

% sin{we + Wm)t /J

£ % Sin{we — W)t

(v
J s oda o d @
3V 231 laesvosduyaa FM unudianuny uazmdimosyos WYINU AM

2.6.7 MIRAUVHAIANVBIT YR 10U FM

c; Y [ = d'd s J
YU FM mnmmaﬂmﬂﬁmmmmmﬂammﬂﬂﬂugﬂmmmgnsmjmms

5 EY Y o g

v
@ @

NNNTNTLT
qs: < Y1 R 9 ci P 1 [~ @ -
Ty azwiu @t UaYINUUILYAVBYAAAIIANND A WDRED uealnasuIEAT L1800

11489 o0 EJEJNLlEle1lliﬂﬂﬂJ@ﬁQlﬂﬁ‘U@QL‘UﬁL“I)’aWQﬂ‘b'uV]ﬂm’lul’gclmﬂﬁll@ﬂ@u%”mullﬂﬂ 1(B)

uuﬁmmﬂamamammma n> B mef 2.6 nanasives 1B i B uaz n ey Faier

MINNIUITIBALBOANNMTIWET  zifiuld 10B) i ngand B +1 asiimandinsadng

4 ) ' o @ @ [l 1 A l ’ I~ ] i}

I dmneR R mavesTyauezoglurn i | 1 | < (B + 1) fudanlng
) o w [~ @ 1 & U z:sy v 1 dy
IvzAIuMassmlnasulusinnuddana i ldmuaumsde 15

B
P= 2 1B AC aumsi (2.6.21)
|\—’~(B1 )

l\)’



43

13190 2.6 1T ) el B uaz nfineq fu

n\g 1 2 3 4 5 6 7 8 9 10
0 J62 2239 -2601 3971 -.1776 st 3001 1717, - 09033 — sece
1 A0l 5767 3391 -.06604 -.326 -.2761 -.004683 2346 2453 04347
2 Ll89 - 3528 . 4861 3641 04657 -.2429 -304 —.130  ads 2546
3 OI9%6 1289 3091 4302 3648 .08 -.1676 -.2911 -.1809  osgig
4 Q0T 03400 1320 2811 39127 35T IST8 -.j054 - 2655 - 2196
5 00704004303 1321 2611 36 3479 isss - 05504 - 2341
6 001202 01139 .04909 1310 2458 3392 3376 2043 ~ 01446
7 002547 01518 05338 1296 2336 3206 3275 2167
8 004029 T.01841 05653 1280 2235 3081 3179
9 005520 02117 05892 1263 2149 2919
10 001468 006964 02334 06077 1247 2075
1 002048 008335 02560 .06222 1231
12 002656 009624 02739 06337
13 003275 01083 02897
14 001019 003895 01196
15 001286 004508
16 001567

'
<

ﬁfumm P ‘Vl'lﬂi]w’c’f\iﬂ'ﬂ 0.98 A_ /2 194V3) ‘Vii’(’)ﬁx‘)ﬂ’ﬂ 98% %BQﬂWﬂQﬁﬂJﬂﬂmlﬁiﬂJLWSk Al /2

o

3

o w

ﬂ’(’]ﬂ?ﬁ\‘lﬁﬂ]ﬂjﬁu‘i’flﬂ

aadiaoshimsumust 1 B )

1NN 2.6 asluaunsii 2.621) 6 510s WUINIRET

v:“luw1“lwamimmvmmﬂﬂa=um'lﬂwmwauwsaﬁmmammwmu"lﬂ

=

4

511!1/]1\‘1‘1J{]1]ﬂﬂ1ﬂ'3!ﬁ“l] 98% uu Lﬂummﬂm&am‘U'lmwsuummmmwmwa

LlJﬂUﬂWﬁﬂﬁQﬂdTJﬁlﬂ@W

apldduvudiavvesdaynin Fv fignuogiandaon i £, umal

AB+1)f =
13JffiJﬂ1i‘V] (2.6.22) ‘LlLSfJﬂ’ﬂ ﬂ;]‘UEN'ﬂﬁﬁu (Carson’ rule) luwmumsﬁmsmmﬂanm

20Af+1) mei‘Vl(2672)

B

Ha 18

v A o a4 o

mdmuumwmsmwﬂsmWﬁmmmmﬂnmuamammma f ﬂ’JHJﬂLﬂEJ’J Gl,uﬂiﬂﬂflﬁ'ﬂulimm‘ﬂﬁl'llﬂ

4
a <K Jd v W

mﬂﬂmmaaammm FM ‘wmmuﬂﬂxﬁauw

by

lli‘]ﬂLﬁS‘v]Mﬁﬂ?ﬂﬂ”ﬂNﬂﬁi@hﬂ’ﬂnﬂﬂ’ﬂi!ﬂuuﬂﬂ
fnausuu 'E)EJNIliﬂﬂ1llﬂ'JHJE]ENﬁ'ﬂﬂJ’E‘NﬁﬂJﬂﬂm‘V]!‘lﬂM']iJi’)ﬂileﬂUQﬂ\‘IiJNﬁcll‘!ﬂﬁVIﬂﬁmﬂﬂﬁill

d o a [
ﬂswmﬂmwaaﬂ"lﬂmmmqw muum%zmmmaﬂauiwﬂszqﬂmﬂmaamsau"lﬁsﬁﬂaummmw
~ = o ¥ da Jd o ' q”
Weuuunud D lugdvosaufieunugage Af, nazuuuManvosdyanluglae 1ui

= Af
__]-’
W

TUNITN (2.6.23)

J v Y Ia J @ <
Awnguesmi ULz lAnuuainnveadyain FM iy

AUNITN (2.6.24)

= 2D+ DW= 1(Af, +W)

A L d’
2.6.8 ﬁﬂJﬂﬂﬂ& FM nuununI1uondn

@

v S y = Ao @ v I 8 @
0t iUﬂJTﬂl‘VlL“U']flﬂlJOﬂ!ﬁﬂﬂju VmCOS(Dm t ADUIEAVNS muqaqmﬂu \’m(l‘lJ.§$lJ‘UJJ@ﬂlaGD'u

¥

U @ @ o k4 v oo p=}
HUY PM ﬂwlﬁmmmmmﬁmtymg'ﬂ310@1@@1.1mﬂ31.meNmJﬁaJﬂunmuﬁa () = kv, cos®



44

P [~ ' = S o 1 { { o {

laoh k, Wudrnsi S ldaudeauuma fo B = kv cosm_t Tuanmi v, Umnaai i
1 d” 1 da J @ dy o @
i B filvaweaundsuuusIaivesdamta PM Tazimlsamanii £, IMTIZMUNQUDIATT U

a A { a  d = Yy v o '

B=2 [ £, ewwzndn@simanlfouuawewmudiavnuni £ 180 Sannsamldnua
0 ¥
HFrvaz@ouldlugiaeluil

OO = kv, sin_t aumsi (2.6.25)

2T,
Taoh k Wummed TuiSou vy

B = kv aums (2.6.26)

m

27Cf

m

£ o q Y da o Hy v o A A
“IN'V]'Iﬂh’TLLUUG]'JﬂV]‘U'ENfoLJiLﬂﬂ!W‘lﬂﬂ1uﬂ§]ﬂlﬂﬁﬂ15ﬁ'uﬂﬂ'}ﬂ\3ﬂﬂ@

B = oams, = kv aumsh (2.6.27)
2TCF,
H ' ' k4 T
Tyanauntauadvuzasaumsi (2.6.25) 1iu vl nNudTIvaF iy

=<

= 4 4> 8 4 v 4
= O +kv,cos®_t cmmmﬂaﬂuuﬂawmmmnmwmmsmqﬂumyﬂpmmmmagmmma
b

Y Y o SA o o o a o w Hq v Ay ye
Wmimﬂwﬂumﬁﬂgwmuﬂaﬁiytym FM UUIDY LLﬁSﬂ'iyﬂﬁm‘l/ﬁmﬂ”lﬂﬂlmi]ﬂ'ﬂllﬂ1ﬁﬂ\17|ulﬂuu%$

o

dudyann PM naniiifudyane pM 71 232 waniedamsnsznevesmaasuuea

& A ool dq v A4 d' b4 . < &
quuil FM wnmmmmmmnmn”lwﬂmu Tﬂﬂmu”lm’e)quu@wmhlugﬂwa@mmﬂuwm

0 g

'
o

< ' o {1 = o
vngy 232 eziiuldd dygnaiitdr B dwas £ qeezlimsnseavuesanlnasunieoon’l

wnnndyanuil B quas £

.
o ~

. ¥ '
dyyia FM ldTumsingnsznodosszuy M Taoialiviy UAsTIUNAMUa Tay
' . | = Yqg Y1 = v Y]
FCC (49910 Federal Communications Commission) 13 1¥auioauuunud Af = 75 kHz 21511
= o as o g ¢ o
ANuAgegAvosdyyneen leidwagandy 15kHz il B =Af/f, =75/15 = 5
i da o o 7o :
Lﬁammmmumﬂ‘wTﬂamﬁﬂﬂgmaammmﬂﬁB =2B+1)f, =2 X 16X15 = 180 kHz Favz
ndeniuudImifigndmunliie 2Af = 150 kiz wIAN0TNAYS At ANARIS eI
i = o o q Y ia g
Aitautlu s kiz lunsdil B = 75/5 =15 ezt fuundiatiduB=2 X 16 X 5 = 160 kiz
= < Y1 @ ' s g = Y a5
Favzmiuldhmanszngvesmlansuzuauninsiifunned 15 iz nasdinnuia

= da sy yg 4 Y o
adluSn nund3eif1dfosdnlng 150 Kz dhldeun agiianimsnszosvesmaasuves

doyanauisSonioudu 2Af danarednadu



45

1 p=>s
PP 1 1 ] I [ i ’ l‘ l 1 [ l l l 1 2
f. £
m |- 2Af —
1.0
? f=10
All’lll'nl'lll'll‘lm_lll(ll‘.
fe
@ | 2Af — £
1.01I'
é ' f=20
1 RN TR AT AR RINI TRl [T
f. £
L. . .
(®) P 2Af ]

31 2.32 msnsznevesmansuvesdynia FM Almsiidauouaudidaed

1

a :‘l’ a v 1 o a b2 d’t:l L%
2.6.9 Naﬂ581’]‘lJ‘UE‘Nﬂ1EWﬂ!‘WU‘H!!UU!‘]JQ!ﬁulmmmﬂl’!&l!ﬂnwd!ﬁuﬂNﬂi’) YUt FM

A a Y, o Y 1 v =1 Vi o =y " e g o o
i]'lﬂV]@ﬁU1U‘131UH3T@ﬂ@u‘l’iu’]u%;‘ﬂwu“lﬂ']']ﬁ uﬂuﬂm FM Wﬂﬂ\iﬂ75uu%mﬂuﬁiyﬂj1mwn

'

9

= = A =~ o ' g
wnaneh uazianuanseman/asunlasldadygaiidunuogian edielsimmlunszuy
Y o g a o da o S Y v = v
MsaTNTYYIN FM A Tumsuegandyguia memsuiudealdees infhusedieiine s
a a c«y a 9 1 g a 9 o 1 1 dyd Y 1A J 1
inAMIAaNsULUDFauuazuuy g ady A1081998 9 M ldunlamesuuudien
o < g/,
HAZNITVEFYY I 1TuAY
~ I=q v ' 7 Ao o q Y a s & a
Hlawesildluszuy M 1wy Hawosmmmouanuiingmlifensiafounuuss
9 Y Y Ia I's a o U I o @ =N} dy a dy < a 42‘
Lau'lfvmumumwmmﬂamaﬂmummuumﬂmaqaﬂujqjmz lunsaluiimsAaifioufvzfaiy
¥V v ¥ ¥
Tdnosdnuaz femsAnfowFwuanasmsiamouduaamig MIHAREUTIVIIAT UL A
nalvueui/yavesdaaia FMm navundasmunm Idwsedyaa P Sanudin/Svulasey
b ¥V b4
e waRanszgnunnmsHafioudvinatiey liguisuiifuransmunemsiameudanan
v v F Ed
MU s zInmsvesdyanaiidiueganzeginlavesdyaa msizaziunsiadiouss
[} & o Y @ [~ a £ I~ [ ' '
namu e iiavesdaaa lidhosadu NIZAIHANTENUDLIITULI IROAMUNNYDY
i b4
dyyin FM éh‘ﬁ§um@waﬁﬂmnmaﬂsmmmmiwmwaummum“luqumauﬂu@ﬂmmﬂm
A % o v £% q 9 = ' aa s
Wsmnmumgnaa Ay mssmnsaundaynldlaoldesicondt  diamed (imiern)
o w o q ~ aa :{:j v 1 (2 v @
aesiInavIIavesdyataldned  Alamosiiuadanuduniugssnig v uiInudyaa
vivenawaas 13lugy 2.33 (n) wazarialdTaoldEmes laTonnugy (v) ANuduiuTamgln)
il vzdiiavevesday lidyapuveonivinansfiuaziiodiflamosiiumoy
= . o aa y o d de a g4 a o o o =
mmmnmawaamﬂamma§’LﬁaﬁﬂﬂmmmaﬂsTuuﬂmnmmmmﬁmuammﬁmﬂuﬂm oy iun

v 2 o ~ <& v A oAy gy aa s o a s
Idoomndvziivinanail  Fazudilynisomunalineily|g AlAMEITINAUTHamoI N

. '

-~ % ~

' dwo 7 Ve @ 9 ISh1 = y
nanmnisineg lrlusmasudedyann Fm nnuloman)asulaswua ldamnailes



46

a Q” 1 [ a qy [ @ q’;’ a ; v A
nnmsnamaflugesdynia mamamadsluresdyaguiiueziatuldnn - Tunsdiids
ﬁmmm;m&mauummm'lﬂ%"lﬂ"lumsmmﬁ"lﬂ“luswaw Wlnag wu Judrodomslulnsnnuy

ﬂmwuﬂuuawmiﬁamsm’ummﬂusﬂu

Vo

T -

m (v

@

3 233 anuduiusszieduanavid e duanavienn

oo

vi(t) Vo([)
——— Limiter > BPF |—p

aa s A Y1 A I =
El] 2.34 amwmmahs';uﬂm\lamaimuuauﬂama

Y £Y

P 1 dyd a dw a 9 ¢ ~ [~
NAAINVIAUTITIUNANT ENUNMTRAM UL LUIT 3L Tunsdinaos il uduuyy

o

Tuiifhusadu frﬂujtymﬂnaaﬂﬁﬂzﬁv%qmﬂﬂm%’mmﬁ’wﬂmmm’h nazmlaasuvesans Tuiinds
mavinanu liidududuveares ldduan M vutiEon 18T

V(1) = Acos[®, t+ ()] aun1sfi (2.6.28)
Toyinoonti lUfez@on 16y

o¢]
a
Vo) = A2 a cos[ n®_+nQo) ] aun1shi (2.6.29)
n=1
5 = < ' o a o ° 1 a Y A a o
laon a, Wusdulszaningnimuannanu ludududuveses eNMTAN Ty IUTI0en
= Yo g ] E rYoa g Y
muammm (2.6.29) Tianazmuldd anwliihuFuduvernsszadieg W FM Ad
Tun e msnlavundamweuradufuileiduduie G mwmmumiwmmuaﬂ n MIHAT
Aadui LildThumaFondotislame zaunsauondyYI M 5aiideaniseonin 1 nele
Namosrmuunuanyi lumaassthunduinnldse Tonl 18 lugnuus fudasaindnasd
= q v é’ Y 1 £ o qﬂ P o ~ 1
Wesumanuaigeiulden o v mslFouludnsmsivziise Tonina lunsaii launsg
Y o = = A s Ay Yo oAy ' Y = =
Ay FM aanuaaauniiguminoms anui wieluannsoatemadeanuniig

1 Py P Ay o A
11191@"3&“1’”V]9’]@\3ﬂ15‘ﬂu1/]



47
2.6.10 M3a3 19Ty I FM UUUNAGS

Y 5 o o { {
nmIasdye FM nuunasaiudumsinordyyisiwdimiseann ndou
4 & o & = /a0 o Ay yda o
ﬂ'ﬂuﬂﬂlﬂﬂﬂﬂuWWﬁIﬂﬂﬁﬁq c]f\?f]@ﬁ“b’ﬂlalﬂf)iﬂ‘ﬂ13']u(luaﬂymgullﬂﬂu 5Lwaﬂ°ﬁﬂ1ﬂaﬂ5@u (reflex

' [ v
Klystron) uag Miilalon (Gunn diode) M1 udmarndlulasifiudy eoafmamodianas

vl Adwdieeadmansennozidon laiuns siulusaluguiFudy Aniuierhdyanui

a

Y y = o o g o q Yo o o o
L‘lﬂiﬂll@ﬂlaﬁ 1ﬂlﬂﬁﬂull§ﬁﬂu1ﬂ@ﬁﬂ%$‘ﬂ'ﬂﬁﬁiyiy"lf,u FM @'E]ﬂll”liﬂﬂﬂiﬂ TINTUANUDAININ

2 w ga v A a dAa ' T4 2y 2
TuTasvaumiu e ldsudusiSansoindfitenh NUIANDT  (varactor) FUFAIUTIDY
tnuaui@mmzfemnulsuaudoziounlasldatyss ﬂmamamumaama muumwﬂ‘v
amiﬂmaimﬂumuwuwmmwiImLuuwﬂﬁmmiaﬂmmama5 SRz msoadie

@

dyanar mM 1R Taofoudygaiidunuogan luidoumamSunudve s aae s a31/%

' Vv
235 UENIAI00192995 0 1F s AmesAana1

Tuned
BEC"DC block circuit

v(t)! §§ L\ ‘[ AT
Varg gtor ¥4 ve(t) Oscillator,

o =q v o Y o
31 2.35 Medrasildnusmaes lunsadudyaa Fm

lumsTiaszimmnnudidonsuiiosadieldiiuovzmldinoldmmlSuangue
drmidunudFinesiSonldiiu
C) = C, - C() UMt (2.6.30)
Tagiim cyvy  Tvweidndediondy Co HipamIAnY W T s Tannmifon 14
T £ -1/emVLe)  deld co mwaumsi (2.630) vz@ouarmiis Tsnuii 1 ug1ao
i

= 1 {1-Ccun™

|
27TVLC(t) mVLe C,

£41+ C, v}

2C,

(0

I

Il

£+ C, £ v aAuMIN (2.6.31)

2C

O



48

dy v Pt £ g my oA o & A v
mmwaw%iuﬁumw (2.6.31) uﬂzmu"lﬂ31mﬂmnmmmu‘vwmzﬂzuﬂmiaﬂuﬁiyapmmmm
' Y o v P ' a o
JagLan LLZWN’JWLSTﬁ1miﬂﬁ‘iﬂﬁiyiy1m FM hlﬂTﬂfmNi)1ﬂﬂmﬂaﬂummuﬂmmuwm
d o 1 v v
FULIAUADIAINATIVINAY
3

a9y o a AA Y Ad o 4 P oA sS4y v
3ﬁﬁ513ﬁﬂJiy7m FM LL‘IJ‘U‘V]'NWS\‘]WﬂaTnJ1u1J‘UaﬂW1mhlﬂ\ﬂU !La&’ﬂTLUUQLUUﬂ'J']UﬂV]vlﬂ

A o W =

=== 1 a o 5 Y =2 o I Y =t
WPINDTUAIT LUANUUDIAY TAYAND fﬂfc 199 2ATHN (drift) hlﬂ\ﬂﬂ meﬂumamwwmw

= & P ' y &
RuNIAZIIAILANAIND £, THAsidReziiunuginnve s i gety
2.6.11 Msadedana FM 1uumaden
msafudyonn FM upumsdemiulagia e 198w sznovvesssaiinang s

= i a a 3 a a o = T g
Tugiit 2.36 ﬂa1’Jﬁ@%i%ﬁqﬂﬁ@umﬂsmaﬂummumﬂmﬁmnpmwL*ﬁ'mma@mm nazauiniluy

mamdvegamesvziludyanu FM

%0° phase f(
shifter

Oscillator

> f(1)

' ‘ Adder |——s
vi(t) —=4 Integrator * Balanced |
© Modulator £1(t)
va(t

11 236 Amlsznevvesesildadadyana IM nuunsdon

' '
~ 1 !

[l o
Tumsuanendyyinfiudazyanldounas liledralsiu wiinsanlasldgln 236

A b4

Usznoudsi] Adeud Tyminaun s dagana v, Mfgeinnmuduegames szvili
adyyuviooniudyaa DB Adou 18 ughe il

£ = Av,(tcos@, (1) Tumsii (2.6.32)
daudyarunaumifiiumailiand 90° el

£ = Beos(M t- TT) = Bsin®,( aunsfl (2.633)

2

v
@

A o & o o I 4 o A
Lll’f)ﬁiyfg‘lmVN’sT’eNuuﬁ’JiJﬂu‘Vl’Ni)i‘Ujﬂ fgiymﬂﬂ@@ﬂﬂ%mﬂumu

flty = £,() + £ = Av,(Dcos® (1) + Bsin(_ t

= BV1+A’ O sin[O, 1+ O] UM (2.634)

5

B

Tao Q) = an' [ A v,(0) ] UM (2.6.35)

B



49

drazduvesdananaumigunnouilil A /B << 1 aqunsh 2.6.35) fextlsenas gy
O = A v UM (2.6.36)
B
uaziflowin v Annadnsudufudefiousunnavenimigaimmss (2.6.34) 9
Uszinmsnldidu
) =Bsin[M_t + A v)] AT (2.6.37)
B

aunsn (2.6.37)ﬁﬁ%zuﬁmﬁ’ Y1 PM il v,(t) Lﬂuﬁmmmmﬂnmmmaﬁ uazdl A /B iy

v
Adg

o a o <& a a
ua@m%uautm%@ﬂuﬂimuﬂ% fﬂ]lﬂﬂ!aﬂiﬂﬂ Lummﬂﬁtyiy]m Vz(t) hlﬂ‘lﬂﬂﬂWiﬂuﬁmiﬂ

o & gy a A o

o = s Y g
ammmmmmmammm 19 v,(t) PUUANUNTTN (2.6.37) QZLGUUMVLG]LIJ'L!

o g

O =Bsin[O,t + A | v (0dt ] aumsfi (2.6.38)

-00

B

w
g 1

c?aﬁ”mmm“luaumi‘ﬁ (2.6.38) tinvziludyana FM Afaudouuuamda Fadudyananuy

maaamﬂanmu ‘Tf't’)L‘SEJﬂ’N aﬁua@mmmuminﬁmm (Armstrong’ modulation method) Tu

A AY o w oA A o £ =2 o Ay v 3dyd I~
ATNDYAAUUUUISHUDVINANA UV YUV UANINNA fmwmﬂmﬁmmmw‘lﬂ?uwuﬂ%mﬂu
dyaa FM  UUUMUUAIARLAY  n3tina ADIMITTYYIYU EM LuuuuusIannefiozdoding

E YA v ) o = A s R v
DONLUUUAUAAUAD Gl‘lf')xii]iﬂﬂlﬂ?1llﬂﬁ]1‘[f’38 ’N"t]iui]z‘i’nch’iﬂ’J'liJﬂ‘UfNﬂﬁuW?Wij:Q"UuW5@1] S|
@ o YA = d?l o A = a) g =
ﬂUWﬂWﬂ'lmUQLUUﬂ'JHJ’Dq\WH ﬁiyaunm‘mmu@aﬂmmaﬂiamﬂ'Jmmzazvdamasmummumma

¥

SUAVA n udzmsafouldlugias Tui

t

v(® = Csin[n®_ t + nk | v (Bdt 1 aumIn (2.6.39)

-0

[l
=

A va s o Iz . 1 Hqu y A 4
lumafiddr o Aldinozily 2 wie 3 msduraildoulRmiiaa n3diNdeIn1s eI
Ada o A g o ) ¥ Yo v o ! Y S '
AaEnIdgugani . fezihldlaolddguuands ddszroumu dosmsaunind 64 i

'
Y o a o o

< o | ¥ Yo = g o o & v A
ﬂi]ZWﬂllﬂIﬂUcl“b'ﬁ'Jﬂﬂlﬂ'ﬂiJﬂ 2 L‘V]H“LJU"LHN'JH 6 91 ﬂJ‘LlG]'Ll ﬂl@ﬁ'ﬂlﬂﬁﬂﬁ?ﬂm%@ﬂﬂ?iﬂmﬂ??ﬂﬂﬂ
' o ' v a d ¢ A & &£ A SA A a A
NANIUIUAD ANV UDUIANY YT B E];\T’U‘L! PINANANTUINNADAUVYUVUAIIND D Af
& & " Y o sa Y a 4 < s e
ﬂ$q3"UH uuﬁlﬂﬂﬂ'Nll'ﬂﬂ?ﬁiyﬂﬁﬂ!LUﬁLLUuﬂWﬁHMﬁJ@ﬁmWJﬂ'ﬂiJﬂLlJu fm mummaﬂ%mmuﬂﬂ

. '
ra

v s ' ' o & 1a o % do g A a
vzndweenll Tasfigauiheszninanlaasuiogandulu lasimudgaiy £ IMTOWAY HATIN

1 a o @ = a 4 o 1
uanas llnnfuifevinavesanlaasuegnlaounlas gy 90190z duna Id01ng e

AN
& 2 6 v & A qoug v A o Ay > Y,
11”/]1\3‘1_]{]‘1] UUﬂ1§(lcﬁﬁﬂﬂ3f]ﬂ!1’7a1UC]“lfu KW@GLWUIQFHLKUUQK‘UUFI'Jnlllﬂﬂ'llﬂ’]ﬂf]ﬂﬂ'ﬁuu 01
W

=t o < = = 5 5 o G =
ﬂ’HUUQL‘U‘HﬂQWNE ugljuﬂﬂ"|ﬂ1fl\l"|ﬂ ﬂﬂzéfa\33Jﬂ1§@jmﬂ]1uﬂﬁﬁ1ﬂmuu‘lﬂ Cdlf\mﬁ]i)xﬂﬂﬁ}ﬂi]mmmﬁ

o o ' = ! o= Y = o ' =
Fayrmnaunigeanhinnuivesnaumiiigons 13 711 2.37 nansdrediwwessruundeanms



50

afedane FM anwd 96 MHz 91nam1uindumisududiy 200 kHz Tﬂﬂmwsuamamas
“lumuu'mmm'snasnmmmmummmwm 25 Hz UAMMINATIIUYOINGNTENOITEY FM 2
vou i IFmdoaunnuaag 75 Kiz M Goama e W dmaudesnisi 1wdoall
'Nﬂﬁgmﬂmuﬁwawqﬂ%um‘v‘hmi@mmméfu‘lﬂ%ﬂﬂizmm 75 kHz /25 Hz = 3000 1M1 $997199%
TH99sqmuanud 2 w1 10 290339AI9IAAAINE 3 W 1 2903 C'ﬁawagmﬁyﬂ:aaﬂmxﬂu

2 X 3 =3072

fo = 200 kHz fo = 128 MHz ~f. = 2.0 MHz
Af = 25 Hz Af = 1.6 kHz Af = 1.6 kHz
Crystal 90° (at f = 50 Hz)
oscillatorf—4 Phase
200 kHzf— [ shifter
Baseband Adder Multiplier T [Multipliedd
signal X 64 X 48
l [ s f. = 96 MHz
f L) Af = 77 kHz
Balanced scillator
)n:cgrator modulatoJ 10.8 MH

1 237 Meddnnlsznevvesszynaduduain M

L}

01 UTATE WAMNMIgA Iz Tnme S

¥
=<

o AR T = ) y I~ g
paii Idtiazsi Idnutvesdyananaunnigaiudiu 3072 x 200 Kz - 6144 MHz uaziile

P=1

v 0 Ya O 282) 3 d - =

Aoz lyilnmes lunsudasanudafivuily 96 Mz ayguanlanoavoadaamnos naoai
{ g & g i

Awaitu 6144 £ 96 MHz = 7104 MHz W30 5184 Mz WnnunNuNdesldlanea

a st = Yy v A A [ ' < o Y act A Y
E)@ﬁ“lfﬁlﬁlﬂ@i‘ﬂllﬂ’ﬂﬂﬂﬁﬂh?ﬂ 0W]@Qfﬂ'S‘HﬁﬂLﬁEJ\‘lﬁ'ﬂTWNﬂﬁnﬂ‘l]“’?ﬂVlﬂiﬂﬁl’lﬁmlﬁﬂﬂq’ﬂuiﬂ

i 2.37 fiv unsnlanoavoagaminesise mwaﬂmwmﬂamaﬂﬁﬂmﬂ3ma7ummmuam"b“lmﬂ
TunmiveslanonoaFainmesfidoans fandiaunie 10.8 M, Fannudvnaiivzanse
asulitiadosnmvosnnuigen 18 Taeldnanns nazsuiisannud 10 MHz fio19ezadield
Taoldnanusdaudoasunldadannud 200 kiz Ialaomsguanud 541 ffeluannssuiu
2 a Sd o o oA a < ada & a 7y = a & ~ A
noziidodind e aTvivesnwdiiAadulues adanmedumadsfntu iy lanoavoada -
sy o = A A Sd v o q Yo = o A 7
mmoswsouiull  uaznaidoninmaifanTiitez oo dyaiaiosniini e duming

naasana



51
IS v [ v
2.6.12 msaueguandayanas FM lasmisudauiludyaia AM

o 2 o S g A qu = o
Lﬂmmwmmmﬂma@aunm FM dudyanu AM  Wufiie ldaunsodima GIGTRLY
< o ad 4 @ @ I~ @ °
wauuuanaveenu 1a Inedssuna laldmasy msudasdyana FM iudyana AM v2i1)d
{ ~ a4 g { { o
TﬂU“l%’awiﬁmmmuﬂaaﬂh‘mmmummmmmmﬂﬁxﬂumﬂﬂﬁauuﬂawmﬂ"lﬁ' 1995 NN

< a a ns: - a a o o §
ni18anfe 2asAniesuF ooy oo usiondyyin FM - Faanailde

o Ao d' A o o G a4
U ﬂalf.y1mV]l'f’UuTQLﬂﬁUullﬂaﬂlﬁN@UﬂUﬁﬂJm']m AM a3l

Sa

t

A cos [ t + k J. m(t)dt ]

"o o)

M lddyana FM iy

o o a a = v g
wuNFIUNTAiieI uSomesvz@ou ¢ty

t t

d [Accos{CDct + kJ- m(t)dt }] = AL t + km(t) ]sin{(,l)ct +k _[ m(t)dt ] ﬁiJm‘i‘ﬁ (2.6.40)

dt

-0 Keel

Il v v
woziife lFnanmsvosyiSusnsmanosuiii [ax/dt] <> PO Faufusans o,
P | [~ u‘: [ @ S| o
Winsuales feddudon|8du jome ResuugonanIanlasdyaa M Iiludaane am
Py o o y ' o PR
198 2esilinsameslsdduilndimoey 270 wuue e 299515 Tvuuuvgeins e s

o o = " A o A0 <
HaAduinanalilugd 2.38 wsifioan e ledduil liannsalseanuiduasa

Slope
approximation

[H(D)|

e > @
s 3 o e o 0

fo fo

o Jd a S o
3V 2.38 nuaes lenduuoa9ms T

Y o

<1 ' H4 9y o~ vy ¥ q s A o v
wrasnamninNadiomold Ml¥sas Tauiyadeudasdyus i T uduanm Am

] o g

v ¥ v
= | <

Y o s o o o ] a a A y
ummmama1mJﬂmﬂGnuﬂaw1ﬂuu"wuwﬁﬂ;ﬂpﬂxmﬁu‘uuwﬁmﬂmlﬁﬂ@:mﬂm'swmwwﬁ (Mo

Y [ ' At = 4
Hﬂﬂiy‘ﬁﬂﬂﬁﬂanmjﬂﬁ@@ﬂl.LUU’N%iLI,EJﬂLLEJzﬂ’JHJﬂ (ferquency discriminator circuit) 491/52noU
v ~ <y o T 4 5 v S =
AAUINDTLT LCnu,umqw:iamammuma 1ﬁ‘]_lﬂl.‘1’]ﬂi.@l@§ 2 1997 I.G]EJUE]ﬂl‘liJ‘Uﬂl,ﬁ'Nﬂ‘i“lg’ﬂ‘i”fuiﬂﬂ313Jﬂ

5 d ! = &~ { S ‘; ! ) -dw
BITIUUNGINI £ naesonyaniaiinums Tamuridingy £ udnihnsaoayaiin

v q o v Y ~ P ~ & &
1J53ﬂfJ°1Jﬂu'1uﬂﬂ'l'l‘[]!$‘V]ﬂfUinﬂl"Uﬂ‘Uﬁ]‘éfL‘U"l'V]’Ni]ﬂﬁ 1mmu‘n’mﬁ@umﬁ’mmu HaZ oy IUvI00n

5]



52

[~ 1 [ ~ o’g ~ I
wiilunanavosdyunesnsnesBuna ladamamo s iaos 31N 2.39 () uarsdnumz g
Y ° P ' qw dwdd' = o 1 =
Usznevlmiesihaumuiinaini  uazieeshisedonlaoialus ITUONUTZAMUDUUDLN
4 o s o’;’ wa { 4:{
a1U% (balanced  discriminator) A5 (v) umﬁ'u‘ﬁmzuﬁmﬂmﬁnm“lummﬂaammﬁmm
Y = o sy wa P
mu”lwuJumsnﬂaauuﬂawawumammm Tﬂtmmuﬂs:uﬁmﬂmﬁmmamwmTmmummaz
7495 mmmﬁum“lusﬂ @) wiiiuldnddimmeanutaaunias £ dyanweenas

nJu 0 ‘Llf)ﬂﬁﬂﬂuuﬂuﬂﬂﬁmuﬂ’J”IllﬂfNﬂ’JWw‘l’lﬂﬁ‘IlLl'lﬂﬂj’f]Jﬁﬂ]t‘lﬂﬂ&‘lﬂ’ﬂﬁ]ﬂ

fo < fe ,/
(b) N

) (1)

31 239 293uunnszANNd nazgueialunisdouanufidsaun

Tidunsn/deumlasvesvnadyye

= ' @ o a rASER Y P { 4o Y
wasunlasgainhludnsazdudadn  deiudldmudvamanuidsdon 1§ km(t)
o g = Y o
AYYINVIDONNINITHENNLzANND AV TdTu

y(t) = Km(t) aumsh (2.6.41)
{ o ' P~ L va o a ' {
Taofi K dluminei uazasesuonnozanudiizdedauaimdhufudunasadianiii f T Af

Lﬁaﬁ'ﬂﬁamwa:lﬁam‘ﬁmﬁ’umsnJ"E%ﬁmu‘ﬂawaaﬁ”ngﬂunmﬁg%’mﬂmqi)mﬂmmzmm?)

s =

Tavldidudselusiii 239 519emu9 ATIRWHUINTYYIN00N1A90515 T Ui ATALE
4 1 @ = = 1 A Y g
slsuuigend £ vuavesdyaaszdounladldamnsingiibe Snuiiiy £ e

o Y 4 { 3 1 @ <} 3 1 @
VONTYVIUITININY V. Lﬁ@ﬂ??ﬂaﬁﬂﬁuﬂﬁ] f ﬁ'ﬂJﬂJ']m‘lﬂf)@ﬂﬂi]%fl‘UUWQﬁ\i“ﬁuﬂ'n V. °1u‘vmﬂa°u

@

ﬂUEﬂﬂ’NlJﬂWWﬁQﬂ’N f ﬁﬂJimmsU'I@E)ﬂﬂi) Gﬂas‘lﬂ’ﬂ\/ ag mmmwmmmuiﬂamwmmmuaw
Gﬂﬂ’.ﬂ f ﬁnJﬁﬂ@uIﬁllulﬂ’ﬂlﬂulﬁuﬁiﬁ E’fﬂJf.‘lﬂﬂ«!"ﬂ@@ﬂmﬂNﬂﬂSI“HLL‘H‘H‘V]ﬂi] mmmﬂaauuﬂm

ﬂﬂﬂUﬂuummummammm rludnymzvesdynin AM w5190y wauammmmﬂmﬂﬂiusﬂ
dolai

t

vi() = V_{1+km() }cos [t + Kk _[ m(t)dt | ﬁlJmSﬁ (2.6.41)

@

mm%ﬂmﬂmnwm]Gm;uumwmmsuﬂmﬁmmm FM wumﬂmﬂuammm AM “Nﬂ"(llﬂﬂﬂ!

oo

AM oz ﬂmmimunalmJﬂmmmmﬂx‘ﬂﬂaUﬂmnluﬁfummmmmuw 310 2.40 neraegl

@

i1G‘U@QﬁﬂgﬂﬁmﬂﬂﬁﬁhﬂﬂﬂTJ?ﬂu



53

ve(t)

31 2.40 U5 19voadynyar FM deyaion AM flvreonveiansis Tnumusi

o S Y
wasdyIaUaLUuATiama 1d
14 (%)
2.6.13 ﬂ?@ﬂ!ﬂ'ﬁli)?)iamﬂ’im (Quadrature detection)

Vv
o % v oo ]
mﬁﬁua@mmmymwm FM ummmmmLﬂaiﬁmﬂmuuumuﬂ13“1%@%mﬂmszﬁ (phase

v @

o J o U @
discrimnator) lumisfumidayanauanuusoonnninduain BM §aiuiedendngamsans
~ 1 Q/ A dy Qs a/ dal a

Vo sHenLEz A FoAoudaae 11T WsuonLozIHasToIFIrARMI U v M AvlvaIsy -
a v A a a 9 1 1 o d’l
wonnanae uaasnsaiiesudienlfeglusivoamsdsy uudisaii

d GO0 = 10O -P-1)] aunsh (2.6.43)

dt T

Tunsdivesdyanar FM 13y 1ifosain

t

(i)(t) =7 I m(t)dt

.00

AU ﬁWNTSﬂNﬂWM‘ﬁ?{MﬂﬁVI (2.6.43) n AU 1mmmmu@ m(t) "lﬂiuiﬁm"lﬂu

[O® -Oe-T)] =T d Gy = KTm(o) aumsi (2.6.44)
dt
asdunaunsaadn da-1) wazatinaesioguamsanii G uaz dee-T)
sy vg v 7 Y o o g
vioeni Idnezulsassfudyananuauoud ma) MIasNdyIY O(-T) Mndyin FM oz
o 1) Y v ' A a < a 9 o
Hld l,ﬂa“].ﬂmmswuamamaaNi]sLWawlma3mmmmauuwm dmsumsadndyaiu
b - de-T) u e ildTanihdyam M Guiudyaie Am mm«mmmmnﬂunwsmu

~

11mmoumaﬂammmumm iv'h "1J°Vl 2.41 Hﬁﬂ@‘ua@ﬂliﬁﬂi lﬂﬁ) uﬂmmaﬂﬁzmumsmanm



54

@ @

= aa s ’x Agayy @ o = =
u’Ni]iﬂm@@iuﬁzmﬂm@iN'I'L!uﬂ‘l_lﬂ’J"IiJflﬂllTJi]ﬂﬂWiﬂ'Uizﬂ'U t‘gmmVlmngﬂaauuﬂadmmam

3]

vag IR umMIZIaUANNE AR eIt I NS 1SY

vi(t) y@t)
—{ Lim, BPF LPF t—s

Phase
shifter ()

2 @
11 2.41 ydenlaezunsuvesszuunlean B AIMATY

S o o b A A a v Y Y Ao , !
ﬂj@ﬂlﬂ3ﬁ]E]5ﬂW]ﬂ“D'uuun.‘u‘]f@lﬁUﬂiSUUﬂlWﬂaﬁum'NﬂU'ﬂﬂqﬂ'ﬁﬂu"]\ujﬁ]ﬂ]@\iaﬂﬂﬁﬁuaq

v
v o 9

=S A o o o = <
nalidsia T ihlf o1 = /2 dafud Iddyane pv dunEo 1&g

v,(t) = cos[O)ct+¢(t)]

@ A [ < = Y o
TYYIUNHIUINRTHUNIARIzou Tadlu

V() = cos[® (t-T)+P(t-T)] = sin [, t+P(t-T)] aunsn (2.6.45)

A o Y Y 1 A Rl o Ay v < = v
Lil@@‘m YU V](t) lag Vz(t) ﬂ'JEJ'NiJ5fJ‘mt!ﬁ?ﬂWUWﬂm@iN"luﬂ'ﬂimﬂWNﬁ‘ﬂvl,ﬂﬂ'f]ﬂil'lﬂilgl"llﬂu"lﬂ
W

y® = sin[Q@®) - Pt-T)] aunsh (2.6.46)

A =~ o Y =3 1
wazleann T uawamnn A [P -0e-T) << T MM odsevruaiaums
1 (2.6.46) 1Tl

y®) = [00) -dE-T)] = KTm() AUNIN (2.6.47)

]
@ v W ~

1 o o d‘)/| 3 ‘=|
Lﬁ@clﬁ}muﬂWW"’UEJ\‘IﬂﬁV]NTLJuNEﬁu gﬂ‘ﬂ 2.42 uﬁmmsgmﬁwmm FM ﬂ‘UﬁﬂJiMﬁW]gﬂ

(77 [ I]

[ 1 o/ =) =

nuaa100n 1 Tasfinaasdyanangnmizamesn i lugivesdyninsUnaudmaoy

g o u

IpunvesnIeAnsesAmatui luanmdyymnud £ dhumlavesdamnadignusianatns

(77}

¥
a1

(] a & 5 g o @ ' o @ [~ o
FNINFYY A T/ 2 E’?Wﬂﬁwagmw?aﬂmﬁﬂaﬁmmunmwﬁiymmsmﬁaaummuqu{fﬂa
= Y g o = o oA o oo g 1 g s
fnaaal3lugl (n) lunsdiinnudsvuzdmiegeniie 1 Aseanvssatufve luilugud naz
=S A A a d* & = < < o = o
uAwlsmuaubeuuuifety  Feaundsues y,() nvziudyuiulsawdyanauua

o
HUUA

= He oy A o A ' A va o '
ouINIHonuz et imsUszinumdaumsi (2.6.47) ua Tumal friasinny 1

A A g a J =
3J”If’Nﬂ’J1MﬂﬁLﬂﬂﬂNlﬁuﬂ'gJ)Nﬂ’.ﬂ’Nﬂil.lUﬂl.LfJ&’ﬂDUJE]



55

5
>

VR SO

cwscman e~

[

-

L asarmcamhas

N,

-

\.\
by :
e

-
Il
-

~
v =)
- <

T L B rerup

(4
5

1 [ Y o It @
31 242 pivvesdyni Idninmsaadyaa luszuuaseams v famady
2.6.14 lardengil

v < = o 3 o < <
mslymadongllunsfuequadyan M 1 woIrsnanmInITadongy
{ = a < < ) !
wowwiez “Geaniedalns lud” yudrvazvesdyaneneg VCo (60910 Voltage controlled
X Y o o o ) o a A ' ' & I o g
oscillator) IWINUYUIIVAUTYRITYY VNN IWAzBuANzna Ao lUT  msfenyudivasi]
= = o PES, ] 4 < g
wwmnenanunazavesdyy v wiuey aulsgnouiuguvonnsmladongiazituds
= ' =t = & o
uanl3lugii 243 ndnfe  vxdszneudissnsnSouiounlaezans veo  duiuages
a sl 4 a o @
vodFaaInes ilanudoeaFamagnaiqudtsTiamenndyaunouen  Saidnuazmion

QTeQEamesYasTyaa FM Tauvialy

x(t)
e Phase y(t)
Comparator »
VCO =

31 243 Annlsznovveisesladongll



56

:: 3 a LRl (Y Jd =
isnfSvuisumminzas1eiudlasl90squnioinyes s wiuilame fHiunnyi
o o A . o g o A o v g
Maanuaad3lugiii 244 (n)  msiouszidlugsiiae nlddanamuiiiy
x(t) = A cos[ (1);+(1)(t)] = Acosec(t)
o P = Y g
wazdyaunuInaes veo wouldi
v(t) = B cosev(t)
Y v g ' o 3 ~ v g
uazd s IAmumas e ayuvesdyanaiiare udou 1t
0.0-0,00 =-7 + £ auMsil (2.6.48)
2
o Ao < &g = 99 ' &
yaveeninuamesiunNuad wammsodouldlugdaelyil

y® = 1 ABcos[ O (t)-0 (9]

2
= 1 ABcos[E(t)-TC] = 1 ABsinE(t) AUMIN (2.6.49)
7 2 2

Tya1o (1) dAemnaranAowmla (phase error) Fuilerhaumsd (2.6.49) 1 lundonns1WEes]d

A . . & o A 4 S g 4 @
awgl msisudenTimamveuadudsinaad 3 luaunsi (2.6.48) Uu mﬁa“lﬁ'ﬁtytym

v £ i . H
[ = a A

< Y e s o a
ven (o Wugudiie £t) =0 difie WWrafl I8Tiasn Wanldazanuazas siudsiime

y(t)
%AB
(t (t
e LPF _y_), /\ £(t)
~180°\_- 90° 90°  180°
v(t)
(M) (1)

31 244 2vsnfSeuisumanas dyanuviosnfifaondnamn e

& &y 4 a o o A gy o o Y & o
Yulureesnadreiuese anymzanaine ldinasadenglazdonyu |diieaves GILTAGH
V100NN AVRITYYIUIININT VCO ANAUDY TT /2 F9zAad1onaafundnmsvesnionas -
I v
noTAMAYTY
oRnsanmahiauvenws  veo  wleuiuldrorrmuisaeiunenisiieius s
< @ dw ' y c‘/’ =1 =1 = S o
nasnladengulddd deududusdudadongdiiennnud o, Taviidyanuvioomilugud
a = o = = ' < < :
ina t=0 danuivesdgapaiidunnfousiusadanm o i o, T A® Fimnoi

wriidunniuaLna nazwdinalddyninvieonninies

v

wa o iy Aoc a1 da i



57

= = o d? % 1 < @ dy o =
nsououmalisigaiuaulddoe ama"hﬂmuﬁtyaunmmaﬂu%zgﬂi’]auﬂaummuqnmmm

~

Yy & A a a o Y =
VBINIT VCO 11’7Q\'i"UuLWEWmﬂ’INﬂWSLﬂﬂUHLLﬂﬁQW]@QﬁﬂJiy’Im X(t) 01127 VCO UNINDUaUDY

Is)

o o o q ¥ a = o Y Yo o q¥Ya =
39937 ﬂﬂz’ﬂﬂ‘ﬂﬁ1hﬁﬂ¢]ﬂﬂ1uﬂ’JHJﬂ‘U’fNﬁﬂJiy”IﬂHﬂL‘lﬂhlﬂﬂuﬂ LLﬁSV]ﬂ‘HLﬂﬂﬁﬂ'lWﬁﬂJﬂﬂVl
g

f

v
1R £

[ b4 [l '
Al luammeugadulmitfaidyaiunnutomees veo shfuaudves x

1A

a 1 [ qn/’ 1 v g 19 1 Py Yo a o
139 uamlavesdyanamsresozaiuduailily /2 msemsiinees veo MWsdiannuas

]
o I

1 ':/I T I ' 9 v g Y [}
1901 ©_ A 13 demmineanuniduyana v nhildguadimaisquases veoeyg i

(73]

[l ' o p=i [l = a 1 @ 1 g 4
y(©) VlllL‘ﬂuﬁugﬁllﬁﬂd’ZﬂLV\|ﬁ‘il’EN’dt‘giymn’lL‘l’l/TQ’J\ﬁ)iLlJiEJULVlUU!WﬁﬁNﬂullmﬂu /2 uaziiiosnn

o = A o 3 o Ao v v oo vy oy
YY1NaNINNIS VCO Udnbaiziludayan FM 71l yo dunvegaaed dindadadu
o yd 1 o

yanuinvz@ouldlugiaeluiife

t

i) = Beos[® t+k | y(00)doL] qUMIR (2.6.50)

.0

3
@

Y o =P A o g v g ¥ o ¢ '
HazmuenNaYY M v()  UuANUIMINUdyIY x() ez ldmuanuduiusseraaves
@ :: o [ q’l
dyauivaeuiiudl

@, + ky(t)

®,+d O
dt
ky( = A® aumsh (2.6.51)

£ g ' v <] A o A o
G]Nﬂ?’ill"lEJﬂ'JﬂJ"ﬂﬁf.‘gﬂﬁm"lﬂﬂ@ﬂ‘U@\H‘V\lﬁa@ﬂQﬂﬂ@ y(t) ‘1]3“1]59]5\3ﬂUﬂ?WﬂﬂLUﬂﬂLUuﬂJ@ﬁﬁﬂJﬂJWﬂﬁﬂ

E4
[ Y

4 A A & @ o s I
197 LLa:LﬁaamﬂﬂamaLﬁmmuuuﬂSmﬂﬂmmﬂﬂmﬁtyﬂpmmmm‘uﬂ WU y(t) Nozulsagy

=

' o A o o Yo a4 o
U uﬂJWﬂ!L‘UﬁLLUuﬂ m(t) uuﬂ@LWﬁﬁ@ﬂQﬂﬂﬂxiﬁﬁﬂJﬂJ’lﬂﬁﬂﬂ@ﬂ‘V]!.'lJu agtymmm@mmm

De

[

it
& g
Y FM 1N

5]

wladongy Taoi lvzmusaduaind 18 uaamia nanfeluvazimadongiiinu

[ a = Y Aa Ao A 9 < a A o
DYNOATY (free running ) LLﬂ?lLﬂﬂiJﬂ'ﬂJimmﬂﬂNﬂﬂuﬂﬂll1&1’\[’6’(66ﬂgﬂ‘ﬂZWUWUHJG]ﬂﬁHJLW@%U

v
Yo o 1

{2 ' { =4 a @ 1 : @ :
mmﬁuu ‘])"J\‘iﬂ'ﬂlla‘ﬂmlﬁﬁ@ﬂQﬂi’ﬂ%?iﬂ(ﬂﬂﬂ?lli]‘UVlﬂuriUﬂ'J"l“If'Nﬂ'ﬂilaﬁi’J"ﬂﬂ'U (capture range )

]

4 < a @ { [} { < a [
uaziilomladonglfanuivaidlduds  dreanuiimadengueziamuinldnasanmezion
o g o ' =g R { o ' !
MNANWDA0A (lock  range ) Taed Tdwaeanuddenszafaniisanuinsngy my 9

ag o id i o & < v o & A4 o 5
ANuRaeMY 1 MHz 1a%39a1uaas 05wty 100 kHz (dudy mittesnnaasnalazinay

U

I

otwiliafiosnnluaed e dulugii 244 ) egluseiii lidunswiSmewiuifunn fo

1 d‘ I~ = 1 l;):
Tusrenidly -7w/2 S97/2 Wi



58

2.7 Inssadinavesdynamwias ssuumsas

=

= < vy o ¢ v < o =
ﬂTW‘V]LS'llmﬂlﬁutﬂ‘1’]3ﬂﬂﬁQﬂfJﬂixﬂﬂiﬂi'ﬂﬁu%$ﬂ5$ﬂﬂUulﬂﬂf]fli]ﬂmﬂ 1 ATUIUNINUIYN

EY)

) ' a I Jd 5 o d ' a I 4
152U5UN WADIBIAWUT (picture element) Tuszuy Tnsiminazszuunisdiog)l Rawessmmus
& g A dd 4 o o g L o gqYa & y g & ' <
manil uiuidmaouigiman q FehlfiAetudiodumoueuraziuads silnwesndiy

) 1 1 = Y (=) ' W o dA <
T 9 puaazmIvzivIaniiY ualanuane iy s Insimins weuiuszsznen'll
v a =) 7o v o ' v A a IR Y <
A0 NABIDIAMUVIT NIRRT 9 Aujdasveamisdeiinidalszroudiogaiin q 1n
o A a d o o g o ' S Ao 1
WMo mwvesntisdenuyia N Insviminssidugadiuunszaving udazgnozdudsn
fuaaeadvLIaIAaz YA T iy
1 ﬂ'/ 4 4 o § d U
szyumsas Taoi ldudandudosansaunudognaaudamaalugui 245 seiiud

v '
ma@sﬁuumuauLmuﬁ’aﬂnmLLazmaéﬁugLuaﬁaxmué’aﬂﬁummmﬂﬁumm

A ab

\/ Sk

AEAA
71 2.45 vinavesnaudsa/aountasniuna

A o &, p! Y o = 2 & o
IR 1AL AUV UTBIIU Ao U asmuaun iy wrnsaasuludyniumg
5 o Y v g 4 v g ' A '
"l,ﬂﬁwulmﬂEm3mazmmaauﬂﬂwauﬂmﬁuwmmmﬂﬁuuumaﬂ"lW"n?hmaaﬂ"lﬂ‘lummﬁ'lﬁ’nm
' T T S P 2 o & o '
ua luszuy Ingsiemi WﬂmsmamuwmﬂszﬂamﬂumwTvmqﬁu%zﬂizmaagm"lﬂuaz”lummsa
o Y 24 ] S P=1 24 = = v 9y 1 a o o [ [
i lddeaduuiman Infdiftosn e lunasesule WTIZNHARD T DIAINUNUA DAL
A ' & - &l 9. 2 P =2 ¥ o
L‘}Jaﬂuﬂ’mm'ma1ﬂ@lﬂwuﬁﬂaﬂgﬂwmamammsamﬂmuumytymmwammm"lﬂiﬂasww
(3UAINTAUNU (scanning)
A e & @ @ & ) - ! y e .
Wadwas Ao Wasmuwadaianunavesiadlszma 2.5 mvedlatiiisue Tuag
o oA ) o & & o 9 v ¢ 1w a ~
WATUIZUTTIAIYDITAAANAY (seratted pluses) FIUANUAFVoIaTIAY 4.7 JuTasiui
[ ' @ d 1 o a s o 4 !dyv | Sld' o Y a o
TEUEMTEMINWAFINAD 32 - 4.7 = 27.3 Tulasindi Wadmari 1d13evi Ieeadamnosun
NTOIUMUILOURDARUTIR T 997
a4 o 2 o . < 4 At % 4
9n9a la%aiad (equallizing pluses)  aziifuriaainy ) NUANNAIVDINAT YT e
o~ a =1 qQ 'Y v a d w o 4 Y @ o T w
23 Tlesiud ldlireunasudsiladiadeuiy 5 was ANUNINVDT S WasaIMINY

S @ o . o dAd oA da do o a '
2.5 vlaUWI.ﬁfJ@ NaynNou (prC - cquallizmg pulscs) u,azwaﬁf‘ﬂwmwﬁﬂmmwam 150NN



59

v a

= a Jdo o L. o s o Jd Y
Twadnie laBaniad (post equallizing pluses) Wadmartiazilimsaununuusumessve 1
s A A [ o J ya Ja o agq o a g 1A 1 =1 [ = a
avysalmgimiosiyInsimise lidaagedwadnadladanazlaagiiyUsrunilounuasiyasy

Fulumsaunuminu
2.7.1 TYYIUNINIIN

winvzamduaiesduimsdadygues lsnldindesiuthes mnaouiude q fdesne
N AdYYIUAINITIN (composite video signal) c‘?amiﬁﬁmzﬁﬂﬁ’m?m%“U'Imﬁﬁﬁmsq"iﬁq-
UszaedIdiudealianii Insimidadannasia q dail

1. dyanaas

2. AW UMW

k4
aLUANY

e

3.

a

@ o
4. doynrugalas lud

o = 2
5. dygudnie lad

' o = v A s o &y Y 1 =
1umummizuuﬁﬂgapmmammﬂ%ﬂau‘wm L‘Wi131’]51‘UﬂULU@QﬂuLLﬁTﬂiz'ﬂﬂlﬁﬂﬂu

o o df < 1 @ & = A n’: 1 @
srupInsvimiiuszuy eWidy dudygianmuazoy q Tmdeduseyduiludyaianinsy
' v
Y A

Yy q ¢ P Y o o o A A o
LLﬁ’Ji“ﬁﬂﬁuW’lW.ﬂ”l‘W@@ﬂhlﬂ ﬂ"li'ﬂlﬁWﬂ?NﬁQﬁiyﬂﬁmﬂﬂ 5 ﬂ')@'f)ﬂ'ﬁ]'lﬂ”lﬁll'Wﬁﬂﬁuﬂ@ﬂtl‘lJLW@'e]@Q

9
sz mangail

@

Y 4 VY < UM oo a & A
1 dganunwiesdyyandes  dudyaaide ldieldifanmesdeiulunioea

[ v 4
suInsved

o Y o

g I~ { y q o o c;’// ojz/
2 dyanuuuaanyudygunduie Idaudusztiandusislundaaziuiuey
2

oo

'
[l A

3 - ) B { ! @ 5 &
duyaugalaslug udyopafidaniioroiaesinmmamadunz 1958 nm

(O8]

NILUIUDU Lﬁ@Glﬁlﬂ"?@\jﬁ\ulaglﬂ?a\jg‘ﬁﬁ%ﬂl‘Iﬁﬂﬂﬂé’@\jﬂiﬂﬁu
o 1 “ g o o Yo a T, = &
4 dyamdaelade Hudygmhselddyaudelas ludiannduaznuoud

a W Y 1 I~ [ Yy o
asgtiAuey 18wl dumsaununuuaduduio

. TYYIUAINUIT - A

= v

auyAIITNzgIEAudyaIn - A sdifsnanidyaiuin - viedwa

q u g o
< A

Y Yot A Y ' ' a4 o A Ao ' ~ = A o
I Tulasyldangadesnaninmidudun fe MUNUANUAINNINAGA HazmMwiuda Ao

v
~

P (=) ' o Ao == { ' @ o
ﬂWW‘V]IllliJﬂ'J‘IiJﬁ’JNLaEJ ﬂWWiﬂa@QVIﬂﬁq@"Uf‘Nﬂi !uﬂﬁ@ lmUIﬂWﬁ‘ﬂ’JHJLLG]ﬂGlN"’UENi%WU‘UW?ﬂTV]

Y] R ~ ' o o o
AZUDY HUTUTUNINTEAVINTINNAUUID



60

mwrIraudiiunnu g

o od o -
TUPIUUNATINATNITUNY

AT LN T \ BE391 MTRZUNULR U D
\ TiFusiu
g
aveie
_‘j*l_* TouzIaLAL
f > . ;‘\J . o
IFUEZUNUAUN A UBUNRIAT unuazanayl
o d a o
SN faTIMwad

v o

o 5 4
U 2.46 uasszAudy MY - 61 Tnwinsdaina

P~ =~} @ 7 ~ v o <3| o P!
gl 2.46 uaasliiiusgduveansdmna lunsiinszdudyananmiuduanudu

17 e7) o g

WumTumneanusyiua NI wesdaam i figas¥anudesrieintivoadiann

@

= . o It o o & v o : <
iiga nazilessaudygadviaaauiiudd | m uazd Feszduduauzanaunitos q 1

o

oA = 17 ! ' v 9
HnugaNUUw 1mmmuuiauaaaaﬂ:nuﬁaamm}zuaﬂmmﬂﬂm&

a

Wy
o A Y
DUNVINLA

mmsaznmidudyarunnuima i aianutqes s laa s

qagane ity 4 MHz luszuy Fec waz lihifn 5 MHz Juszun cor MUAINAINANUD gD U]

ANUAZIDIANIIANUDA

v
o y 2

U. ﬁ'ﬂJinleUﬁQﬂf]

A o ad =Y a Yoo A oy o o R g Y = '

LN@NﬂWiﬁLLﬂu@Lﬂﬂ@ﬁﬂu‘ﬂﬁu'lﬂ@%glﬂﬂLﬁ'uiLﬂiﬁﬁﬁalﬁuﬁ&’ﬂﬂﬂaﬂ“ﬁﬂlﬂu&ﬁuﬂWWWﬁ’]qN
£y & =0 1 & | 4 A o W Y A o 9 o o
ABDINIT Lﬂﬁ@\?ﬁﬂﬂ\?@@ﬁﬁQﬁiyfyﬁullﬂﬁﬂﬂ\? (b]ankmg) LW@U\Tﬂ’UiWL'ﬂ5@33Uﬁ1ﬂ139ﬁﬂlﬁuﬁ§fﬂﬂﬂaU

Y ) ya 4 Ao ) y & A Y o A » Y A
18 dyapauvdsisduniiuniosiuesdosadiaiumdounsaPuduaiudelng ludiasdod

[3Ae]

71U dyanauudanadog 2 et

oo

k4 Il ' '
nsdsdganauudsnunnnnsosduieauduasiandulunos
k4 Y
Ao 193 ARDALIAINY AUFDSyEaNDaILAINY
v a o
. dyyrngalas lud
3w A v IS ' Vv & &
udyapauielimsaunuiluldediigndos WMsANUIIREzIUIYeU Ay
Ty lns lusgiled 2 dyanw do
a a 4 P . [ o a 3
1) 885w0anoa #a1aslue (Horizontal Synchronize) 1iudaynnaidans lusdmanauon
FANUD 15625 Hz ( Tuszuy CCIR ) w38 15750 Hz (uszum FCC ) i hifidyaaauiidan
o q ¥ a Y 3y
v linwnamsdula
Ia a s . . g o a s o S P
2) NosAnea 1A lue (Vertical Synchronize) l‘iJ‘L&ﬁiyiymHN Ias lugmanndy a9d
{ 9 ] (P=} 1 s 1 dw o 0)
AW 50 Hz (Tuszuu CCIR ) w30 60 Hz ( Tusyuy Fee ) drlifimsdadamindindiozinlinim

&
nou



61

< o

v 9
o a o a [ <f @
esnndyaudalng lusuadyanauuudaidlitesfunnuounionnd NERY

¥
v oW 1 9 a @

AU doai U M aveamMs d91iando g Hazduudnznaniusula Tumg

EY

a vak Y o a Jdo Jdo Y Y 1 9 Qy v d Y ya [ 1
‘IJQUG]iN611'7ﬁiyﬂﬁm°1Nﬂ‘WﬁCD’JJ‘Uu1ﬂﬂ’ﬂMﬂ?NH’OEJﬂ”ﬂLLUaQﬂQWﬂ% LLﬁ'Jﬂl‘If’J‘ﬁﬂﬁﬁQLL‘LIUWﬁiJ nan

| J a d A A @

a @ o o 3 Qy @ Y [ Y 2 Qy v J o v d o
ao aeFeaAiasnuIUaIneiad lUAeiu Tuvdspsiadiiupuvesdyanudadiad eiinmssa

D3

@ o ° 1

b ¥ ' v
srAvvesdyanadutifsuiunsdanavosa v aUdin WPNIZAUMNTIA  duFaras

7]

v
o 1

Ed
o L) ! = @ = 1 1 ! <4 [l
szaudnnszauaInn e Bn dygraumaiitdluiimsdwaremsuoautiu el

<

=

@

U
o d
qAYYIUNIN) Aag1N 2.47
. dyamdnle lada
& o & @ . o - y S A qw v
WudyanulvgUivesdyadalas ludnamad elianinsonsggndos uas
' v o Y g Yy ¥y &y oy A Sy v
Fwhimsaunuuuaduduiiullldgndesdas annsawdugidualunafigndesld Juma
[ [} o a Cs 1 ) ' ! o u};’
5@uaama“lﬁ’anujaunmfmimLlucvmquuau@u"L:wumcmwmllﬂiuixmmmimmytywmmmmm
o [ 1

& o & o ¢ \d) sa a ) & .
#10 dyanudiiveiivinavesiadsahfunesanoa Slns ludiiad dyanadiutivzuyaiy

Y " g ]
6 gnluszuy 525 i@y uazgauiaiiu s g Tuszu 625 1§

waupsRuAL iy §

Ay unimTnmwi)

nITRTUNU

. P - o
izusis lSudun

&<
33U

(FuAzUNUSURDOUMINRINTIH Fyndiiann
MwWaEa szuZhIRTILRY
ATUNUAZLUANRY
S MR AN

Rl
i LT

RTINS LR QI TRLURINS

AU UTa

- F U

UMW RN R Y U UL URIN SRS Ry e

TEALTN

v a d a U o v J
31 2.47 namaszuuiad luiladveamsda Ins ludvo sz am Tns v



62

a
Unn 3

MIMHIUUAZMIATN
ANHUZMTNINIHUDIINDT

Vv

munsadalanadyyiondos , Fyanunimuasdyanudiaea (D) Taomstdynal

(#8911IMTUOYAAITIAIND (Frequency Modulation) taziindyaiaifsnea (Data) NMMsuoY
v

1aALUY FSK (Frequency Shift Keying) daudyaianinazgnailasase udnhdyanasisnuada
1 @ o . 1 Py o w Al v do A .
i lddessmdyana (Summing) Asuiivsihdaaaildluniuguednsaifudiauas (Light

& qu act . . 2 2 o vy Y]
source) ¥91% LED laeds Intensity Modulation Lﬂumsuwumﬂmmtyigm"lﬂmm]ﬂwmmmu

vosumafasunlasludrBetlouwdgidulonasdo 1y fagii 3.1 uansudenlaezunsumediuds

VIDEO VIDEO AMP.
—P
SIGNAL
ALDIO FM ’ FDM E/O DRIVER OPTIC
SIGNAL ? > ’ ’
MODULATOR —»| MULTIPLEX CIRCUIT FIBER
VOLTAGE OF FSK
DATA —P —>
CONVERTOR MODULATOR

< Y !
71 3.1 vdenlaezunsunisdiuds

o o d‘ o o =Y
Tudusy PIN Photo diode vzinmsiaoudaguuasnsu 1aldiudyana i Tag
HouaNuAT 1dvgiaInTeInNd (Filter) onendayanaeannniurouiinzgnamandy'ly
< o = o aa 1
Wudyanandes 1009993 FM Demodulator HazdayaaAinealatides FSK Demodulator, @3u

o [ =1 o
YYIUNWIYNUTAYINT Video Amplifier 7931/ 3.2 namsudenlaezunsumiadnsy



63

> LPF —» —>
AMPLIFIER OUTPUT
FROM
O/E FM AUDIO
OPTIC —» e» BPF [—p —>
CIRCUIT DEMODULATOR OUTPUT
FIBER
FSK VOLTAGE
> BPF —P > —> DATA
DEMODULATOR | | CONVERTOR

[~ Y o
71 3.2 nansudon leozunsumedIusy
N1500NULLINDT

3.1 29T VLLTYYIUMN (Video Amplifier)
o Yy s £ g =~ { - Ao da o
wesvedyanunmwezldlediues NE 592 Fuiluled Video Amplifier ATULUSIAY
Y = o 3 v ] o v A '
N899 120 MHz ansodsuinasimsvensld 0 - 400 wh Tagmsdiumanudunuiiden

[l i1 v
T¥MI19Y1 Gain Select iADDYILN IV 11 (G,A) HAZY 4 (G,B) FIMTBNUUVTIS 1T DLEDN

Anudmuldlaegainnnsmdagl 3.3

1000 ¥ T T

> Vg =46y  —f
”; f= 100kHz —]
Zz 100 Ta = 2500 —
;g N— FIGURE3 ——
] X

10
«f
5 %
g “\
- 1 k\
= .
a \

N

g R Y
w X
[»]

01

1 16 1006 4K 10K 100K 1MW

E‘IJ 3.3 Voltage Gain as a Function of RAD]J



64

+5V
2 = |
Bl OOTPOT
DEOTNPUTS 4 I3 i )
al +\> 02uF
1 R
R i Ik
N2 ] @
51 R
s } I,
024
v R = RS
= 20k Ik

71 3.4 2993 VEAYINAIN (Video Amplifier)

3.2 /M1 FM Modulator

= § =) < o A
A9 FM Modulator 214 lo@iues 74mc4046 Fuilulediadongl (PLL) dunsasuiia
4 Yy = v = s ¥ ' 4
anuanaeldgeta 13 MHz msldauvesleduesiivzdosimsii Rl waz C1 iiefdmua
ANUANAN (f) 1AzIRWDAN (2f) Falimseenuusil
- fmuesinnudna () Felulassauiisyldanudnma £ = 6.5 MHz
- 1¥nswl3adi 3.6 miAwes C1, R wag R2 Ha9z]dm C1 =100 pF ,R1 =10ko uae
R2=00Q

1579z 149936931 3.5 1AA92995 FM Modulator

+5v
1o 1
10 uF l 001 -

RY ﬁ ;
_ 22k 3 Y 4
CINIUT omMan S Vo OUTIUT

R3
| siom

CIA
€O in l a
g1 THHCAM6 aB 7 S0pF

X

1k

||}

R?

31 3.5 1AR92993 FM Modulator



65

7Z95066.1

108

;
1
¢ ¥
a
{Hz}
Ri=3k0
QN
107 B
A1e 10k S5
{ N
NS
W
N NN
\ N
\
2
108 AN
f -tauxn{ 3 -
1881 R A |
181 e AN
B -:mom{e,c N N
NN NN
\J N \\ el
y
108 \ AN Py
3 \‘
Y
N
N - N
\\\ \\\
N \ NN
N N
- AR NG TRN
Py N
x:
X
B
2%
RN
NN ‘Q\\\ N Nllvec -
N
N
\4.\\ N ] 6V
102 BN NN 45
=
8V
sv
[Sh, 45V
T 3V
R
N
X
¥
R
T, 5V
JL-4.5V
N-av
L sy
~:wt.s\/
10 4 ~3V
1 19 102 103 104 s Cim—— o) 10° 107

31 3.6 1AAIAITIIMIAT R, R2 1Az Cl v 1Hua VCO
3.3 711 FM Demodulator

Y = ¢ <% g = g o a
110 FM Demodulator 9219 lo@iues 74Hc4046 Fuiu Todmladongy (PLL) arunsaduiia
d' 4 =< q Y ) (ay v o ' A,
anuinaaldqeds 13 MEz msldonuvedlofuosezdeniinmsmat R1 uay C1 iediua
{ [} ag 5~ o 4
ANUANANA () uAzFNANLTREN (2F) FeiimsoenuUUARIORIIIT FM Modulation £3a11130
Y o f;]
ponuu ldeail
- Smuemanuinas (1) Falulasenuiedanuinas £ = 6.5 MHz
- Tdns Ui 3.6 wiA1vea C1, R Az R2 #0188 C1 = 100 pF ,R1=10ka ia
R2 = 0O

{ = o s = 7 & '
- v 10 veelediues 74HC4046 wimhidugiamesdaaunsamadnnan

ms fe= L dafusns14m1 RS = 15 kamay €5 =20 pF #1431 3.7

Tt



66

tSV
gL Lo c
[Oqu ' 001w
= = ) G 10pF
. T4 ] 10
VO ¥ DMt +—oapt >
5 ’ 1

Q01 | gy N6 oy |9
R

L lp . 5 Gt 3 L

Rl zZ &5 15k =

31 3.7 4AA92993 FM Demodulator

3.4 Voltage Converter

°luﬁ'au‘uaamﬂ‘fiﬂzrﬂudauﬁﬁmﬁﬁuﬂamsaﬁumummgm RS - 232C Iifuszdu
UseAU TTL (0 , +5 V) iielieninsadeldanuiuresnisuenls Tavezldledivmchnii oy
MW1zAD Max 232 F0zdi Tnseadenoludegy 3.8

Max 232 92U52APUAY 3 AU Ao Transmitter, Receiversitie Charge Pump DC-DC Voltage
1 J .3,’ P v a = o 9 < @

Converter TUaU Transmitter Viuazifaouszduuynindlu 1L/ cmos T lUiduus sdun

=& o a g ' P . = o o

VIATFIURS - 232C e mynindozitlu £9v  ludiun Receivers /aoussauusanu
@ [~ [ 1 P g

90 =5V At 15 v uesdaanm RS - 232¢ Mhiflu s v TTL/ eMos  semnludaui 3 Gaily
5 Y A A ) Y g ~ 8

Charge Pump Voltage Converter 3gyiuinnasuszauussau +5 vitlu + 10 v Tasdnmsiiau

Tudaudivzerduduivisy C, , ¢, | c,.c, wazlismadiianuii 22 oF fag1 3.9 uaz 3.10

AN



]

T

67

+5V
-
‘L
1uF I 16
Vee
LE FE . 1uF
1 F_[+ +5V TO 10V 2 ]
R 3 TAG V+
T c1. VOLTAGE DOUBLER
4
C2+
1uE L= +10V TO -10V vle
| S c2. VOLTAGE INVERTER '—EMF
~Sv T1 =
1 40%kS) | e
Ty — Tlout
+5V -»ywl T2
T2y 10 40%&% ¢ —» T20ut
12 13
Rioyt <— ‘aq Ry
R1 %sm
9 8
R2pyT * R2y

-

_L: s:—

1038 umaslnseadanioluveslod Max 232

l~ [= N KNS

(=7

2uF

Rout

GND

5V

G 2uF
=

(QUIPUTTIL

1.
1

FY 1
31U 3.9 17A99433 Voliage Converter Me§uda



68

SV o

MAX232 ’—Ib
1

7
1
& JJE?

4 2 7
C+ W )’ 6 2 3
DF 5 6 2 8
¢ “ 7'61 ]
3 14 = 9
¢ Cl RZOUI)_‘L rj
I A GND‘ 15 ‘:L s

31 3.10 1EA93995 Voltage Converter Mad$1

3.5 7a FSK Modulator

v
MA FSK Modulator Tuauasiing 14 lediues NE 564 chu‘lacmWﬁaaﬂaﬂ mﬂfuémaﬁuaa
lacvmaaummsaaammu‘lwumsmem 1689 50 MHy Taomeluledazlsens udreduyeg
VCO, allawas, aneunisunes e Post Detection Processor
Y ' ogj o a 2 o 1 ' & o QN
Tuﬂwsaammumuaauumaﬂumemwuﬂm fm 1088 fs MO B9 MU 18 ualunig
Vv
URTRaswdIens N fvue fim uay fs Lmuuwﬂﬂmﬂuﬂiuwﬂuzsaemmﬂmsiuummwﬂ13
Vv
AMuA fm 18 fs WiwRsItee 1l Baud Rate lumssudedy & muummmsm‘ﬁuﬂ fm LAY fs

“If\flLﬁﬁJﬂ?ﬂ FSK BAUD uag wummaﬂumm Baud Rate @QGIHN

75 Baud

Fm=1110 Hz

Fs=1170 Hz

300 Baud Fm =1070 Hz
L Fs=1270 Hz
1200 Baud , Fm =1200 Hz

Fs=2200 Hz

13019 3.1 FSK BAUD



69

ANNANAN (Center Frequency = fo) 494 VCO vzagluduimianaly ssndng Mark
o a Y a A = g
Frequency (fm) A1 Space Frequency (fs) 1adn 1 ATUDUNNILIADUANINDUDI VCO 910 fo Tahilu £
spiituhmanfavunasvesdoya luusdmsuynan 1 ondo 0 Tl 1 esiilnmdenin
& A A o ' o A =
Y93 VCO tapunioiboauundu i sznin fim fu fs ifloenn FSK Afemsuegian uuy FM

(Frequency Modulation) 4111 ﬁ“}fﬁmiua@mm (Modulate Index = MI) Tu FSK fivi11da1n FM fio
AF
Fa

Ml =

e MI = arlinsuegian
AF = msifoayuvesnnuila 31nanudnai (Hz)
Fa = anudvesdyaauithueqian (Hz)

' o

: o yay v & = v /sy A & a & A =
a1 MI Hwoulndl lagagade a M1 i lfuuudde nheiige FaziRavudle msiboau
Y99ANNTNgAUEEALAuAzANNIVesTY R hegaaiisigega
1 [ { {
Tu FSK woquan A1 AF iilumsiflouuvesnnuigaga (Peak Frequency Deviation) U4
@ = Y & oA (Y ' ' 1Y A o = £ =
Y INgNuOgEALAY FIUAWIIAUANNUANAIIZNIN fo N fm 150 fo AU fs FIHAD ATINTIY

YDIANUUANANTEH I fm DU fs UUAD
fs — fm

AF =
2

b4
(Y

Msdouuuvesnnuigagaiuegivuuianieueuildgavesdyyraiiuimogian
o aa & a g o v o 1o = )
(ayyrwuavaoa) woaniuznielavmiy 1 Aveliusduooninamilsnsinuaaiue (@9u 5 V)
A Y g a o Y @ Ao U [ 1 @ ;I A4 A
n3e duiluladn 0 fazliussdueonmngdnanguiu (@ o v) dauiunnudnidouuuves FSK
wegianvzilivaunsiuazegluszaunsiivuunveinnuigegaaue
d A o v = Yy a 4 0o q ¥ oa y A &
Fa iifunawdndnvesdoya luninudmaunm suzihldiuudia ahaiiga o

v 9 5
Fa = Bit Rate/2 (MUY IN512RL 0151801501181 MI 6010

_f5~fm
2

[ = &
"
2

yr 5 -m
Fb

o fe-fm = ANUAINEUVUGIRA

Fb = dasdaved lumsouyn



70

T ™ Ia @ 1Y 1 3 ]
Tumsdadyana M Taeiaq 1l anwnisvesuddaesudsiuasatua M1 Saguifion
@ {1 o . 1 ¥ < U
My FSK #if1 MI Taeian lilazdeadiaiding 1 e ldiflueddunununy (Narrow band FM) 1

Lluuﬁaﬂﬁllﬂﬂﬁqm‘?ﬂﬂ’h Minimum Nyquist Bandwidth (Fn)

MI 10 J1 2 I3 J4

0 1.0
0.25 0.98 0.12
0.5 0.94 0.24 0.03
1.0 0.77 0.44 0.11 0.02
1:5 0.51 0.56 0.23 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

A15197 3.2 Bessel Function

S Y S & o Yo da A vy v g
1NAITNOHUI 011 MI Danduszilisiuauvesanuoalimunay 1y i
=1 o q Y da A a' é/ 9 1 d’d 1 1 @ d' = 1 @
AovemIniuudIalin uiuTuAIY tAmaratiaon MI AumiY 1 unuiiszden MI 9y 025
y [~ @ 1 3
n30 0.5 ifioaminldmuidulonds (Optical Fiver) iiludananlumsdedoya  Fudulonasozd
' b4 '
nuudaIandawn uazded M1 Sannezshll S/N (Signal to Noise Ratio) SANEGY 104910 FSK

-
@ < [ =1
i1/ Nonlinear Modulation t1az arunsveadyain M ifludail

Py = ACOS(w L + BSinm )

=7 (ﬂ)A cosa,t + i S (ﬂ)A[(— l)n COS{(ZUC —Nw, )Z‘} + COS{(ZUC + Nw,, )t}}

n=1

5 & Ny "y ' = 7 A | 5 & oq v
dmfulasanudl dumsdedoyaszrinmoniames 2 nTeq | woudey i aaldy
g q [ [ aa { @ o @ =
A lumsadsdoya 9,600 Baud  Fynnmadaeaiiii 2 szdy (binary symbol) i I dyanai]
TAITA (bit rate) IMAVUBAITA (baud rate) AD 9,600 Taao U7
A ) . o "o o AYY Y <
HazIA0N 1% Modulation Index (MI) HAWWIAY 1 fai11ana171118991 FSK Modulator &
A Ada v W A qy " X 1 v
N0 FM NUBUWN 2 52A1 W03 11019 MIm1ny 1 910A1514 Bessel function 92 lauaunnuas19as
3 020 TaouaazanutoziaInAuaiufoaseas 4.8 kHz (Fb2 1o Fb &0 Bit Rate - 9,600
kHz) W91z unuuaIan 1asaia iy 6x 4.8 kHz = 28.8 kHz

MIDVOAUVUAUUANINIILD VCO l]ﬁi)']ﬂﬁllﬂﬁ



71

1
Eh =
9 " 25007,

' Y b .
%31 C, Hazdvogszndtau 12 uaz 13 o NE 564 dmfululnsenuiioz1dnnuiinans

f = 10.8 MHz siatiuisnezléen C. = 1 =37.03 pF Jursesnldezidenlsa
o P

© 2500 x 10.8 x 105

C =40 pF %39z 1819936931/ 3.11

RS 4
10K i
-
1w TrLap—1
R4 J\ 2 15
AN GAIN  HYSTERESS
3 14
CINPOT IPVCO  ANALOGOP c1
4 AR SETRY ‘b—it—‘
R IK N
l = S | pumr srmeg 2 Ol
) el 6 | arrp vooora | !
H
l 16 7 10
== N BIAS V+ 13
| Q 9
001uF § law Vaoar Rl
¥ K
= . 1K
NE 564

31 3.11 1A 92995 FSK Modulator

3.6 717 FSK Demodulator

1 I~ o 1 =1 @ ]
Tuduvean1a FSK Demodulator A914 19@iuos NE 564 19ufoifui1aasnisdiuds u

N1TDOALILLIZTNINITHIAIAINDAAI W1ll$’s])ﬂ1ﬂ

1
f | S
%" 22R,C,



72

4 4 1w [ 3 Y A
Tavn R, iluanudumunisluves NE s64 Gaazivinin 100 @ suiusezlda ¢, fivo

T 1 @ 1 T
BY7EN AV 12 AV 13 muaums C, = = 42 pF lumsldaueida ¢

22 %100 x10.8 x 10°

Uszanar 33 pF dovinuau C Y5ua1ld 0-20 pF1519g 1deasdagy 3.12

B RS
0k Si2k
- J
T 0.22 uF
a —oumarsy
—_Q
022 ul
R4
= = 2k
< v O
o 2 z 2
L] s s T S s s ¥ A
01uF PR = iz o =
: R — = 2] LOOP GAIN CONTROL : &
1k [Py 2 2
. EMRFINPUT & ©
s B2 NE
] | 3
L o AR 8) P/, ANALOG OUTPUT )
b |
510 ! Iwumv
3 voomeur ‘
2w N FREQ SET CAP |
T A, . VCOOUTPUTTIL
X0
6 NES64
R "3 FREQ. SET CAP
. VAD OUTPUT
a 300pF !
{[L 4 LOOPHLIER
e | “ S LOOPHLIER GND ﬁg_
. @ 300 pF | =

71 3.12 118A99395 FSK Demodulator
3.7 /A Summing Amplifier
o Y A @ o = = a =
VT Summing VWNTHUINTINAYUINDTW, T Ina e NYNUDYIAAIFINIIUD  (FM

) o aa ~ - . Y] o 4 o
Modulation) ua:ﬁiytymm%maawgﬂmammmu FSK (FSK Modulation) lmTﬁUUﬂuLﬁﬂﬁﬂﬂﬂﬁlﬁﬂWﬂ

s - ~ . 1 3 7l -:s)) Al IS | 4 & o wa o @ A
VU LED (LED Driver) a0 1) TaoTassnuiivz 14 loaoodnoniliues AD 843 dafiquianiaddnio



73

Gain Bandwidth Product : 400 MHz
Slaw Rate : 400 V/uS
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Operating temperature range -40°C to + 100°C
V, atI. (100 mA) = 1.8 V(max)
Peak emission wavelength (I,= 100 mA) = 850 nm (typ)

Response time, t = 8 ns (max) and 4 ns (typ)
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2 ﬁﬂEmﬁﬁNW‘uﬂm FSK Modulator (18 Demodulator
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4.3 7993 FM Demodulator
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4.4 1993uagszaunsnu ( Voltage Converter)
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4.7 3993 Summing Amplifier
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4.8 799390 LED ( LED Drive ) #a2 3495 O/E Converter
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*".. Agilent Technologies
Innovating the HP Way

Low Cost, Miniature Fiber
Optic Components with ST¢,
SMA, SC and FC Ports

Technical Data

Features

* Meets IEEE 802.3 Ethernet

and 802.5 Token Ring

Standards

Low Cost Transmitters and

Receivers

Choice of ST®, SMA, SC or

FC Ports

820 nm Wavelength

Technology

Signal Rates up to 175

Megabaud

Link Distances up to 4 km

Specified with 50/125 pm,

62.5/125 pim, 100/140 pm,

and 200 pm HCS® Fiber

Repeatable ST Connections

within 0.2 dB Typical

Unique Optical Port Design

for Efficient Coupling

Auto-Insertable and Wave

Solderable

* No Board Mounting Hard-
ware Required

* Wide Operating
Temperature Range
-40°C to 85°C

° AlGaAs Emitters 100%
Burn-In Ensures High
Reliability

* Conductive Port Option with
the SMA and ST Threaded
Port Styles

ST®is aregistered trademark of AT&T.

Applications

* Local Area Networks

e Computer to Peripheral
Links

* Computer Monitor Links

* Digital Cross Connect Links

* Central Office Switch/PBX
Links

* Video Links

* Modems and Multiplexers

¢ Suitable for Tempest
Systems

* Industrial Control Links

Description

The HFBR-0400 Series of compo-
nents is designed to provide cost
effective, high performance fiber
optic communication links for
information systems and
industrial applications with link
distances of up to 4 kilometers.
With the HFBR-24X6, the 125
MHz analog receiver, data rates
of up to 175 megabaud are
attainable.

HOS® is a registered trademark of the SpecTran Corporation.

HFBR-0400 Series

Transmitters and receivers are
directly compatible with popular
“industry-standard” connectors:
ST, SMA, SC and FC. They are
completely specified with
multiple fiber sizes; including
50/125 um, 62.5/125 pm, 100/
140 pm, and 200 um.

Complete evaluation kits are
available for ST and SMA product
offerings; including transmitter,
receiver, connectored cable, and
technical literature. In addition,
ST and SMA connectored cables
are available for evaluation.



HEFBR-0400 Series Part Number Guide

HFBR X4XXaa
1 = Transmitter Option T (Threaded Port Option)
2 = Receiver Option C (Conductive Port Receiver Option)
Option M (Metal Port Option)
4 = 820 nm Transmitter and
Receiver Products 2 = Tx, Standard Power
4 = Tx, High Power
0 = SMA, Housed 2 = Rx, 5 MBd, TTL Output
1 = ST, Housed 6 = Rx, 125 MHz, Analog Output
2 = FC, Housed
E = SC, Housed
Available Options
HFBR-1402 HFBR-1414 HFBR-1454 HFBR-2412 HFBR-2416 HFBR-2416TCK
HFBR-1404 HFBR-1414M HFBR-14E4 HFBR-2412T HFBR-2416M HFBR-2422
HFBR-1412 HFBR-1414T HFBR-2402 HFBR-2412TC HFBR-2416T HFBR-2452
HFBR-1412T HFBR-1414TK HFBR-2404 HFBR-2414 HFBR-2416TA  HFBR-24E6
HFBR-1412TM HFBR-1424 HFBR-2406 HFBR-2414T HFBR-2416TC
LINK SELECTION GUIDE
Data Rate (MBd) | Distance (m) | Transmitter Receiver | Fiber Size (Um) | Evaluation Kit
5 1500 HFBR-14X2 | HFBR-24X2 200 HCS N/A
5 2000 HFBR-14X4 | HFBR-24X2 62.5/125 HFBR-04X0
20 2700 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414,
HFBR-0463
32 2200 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414
55 1400 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0414
125 700 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416
155 600 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416
175 500 HFBR-14X4 | HFBR-24X6 62.5/125 HFBR-0416

For additional information on specific links see the following individual link descriptions. Distances measured over temperature range

from O to 70°C.

Applications Support

Guide

This section gives the designer

information necessary to use the
HFBR-0400 series components to

Application Literature

make a functional fiber-optic

transceiver. Agilent offers a wide

selection of evaluation kits for
hands-on experience with fiber-
optic products as well as a wide

range of application notes com-
plete with circuit diagrams and
board layouts. Furthermore,
Agilent’s application support
group is always ready to assist
with any design consideration.

Title

Description

HIFBR-0400 Series
Reliability Data

Transmitter & Receiver Reliability Data

Application Bulletin 73

Low Cost Fiber Optic Transmitter & Receiver Interface Circuits

Application Bulletin 78

Low Cost Fiber Optic Links for Digital Applications up to 155 MBd

Application Note 1038

Complete Fiber Solutions for IEEE 802.3 FOIRL, 10Base-FB and 10 Base-FL

Application Note 1065

Complete Solutions for IEEE 802.5J Fiber-Optic Token Ring

Application Note 1073

HFBR-0319 Test Fixture for 1X9 Fiber Optic Transceivers

Application Note 1086

Optical Fiber Interconnections in Telecommunication Products




HFBR-0400 Series
Evaluation Kits

HFBR-0410 ST Evaluation Kit
Contains the following :
° One HFBR-1412 transmitter

* One HFBR-2412 five megabaud
TTL receiver

* Three meters of ST connec-
tored 62.5/125 (um fiber optic
cable with low cost plastic
ferrules.

e Related literature

HFBR-0414 ST Evaluation Kit

Includes additional components
to interface to the transmitter and
receiver as well as the PCB to
reduce design time.

Contains the following:
* One HFBR-1414T transmitter
* One HFBR-2416T receiver

¢ Three meters of ST connec-
tored 62.5/125 pm fiber optic
cable

¢ Printed circuit board

* ML-4622 CP Data Quantizer
* 7T4ACTIOOON LED Driver
¢ LT1016CN8 Comparator

¢ 4.7 pH Inductor

¢ Related literature

HFBR-0400 SMA Evaluation

Kit

Contains the following :

¢ One HFBR-1402 transmitter

* One HFBR-2402 five megabaud
TTL receiver

* Two meters of SMA

connectored 1000 pm plastic

optical fiber

Related literature

HFBR-0416 Evaluation Kit
Contains the following:

* One fully assembled 1x9
transceiver board for 155 MBd
evaluation including:
-HFBR-1414 transmitter
-HFBR-2416 receiver
-circuitry

* Related literature

Package and Handling
Information

Package Information

All HFBR-0400 Series
transmitters and receivers are
housed in a low-cost, dual-inline
package that is made of high
strength, heat resistant, chem-
ically resistant, and UL 94V-O
flame retardant ULTEM® (plastic
(UL File #E121562). The
transmitters are easily identified
by the light grey color connector
port. The receivers are easily
identified by the dark grey color
connector port. (Black color for
conductive port.) The package is
designed for auto-insertion and
wave soldering so it is ideal for
high volume production
applications.

Handling and Design
Information

Each part comes with a protective
port cap or plug covering the
optics. These caps/plugs will vary
by port style. When soldering, it
is advisable to leave the protec-
tive cap on the unit to keep the
optics clean. Good system
performance requires clean port
optics and cable ferrules to avoid
obstructing the optical path.

Ultem™ is a registered Trademark of the GE corporation.

Clean compressed air often is
sufficient to remove particles of
dirt; methanol on a cotton swab
also works well.

Recommended Chemicals for
Cleaning/Degreasing
HFBR-0400 Products
Alcohols: methyl, isopropyl,
isobutyl. Aliphatics: hexane,
heptane, Other: soap solution,
naphtha.

Do not use partially halogenated
hydrocarbons such as 1,1.1
trichloroethane, ketones such as
MEK, acetone, chloroform, ethyl
acetate, methylene dichloride,
phenol, methylene chloride, or
N-methylpyrolldone. Also, Agilent
does not recommend the use of
cleaners that use halogenated
hydrocarbons because of their
potential environmental harm.



Mechanical Dimensions 14 36 UNS 24 THREAD
HEFBR-0400 SMA Series
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Mechanical Dimensions
HFBR-0400 ST Series
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Mechanical Dimensions
HFBR-0400 FC Series
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LED OR DETECTOR IC

LENS-SPHERE
(ON TRANSMITTERS ONLY)

HOUSING

LENS-WINDOW

/]

=

HEADER

EPOXY BACKFILL

CONNECTOR PORT

- PORT GROUNDING PATH INSERT

Figure 1. HFBR-0400 ST Series Cross-Sectional View.

Panel Mount Hardware

HHFBR-4401: for SMA Ports

1/4 - 36 UNEF -
2B THREAD
7.87
NOZ:”O)DIA.
1.65
HEX-NUT (0:065)

y 4

F L

6.61
(0.260)°A _!L 0.14

(0.005)
WASHER

7.87 TYP.
(0.310) DIA.

HFBR-4411: for ST Ports

3/8 - 32 UNEF -

2B THREAD
1270,

HEX-NUT

[

10.41 MAX.
(0.410) DIA.

WASHER

(@50 DA
\/ __J L_ 1.65

(0.065)

14.27 TYP.
(0.563) DIA.

¥
_H__ 0.46

(0.018)

(Each HFBR-4401 and HFBR-4411 kit consists of 100 nuts and 100 washers.)

Port Cap Hardware
HFBR-4402: 500 SMA Port Caps

HFBR-4120: 500 ST Port Plugs (120 psi)

PART
NUMBER

DATE CODE

Rx/Tx
COUNTRY OF
ORIGIN

A YYWW

HFBR-X40X

WALL NUT

WASHER

3/8 - 32 UNEF -
2A THREADING

1 THREAD
AVAILABLE



Options

In addition to the various port
styles available for the HFBR-
0400 series products, there are
also several extra options that
can be ordered. To order an
option, simply place the corre-
sponding option number at the
end of the part number. See page
2 for available options.

Option T (Threaded Port
Option)

e Allows ST style port com-
ponents to be panel mounted.
Compatible with all current
makes of ST multimode
connectors

Mechanical dimensions are
compliant with MIL-STD-
83522/13

Maximum wall thickness when
using nuts and washers from
the HFBR-4411 hardware kit is
2.8 mm (0.11 inch)

Available on all ST ports

Option C (Conductive Port

Receiver Option)

* Designed to withstand electro-
static discharge (ESD) of 25kV
to the port

* Significantly reduces effect of
electromagnetic interference
(EMI) on receiver sensitivity

* Allows designer to separate the
signal and conductive port
grounds

* Recommended for use in noisy
environments

° Available on SMA and threaded
ST port style receivers only

Option M (Metal Port Option)

* Nickel plated aluminum con-
nector receptacle

* Designed to withstand electro-
static discharge (ESD) of 15kV
to the port

* Significantly reduces effect of
electromagnetic interference
(EMI) on receiver sensitivity

¢ Allows designer to separate the
signal and metal port grounds

* Recommended for use in very
noisy environments

° Available on SMA, FC, ST, and
threaded ST ports



Typical Link Data

HFBR-0400 Series

Description

The following technical data is
taken from 4 popular links using
the HFBR-0400 series: the 5 MBd
link, Ethernet 20 MBd link,
Token Ring 32 MBd link, and the
155 MBd link. The data given

corresponds to transceiver solu-
tions combining the HFBR-0400
series components and various
recommended transceiver design
circuits using off-the-shelf
electrical components. This data
is meant to be regarded as an

5 MBd Link (HFBR-14XX/24X2)

Link Performance -40°C to +85°C unless otherwise specified

example of typical link perform-
ance for a given design and does
not call out any link limitations.
Please refer to the appropriate
application note given for each
link to obtain more information.

Parameter Symbol | Min. | Typ. | Max. | Units Conditions Reference
Optical Power Budget OPBsq 4.2 9.6 dB HFBR-14X4/24X2 Note 1
with 50/125 pm fiber NA =0.2
Optical Power Budget OPBg2 5 8.0 s dB HFBR-14X4/24X2 Note 1
with 62.5/125 um fiber NA = 0.27
Optical Power Budget OPBi1o0 8.0 15 dB HFBR-14X2/24X2 Note 1
with 100/140 pm fiber NA = 0.30
Optical Power Budget OPB20o 12 20 dB HFBR-14X2/24X2 Note 1
with 200 pm fiber NA = 0.37
Date Rate Synchronous dc 5 MBd Note 2
Asynchronous de 2:5 MBd Note 3,

Fig. 7

Propagation Delay tPLH 72 ns Ta = 25°C, Figs. 6, 7, 8
LOW to HIGH Pr = -21 dBm Peak
Propagation Delay tPHL 46 ns
HIGH to LOW
System Pulse Width tPLH-tPHL 26 ns Fiber cable
Distortion length = 1 m
Bit Error Rate BER 10-9 Data Rate <5 Bd

PR > -24 dBm Peak

Notes:

1. OPB at Ta = -40 to 85°C, Vee = 5.0 Vde, Iron = 60 mA. Pr = -24 dBm peak.

2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g., Manchester I or BiPhase
Manchester IT; b) continuous data; ¢) PLL Phase Lock Loop demodulation: d) TTL threshold.

3. Asynchronous data rate limit is based on these assumptions: a) NRZ data; b) arbitrary timing-no duty factor restriction; ¢) TTL

threshold.




5 MBd Logic Link Design
If resistor R} in Figure 2 is

70.4 Q, a forward current I of
48 mA is applied to the HFBR-
14X4 LED transmitter. With Ip =
48 mA the HFBR-14X4/24X2
logic link is guaranteed to work
with 62.5/125 um fiber optic
cable over the entire range of 0
to 1750 meters at a data rate of
dcto 5 MBd, with arbitrary data
format and pulse width distortion
typically less than 25%. By
setting R} = 115 Q, the transmit-
ter can be driven with Ir = 30 mA,
if it is desired to economize on
power or achieve lower pulse
distortion.

HFBR-14XX

+5V  SELECTR; TOSET Ig
o TRANSMITTER

Ry 'r

NOTE:

The following example will illus-
trate the technique for selecting

the appropriate value of Ipand R;.

Maximum distance required

= 400 meters. From Figure 3 the
drive current should be 15 mA.
From the transmitter data

VF =15V (max.) at Ir = 15 mA
as shown in Figure 9.

g = Yec-VF _5V-15V
: Ir 15 mA

Ry =233 Q

TRANSMISSION
DISTANCE — ¢

IT ISESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF TO 0.1 uF
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER.
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR

AND THE PINS SHOULD NOT EXCEED 20 mm.

Figure 2. Typical Circuit Configuration.
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The curves in Figures 3, 4, and 5
are constructed assuming no in-
line splice or any additional
system loss. Should the link
consists of any in-line splices,
these curves can still be used to
calculate link limits provided they
are shifted by the additional
system loss expressed in dB. For
example, Figure 3 indicates that
with 48 mA of transmitter drive
current, a 1.75 km link distance
is achievable with 62.5/125 um
fiber which has a maximum
attenuation of 4 dB/km. With

2 dB of additional system loss, a
1.25 km link distance is still
achievable.

= TTLDATA
HFBR-24X2 our

RECEIVER

2

—oO
. Vee

AT

6 Rp

7&3 0.1
] I i
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Cable.
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Ethernet 20 MBd Link (HFBR-14X4/24X6)
(refer to Application Note 1038 for details)

Typical Link Performance
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Parameter Symbol | Typ.[1.2] Units Conditions
Receiver Sensitivity -34.4 dBm 20 MBd D2D2 Hexadecimal Data
average | 2km 62.5/125 pm fiber
Link Jitter 7.56 ns pk-pk | ECL Out Receiver
7.03 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.763 ns pk-pk | 20 MBd D2D2 Hexadecimal Data
Optical Power Pr -15.2 dBm 20 MBd D2D2 Hexadecimal Data
average Peak Iron = 60 mA
LED rise time tp 1.30 ns 1 MHz Square Wave Input
LED fall time te 3.08 ns
Mean difference [ tr-tf] L7 ns
Bit Error Rate BER 10-10
Output Eye Opening 36.7 ns At AUI Receiver Output
Data Format 50% Duty Factor 20 MBd

Notes:

1. Typical data ot Ta = 25°C, Voo = 5.0 V de.
2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-1038 (see applications support section).

Token Ring 32 MBd Link (HFBR-14X4/24X6)
(refer to Application Note 1065 for details)

Typical Link Performance

Parameter Symbol | Typ.[1,2] Units Conditions
Receiver Sensitivity -34.1 dBm 32 MBd D2D2 Hexadecimal Data
average | 2km 62.5/125 um fiber
Link Jitter 6.91 ns pk-pk | ECL Out Receiver
.52 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.823 ns pk-pk | 32 MBd D2D2 Hexadecimal Data
Optical Power Logic Level “0” Pron -12.2 dBm peak | Transmitter TTL in Ir gx = 60 mA,
Optical Power Logic Level “1” Pt orr -82.2 Irorr = 1 mA
LED Rise Time tr 1L nsec 1 MHz Square Wave Input
LED Fall Time tr 3.08 nsec
Mean Difference [ tr-tg] 1.77 nsec
Bit Error Rate BER 1010
Data Format 50% Duty Factor 32 MBd

Notes:

1. Typical data at Ta = 25°C, Vee = 5.0V de.

2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-

1065 (see applications support section)




155 MBd Link (HFBR-14X4/24X6)
(refer to Application Bulletin 78 for details)

Typical Link Performance

13

Parameter Symbol | Typ.[1:2] | Units | Max.|Units | Conditions Ref.
Optical Power Budget OPBs5g 7.9 13.9 dB | NA =0.2 Note 2
with 50/125 um fiber
Optical Power Budget OPBgo2 11.7 17.7 dB | NA =0.27
with 62.5/125 pm fiber
Optical Power Budget OPBjqo 11.7 TT:T dB | NA =0.30
with 100/140 um fiber
Optical Power Budget OPBa2oo 16.0 22.0 dB | NA =0.35
with 200 pm HCSfFiber
Data Format 20% to 1 175 | MBd
80% Duty Factor
System Pulse Width |tPLH- tPHL| 1 ns | PR = -7 dBm Peak
Distortion 1 meter 62.5/125 pum fiber
Bit Error Rate BER 10-9 Data Rate < 100 MBaud

PR >-31 dBm Peak Note 2

Notes:

1. Typical data at Ty = 25°C, Vgc = 5.0 V dc, PECL serial interface.
2. Typical OPB was determined at a probability of error (BER) of 10-9. Lower probabilities of error can be achieved with short fibers

that have less optical loss.




HFBR-14X2/14X4 Low-
Cost High-Speed
Transmitters

Description

The HFBR-14XX fiber optic
transmitter contains an 820 nm
AlGaAs emitter capable of
efficiently launching optical
power into four different optical
fiber sizes: 50/125 um, 62.5/125
pm, 100/140 pm, and 200 pm
HCS®. This allows the designer
flexibility in choosing the fiber
size. The HFBR-14XX is designed
to operate with the Agilent
HFBR-24XX fiber optic receivers.

The HFBR-14XX transmitter’s
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-15.8 dBm optical power at Housed Product
60 mA into 50/125 pm fiber and
-12 dBm into 62.5/125 um fiber.
The HFBR-14X2 standard
transmitter typically can launch
-12 dBm of optical power at

60 mA into 100/140 um fiber
cable. It is ideal for large size
fiber such as 100/140 um. The
high launched optical power level
is useful for systems where star
couplers, taps, or inline connec-
tors create large fixed losses.

FUNCTION
N.C.
ANODE
CATHODE
N.C.

i PIN
1t
2
3

| 4t

ANODE ﬂ P
| ¥z
cATHoDE — 3]

N.C.

5t

6 ANOOE
7° | ANODE
Bt | N.C.

*PINS 2,6 AND 7 ARE
ELECTRICALLY |
CONNECTED TO

HEADER
BOTTOM VIEW \ tPINS 1.4.5 AND 8
P 1 N
IN 1 INDICATOR Qe eLecTRICALLY
CONNECTED

Consistent coupling efficiency is
assured by the double-lens optical
system (Figure 1). Power coupled
into any of the three fiber types

Unhoused Product

FUNCTION |

high coupling efficiency allows varies less'than 5. dB from part to 1222
the emitter to be driven at low part at a given drive current and 3 3
current levels resulting in low te}T‘I?er ature, Consisten.t coupling BOTTOM ViEW
power consumption and increased ~ efficiency reduces receiver
reliability of the transmitter. The dynamic range requirements
HFBR-14X4 high power transmit- which allows for longer link
ter is optimized for small size lengths.
fiber and typically can launch
Absolute Maximum Ratings
Parameter Symbol Min. Max. Units Reference
Storage Temperature Ts -55 +85 $ (0
Operating Temperature Ta -40 +85 e,
Lead Soldering Cycle Temp. +260 3C
Time 10 sec
Forward Input Current Peak Irpg 200 mA Note 1
dc IFde 100 mA
Reverse Input Voltage VBR 1.8 \Y%
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Electrical/Optical Specifications -40°C to +85°C unless otherwise specified.

Parameter Symbol | Min. | Typ.[2] | Max. | Units Conditions Reference

Forward Voltage \%a 1.48 1.70 | 2.09 \% Ir = 60 mA dc Figure 9
1.84 Ir =100 mA dc

Forward Voltage AVR/AT -0.22 mV/°C | Ir = 60 mA dc Figure 9
Temperature Coefficient -0.18 Ir = 100 mA dc
Reverse Input Voltage VBR 1.8 3.8 \% Ir = 100 pA dc
Peak Emission Wavelength Ap 792 820 865 nm
Diode Capacitance Cr 1539) pF V=0,f=1MHz
Optical Power Temperature | APp/AT -0.006 dB/°C | I = 60 mA dc
Coefficient -0.010 =100 mA dc
Thermal Resistance A 260 °C/W Notes 3, 8
14X2 Numerical Aperture NA 0.49
14X4 Numerical Aperture NA 0.31
14X2 Optical Port Diameter D 290 um Note 4
14X4 Optical Port Diameter D 150 pum Note 4

HFBR-14X2 Output Power Measured Out of 1 Meter of Cable

Parameter | Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
50/125 pum Prso -21.8 -18.8 -16.8 dBm | Ty =25°C | Ir = 60 mA dc Notes 5, 6, 9
Fiber Cable 998 -15.8 peak
NA=02 . 203 | -168 | -14.4 Tp = 25°C | Iy = 100 mA dc

-21.9 -13.8
62.5/125 um Prg2 -19.0 -16.0 -14.0 dBm | Tp =25°C | Ir = 60 mA dc
Fiber Cable 20.0 -13.0 | peak
NA =0.275 175 | -14.0 | -11.6 Ty = 25°C | Ir = 100 mA dc
-19.1 -11.0
100/140 um Pri00 -15.0 -12.0 -10.0 dBm | Tpo = 25°C | Ip = 60 mA dc
Fiber Cable 16.0 9.0 peak
NA =03 -13:5 |.-10:0 3| 7.6 Tp = 25°C | Ip = 100 mA dc
-15.1 -7.0
200 um HCS P1200 -10.7 -7.1 -4.7 dBm | Tpo = 25°C | Ir = 60 mA dc
Fiber Cable 11.7 3.7 | peak T
NA = 0.37 92 | 52 2.3 Ty = 25°C | Ir = 100 mA dc
-10.8 -1.7

CAUTION: The small junction sizes inherent (o the design of these components increase the components’
susceptzbility Lo damage from electrostatic discharge (ESD). It is advised that normal static precawtions be
takenin handling and assembly of these components (o prevent damage and/or degradation which may be
mduced by ESD.
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HFBR-14X4 Output Power Measured out of 1 Meter of Cable

Parameter | Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
50/125 pm PT50 | -188 | -15.8 | -13.8 | dBm [Ty =25°C [Ir = 60 mA dc | Notes 5, 6, 9
Fiber Cable -19.8 -12.8 | peak
NA = 0.2 -17.3 | -138 | -11.4 Tp = 25°C | I = 100 mA dc
-18.9 -10.8

62.5/125 um | PT62 | -15.0 | -12.0 | -10.0 | dBm | T4 = 25°C | Ir = 60 mA dc

Fiber Cable -16.0 9.0 peak

NA = 0.275 -13.5 | -10.0 -7.6 Ty = 25°C | Ip = 100 mA dc
-15.1 7.0

100/140 um | PT100 | -9.5 -6.5 -4.5 | dBm | Ty = 25°C | I = 60 mA dc

Fiber Cable -10.5 -3.5 peak

NA =03 -8.0 4.5 N Ta = 25°C [ Ir = 100 mA dc
9.6 -1.5

200 um HCS | PT200 | -5.2 3.7 +0.8 | dBm |Ts = 25°C | Ir = 60 mA dc

Fiber Cable -6.2 +1.8 | peak

NA = 0.37 37 -1.7 +3.2 Ta = 25°C | Ir = 100 mA dc
-5.3 +3.8

14X2/14X4 Dynamic Characteristics

Parameter Symbol | Min. | Typ.[2] | Max. Units Conditions | Reference

Rise Time, Fall Time tr, tr 4.0 6.5 nsec Ir = 60 mA Note 7,
(10% to 90%) No Pre-bias | Figure 12
Rise Time, Fall Time tr, tf 3.0 nsec Ir=10to Note 7,
(10% to 90%) 100 mA Figure 11
Pulse Width Distortion PWD 0.5 nsec Figure 11

Notes:

1. For Irpg > 100 mA, the time duration should not exceed 2 ns.

2. Typical data at T, = 25°C.

3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board.

4. D is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the
maximum. .

5. Ppis measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST® precision ceramic ferrule (MIL-
STD-83522/13) for HFBR-1412/141 4, and with an SMA 905 precision ceramic ferrule for HFBR-1 402/1404.

6. When changing pW to dBm, the optical power is referenced to 1 mW (1000 HW). Optical Power P (dBm) = 10 log P (uW)/1000 uW.

7. Pre-bias is recommended if signal rate >10 MBd, see recommended drive circuit in Figure 11.

8. Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from Jjunction to ambient. To further
reduce the thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design.

9. Fiber NA is measured at the end of 2 meters of mode stripped fiber, using the far-field pattern. NA is defined as the sine of the half

angle,determined at 5% of the peak intensity point. When using other manufacturer’s fiber cable, results will vary due to differing
NA values and specification methods.

All HFBR-14XX LED transmitters are classified as IEC 825-1 Accessible Emission Limit (AEL)
Class 1 based upon the current proposed draft scheduled to go in to effect on January 1, 1997.
AEL Class 1 LED devices are considered eye safe. Contact your Agilent sales representative for
more information.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precaulions be
taker in handling and assembly of these components to prevent damage and/or degradation which may be

mduced by ESD.




Recommended Drive
Circuits

The circuit used to supply current
to the LED transmitter can
significantly influence the optical
switching characteristics of the
LED. The optical rise/fall times
and propagation delays can be
improved by using the appro-
priate circuit techniques. The
LED drive circuit shown in

Ro = (VMec - VR) + 3.97 (Vec -VR-1.6 V)
o=

Figure 11 uses frequency com-
pensation to reduce the typical
rise/fall times of the LED and a
small pre-bias voltage to minimize
propagation delay differences
that cause pulse-width distortion.
The circuit will typically produce
rise/fall times of 3 ns, and a total

Jitter including pulse-width dis-

tortion of less than 1 ns. This
circuit is recommended for appli-
cations requiring low edge jitter
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or high-speed data transmission
at signal rates of up to 1565 MBd.
Component values for this circuit
can be calculated for different
LED drive currents using the
equations shown below. For
additional details about LED
drive circuits, the reader is
encouraged to read Agilent
Application Bulletin 78 and
Application Note 1038.

_(5-1.84)+ 397 (5-1.84-1.6)
7

IFon (A)

Ry = L (_R_)
2 \3.97

REQ2(€2) = Rx1 - 1

Rx2 = Rx3 = Rx4 = 3(Rgq2)

X1

Example for Ir oy = 100 mA: Vi can be
obtained from Figure 9 (= 1.84 V).

R
' 0.100
23164619 oo

0.100
=1 (——93'5) =118Q
2 \397

Repz =11.8-1=10.8Q

Rx2 = Rx3 = Rxq = 3(10.8) = 32.4 Q

P
& 2000 ps
11.8 Q

= 169 pF
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HFBR-24X2 Low-Cost
5 MBd Receiver

Description

The HFBR-24X2 fiber optic
receiver is designed to operate
with the Hewlett-Packard HFBR-
14XX fiber optic transmitter and
50/125 pm, 62.5/125 um, 100/
140 pm, and 200 um HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size < 0.100 pm.

The HFBR-24X2 receiver incor-
porates an integrated photo IC
containing a photodetector and
dc amplifier driving an open-
collector Schottky output
transistor. The HFBR-24X2 is

designed for direct interfacing to
popular logic families. The
absence of an internal pull-up
resistor allows the open-collector
output to be used with logic
families such as CMOS requiring
voltage excursions much higher
than Vgc.

Both the open-collector “Data”
output Pin 6 and Vg Pin 2 are
referenced to “Com” Pin 3, 7. The
“Data” output allows busing,
strobing and wired “OR” circuit
configurations. The transmitter is
designed to operate from a single
+6 V supply. It is essential that a
bypass capacitor (0.1 uF
ceramic) be connected from

Pin 2 (Vo) to Pin 3 (circuit
common) of the receiver.
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Housed Product

Vee
DATA

\lj
ik

{763 COMMON

od o5
0306
0207
olo8
[}
b

BOTTOM VIEW

— PIN 1 INDICATOR

FUNCTION

COMMON
N.C.

“PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO HEADER

tPINS 1,4, 5, AND 8 ARE ELECTRICALLY
CONNECTED

Unhoused Product

[FIN] FUNCTION]
) e
4 | COMMON
BOTTOM VIEW
Absolute Maximum Ratings
Parameter Symbol Min. Max. Units Reference
Storage Temperature Tg -bH +85 °@
Operating Temperature Ta -40 +85 °C
Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 sec
Supply Voltage Vee -0.5 7.0 A%
Output Current Io 25 mA
Output Voltage Vo -0.5 18.0 \
Output Collector Power Dissipation Po av 40 mw
Fan Out (TTL) N 5 Note 2




20

Electrical/Optical Characteristics -40°C to + 85°C unless otherwise specified
Fiber sizes with core diameter < 100 um and NA < 0.35, 4.75 V < Vgo < 5.25 V

Parameter Symbol | Min. | Typ.[3] | Max. | Units Conditions Reference
High Level Output Current lon 5 250 UA Vo =18
Pr < -40 dBm
Low Level Output Voltage VoL 0.4 0.5 \Y% Iop =8mA j
Pr > -24 dBm
High Level Supply Current Iccn 3.5 6.3 mA Ve =5.25V
PRr < -40 dBm
Low Level Supply Current IccL G 10 mA Vee=5.256V
Pr > -24 dBm
Equivalent N.A. NA 0.50
Optical Port Diameter D 400 wm Note 4

Dynamic Characteristics
-40°C to +85°C unless otherwise specified; 4.75 V < Voo < 5.25 V; BER < 10-9

Parameter Symbol | Min. | Typ.[3] | Max. | Units Conditions Reference

Peak Optical Input Power Pru -40 dBm pk | Ap = 820 nm Note 5
Logic Level HIGH 0.1 uW pk
Peak Optical Input Power PrL -25.4 -9.2 | dBm pk | Ty = +25°C, Note 5
Logic Level LOW 2.9 120 | pWpk | oL =8mA

-24.0 -10.0 | dBm pk | IoL, = 8 mA

4.0 100 uW pk

Propagation Delay LOW tPLIR 65 ns Ta = 25°C, Note 6
to HIGH Pr = -21 dBm,
Propagation Delay HIGH | tpyLr 49 ns Data Rate =
to LOW 5 MBd

Notes:

1. 2.0 mm from where leads enter case.

2.8 mAload (5 x 1.6 mA), Ry, = 560 Q.

3. Typical data at T4 = 25°C, Vo¢ = 5.0 Vde.

4. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual
detector diameter and the lens magnification.

- Measured at the end of 100/140 um fiber optic cable with large arca detector.

- Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a combination
of data-rate-limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system must be described in
terms of time differentials between delays imposed on falling and rising edges.

- As the cable length is increased, the propagation delays increase at 5 ns per meter of length. Data rate, as limited by pulse width
distortion, is not affected by increasing cable length if the optical power level at the receiver is maintained.

o wu

~]

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
incluced by ESD.




HFBR-24X6 Low-Cost
125 MHz Receiver
Description

The HFBR-24X6 fiber optic
receiver is designed to operate
with the Agilent HFBR-14XX
fiber optic transmitters and 50/
125 um, 62.5/125 pm, 100/140
pm and 200 um HCS® fiber optic
cable. Consistent coupling into
the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size for core diameters of 100 pm
or less.

The receiver output is an analog
signal which allows follow-on
circuitry to be optimized for a
variety of distance/data rate
requirements. Low-cost external
components can be used to convert
the analog output to logic
compatible signal levels for various
data formats and data rates up to
175 MBd. This distance/data rate
tradeoff results in increased optical
power budget at lower data rates
which can be used for additional
distance or splices.

The HFBR-24X6 receiver contains
a PIN photodiode and low noise
transimpedance pre-amplifier

integrated circuit. The HFBR-24X6
receives an optical signal and
converts it to an analog voltage.
The output is a buffered emitter-
follower. Because the signal
amplitude from the HFBR-24X6
receiver is much larger than from a
simple PIN photodiode, it is less
susceptible to EMI, especially at
high signaling rates. For very noisy
environments, the conductive or
metal port option is recommended.
A receiver dynamic range of 23 dB
over temperature is achievable
(assuming 10-9 BER).

The frequency response is typically
dc to 125 MHz. Although the
HFBR-24X6 is an analog receiver,
it is compatible with digital
systems. Please refer to
Application Bulletin 78 for simple
and inexpensive circuits that
operate at 1565 MBd or higher.

The recommended ac coupled
receiver circuit is shown in Figure
12. It is essential that a 10 ohm
resistor be connected between pin
6 and the power supply, and a 0.1
UF ceramic bypass capacitor be
connected between the power
supply and ground. In addition, pin
6 should be filtered to protect the
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Figure 11. Simplified Schematic Diagram.
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receiver from noisy host systems.
Refer to AN 1038, 1065, or AB 78
for details.

Housed Product

Vee
| 2 ANALOG
= SIGNAL
3&7
Vee

02 o7
o1 o8
BOTTOMVIEW  \

PINNO. 1
INDICATOR
PIN | FUNCTION
1t N.C.
2 SIGNAL
3* VEE
41 N.C.
5% N.C.
6 | Vcc
7 VEE
8t N.C.

* PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO THE HEADER.

1 PINS 1, 4,5, AND 8 ARE ISOLATED FROM
THE INTERNAL CIRCUITRY, BUT ARE
ELECTRICALLY CONNECTED TO EACH OTHER.

Unhoused Product

[PINTFUNCTION
1002 1 [ SIGNAL

2* | Vge
4%%4 3 |Vee

4 | Vee

BOTTOM VIEW

induced by ESD.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken i handling and assembly of these components to prevent damage and/or degradation which may be
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Parameter Symbol Min. Max. Units Reference

Storage Temperature Ts -55 +85 °C

Operating Temperature Ta -40 +85 °C

Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 s

Supply Voltage Vee -0.5 6.0 \%

Output Current Io 25 mA

Signal Pin Voltage Vsig -0.5 Vee \%

Electrical/Optical Characteristics -40°C to +85°C; 4.75 V < Supply Voltage < 5.25 V,
Rroap = 511 Q, Fiber sizes with core diameter < 100 um, and N.A. < -0.35 unless otherwise specified

Parameter Symbol | Min. | Typ.[2]| Max. | Units Conditions Reference
Responsivity Rp 5.3 v 9.6 | mV/uW | Ta= 25°C Note 3, 4
@ 820 nm, 50 MHz | Figure 16
4.5 11.6 | mV/uW | @ 820 nm, 50 MHz
RMS Output Noise VNOo 0.40 0.59 mV Bandwidth Filtered Note 5
Voltage @ 75 MHz
Pr =0 W
0.70 mV Unfiltered Bandwidth | Figure 13
Pr=0uW ’
Equivalent Input PN 430 | -41.4 dBm | Bandwidth Filtered
Optical Noise Power @ 75 MHz
(RMS) 0.050 | 0.065 uw
Optical Input Power Pr -7.6 | dBmpk | Ta = 25°C Figure 14
(Overdrive) 175 | uW pk Note 6
-8.2 | dBm pk
150 | uW pk
Output Impedance Z, 30 Q Test Frequency =
50 MHz
de Output Voltage Vo de -4.2 -3.1 -2.4 \% Pr = 0 uW
Power Supply Current IEE 9 15 mA Rroap = 510 Q
Equivalent N.A. NA 0.35
Equivalent Diameter D 324 wm Note 7

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
takere m handling and assembly of these components to prevent. damage and/or degradation which may be

induced by ESD.
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Dynamic Characteristics -40°C to +85°C; 4.75 V < Supply Voltage < 5.25 V; Rpoap = 511 Q, Croap
= 5 pF unless otherwise specified

Parameter Symbol | Min. | Typ.[2] | Max. | Units | Conditions Reference

Rise/Fall Time tr, tf 3.3 6.3 ns Pr = 100 uW peak | Figure 15

10% to 90%

Pulse Width Distortion PWD 0.4 2.5 ns Pr = 150 puW peak Note 8,
Figure 14

Overshoot 2 % Pr = 5 uW peak, Note 9

tr =1.5ns

Bandwidth (Electrical) BW 125 MHz -3 dB Electrical

Bandwidth - Rise 0.41 Hz s Note 10

Time Product

Notes:

1. 2.0 mm from where leads enter case.

2. Typical specifications are for operation at T4 = 25°C and Ve = 45 V de.

3. IFor 200 pm HCS fibers, typical responsivity will be 6 mV/uW. Other parameters will change as well.

4. Pin #2 should be ac coupled to a load 2510 ohm. Load capacitance must be less than 5 pF.

5. Measured with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. Recommended receiver filters for various bandwidths are
provided in Application Bulletin 78.

6. Overdrive is defined at PWD = 2.5 ns.

7. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual
detector diameter and the lens magnification.

8. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.

9. Percent overshoot is defined as:

Vpi - Vioos
PK - V100%\ ¢ 1000
Vioow

10. The conversion factor for the rise time to bandwidth is 0.41 since the HFBR-24X6 has a second order bandwidth limiting
characteristic.

uF
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‘ 61—%1

—~
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v
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3 &ir RLoaps
500 Q MIN.
N J

T

Figure 12. Recommended ac Coupled Receiver Circuit. (See AB 78 and AN 1038 for more information.)

CAUTION: The small junction sizes inherent Lo the design of these components increase the components’
susceplibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
wnduced by ESD.
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