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Thesis Title PLL FM Remote Speaker Systéem
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Department Industrial of Technology
Faculty Ingineering
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ABSTRACT N

This Thesis is written for a special project of
Phase Locked Loop vwitch mention in it application in
intercom. The intercom consist of two parts,transmitter

and recelver.

The prinsiple of it's operation use natural of
resonance frequency in trangmitting and receiving the
carrier in F.M. format. 'In transmitter, the carrier
will transmitted to the 220 v. power line with coupled

by tune circuit. The receiver receive the carrier
détéEEe&“by tune circuit from the power line ang
demodulated by. PLL. In transmitter system consist of
modulater,amplifier,tune circuit and power supply.

In receiver system consist of tune circuit,differential
amplifier,limiter,demodulater,audio amplifier and power
supprly. By plugging the transmitter and receiver

system to the 220 V. power line,we can transmit the

audio signal well.
/



a1 717y

v

wuI
\J
Umﬂ"ﬂuanqﬁq1wUQ . o0 * o0 * 00 * 9 * e o .'l. e o9 ¢ o o n

t
UVlﬁ’ﬂUaﬂ']H'}é’\]ﬂQB. c e e s e e ‘ae e e e o e o “o 0 LAY . ‘a

Uwu'ﬁl. LI Y ¢ s 0 oo ® . o e e o . o9 LAC I eo e s LI I ) - ]

M

Ll o’ O
UVIV” uﬂﬂﬂquqﬂ'lu'ﬂﬂ\]T:UU. o e o e o9 oo o * e 0 o9 o
t

1.1 NANRATYAAUTONDIRAY . v eee oen o
1.2 WANNATUASAUZBNNIATY . e vue ou.
umda T:UULﬁ#ﬂQédﬁ@@ﬂm. ML/ e s NN oo v
2.1 nﬁrwﬁqwuﬁaaqqunququtﬂgang. \

L | (]

2.2 wiaRlnazdrulrznaunauly

~N W U W W

2.3 NeniiuszAveeNdynan. ... ... ... 10
2.1‘- ’)\]‘VTW“- ® e ° LI N ) L B 4 L L e o0 . ]2
J v %
22 ¢ migastil Wl Smeeds (. LIl 2 L o |8
«
2.6 narvadqugaemantflum, ... ... ... 20
. ~ «
2.7 saanandedgyantion, L. ... ... . 23

4 4 o
UMh3  TTUULRTONTUANNAM . Ll iv eeh el ... 2y

4 o :
3.1 2T UTB AT U . ... .. 2y
4
3.2 DIRTUANUAZANALABT « yor vne o.. 27
o . .
3.3 ﬂ’]ﬁﬂuﬂglav‘. « o 0 LI ] o ¢ e v e L 31

= .( [
3.4 . nUTuBNiuasudnnITRANULYINYT. ... 35

3.5  mnauaudgronndus. oo Lo ool oLl 36

\

uniy  Jowr Uiy uaznatwneed. ... ... 38

T 1 Pd

4
3ﬂqurtﬁsaqﬂaﬁﬂuuzm. R o
1 ¢

4’ o o '
{ﬂquwlﬁﬁaaiumauuzm. e e ee. 1

Zﬂﬂ?ﬂﬂ?ﬁﬂﬂﬂﬂﬁ?ﬂﬂﬂﬂd. S 1¥2)

Mo b

S



Uwﬁr‘ﬂ‘ .o * o @ ‘e o o o 0 o o0 * 0o o e« oo LRI e u.

ﬂ']?IUU')ﬂ. c e 0 ) .« o0 s a0 e e o9 0 e g 0 s 00 .

aﬂan??uﬂ?:ﬂqﬁo LR ] LI ) s o * e 0 tee ce e LI N

v

lﬂﬂﬁqrﬂq\]aQ. LI ) “ s e L] ¢« e ¢ 0 s --0- s 00 .

i

7
48
73
74



k)

- l‘. 0!‘ ud L ¥ v v -l -~ e -~
nﬂsﬂﬂﬂaaaawsWuqﬂﬂ%quuu1ﬂunwsvmm1nﬂwzm11Ux1n YT anMLnaUA
! 4‘ ”d Ev3 ! ' v ¢ -t - - ! d‘ - - v ‘: -
T 9 tnelwinassudenadns lnegantssansam WuqﬂnaquaunWiﬂﬂﬁuﬁﬂinqﬂvuw
P v v wi
1ﬂnwtsquu uuuﬂLﬂﬂﬂwuivuuﬁanﬁsTﬂﬂﬁﬁﬂautmlwwnTlf1u11ﬂnautm1@asonu AM
l EXY) f
uasseyy FM Tﬂﬂ?ﬁ aaﬂﬂﬂTaﬂtuuaﬂnsmwan-anShnqwu Fnman' ﬂTaﬂuﬂaqnﬁﬁlnan
o ¥ . u . o - vod
paglazniashiing - gausulussuy FM.qoﬂaquuuquaqsuLuunw1mﬁ»L1Mn1ﬂuaﬂqla.
‘ " ' e ¢ (vl
lﬂﬂi%BQizuulﬂiOQﬁqlmanﬂﬂuaﬂﬂlalﬂaiﬂiaﬂlﬂﬂlﬂaiﬁGQisuulﬂiSQﬁU Tﬁﬂ?ﬁ
. v ( " - ' d ! - . U‘
waaﬂ1ﬂTaﬂqxww1qunsm1ﬂsaqsu-ﬁqnﬂuﬁﬂ1w@uﬁﬂ nuanaL g A Es LR NHE A
1]

ud' < s ﬂ' v A y « a ‘v” 4'0.“”' <
ﬂﬂﬂl71Q31Hu1ﬂQﬂﬂlﬂﬁOQiU?ﬁqqhndﬂﬂﬂu AANTLHAENTANAUAITANAMUN IAALF999

ud £vs ! be 4 -~ 4’ v ("
lﬂunnsUsuﬁsqssuxﬂquﬂaTﬁﬁwanﬂuu1lmun»maﬂ1ﬂTaﬂ ThluzunuagUnsRaeEns

T l ¢
lana4 uﬂ@iWQ‘iﬂﬂ Tugzuy Fp11uﬂﬂ‘Nﬂﬂﬂlﬁlﬂﬂi“ﬁ”ﬂuaﬂﬂlalWaiﬂﬁNUTFllUﬂﬂQ
s t ¢ R ¢ 4 t v .
ﬂJQQBWH {dy ﬂﬁﬂuﬂﬂﬂlalﬂai aad<nlalnag ﬂadlﬂiﬂdﬁQQ3ﬂ84NOUﬂ3mﬂ7lUQﬁ11N
¢ d v § St

1

L] -

naaddalalasgiweite WUWQﬂPJUTHJUQHlvﬁaQ1ﬂh77U“nlnaﬁﬂﬂ?ﬂ a ﬂ?ﬂﬂ“ﬂhlﬂﬂ?QJ“

! , - - ¢ - L o &

nﬂulﬁiqdi UquﬂﬂWQHQﬁﬁalalqﬂﬁuﬂ8ﬂlﬂﬂlﬂailHUE1U” agadTEuy ANTaaniivy
w1

tualﬁqﬁqugq“"ﬁ"qantLo@ﬁﬂnﬂuﬁduwaqaﬂninaﬁinqﬂduwuuwuﬁélqas;ﬂTaﬂ TRGR

v o T ! ) ¢ ¢
ABIAINLLUATY 9 Tutgazais ﬁ?JT“ﬂﬁﬂOSP“ﬂlﬁlﬂ“ilm”kqﬂﬂlalﬂai ”Olﬁﬂ ﬂﬂﬂq“

-~ - -t vt -4 -
vsurgarsuignatsonianit VO (Volfaqe Co%’rvol OS_m“aJcoV)m;mmzau
1
o - - w - - 3
aaLAn adeﬂﬂlﬁﬁmutnﬂvnnmﬁqaugw (Input) 3847995 J3gut Hou tid Fauna
¢ { { o v . Yoo o ' a4 a !
Lamym ( Qutpuly namme €YY0Y Mgy VCO taranus29414990402173991 39007

| - ] P 1
tvidanqy (Phase hoCK h0OP)  daildlunshuonniatnasiussuugestasasy
. ] - Y o v " ¥ J
don ntaﬂlaa 8UU24959 09 UG AN WTE L ABTUINTIAIABIATTNNAL Lluas Luanram S
1 v e v u
A BT A YN 119 £9EN000nILYIAY gan1egUnae wsnsd 25370N 2N
T AT 4t
agnanfantsantag Lo Wl dauauay 9 asasupiegestn 1ieeanaga lakna g
1

(L au

]
s

- o -
ﬂulﬁl#ﬂﬂﬂ”nlau 74?3?1Nl'5 ﬂ quaﬁﬂﬂql;Eﬁ'ﬂﬂmafﬂﬁlﬂQQﬁﬂ
. o a . 1~ . ¢ - Y <« <
ﬂqlllﬂﬂﬂqu ”ﬂqﬂquﬂqiiﬁdqulLUGUHqﬂ ﬂqﬁl73Qﬂﬂ1ﬂﬁﬁﬂﬂibluﬂqilﬁﬁquqqllu
[] v 1 H [Y] I 1 p
> 3

b n “ - &Ly o -
?raﬂﬁqnqwqwaﬁqiuﬂhﬁru TegtamsesraguatuIvsauuiny  aniuinieealanu



ﬂlﬂiqlﬂdﬂﬂiLia'ﬂglJJWU' atvidaee ﬁﬁlbﬁ; &od 1u1§aqmaqaanuwﬂ%ﬂéanﬂvﬁu

avns (InfercoM) QqWnguuﬂautaulau dﬂ?ﬁué oo KHZ 153 nau%%as"nu

1ﬂéaqéqﬁ@;ﬁmuaslﬂ;aq§hﬁ§@ﬁm 5humsnﬁsgqﬁﬁgﬁmqs1ﬁ3%nﬁs Resonance

ﬂaqgﬁgﬁﬁuaznﬂiﬁﬁlﬁ%ﬁ&gﬂmlégﬁhﬁﬁﬁqﬂﬁa AN mbo.vﬂunﬁs§béﬂmﬁmqaéhl§%

é§@1maanq1nﬁﬂﬂ1ﬁﬁ%d1unﬁﬂlﬁané§qﬂm a1 g1 aaﬂaﬂ?unﬁsﬂuaﬂﬂlatﬂainni1&

TUMSEN AN INTEMAINNITHITE95ELY TADAISINABIANNINAT  LiaEn)
;

. Y4,
nﬂsu=uUiqﬁvtuu1 aunuanumsnﬂsWﬁqwuntmwiq LH843INT LUUUA SN LAY AY

“ ¥ - . € P v - s < « ¢ 4
naﬁun aautlun9an uﬂqqlﬁuqanaquﬂkusw1qﬂ1uﬁmﬂﬂﬂaﬂsﬁulﬁaqﬁaqgtiﬁi REE]
- (U o d
7lﬁswsnan:; BUBIELY .lru1 Hlussuy A9azdnTann .11¢1311ﬁﬂﬂ1n14 ST

-t » y ! < ¢ !

o
:J'Nﬂ wammwmaaqua”ﬂ'iuﬁwl:miaﬂm“ ﬂay’sﬂﬂqmi“itﬁﬂaulﬂ—lﬂﬂﬂ‘:‘{)‘?"ﬂ;‘]l““

. P - (] g

uwiuﬂﬂqﬂu ﬁqunnWSHQaaqTﬂmatﬁunuﬁwa?a misetaguivels 1anaxnﬂﬂnanLnW%
- .al "u L “ -4 v v

Tuanms Taatvevuataoutanteinuseuulyl  eise V nqz?ﬁqwuiﬂﬂun



«f
LY o -

HANAN NI YN T Sy

< L oa - g Vo ! o
sapumsdadismolusims st nuswnaslnmie 9 weilgniagiufagi
o Q‘u wly - :’ jll "a 1 .
lunsaananumaiueims Taglunesiouaosuians  Zunslutnaaugasinluns
- ¥ Yo - 2
tapsuong g luondnumniy - -

' [ v ¢ ' ¢!

- v - N , - X P
tuavanasdngatdoat sy luds voe Tran Tapasdunsnily weo Tiavss

1 11 v

.',J R T A . 4 a Vo, 4 oa dm s -«
agqun1u1$nﬂ11ﬂ ﬂquuQQQOQWWﬂqﬁﬁa%‘ﬂﬂﬂﬂulﬁﬂq1ﬁqﬂUﬂﬂuanMNﬂqqﬂﬂﬂﬁu37QQ
1] ] (7] d. llq

L7l

. o~ o oA . - . v, Y < -ll
devlunnudng mu'.nqmumsmmmﬂ.smﬂaqumnwmsmxaqlaw nﬂn?mmxm'mn

4’ j nl' , - 4 (]
AU LEIVENTABSLIE 1A ANTY
220 foan
AC. 1NE y
’ ‘ ﬂﬂﬂﬁ?wg
- N0}
]
- Al
Tl
b}
AVAVAVAY y
e 1 ¥e1501
- u

L
-

-I : - ~| [ "l
W o, tEANIMIMINEATTA UM THREN T TBLL

0. o VANNITNIMANAES

1] ") o o ) ' o 1) -

Tussunsaaiassudnme s T nnaadge tin alasTiu snanel
¢ - e Pl ' - v 4 <
taaT il e naiiu ( CODE ) ussivmadismau q leunuoglan 2alLuaseds
o < ) “ . <
L MANNOTINAULL LAY 1ad (BM.MODULATION ) Z3nNUR0AuUrIve ( CARRIER )
vy Uy < v . e o ¢ -
T anuue cirdmiananh T iyoiuntasinn g ian waniariy ( RE. AMPLI-
v ‘I“lyl v ! 1 v v

Is
FIER ) Ua29u  ( TUNE ) MNHARaA2anT uadedruludio i woo Taan



WA | Mea0s el | menawins W e fyerion
—_— v ' "
¢ MODULATOR ) l (RF AMPLIFIER) (TUNE) |—= e

. d g
E‘L' 0.0 UADNTADZUATHATINANUYON L AT BGN

°.l9 MANNITHANIUTDINIASY

! 1 1 fy ]

4 v vaod - - -
BTV NG T ML AT e AN WIRITAUAIHONIUSNADINI THOU

v v x w -~ L Y ¥ -
toreenaluussgy uae degaeazgnana ( kImIT ) Taovhlusuinuaim/ase

o~ d‘ 4‘ X . W -l
( AMPLITUDE ) #89EGLINANH 1HEAANANNTERILL FM HUBUNATDNAG WA TNk

! -t 4' o 4'. U - o
fopsANeflan ( DEMODULATION ) ﬂqﬁgrﬁn:@ﬁ’lﬂmnmiﬂuaqtam::gmnmsﬂmﬂaan

anli
¢ o~ Q” -l A dl' (%] -l ) -t ¢ " 'd
auMaane ( MUCTING ) Rlalvaanléoesisouas? { NOISE ) Lua'luy
A AL ..
AAUNIUEENL YN
” ~no ’ 'y "“
dymno e ATnes MO HOE AN ey
] R X 2 W
Quawlaish ( REANP. & LIMITER ( DEMODULATOR ) CAF. AWP)
. 1

PG
(MULTING)

& 1
“ B <4 -~
Zb’ 2.0 UNANINRZUATUANTANITUEBRILATANTY



N\

-
Wit u

l‘

STUULAS 6\1546.: &l

. < !
0.9 AMTNINUYBIINATATTU L AT 046

l

ﬂlﬂ .9 l'L'U’N"‘ilﬁiO\lﬂQ‘l‘ﬂ 1o J lUﬂi’ LM oo '..~1l11iﬂ’)ﬂ1luﬂ '2']1—!0
v v 1

AUHUAIDUTIAL 158 VCO ( VOLTAGE CONTROL OBCILLATOR. ) WTiHeR LAY

: C— . < v
M. ( FREQUENCY MODULATION) m'!111-fuﬂmmnnm\m§aﬂammn: (@0 ) MY Ra

J} v ] ‘I t
VRauax 03U qﬁﬁunam 1\'1’1;,mawrm TUYIT oo KHg ERIRLIY g N BEN
t

!

[T} I I

x‘d\numan*axu n'm'mfn'umcqtnu'h,mvxmn’h‘?' l”.'a“‘mmﬂ nmqﬂn

__S

v v
ksl (] . - ‘l L v -t
G IGHEER uasn'nnnmmnmmu‘}_ﬂ asnh it anntssnmMatamualvsat 19e
¢ v

A

uagd ( NOISE ) g

1 ) 3 0237 Jv "
af

“ - - -
arpeElMngnlaurId &, Gy LHadgnSRELEN AN rmum”:;'m.z» MU
1 v v ]

- < o v o =t - AN { " K
I VR, LUumUinﬁgrpm'lu'lmnﬂmﬂanamaqnw winlvtaoa igula dw Rz 1Ay Ry

l.

1 I

]
€ v o, o o - -
l”w;1mvu’153ﬂuu<i\muaummm ¢ (Vs ) as aﬂ’iuﬁw = Vcc M0 Ve l,'a%tms

MAAYT @ Pad IC, ,qu'uﬂau..lmzm m’nm wéo KHz g mtm ( COUPLING ) mu’
I 1

Cy vz Dy ”ﬂanmmimu .Jm,nrn'w ( CLAMPER ) L‘au'lmmu rmbs Q4 Tagl

1§

, o ° v "'_, B s W 4 .
Rs Luummmm lu2g mrn'smmﬂmaq'lrm‘muue"‘l?;»mam}aq‘lalm-! T quian
v U ¢ .

"l&ﬂ’]’l;'ﬂ‘vl‘:m'lﬂllﬂ’lu NG \amu Ci tmlu‘mﬁ 1911 oo Than A193uLUA 5 Co 111

w o, et I v« o -? 4 -

ﬂ'zmmxﬂmnmﬂﬁmmﬁ (RESONANCE )dquICT8L12  uulituarangliaguuyagy
uu ! L - v
(12v) Tunt 1c m ey dwlalen oy, 05 tulelontsanly (RECTIFIER ) Tu

- ] vt ¢ v 1

=4 - . dql o - g o
tuly @ 3 dru Cg asmmaunitiiaasuseeulvtsoy 8w Cs,Cq,Cq L1UAT BYPASS
- ¢

ﬂ’)']l!ﬂ?“;\iﬂ\lﬂ‘i'l’)ﬂ



PERELUI LADL LT [
A
i
081 T
SYIY NI iy
la %“\u.a - 9% 04
5006 " 5[ aieoo ._NTv haA
L 9 _ .
S Y 99G  [4dogr OM J ‘iao% o
s rm —z Wi ] 2 e
| Lo Yot sl B0
100 A€ wor |
55 7 "7z o
X H H now| CHA Mmm
JYY 0Ot
nof 49 +wo aio o _.v ;
Z18L H H ,
1 J1no

Ly
CITINZ
3d 000}
A 0SY 3 T0E
L$\hio.o 94 L.
Moyt O m@mgw
.\ !
. S
1
JOOY N} O
rA?
O
NI
) Fa
>ONN ry _n:\oo.«
0
[ -

2




v 1 '

- -t
v, lo yMILAZEMYTEnaumg LT L <ob

1 U 8 .
GND —— Vo
8CHMITT
2 TRIGGER 7 TIMING
! CAPACITOR
SQUARE WAVE 3 CURRENT 6  TiMiNnGg
ouTPUT ~N SOURCES RESISTOR
A
TRIANGLE & 5 MODULATOR
WAVE OUTPUT i] INPUT
TO0P VIEW

-y
U b, @WUTEABUAIAAIN q Tulad LMy

4‘ ! Y3 4’ uv - ¢: < &'
2IN79a5 1 AT as et Binnnsanlananngl o waelen daliisau
L « 4 ! '

t .
-l v - -t
Flvnon U ¢ AslrumAudIN RN isﬂmﬁ\muauv‘mwm 4 qzag‘lu‘d'm i’-Vcc

-t 4. -~ d' b
09 Vgg SaUTIAUNET & ( Vs ) WiRaTn

]
-
L3 _i_Vc& ( V5 4 Vg
0 VOLTAGE DIVIDER (V)
V5 s g') . VOG
. Ra+ Ry
N
Rq = 180 K » R3 = 22K
Vb = 150K ., Vm
1BOK+ 22K
rd
= 10.4 T’)?‘Y\

v 4 o WY, _—
azle wav g Vy ¢ 12V dasvaglusanmagesled

1 [N} L} (] [

- - - -~ -
U Cg WABTEWIINGEY b AL U7 ¢ LuaYseauntToaddlan une VCo

AMA4NIIY

. v - - ¢ a o ‘Y "’ - ¢

ﬁwsumw:maaﬁ-glatﬂaﬁmamnmﬂaumwulmmu@umTﬂﬁ*ﬂnhmﬂai
[} ] £ 13

. &
AN o ( TIMING CAPACITOR ) HAZAZIUAIUNIU Ry, VR, Wy v ( TIMING

v ! + 4 ¢
RESISTOR ) AWLlLs1&8NTaIamnaauy (fo ) an



'FO = Q(VCO*VB)
Rq Ca Veo

-
118 2k < R, < 20K
-pwun fo = 250 KHg , Cz = 150 PF

v
‘389 Re

2 ( Vee -Vs)
fo Ca Vee

= 11 KQ

(199970 R =7 1kalilg1naqle Ry = 23 KQ ABBUNTHAL VRy 20K LHOYIY
v

~ i‘ v
USUMINRTUATY 250 KHg ATNADNANS

G d' < - [
anuasnlAasing U% .9 qvlv‘um:'muv Mooy v @Y

WULaﬁ ﬂﬂ QQWiBMﬂﬂiﬂlnai ( SCHMIT TRIGGER) Hiﬂl7ﬁﬂ11718u1u817ﬁﬂqauw151

1 1 ]
ﬂai ( REGENERATIVE COMPARATOR ) llaseuusgiqasivasangng sid (CURRENT

< ot

SOURCE ) VﬂHHWSWWQWLﬂ041QWS“NQW7ﬂlﬂﬂiuu&ﬂﬂﬁﬂUWQBSUWﬂiﬂ ﬂﬂihﬂ Bem

Ry
2%

] A
- o~ - ¢

-y - -
UM o 2935 BULISAY WHANINLNDS

! d. v 'v v - . Y “'
AN b anleadvounay (FEED BACK ) LSMUILIAUDN 0P = AMP
v . ¢ - !
Z0UETANI995I8NAY AUADIUEZANA LTS ':nm"'“lLLc ludi ( NON-LINEAR ) 219D
[] 4. ¢ L t
Firsusoellant aa (+V ) #ann (-V ) uasgn‘smﬂﬂfm 111983 OP- AMP

v v v [ [ [
., o

LAINLBUNALINGNYILINYE 0P- AMP 233U 0 Vo Tuttiunnuanintanaunssiy
1 'Y [} ]

Vo SATURATE i + Veg Trvadtfioiman ¢V ) 83a1 (-V ) ¢ Vo an



[0 ]
~

< d Ll
ttuavsnauuLsag  su SATURATE

n
bl
N
-
1+
5
S

mnzﬂ VT

1
-l

EnEN 9 Vg < Ry .V,

‘IH ?\‘ :RQ R Vb < %Vc s V0 ~ +Vcc

V5< 10

v [} 1 v (7] (7] 1]

- Y a -
07 Vg duyataulenniuesan oV ame 9V

.
2

£
agla Vg = 9V, W = tOV

« < ¢
Vo aattuuan (s20T2am)
[}

ﬁm’wﬁ 12
Vo = ‘Vcc, = ~-20

Vs > .!2.(-'20)
> -0
miiea Vg lyamn -9V, Vg =0V
< d' 4
Vo asivuay (-20 Tran)
QUTPUT STATE CORRESPONDING INPUT RANGE ~
¥ VCC VS < RQ. . Vcc
"Vcc Vs > - RQ . Vcc
Rit Ry
LY

023203



10

- Vee

e

U b, @ NNIAQUALBILENINATLNAN N1 nATADALHBUM
/

§ v 1

v LY - [ -t “ a o - - o . v
ANUUAIINIT TIBUALL UL FYTINANAYDI L d2INAT Laguutagasnily

L2 Ma s, v
LT NNAIND Wasuilasvang
[}

“ 4 19 v
AMTLAIULOIINATIMANADATEUE ( CURRENT BOURCE ) unazlungzuanig
¢ [ - - ¢ -t 4' (4 3 'u - - ‘ :‘ -
tarsymllasvasduansntnes TaasnnT L aouuia1Ba4ns sudeuagaudes I duilfe
L] ] o~

1]
- - , o
f’n?z_rpwam;mm;mnLL!aﬂuuuaqn‘saunmmmaq Ngaseudn

.@ 2445U5LT sRRB ARG ( CLAMPER )

) w

L - o - ! . v -t
AT EABIANSIEABAITIINAVIIATY (DC. VOLTAGE ) nudggaciian

N1 ( INCOMING SIGNAL ) 1nA708945) 0. &

+ t2Vp
s — VY

%
frnmmving ~, % oV
..VP

-t ~ ~
?)lf” w. ¢ NI 7L’5.'_’;5 sniivLuan



l [7} ! v
L v v -

-
v’hﬂ"i\lﬂhr..q...'\f.‘IILL;']N'l’l ﬂﬂ‘L'ﬁUin‘U‘i’).J o0 112NAT N Lanositod Lgenin

ﬂ'lﬂﬁlﬁ ﬂL’llUUlJ']ﬂ muwdﬂﬂﬂmu%m"uan&" ﬂ\ﬁﬁ 2.0 0 /
k

t2Ww

%_ AVARR

)
¢ c
il N s =¥
1 1]
- Vo + Vo l
Vo @ 80 Ry, Vo '
+ -
v) a)
¢
ISRt # 2V
= g

A Fp Al

{ & 1) AN N VARSI egmwa
«ﬁgﬁmu&whaﬁm

U Wb WANIMINI9ILLE4I9A5UTLS SALIULLAN

nwsnﬁqﬁuﬁaqdqqsﬂ%hﬁsﬁhusqﬁhlmuuvnﬂauuin1;ﬁhmﬁmdlgauwénqau153u1
pou 1nTonaeina4as (TURM ON ) A9V b © O IT. PYATALY
( CHARGE ) 4 Vp q4uuﬁéaqauqul Pl Qﬂzgﬂqelfﬂaqasaanﬁhzu .5 @) 51
ﬂwwugHunﬁu R, uazc 73nﬁ?515f1?:n€ CONSTANT nﬁ?z?lﬁﬂﬂﬂﬂ11a1 ( PERTOD )
' ' - \ : :

- - - < -t - € o, -l.
HAWNARIT T DaNE WALIINY nasligeal C CHARGE aulnavianliugivilam

ke

vl ¥

"alanttn1aas
lv - - ¢ L
RS LCRERPREE R G WﬂTaﬂq:uTﬁanlnqﬂnﬂsaunaunqawﬁqwu
d ¢ [ PR ¥

o~

1 v
- '
nnw?uzmﬂa n111u1=n13 ¢ N6ANNIURE L ANUaY wuatnu“uﬂuaqﬂﬂiaﬂ lMalSWn“U

2 . L L

12418l 6R193998AAE 1 1L 193TLTL S EALUTAMILINAL { NEGATIVE CLAMPER )
/



12

o, & 19259 ( TUNE )

- - X Yoo - ‘s - <
MATIUYBILATANEU U5 LE TovanniseeantsiTdiuuglunsiaanarian

d' ! ~ v J)' - - ' ¢ -t o <
VEUHASARIIUAINU I9ATULNARSLTINTININATINGA ( TANK CIRCUIT ) HomANun LY
¢! - (V] - ¢ ! - ~ o < ¢ - ¢
FalAoTLauLAeIny RC Yalnad nalfe AU LLULILUATEYA LADT ( BAND PASS
[N .‘ll dl (Y 3 1 v P ] [7] " v
FILTER ) a:ganudinand 1 aiaaan1i vy 11935umdadiuisoazaalgenla

v

. ]
~ < -l
A YANLOIEANNAINNADINIG ﬂ\l'zl.;ﬂ 9,

O— — ! —0 Q

Ty S

% ¢ L °
L= T

o X O O- : )

n) 1)

KQRIE e Ao g
I LN T T

d' fo
IUN w.@ ISP AKLEATY 9

1 v v [}

"4 =2 o 4 Y
WaTuBeLaTaddeasldvuatiiag 1o Law ga9mg anutaaluntralutwensay
o ey ¥ 4 ¥ Lu L 4 - . o ¢ <t
auasonlgan devmattaane o 1y ceiituaa N THiuY e Khs y19imunN

. € Ay YA o ' " - Y e
AUDTTZIULTENAL oo, iy WlETumgLadian uait 5119 luLaTavgatas]d lat oy
> ¢ - . 4. -t ! b

n ol ¢ - . v,
nAuns TAmUY gad Kie, AT810498R7 S 1aalAge o KHz  mmnnnsaailas

v VI dl y}) v - 4' - . (] o
vioaslal o lsulduad Tok0 MopEL odbob ARTTNNANAENITIU ANGY b.d

@ —®
I3

®_—

©) e

et
—
s
=
o
‘\
puv}
-
i
b
ol
pt ]
o]
a)
=
]
-
o
—2
ot
53
Py
(a0
=
pa’)
Lo
-3
o
—
[&5]
-
ol
5
44
(e}
Lo
2]
R
=2
£
o]




13

&

v o 1 ¢ 1 [

' - < =} - v W - - - 4'
nuatiadlat v auulasienaf l ANY oSN DE‘J‘llﬁ sNAUNT L RATAANIAY DY
P24 ' 7

1] 3
- - - 2 - PR 4
mmﬁl?\asuqaummmg U98HI odo PF llﬂﬁ'iTﬁlﬂJU'dHﬂ']']Hﬂ &d&d& Kfz ¥i97uQeuy

] -l ¢ v
naansTouud (%o ) agln

Wol = i
Wol

L .
wie

v ¥ . ' d' . v 4' . -l,u ! v
ﬂQUUl'7'1(’1'1”17{]?\'7111&?\']lWJﬂ')u’]‘!ﬂ LHal 9T LU W TSUINUT I INIYY o=~

- L)
amubmgauagsay = 1

1
Wo ON

N /rurn

] ]
- 5 - ¥
LUHAN = 9qUUTOLYIIBAAINNYT o—a

1y ) P

4' v ¢ - d' . -~ d'
tat911gatn1dasian ueaaan1s LaguaiuINsauAIAILIdd LADT LA AN

v v 1 1 ] 1 v
¢ -

CsTougia ts1asansaauela Lo s tmguhaasatla 14100

] v (“l [E]

-l' - < -
UATAT ¢ = 1000PF LASADINISAIIHD TTHIMUTY do KRz LIINIBNAUNMTLL TR

-5 2
A1 x 10 = A
2
W ON
N = Al
Wo K12 107
N = 40.32 U

» ) 1

- ! L | ls
100291 IMUNNRD A1 AL ABTERNIN (BUALITY FACTOR ) f199%

<

2aa7599U

v ‘l o t PR ¢ 1

md - L1 v “
fgenade q tasaasaglulauminal i AuNLATUAT 1A (LAAIANGL b.«)

Qo = Wg = 'Fo
W, - Wy BwW
A 2
Vo b r
0MMVg—— — —of———— — — ll_. _____ -
{ I 1
i | !
1 | {
| i )
| t \
0 ~— L . >
?1 ‘PO ‘Fz

-~ ¢ S~ ¢
JU 'm0 WEAIQLANL BRI ULUMNAIALABT



e U

L] 1 ] v ¢ [T ]
-

< < v - -
NNTLABLIUT W N8 IIITEIN £ au f aupusmuauasnlual Qo N

a ! -t " '4)'0 (Ad. - N 4. v o

A ualunswzaifsasdsuiunasn sunamuauauly tnsredgaml g tius suy
o - \ - ¢ u Y ‘a o

Lavlan TEUUAT IATUILANNINANNALILY L 8W1 BHUAIABN A TULUAIMINB L YN 2 LNSIY

v ! v P €a - v d‘ d‘ < !
a1 AMNeLLaN T L aThlliuuLAINLALEIA LN UAINALINANNOA L Ayt auty

' ul ,.u ! o ' 'd a =
grsarugasulyinamilunnsaaitulvagndln's savsnin MannsHaglaneas
4w Y ! > d oy v, 4
VCO Tuiagedatul $I0suanauaiinu Ry tinl e 18 156ag tant g pusaune
a ¢ LAV o - . q' ‘ 4 ! !
N oo LUBTITUA AQUUMNANATIIAZUIIANTUEIN vde KHa T 107 ABEYTEMINN Wk .

v 1! s

b 2
-

‘a - -~ [
UAT e kg 1 T198MLLUAIN ( BANDWIDTH ) 'lALNINL &o KHy ASULIINLABS
o
fuANAEM AN ©

Qg = - 250 KHg 2 5
Bw 50 KHz

. n - v v PRI

gHusuLuuAIYaduLatta 1ot st uasantlnannansinase aglrulaen

¢ A 411' ' 2 “ '
winl g Qg AN TAMUAWAINT  UAAINNTTNNADIALRUDUAMTEUIN  do—~abo KKy
g - ¢ Iu ‘I A ~Iu L 1 .’; 1]
faullnlaog LM10L oe  TNMIHATIAITITHAIUBINIOY uﬂiunﬁﬁnﬂaaun$ﬂngdﬂ

t [} ~ 1

¢ v 1
Pataasoonl W MM NIALLIEIUSINAIA odo D4 ade KHg 1ADIUINZANELLIONIN
¢ [} A t

lawsqnqaaﬂaqtnéa oo, TBINNLAN m.gﬂﬁzwuﬁ ( %)

1 1 ¢ Jv v B 4

avunwsﬂﬁuqmwwquﬂusqﬂunﬁqtawswwnﬂaqnﬂswaqwuauﬂaqia1aﬂﬂqnws

v - h O, e v v N t v - o
ﬂﬁuqmﬁﬁﬁwannwsaulﬂﬂanvuuauﬂaqwaqiﬂﬂwnﬁaq uﬂwaqnuauanﬂataﬂqstﬁuqsqn
o4 Y, da % v oz « N, S o o o
aotuol gAuAIN0S TN Coa N L 1ul uantuuaqwnuﬁﬁﬁiniﬂLwiwsnuqsaﬂaqqs@q

1 ) Iy

-l af, ' i
auanluaaanisaenlylauasanin

'OLE] ®

‘T V.
O 2
vy o N‘B Ny 0

v

]
- & L] -
U m.ec 4TI IUMIAMUIAIN MU BY

t
- - )4
LH9AMUU T UV ARINYe PRIMARY N = No* N,
1) ] 1 ] ]

- . ¥ - N
aMmlrgnuianagi|m L o= ATNUEIUNNDTOU X N

]

-
a7740 g Non3ANwatkass
20



15

4 4
waE vy, Ny (maun 4 )
v, Ny
1 v l‘ 1 - )
AN TN Ll 15198 laananeaN L, 390 N, LnS1sdRansing

vy v Pd

- ¥ . o~ v "' . 4 » .
aupvuaminn - dusuniauwaciatomunanlduldenainiues # 46 swe 3TUIMUTAL

v a Py v
Ng= @00 8UN= do F0U LA N, « oco 58U l¥ANNTtAasAsUILLEITY 10009F

Pl ? ] uu Jl

af d.l‘ = - .
NI TZIUE koo KBy L578WTNA Lingauh lanwu

1 [}
- L]
M LmgIud L = 1
W ¢

1
(24 » 250 kig)+ 1000 PF

(73
u

°® ® 0.405 mH

-t L)
Mg NINN0T 0y L/N

]

0.405 mt
50 +100

~ 27 5100 W

YOV W g
Y YA
Voo & 100 W
80
22 a1 2V,

[ v ¢

dlu .u - . u. o v
NNTHAAY ANSNE THAAIIAT UL E@ TH oo Than Jausant Vy ln

[ 2]

] Pl v ¢ T
Ay 15 Voo lazmataIsm Voo ety 23 Ve-p  aatuingasaste

= Q.b VP ~P~




. 16

[

- N aip v < < @ . . e‘
1153151 lagl ingen 1305 (Fourier Andlysis) wasdoanam

ANI9359U -

< . J JV v o et \A'
AAMABEIIIATIU  UBNAINAT LUUNG LABTATWOUAT  HUTINRAAAD
A} “
Ay de A 'oa EIUBIE ARINE S B I
naudopnamaian T lauanl  AaNINe 1UIIA5 LATEIEUITTINAUULA (HRUN LMNUIIRFFU

4 A o =
ﬂ4ﬂ1u4Lﬁﬁﬂuuﬂ’"ﬂaUﬂﬁﬂﬁﬁiTMuﬂﬂBQﬂﬁﬂﬁﬁu (Sine) 'MAWMDANN 9 AU uazl

v v '3

o A . - d v U . <
H')'Uln'ﬂ']qﬂf.nlﬂﬁlqLJlUﬂLLUU'ﬁ']fJuﬂ'JWJIQ 250 KH=z 5’33]32?117] AUUATIIIN iillullllUUﬂ

« A

v ' o - & - e 4 4
TR 9 wWQLawwwmquiﬂﬁdmwmﬁﬁﬂu 250 KHz  MUTANG ﬁaq01uuﬂaun

A uNA

I 33{ %}ﬂﬂ

< . ¢ A o4
EU‘H 2.14 uaﬂqqmawﬂm__q.taﬂmmaqamnmaummaqmiau

Y

: {
ﬂBTUtswq JLHJW'ﬂ%hﬂnmﬂﬁu#lﬂﬁﬂNTﬂﬂalﬂﬂWQEﬁﬁaqﬂlaﬂJ Lﬂaﬁhnnm \
. . [rar+4 ",
auﬂﬂlUUﬂauélHaﬁMNWLiﬂﬂ (Period) T = Sy _wg 20 {
Q
o 'I‘o !
;éﬂ . 1
— - ——— - ———— EERR I — 'A—b . — - \
VG -
Vim
0 t
tr [tz |13 [t4 -
-Vim —— L
f—To —

o d A dv v
I 2,12 5@§nmauwnwﬂauthQQQigu




——

,
¢ e

11niﬂn 2.12 LMﬂL;ﬂﬁLﬂJW wuﬂnﬂw;Tmuﬂaviﬂﬁqnﬂuuuuﬂt 85 1y

4v
m 1 . 1 . . -
= i = - . in nw t)
f(t) = T (sin '-iot+3 sin 3w°t+S 51n5wot + + S St
n = odd

« ' 4 ¥ oA o d < < T
¥ Muanauan s Liundseasununangn i ULAINITIULAANANINDLY auuu

v B ¢ v < 4 Y 4y«
Wo o uumaaymmasladanna chnavdizsitan i i

N2 4\_/m . -
= e— (—— s1i \ an w t i
v, (t) ( sin wot) K n S 5

s

Vi

WA
o GRS

b—To —

J N 7 “
U 2.3 dagnaiatmmatndaasyy

v

cod Jd - . o ' s
amnun £ tasuuasaamunauedonnawnidns aan T_(IUM 2.12)

- o . < ¢ < 4
3z s wanuuvaslunig WazAHazaIdma amu (3un 2.13) 3z ufasuuvas

- 4 e A 4 v L2 Ao - ' -y J
AWANN - TR LA TULamTan 9 MUNUBUHY U@l ein1s tdasuilaany
v . 4 4 , 4 . 4 4
man 30 luanienn I Ldasnla 15ay 9 A7 250 KHz  quanujasuiaahiing
v ve¥ 1,
uanuﬂTnuuunuuaxnuunuﬂawqu1ﬂn113u1u11 ﬁ4ﬂ13anﬂuuﬂﬂQQWMﬂuﬂﬂuWWQnﬁﬂ

¢ v d
tn Jﬂ 4] Jll'leI’) SR ’i’lll"] Laa JVI']W'IWH')UYJU'W]‘ZJ’]\Iﬁﬂﬂl'lm‘l’l\lﬂ'lml'llu’i '\'N']"Iﬂ



w.& el (fower sueeLy )

) AR 4 t 4 o : v o ! e
nmaaglmldlutasevdgtast asaqsuuueln i w #7ufe
v

- Vod A - ’d. < !
‘9. HUU UNREGULATOR usatuyluasn fa luaTnamuaumaﬁsmm‘lmmuwm

! [ d‘ v v o~ ! d. 4' L uu - ‘g v v Al'
o ldnastiasumamlilaussnuluam  denldiunnesagiataasnasnilulamnan
1 ]

Taaan Dy

‘ O
o : Ve
22

O
AC
wvput % '
Ly I
&

U 0,9 1935924010279 N UNREGULATOR  9HA FULL WAVE

Vi &
e '

0
i
C

Vo A ! : A
! !
\'/ | a,
\E NN RN o,
\ 1 h i Vie
- -
A\(e.: B2 2
-"t"‘-tz-"' t, = ¥ufi C- CHARGE
1 *
. L = wam C - DISCHARGE

MYV, nleRm Vg o= V- Tog
afe

1 1)
- -
Vg ¢ PEAK RECTIFIER VOLTAGE LHAUNINN C-FILTER
l .
Io\c : ﬂ‘i“lln?’l IVAaHIY LOAD
§ ﬂ'mm'h dau

t - ¢ (1]
dmsvitalianina ( RiveLe votaee ) Vy wnlaaan

V,L = Idc .
<, 43 f¢
L4210 QUTPUT VOLTAGE LAY RIPPLE VOLTAGE ﬁvﬂmﬂaﬂ m‘sulm(m)
7 2 = VIL x 100
Vae

mwmﬂwam mmﬁ ( RIPPLE £ACTOR ) (n)




18

o ¥ ! -l' a < ' vy o ! - ¢ o ¥ vov
ANUUAT RIPPLE FACTOR WAslUInUl LU UARY AUAMIUIFLIRDT AuLn1fNa
ot X v a ! v 4 v & ‘o
NS9350 REGULATION ATUILANLABNAT ¢ Tuu1ngU ua::ﬂwuagnu'fmﬂ (Re )
] 1 v
AANIRONNY
] ] ]

v
- “ ~
d7UAN PEAK INVERSE VOLTAGE OF DIODE ( P1V ) fganilsvaulaunaLane
dl v ‘I v v ‘v
REVERSE 8105 wavinlonmmuln duglaaiaweuaartmizueslnTentvaguu
?1V = QVM
< ! 4P o - ¢
4497124350190 Ttd aeidiaas ( ¢ ) FILTER 2200,11%5Vt1a314=15
¥ [ o d’ ' . v o~
navmTnTsld (Ig, ) USeNIn 1A LAYTEAUUSIAUMPIINTG RECTIFIER UATI0 Vy

v v ¥ o, - ¢
1a 18V, aquuAIN (Vg ) OUTPUT VOLTAGE 9849935 tasmsvltallaniaa

(Va)

T AL 1
4.50 by - 2200 UF
. BTV,
W &) Sk
4]5 -50 - 2200 MF
= 13V
" % = A3 . 100
15.1

= Bd7

] ]
- - & o a - _‘I .
b, lUY REGULATOR MTBLLUANT dNUSIAUNta1TymasaantieTvan Liasuinag
4 L ey R AP R A S
T teaunagusaulvnuniaesdgtatassasnilwlaamuonaa  getaeang iy
t (7]

-44 ¢ 4. -~ ¢ ! (¥} * ¢
aarit 5179 IC REGULATED  Luas MA7eL 12 JaUSAUL BT TIMALININY o TaAW tAY

-y [v3 e W v [v3 j)
HATTAAIIITNT N AU

INPUT VOLTAGE \ OUTPUT VOLTAGE
o- T8L12 T
1 2
03 UE == 3 0.1 U¥
o— - T 's}
laxi

- ] t
-t
51 5. o8 1925 TR .




20

- ¢ a. . vy cal NP ¢ ! ¢ d‘v'
Dantaanaiymamualin'auliing gagalatnu ae Tran dautangymToag

o

- - ",‘ - < € < a - - - ¢
T iasuwiadlaliiol ee.¢ 04 ob.& 17aM  d400711AIMNAN duaUISl A0S

- ¢ - ¢ 4 A -
0.0 UF U‘lﬂ‘lguaﬁlﬂai ae AMUNgLAeT 0o UF LUBLNNIANSTNINYEY TRANSTIENT

RESPONSE

. -t (d. ”v . ‘ ¢
ls.\o sl ILgaIals el dnuasu Laut 4a5 lua

f(5 2498 7
R, % 65K ’ Gy
3 22K = 10 U¥
= Y—0
ay output
d G1 bO‘lOQ
W/, ‘“?) |
| { 3K CZ .
NI PRE RN
M1C [ - Wr = c.'b
. T 494F
Ry = 1K Re §Mn

-(' n - ¢ - < ~u.l
E‘J‘Vl B. 9994501905 Tuatunsugd Lnes o 917

] ' b 4 o - « 2 - .
MNFULLUNTBEIBAUN Tdagngdny et daarT ot s uany gaimnnisnheu
enlo d . VS . 4 A
vatmseanwudrdngansenilanau Rg uaz C2 senhpagUounautuuautvat e LE0TSAN
H t v H

-l

$9] v . 3 4’ v
20973995 gumaniuanumunlglunsivwlusduniasusgunsanlaain

A' . v - ¢ 4 4'~. ‘} (YN ' Y a ¢
LINUTALTIAMUAT M AAU LB TN LLUAT B aTa s enl A W ulias + 6 Taan

4‘ u. - o v Y oa d‘ !

( Ve, ) tvalusnunsadisdggniaiam aslun

o
nssuEvluanie R, = Vg - Vo
Ry
- 12-6
22X
C = 9 mA
-
nseudAnluaru R NV
Rs +Re
= o
1K +30K

= 0.17 mA.



21

¢

o ¥ -
ayuuasmanssudTualunigraatani nosvey

Q2 = 27 - 047 mMmA c 2.5 mA

w alay (4 . - v «
UsenueN1naTeN Qr Tagaugalunssudlvalu Gy LU 100 Ua

Ve Ry (Ig +

1k ( 100 UA + 0.17mA)

2710 A

' v
ma Rg Tasldusanu
VM = vE‘l + Vw

= 270wA +0mV

= ga1 V. % 1V {evdemen

v 1 -t L - a¥ -~ d‘
aINTsudLudued Gy Muoed1n 9 uassidaiu Ry nuesnin 9 usaunsan

] 1 ] ¢ !

v ’
ADTEMINN Rq Llas Ry qefianlnal gy Vgy H1In 0 o Taan ulitaq ﬂ"qu‘ilm Re
L 4
1nTag I
Teo
=1V
2.5
= 0986.25

- ' -l'd - A
1S11R8ANVINZIY 8 aco a H114
- ! vog ¢ L v da ¢ v
18N Ry THILU &ve Touu [970asNLsALaNIAaTAN @, TaAan

Veq -

"

(Rq + Ry ) I'E?.

(560 + 330) x 2.33 ‘mA

[

= 223 Y
~ -(l ) o d’
llaslsInuntudayae G4 nasiLiu
Vgg = 225 +07

= 2.95 V
& < o Vo<

o o ¢ vood - You u
HSenuURg L LS IAUYiRaL Laal Ay ay Q1 ﬂ')ﬂ“ﬂal?‘lﬂ\]’h!ﬁ')‘iﬁtyzqt‘ivlﬂlﬂ}lﬂ

oo p ¢ L ea . v
tsrvanuulunssudhialy @1 Ll eco LuTAsuany! UunRa 1€, AuUUNT2uA
| ) v

o v p g
whanu Ry wlnain Igy + Ipy  dangsudivaves @, Un'lasin Ies
' hee




22

Toq = Ilgg
Nre
1.53 MR

%
42 MA

[

n

v ¥ ' v
AAULNAT Ry 1n31n

Vo -Vt 12-295 -

—_—

It + Ipg ( 100 +42 ) MA

= pd KO

' v

1]
- -l
taonmlnat Ao iignfa 68 KA

1 ) .
pos

al v 4' % Lv] ”U ‘ ¢
daumuaunig R, uunlatwaangluesdlvnuasutautdaslua




w.o) 01080 L fun (Calling)
e 12 9 tvarLM 555 Mgy 2.17 Tauiiuraararag

g 2- 39 +5v T sy

5b0kQE R2 | 555
)

Q}MF'1§1 ' aogprL

Nl T 3= I

v

.
il 2.17 2931dT9dEn i Tun

¥ ]

(2

555 | |+
T
il

23

'.
unazda1luaearAstable Tnufaurnvzdr19dygrusandeiingax

dce1)
f1 = 10%

(R1+R2)*C1

£

(100k+2( 560k))*0. JuF = 11.8 Hz

11998997 pi gcharge (91 7) 709 Astabledindd Liniuny
: :

] <
fimyaud (£p)

£2 = __1.443

]

-
=~
\N

(4.7k+2(10k))*0.04ZuF
= 1.243 Khgz

-

o < R -
nﬁ?ﬂﬁﬂﬂ?:iuﬂ:ﬁT:jﬂﬂQﬂdlﬂUUTSQTﬂUﬂm:ﬁ Astable Aanaq
1



24

-
Ui g

sEUU A3 ae3Ld; £y

—

’
’

3
oy o W
@, o MITWUYINLATIITLATN

lll
o e

kﬂun'\ﬂll‘inﬂaﬂﬂilUl’ﬁaﬁU Tﬂmusuﬁm’lm’mlﬂiaq‘imﬁqu'mwﬁ’m
v g - ¢ e L4 d .
T 1mmvmaux-mmaqm:auﬂaq‘lataw umm%mai lLMmnulmﬂu'lwrhmwnm
v v Yo o - ¢
tm'h wu'mﬂaq':wmnqomwﬂq.‘."\maanu'\mna"m'h-Mﬂ’rmmﬂ-zjuuu«z! \né‘o KRZ
1] ]
. o~ d -8 o o
nnnummnwaqmsaqm WATUUINNATUFL W mmnmnumﬂmmuﬂ ﬂsqm,
1 v

&
ﬂ'nun'uuqmﬂmlmq"m‘lun'lﬁu:.r-m’zmnﬂfmumuua sudeg Anlln ¢ARERIVER

2 ¢ 1.;
lﬂiaqimssm‘.mmum,mﬂuﬂnmﬂtmmmqauwm 'zmmlmﬂumqlmmmrﬂaqminu
A‘ ] (] -
?Juaﬁm 8A518 U T8I UIUT oY wuaumq'lalaﬂm"uuai YMC ogoolo l*ziummnu

' ]

miaqf‘q ua"‘uﬂmﬂrﬁ“fluaiLﬂmnuvlaaﬂﬂa‘l'd ;# 46 swG. A1 C13 mﬁummvﬂmm’um
1 ] }
at -~ - o - -b N
L Tamusion B 1000pF MUApMAAGTALIM 27 X10 H /amu aslna sy
¢ L

1 v
. L2 L]
YIILEMIMININY oo F8U 1NN a.lo 81N
L) -«



25

araa»w:\.t,@wf:?? "¢ e
' {
) "
ULe o 4d 00} . " Uoo T 00}
70b VA0OH 447000 1z =
u Ly [y ..‘mm A = ouu €l 3Gy by m_.muw
m#\v.O 2l NNU A 4 .:\h.v ~
d ‘0 [ b
u‘\Ohi mf\m 08¢ 7 ONU 7t .u_-\ﬂ.ﬂ + m—.m
——{ |- 5 _u._ W I D08 A5 2
6% iA o. | Sy 12y *l 8lp 9ly3 nNyF L. m._:\.oo
300 H . (%}
9 &
Ol—l . _ .\NU SYjiP Nt .:.\—.O
1 fboor——| o S Y L & :
v100:0 Wit 40000p
) 30,3 @ . ©
[ P 0 wl 1
Vi LyF enT AOZT
ol S
— M" 59§ v.lll_ AV v
" — 2 W1 € o
— ¢ AQGY
RyE | ot ey R LY ey 21y anfvo-o
hoo-0 O €6¢ | Slp
< NS ‘
xor 6y 6 | Q%of | \
. A%
S8 £Z H. v voig : 8
v 3 3
J . v Blys Y
AL+




26

O 6 - ,]_ O
J N2 == C13 )
vt N Q€ N 27
&st . Av i
O 0
1
U a.w Nqsguﬂauﬂ?aqi'
N = N2+ N3 s 200 <9qu
. 2
= 1/ WO C 13 H
- (4
HWIIAUNIIL B vV = N3 Vi
N1

1 1
< v

4 ) \
Mansunaadtnaly  C18 1800rFenilimuninniieintauly galluaaa

4' ‘ - 4‘ - d‘ o« M v v 1 < vi
AT LNT1EMNN0ETT LUnaUMT 8AH0BEdpsUABtat I Tanngu. agldan 13

v 1) ] ] t

- Ca ! - oal < ¢
1000 fF manmmumm‘hrag‘luﬁm;tmnaﬁn TUIALUSIAUNAINN AN L AT AN L BN

d‘ -l - 4' ( ' 4' - y ar w“ v
LATEEWANIAY - 2 Vp.p (11301 0WIMTAL | ATBI VA SANTRL N Wlasegnouas

ol o d' w U ¢ 4’ 04’\.. o v -~
naﬂiﬁﬂﬂﬂﬂMQQNWn ﬂquulaﬂﬂqwﬂ641QQiﬂu1ulﬂiGQiuuINQWlUuqxﬂaQiu

[]
‘u

ANALNDTT

v ]

~ [ a « - = o~ <
USNAUEEE L B RNIAMIN - A9 taanldens dyeangnnl i

INVY . N2 WA H o
Vi N1 50
- Va = 0.3 V1
N & Nz* N3 2 200 ToU

N2 = 200-15 . 185 7Au

] 1 1 ] v 1

- . - ~ v o~ 0 u", A i [
(upRaldasquoast asaesLianndinly  uasldalatndggensulaininy
[ ] ]
~ -l (%] @ e
0.95 Vp.p qunngaaEipEtdanadtiiny 2~0.95 » 1.05V  uazIndgRIemIg
v

¢ v ! - v . v
tommmlaimiat  0-28 Vpp an@unnanannnsaeuuatle

) V2 2 0.3Vt
) H 03 XO.95
= 0.285 VF_F

-4 voL! Ya o o4 v -

. v ~ A
ﬂqHﬁWUWHTﬁQ3Hﬂqqﬂﬂlﬂﬂﬂﬂlﬂqﬂl573ﬂzﬂ lﬁﬂpaﬁaﬂﬂqilﬂ8ﬂ8ﬂ51ﬂ1Uﬂaq
¢ 1t ' v 4

o~ . - - o« & ' v ~ ! - [ ]
ALpNl 2MMABUTINARIN LK1 LS asan T inasTs g L AN SINEANg LL AN



27

a v < v < ' “a, €
:nn1?mau‘;(aaﬂa\zﬁ:;z;'lrﬂ.ﬂlﬁ46“;\11"--'11:1-\1qs?‘ulmm THAANTINNABNLTING IS WAL BT
1 )

o .Y - ! ! a w ¢
85A Laz 858 fianats  a1ls1tasnd Ns/Ng BRamnam o tnsizamiaaatalius

] ¢ v ! & d‘ -l .‘U ‘. .
g9asHUINAT TN MM TALINRI sood UL BREMLSILEGULARINANINI TVRASY

! -~ ! - [v] ¢ - - -t -~
N NS/N1 NN o.o AIAINUSIYANONHAARTANLHADINDY medy LHOUU duntavnu
-~ L] ‘ ' ”‘l ' - L d o o - - ¢ - -~ 4‘ - v 4' <
anvaa lhimangainuluae €13 astuallseqdqanviaaas LAgIAL R7 davimaviiy
v

-~ ¢ [ L] o~ a o .
Tvangavdguemstemmm  nastiulvanvadqgmonraang  aslud W 508870
- L4 (u ' v v
udgaaNtaanInalal llauig \

! - o ¢ e ‘. .
a,lo NATYIVUALANALADST (Diﬁcvmlria\ am?lxixer avnd \\«Mnler )

& o Yooa 4 < P ¢ v - ¢
Tunizeled1at LM moss ganialuitunsugdiangs Ussnauaignsuddiaes

) v et

ar -~ -t -< .~ d' L af - ey ~
¢ A1 8504 8seTdNTAldNUAIINNG DU VHE 85 uas 85, asupnanntnassIdn
4' Y ¢ . ar % o - ¢ &
malu tveldus eTaduaghusunigoantuulyirulvasosauupnyi Was L sutdaa

(Diffevential ampliﬁic,r ) M39AIPHMINTALADTURANAITIN 0. m

4

14 xs[ 42| 1 xo| 9 8

> | 83E &5C

a5 ass | 227

i 2‘1 3 4\‘ 5 b' 7

d’ (v} Y -t
LTI aneen1590910191u189 LM qodd

dl - ¢ . Vi oa
‘lmq%muzﬁn .o N9 WTAIA0T 85 AL 858 Az UL g DLILL

¢ . o o 4‘ -t ~
Avuany  surnusenuluaanentudeed €5A Ly Q5B danLNy

Vs Vo VD . /
Va=V4 = + + M RBB //(R21 +Rag)// (Ru4 +R15)]
[ R8B  (R21+R22) (Rig+Ris) // //

- oY - ! o
GUANSY o.m lﬂuﬁQﬁniqailﬂeULnﬁﬂﬂuzfn Q. &



28
IVRW\BAS VQ:VA ’
T N :
- ) i l(gﬂ)i‘a
VBB '
2(R4g+R15)
(R21+R09) To(r,,+R,,)
J o -
U0 @ msludehentudues 854, 858 way  OSE
§
1la Ves . R8Vee . Vee. 12V
R8+RI13
o s 820 x42 . 4.871 V
820 + 1200
as Res . RB/RIS . 457428 o
""”19‘1‘ 7oy ] riaun  Jumchion BE = 0.715 V
V2. Vs . [4.371 . 0715, 0715 Hzxsv.m//zsoo//noo]
487,128 (1800+1000) 1600 " " S,
4' (Y] i [ ' « d' - vv v
AAINNSINTOUTIALLIAY a6 V nTsugiludsluny 854 uSa 858 agla
W -
(=) I8 . (V2-Vp) - (3'52"'0'715)= 0.578 MA
: 2(R1a*R15) 3200
IE A (P+1)13 g 0.878 MA

L
a1n Dafa Sheet §i IE: (. uog asln B - 98

a5 euailuay u5a . Iz . 0.878 - <lz““"3/‘““
» : 98
1 1 ¢
nseugi lianuasa lant nas « 98 x 8.863
. 0.869  wa

vt "' . . Yo d
(519snuganu  VCE HIMU O Point )y e
vee = ICR +WVCE *+ IE {2®Ru*Ri)}

VCE Vee - I¢R < 2IE ( R1a*Ryp)

12 - 0.869%x6.2-2x0.787x 1.b

3.8V

u



29

v |

1
) -t - -~
w5t OC 11971 o LASYY & 'ﬂa\'llea‘if LM modd "i:ﬂﬂlmnu
Vi = V5 Vee + 2TE (Rygt Ris)

3.6 +2x0878x1b

= bbbV

o d' o~ vt et .« W - »w
usantnilusatuin &5C uaz 85D ana Vi utaz V5 aMatnL TEALLSIALATY

» - o - d. g 4‘
qsanINfatser bV 91aa1590  LHS suSAUNanamuiuaanlima 85C was &sp

ag aseugivanluadiuay 85D qzulaau. .

Vb = Vp+ 2(§+1)IB(Rib+R17)
(B+1)IB = (Vo-Vo)/ 2R 1, " Rez)
. {bb-0.718)/ (25560

IE . 8173 mA
a1n Data Sheet azla ]& . 105
2 TNy et

Ic = ?IB E 8-05 MA

v

HSIAUNYN <. tas o usa VCEgzminaadunig
VCE = Vee-ICR43-2IE (Ript Ry7)

= 12-909x051-2X 8.173 x 0.3b

. 1.98 v

v

3
o = ~
usenunen < aglatviau

Va VCe + 21E (R‘IL-I'RW)

. 1.9+ 2x8.173 x 0.3b

. 786 V

[ - ] 1 ]
v -l ~ -~ -
aan9anluieasasia Vs Ussnne 8V @1 Lugniaenauainnisininanm
4' P '4 04 ! ! v ! i v
L) L) ) .
Muiniitasatn &5¢ tunlan vibwmanssigatnimeeaglaganin &sp unantli

1 [ | [ )

~ - . - - Y < ~ - -l ]
HIAUANATON RFRHATE LU mnmimmmzuﬂna*%uaanLw 9 A7739RMLAEN
§ =~ ! ' e
LLU L YGRS el il

v -l' ! r .v v d' - -
Tumindoge AC H9RAI3 9 AN YR MBILLE 8.5A sigunndrgw

&

¢ ]

- - ¢ v v v . [4
O.QBV-P Az laMnnENAsalantaes 85A (30 o) MR 2.7 Vp.p lATLAM



—

30

.nw’maataﬂma‘i (21 &) o esanmmm‘nnu b.4 Vp-p‘lumﬂ“msé;mvmﬂ
" /( l [
usnu &5A pay 858 qg MnmnLﬁ‘umm'muumﬂuaw ma'lmm g u'z n.ama'lﬂuq

¢

[}
-f - - -
MABYIWNM 8 LATANALADS mﬂmmzmwﬂwaquqv‘lﬁ wmuﬁﬁmas 85C 1lay a5D

Bu

-t
LI ORRLT:! g Tﬂﬁérm’lmlmmm sudny 'm!l‘ﬂﬂ‘l ﬁnmrmlmmq.,'lﬂ‘mm‘mﬂ'm

A o ) ‘8 vonn
qunqamaumau'lur-:'lmsn'amn'lﬂanﬂa‘!u ﬂquummmm‘mLmauﬂmasmﬂ 209N
' v

< -~ o
nmr.snmumtmmsumunuuu’mavnn savaan’y qqmminannuﬁzgr;lmun'muw

¢ J ]

¥ R L] 4' d' -4' -l -
u‘lﬂ il ;‘lmlmmmnmaaalamﬂai (27 «) 984 85DazltUAAUAIMALIN  HANA
(Y] -l'u v d' ! o~
luaﬂumaqmumsuamlawaa Y u‘lﬂwaqﬁ'r;;mruwzﬂ"iﬂ (Mo1 <) vy
’ ¢ ¢

b2V, mmwsmzmm 0.9 ?Tmmma'mmnﬂnm < DANANFANALADS  3z0NAAUIN
P-p u 4

v v - 4 - uu
AINITAIINAUNIL R 19 iasa13iAas C19 aqlude 0.9 Vp-p n-catﬁuauw;m‘lwnu

¢

& o - ¥y '
(rdaafqine) o wnz mmnuﬁwMrﬂmqlmm.xmnmﬂﬁmﬁauﬂmasu 3z C157Y

dreasainaidoe (mute peak detecton

- - 2 e ™) A e v e -t
MNAITAUNALETY ( mute peak de&CbY) U wuwluanasudgan
-l -t 4' -~ v l‘l LY 4 A - " a ‘. ,.t bl >
LEENgY ZSUIINNACINLYINY AaNIRa LHBLSILALATENENEND I T8ALDa
- s ¥ - 4oy (& < <« Yoo
drp AUt mmmqaux’nmaq tAasasuul  asmaivibilaaefqLeatamazasnl anny
v v 2 v U
dranniTLAIuUL nannel ant fod 17’1"‘*'{1a~1msaunmm~uu'rmm '!'HT:N ANUUINRG

v

- - - . p. ; o H.
ﬂmmﬁﬂqq«mm'mu'fﬂﬂlm-ns -r,kwisnanmmqqmmmmﬂ wn (Vo age -

v

- 4 “
Doublmq Peak Dleec\[o., ) fg D4 , 82 1Az ClBlugnein 1 uig g .‘.’J"l‘]n’l‘il‘d']ll’]

1
- o
mu?iaqsuu nﬁuﬁmnas Q& 5E q.,lﬂnm'i‘h'anmn V2ausa V4 defiguin 3.5V

1
~

4 -t d LV}
" R21 Az R22 ﬁqunsxuﬁtuﬁﬂuaﬁlmnn (a.é=0.dod)/(edco + 00ca ) = 0. M4

. v -y uy -4 d'd ,‘ ' ~ ! '
117111854 ON uua‘lnﬁprm*;léﬂmﬂmﬂ«nnn-laaaﬂauaanmﬂwm 9 QNARIIATHIU R25
[4 1

41U eseaqnﬁm muuw'lwnw zla q mmﬂaﬂemmﬂmmuw’mzmm.as:manh’

1 1 1
-f

‘Jd, « a “ ‘' -
NatamnanTne aanhl uu (Faat don e LHHALTNEAN LAV L 2

1 4 [ v ¢

- 4 o e g Y«
L310Es fruanglataInte saqéqr”ql'a'm‘unqtrﬁaq‘ii ERUL P soictannm
) ] ]
- v <
ﬂnmmmdammai w U 6.3 Vp-p mu‘\1':sm‘.'.m'.i~:ﬂuéa~1l'.m CHASRI bl K|

t ]
o

- v y’ . !
pInTaNc st asiTae 15 uazlalon D4 asand g ﬁruawmnmuas A4N91N
174 (73 1
« ~

'
v - N ~ ; 3
THIMICI5 L TEUTANU +38V oty . a6, N aﬂn-wucmmalmumwa' C1H



31

v ‘ 1

1 4
- . -
AzMBUTIMINIAMIaNlTE C 15(R1g+ Ry * R'zz*Rzo) « L35 ms1p931ngvanan

- d’ ™ s
ﬁ rAnAHA muu'i-'ﬂuusmun C15. q~aﬂaq'lLlanuaﬂ 1iag .:«” ATUTEALL LAY &

-a 1 v ¥ -~ o ' ! -
mmwwmaqaumqasq"lw ~2.4V ﬂquu‘svﬂu'ﬂaqﬂr'z"‘amﬂnﬂiau‘lﬂTaﬂqvwnnu -Ves
lu ¢
-V = -b2V ﬂqlbm"ﬂwaqﬁm’1mnﬁau‘1wnm~wsaumnﬂﬂai RzoC mﬂ’w}lﬂai C1p
qvaumnsnﬁr mammmmu Rao mu Q2 :Nlmmwmmmmaalaﬂmassw (common
H 1\ aa H o . w -
colieciory La'nn;mmq'znaumﬂas ( Ewi ey) qquﬁrgpmlv!ﬁlﬂﬂ'lnu a sy
v p - § o Y a a ! -t . v
Aumuvny R2g tﬂu'fnaﬂﬂaqf‘mnm AaNdng Iz gnaun Lasue C18 R2tupanyly
&55 cut off muuﬁmnm‘nmswtrlﬁaaaaﬂmmaanmmam o wv‘l;m AENGLEIIN

mzx Q58 m’!unrmmmu'lmqaiﬁmﬂmeua mmwmaanmqm'ﬁw‘lﬂ

- ¢
a.a DIPNNENALANLAaS (_Qe«modulmloo i

(A4 gt !
ﬂ’]ﬂﬂuﬂﬂﬂlﬂﬂlﬂﬂiUQ"ﬂ'uN’]Hlbu‘ﬂ’)llﬂf‘ﬁ(.ﬂ'mllnﬂ\lﬂaﬂ"nmlﬂl‘iﬂi\’lﬁxl

('”

A
AL a3 o qunirm‘lﬂmmnvxuﬂalﬂnaaﬂaﬂ uanm"n'm‘luunmmmﬂw a8

wee _ 4 = I AN
PHASE
INPUT. 2 "t DETECTOR 1% Ne ‘
I 3 12 |
NPUT — : NC
WO <74 veo k M Ne
ouTeyT '
-PHASE COMPARATOR 2 L 10 +vee
veo INPUT !
REFERENCE g TIMING
QuT PUT 9 AMP 8 CAPACITOR
A e e B
E RESISTOR .
- TOP VIEW :

'
L4 ~ -t
Uil m.e Ansreansdneanigiuled LM 565 CN

- & “ < - o X “gb¥ 1
lod LM 563CN u  (pulvaesquvrasuuanineldeum 9 T a1uanu

¢ T ) 1

- P .
Lfﬁsﬁq‘a‘saw'lﬁ -.qmmmanusmn 1&a°ﬂ1'mal.um 99 VCO g tvialn151 99
¥ 1 (' Pl
mqniunamavnwuzav'tannmwu.ﬂmw 9 ma‘hxuq Nqsmnﬂmas.lnuﬂaa 3amn

' vo ' v
(v

mmsJ'f’ .&lL'u‘IU“-,ﬂﬂ m'um VCO Mol 388119057 1AR1ga1 a1 NAILn L



32

- - o, ' ! ) L Ma A1
u.a~mmmﬂainmm-nammxan ua'"zhwaqmiquﬁ'umnmlﬂnq oc ! o UUEEHA
L]

a1 ']?ﬁlﬂa‘iﬂﬂ manm"ﬂaquummaﬁ"umuaauﬂﬂ ﬂ’)’ldl’i’hun'ﬁﬂﬂbr.hi)\m']q

ut l
-

RERIG g (CQP*UVG) ua.xdwmseaﬂ (PUH im vange) mmsomu‘lﬂmqn

114mnﬂmmw:mumuua..mmz:maﬁnmmnamﬂuan aﬂaawulﬁmq‘l?mw\smwn
uuu%':'maa'lﬁlm‘{'ﬁiamq VOO tastyaminatans  ( Phase detecton el g
u ) 1 1 ]

. - o - o w vu
‘lmﬁzmmmwﬂﬂ uwmsmnuﬁaquuaﬂ‘lwm 0C nq 70C 'zmmmﬂuw“rdnu

g aaﬂaL'uqu'lzimu'muNﬂu /‘{i2)wm:mrrmaum1'hunu 2Vp-p awnmwaqtﬂsm

iLﬂﬁuiUn wo A% twuqﬂﬂruﬂuqu ﬁﬂNﬂVﬂqmﬁ ) ﬂaqlﬂnaaﬂalﬂuﬂm~wauwﬂmﬂ v 9%
l
'.ﬁwu'mlﬁ;:auﬂanuni’l’m‘fﬂﬂmu R24 luaqmnla'mv‘m:nnauﬂlﬂaiuﬁtggmaanmmLﬂm
‘ vay wolu o d > % ) 4 &
‘au'mui\muw‘luaﬁflwnulwnaaﬂqﬁqz‘l‘d 12 v asnieuaisluidad i tuuasn inasunsy

t
-
muitm )

DEMODULATE OUTPUT

L —

5 | PHASE DETECTOR AMPLIFIER > YCco

. TIMING Restsorch/Rs* R2e) |

TIMING CAPACITORO—
C25

- « . < 4 o
SN @.b vagnlnasunsunIsHhILLadL idnargLluiaTo sy

\
v

n‘lﬂmm1“'aqlwl'ﬁa0ﬂn u'ﬂm .%o uaﬁm ’muaﬂﬂla.nm ANINYET o YoN

v ‘ v 1) lu
-t -t [
14945 LUSEU gL LYY n'n‘.;;u"rln,nuu.,n’ﬁ”lumqnunmmmm‘uaq VCO fwigunay
v v - v ¢ .
tErs sl angg e evroy aan‘immta'm\;nmaﬂqqslu‘mumsvu!z‘. MUINYB

Yy ! ' A 4 o4 a4 kS
:.L;']&' eyroy u ‘JUD%ﬂ...ﬂ’J'I IV HanIteu ‘!ﬂ‘r'sll!iflll‘.':ﬁl}ﬂu :’52__‘?6'11.. eyyoy uqe

Me

v 4' ¢ o A g > -t o
1“‘1'1_(]'\7 ﬂ'\ﬂﬂqa\i‘mﬁ“ﬂ'}\lqiiﬂ'\" A a'nﬂ:‘mv'laﬂﬂ‘nﬂ']\l"]T;’Jﬂ']ﬂUﬂﬂOﬁZ;I‘:lElﬂ{f\ﬂ"\
(7] 1] ‘| 1] ¢ t P

- -t ~ . <
ﬂllﬂﬂ@‘lm’lllﬂ’lll's! 2 WG 3] mm-‘mz:'mﬂ WY @ Ua l}‘.'f:aﬂﬂf:l'ﬂ N3leiia) Q’H'H"MQ'] NI



33

1
‘ <
sggdmiNazas luau

v

-" ¢ - - ¢
4lﬂh14Q7ﬁ Wovddalalags  MuNzagaadtalalags

3 A

& v & " -~ ¢
Uﬁ'm'ﬁﬂﬂ’]UﬂNTﬂﬂll‘i\lﬂﬂqqﬂ’lﬂ‘ﬁ?}iﬂﬂ Ugnaini  ANUAUNIL VRS tlasaigiaag
] P ll v

€25 uqmzninnmnmm'mnaa uﬂ tat ﬂai’vlﬂiluﬂ'lﬂ

- - “0 .q v ~ d' -
LHadng . €rYor Ylasuni99e19a1nIda9ene NTMUTIAUNATLANNI QUM
U IENR VAT

] 1 P ¢ 3

. - - v ¥ - - - o
229 VCO umsiyagiilay ASUUAIINNE8dTAlalABTNINLaWMWNGY & | AfA1SLLanu

v b [ - -l Y] -~ - - 14 " 4' 4‘
Wieemg  wastounay Tl Ton iguau L idaesdog MauManas uay. 294a11unain Veo
& YL a 4 < v
U 3THEIDWABNLVINLALNLHNANGLANOUINNYY o P9929A79A8MILLIIE N TN

(4

v o - 4‘ 4' -~ HY ! v} v
'lﬂTﬂﬂmiﬁsu VR3 1159 C25 m‘lutﬂsaqsuu a1 VR3 yae C25 qeilsuluwt aammang

v
veo uﬂﬂzmaaﬁ alamastmnn 250 KHznnnnm’mn‘aw'nrvmm'ﬁ;ﬁ AW Iuid

< L v ” ! - )
asnaUaINNs naafAUdLnIEd1T R uﬂamq'linﬂarg*;lm €Yror 37amsisout ngy
' 1] 1 ¢ 1

[ - 4' R -1 < a 4’
ﬂa;mz'lm'r’.‘mug}uﬂ lasanon J?J'l':f"m'ﬁuxmvnw'l o U YUt oWl annpg L dasy

&6

f o 'Zf -t * d'
jaea AU crmm M ﬂ_ﬂﬂlaﬂﬂ\IHU‘UU"lﬂ ervoy qzuatlaguiiaanii

] v ] 1

4) o W
'J'mn"t,mm eYYOf)u nﬂaf‘:m’lmlﬁﬂqﬂﬂuaﬂﬂtawaanminnﬁmu’lmx’nﬁ‘ﬁua'luulaq U
| . " 1}

L]
TUINLD \Ir‘i‘i"TI‘uiNﬂ']Q\I'lﬂ‘J'Uﬂ'ﬁ‘bEl’lﬂ"l'lﬂ’)\!‘)’i‘ﬂi{]ﬂﬂﬂﬂml\ﬁl\ila’n’nm e @ a7

alamai'aaq VCo ‘lunnaaﬂaﬂ m‘lm'mf‘ﬂ'i

' b X Yy (VR3 +R2b) x €25 (3.7)
drevadnisasa ( Hold w vange ) unmzmnm*lm'mﬁqs
IR (3.8)
: . Ve
da o mmﬁaﬁi"ﬂaqaaﬁ 3atainas ( Free rumming \(rc(‘uem\j)

F mqm'm{maaﬂ (Hold v vanqe)

> l 1

Ve usqﬂumm'luaﬁ‘luunwas

. M o - ¢ g 15 < L% v -
drdsuauneaddatalaes To Ul Liats1Usu VRs = 2.5 K azlaanun

o v
{s - 250 kazq‘m’nnm’infj,ﬂm oz 28R
-12
y3.7 x (2.6K+1K) x 300 x 10

L
- 2%0 KHZ
. - ] < v
asudienisasa T H0Knz 1'mminﬂaaqm“uuaqmsoaﬂmwﬂn = 50 Kz

n

! v H v

=< e n
‘3\!0'1',!'17]'1714:.'?151'! “.d LA



24

'FH - I 8¥° « 1 8 x250K : t 4pb.bb KkHZ
4 VC ' 12 . '

o L ¥] o
':NmM'm mnm’mmu'zm‘lmmnﬂ’n WuIn Luee’nseuuuseau luagdaeivid
]

(-1 - o ‘ ar o b4 - ¥
aaﬂqﬂﬁnmmnu 42V uﬂ‘luLﬁ‘iaﬁuqz‘lﬁuiqﬂulmm t42V  1YIUL AQUUYIN
’/——’—M
] . 1 ] ]

o v . -~ < o
AsasfazlaarnnrsauniNIAl P odbb.bb /2 -t 838 Kuggauauanniluainnig

X . 4 ! v, LY <« o
neasqlniny 333 KH2 L(uaszmms'n?m €22 (91n1eaTEaniivdldnlsanatrasu
‘/—_————-——-—-—A"

waqly
/

o a4 adat < ' p ' e v
e lﬁﬂqmﬂwma'ml'rléaaﬂaﬂq"u'mn'mﬂmgla’ﬁwa“ﬂ AngunaELEIAf
l o
2
T RCIGERED nnaﬂ*zmmaqcu"maqLm c24 mn'mnunjuma.m Nt delunsuusan
e
t F7] l

'lﬂnm'znﬂqqsvmauﬂ'mﬁ‘iuxﬂﬁaqm;mm'z ﬁqmﬁmumaqvmm augn «nmw B,

A=

1
o & -
Nqsmamhfrﬁ-,.,mq'\unwnunumlaum.qumlnum.amm (Imaqe) Aaiiazan

b dd A A
UIRYSIEL ”{‘..']P.ﬁ\l Taf1an LiigyY W’ﬂl!‘i"ﬂulu’z'bmﬂ’l']é\'ﬂﬂﬂ’]i.H'JJEJUlﬂN 'lu'm‘

[malg 651 'mmzmnqlﬂn 'Nﬂsmam”\'.:fiua"Tmmamnﬂﬁucmnmsﬂﬂ p.c HA) liag
\_/_____,_____

R25
o AR Am F\i%iev

o . ()

)

!

>

- T
7
- $

o« o 2’_, ¢ud < -
U @ (1) Masatanig uas (9) Iaaatamiida



35

- 4 [v3
ndNAY5 LaNLIASHANNT S 8ENLILIUTINAS

o = ¢
sUR .« 39a3naUuan

E & oy w i N Q

11
ddv

4 - ¢ o -
Lyanaanlviniaeg ( DETECTOR ) UHIANNHINADIINTITETNAINAANUNYoIAAUNNS

v v 1 Tt s Vv ¥ - et 2 ' v
v o s W [ oo o 5 [ A -
lataquadceen 1nasinIaNnT AULRINRaININI52818 TagnALS LBy naunazEel una

-8 —
¢ ¢ ¢ !

1 esuanlagns s ﬂc‘j‘a.’l.[}N

o H v v d. o~ o v
sz Al uesy aauatunu Ry, Ry tias Ry vnainvanluadiu
[] ]

" t
-4 < (¥ LY
La0uTMHUNISa5 gentTuad il s edndns

o

¢ di\ = ) J"
Alan ERLLY lassianns L wgy (D13TORTION )

- et

1 o (7}

- - - ar . 4‘ ~ “ v
UI8LNANTTINBAVL ENTONELN AU Ry utinatatviaanusenuasn g 6 uas G

& o < e i Ly L L
ttuaa L nudsggmenunssud s Sl oiuazeanainieasy G uunalatwatimensnang
‘l (Y] ¢ ] - ‘l
29192047435 10990 suan halulgasmemuasatantassastnintnssuan himly
PR Y ' Pa v v v v

] 1
ol - -~ Y] - . -t -
231709070 ajutTIRuAsataataasaznaeroe N lpadl 21 17 T wlaus U s s s s



< v, X
28 Vcczmsﬂmu'ﬁnaammu‘lﬂmu
1
o~ - ot
usanuludanontug Ve o« _Ra Ve
R+ Re
« 22K . 12
82K +22K
= 2.BV
-~ -ll ol - ¢
musaaunuaNLaes Ve = Vp - Vog
[} = 25 -0"7
= +8V

¢ o ‘
sglanseudlialuaninas Iz = Ve
R4
= 18
1%

= La MA

i1

4
Femaadngeud Ig ¥ I

. ~ 4' ¢ - o ¢ ‘l' ld “
AU TINUsILNAsatantnes ( Ve ) usausenutanamluenenlusdoninas
I ] ] v

4 4 - - - o - ¢ Yo
U9 8IAT INYEN Vo HIBUTINE MBIV WA INAMLY N LA T IAE
4 v e -4' / - -
nanqrantasavlntaunlas lutaan1svaLgan

A Ve Vee ~ IeRe BoIg o Le

= 12-(1.8MmAx2IK)

= 6.06 V.

[ -t
m,df\n’mﬁmaagmmam ( OWER AUDIO AMPLIFLER )

‘Ti— 19V
\QUF ' -_]
RE-AMP % I 0.0\ UF
ATKSL
Ve, §<_JWW~ 6 _\\K ¢, 4ToMr 5P
100 KA LM 380 . M
_i} + G,AJSI‘?’ il r’j
. 10, 11,1'2
Ry 24
0.004 - c1 __j
MF ollE e
. T 0.1 AAF
4al m m /_;7 M

» v !
v < r

dl vu . d' v, A 'd ] . , -
uiolasLaremistias g ¢ odE  91annAsuaImi VRy  ABimAILTL TUIA

L]



Al

37

.

v 1 ' » 11
- ) -~ -
YOIAL MIAINABINTT AU Ry e & A9LLU Low PASO FILTER TngnidiaarsaenIunin

]
v v -

v
wo KHz U'BUL2IUY b YOI LM ado Zatthiy TNVERTING AMe 15 2zgdr iy
¥y o4 ; ¥ v g ; v
usaaunsunaslaudahIng d1u-Co WYT o UL L1UC BYPASS  HIU R, LAl Ca ull
i

d,uuu ’_,‘ oA o -
uallsanunisasdadiantia (vanfang sidinn q

4 i o« J oJ
Tl IC LM 380 WiAd BO i unzmmw&jmymc

¢ s !
w25 W Adnan 8 o iaemdmnmansde de - Liwny
1 .

dz - 20 \03 Av

20 109 B0

33.97 & 34 db

"

-y
P i P/R
; 1 V. IR . 8AP/R
HIIAU I vmm«{m 0o = :
190 T AU TU WY Vi = Vo , 8y Ff/R
1 50 50
b 8 X 2-5
50 - 8
. 0.0834 V

%,



38

wn

dowa pasufilsy weznaIvnQay

v t v [] v
< o .
L.1  wuaudadlae laNWl%u?ﬁﬂ1ﬂﬁﬂ0ﬂﬂaﬁﬂ1ulwﬁﬂuWﬁqwﬁdﬁu

vy v

=
2.

Pl 1

nLTTﬁuuuﬂuﬂnﬂqqnu1ﬂﬁ4ﬂqqnmﬁlmﬂqu1u1ﬁu1wv1 ﬂqwunﬁlmﬂr LU
\
100 94 300 nla lﬁTﬂuﬂﬂdﬁunﬁ1%1uﬂﬁTWﬂﬂﬂdulTﬂlﬂﬂﬂqﬁﬂﬁﬁnﬁm

250 Alatatninaz Qﬂﬂ?ﬁnﬂﬂdLﬂuqﬂwﬂqulﬂﬂﬂﬁﬁuﬂMLﬂUﬂﬁﬂquﬂﬂﬂ
( v

uuuﬂqﬂnqqunnanWﬂqaqua quﬁqunwm 3 ﬂqﬁnanm 3.8
quﬂﬂ?mﬁaﬂdﬂl?ﬁlﬁﬂﬂqﬁunﬂuﬂad1ﬂ LadRn Luas TMC

d d : (o ; .
14602 784Toko iquﬂﬁwualTTﬁuuuﬁﬁWnaLﬁuanﬂaﬁuﬁﬁLTqLganqﬁ
('"

1u41uu(YMc14602 uﬂqﬁunlriﬁuuuﬁm 455 Alatath )

ﬂquuﬁqﬂaqnqrqnﬂqwunLriﬁuuuﬁLUquuWUquﬂqnﬁfm
1

s
v 4 P »
1anunq Inductance winCapacitor aquTﬂﬂqunﬁqTﬂUﬁﬁuamTﬂ?ﬁn

4 ! , ¥ xR -~ <
QﬂfﬁdﬁfzuunWM 2 WALUAATVAGRY LT 1lTA5nAT LUAYNAYAMYAT LRSS

v

I o o Y
Tauindnnaracd
® - 6 D o
Vi .‘LC t
o .
¢
® @
¥
(4
_auuIn ﬂauﬁmmwmrﬂﬂquﬁtuﬂUUﬂuﬁﬂ 1Vp@m11un 100Khz
'-"
A9 400Khz 310 Signal Gen 121927 4Uaz91 5 maquuauUaGTa Lo
v o i’ - < d
guiday . ladlald uﬁ@;wmtawmvmﬁﬂw 1uaz 21 2984 Ta L oW

t
1=
7 UU TﬂuﬁhLnnﬂrﬂﬁMmﬁmLaqm3mmﬁrwn3wwa1TaU wwnanlﬂﬁuuﬁﬂ
T
aQﬁunﬁaqimmqmauwnmﬂﬂu ﬂuuﬂ 100 Khz - 420 KniiﬁUexnﬁm
!/
maqﬁhmﬁmnvaﬁlﬁu awﬁQﬁﬂiuuLTTﬁuuuﬁv-ﬂuuTQQuﬁqﬂﬂL zlngl

' v Pl
o d

dug qmﬁwuumﬂqqunuuaanuw WdM?ﬂﬂﬁTWﬁdﬂDﬂﬁﬁﬂﬂﬂ?jﬂﬁqﬁAQEQ \Tus



39

v 1 v )
~

ﬂdUUﬁﬁlTﬁlﬂﬂUUﬂﬁﬁﬁﬂﬁﬁlﬂﬂTuﬂ Wﬂﬂﬁu U lgﬂﬂﬂﬁﬂﬁ

Pa) .
AU IAB TR LUYAz dY ﬂﬁnﬂﬁﬁnﬁﬁlfﬁt%aﬂqﬂ1uﬂﬁiﬂd

] [} v v
' wwnnqrwﬂaaQﬂnﬁwﬂnﬁtﬂarmLUnuuLﬂaTMTﬂﬂqqunLrTﬁuuuﬁ
T v 1] ty v°©

Wﬂﬂdﬂﬁ?iﬂﬂﬂﬁ?ﬂulWUUQUWuﬁ?ﬁQMUQQ ﬁﬁﬁﬂﬂﬁﬁLﬂﬂ?Wlﬂ?ﬁﬂﬂﬂTWﬂﬂﬂd

v

uﬁ:?ﬁﬁﬂﬂ?ﬂﬁquﬁﬁﬁqﬂﬂlgUQﬁﬁ

4 o 4 4 Y - 4
4 2 mnﬂﬁruLuaﬁmmwmmwutﬁﬁuwuﬁawuurqlnu1ﬁu7auﬁmmﬁm
¥ 3

ﬂuWﬁﬂﬁGﬂlﬂﬂnﬁ 77ﬂﬂ17mﬂﬂﬂdwﬂqu71uﬁlﬂﬂf Q74,Q7B Ty IC # 30#6

210 (11n19397 72 uﬁﬁqmq Byan E)tuaqvnn1ﬂTUTL1a71uaﬂ ﬁhuquiﬂ
Uﬁaqvt%aumuwﬂmaqdﬁmwmnqéﬁ£ﬂﬁLuﬂmaqmrwuﬂtﬂai Q7A(mm1 2784
IC #3046)ﬂqrﬂ mﬁ1umsﬁuﬁtﬂar Q?E\Iﬁuﬂuqfﬂﬂ

4.3 tuaqvwnﬁhmwowﬂtmﬁaanquﬁq 7929 L 565 7110

iﬁmﬁmaau ?QwﬂﬂﬁflWHﬂﬁﬂﬂTuﬂMﬂlﬂﬂ?ﬂﬁﬂﬁmmﬂmqﬁlﬁuﬁ sANAUUTIAY

¢
auwMﬂﬂdﬂﬁﬂlWﬂl?ﬂ?uﬂuﬂWﬁﬂUﬁﬂﬁTﬂWUQNWUHQﬂﬂﬂﬁﬁﬁUWUﬁﬁmﬁmLaUG
' v 1 v

Lo RIGREEY) IC# LM 380 T8UNLNINZ uﬁaﬁumﬁauqutquU

wqmﬂﬁutﬂﬁnﬁfaaaﬁlaMﬂu ﬂduuvdmﬁﬂﬁiﬂaLﬂafﬂdﬁuﬂﬁduuﬂanqﬂ 1ny

<L
NANUART L AR maavTﬂWﬂnﬂﬂr

Fe U 1_ =
o, 6.2BRELIFTIT ¢
?qwﬁTuﬁqwunﬁqnnnwuwﬁﬁaqnsﬁquﬂuuﬂwﬁquIC LM 380

MTﬂlWﬁldﬂ?ﬂﬂﬂﬂiﬁlﬂﬂﬂﬁ?ﬂﬂﬂﬁlﬂm




40

1744
v

o

3 %
n\@.sa,n:.:mk;mv@hc._ LeDLTL

a [} wv
e ry)
:INE
5« He
— i
TN y ] TP
mON AMI.%II._TM o[ “M 65
’ ly 995
z m._.ww d d 2 Wi \‘L_T_.,_L
< _ M
~ .M_u.me_.m i U_QJO.W
e o |
I g L vl
& 17 H H J ¥
&g oz.u,_L .:Q.TJH Nﬁ'l
4] AT 2 8l3
NI [0 0
oL, o1 [1no bl
0 _..|J X
y 4

pote

[T JH& ﬂ [z _u_mmo
9 = . 9
Ly | ssg s ¢y SSG % 6y
kg 201 Wl bor [z
AZls ’
[ ¥ ¥
} 3 Ly z 7y
- Nw
g = ¢
P S| |_|
9 >
No..._| mmn D | —
)
2 Aﬁy o
O\ !
1 2y w_m
© 2y




n
CONMEMITBUILPOLUT LEDLL !
» ) 3
:
- - L -
§ - 3
zeAl /== —
/AL b | o
mmm T>-><><><>< ' u . Omm = py| g
| By 152 Tz,
_ . | .
lyr  |Yop |4a
< 8 4 £ 9a
N,IL mm .\ D” il @NU — MAN -
o  T9euTHy 1'% TS Y 1z 0gy b1y 02
m il Ads51 1 o
A — 11 95 , 5
. —Ha W1 ¢ el : , @m
Z| el 4 't Lz S/
o RO A ok & 8 U s B2 Y
: | mN_ Mmmﬂ : i _Nm 6l9 o=
K > 83 53,522y ‘.
T T 76 , | N B
| . . H . H AOZZ |
, aTer ]| ¢ o
| . | 1nof %1 NI TS




._._{:_,. e

BApULE TN B SO

bed

/=

NN C Ao

N

1N

w

T

B

i
=

f
7. T
SRSSSuGEeS anuiey

|

.5/9

“"";L‘—"'“—

=

1

E

4

rs
¥

R wEan

%

i

S e e e e L

ESE

T

pray gy se - ma uigi. Sy

= -

I

IC #3345

QX

L]

=

A

Cound

A

C-LMBbb

il

i
"

Vs Wy I B v

T
ey ey ¢

e e =
T

\Vi
-

X
1=\

I X
X1

e

==A\

3
!

1

—
e |

b S ]
e i

’ A

S

N

)

e

B U

R S ST e S

LA

=t

= a3 E

e

t

s

B AN SR pady Sy ey S

TN
U

2P

f

&5

JOSRA Sy

3
T
T

IR E:

e ey Y o o

VE

i

X ATnMAn

0EY

e

A=

T
3%

=)

kS

PEOSA i euibinmy

f

AR

=

TCHE59 4,

1.1C 4 %34

b

R4

5:

L

It

Vi

¢

¥ N

1S

1

51

I¢ 11
163 A q
& 3]
| Fm.i, T
llfe f
N

LA 1

e st iiig

TR

. :, | m..%

! TRy

ii

ik

gt

P ) SO S gt Sttty

LT T

N
mr

Aninan

1
J———-a—
e vy

k=45

ek

-

o’

e

207 "

PTRNC

-

Hanin

B




1

~

1
(R

[P S —
P BOBEHIRERS
T
T
~
T
I
T
]
T

+
T
1

1

t

T

1

1

T

I

=

T

T

1

1
TTEIT

1

-
1

T
1
i
t
1
T
T
1
T
1
T
+
I
+
T
1
T

i + H4H M S T HT 4§ 4 L -+ bad i {344 v* 14 .
| j !
Ar Mw L ) :
L FsRrtannags L1 L prifRaERERE Hi i :
| s _ o
y it L |

¥
=M

e
I
_!.

el

EEARRLE]
i
e

1
7
=
:
}
3
1
L

i

Sy e

==
TN
Jﬁ:uﬂta

; |
Qw‘ t- L] rxx. L i 1 _
nui 8| xm i .- ,u/ < r L.m.ix.,..”- an —
tny \$ | Ko ,
u_lq >m 4 Ha L SRERAT _1 . 444 8! t44

1 £ ” I

r}

Rainiat

T

ﬁqm

A BT

J s

Xt
Vi

;8
T

e
Fr—

T

V

§ Q) iy

Eo )
58NV

\'7%._..

P e

S S G ety v ey

=3

e e



b

f.n.n.(RESISTOR)

R1,R14,R40
R2

R3

RY4 ,R20 ,R37 , R4
RS,R38

R6

RY7

R&,R10

RO

R11,R2% ,R2L
R12,R13,R33
R15,R42

R16

R17

R18

R19,R32

Re1
R22,R25,R28
R26

R27

R29,R30

R31

R34

R35,R36

R%9

Ri3

R4S .
A NAUNAUL TR
VR1 LINEAR
VE2,VR3
VR4 VOLUME

22k
68k
. 2.2k
s R44 1k
33k
560
320
100k
560k
4,7k
10k
363k
150k
5.1k
230 1/2W
3.9k
1.2k
1.5k
820
100
180
510
1.8k
620
82k
47k
v 2.7
aln (VARIABLE RESISTOR)
10k
20k
100kA
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maTinas  (CAPACITOR)

¢1,05,C25,026,C31,C39 0.1 F
c2,611 ' 150PF
¢%,014,0%6,038 10 F/16V
C4,C27,C34,C41 ’ 47 F

cé 0.047 T

ey 5 F
c8,010,C016,020,C29,C33 0.001 F
c9,C28 2.2 F/16V
c12,C32 0.002 F
c13,C15,021,C22,C24 ,C40 0,01 F
¢17,019 0.047 F/250V
c18,C23 2200 F/25V
C30 100PF

C35 300PF

C27 0.005 F
1nlan (prODE) '
71,D6,D7,D8 1N4148
D2,D3,D4, D5 ' ANL001 ~
WINTLABT  (TRANSISTOR)

R1,Q2,Q5 BC109

Q3 ~ 2nz222

QU ONUL24S
fuflurle 4 (LINBAR TNTEGRATED CTRCUIT)
IC1,IC2 LM555

103 . LM566
IC4,IC6 78112

IC5 LM565

IC7 MC3346

~ IC8 - LM380
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A’National
Semiconductor

LM380 audio power amplifier
general description

The LM380 is a power audio amplifier for con-
sumer application. In order to hold system cost to
a minimum, gain is internally fixed at 34 dB. A
unique input stage allows /inputs to be ground
referenced. The output is/automatically self ent-
ering to one half theéu;fply voltage.

The output is short circuit proof with internal
thermal limiting. The package outline is standard
dual-in-line. A copper lead frame is used with the
center three pins on either side comprising a heat
sink. This makes the device easy to use in standard
p-¢ layout.

Uses include simple phonograph amplifiers, inter-

coms, line drivers, teaching machine outputs,
alarms, ultrasonic drivers, TV sound systems, AM-

FM Tadio, small servo drivers, power converters,etc.

Audio, Radio and TV Circuits

-

’

A selected part for more power on higher supply
voltages is available as the LM384., For more
information see AN-69.

features

Wide supply voltage range

Low quiescent power drain

Voltage gain fixed at 50

High peak current capability

Input referenced to GND

High input impedance

Low distortion )
Quiescent output voitage is at one-half of the
supply voltage

®& Standard dual-in-line package

connection diagrams |(Dual-In-Line Packages, Top View)

BYPAsS t— U 14 v,
=, - WONNVERTING INPUT 2 — e 13 NC
15 12
* ono{4—y _vilomo*
5= — 13|
INVERTING tRPUT §— <y xe
GND 7l Lt Vour
*Hewtsink Pins

Order Number LM380N
See NS Package N14A

block "and schematic diagrams

LM380N

preass Vs

NC 1 i [—J e 0 BYPASS
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GNO & =y === § GNO
L]

Order Number LM3SON-8
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absolute maximum ratings LM380

Supply Voltage 2V
Peak Current 1.3A
Package Dissipation 14-Pin DIP (Notes 6 and 7} 10W
lnput Voltage 0.5V
Storage Temperature -65°C to +150°C
Operating Temperature 0°C 1o +70°C.
Junction Temperature N +180°C
Lead Temperature {Soldering, 10 sec) . +300°C

electrical. characteristics (Note 1)

PARAMETER SYMEOL CONDITIONS M":‘ TYP MAX | UNITS
Output Power PouriAms) | (Notes3,4) R, =8Q,THO=3%| 25 w
Gain ¢ v Ay a0 | s0 | e0 | WV
Output Voltage Sw.ing - Vout - Ry =802 14 Voo
Input Resist'ané.a-.r' k. (3 150k | o Q
Total Harmonic Distortion | THD " (Note4,5) P 02 %
Power Sué.;ﬁm::aau& . PSRR (Note2) . 38 a8
Supply Voltag: ‘ - Vg 8 | 22 v
Bandwidth - . BW Pour = 2W, Ry = 8Q 100k Hz
Quiescent Supply Current la ? 25 mA
Quiescan!“O:‘t;ut‘.Voltage . Vouta 8 | 9.0 10 v
Bias Currenl"_'::‘_—"' taias Inputs Floating 100 ° nA
Short Circuit Current Isc - 13§ A

S’

Note 1: Vg= 18V and Ta=* 25°C unlaess otharwise specified.

Note 2: Rejection ratio referred to the output with Cgypags = 5 #F.

Note 3: With device Pins 3, 4,5, 10, 11, 12 soidered into a 1/16" epoxy glass board with 2 ounce copper foil with & minimum
surface of 6 square inches. 3 :

Note 4: if oscillation exists under some load conditions, add 2.7 and 0.1 ufd series network from Pin 8 to Gnd.

Note 5: Cgypass = 0.47 ufd on Pin 1.

Note 6: The maximum junction temperature of the LM380 is 150°C.

Note 7: The package is to be derated at 12°C/W junction to heat sink pins.

heat sink dimensions

COPFEA WINGS
TREQUIRED
SOLDERED TO
[ -PERY
19,14,12
THICKNESS 2.04
INCHES




typical performance chatacteristics .
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National IndustrlaI/Automotlve/Functlonal ,
Semlconductor Blocks/ Telecommumcatlons

LM566/LM566'C voltage controlled oscillator ‘
general description

The LM566/LM6E66C are general purpose voitage
controlled oscillators which may be used to gener-
ate square and triangular waves, the frequency of
which is a very linear function of a control voit-
age. The frequency is aiso a function of an external
resistor and capacitor.

€

High temperature stability
Excellent supply voltage rejection
10 1o 1 frequency range with fixed capacitor

Frequency programmable by means of current,
voltage, resistor or capagitor.

The LM566 is specified for operation over the

-85°C to +125°C military temperature range. The * ] H
LMSSGC is specified foryoper:telon over tge 0°c apphcatlons
to +70°C temperature range. FM modulation

Signal generation
Function generation
Frequency shift keying
Tone generation

features -

n Wide supplv.véltage range: 10 to 24 vplts
® Very linear modul_atjon characteristics

schematic and connection diagrams Mtal Can Package

Order Numbaer LM566H or LM566CH
See NS Packags HOSC

Dusli-In-Line Package

o

e 1 — —t Ve

| B AL
B +— 45@

TMASSLE MOSNLATIN -
e —1<} ==t eyt

Tor VW
Order -Number LMSE6CN
See NS Package NOSB

typical application applications information

1kHz and 10 kHz TTL Co'mpnibh The LM566 may be operatsd from either a single supply
Voltage Controlled Oscillatoe as shown in this test circuit, or from a split (t) power

supply. When operating from a split supply, the square

. wave output (pin 4) is TTL compatible (2 mA current
sink) with the addition of a 4.7 kKQ resistor from pin 3 to
ground,

e A .001 uF capacitor is connected between pins § and 6
to prevent parasitic oscillations that may occur during
VCO switching.

cortoo vt
e
2Av* - vg)

fo =
° TTRC VT

s where
2K <R, < 20K

e
ki and Vg is voitage between pin 5 and pin 1




absolute maximum ratings '

Power Supply Voltage

Power Dissipation (Note 1)
Operating Temperature Range

Lead Temperature {Soldering, 10 sec)

LMS66. .
LMS66C . -+

26V
... 300 mW

-65°C 10 #125°C
0°C 10 70°C
300°C

S~

electrical characteristics v = 12V, T = 25°C, AC Test Circuit

1

: LM566 LM566C
PARAMETER CONDITIONS NI
MIN TYP MAX MIN TYP MAX uNITS
Maximum Operating Frequency RO = 2k 1 1 MHz
C0=270F
input Voitage Range Pin 5 — 3/4vee Vee [3/4 Vee vee
Average Témperature Coefficient X 100 200 ppm/°C
of Operating Frequency ]
Supply Voitage Rejection 10-20V -7 01 1 0.1 2 %V
Input Impedance Pin § B f 0.5 1 0.5 1 MQ
VCO Semsitivity PorPin6,From = | 64 66 68 | 60 66 72 | kHaV
= 8—10V, fo = 10 kHz .
FM Distortion +10% Deviation- . y 0.2 0.75 02 1.5 %
Maximum Sweep Rate \ = 800 1 500 1 MHz
Sweep Range NV r / 10:1 10:1 , -
Qutput impedance, 3
Pin3 50 50 Q
Pin4 50 50 Q
Square Wave Output Lavel - ~- 6.0 5.4 5.0 5.4 Vo-p
Triangle Wave Output Level .20 2.4 2.0 2.4 Vp-p
Squara Wave Duty Cycle - 45 .50 55 40 50 60 "%
Square Wave Rise Time > = 20 .2 . ns
Square Wave Fall Time B S, ¢ 50 50 ns
Triangle Wave Linearity +1v Segme.nt.lt . 0.2 0.75° 0.5 1 %

12 vee

Note 1: Fhe maximum junction temperature of the, LM566 is 150°C, while that of the LM566C
is 100°C. For operating at eleveted junction’ temperatures, devices in the TO-5 package must be
derated based on 8 thermal resistance of ISO’C/W The therma! resistanca of the dual-in-ine package

is 100°C/W.

'

D



typical performa

RESISTANCE R1{n)

SUPPLY CURRENT (mA}

\

FREQUENCY CHANGE (%) ’

AC DUTPUT VOLTAGE PIX 4 (V,,)

Operating Frequency as a.
Function of Timing Resistor D

nce characteristics -

.

Opersting Frequency ss a
Function of Timing Capacitor

189K 10 r
. Tas25C L z Tas25°C . et Pa
AC TEST CIRCUIT \ AC TEST CIRCUIT - ACTEST CIRCUIT
N z ! N L
N 3 3
N s SN 2 Ly
N 8 \ . o 18
- E b
g Nl @ f
h . £ 3
3 © \\ 2 A
d p
18X o0t
(2} 18 Cw o, Tt e W e et et e 8 5 18 1S 28 25 18
NORMALIZED FREQUENCY FREQUENCY {Hz) CONTROL VOLTAGE 1Vg - Vi (V}
Power S;ibp!v Current Temparature Stability VCO Waveforms
w
BT = RTBTORIOT] %
T A 20 Eos o
ottt g
MAXIMUM % 18 GES "7
s y. p g 19 . == 25 «
4 3 s e s Tan 250
LA i g e vy - ACTEST CIRCUIT
el E  EZE % 2y
y P z 9§ = < +e
4 P P o == BEE
" I REARD 2 s é whe
R1=4K 1 = = 555 i
Tae25C 1 E -1 E
ACTESTCIRCUIT] § 28 “
5 M WS %y
w oS 20 % - 1560 25 @ 25 58 75 108 128 S " [
SUPPLY VOLTAGE (V} TEMPERATURE 'C) PP
Frequency Stability vs Load .
Resistancs (Squars Wave Frequancy Stability vs Losd Square Wavs Output M-
Output) | I d {Trianglé,Output), Charscteristics
Ty L2 - T TTTTI
- AC TEST CIRCUIT | A AC TEST CIRCUIT
Tae28C N & Tar25C
“Rgetx]| B pe S
“ N g - — E CH
N : 2
™ > a1 4 .5 58
g / -
- e >
+2 N T A E
2 s
E AC TEST CIRCUTT |. . E
Bwal - T Tael8°C S
. 47 1 ey = 10X 2
L . P PR 1
190 " = 1 w .. 1 1 ® ",
Ry PIN 3TO GROUND (0} Rez PN 6 TO SRAUND (O} Ry PINITO GROUAD ()
Triangle Wave Output . N S I T .
Characteristics . I .., ©_actestcircuit: . .
24 : | : LA B L A S PR LAY
3
I []
n ] ) A
21 !
AC TEST CIRCUIT
Ta=28'C
0 J_ L1111
1 " "
Re2 PN 4 TO GROUND (0} .
A\

Normalized Fraquency ss a
Function of Control Voltage

e




National

LM565/LM5650 phase lockeq Ipop

n -

general descnptlon

i

The LM565 and LMS65C are general purpose phase"

locked loops containing a stable, highly linear voit-

,age controlled oscillator for low distortion M 7
demodulation, and a double balanced phase detec-f__
tor with good carrier suppression. The -VCO fre- )

quency is set with an external resistor and capa-
citor, and a tuning range of 10:1 can be obtained

with the. same capacitor. The characteristics of the .

closed loop system—bandwidth, response speed,
capture and pull in range—may be adjusted over a
wide range with an external resistor and capacitor.
The loop may be broken between the VCO and

the phase detector for insertion of a digital fre:’
quency divider to obtain frequen_cy multiplication._

The LMS65H is specified for operation:over: the
-56°C to +125°C military temperature range, The
LM565CH and LMS65CN are specified for opera-
tion over the 0°C to +70°C temperature range.

.
t

features
® 200 ppm/°C frequency stability of the VCO

Industrial/Automotive/Functional

Semlconductor .,B.!qcks/- Telecommunications

' L] Power supply range of +5 to +12 volts wuh
100 ppm/% typical . ‘
= 0.2% linearity of demodulated output :
L] 'Lmear triangle wave wnth in phase zero crossmgs
 ‘available - '+~ *

8 TTL and DTL compatible phase detector mput .

< and square wave output "
L] Ad|ustable hold in range from 1% to > +60%.

applications

Data and tape synchronization
Modems : ' T
FSK demodulation - C

" FM demodulation

Frequency synthesizer

Tone decoding

Frequency multiplication and division

Telemetry receivers
Signal regeneration
Coherent demodulators.

SCA demodulators . -

. ——

schematic and connectnon duagrams

[

._......T $ v

L

’ Order Number LMSESH or LMBeECH
See NS Package H10 | CEL

Order Number LMSGSCN
See NS Package N14A



. s
absolute maximum ratings

Supply Voltage 12V
Power Dissipation (Note 1? 300 mwW
Ditterential tnput Voltage. nyv

Operating Temperature Range LMS65H -55°C to #125°C

LMS65CH, LMS65CN 0°C to 70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (AC Test Circuit, Ta = 25°C, Ve = £6V)

. P LM56S LMS65C .
PARAMETER ) . CONDITIONS UNITS
) MIN TYP MAX MIN TYP MAX
Power Supply Current 1 St 8.0 12,5 8.0 12.5 mA
Input Impedance (Pins2,3) " * | —4V <V, V4 <OV " 7 10 5 «Q
VCQ Maximum Operating = | ¢, 2.7 F 200 |50  250. | 500 KMz
requency 5 — ——
OP:_'::':::‘:: ::rt‘:c:;ﬁciem. ) . # . - 4 C b 300 - 500 ppm/"c
F ";:;:fy"\?;:":;“" ] ] 001 | o1 005 | 02 %('\'/
Triangie Wave Output Voltage - | 2 2.4 3 - 2.4 3 Voo
Triangle Wave Output Linearity A 0.2 X 0.7% 0.5 1 t SLo%
Square Wave Qutput Level 5 a1 s4f. | a1l sa Voo
Output Impedance (Pin 4) N\ \JE i/l 5 ) Q2
Square Wave Duty Cycle a5 | s0 55 40 50 0 %
Square Wave Rise Time 1 [ ... . . . 20 | 100 20
Square Wave Fail Time ) : ! N 73 oo 50, 200 50 .ns
QOutput Current Sink (Pin 4) -:. \ A > L 0.6 1 T 0.8 1 mA
VCO Sensitivity % @ v. 10 kHZ' 6400 {6600 6800 | 6000 | 6600 7200 Hatv
D'T::‘;'; ted Guiels Vol(a—gn%. ;,.tlog‘"F;equ.ancv Deviation | 250 | 300 350 200 300 '400 mVgo
Totat Harmonic Distortion. f P\ 210}-5 F_requer;cv Deviation 0.2 075 |[* 0.2 1.5 %
Output tmpedance (Pin 7) N . 35 38 kQ
OCLevet Pin7y [ 25| a5 | 47| a0 | a5 | so v
Qutput Offset Voltage :
vy - Vgl 2 . 30 100 50 200 mV
Temperature Orift of IV, - Vgl . 500 500 uv/ree
AM Rejection . *F . 30 40 40 dB
Phase Detector Sensitivity Ko: 0.6 .68 0.9 0.55 .68 | 0.95 V/radian

Note 1: The maximum junction tempersture of the LMS65 is 150°C, while that of the LMS65C
and LMSESCN is 100°C. For operation at elevated tempaeratures, devices in tha TO-5 packsge must
be derated based on a thermal resistance of 150°C/W junction to ambient or 46°C/W junction to case.

Thermal resistance of the dual-in-line package is 100°C/W.




typical performance characteristic§

.

Power Supply Current as a Lock Range as » Function
Function of Supply Voltage of input Voltage - VCO Frequency
. ,
T 1 100K
Ta = 25°C -
3 g Voo sVl
= 18 = Taewe)] €
-1 Pa xS ‘1L ="
- Rt =2K RY &
: I+ VA Sk
z R BT = s
£ A A < Vog = £12V g
" 7 i newe 3
i 2
e K] 4 i
7, . il x
10012 W 1618 2 2 MW T Ly 1 108 1008
TOTAL SUPPLY VOLTAGE (V) © " PEAK'TO PEAK INPUT VOLTAGE (mV) FREQUENCY (Hg)
ST ' VCO Fraquency as a
Oscillator Qutput Waveforms Fed Phase Shift vs Frequency - Function of Temperature
< 150 - z
w Veg = +8V 3 To=28°C & Vo » 4V
2 Tee25C A = & 188 V.T_ ['"] vy & 29 Yee
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2 o 100 =
- Su : : !
L3
< 4 - 7 w 0§ ™
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Wt o= E. .-~ - NORMALIZED FREQUENCY - o TEMPERATURE ("C)
Loop Gain vs Load A - Hold in Rangs ss a Function.
’ Resistance ! ofRgy
.01, Ty o ¥ + “
—~  hTa=28C =1V A Voo s 8V _|
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"ac test circuit

RELATIVE FREE RUNNING VCO FREQUENCY-

tavane wave
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apphcatnons mformatlon .
In designing with phase locked loops such as the “The natural "Band'width of the closed Ioop response

LM56S, the important parameters of interest are: may be found from:

FREE-RUNNING FREQUENCY Ty - 1 /KKp
. Citlp gy iy, 0 el 2 R+Cy
PP ; .
° 7 3.7ReCo . Associated with this is a damping factor:

LOOP GAIN: relates ‘the amount of phase changn 5 =_1_ T

between the input signal .and the VCO signal for a . 2 .R{C1KoKp

shift ‘m u"cput signal frequency (asumlng the loop For narrow band applications where a narrow noise’
remains .in lock). In servo theorv, th's is called bandwidth is desired, such as applications involving

the “velocity error coefficient”.- -~ <. . tracking a slowly varying carrier, a lead lag filter
. " should be used. In general, if 1/R,C, < K.Kg4,
Lo.op gain = KoKo (Q) .. ! the damping factor for the loop becomes quite
" radians/sec small’ resulting in large overshoot and possible
Ko = oscillator sensitivity ( volt ) - _-instability in the transient response of the loop.
e 5 ao o - In_this case, the natural frequency. of the loop
volits ¢ may be found from
Ko = phase detector sensmvny (ra o an) nay
- L F ¢ = L KoKo
The loop gain of the LMS6S is dependent on ' "o 2n Ty+Ty

supply voltaqe. and mav be found fr?fn o feTg m‘ X .Rz)"c, o

KoKp = 33614 Rj is selected to produce a desired damping factor
¢ ! ” “*§, usually between 0.5 and 1.0. The damping
fo = vCO fgequency in Hz ; factor is found from the approximation:

Ve = total supgly voitage to circuit.

P 5 2 , / 5 =~ T Tof,
Loop gain may be reduced by connecting a resistor ]
between pins,6 and 7 ; this reduces the foad imped- These two equations are plotted-fot convenience.
ance on the output amplifier and hence Jtheloop - -

gain. Mz"“" seladis Gy == E
\ x =\ T Ko Ko i
HOLD IN RANGE: 'the range of frequencies that -, 3" Ny H 7aaoy
; Y, o \ . N e
the loop will remain in lock after initially being H 0 ;é. m)
locked. | ] FIN T
. T T (2 i n; .
5 - ’ IN N
fy = ¢ 8t = L RN == == 2
H i Vc g - = . = = 1‘
\ % =. free running frequency of VCO = : b LK Qr N
Ve = total supply voltage to thecircuit. "= 37 "7 et s g2 g0y ° -
\ O Q! / e > 147 (omc)
4+ Filter Time C vs Natiral Fraquancy
THE LOOP FILTER y'EL b i .
- . R P33 ¢ S 1
In almost ail applications, it.will be desirable to_ . DAMEING
filter the signal at the output of the phase detéctori™ <~ . AN .
{pin 7] this filter may take one of two fomgs; i 10 =2
- . 2 = =
= \i i
207
102 N
1
Co " h.
Simple Lag Filter Lag-Laad Filter” 10 10 e T3
R ; .
A simple lag filter may be used for wide ciosed Dsmping Time Constant vs Natural Frequency

loop bandwidth applications such as Fnodulation- ) R

following where the frequency deviation of tha_ . Capacitor C, should be much smailer than C, since
carrier is fairly high (greater than 10%), or where . its function is to provide filtering of carrier. In
wideband modulating signals must beAfollpwed " " general Cy <01C,.




LINEAR LS! PRODUCTS
W

TIMER SE/NES55/SES55C

W
W

DESCRIPTION o FEATURES PIN CONFIGURATIONS
The 555 monolithic timing circuitis ahighly e Tumn off time less than 2us
stable controller capabie of producing ac- ¢ Maximum operating frequency greater D, N, FE PACKAGE
curate time delays, or oscillation. in the time than 500kHz &= )
delay mode of operation, the time is precise- » Timing from microseconds to hours aroune L vee
ly controlled by one external resistor and e Qperates In both astable and monostabie moaen (7] [7] oncranae
capacitor. For a stable operation as an oscil- modes oureur (3] [€] mmeswolo
lator, the free running frequency and the e High output current neser (7] E CONTROL
duty cycle are both accurately controlled e Adjustable duty cycle VOLTAGE
with two external resistors and one capaci- o+ TTL compatible ORD’E‘:PN‘L'S:“S
tor. The circuit may be triggered and reset o Tempaerature stabllity of 0.005% per °C SE/NESSSNFE  NESSSD
on falling waveforms, and the output struc- SES55CN.CFE
ture can source or sink up to 200mA. APPLICATIONS
¢ Precision t!ming F
* Puise generation PACKAGE
* Sequential timing ewo 7] E vee
* Time deiay generation e [T (i3] ne
¢ Pulse width modulstion TRIGG
# Puise position modulation SRR [T orschanae
o Missing pulse detector oursur [} (1] e
ne (5] [10] THmeswoLD
neser [ ] 9] wc
CONTROL
ABSOLUTE MAXIMUM RATINGS Q9 [T] SSliee
TOP VIEW
PARAMETER RATING UNIT YT A .
SE/NESS5F  SESSSCF
Supply voitage
SE555 +18 v BLOCK DIAGRAM
NESS5, SE555C +16 v
Power dissipation 600 mw vee
Operating temperature range . o}
NES555 0to +70 e
SE555, SE555C ) -55 to +125 °C
Storage temperature range -65 to +150 °C ?.
Lead temperature (soldering, 60sec) 300 °C conmaoL
3 VOLTAGE
. 5
EQUIVALENT SCHEMATIC oo E:]
= ¢ O—t{ COMPARATOR
(4}
Yee 0s o a
* O—
L3 ¥ Ry R4 TRIGGER
o e g i COMPARATOR H—O 1
o8
Qs ot Q7
. oy A4 :: :E - .
m-:snow - 4 °"\l — gl:::ncs L
OUTPUY 7 Ot
—-O 3 RESET
c‘ J [ | FLIP FLOP —Q ¢
TRIGGER =
Q24 ouTPUT
I STAGE |
Q2 é ]
P ouUTPUT GROUND
i




‘INEAR LSI PRODUCTS

% TIMER - SE/NESS5/SES555C

o tER

DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vcc = +5V to +15 unless otherwisa specified.

X SESSS NES55/SES55C UNIT
TION :
PARAMETER TEST CONDITIONS Min . Typ |Max | Min | Typ | Max
’ Supply voltage 4.5 18 4.5 16° v
Supply current (low statel! Vee =SVR == 3 5 3 6 mA
Vee =15V R, == 10 12 10 15 mA
Timing error imonostable) Ra = 2K(1 to 100K g
Initial accuracy? * C =0.1uF 0.5 2.0 1.0 3.0 %
Drift with temperature ; 30 100 50 150 | ppm/°C
Oritt with supply voltage i 0.05 0.2 0.1 0.5 %IV
Timing error {astabie) Ra, Re = 1k} to 100k iy
Initial accuracy? C =0.1uF 4 6 5 13 %
. Drift with temperature Vee = 15V 500 500 | ppm/°C
Drift with supply voitage 0.15 0.6 0.3 1 %/V
Control voltage level Vee = 15V 9.6 10.0 | 104 9.0 10.0 11.0 \'
Vee =5V 2.9 3.33 3.8 2. 3.33 4.0 \
Thresho!d voltage Vee = 15V 9.4 10.0 | 10.6 8.8 100 | 11.2 \
Vee =5V 27 1333 4.0 2.4 3.33 4.2 v
Threshold currentd 7 0.1 0.25 0.1 0.25 uA )
Trigger voltage - Vee = 15V 4.8 5.0 5.2 4.5 s.0 5.6 v o !
Vee =5V . 1.45 | 1.67 1.9 | -1.1 1.67 2.2 \ '
Triggar current VrRIG = OV 05 | 09 | ' 05 | 20 A
i
Reset voltage4 - 0.3 1.0 0.3 1.0 v .
Reset current 0.1 0.4 Q.1 0.4 mA
Reset current VReser = 0V 0.4 1.0 0.4 15 I, mA
Qutput voltage (low! Veg = 15V | !
f Isink = 10mA 01 | o015 | 0.1 | 025 v
| Isikk = S0mA 04 | 05 04 | 075 v '
X Isink = 100mA 20 2.2 2.0 2.5 '
Isink = 200mMA ¢ 25 2.5 \
Vzg =5V
Isink = 8mA 0.1 Q.25 0.3 0.4 \'
1 IsiNk = SMA 0.05 | 0.2 025 |0.35 \
Output voltage (high) i Vee = 18V '
‘ i ISOURCE = 200mA i 125 12,5 v
g Isource = 100mA 13.0 {133 12.75 | 13.3 v
Vge =5V . ! :
IsouAce = 100mA 3.0 {33 275 | 33 v
Turn off timeS VagseT = Vee Q.5 2.0 0.5 2.0 us
Rise time of output 100 | 200 100 | 300 ns
Fall time of output 100 | 200 100 300 ns
Discharge leakage current 20 100 20 100 na
i ;
; H
NOTES .

1. Suoply current wnen outout tigh typicaily tmA less.
L Tested at Vce = 5V ang Vge = 15V.

1 This wiil detarmine the maximum value of Aa ~ Ra, for 15V coeraton. the max total

R = 10 magonm, and ‘ar SV qoeration, ire max totat R = 3.4 megonm

Soecified with tigger rout mgn

Time measured from a sositive gaing :ngut puise from 0 to G 8 x Vg 1Nto the thresnord

o the drop from nign to low af tre outpul. Trigger 1S hied (o thresncid. |

"~



LINEAR LS PRODUCTS

TIMER

SEINES55/SES55C

TYPICAL PERFORMANCE CHARACTERISTICS
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2N22]8 A 2N22]9 A 2N222] A(SILICON)
:n2222, A, 5581, 5582

NPN SILICON ANNULAR HERMETIC TRANSISTORS

. widely used “Industry Standard” transistors for applications
as medium-speed switches and as amplifiers from audio to VHF
frequencies.

o DC Current Gain Specified — 1.0 to 500 mAdc

o Low Collector-Emitter Saturation Voltage —
VCE(sat) @ IC = 500 mAdc
= 1.6 Vde (Max) — Non-A Suffix
= 1,0 Vde {(Max) — A-Suffix

o High Current-Gain—Bandwidth Product —

NPN SILICON
SWITCHING AND AMPLIFIER
TRANSISTORS

2N5582

o Complements to PNP 2N2904 A thrs 2N29807.A
o JAN/JANTX Available for all devices

f1 = 250 MHz {Min) @ IC = 20 mAdc — All Types Except
= 300 MHz (Min) @ I¢ = 20 mAdc ~ ZN2219A, 2N2222A,

Fﬁ_ELECTlON GUIDE
Characteristic
8Veeo hEE
Device ic=10mAde | Ic=150mAde | I =500 mAde [
Type Volts Min/Max Min Package
2N2218 40/120 20
2N2219 5 100/300 ) V22
N2221 40/120 20
22222 . 100/300 30 gl
2N5581 40/120 25
2N8582 % 100/300 40 7~
2N221BA 40/120 25
2N2219A 40 100/300 40 e
N2221A 407120 . 25
2N2222A 40 100/300 0 TO-18
TMAXIMUM RATINGS
282218 | 2n2218A
I 2N2219 | 2N2219A | 2NS581 ;
Rating Symbol| 23271 2N2221A | 2Nss82 | Urit
2N2222 | ZN2222A
Cotlector-Emitter Voltage VCEO 30 40 40 Vde
Collector-8ase Voltage Ves 60 7% 75 Vdc
Emirter-Base Voitage Veg 5.0 6.0 6.0 Vde
Cotlector Current —~ Continuous e 800 800 800°° | made
v 2N2218,A] 2N2221.4( 2N5581 ¢
2N2219,A] 2N2222.A | 2N5582
Totsl Device Dissivation @ T4 =25°C ¢¢  Pp 08 0.5 X Watt
Derate sbove 25°C 5.33 3.33 3.33 | mwreC
Totsl Device Dissipation @ T¢ = 25°C Pp 30 1.8 2.0 Watts
Derate above 25°C 20 12 11.43 | mw/oC
Operating and Storage Juncuion T5.Tsg ~65 to +200 ———e °c
Temperature Range

Inu-cun JEDEC Regiiterad Oats.

“Motoroia Gusrsnteet this Osta in Aadition to JE DEC Ragistered Data.

CASE 31.(1)
TO-S

2N2218,A

2N2219,A

W e . CASE 22 (1)
03 TO-18
1 Eque _}» 2N2221,A
Fy 2N2222,A
gl
ki
_r._l
0040 MAx r' il |
=TT T
I Q08
L1
95m
L}
1 -g-%% o
CASE 26 i
TO46 1—
2NS581
2N5582 - e Fust

The resoectwe JEDEC regsierea
dvmensions and nates Jooly




*ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwisa noted)

2N2218,A, 2N2219,A, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued)

r Characteristic Symbol Min [ Max T Unit

OFF CHARACTERISTICS

Cott -Emitter Breakdown Voltage 8VCEQ Vdc

{lc = 10 mAdc, ig = Q) Non-ASuffix 30 -

A-Suffix, 2N5581,2N5582 40, -
Coliector-Base Breakdown Valtage BVcao Vdc

{tc = 10 yAdc, tg =0} Non-A Suffix 60 -

A-Suttix, 2N5581,2N5682 75 -

Emitter-Base Breakdown Voitage P BVego Vde
{lg = 10 pAdc, Ig = 0} Non-A Suffix 5.0 -
A-Suffix, 2N5581,2N6582 6.0 -

Coltector Cutoff Current ICEX nAdc

(Ve =60 Vde, VEB{o#f) = 3.0 Vde) A-Suffix, 2N5581,2N5582 - 10

Collector Cutotf Current S IcBO uAde

{Vcp = 50 Vde, g =0) Non-A Suffix - 0.01

{(Vcg =60 Vde, Ig = 0) A-Suffix, 2N5581,2N5582 - 0.01

(Vg = 50 Vde, 1g = 0, Ta = 150°C) Non-A Suffix - 10

{Veg = 60 Vdc, 1g =0, T = 150°C) A-Sutfix, 2NS581,2N5582 - 10

Emitter Cutoff Current | iEBO nAdc

(Vgg = 3.0 Vdc, I¢ = 0} A-Suffix, 2N5581,2N5582 - 10

Base Cutotf Current gt nAdc
(Vg = 60 Vdc, Veg(otf) » 3.0 Vdc) A-Suffix - 20

ON CHARAGCTERISTICS

DC Current Gain A heg -

{Ig = 0.1 MAdc, Vg = 10 Vde) 2NZ218.A,.2N2221.A.2N5581(1) 20 -
2N2219.A,2N2222.A,2N5582(1) 35 -

{tc = 1.0 mAdc, Vog = 10 Vde) 2N2218.A 2N2221.A.2N5581 25 -

o 2N2219.A,2N2222.A,2N5582 50 -

{ic = 10 mAdc, Vgg = 10 Vel 2N2218.A,2N2221,A,2N558111) 35 -
2N2219.A,2N2222,A,2N55821 1} 7% -

{ig = Y0 mAde, Veg = 10 Vde, TA = -559C) 2N2218A,2N2221A,2N5581 15 -
2N2219A,.2N2222A 2N5582 35 -

{ic = 150 mAdc, Vg = 10 VacHT) 2N2218,A,2N2221,A,2N5581 40 .120

. 2N2219,A,2N2222,A,2N5582 100 300

{1c = 150 mAde, Veg = 1.0 Vdei(1! 2N2218A.2N2221A,2N5581 20 -
2N2219A,2N2222A,2N5582 50 -

{I¢ = 500 mAdc, Vg = 10 Vect 2N2218,2N2221 20 -
2N2219.2N2222 30 -
2N2218A,2N2221A,2NS5581 25 -
2N2219A,2N2222A,2N5582 40 -

Coliector-Emitter Saturation Voitage(1} VCE (sat} Vde

{le = 150 mAdc, tg = 15 mAdc) Non-A Suffix - 0.4
A-Sutfix, 2N5581,2N5582 - 0.3

{Ig = 500 mAdc, Ig = 50 mAde) Non-A Suffix - 16
A-Suffix, 2N5581,2N5582 - 1.0

Base-Emitter Saturation Voltage(1) VBE (sat) vde

{Ic = 150 mAde, Ig = 15 mAdc) Non-A Sutfix 0.6 2.0
A-Suffix, 2N5581,2N5582 0.6 1.2

{ic = 500 mAdc, g = 50 mAdc) Non-A Suffix - 2.6
A-Suffix, 2N5581,2N5582 - 20




2N2218,A, 2N2219,A, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued)

*ELECTRICAL CHARACTERISTICS (Continued)

Characteristic Symbol l Min l Max l Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product(2) fr MHz
{Ic = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) All Types, Except 250 -
2N2219A,2N2222A,2N6582 300 -
Output Caoacitance(3! Gob - 8.0 of
(Vg = 10 Vde, Ig = 0, f = 100 kHz2}
input Capacitancel3] Cip of
{Vgg = 0.5 Vde, 1c =0, t = 100 kHz} Non-A Sutfix = 30
A-Sutfix, 2N5581,2N5882 - 25
input {mpedance hie k chms
{ig=1.0mAdc, Vgg = 10 vde, f = 1.0kHz} 2N2218A,2N2221A,2NS581 1.0 3.5
2N2219A.2N2222A 2N5582 20 8.0
{1g = 10 mAde, Veg = 10 vde, = 1.0kHz} 2N2218A,2N2221A 2NS581 0.2 1.0
2N2219A,2N2222A,2N5582 0.25 1.25
Voltage Feedback Ratio Nre . X 102)'4
{le = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz} | 2N2218A,2N2221A 2N5581 - 5.0
2IN2219A,2N2222A ,2N5582 - 8.0
i = 10mAdc, Vcg =10 Vde, f = 1.0 kHz} 2N2218A,2N2221A,2N5581 = 25
2N2219A,2N2222A ,2N5582 - 4.0
Small-Signal Current Gain hte -
{tc=1.0mAde, Veg = 10 Vde, = 1.0 kHz} 2N2218A,2N2221A,2N5581 30 150
ZN2219A,2N2222A,2N5582 S0 300
(tc = 10mAde, Vg = 10 Vde, f = 1.0 kH2) 2N2218A,2N2221A,2N5581 50 300
2N2219A,2N2222A.2N5582 75 375
Qutput Admittance hoe pmhos
{ig= 1.0mAde, VGg = 10 Vde, f = 1.0 kHz) 2N2218A,2N2221A 2N5581 3.0 15
2N2219A,2N2222A2N5582 5.0 35
(Ig= 10mAdc, Ve = 10 Vde, = 1.0 kHz) 2N2218A,2N2221A,2N5581 10 100
2N2219A,2N 2222A 2N5582 25 200
Collector-8ase Time Constant, rp'Ce ps
{1g = 20mAde, Vcg = 20 Vde, f = 31.8 MH2) A-Suffix, 2N5581,2N5582 - 150
Noise Figure NF dB
{1c =100 gAdc, Vcg = 10 Vde,
Rg=1.0kohm, f= 1.0 kHz) 2N2219A,2N2222A - 4.0
SWITCHING CHARACTERISTICS (A-Suffix, 2N5581 and 2N5582)
Delay Time td - 10 ns
(Ve = 30 Vde, Vag(off) = 0.5 Vde,
Ic = 150 mAdc. Ig¢ = 15 mAdc)
{Figure 14)
Rise Time te - 25 ns
Storage Time tg - 225 ns
{(Veg = 30 Vde, Ic = 150 mAdc,
gy =ig2=15 mAdc)
{Figure 15)
Fali Time 4] - ns
Active Region Time Constant”” Ta - 2.5 ns
(Ig = 150 mAdc, Vgg = 30 Vdcel

*Indicates JEDEC Raegistered Data.

**Mororola Guarantees this Dats in Addition to JEDEC Registered Data.

(1)PyuIse Test: Pulse Width < 300 us, Duty Cycte S 2.0%.

{2)4y is detined as the frequency at which Ihsel extravotstes to unity.
(3)2N5581 ang 2NS582 sre Listed Cep and Cyp, fOr these conaitions and values.
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2N2218,A, 2N2219,A, 2N2221,A,2N2222 A, 2N5581, 2N5582 (continued)

SWITCHING TIME CHARACTERISTICS

FIGURE 11— TURN-ON TIME

FIGURE 12 — CHARGE DATA
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2N2218,A,2N2219,A,2N2221,A,2N2222,A, 2N5581, 2N5582 (continued)

1), NORMALIZED EFFECTIVE TRANSIENT

'C,. COLLECTOR-BASE VIME CONSTANT (ps)

I, COLLECTOR CURRENT (AMP)

THERMAL RESISTANCE

FIGURE 16 — CURRENT-GAIN-BANDWIDTH PRODUCT AND

COLLECTOR-BASE TIME CONSTANT DATA FIGURE 17 — CAPACITANCES
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1n4007 1hro 184007 .

o CATHOot Surmetic rectifi.ers, subminiature size, axial lead
mounted rectifiers for general purpose low-power ap-
CASE 59 plications.

(DO-41)

MAXIMUM RATINGS

— N o = w0 0 ~ .
: 218/8(8/8!8|8| uu
Rating Symbol | S| 181 | 2| 8| & Unit
- . o | Pocaeol W NV N P-4 = = =z = = =
Peak Repetitive Reverse Voltage vRM(rep)
Working Peak Reverse Voltage vRM(wkg) 50 100 | 200 | 400 | 600 | 800 {1000 Volts
DC Blocking Voltage Ve |
Non-Repetitive Peak Reverse Voltage
(halfwave, single phase, 60 Hz peak) vRM(non-rep) TRLELSP 4PC0 1(Sa0°age. 11200ER50f Y Volts -
RMS Reverse Voltage Vr 35 70 | 140 | 280 | 420 | 560 | 700 Volts
:

Average Rectified Forward Current
(single phase, resistive load, IO 1.0 Amp
60 Hz, see Figure 6, TA = 15°C) i

Non-Repetitive Peak Surge Current
(surge applied at rated load 1 30 (for 1 cycle) Amp
conditions, see Figure 2) FM(surge)

Operating and Storage Junction T, T 65 10 +175 °c

Temperature Range

ELECTRICAL CHARACTERISTICS

T
Characteristic and Conditions i Symbol Max Unit
Maximum Instantaneous Forward Voltage Drop l VF Voits
(ip=1.0Amp. T; = 25°C) Figure 1 | 1.1
—_—
Maximum Full-Cycle Average Forward Voltage Drop | VF(AV) Volts
(IO = 1.0 Amp. T, = 75°C. 1 inch leads) | 0.8
Maximum Reverse Current (rated dc voltage) TJ =25°C IR 0.01 mA
’I'J = 100°C 0.05
Maximum Full-Cycle Average Reverse Current IR(AV) mA
(IO = 1.0 Amp. TL = 15°C. | inch leads) 0.03




4

1N4001 thru IN400O7 (continued)

MECHANICAL CHARACTERISTICS

CASE: Void free. Transfer Molded
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %" from
case for 10 seconds at 5 Ibs. tension
FINISH: All external surfaces are corrosion-resistant, leads are readily solderable
POLARITY: Cathode indicated by color band
WEIGHT: 0.40 Grams (approximately)

FIGURE 1 — FORWARD YOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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FIGURE 4 — TYPICAL TRANSIENT THERMAL RESI_STANCE
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PW, PULSE WIDTH tms)

FOR #, 1y VALUES AT PULSE WIDTHS LESS THAN 3 0 ms. THE ABOVE CURVE
CAN BE EXTRAPOLATED DOWN TO 10 ps AT A CONTINUING SLOPE OF 172



15, FORWARD CURRENT (AMP)

161091, AVERAGE FORWARD CURRENT UAMP)

. THERMAL RESISTANCE, JUNCTION-FO-LEAD (°C/ W}

TN4001 thru TN4007 (continued)

CURRENT DERATING DATA

* FIGURE 5 — LEAD TEMPERATURE DERATING (DC ONLY)

FIGURE § — RESISTIVE INOUCTIVE LOADS
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i { = 60 Ht shown is o be used 3s typecal gurdeline valves for p Y engl g of in
15 case the tie point temperature cannot be measured.
iy TYPICAL VALUES FOR ¢, IN STILL AIR i
L= 1/32 L"1 f"l_j
I~ L=1"
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7;\ — \ nommua IETIIM 1 IDUIHIS METHOO 2
0sf— L s =44 =t DN ¢ WOUNTING [ LEAD LENGTH. LOn) |
et/ BEEE T Y LS 7 T e
1 4 | — | 75 85 |°C/wW
I 2 55 72 85 [°C/w
9 20 40 [1] 80 100 120 140 160 180 200 *Using Mounting Method 1 or 2 with "= 1~ the curve marked * in Figure
6 can be used for 60 Hz half-wave resistive/inductive load (Rating vs.
T,. LEAD TEMPERATURE (°Q) Ambient Temperature). The abscissa of Figure 6 then indicates T, in °C.
NOTE 2
| P Fu BUTY CYCLE. D = t,/t
FIGURE 8 — STEADY-STATE THERMAL RESISTANCE !
% ty=—t— e PEAK POWER, P, is peak of an
equivalent square power pulse.
7 e j——]
- To determine mazimum junction temperature of the diode in a
50 gven situation, the following procedure is recommended:
The temperature of the lead should be measured using 3 thermosouple placed
50 on the lead as close 25 possibie to the tie poent The thermat mass connrected to
MAXIMUM L~ the tie point 15 nocmatly lasge enough so that it will not sigarficantly respond to
P heat surges generated in the diode as a resuRt of pulsed operation once steady-
e state conditions are achieved. Using the measured value of T;, the junaction
0 TYPICAL temperature may be determned by:
y L~ Ty=Ty+ LTy,
2 = where 5 T, is the increase in junction temperature above the lead temperature.
It may be determined by:
10
) Llg=Ppu ["Jun SO+ =D e ey Ay Baay
c0 W % h L2 e % % 1 1% where H,(q) = value of transient thermal resistance 3t ime ¢ 1.e.:

L, LEAD LENGTH (INCHES)

Bitis,41y) = value of G qy attime o 4o,
Btar,) = value of Ay gy at end of puise width s,
Bagey = vatue of By gy at time oy




1N4001 thru 1N4007 (continued)
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TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 9 — FORWARD RECOVERY TIME
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FIGURE 10— REVERSE RECOVERY TIME

RECTIFIER EFFICIENCY NOTE

FIGURE 13 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT
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The rectification efficrency factor o shown i Figure |1 was caiculated vsing the
formuta:
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For 2 sine wave 1npul V.. sin L.,t) to the diode, assumed lossiess the manimum theoretical
efficiency factor becomes:
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FIGURE 12 — JUNCTION CAPACITANCE
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For a square wave input of amplhitude V...

2R,
the efficiency factor becomes. v S 100% - 0%

R

T square)

iA tult wave citcuit has twice these efficiencres)

As the frequency of the input signalis increased the reverse recovery time of the diode
wWigure 10) becomes sigmlicant. resulting i an icreasing ac voltage compaonent 3Cross
R, which is cppasite 1n pofarity 1o the forward current, theredy reducing the value of the
efticiency factor g. a8 shown on Figure 1],

1t should be emphasized that Figure 11 shows wavefarm efficiercy endy; it does ot
srovide 3 measure of diode losses. Dala was oblained by measuring the ac component of
Yo with a true rms ac and the a¢ with a dc er. The data was
used n Equation | 10 obtain points for Figure 1]




MC3346 ORDERING INFORMATION

Temperature Range Package

MC3386 e

MC3386F

~40°C to +85°C Plastic DIP
—40°C 10 +85°C Plasuc DIP

iMAXIMUM RATINGS

ONE DIFFERENTIALLY-CONNECTED
’ PAIR AND THREE
ISOLATED TRANSISTOR ARRAY

The MC3346 and MC3386 are designed for general-purpose,
Jlow power applications for consumer and industrial designs.
e Guaranteed Base-Emitter Voltage Matching
e Cperating Current Range Specitied — 10 pA 10 10 mA
e E.ve General-Purpose Transistors in One Package
§

ey

. Rt TSy, Vave Ut |
: Colledur-Empienvetoge vero 1B Vée
I'Coliecior Bane Voltage b veso | 2 =
EmHer Base Voliane veg | 50 Vot
Cellector Sulsirate Vollage Velo | 20 Voc
Colector Curremt - Continuow ic 50 mAoc
“Tota] Power Dusic.uion @ Ta ® 28°C Fp V2 Viats
Uerate above 25°C 10 mw:°C
Derate Each Transstor € 25°C 300 mwIoC
Oneraung Tempersiure Range Ta 40 10 +BS CE
Storave Temuersiure Range Terg 65 10 +150 e

GENERAL PURPQSE
TRANSISTOR ARRAY

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASIIC PACKAGE
CASE 646-C%

. ™
7
-

\_J

Pin 13 is connected to substrate

MOTOROLA LINEAR/INTERFACE DEVICES




-
viC3346, MIC3386
ELECTRICAL CHARACTERISTICS
[ MC33267 T MC3386P
Cherscteristic ] Symbc'l Min Typ ] Max J Min [ Typ ] Max l Unit |

STATIC CHARACTERISTICS

Coliector-Base Breakoown Volisge VIERICBD 20 €0 - 20 80 - Vdc
tic = 10 wAdc)

Coliector-Emitter Breakdown Vohage VIBRICZD W5 - - 15 - - Voc
(i = 1.0 mAdc)

Coltector-Substrate Breakdown Voliage VIBRICIO 20 23] - 20 60 - Voc
{tg = 10 pA)

Emitier-Base Breakdown Voltage VIBRIEBO £C 76, - 50 7.0 - Vac
g = 10 wAdc)

Cotlector-Base Cutoff Current o-1o - - 40 - - 100 nagdc
{veg = 10 Voe, Ig = [}

OC Current Gain nFe p
tig = 10 mAdc, Veg = 3.0 Vdc) - 140 - = - -
lig = 1.0 mAde, Vg = 3.0 Voc) 40 130 - 40 130 -
lig = 10 uAdc, Vee = 3.0 Vae) == € - - - -

Base Emitrer Voltage { Vg | | Vac
(vee = 3.0 vec, ig = 1.0 mAdc) h . 072 - - i o - i
IVeE * 3.0 Vdc, Ig = 10 mAdc i ! 080, - - | oo - ‘

=out Oftser Current tor Matched Pour Q1 2nc 22 | hioy- as 120 i i 08 - uAac
! (VeE = 3.0 Vac, I = 1.0 mAdc! {102} . ! i

Magnituge of laput Ofiset Voliage - = C.5 5;0 - i Qs mVae
(Veg =30 Voe, te @ 1.0 mAdd) i

Temperature Coelticient of Base-Emutter Vcitage Avyr = -t9 NN &< | 19 - I n‘.ﬁ,
tveg = 3.0 Ve, 1 = 1.0 mAac! ; i n Y ! L il

i‘lompecaxmc Codfhicient IA_VIQ,' Vaw 4.0 : a5 4.0 | - {/AV"(‘ .

i AT ! ! i i \

1C mect~r-Emnie Cuinlt Curtent Teee e .q_: 0.5 - ! 5.0 : Mde
WeE = 10 Voc, 1 - O3 . A | '

TYWAMIC CHARACTERSTICS A \

'Low Frequency None Figure NF « - i %25 5 SR I V- d8 |
tveg - 3.0 Voc, i¢ * 100uAde, Rg® 4.0 12, l \ i I I
{» 1.0 kH2) | |

Forward Current Transler Rauo nEE = ! 140 - - 140 - i -
{Veg = 3.0 Vdc, Ic = 1.0 mAde, { = 1.0 bHz} i I

Shert-Circunt Input impedance h‘. - . kRS - 25 - @.
(Veg = 30 Vac, bg = 1.0 mAde) |

COpen Circun Guiput Impedance Rpe - i is6 - 5.6 - LY
{Vcg = 3.0 Vde, i = 1.0 mAde}

Feverse Vottape Transfer Ratio hye = 1.8 . =1 1.8 - x10-%
(Vee = 3.0 Vae, te = 1.0 mAdc)

Forward Trarster Admitiance Yie - 31-41.8 - - 3115 - -
(Vee = 3.0 Vdc, ic = 1.0 mAdc, | = 1.0 MHz)

tnput Agmitiance Yie - 03-004 = - G340 04 - -
(Veg » 30 Voc, I 1.0 mAde, 1= 1.0 MH2)

Output Admitiance Yoe - 0.001+j0.03 - - 0.001+;0.03 - -
(Vep = 3.0 Ve, Ig = 1.0mAde, 1= 1.0 MHz}

Curreni-Gain — Bandwicth Product i1 300 559 - = 550 - P2

! (VeE = 3.0 Vac, Ic * 3.0 mAdc)
TEmitter-Base Cepacitance Cets - o.e I— — c6 - oF
(Vegg =30 Vec. lg* 0 i

Coliecioi-Base Capacitance Ces - .53 = - 0.58 - pF

(veg = 3.0 Vo, ic=0!
| Collecior-Subsirate Capatitence Ces - 78 - - 2.8 - pF
| tveg-38voe ic=0) i : |

MOTOROLA LINEAHINTERFACE DEVICES
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