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ABSTRACT

The aim of this project is to transmit voice signal by using light, which is unlike radio and
microwave systems, free space optical communications requires no spectrum license and interference to and
from other systems which does not a concern. The transmitter, the voice signals of each channel will be
modulated by using FM technique and then transmit the signal via light. The receiver demodulates the voice

signals.
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Modulating O ‘ Phase 7 A frequency-
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t Differentiator m;(t) - vit) = .
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mi(t) =k im(t) 2.9
dt
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aund i dyanaevidud inlanoumisuaes do
Acos|w t +y(t)] _ (2.36)
Tau1am19nu8 (Frequency Sensitivity) 484 VCO 19 K, rad/(sec) fio A1v84AY
' A d' A a £ d a a @
uanAlnsomanldsunlasesniudiFapvuslavaznils o fifasnnsdouaus

V v udnuee veo wude

kK,=2% (2.37)

Y a

t4 v 3 1 4
foyanadivzaseduliifndygrunnniesduasitonnnud Oscillator) T Vo Ssii

Bcos| o, + K, ’jVO (A)da (2.38)
dlddygraviduasafues veo ﬁﬂ'mm;w?mmﬁ”u
d‘" : ) d ’jV (A )4 @)
% dy(t) = o 1iufie
dt
V(1) = Kﬂ (2.40)

0
o o

o 1 Y @ 1 [ o
veriu ld M duanuuieenves veo veAulsifludaaiulasasssunisiaounilag

oo

[ '
IS o

= A = < v P £ = ' ' A P
mma‘wmmmﬂums@mua@mmav\lmu mmmmmﬁnﬂmpmmwuﬂaﬂuuﬂmﬂmmamam
Y o

[ o (=4 o
eﬂs1%’1wamsﬁﬂziﬁ’tﬂﬁﬁ@ﬂaﬂwmﬂuﬁn1wauﬂa"lﬂ dyuvieenvounadongliefuuls

o g

.
@ A (3

Lﬂuﬁﬂﬁ’JuIﬂEJ?]N?JUNWE)L“HE]Qﬂ’Uﬂ']il‘lJﬁUuLlljﬁ»‘l‘Uﬂ\m’JW'l uuﬂaﬁmmmmv\lzaummsﬂﬂmmaﬁ

mmﬂﬁaaﬂaﬂmmmmﬂﬂ
VINANHULAUTAVDY VCO tazandums 165 sxnu315t VCO waztaiivouwasifia

lumsiau naafe veo ﬂwﬁmmmmm‘lumiﬁnﬁﬂﬂamﬁ"lé'ma“lwﬁaaﬁwﬁwﬁawﬁq uazie

ﬂ’lelWWﬁME]’i% 1ﬁ5”ﬂﬂlliﬂﬂu°ﬂllﬂﬂﬂ1ﬁﬂu‘lﬂ RN mamsmqmwmwmnmmamaﬂuaﬂu
L1219 0- 180 93N ﬂd‘LlﬂTliJf]‘V]i]“’lﬂ1 ﬂu'lﬂuumaﬂumaummmﬂ ‘H’J\‘lﬂ’ﬂllﬂ“ll'f)\iﬁillﬂﬂﬂ!‘lﬂl‘ll'l
cmmlfmaﬂaﬂmmmﬁmm%\mammm%ummnamumummwaﬂuamﬂmw Locked Range

daumaﬂamﬂ‘vmﬁmmmmwwqmlﬁa'e)naﬂmmsmm‘""lﬂmnsumztimummawé’a"lmm:ﬁu
£

QHU‘H’NVIUQIlillﬂ1$ﬂLli]$ﬂ’JNﬂ’ﬂ‘])"NV]Lﬂ'I%

[

2.5.10 mmswa{ﬁ\ﬁ%’ummaﬂ (Loop Transfer Function)

nl =)

aq ¥ d A a
ﬁnuﬁiﬂlﬂuﬂimw ’JE)EJﬂ"UE)\iaﬂ’t)gwﬂlﬁﬂﬂﬂﬂlﬂﬁlﬂiadﬂiﬂﬂﬂﬁmﬂ



41

—Volt
K, = Ozadius Kd¢(s)

unselfSoufounter k, 1NT0INTRININA (Hz)

_ radiuy
. K, sec.Volt
Ui 236 2eslafengy

mn‘nhn 2. 36 "lmmuﬂmaﬂymwmmuﬂiunamNf] °lu51J°n 236 fensumesilatay
YBAUAATHUIY ﬂauuﬂ31nfmwuﬁwrmaammmumuawmaamﬂuﬁﬁ
BRGLY SO KR
#(s) s+ KKK, 5)
.

y . ]
MNAUMS  (2.41) aamawmxﬂaaaﬂaﬂﬂwﬁuag”Uaamas’maam%’mﬂimﬂﬂu‘ﬁ Ay
4’

(2.41)

1@0u3 0N (Stability) euaqgﬂﬂmuagnumswmsmmaﬂi%’ InyuzaNAveUnSRINTRINILE Nyl

{ A { & o o Nt
1n309n50IN WA First Order Faitionlugaliin la 145 it
a
K (s)=1+ G (2.42)
Y 2L P o &
v Tdmsmumlesfladfuvesszuniidhu second-order PLL g4
v, (s) X Kd(s + a)

. (2.43)
#(s) P+ K, Kps+K,K,a
uazdoniugiiuuinly mumdndndmnssuntugy 198
Vols) — 2w,5+a’s
o )— 3 (2.44)

#s) s +2§a) s+
“lu'wu f f® Damping Factor (1A fo w, ﬂ’J'liJﬂ‘ﬁiilJ‘]ﬂﬂ (Natural Frequency)
2.5.11 mammwmamanaﬂslﬂaaangﬂ
I a9 A o o 9 (] & (7= A A =1 ]
2sladenglidofnaelsemsdmsums 19auniseds ¥ lufivsdufivufouni
1 [~ { :,’ <
pdu 15AATums 1 nusedniufionleesnsewuy Le nie RC unuld dofvosrsasmaden
quilofiouiuaesaseaiuy RC 14ud
o Yt a o vl P ' ' o
1. wmu"lﬂﬂwmmﬂqq mmmmam"lﬂmmmnqmm 100 MHz 913993505030 UTH

launnnudyszun 10 MHz



42

] } 4 ]
B1U19NISIAONATT (Selectivity) Hazaudna1eluvudaiu nafsanudinal
v ¥
MrualaunNudAIzYed VCO dIaus1u19msiaendssIuegiudnymzy0d149s
Ao 1 = (P ~ A .
nsoannudaru 39 lilTyvinsSvandu (Alignment)
paf1sznounisuenlsszuaiveuazdsunauldde Taewldanudsaszves
o Y Y é a 4 o’ll T o' 1
vco fmualas C @Rt 159 C /U R Fazilsuaau'ldadauaaidainil kdz o1 100

MHz

' s [~ sy o 1 v
a3 lshdssimadengifiidedusudiu

1.

1 { v 1 1 ' 4 0o Ao
Til#eyafnfurgnnsmaionglauesnsurennudminiuanumindya s
Y a 1 ° Y a ] ' v o \ v
Wiivinalng ez iiansaenisesee liauesmeudesegauesdyanaudh

[

auoineudAvgIsueinuiesiusindovvesdygaud i ldmsviadyyin
Ao A g [ ] o I~ v W [ 9 @
unsauaenianudiudandmsuduiudygy o ligldnmin
a o ¢ A (Y [ <] I~ " a 9
Namadamsduasizd esnnanyugmatvvonesiadongliunuy Lidadu

a o 2 9 AA o a = Y 2 g A 4
mﬂuﬂmiﬁdmi1314“lﬁmlm&%iwnaﬂymxl‘mmmﬂmuwﬂmuﬂ‘ﬂ\‘uﬂuw’omﬂmum



43

uNi 3
MIMUIMATMTTI

£
~Tumseenuuumsdedygrandusdisumaiudinasoimaiy ausonlansdinan

o v 1 A 1w a @ A v o a =)
oMU 2 diu ‘lJi$ﬂ’E)‘]Jﬂ'JUi’f’Ju"Uﬂ\‘l!ﬂ5ﬂ\1ﬁ\iﬁ'iyiy'lmlﬂﬂﬂﬂﬂlﬂiﬂﬂiﬂﬁmﬂlﬂmlﬂ'U\i PITIUVDY

a

insoadsdayanandosnzisznoud 295U0AYAUTUNA (Preamplifier) 299TNTOINMMARIHIL
(Low Pass Filter) 2995109a1A05IULBGIAANIAAIINA (FM Modulator) 219352y 10s
(Summing) 11az19959URUnsal LA (Driver) |
madundesfudyaiandonzisznendio 2vsnlasdyaranauiudyanalnih
(Photo Detector) 995Ue0dya1ein19n1A5Y (Amplifier) 2993030UOUAILE (Band Pass Filter)
20951/T oD T A UdYRy 101 (Comparator) 2995ANDYIAINDS (FM. Demodulator) 1823995810

A 909a 19 (Audio Amplifier)

wan

(1A%

Ty \
BUWALALY | 29959070 1IN 293 293 21959
o { o ¢

|::> doyayiol :> anwid —N wegian N 5w —N|  ginsdl i
GO i NANLD Ty daaa

= [ A 1
310 3.1 vienlaozunsuvB AT R

ey
o o
I 191A%
a H a
DUNALLTY manldouues WITNIBN N9 NI 1TVNY e
|:> Wudyann ::> AN :> Wisuiiey N fueqian :> doyayn :>
Tvhuazane H STAU N9ANN (o
Toyay o Yoyy o

a =4 A o
317 3.2 vaenlavzunsuvounToafy



44

3.1 Maaadeyanoudog

3.1.1 MAvENYT YU IUNTA

Fyanuiioonuiainlulas Tiufiddnn Seiufiudesimsverorouiozdusaluis
2evsdashe Tuiii 19 ledued LF3se arafiursesvenenuundume (Inverting Amplifier)

9112305 TUMIWH 3.3 151505 usasimsvensldan R2 Taefia1sas1a1sve18u09

o ' o R2 & o o o Y2 v
WY IUILININ ~ OATIMIVLIRS wanaezansndlsuldn 100
1

o +5V
R3 1MQ§
R2 100k
RS 10kQZ e

Cl2.2uF  R11kQ 2 Rq C3 10uF

— A 6
. 3 LF3S>—"—{H
+/ 4 iy

Input MG X C2 Qutput

. T47uF -

317 3.3 namagihesvnedyana

3.1.2 MANTRINNNARIN Y
d' [ o 40 /1 Lt Y @ " @
2095 Tun i 3.4 ey Tidaygaunnudsiiin sasansefuveditesazmifiy -40
wFadefva HuRed M vaANudMgInInNudnneeiIdas 1YL 9zaARs 40 FIAYAY
[ v b4 .
10 11U03R R NNAU ANUATUNIU R, Aegiioaananndnaiooian
o 9 9 [ Y A Yo ] é’
mMIveauuINTIT i mualinnudumu R, waz R, whiwieldduiudioiu
v ¥
nanmsesnuuuszitaiiu 4 Funoudsil
° 4o A
1. fmuaanudanes o, ¥ie £
2. Wc=c,=c,= 0.1 uF
0.707

o C

c

4. fmuali R, =R, uazliR = 10kQ

3. AUIMR, NR=

Twsesesdmualifianuddneswiiiiy 3 kHz uaz C=C,=C,= 0.1 4 F

0.707 _ 0.707
w,C 27x3x10°x1x107

f1500 Q UMy AU R, 1Az R, Fadifn 500 Q

=375 Q

NAAUMT R=

[ M)

Tuinille



45

C2 0.1uF
-

Rf 10kQ

R1 R2
500Q 5000 ——= Qutput
Input e——AANA, AN
Cl 0.IuF =

11 3.4 naasgileesnsesnnuddriunuuyamesiin

3.1.3 710 FM Modulator
s &4 g g
1A FM Modulator 9219'lo1ues 74HC4046 Fufluledimladongl °LL) n1s14aqu
- ed v, ' Ao q' & o
vosloFiweifivzdeaiimamsi1 R1 uaz C1 iodmuanimidins () Feiiniseeniuy &l
v E4 H
- fmuashanudaa () lulnsanudiesldnnudnarcvosroaduyanansn = 25 kiz

< v J of A
HASANUDNANUDITIINYYIUNTDI = 50 kHz

- Mdnsmigui 3.5 mAwes c1, R1 uag R2 499z 1dA1 C1 = 1000 pF, R1 = 150k Q 11y

R2= 0
2 FARENT. S
" SEIE O i i == = :
tets = = i
{Hal Az 3Ry T
w % -mnﬂ{" \é\ b i
= : = e EEmE =
~ H " Sﬁ- 1
.\ 1
L, -1
N
1L S— A adsotn N sl bl
T '
.E_ : e -
RSN \\
" il | 1 N
e = i iy e
i 3 I Al i
il 0} o o i
i NS T \:.) N il
o s N REL
E=mm h . : F 2
1§ T L
N
Ny \?‘q N 1]
: | 5 v,
133 S8 — %; 6w
b EE = T : RF sty
1I g ) B CAMITL
1t ]
yﬂi ‘ ]
- | I N |
=t B Eonas HEY 4w
o ¥ 1T 1E T a5y
b L I avt
ﬁi el
1 » 1w d
Ww m d F
] ® i e wt L P L w

U 3.5 uaAIms1amIA1 R1, R2 uae Cliiefnua VCOo



46

o .:i &
15192 1899389307 3.6 Faifhinens FM Modulator

C2 C3
0.01uF

+5V

EN
]

u.

oL 1 .
Input
2kQ 16
3 Q 4
COMPin g VEOuut.fF————¢
14 .

= SIGin CIAGﬁ_l‘
5
VeOin 5 iicaods
s ]

RI
Rz T £ cB
Z &
4
R 500kQ 5 8
2kQ l

710 3.6 uﬁmiﬂam FM Modulator

Cl 1nF

9031 R2 spihmihfidiussduusaudunalifvinafimng audenisweqian g r3

o Y A o v a 4 9 Y 19 Y a oA & o s

Waz R4 vzvmimonszauussandua e Ineglumuuaniivsedufion Fedyanaueidnai
Y A A [ I @ @ a A gq Y 1

Tdvegiimnnuiidisuuulszina 4 itz dau R1 szdudnlSumnnuivesnauniiliia 25 iz

uay 50 kHz #ua1ay

3.1.4 WITINTYY IR

v ¥y ) N A
N%smuﬁmmmi]“‘ﬁmffmsmﬁmmmﬁaﬁawmﬁ YIUNYAUOAIAMTIANND (FM

LY

Modulation) (§1@efuiftods |1ganavu LED de'lt Taonaasiio 14 lodootuoudliues LM318 G4

111 Slew Rate =50 ¥ / 1S 11a¥ Bandwidth = 15 MHz

< " o {49 B 1kQ '
mmwﬂugﬂw 3.7 MDATINTVYIYUDITUYIUILIMAY - 2= ————=-0.3 M
R Oy
R3 1kQ
Ch AN
22uF  R13kQ
Inputl '—{Hh—l i 3
Al Ay s| 22uF
Input2 ’—f%—’VV\fJ 3| LM318 p—— e Output
C2 R2 t T4 S R4
22uF  1kQ -5V 100Q

110 3.7 namagihessaudayanu



47

3.1.5 299570 LED

a { W 1 \ s N 1 é
dyanuignsaudidoiuuds szgndde ldaniadugunsallaleaildanes
a 4 4 v o { @ { [ o
NIUTANOSIVDS BDI39 Sudaanuiignuegianiiviud (Base) dyauignueganvziiudaain

U o

D.

vy
9.

o Y a I a ° 2 o = g g i [
lugalinsudaeesifemsihnszuaiuiliinszua lnannuaeadiames (Collector) fu'liaun
aa o . 1 Y a ] d & = 1 d 1 ay
vilnA03 (Emitter) dawalifianszua lnariugnseideuas LED Fanszuaih lnaruginsaldaeail

a = A o & = o o SR o q 9 )
vifamsfasuulas iesnndygradfignueqaaiun lusavunavesmsudmass Saildanudy
vosgUnsaldeauiamsnldounlag

v 1] v v
lumseenuuuriuazdeasiiadis Forward Current (1) 7 lvar1u a1z LED Aldviuansanu
nszuad lnar il 1ddszina 100 ma fofumsesnuuuezlfrsesvnsuuuaaaa dagl Taoih

:;l ' < & £
MIAIM VouaTaniiaves v,

+12V
i
R
A,
4
S -
10kQ S
N
AN
180
T 0.5W
BD139
10kQ 280
0.5W

[

717 3.8 namagieesdy LED

3.2 masudyanaudes
3.2.1 MASUd YAz Mg Ty IDl

c; v @ @ [~ 1 g v A 1
1% 3.9 ueraanasudyanauaanzanodyano Wi Taouaily 2 daudefufie dauwves
@ Jou @ & v Jd o W o Y do o A
AginasaisuFyanuumdaldginsaiamiudyginuas M asudygrauasidieoninen
) 4 o Sy ; oy o g9 g
amadaudaldoudygrenauiiudyyia i duasalsudyaauaadiildindu T idla Ten
o 4y o { o { =Y
(Photo Diode) uazii R1vimihi lugalW1dla o dodaymammgninfowiiudyana Iwiuda vzgn
t4d
e ldaresvnedyarauuusunosae (nverting Amplifier) Taga9s ludauiiozdsznoude
[ v ¥
23VOUUY San 2 ga e Iivnavesdyapaiinuiuuniusuiivawedomartihdyana
Y [ & dy A o ' [ ' oW o,: @ n’l’ = 1
THluwaesdalyd  Fasesiiezilidasworoudazgaiiu 10 wh dutusasvosianuaszda 100 o

14519 3.9

v



48

R5 10kQ

a o
114 3.9 uaaagiheesvenenaniasy

3.2.2 219950509 UAINDHIH

y (0 {1 o sa o o { ° b [}
Tulasenutiazldeesasessmianudmuniames S nd g i do s 1191 2 19953160
o oA ] Ady vt £
aynsuiuie I ensansenNuandeems laauindu
A g & YA qu ' = [ Y
2993 Tunmwd 3.10 Wuesdeonuun PBiie 1 mmza1aanusvo 909 RGN
v v
i ldminiy daudyanomenmilenniiszgnanssdumnun
A 99 v 2 b ) )
A1500ALUUINITIND TR A1 0TI e MUl au8 1N IY C,=C,=C ung
o U [ n’/’ [ [~ ;’,' [ y
AMIUMAIR,, R 1Az R, Adiundanmsooniuuziaiiv 4 dunpugail

1. Mnuannudimeedl o, (ad/sec) IAZIUUAING B (rad/sec)

' 0]
2. MQUNQ=—=
B

3. \d=&=c, ol AF

4. fUMAIR, R, 1A% R, 910

A\
BxC
-
bo2x A,
R S 1 4 1 1 d' ° !
R,= 2%3 +4Q" 9zApalA1qendi 24 e A1 R, A 1oz 18iTusuan
40% —24,

o

o 1 { ] { 1w [
Tulasanuezdmualimanuinaisvesresdoyannd 1 vy 25 Kz tas wuud
¥

Indtlszana 8 kHz dausanune (A) sedmualiifiu 1 Sufuzmimeeg 188
o, 2mwx25x10°

Q=—B——m=3.125

a BiC’ ) 8x103x27r2><0.01x10‘6 SAKE
10°

R, = 2514’, = 42i(1) ~2kQ

R, R, 4x10° 21003

=4Q2—2Ar T 4x3.125% —2x1



C2 0.01uF
—F
R3 4kQ
p
Rl Cl
R4
ke | 0.01uF o
Input e—AAA—¢ IL 2 (7 6 2kQ
NN vy
R2 &
4 RS
100Q
M 390

301 3.10 uarasrsesnsesdnamBruvestesdanind 1 (25 kilz)

49

Tulasasuzdmualimnnuinaisvesvosdua i 2 WifU 50 KHz tas tuudsne

3y

1 o 0 o LY '
Uszina 8 KHz daudas1vens (A) awfmualiidu 1

b4
WUIzHIAA199 1aeadl

o, 2mx50x10°
Q= = 2625
B 27 x 8x10
2 2
= = . — M4k
BxC 8x10°x27x0.01x10
R 4x10°
) I o g ~2kQ
2x A4, 2x1
R 4x10°
R=—— 3 = . ~ 33 Q
40%—24, " 4x625% ~2x1
C20.01uF
H C40.01uF
I
R3 4kQ =
{ R6 4kQ
AMY
+5V R4 c3
R12kQ | C10.01uF +5V
IUPUtO—’\/\/\/—i‘—H* 21 N7 p 2k Q| 0.01uF T
5| UAT41
R2 4
4
390 ey
L
30 3.11 umarsesnsesdunnuidvesvesdyanad 2 (50 kiiz)



50

3.2.3 1esnfFeuiieuseiuFyana

o ' o

' v k4 ' !
myiywmﬁmmwansaatnuﬂmuﬁmﬁ’uﬂznszﬁuﬁmpmﬁ"l mAuswileawINAkAYea

@

(N1 [ K] ¥
msnsmmmﬁmmﬂmaﬁu lmﬂ"lﬂ?)ﬂﬁﬁ‘lé}ﬁuﬂuiJﬂ'!lVI'lﬂuﬂ‘iJfTﬂJﬂl'lﬂﬁ)'lﬂ’J\‘l‘iJiM@ﬂl'ﬁﬁ‘ﬂNﬂWﬂﬁ'Q

[ 7]

muuﬂaumWmﬂmmm"lilﬂuamamvmmmumsnﬂ?uumammuammmﬂamwa‘lﬁﬁmmmu

'ﬂﬂ‘HmwﬁlﬂaLﬂENﬂUﬁﬂJﬁl'lmVlﬂE)ﬂ%1ﬂ’N‘Uﬁllﬂﬂlﬁﬁ

2095 Tunmdi 3.12 ulmq%sw“lmﬂsamvﬂuﬁmtymﬁn’hmnmvﬂnaqjmmnsmm et
ssiudyanafidungandio v uusvﬂnﬁmmmnmﬁvgmﬁ"lﬁmmﬂu"lﬂnaﬂaan -5v) luma

v
LY [

ﬂﬁﬂﬁuﬁﬁzﬂﬂﬁmm1mﬂlﬂ11u1ﬂ1ﬂﬂ ov uui%ﬂ‘l]ﬁﬂlﬂﬂmLEJWIWﬂ‘l/lvlﬂﬂwlﬁWﬁ"U"l‘NLaUQU’Jﬂ (+5V)

q

wlidaey mLamwmnmwsumminﬁnamamTﬂmws‘lumﬂma"lﬂ"lﬂ

o

1 312 uaasgrhaesnfSvuifoussdudoyano

3.2.4 7,10 FM Demodulator

717 FM Modulator 92 19 lo@1105 74HC4046 mmu"lamﬂﬁaaﬂaﬂ (PLL) A3 °1 Ha1u
vosleFiwes i doainismAT Rl uaz C1 iefmunnunang () Feflmseenuum il

- fMuamANARAN (f) ‘luTﬂ‘mmmzhmmaﬂmwawmﬁmjmusﬂ =25 kHz
uazmmﬁ'ﬂmwmcﬁmﬁagnunmﬁﬁm =50 kHz

- Wnsi3ui 3.5 mewes c1, R1 uas R2 399z 186 C1 = 1000 pF,R1=150kQ uaz
R2=

A g

- v 9 vealediues 74HC4046 axmthiidugflamosSasinsomar 1 donauns

u

f=

! Taofruald R2 =100k Q
27RC

1
271 x25%10° x100x 103

v
aniulumsnsesvesdamnuusnezldm cs = = 63 pF 1971 50 pF

Ny



51

1
27 %x50%x10% x100x10°

uazlumsnsowresdyanuiiaszldm c4 = = 30 pF 1491 20 pF

Unu

13192 181903093107 3.13 uams312995 FM Demodulator

+5V
(@)
c2 | 1 c3
47uF/Jt I0.0NF
>
=T |:: VCOout DEMout 12 T @ Output
Input | o lie— 1 L cs
e——slGin & cB T 1nF 5nF
1 I 9 100k Q)
— R ¥ VCOin = 1
R2 RC3out—AA/, 1 N
x 9 R2 =
2.5 100kQ  C4

150kQ

AW
¥

L

3UM 3.13 uaag312995 FM Demodulator

3.2.5 299518 1A UTE
o a v W Py Y o w 9! =3
29970 T Y N0A lvz i udyauansavegan udnihdyana 1o Tao 14 led
I~ v [ & a I~{ o Y] P v w YR
LM386 iiludrviedya i ¥l R1IUANIUANEATINTI0 FeanusodSusarvneldne 200

] @ 3 @ P! d' o w Y v g @ a v o
M1 naenmiudyaudsangnuansidadrudanuilszyiuilasesnlUdad Tna

5V
C1 10uF
22 C2 470uF
Input 5| LM386 85
ik C3 0.1uF [
R210Q)

3191 3.14 neraagihesvenoidudos

Ak



52

MS0
:14

6e1ad

MS0

) Anfoo dnLy

MS0 MS0 MS0
Y01 8z 301 8z 301 8z 301
6c1ad 6£1ad 6€1ad
MS0 MS0 MS0
81 81 81
X N N
01 S // 01 g // 00 2 // w01 g
" o "
ATI+ AT+ AT+ AT+
8 S
=0 M Zw -
o o ) ot
ﬂ m 1 00A [— 00§ 4oy
5 VIO wols 7
= i’ 0OA & maIKOD m
o1 A001 WI
as | anjoo dnLy A
ors J - y AT A
——) <INt _|>>?|le )
angg AN T I
AS+ A .
anzg o s I .
dniy
- Jan 2 Z w Wi 1 ndug
A¢ o T & : % N : “,E. = _ "
o B 005 dro e A e
> lnooon § wamod T’
¥ XY A01
9l 001 WI
AS+

v
(2

51U713.15 HEN9I9DTTINN AR

Y

TUMINIUA

o



53

v
NAIVIINUA

v

517 3.16 uanI3U2995571A

L)

— = ad oz
ﬁ 4001 CIE
2A%Y | mocou O =
wooA B
mcmlﬁl J001 m:_.._|\||+m_u W wos
RN I S
9
: = mowaa :a8>~U
<
- = 8
- = AS+
- = xl% 4dos =
4_w 3001 1| U081 =
i -
ST (4]
%001 . 2 D T te
41 — AS-
Jug  — 1015
qu1 2 o = & 0T
2 e i & 5LV i 6¢
0 mowgq - "OOATY AS- L Py : 1vLVN
[ < (4 9 o— || A
3 , anjp0 | A N7 11 Nz
p- AS+ An10°0
A_ SBIENT b AS+
AS+ L L W My
AS+ N b4
| I
b 1
- q dnioo An10°0
AS- _
-
—<wvn | 001
|t “__ S1
(-
.
P An10°0 AT
AN
R4
|
A
An10°0

DA+




54

4
N 4
MITNADIUAZHANITNANDY
MMInaasustlautiinimaasivedaznIneennfui Il a1 0N 1US Y aZA15

9y k4 v
Muvesuaaz9s 14 uazumﬁﬂzuamgﬂwamﬁmaawanwsmummﬁwuﬂnﬂmu Nufe

. a

aadady s uaznnsudyanando

[y

4.1 MANIosaTauaandeg

o o

4.1.1 MAVEETYYIUAIUUTD

:/' Y o o & ° a @ £
Tumsnareurasiiun Idhinstfeudygiunnniossuiadyyindie Tavlddou
-
7

] ] v
Fagrundulnl vina somv Al 1z ifisuyaveesuns§yandsnveares

7]

9y k4
oIdy I uaziinsdiuamonsworsuesisandages 1Ay 10 VUi iadaaw
(4 a 1Y) o a ‘é o 1 @ a dw P a ¢§I slé
o1y Wivuisuiudyguduya edunagisvuesdyanuuazanuiafoufionsszifaduldae

q

]
=)

Tanamsnaaosfaansluzili 4.1

Tek HTT® 100kS/s 30 Acqs
1 [. “«

Ch1 Freq
1.003kH2z

Ch1 Ampl
1.02V

,,,,, Ch2 Freq
: . ; ’ . - . . . . 4 1.01kHz
; : : . A I A : : . ] Low signal
........................................................ amplitude
Ch2 Ampl
88mv
Unstable
histogram

WX~ SO0mVAChZ ~T00mV~ M S00Hs ChT— 7 Tomv

4 Feb 2005
02:16:00

[
a0 [ 1

11 4.1 waaagddyaidunnvoodyanadiuusn

o9

o 7 A

o oy
Tav 9097 1 uaasgiduyanaerdnaniulnifignunonds

g g

]
o a a

o g Awo oo 4
5099 2 tangUdyanasunandunaulend A 1 kHz

17 7]



R
OR1INTIH

k4

Tumsnameulsasiiusi 1dnimsdou

4.1.2 MANTaNANY

35

dyanunnniesduidadygiudieg Taldton
E

o A s o a0 o 2 o o s Ay y P
ﬂgﬂﬁmﬂﬁuvlclﬂ‘_lﬁ]lﬂﬂ 1V nanunaig 90U iJ1nuui}auwmmmﬂrymmmmwﬂ‘n"lﬂmnﬂ?ﬂmmm

Auvinavedyanuduya udrSnimmdsanslifiunaneumioamenid e

-
o
S
£
1]
O
[
o
)
o
=

0_»)047] 4802 / T 8 S 28 L

Frequency (kHz)
17 42 ierasaneUaUBIMInNUBYRIMANS DIN BRI

Phase (Degree)

0.4 0.8

1.2
Frequency (kHz)

1.6

31043 werasnaneuausImMamlrveInAnse s N HY



56

4.1.3 MnuBQIATYYIMNIIANND
o { :" d o a { 3 A
svegandyanamuanudtiuz1dledes 74uc4046 Wudwdnnnuduvuiadayald

Wunnudvesnaumaiisnlszinn 25 kitz oz 50 kilz dmTuvesdygind 1 uaz 2 mudrdiulay

PR a

H & o o o T =
Tuvaisi hilidyanaduyminnnuiveniadee lunduuulasisguil 4.4 8 4.7

Tek HTTE 2MS/s 27 Acgs
i I in g i |
g P T  FY. Chi Freq
: T 25.33kHz
: : : : : - : : : 1 @i A
[ S o Y s Py o 5 oy, [ Tassv
J}}'l} {: "
#"'z'h"v )
ICh 1| 2V M 25us Chl JF 240m Neebados
02:40:50
: & ; % {
71U 4.4 uaraegildygmunaunianum 25 kHz

Stop 35 kHz
oH8en 275

U7 4.5 amsannasuvesdananaumIiaNLg 25 kiz



57

Tek HIdHH 2MS/s 58 Acgs
F f T ] |
T T '! 1 T T ¥ T

.................................................... Ch1 Freq
50.01kHz
- : : : ch1 Ampl
H 5 HHH 4.64 V

i i §i i T P ... .

[Chi] 2Vy M 25us Chl 7 240mV
i 4 Feb 2005
02:42:29

o

31 4.6 uermsgildyanuniuniianug so kHz

Mkl 50.00 kHz
478.8 mV

= o o A 7 =
21]1/] 4.7 llﬂ’ﬂﬂﬁlﬂﬂﬂiﬁﬂ!ﬂﬂ YYTIUAAUNINAIUD 50 kHz

:zl 9 o a0 o 1 9 9 ciq
mﬂuu"lﬂﬂauﬂtymm71mu'm]wmﬂangmm“lumuusnumm"lﬂmuwmamwi

7]

v
a [

¢ A 0 @ 0 o [~ o
uegInDIIeIIMs uegEATa Tavanswgihmsudasdygradunaiidun daaodudyoyio
o Jdaa P a a o a u’/‘ ° o g
Wadnuanudnlasuudasdamuewldgavesdyanuduya nnduiimsiadyyiaedna

nSsuioufudyanusunaiedunadnyaemsn/fouulacvesnudiad waaalugln 4.10 uaz
4.12



ina (kHz)

AU LanEne

~
o

(@]
o

(&)
o

N
o

w
o

20

10

0 PO 15 .2\\12.5//3 .35 N5 5
wsvauduwm (V)

37 4.8 udAIENYAZ Characteristic Y84 VCO 71 25 KHz

iwe (kHz)

ANMUNA LR

120

100

80

60

40

20

0 05 1 15 2 25 3 35 4 45 5
useauduna (V)

U7 4.9 tansdnYUE Characteristic Y94 VCO 11 50 kHz

58



39

Tek HXH 200kS/s 19 Acgs :
d I T } H
i LY v 1 1
T T T 5' L | 1 "t '! T
Ch1 Freq
28.6kHz
Low res
1+ !
| ' | I Ch1 Ampl
| _ | 4.96 v
|
{;H:%E:.figH:;?i:H;:%Ixng::g;i:ii%i::g;%::: ch2 Freq
: : ; ; I : : : ; 995 Hz
. . . i : X . . LOWSIgnaI
.................................................... amplitude
Ch2 Ampl
660mv
PP I WEERER" < _ <ok P T i o |
Chi 2Vy E:E S00mVA M 250us CRT 7  200mV
i 4 Feb 2005

02:20:44
5‘]]1’] 4.10 Llﬁﬂ\‘liﬂﬁﬂlm'lmlﬂ'lﬂWﬁ‘llf)\i‘]ﬁ]\‘iﬂ’ﬂlﬂ]'lm'l’l‘P’i‘lN

Tau oufi1 wansgUdnauoduatignuegaanian i

]
o =

%099 2 uerasgddaygaduyaidndaes

Mkrl -25.00 kHz |

+ Stop 35 kHz

_esBleHz i ‘ Lilbd p 275 ms

JUN4.11 uemealnasuves Tyanuiiumsuegaaiinnud 25 kiz



60

Ch1 Freq
55.5kHz
Low res

1- [
Ch1 Ampl
4.56 V

;:::;;:::f;:;:;m:::;;;':'5:':;5'f:;g':;;' Ch2Freq
. . . 4 . . . . { 990.1Hz

: it : : : : | Low signal
amplitude

Ch2 Ampl
soomv

4 Feb 2005
02:27:40

o J l

i 4.12 naasgl dyanaedyavesreadayanaiians

(7]

Tao 9oeh 1 urasgddyaaerdyafignuegaaninni

{7 37)

]
a [

$041 2 tangdyanadunaiidninges

Mkrl 50,00 kHz

N 3|
. Stop 60 kHz
Swep 275 ms

4.1.4 MATINAYRY I

v v ]
N%smuﬁﬂgmmﬁm:mnmanﬁmmwmmmﬁmawmﬁtymmﬁ"lﬁ’mmwwa@mm‘fmﬂpm
44 qu T o o "o Y 8 o ¢ dAyy o o
mammmwa”lwmmsnmanumunmmfraq‘mamqum"lﬂ“lunammﬂuiﬂmammm'lm:namﬂﬁnu

dyanasuyandunuazlivinaanasszine 3 m fueaslugUi 4.14



61

Tek ETIE 2MS/s 17 Acqgs
[ T

~
—

Ch M~ 2SHs ChT 7 =20m
2 4 Feb 2005
03:13:54

U7 4.14 uaaagddyanaerdyai ldsinmssudayann

=]
=D.

i

yoanilaazdeanaeuidluiy

4.1.5 mavugunsaldaas

21937 Unsaidawasez 1¥dauied wﬁﬁ"l@’fmmmﬁauﬁmmm flowd v uaves
NIUTTIADS «m”lmﬂuauwmmNﬂswaﬂﬂmmum uag wmﬂeamﬂmaﬂﬂ@aeﬂﬂsmmuawﬂ‘v
laToaaauaa’ly m°lwamm1m'vmﬂﬂsan‘lﬂiaﬂulmmeﬂﬂmﬂaﬂuuﬂaammmmwmauwmmmm
uamﬂwﬂammmmummﬂmiLﬂaauuﬂamm”lﬂmwaaqmpmmﬂﬂsau‘lﬂiamﬂmum%:uﬁm

A931 4.15

v

Tek HTH 2MS/s 33 Acgs

T T R RN, T TT

Ch1 Freq
44.47kHz
Low signal
amplitude

Ch1 Ampl
120mv

: AA,‘E..A.EA,x.;.ffxifi..:Eff{lxllfl;ix‘fi!;A.ff;.fff: Ch2Freq
: : : : ] : : : : 1 21.22kH2

Ch2 Ampl
2.32V

A€
H
e

4 Feb 2005

N : ’ ! :“ ,T,,.: ‘:, ! ,:
CHT 200mvA Wi TR S OR T Ss
04:24:15

sﬂw 4.15 uﬁmsﬂammmmﬂﬂiaum"lﬂiamﬂmuﬁw«ﬂuﬁmmmmmaﬂﬂ'liJ

@

Tag %04 1 wamsgdayanaifinnasendlaToaaains

o a

0971 2 naasgldyanaduyaiinnniesudyaiu

o o



62

d‘ v a
4.2 MAnIvIIVTYYIDAE

v
ISR 1

q o o’z’ o o @ d v W

1uﬂ1iﬂﬂﬁﬂmﬂ‘§miuuu "lﬁimﬂﬁiuﬁn‘;ﬂpﬂmﬁ’dmmﬂmﬂﬁdtlﬁz%’)’}f;ﬂﬂimﬂi’m 1] iyiy’]m
vy o o Y] & A v o = > Y ' A o Y A1 o

llﬁ\iIﬂiﬂﬂlﬂﬂlm@iiuﬁwm]ml%']”'] ‘N‘nmﬂiﬂﬁﬂgﬂnmlﬂmu‘uﬂi:ﬂﬂ‘lm’wmﬂmd“]‘VWHH“LH’VISF]Nﬂu

o

E4
v o

=2 Y o ' o =
wldhmsnareuiadaanuvewdazisesdde i

4.2.1 MASUdya e

i
dyd (Y a A 1 o o Ao Y a’: Y
aaitiumsiudyyraumiidannnniosds uazimsudag aanuuasniyldiuldeylu

14

[ 9y '
sUveadynama Wi Tavvnavesdyana T Idfiuezduedfuanuduve sdyanamasii

M IdlaToammsansa0iu 18 duraasluguli 4.16

Tek HITH 2MS/s 42 Acgs
13

[.
i L
T iy

——
: 1
: i

Ch1 Freq
[ 2 . 5 \ y : : 1 23.02kHz
- . - : . . . 41 Low signal
. : : i & 3 F 1 Chl Ampl
280mv

-4 U S R R e e Ch2 Freq
- 3 . s . { 62.33kHz
Low signal
amplitude

Ch2 Ampl
192my

g7

L0 i g’ T\ =) ROUONANS > .
Sl 200mVN  ChZ 200mVN M 2518 CRT 7 To6mv

4 Feb 2005
04:39:30
U7 4.16 uaasgddyanaiidaln 18 laToaaunsesy 14

]
a

Tag-  goeh 1 uasgildanamannsends In1dlaTon

F09% 2 uansyldyanaiidaunnnmads

(7]

[y

4.2.2 MnvengagyeuInd

4 o @ 1 =~ { a ' o w :;I
Lﬁmmﬂaaﬁymﬁ”lﬁ’fmnm‘[ﬂiﬁ"lﬂhﬂmumﬂﬂ:wumﬁmﬂmumwzumtytymuu"lﬂi%’

b4 [
nuldTasaseSuihIddealinmsvoudyorunou Tasmavnodyraiissimsvnodygiadiuen

v [ £ '
M 1d e Toauto 1 Tlvinainnnedemshdyananiu 19w sl Aataaslugii 4.17



63

Tek BHTTE 1MS/s 11 Acgs
X

Ch1 Freq
28.17KHz
Low signal
amplitude

Ch1 Ampl
7.2V

Ch2 Freq
29.78kHz
Low signal
amplitude

Ch2 Ampl
4amv

..

VoM S0ps CRT 7 300mv

4 Feb 2005
04:46:32

jUn417 uaasgldyananeidnaiidunnvoudyn o

'
o J =

Tav 9o L usnegudyanaueidyaiignueionds

] o o a A v
Y09 2 uansgldanaduyaiidiin
v 4’ )
4.2.3 MANIDILNHANINDHIY
n’l’ Y o o A o a o ' Y
1uﬂ1imﬁamwiuuw1'1ﬂmms‘1’]auffngtlunmmmﬂsadmmﬂﬁtytymmmTﬂﬂ"lﬂ‘i’]au
o & L4 =i A ) : 2 o a (S Ay v = =
ﬂJﬂJ'Imﬂﬂu‘l‘D’u YUIA 1 V nauanie anu mnuumuwummmﬂmtymmmwwn"lﬂuuﬂ'iﬂmww

Aunnavesdygubuya udfuhmnndonnsvifuraneuausnanniaveises

AL
04
o
E N
=
3]
Y
o
3]
=
o .
L -
-12 - : :
15 17 19 21 23 25 27 29 31 33 35 37 39
Frequency (kHz)

P d' ' 4
'g"“lh’l 4.18 HAAINAAD LA UDINNANUDVDINIANTDIYIUANUDHIY 25 kHz



200
150
100

Phase (Degree)
o

s B B s iy
15 17 19 21 23 25 27 29 31 33 35 37 39
Frequency (kHz)

317 4.19 nansnanou U IMUNaYDINIAATDIANNE 25 KLz

0
3 3
=
o -6
O]
[}
o -9
S
°
> -12

-15 : : L

35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
Frequency (kHz)

717 420 HARIHARD LUAUBINIANLAVDINIANTOIGTUADINEHIU 50 KHz
<V

200
150
100

Phase (Degree)
o

-200 - L
35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65

Frequency (kHz)

[ i 3!
317 4.21 uanmaneuaueamanlaveInIANIBItUANNE 50 kil

64



65

lﬁ'é)ul f‘}m’dllﬂﬂﬂ'liﬂﬂ'iJﬂ’U’ﬂ\i‘ﬂ']Qﬂ’J'IiJﬂ‘UfN’N%ilLﬁ’J ﬂainﬂuumummmmwmumi‘uma

udamnderdriduwavesrsesnsesdiuanudsim mnuuw1mmﬂernumunmLmﬁwmﬂwmﬁauﬁu

]
]

ﬁtymmﬁuwmﬁﬂmma@zamﬁaﬁqmmﬁﬂymzmﬂﬂﬁuuuﬂawmﬁ'mnpmmﬁvmﬁmam'lugﬂﬁ 4.22
1oy 4.23

Tek EXdH 200kS/s 5
i.

TR Ch1 Freq
Ml ] i | f I I 20.69kH2z
] ! II' Low res
i /| fl

"H Ll ‘ ‘ Ch1 Ampl
Ay | AP 1.64V

Unstable
histogram
‘E”,:g:x'!::l§:='W”xf':;x5”‘(E{"'§‘KK§. Cthreq
: ; ; X T ; ] . : 1 1.004kHz

; : ; : : I ! y ’ : 1 Low signal

Ch2 Ampl
700my

G T VA ThT T S00mUn WM2S0ps CRT 20V

4 Feb 2005
05;04:41

P o /Ay y
z‘lh’l 4.22 Llﬁﬂﬂgﬂﬁﬂgi}ﬂﬂllﬂ'\ﬂ Qﬂw"lmm“vmﬁmfmmwnm

[
[

Tag - dosh LuansgUdyanauednafiiincesnsedunnudnig

[

0991 2 uaaasduanadunaig Hinueqian

L g o ]

Tek HXT:R 200ks/s

Ch1 Freq
55.86kHz
Low res

Ch1 Ampl
1V

Unstable
histogram

A:ZZ::.‘..".Z;!Z;Z;:""_"":"": 1 'ZIZZ_ ChZFreq
X . : . i i . . : . { 1.005kHz
: . : : , . : ) . : | Low signal
........................... + amp||tude
. : ; : . Ch2 Ampl
400myv
Unstable
histogram

03 B LV 2 [T [V T 1 [T i ) B ot

4 Feb 2005
03:45:44

o J Y v 1 o S
i 4.23 nansgldyananerdyaii Idnnvesdyaiias

[ 2]

D.

D.

Tau %0a7 1 uamagidoygnanedyaiirimesnseaduanuanimg

g9

b.

70971 2 nansgidyanuduyaiiiuuegian



66

4.2.4 manfFsuieszdudFyana

s S P Y o o od ' Y oA o o
plszmdvesmadifennvizadedyyraiadiunnt lasldmiousud YNNI

7]

' 4
madalavordodyaradunansudn TavrnasilSsuioussaudayananiveziiduana

oo

1&91n

e SD..

1 a I o a § Y v o [ o
'N%Sﬂi'l’NU]uﬂ'ﬂNﬂNWHMHTJU?T?ZUilﬂmﬂuwmﬁﬂu1ﬂ'llﬁﬂﬂﬂUiSﬂUﬁiUﬂl‘lmﬁlﬂuﬂiT)uﬁ Iﬂﬂﬂ'\izﬂ

oo

v
o a o

dygradunalingendinguniy fyaamoidnailde: sy lrlioaay Tunandufudass )
y

b4 1

v
o a o LY o

atyiymauwmmﬁmiminu AUU o U uWiulE]”lﬁ‘Wﬂﬁblﬂi]wm'lﬂﬂvlwlﬁﬂd‘l‘l’m
Tek STIH 200kS/s 19 Acgs
i I by 1 i
W]”q, [ 4 Er,‘. e s .H.;.;:‘T. e } e
: | H | Chl Freq
i i 25.08kHz
' ! Low res
' m | Ch1 Ampl
J | h i | M 4 6.72 Vv
ALy J JULUUUULLLLY I jil. L H_JJ Il
;';;j;xg‘ It T R ::};TY Ch2 Freq
- . . 1 28.06kHz
1 Low res
R
2> Unstable
histogram
........ 2
ICh 1| V'\; Ch2 1 V'\, M 250;15 Ch1 7 160m WAy EY
05:07:49
'i‘]_]‘ﬂ 4.24 Ll’c’(ﬂ\‘15ﬂﬂﬂ]ﬂﬂml@W]WﬂmBﬂ“ﬁﬂdﬁﬂlﬂﬂm‘ﬂ‘H'LN

o g

@

Tat - gosfi1 uansgldya oA imues S snifion Yoy oo

9o

I
o

%947 2 uerasg UdygraduyaminngSeufoy

e

Tek BIT5H 500kS/s 42 Acqs
B

:j-{

Ch1 Freq
45.58kHz2
Low res

Ch1 Ampl
6.6V

."5;'-I§;x§2x;i;‘;Qéx;:ix'xfi'igvvlignfix;'ii-: Cthreq
: : : : I : : ; ; 1 46.71kHz
Low res

) ChzoAmpI

j it il K AN IATHTg I Unstable
; ; ! : ] R histogram

(68 B S 7L VI ' 2 R BV ¥ VT TRy e VT

4 Feb 2005
03:52:23

5‘]J‘V] 4.25 llﬁﬂ\ii‘IJﬂ'ﬂJﬂﬂmlf‘ﬂﬁWﬂ‘Uf)\i“lf@\‘lﬁmm'lm‘ﬂﬁﬂﬁ

99

Tav Fosii 1 uraegdyanaioidnaiinaes oo Teyeuo

o

]
a

¥4 2 uansgdyyradunaminnS ouioy



67

2.

v

4.2.5 mﬂauagmmmmmmammn

o o

L 3

9

23ANegAFYYINNIIAN LTS inslasdyyrai ldoinmsidouious sdy

7]

[

fogannifudyanadosduduite IWaunsodyana 14w mavnodyondoade 116

Tek HXJE 100kS/s 18 Acqs
1 [ T

Ch1 Freq
1.083kHz2
Low signal
amplitude

Ch1 Ampl
96mv
Unstable
histogram

Ch2 Freq
24.58kHz
Low res

Ch2 Ampl
6.64 V

o a 2

51]1/] 4.26 LLﬂﬂ\‘15ﬂﬁmﬂ]1mlﬂ1ﬂWﬁﬂﬂﬂ’0ﬂuﬁﬂﬂﬂﬂIJ'Ivlﬂ‘ll@\i‘lfﬂQﬁﬂJﬂJ'lmﬂﬁu\i

U oo

Tt Fo9fi 1 uansgdyanaumdnniinveqianld

o a

3997 2 tangildanadunaiidhin

Ch1 Freq
2.207kHz
Low signal
amplitude

Ch1 Ampl
g8mv
Unstable
histogram

Ch2 Freq
53.23kHz
Low res

Ch2 Ampl
6.72V

[

a o ¢ da o a
5'1J'V] 4.27 llﬁﬂqzﬂﬂi‘giy‘]mm'mwmﬂﬂnﬂﬂlaﬂﬂﬂﬂﬂ’ﬂﬂﬂ]ﬂ\‘]‘ﬁﬂq ’]m'ﬂﬁﬂ\i

u

C

] § @ 7 {
Tav 9oil 1 nansgddyanauednyaiinuegan 18

o

(] a a a kY
¥099 2 tansgUdyanadunaindn



68

4.2.6 MAveNaTaaudes

D.

dyo Y o a 9 A 9 o = = =
n1ﬂum°ﬁumwwamumumwmumsﬂuaﬂmﬁum LWE)iﬁﬁQJJig'lﬂllﬁUﬁ‘lﬁlll']ﬂlL‘i\ilﬂﬂwa‘ﬂ’1)25‘11]
v

3 v
Tudine dieldamsmhdygeniulldvesnmediingd Tunsmadeunsesiium1dvims Jou

oo
] []
[ a0

a 9 Y Aa ° v W 9 1 ' o
mumumwmmai]iﬂuaqnaﬂuaﬂﬂwmauwmaani)s uﬁz“mﬂ’liiU?Jﬂi’]ﬂ'li‘lltﬂﬂqlﬁwﬂ”l 30 tmManuUY

o

o a

‘v'hms‘3ﬂﬁmuiy1mmﬁwmﬂ?UmﬁuuﬁumgapmauwmﬁaﬁqmﬂﬁnymzmiLﬂﬁuuuﬂawaaﬁmmwm A

uaaslugin 4.28 uaz 429

18

-
(4]

—_
N

(0]

Voltage Gain (dB)
o

0 04 08 1.2 1.6 2 24 2.8

Frequency (kHz)

311428 uaAswaRBUTUB IR YOI VTR RN T Y

Tek S 100kS/s 15 Acgs
i TJ.

-
—

Ch1 Freq
1.007kHz
Low signal
amplitude

Ch1 Ampl
3.36 Vv

'":i:;::‘fi:::gz:::5::::::: ::;::::;::::g:: :5::::; Ch2 Freq
. . i s ) B @ . B 974 Hz

i : ; ; . I : : : : ] Low signal
.................................................... amplitude
; : . . : - : ; Ch2 Ampl
88myv
Unstable
histogram

TIPS AT I Ar S IS APE P

i T fagpld AT
[Ch| 2VA Ch2 200mVA M S00Ms Ch1 7 oV
# 4 Feb 2005
05:15:39

a o o A o =
31 429 wansgUdygranednainiugg VUVPWAYY VA

o o ]

Tav  9ee¥ 1 uaasgldygrauednariumsveionda

[ e}

L3 a

¥o47 2 tansg Udyausunaiidmn

[ e}



69

E
NS5
a d
umasaazagy

¥ .
TuTasanuitldhmsesnuuuairuniesdidyanandelasldudsimerna Tavldimsda

o =) 1

dyanoudod 2 93 Tasweguaniianudaiegiu Feuhlddadeanundouduld tazmadusuansae

o =)

wendaduanaudosroslanld

2]

9 '
Tudauvensesmaduiuldld LED Sususanateda o 14 lumsdeliidszoznialna uas
_— 4 v Aay 44 o ) A Yy ¥ o da oy v
Silnvewasinhuie Idasounguituiinissuilanides iiesr 1t ldqauniwdosiid desesnuuul
tdszinimmdnga Tavezldnszuady LED SuWsusaung uazld LED Sususafinunszua’ldq
1 [ = P d a 4 [ o 1w
daumadiuniasuldlinsivaudyu3ind W18 laTea wedlunssauuas i Iddadyan 14
2
Tnaiu

[l k4
wamsnaaeed laiu dwrsodsdygiondo 2 veedaannldedegades Tavdnsiidayaia

g o u

3
v

[l 3= o o & 1
sumueyting uanmusasuileldlussdunii wazszoemedaiulfyszanm s mas



i

tﬂgj 1 ldl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ L% ¥
wnanstluenasianulidmiunisldnuienisfinewingu eugrelnhluldusslevimunisén

Laidnsdilag edu Snvisnudilvidawdasilon wasdesgedadadvesenalsynassminisunlules



o _ INTEGRATED CIRCUITS :

DATA SHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines
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Product specification 1997 Nov 25
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Philips Semiconductors

Phase-locked-loop with VCO

Product specification

7T4HC/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

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

Minimal frequency drift

Operating power supply voltage range:
VCO section 3.0t0 6.0 V
digital section 2.0t0 6.0 V

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

o

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
C1a and C1g) and one external resistor R1 (between

R4 and GND) or two external resistors R1 and R2
(between Ry 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 inputimpedance 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 VCO input voltage is

1997 Nov 25

provided at pin 10 (DEMoyrt). In contrast to conventional
techniques where the DEMgyr voltage is one threshold
voltage lower than the VCO input voltage, here the
DEMour voltage equals that of the VCO input. If
DEMoyr is used, a load resistor (Rg) should be connected
from DEMoyr to GND; if unused, DEMgyt should be left
open. The VCO output (VCOgyt) can be connected
directly to the comparator input (COMPyy), 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

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

Phase comparators

The signal input (SIGy) can be directly coupled to the
self-biasing amplifier at pin 14, provided that the signal
swing is between the standard HC family input logic 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 (fj) must have a 50% duty
factor to obtain the maximum locking range. The transfer
characteristic of PC1, assuming ripple (f, = 2f;) is

; cec

suppressed, is: Vpeyout = — (siaiv — dcompin)
where Vpemour is the demodulator output at pin 10;
VDEMOUT =VpciouT (via low-pass filter).

. Vee
The phase comparator gain |s.Kp S (V/1).

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 (SIGyy) and the comparator input
(COMP\\) as shown in Fig.6. The average of Vpgmourt is
equal to ¥,V when there is no signal or noise at

SIGy and with this input the VCO oscillates at the centre
frequency (fo). Typical waveforms for the PC1 loop locked
at f, are shown in Fig.7.
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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 lock. The
capture range is smaller or equal to the lock range.

With PC1, 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.

Phase comparator 2 (PC2)

This is a pesitive 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 SIGy and COMP)y 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
COMP)y a down-count. The transfer function of PC2,
assuming ripple (f; = f;) is suppressed,

is: Vpemourt = Tcn(‘: (OsiGIn—9compin)

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

V
The phase comparator gain is:Kp = zcn—c (V/r).

Vpemour 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 COMPyy are equal but
the phase of SIG)y leads that of COMPyy, the p-type
output driver at PC2¢yt is held “ON” for a time
corresponding to the phase difference (¢pemout). When
the phase of SIGy lags that of COMPyy, the n-type driver
is held “ON".

When the frequency of SIGy is higher than that of
COMPyy, 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
SIG\ frequency is lower than the COMPy frequency, then

itis 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 PC2qy7 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 (PCPoyt) 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 COMPy 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 SIGy the

VCO adjusts, via PC2, to its lowest frequency.

Phase comparator 3 (PC35)

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 SIGy and COMPy are
not important. The transfer characteristic of PC3,
assuming ripple (f, = f;) is suppressed,

IT (rice
Is: Voemout = 5= (9siain=compin)

where Vpemourt is the demodulator output at pin 10;
Vbemout = Vecaour (Via low-pass filter).

Vv
The phase comparator gain is: Kp = 701t9 V/1).

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 SIGy 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
VCOinput signalis 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, Tagmp =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
Cpp 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 Vec? x fi + 3 (Cp x Viee? x fo) where:
fi = input frequency in MHz.
fo = output frequency in MHz.
Cu = output load capacitance in pF.
Vce = supply voltage in V.
2 (CL x Vee? x fo) = 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/HCT/HCU/HCMOS Logic Package Information’.

APPLICATIONS

e FM modulation and demodulation

* Frequency synthesis and multiplication
e Frequency discrimination

e Tone decoding

e Data synchronization and conditioning
¢ Voltage-to-frequency conversion

e Motor-speed control.

PACKAGE OUTLINES
See "74HC/HCT/HCU/HCMOS Logic Package Outlines”.

1997 Nov 25 4
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PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 PCPout phase comparator pulse output
2 PClout phase comparator 1 output
3 COMPy comparator input
4 VCOourt VCO output
5 INH inhibit input
6 Cia capacitor C1 connection A
7 C1g capacitor C1 connection B
8 GND ground (0 V)
9 VCO VCO input
10 DEMoyt demodulator output
11 R4 resistor R1 connection
12 Ro resistor R2 connection
13 PC2oyr phase comparator 2 output
14 SIGN signal input
15 PC3our phase comparator 3 output
16 Vee positive supply voltage
’C'ouT[I U 18} Ve 3—] come;y o2
PCigyr [2] [15] PC3gut & ::OUT ::: P(ll.’L 5
comeiy 7 | [14] siay 14— SiGiy mzz L1 N4 g :l Z
veooyr [4] e 13] PC20ut 8.4 peg 18
INHE Ej Ry 86— C1a Ladex pcp I—L
clae] mE 7= Vet b—4 #"_ X
et [7] E OEMoyT :;: :; vco E_: :: oew 110
GNO E (9] veory - OEMouT b— 10 il .
7296023 §=—1INH s X INH

Fig.1 Pin configuration.

1286024

Fig.2 Logic symbol.

7296025.1

Fig.3 IEC logic symbol.
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Tamb = 25 °C.

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 calculated because a constant R1C1 product will produce almost the same VCO output frequency.

C1 (pF)

72968066.1
108
'O
(Hz)
R1=3kQ
|
o (i
IAN
N\\
108 >-
R1=160k0 {
T 1 1 N
11— AN
n-soom{ N N
N NN
\ N
NN
108 NN N B\
X -
N
A,
\\
N\ N
NN
104 N F>§‘
“ 5
¥
N Veg =
'cc
\Y|
N \\ N sv
N N
10? ’k t\ ] 45
. 6V
(- 5v
N 45V
3v
N ~\
. 1NN
<
11
R 4
45V
3V
L5V
~4.5V
10 ~3v
1 10 102 108 104 108 108 107

Fig.29 Typical value of VCO centre frequency (f,) as a function of C1: R2 = oo; Vycoin = 1/2 Ve INH = GND;
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NPN power transistors BD135; BD137; BD139
FEATURES PINNING
* High current (max. 1.5 A) PIN DESCRIPTION
e Low voltage (max. 80 V). 1 emitter

2 collector, connected to metal part of

APPLICATIONS mounting surface
e Driver stages in hi-fi amplifiers and television circuits. 3 base
DESCRIPTION

NPN power transistor in a TO-126: SOT32 plastic 1
package. PNP complements: BD136, BD138 and BD140. Q &

I

1U 2U SD Top view MAM254

Fig.1  Simplified outline (TO-126: SOT32) and

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
BD135 - 45 \Y,
BD137 - 60 \
BD139 - 100 V
Vceo collector-emitter voltage open base
BD135 - 45 Vv
BD137 - 60 V
BD139 - 80 \%
Vego emitter-base voltage open collector - 5 \%
Ic collector current (DC) - 1.5 A
lcm peak collector current - 2 A
lgm peak base current - 1 A
Prot total power dissipation Tmb <70 °C - 8 W
Tstg storage temperature -65 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C

1999 Apr12 2
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THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 100 Kw
Rih j-mb thermal resistance from junction to mounting base 10 KW
Note
1. Refer to TO-126; SOT32 standard mounting conditions.
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcso collector cut-off current le=0;Veg =30V - - 100 nA
lg=0,Vcg =30 V; Tj=125°C - - 10 A
lego emitter cut-off current Ic=0;Vgg =5V - - 100 nA
heg DC current gain Vce =2 V; (see Fig.2)
lc=5mA 40 - -
Ic =150 mA 63 - 250
Ic = 500 mA 25 - -
DC current gain lc =150 mA; Ve =2 V;
BD135-10; BD137-10; BD139-10 | (see Fig.2) 63 - 160
BD135-16; BD137-16; BD133-16 100 |- 250
VeEsat collector-emitter saturation voltage | Ic =500 mA: Ig = 50 mA - - 0.5 \Y%
Vge base-emitter voltage lc =500 mA; Veg=2V - - 1 \
fr transition frequency Ilc =50 mA; Vce =5 V; - 190 - MHz
f=100 MHz
hee, DC current gain ratio of the el =150 mA; [Veel =2V g, 13 |16
— complementary pairs
hreo
1999 Apr12 8
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160 MBHF-Q
hee - an Veg=2V ]
120 \\

80 \

. Il

101 1 10 102 I (mA) 103

Fig.2 DC current gain; typical values.
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NPN power transistors BD135; BD137; BD139

PACKAGE OUTLINE

Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32

0 25 5mm
SIS TN
scale
DIMENSIONS (mm are the original dimensions)
LM
UNIT A bp c D E e eq L . Q P Pq w
2.7 0.88 0.60 1.1 7.8 16.5 1.5 3.2 3.9
™ | 23 | 065 | 045 | 105 | 72 | 458 | 229 | oy 284 | o0 | S0 | 5p | 0254

Note

1. Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.

REFERENCES

OUTLINE EUROPEAN
ISSUE DATE

VERSION IEC JEDEC EIAd PROJECTION

SOT32 T0-126 == @ 97-03-04

1999:Apri12 5
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NPN power transistors BD135; BD137; BD139

DEFINITIONS

Data Sheet Status

Objective 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 information

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.

1999 Apr 12 6
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NOTES
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