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DIGITAL COMMUNICATION EXPERIMENT SETS
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ADVISOR
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ABSTRACT
Nowaday, data managmént has been developed, That i{s necessary
famitiarization to study ‘the operatiom in-—Ttomcent — for—Tvommication
system, This thesis present a design and construction of Digital
Communication Experiment Sets Fundamental af digital modulatior 3§
amplitude shift keying, phase shift keying ,frequency shift keying are
designed by hasic circuit.
Each circuit of modulation and Demadulation type can be model by
mathematics , that wuse +to evaluation of each trénsmission in theory

Experiment results of each type with bit error rate meter and frequency

caunter can Qe set, up .So0 +that is suitahle af this expeﬁ?menb set”

communiction laboratory.
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p = l erfc(J(E.v/n)) (48)
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n(t) = x (L) cos w t - x’(t) sin wct (49)

N
WNUANNNT (49) LHANNNT (33) Aw i
V(L) =S (h) 4 ndb)

Vt(t) = A cos wct + x (L) cos wct - x-(t) sin wact
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LuaaqwntﬂiaqsuuauLﬂatiurnataanﬂﬂssnaUﬂaaLﬂiaqLaunaaaaﬂﬂmmwm&wsauanxaae
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N = nB ~ 2n/T (55)
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i 1] s f=3 g
iaonnfiuse tawsouus S aaarnafinuane

P' = l PEM + l P-s (6@)
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q oo
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J2xN 2N
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A aaunaanzaﬂLamaauuwnLﬂussnuLaﬂnaunaunuaawunnawa (wideband FM) auuwaﬂaaaﬂ
LauaauuwnnﬁuiuunLaﬂtaunuunnakunuan(narrowband FM)

LATRIT YD UUﬂQﬂauaﬂtauaauuwnLﬁaumnwasaﬂnsuLutmaimwuﬂuaLﬂsaensaoﬂawu
nuunauﬂtnsnuauamu (integrated-and-dump filter) nqsﬂn 10 ammwmﬂQﬂaLaﬂtaun
uwLﬂﬁﬂaqLﬂsaasuavnnsnnaumaaL1aosunaunn1Lﬂauuavwwunﬂaaansaeﬂawunnaﬂa C(IF
Filter) nuqawxnﬂugnawqxnwnu £, uavuunnﬂaﬁnnnawa 28 uALIY nnﬂTuﬂLanLﬂanﬂsao
aumLﬂaiaaﬂzuLuLﬂaf kunuxswauumalunUﬂawunuaqLﬂsaonsaeﬂawhnnawenawquanaaLﬁ
dmm;m@qmanaﬂxaumquaaWnuﬂawunwau ammwmnwaanawntﬂsaqduﬂLﬂﬂiﬂﬁﬂiutunnasas
qunﬂsaonaaaﬂawununuauﬂtninuavmuu uazLﬂiaqaumadawanﬂﬂaunuﬂﬂuaawaauaunu&mwwm
nuwwuwnnawmwansatnwa ﬁqawamo13nﬂ1ﬁuaLnLﬁuwaauanuaunuﬂwuaanawawLnialaaﬂtﬁu
uaaaLﬂaﬁﬂn L0

Pl ] e - A
1ASEINT DY Vi Vd oy | ¢ [tAFounsav l .
2 =a = AR LLY FEDUHL
A3 wd aminad Aansd SABE™ LRRNR
. Bufi Lnsn 5 .
1 D = AUy Uayua
"I Y us sdun y
wIBaN
(&uvsunau -

i),

o I~ v an v o
UM 10 WHBANHTDILATBITUASAALBYL DN
L ]
o aos v d l!l a‘ v o
aqummqmalaﬂxaunnwnﬂwnaotﬂ7307nﬂa

S(t) = A Cos(wcb + D(L) + o) (g1)

ﬂaa

(uny A ADUNUAINTIIAIUN
K
w ADARNNNL TINNTTINIUN
< 9



30

0 ﬂatﬂatiuwuuaaﬂauw
D(t) ﬂaammmenmLanaaamaLaﬂnau

L
D) = W, ID x(L')dt! (g2)

uag qumnauauuaunuﬂ x(t) Lﬁ%ﬂﬂﬂﬁlﬂﬁuﬁﬁuﬂ1ﬂuﬁi g(t) ﬂNﬂuWﬂlﬁﬂﬂ?ﬂ“TBﬂU
ang(t) e uﬁusaﬂunﬂaaumwuﬂawuntuaalnu W uaqammwmﬂaﬂanaﬂtan ﬂﬂﬁuﬂﬁ?vﬁﬁﬂﬁﬂu

— x(t) = °3 a_g(t-nT) (83)

n=-o

LﬂﬂﬂiﬂﬂiuﬂﬂﬁlﬂﬂﬂaﬂLﬂ?ﬂﬂ?ﬁﬂﬂ

- ———— —_-

n(t) alt) cos(w t + (L))

nL(t) coswct s nz(t) sinwcb (84)

ﬂunu alt) 1ﬂuLauxaaaaﬂﬂauLa307un3uuuuLnWLmau nlt) ﬁﬁuﬂﬁ?ﬂTUQWHuUULTH

1 4
Lafl (Rayleigh distribution) (t) Lﬁ“iuaﬂaﬂLaﬂﬂ?Uﬂ?“ﬂNﬂWTﬂTUQWHHUUaNW&auﬂ

5vﬂiﬁﬂdﬁ 0 uar 2x noust n, tUﬁa?uﬁivﬂﬂuauk%Ruaﬁﬂ30ﬂ71lQDTﬂOQ n(t) (ney
ﬂLﬂ?WNﬂﬂﬂﬂﬂ?Nﬁ 1

ﬁmmWNNRNLﬂHGTUﬂﬁuﬂﬂWLﬂﬁﬂaﬂkﬂiﬁﬁauﬂkﬂﬂi LﬂﬂuﬂNﬂWTWQﬂﬂu

VB = S(h) #mk) = RG) cosw b + 48D (85)
Tunti R(L) = (JCA + xI° + y) (886)
§Ck)y = D+ e+ ten_y (87)

] ; & >

[y} L] n:
ALUANY Lugin L1t
1
alu" o b o (u v L 7] ﬂ"
TunutaausunaunﬂuanaantﬁuaauﬂivﬂauauLﬂauasﬂaaﬂiwLaainnaqqﬁmﬂeu
b

a cas{A - D - @)

]
| >

(88)
y a4 a sin(A-D0 - e)



31

6+D

() maivufvuiaiasfeailiwasfioiduaziniasntamnuduuuuls

al v v £ ( ! -u o8
SN 1L AUAESIAMANANNLENT I LA L TETTERINRAUNIGUAL L HEITUNIY
g Y]

Lﬂsaaaum’masauaaLauL3aaaﬂvaaamwwmuauszwawaammwmuauLaaoﬁunauwutiaunvwaan
ﬂﬂﬁkﬂ?@ﬁﬂ&ﬂkﬂ@?ﬁﬂﬂuﬂﬁﬂLﬂ?ﬂdﬂ?jﬁﬂ?ﬁuﬂﬂﬁuuﬂﬂ (bandpass limiter) Qvlﬂ

Vd(t) = cos(web + $(L))

o a'; o oo {a
NU19NYAILATEIARAATILULADTAD

= D+ ¢ (89)



32

L% o° ﬂaammﬁmnnﬂﬂLuﬂxanﬁﬂuﬂaanws Way ¢ ﬂaLaaﬂsnﬂvuuwaanuqmnssuuaa
LﬂaqiunauLuianumqnagaﬂtannwanﬁmaLﬂaanuqunssuﬂaﬁLaaciunauLuiaunauuwaaﬂtaﬂtau
na12RD Tunsanvestaioeut ot fudzevunanasdsenansan dresunandastia ﬁuﬂuintﬂu
\RgeTuniusuuLingSau uwuﬁuﬂﬁaaLﬁutaa»sunauunnamuaa #301T8N2LAEITUNILUARALUTE
xqawunﬂta807unauﬂaﬂauLﬂauxaaaﬂaﬂq ANLATOITY  LHEVTUN UM T uasNDNEUARa
S nAasaL av By TA119 98N 1E2U09M1A 939 351U IAENA 99991 T8 ITUNIU_CCNR) &9 donf
ﬂﬂmaqamiﬂaauvaﬁnwaﬂuaqﬂawWWUﬂwauuaaLaaaiunaumw 8 9TunIuLyIRaAILs s wans
ammﬁmﬂﬂﬂahaﬂLD&NWQH?WLﬂﬂﬂiﬂﬂiuuuntﬂﬁkﬁﬁu i :““’

TUIGENINIAIDY x UE v AUNTLAUBHDETILTUAN ¢ (t) ﬂqvﬂuﬂ7uLNONﬂ7Nﬂ3H A
1898NT18I8UA9NA VDI AN 918 9L REVTUNIL £ WA UUAD alt) << A nITRUNTY
AHBNYRY 9 (k) 9puDE AvlL L5IWITOMNG B (E) MIEdumTINeanel

- —— e

b (b) = tan ' asin(A - D - o)
A + acos( - D - e)
L fexs g N0\ 7 9N (3g)
A

Lﬂﬂﬂ?ﬁﬂ?uﬂﬂﬁaaﬂﬂaﬁLﬂ?@ﬂﬂﬂﬂ?ilHLWOTQB

(k) =y (g1) _

o
|

Luaaqwn y Lﬁuﬂ?uhSLTUﬂNuUULﬂﬂlﬁﬂu N15uYa0L H9 1 U0 IR YT LTUARKY LA
LﬁaunaqﬂaLﬁuﬂaunsanLﬁauaa sUy 9 (k) aqxﬁuanwsﬂauﬂaa

Wuvmzn“mmwmanwaqaﬂac LuuqoLaawvuwamaaLaaﬁsunauquuﬂﬂuwnnaﬂuuwanaawmmﬁm
Wi lanian Ret) ﬁqxﬁutauL3aaaﬂsauﬁaoammw&ﬂQﬁ1\adLaunULaaosnnauqawuuTﬂan
uﬂﬂuaaansauaﬂﬂuanawqaaquaﬂxsaxnﬂﬂwsuuaauuunﬁu 2% Lﬂaaeﬂaﬂsu&utﬂaﬁqsnﬂaau
NN 2% Lﬁuuaaumautannuuun + 2% uasnmawunawqxannaw 1/(2B) Luamwunﬂsaqniaa
ﬂaﬂuntnaunuﬂnﬂﬂnuxniaaﬂmﬂauLunmas ﬁeuunuaawunuaﬂnawuuuﬂawunnqzaau1wLaaesu
nuLtuARAELlaEEAIN Laaosnﬂauuunﬂaﬂqaaﬂuwsnunuq:aauwaanuuun 2 1gaoi

(L) a Z -7 = 2l (b-t ) - %% t-t )1 (g2)
o — + - k=-o k 1 1

=-0o

Ly Y t
8§ oa a =3 & oo
Luny Z+ Way 2 Lﬁunaaﬁiunauuuuaaﬂuanuaaau bk uae tl Lﬁut)ﬁﬂﬂlaﬂﬂiﬂﬂ?u

LWUUARANINUAERYLAA



33

LaaqsnnauuuunaﬂuﬂvNHWSniaawauunﬂaﬂﬁau (Poisson distribution) ﬁﬂLTWQW
Lﬁuﬂﬂﬂﬂ?ﬁﬂﬂﬂ?ﬁﬂﬁ?lﬂﬂﬂ@ﬁLﬁﬂﬂ?ﬂﬂ?uuﬂﬁﬂﬂﬂLNBBﬁUWBRﬂHﬂ&ﬁNHﬂLﬁﬁﬁﬂﬂﬂﬂﬂlﬂﬂﬂ?ﬂﬂﬁu
uﬂnﬂﬂﬂlﬂ ﬂuuﬂﬁﬁﬂﬁﬁwlHNﬂuﬂLﬂﬂﬂiaﬂaﬂLﬂﬂﬂ?ﬁﬂﬁuﬂﬁlﬂﬂﬂuuﬁﬂiﬂﬁﬂﬁﬁNﬂﬁuﬂﬂﬂﬁGﬂao
ammwmnaﬂtau f Qﬁuiulﬁﬂﬂﬂaﬂlﬂﬂﬂ?ﬂﬂluuﬂnﬂﬂﬂﬂﬁﬂua auluuueauwnuu aﬁunsaaaws
ﬁﬁ?@kN?ﬂﬂﬁOli% (Rice) lﬂﬂﬁuﬁmﬂ713ﬂﬁu

- + (Fd)z)tl - erfly(p + y(Fd)z/P))]

- f exp(=p) [1 - enf(f(Jp/r))1} T (93)

fa o o al o bid c:c oo
lunmvnqquduLaaﬂvaaLﬂaeiunauuunﬂaﬂaniuwuqauﬁnﬂa

N = N+ + Fd expl-p) (94)

I} -

§ a o N — i o v oa !
Ldnign QauﬂUﬂﬁanaqslaulaﬂ (rms bandwidth) ﬂaﬂLaﬂﬁTUﬂauﬂqlﬂWN““7ﬂlﬁu

[=3 (n o u L3
LITR1/7 UM AUy

= 1 (JCh /8 1 ' (95)
—— 2 o
2%
b= lg® o= %G p)df (96)
Q o n
B o= (20) 0 %p (e-f )% G (Prdf
2 o (=3 n
¢ A3 CAR ] e
s = A T (g7)
2(dn)2

Tuﬁu G (f) @ ﬂawutﬂuﬂuatﬂﬂﬂiavaﬂﬂwaauwawuq (one- stded powerspectral
density) ﬂaeaaaaiunauuWva, £ = w /2% uay erfc(x) ﬂaﬂanﬁuHQWNNﬂwaﬁﬂxasu

(complimentary error function) ﬁﬁuﬂﬁﬁﬁﬂﬂﬂﬁﬁuﬂﬁuﬂuﬂﬁi (26)
QBLﬂﬂ1ﬂﬁﬁﬂﬂ77ﬂqilﬂﬂﬂﬂﬂLﬂﬂﬂ?ﬂﬂ?““hﬂﬂﬂﬂlﬁ“ﬁﬁﬂﬁUﬂﬂﬂ Py DY) MTD f Lay

uﬂUﬂ?WNﬂBWTLDNlOﬂﬂBOLﬂﬂﬂ?ﬂﬂinﬂﬁlﬂﬁ
ﬂﬂﬁaaﬂﬂaﬁlﬂTOOﬂﬂﬂ?NLuLW87 QﬂwﬂﬂﬁmmﬁmﬂQﬂﬂLOﬂkBN Lﬂﬂﬂ?ﬂﬂiuuﬂﬁlﬂﬂlﬁﬂu



34

lm

uautaaoiunvuunnﬂa N

=l

o = 9 +(Z + 7)) (98)

wni

¢. 4 D+e + agin(A-D - o) (99)
A

UH1HINgy asinC - 0 - @) luﬂNﬂW? (99) aaﬂlﬁuﬁ?uﬂﬁsﬂﬂﬁaulﬂﬂkﬂ&ﬂ?@ﬂ?ﬁLQQ?
ﬂaﬂiﬂ807Uﬂ?uuUUlﬂ7Lﬁﬂu ooy 0 ﬁﬂ&ﬂﬁ QRHLﬂWﬂUﬂuﬂuﬂ“Nu?lTﬂuﬂ (0 ) tﬂﬁﬂu Qslﬂ

9 = D+ o 4a coss - b sine (198)
A A

L v

r-X-~1

1unu
N & cosd - n, sinD

b a n1 cosD + n2 sinD

; o o { G; \l o _Q [ o o dv
ﬁﬁﬁﬂﬁTﬂuﬁlTBuﬁtNDﬂlﬂﬂﬂiaﬂaﬁLﬂﬂﬁ?ﬂﬂlﬂﬂﬂﬁ?ﬂ?ﬂu LA

R (t 4t ) = ECa(k Jdatk 31 = R (t_,t Jecaos(D_ - D))
a i 2 i 2 n 2 i 2 1
= R (b 4t)) ¥
b 8 2 - — ——
]
[2¢ (b 4t ) = n[b(t )b(t Yl = R (t W b )Sln(D - D )
@ b i 2 é n

way BC 3 ﬂaﬂwxaaanﬂatautmutua (ensemble average> ammwmmwaonﬁactﬂiaa
aansiininasan

9"~ D" + a cose - b cose + (Z - 1) (191)
A A

f un."‘\ v
LRNTNU L%



35

u = a cose - b sine

. dﬂ 024 o !‘J a Da" Du" ((ll - a
u ﬂﬂalﬂﬁLﬁﬂuuutBGHRHNTDUUHU?RﬂLﬂuﬁﬂqﬂﬂﬁu plu ) A8

plu’) = t  exp(- _E'z) (1g2)
J2xM am*
a0 aa
~ = luny
M® = Efu'®1 = ECa "1/ A"

r——— — - —— -

ﬂ%mﬁﬂ”ﬁdaﬂﬂﬁﬂLﬂ GﬂﬂP$NtuLWB?QBdﬁuLﬂﬁuﬂﬂ?@ﬂﬂ?ﬁuﬂuﬁﬂuhﬂLﬂ?ﬂhﬂ&ﬂ&uaﬁwﬂﬁ
v (ﬂ

L?ﬂwuuﬁﬂaﬂLﬂTDOﬂTOGﬂ?WNﬂuUNDuﬂsﬂ?ﬂ&ﬂ%ﬂuwﬂa

¥y TRt e SN p
RN - (183)
0, A19u

AT 9L 2BUG TN T San it A e aad TR e I
TmLnﬂnwssunausuwaﬂunﬂnt3a1naanwsannaaawc

aﬂmﬂmuwaanvaaLﬂaaansaaﬂaﬁnnuuuauﬂanﬁnuasﬂuunnnauﬂaaawo
A5AANETA B 1R = (ntD) T fa, W

v = D +u +1Z (194)

v an v [} ] ' a v
ammﬁmﬂaﬂaLaﬂtauﬂﬁaan 8 LRANAIBEIN (Qfﬂn 13(n)) Qﬂ1ﬂ
e s v

v {
W "dmnaanTa”
B = (185)
° v
-w oy agnedLdar

Tunil w, Ao A2 Teani T e yutiAnaniian



VRgasumuiiniiaunean v 2 ld

u = a _ cose - b , Sine (186)

A A

gazna?aonuwamanﬁuuaﬂo

q oo
lunt & = Cact) " h()l , b = [h(t) R(L)]
Q . =4 o o L=t o o
n11ﬂauTa§nnwcununqa1 (time convolubion) LFZITUNIULVUARAUNDDNAEL LA

7 = oy MYy % 2% (t-t )db
] —_— nT k=-o k
T
A i o) If 2x (L-t )dt (187)
- o= j‘n'r zl:—n = ‘1 187 —_
T

Q 4 ° a 8 o a q v {a “
H"‘J X |ay ¥y k'ld]u’ﬂu’)uﬂaﬂU'muasﬂaﬂmmLﬂﬂ LUHITL I8N UDIUAALUN 0 g Lé\l

z = 2x(x - y)
T

usauus IR LANTAT Ny (pdf) wae Z_

o

p(z ) = °sx 2R\ ) 1N € 24 o 11
o = + - —_— [ + -
N

=-o

* (Z‘J - g_lt_;_;.)

<108 -

T

T3 A, = NTua & =NT T ETRIY IS 1y PR K R PR
aula  aeuinladn pdf vaemannsvRINTEYRUNNTUDETOY = WAk v 3u N lAnTEuIunITantan
an

pdf p(v’ & D7 _+u’ ) 9IndNNNT (185) UAL (186)_ 3%

o

pv’ [ = +w) = 1 exp (- (v _-+w)") (169)
J2xM 2(M ) *
“ 0 a




37

(MD) = El(u o’ 1 = El(s o) 17 A (118)

uwag E(Ca’_1%) Aana@erasidesunin a Laandanangny
9

B(fa’ 1% = 1 °f__ w'G_(w)[H(W 1 dw
' A
2
2«98 2 2
= 1 I_Z‘B Woomn sin(wT/72)|dw
2% 28 (WT/2)
WNuAN 28 = 2+ - N
PL= /2T, 8 = af/f_
9 v
v la
% 2
ECTa 00 /=200 ) F ()
2
T
Lun )
FD(B) = 1 - siax{g + 1)
x(p + 1)

al vy { v T a fou v 3 A‘_ (v llar -;- 't
aﬂﬁmﬁﬁﬂmmﬁﬂuﬁiﬂuaHNQQWNﬂLﬂﬁNlaﬂﬁﬁlﬂﬂtﬂﬁﬂu nMLTwmainIdidanian 0 Lan
- v \ d"u U a . v v
5 4 = “ = -
LAT0ITUL UL BNSEAAdUIY D o W g} Vo > 0 uae DD w2 a3 VD <0

Y v s o
D(VQ) LﬂNWQWﬂﬂW?ﬂDulleﬂﬂNﬂﬁf (188) Uay (149) AU

l . ) M2
p(V ID =+ w) =3 expl-Ca + a )Y1(a)
o} o - d B=—o + - —F

| A

%{ME2(4A+ a1

% 1 exp(-(V -+ w - [2nw/TD7) (111)
25N 208 )”
o] o




28

usanuunvamﬂawuwﬂuRWQﬂa wsauusnaamnaoammwmuwsﬂ D’ = w, udtﬁ?@ﬂ?ﬂﬁﬂﬁu
tﬁuﬂmmwmatﬂatuiwe V<0 uaumﬂaunﬁuammwmuwsﬂnuswe v > 0 Tuumanaaammwmatﬂa
D° = -w_ UuA®
=] d

i
1!

-
i

w ) dv
"M o d ~o d o

UWay ' (112)
PV > 0]0' -w ) = °f p(v lD' -w ) dv
[=} o (o] o] o o

. Q .
P(Vo < OiD w ) = p(VDlD o

ae]
1]

(-} o 0

Q9 a o o [V] “
WNUANNNT (177) VLUANNTT (1120 URLBURLNININEUNY VD Q#lﬁ

p = s expl-tA+ANTAN" 2 1 12tyaa )3
L . ~__’=—o Q___t - e - » +h -
n. (113)
P__ % 1 erfc(lw  += (2rw/T) 1)
2 JoM_

LunuwauaﬁLRHQTUﬂaumaLuaqnﬁaaﬂnumawsaunuuuamaawuwawawauuuaﬂoaatusduao
ﬁunﬁuﬂawumﬂuawaxasu%auﬁaunnnawaLﬂ +2x /T ﬁﬂLﬁudﬂluaﬂuﬁﬂﬁﬂﬂﬁiﬂaul?ﬂﬂﬂ;ﬂ;ﬂ
Lﬁuﬂu1ﬂ0Lﬂﬂ?ﬁQW%autﬁaﬂﬂaﬁﬂaﬂaﬂﬂlﬂﬂluﬁlﬁl?ﬂﬁﬂaﬂuaﬂUﬂUQH T Lnﬁnqunaunaaa
ﬂDGﬂﬂﬂUiﬂﬂLﬂﬂldﬁ?ﬁkl&ﬁﬂ?ﬁwaﬂﬁﬁan T ﬂauunwunu 10y P o Luaun17(113) ﬂ?ﬂﬂﬁ
- Nﬂﬂlﬂ?vlﬂ?ﬂn P " auuuawniuLanﬁanwsLnﬂuaa1mm1muwsﬂuauammwmaxﬂﬂntnwnu

NTBUHSUQRﬂﬂQWNNﬂNRWﬂ P Qvlﬂ

R = (1/2)P + (1/2)P = P (114)
- e eM eSS oM
WnuaNng (114) 1“&Nﬂ77 (113) N?ﬂUU"UQRQHQWNNﬂNaﬁﬂ
o B/2
P o=p_=1°%5 _ expl-(A,A)1A)
2 A
*-I.E2(4A+a_)]erfc([wJ+(2wu/T)]) (115)
JZMD

ﬂﬂauﬂﬁﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂmﬂﬂﬁﬁﬂT uﬂﬂWNﬂﬁﬁﬂLﬁuﬁ?ﬂuﬂ?ﬂuﬂﬁ?uuﬂlﬂﬂﬂ“ﬂﬁﬂﬂﬁﬂﬁﬁl?W
lﬁ“ﬂﬂﬂ?ﬁ“ﬁ?ﬂﬂ?? ﬂﬁﬂ?ﬁﬂ&ﬂﬁﬂNW?ﬂﬂﬂﬂa?uNWﬂQSLﬂﬂluﬂﬂﬂﬁﬂau AIUULTIANNTOAN
ﬂﬂﬂﬂ?ﬂaaﬂlﬂﬂuﬂﬂi (93) uaedanN1T (94) QUQﬂﬂORT%LMﬂD



39

N+ KON
N ¥ fd exp(-p) (118)
a7
h+ = N+T K a_
A = NT ~ (p/2)expl-p) (117)

Q
funw s = Zde

- — e ——

, uaﬂqnnunwtswwawsmwnsmnaniwﬁauﬂaunﬁaqﬂaamawwmanwaauauLaaasnnau (oR)
HANNINUOANA2T Tanafaaauanuashanauas L AainnImisaanl wiesa 1118 0 siaatn
T dgmaan WuAe | way . << 1 ayla

MYy 2
L2UA, R (A+}jt l’ , expl-(A A1 ™ 1 (118)

aauvaw'uuuaﬁ;asua“uaawaaua T QUNﬂaﬂtﬂﬂNﬁﬂﬂﬂﬂlNLﬂhMﬂOﬂaﬂ RarlUnuaNng
(1162, (117) idy ([18) lu&uﬂ?i (115) Q"Lﬂ -

P, = 1 '3z, .(p exnt- 8% Y erfelin ~(2xaw/T 1A (119)
2 2(dn)z 42<a'0)z
w39 3
N
= £ Yy (-p Jerfcl(xp(1-C2/81r %) (128)
P. = l erfoc(xpyp pexpl-p arfcl(rp glr 128
2 (42£ ) (p) 4 (y2f_)(p)
1uﬁi BT W /x/T = W /w ﬁaﬁﬁﬁ?uﬂtaﬁu (modulation index}

1T ﬂaﬂawnnﬂaqammwmuavuaLiauﬁvaataaeinnau
2

)
1]



40

LﬁuﬁﬁwﬁoLﬂﬂiﬂﬁmiﬁﬂawuﬁﬂuaWﬂ P Tuasns (128 &utﬁuﬂawuﬁﬂuaﬁﬂﬁtﬁﬂqwn
WAgerunaui i1 deuiine. o sagn oL e (AMANKTNYD RN (12g) ¥ig1 = 0) wanny
nawuuauawantnﬂqwnLasaiunauﬂaﬂuauL&ﬂﬂiunautnﬁLﬁﬂunmatuaa (Lnaunaaenaeaxﬂwi
(12g) fAN = 1) awswmawuwawawauuuﬂclu1u7ﬂﬂ 130y) nuuﬁanﬁuﬂaqaﬁuluataﬂu B
namswaausunawauauawuamawmﬂanwaaanﬂaﬂsauaqLaaasnnauLnWﬂu 13.4 dB ﬂﬁuTuﬂta
nunaaumuuﬁoLuoﬂsﬂﬂawuuauawauaanaﬂuﬂwﬂiuuwm 0.6 nolyiavasunenalnyosninnin
uaﬁantnaaﬂnﬂaﬂluﬁactaawnaqwaaUﬂ T uavuaﬂauuunxnaanswmuwuwﬂuawﬂLﬂsaausan
ﬂﬁuﬂﬂﬂquﬁﬂﬂ 12 wannvuaﬂnmﬂﬂlxﬂLanuanqumwaauuaaqwﬂmﬁutﬂsaensacﬂaﬁnnuuuauﬂ
LnNLALINAYTINg £ uay 1/T nuwaanua»tﬂsaonsaoﬂuwun B LIRIANI0EY ANNAY

uuaawnﬂawmaoﬂaomaaumhanﬂwwu;ﬂiaan*aaﬂawumLﬁuﬁanﬁuvaoﬂﬁulnﬂxavn o= W /x/T
Lunsmwtﬂurﬂw B = 2 WUAD f 51T ﬂuﬁﬂmaqammﬁmﬂamatadtamnwwutﬂaaeﬂiaoﬂawun
KA TUNATAIARATLIATLINAY e ;3dwanmaaa1umuwaﬂaqdmmwmﬂqmaxadtaunuwuLﬂsao
niaﬂﬂawuﬂuuualuuawqunnnnawuLﬂsquQuaaﬂaﬂuavtﬂﬂﬂswqﬂnﬂimﬂqu

to dwiy s > 2 Luaaawnamiwnwinnavaaﬂaﬂtﬁuﬁonﬁunaa B ﬂwsnuuﬂﬁuluﬂtaﬁu
5 ﬂLﬂWﬂUﬂWTLNJQWuﬁuﬂaﬂﬂia nwL7*wn17m“namamnonwsanqaﬂnwnna1nueaaﬂuau Pee
RANENAS L AR LAY | AN TN TR TN 3 U NARAT L NS uAs 1 10T 8 Taana 01 FreTunau
LA FEung N : . ‘

2. ﬂﬂﬂﬁutaﬂzaﬁuﬂv p < 0.6 1Ha9In |, wID Jwfenduias » Tonad
ﬂqunﬂﬁuﬁ;enaawnaquaauw T wuaumuumuamuwnﬂunﬂauluuﬂ s s esunan i Fand et
maawamnnwluLnﬂﬂawumﬂm&wanuLuawun B < 0.6 3% .

3. (519 p ¥AININNIN 0.6 LY B = 1 ﬂuwwuaqﬂﬁﬂauﬁd"Lﬁuﬂaauﬁwnaanuwavaq
S o LQ&Wﬂumuaawa B SN TRANTARNERINE L1 A NEANAAT L AR T fRaInATA
LHE 998191 RE7 -

4. AWML 5 Soan naiAg ety 0.6 uay 2 ﬁﬂLﬁutﬁun&ﬂﬁiLﬂﬂdULﬂaﬁﬂalﬂaﬂuQWﬁ
ﬂ?ﬁuaﬂwNWQHLﬂﬂwﬁﬂtaaﬂﬁnﬂiulﬂ]Lﬂﬂ uwLﬁuﬂuwnuﬂuawantnﬂawnﬂaﬂ Tunstin s 3Ad
naAgeny 0.6 aeswansuinlunsin 5 sanlndiAsefy 2 sewineAn 5 = 0.5 way
B =2 uuﬂa 0.6 < p <2

nﬂan7mluwauanawuntﬂnawauaa

ﬂawuwﬂwa1ﬂntnﬂ1uawua1uuﬂa p < 0.6, 0.6 < p <2 Uay s > 2 a1u17axnu1ﬂ
"ﬁﬂqLu‘ti 13 muuti’lmuﬁna’iﬂ 151')'1 Luﬂ'\‘f l'ﬁlﬂ‘?@ﬂ?ﬂlBﬂlaﬁdﬁ"f‘)‘llﬂ'\ﬁﬁulﬂiaﬁi'ﬂ
ﬁmmw&nmoawnﬂu (orthogonal S\gnal) Tunsivosisnfaiodiodia (FSK) ANSLNIIAN B
nTauﬂanuawuaawnwsxmnunuaawunﬂaqLﬂsaensaaﬂawnnnawo awqaz1ua1nﬁunaatuuzaa
ﬂawuawuwsauausxuunﬂﬂ nauuuswuunuaawunuauLﬂiaaniaaﬂawunnawoLuuvunaasnnaao

FUNIUNINTY



41

a: - a a: a a
SUN 12 NRINYDIAINEAUI NI NAIINATA
]

nwsxﬂﬁﬂutnﬂnﬂWSanwunaaszuu

1uu1nauasnﬂsﬂnLnauuianuvuawnﬂawuwﬂuawmnaaiunuﬂamaLaﬂnaunlﬁtﬂsauﬂaﬂi
utunmailunwssuaamwmﬂns sy adioaLa uuwsau

LunwsLﬂsau&nannusvuuxaunaaxaLuuwsau stﬂvs1ﬁu171uxwa$answaaunaaawu
ﬂaqammwatuﬁaewaa%uqnm T ﬂﬂﬂ?ﬁu‘“Mﬂﬂﬂﬂﬂﬂﬁﬂﬁﬂﬂﬂhﬂ&\?ﬂﬂ?n auuunWtswlmngmaa
ﬂﬁﬁautunwsnwuuﬂunnﬂawun (rmasiilainasnisulaslunisAwasdaTIAwRaKaNa L
quNAT (128- 898 -

i (n/N Y(1/7Cp+1)) (121)
NTBUUUU?RWQ?WNNQNR?QLuﬂ77lﬁlﬂ?@ﬂﬂ?@ﬂﬂ?ﬂ&ﬂiﬂﬂﬂ”%LWB7U«WWWN‘udlaﬁlﬂ
«
lUuWTﬂD

P = (l)evFC{J(O.S(E/ND)(1—(sin2mp)/(2w5))} (122)
2

TuRsAnSauRsy » = 0.715 LﬂsaansaaﬂawnnuuuunﬁqvLﬁunﬂiaosu«mmwmuuufﬂa
\Sun (coherent detector) LwusTEliAMTINLETIERAINHAURIAANER A7IUUTDUVLTIAR
ﬂ?ﬁuwﬂwaﬁﬂaﬁﬂﬁﬁuaulﬂaliﬂﬂlaﬂlaalﬂﬂa
P = 1 exp(- _E) (123)
2 2N



1
E »Fveudornn
: n'lnaulnn.unmﬂw1urnu 13.4 da
% B 5
b ‘\‘\:\\\ B=2f JT
F N
o N &
3 \‘\ pero i
L AN
g /\‘ \ om |
E fa’g peam \ X s, 10 E 3
z 9 r (A
e[ peas N o
: ) :
< ) R\ < @ i
"o - \ - F
[ o \ r o
Q i \ = F
" o ) » o
2 [ \) 2 L
H \ A !
4 '355 g ® .
o ——n3TuRIuAERSE wuLRps r :
L —n13funaviniounaos * :
ol A wBLry Ll ;3‘.
L < v druueual ¢(Tun -
-7 —_—, — b '\'v"'—" Y
® E - U ©p
< . R L " A . - B T— ‘
[ ] [ 13 3 © [+ - ] (1] Q@ 3 485000 w 30
wEverudora/nhive waniezoy \fuvaungu d8
- P - - - ~ PP a- <
(n) mMRIsmnsudaTinnuiensa (1) madsunvunIowsaidiungy
- - - | « < . ‘ ~
mouauTvueesiauuuluuis AaMiBuLAsn TaInTeva ALy UL T

5in 13 - o
14

1 i v , ]

Tngdagnonazdsaanty (5mm1m§%5aw3aamwwanwaawsmwqq) qunnTuﬂLanﬂweﬂwuao
uauﬂLuﬂxavnwoﬂwusnnaauanammwmvwaﬂwsqunaahwaana.naamwmwwn (carrier signal)
LnQAHﬂﬁiiauammwmﬂWGQQWa (digital modulation techniques) Tﬂﬂ%WN{LmDBWGHQWG

ﬂ}ﬁﬁﬂd

1. unutaﬂxaaxﬂ (frequency shift keying: FSK)
24 uuuﬁtaatﬂ (phase shift keying: PSK)
3. unua?LaLgu (quadrature amplitude modulation: QAM



\Y_‘ﬁ]

L PHE L
. Aamaa it | E
< e
@ i)
% &
= % =
,'g 1@
E 5
& &
2 muTnuamina g
ol -8 8 |
Ahalog to- dlqltal vl W 2 ;
convertar K S ] e at e @
[l A i 5
@ N e
3 .

= e
}§ 3
= =2
g i @
= ‘:E
S @

-] ;

«

b ﬁé
e 2 : . :g ‘@
Analdg:to-digital| ~ - = 2
.| ‘converter 3 s
; e T LE

'[~ 

e e v — RO SRl RS LR £ - " &)

Eﬂﬁ 14 NITRINANG

AN L InduLaWL98LA (FSK Generstor)

ﬂ’lﬂ'\Luﬂﬂﬂlm’\mkDﬂlaﬂlﬂﬂﬂa ﬂ')ﬁ\iﬂﬂlfﬂ’]i‘“i}ﬂlaﬂlﬂ (FSK tt‘ansmlt.t.e:‘) ‘ﬂﬂlmﬂﬂﬂ’ﬁ
4
mw Lnanauamﬁuammmﬂwanuanmu b h‘MiE)NR lum‘a’-wm mmwmaaww LUENH.N anum?
tﬂaauuﬂawawaualnmimmm muuacummmma'\mmaxaommLumaﬂtamﬂ%aﬂnml



44

uaanaﬁnnnunwsLﬂaauuﬂaoaawaﬂaxuao (frequency continuous) oteualuunddudy
untﬂaﬂuuﬂaeawnanwuuaaan “18 Lﬁuaaan "0"(w$atunwanannuﬂaaaan "O"Lﬁ“RBQﬂ nim)
aamwmtawnunawntaﬂtaaLﬂnquLaauﬂawunssuawqaaaﬂawunﬂaanu fAp ﬂdwunnaaqn “1" %99
ANANNTA (mark frequency: £ ) WarAIINONARAN "0" #39A2NEALNA (space fre-
quencys t")
v

nwstﬂaauuﬂao (nsanwsxaau) vaaﬂawununasﬂsoqzLnﬂnutuaanwusuaoaaqnnwuammwm
Lﬂﬁtﬂaauuﬂaa uuﬂo aﬂswnwstﬂaauudaauaqamw1maanquannuanﬁwnwsLﬂaauuﬂaeammwmtuﬁ
ﬁutuﬂamaLuﬂ~aﬁuuuan71nwsnﬂwasuuaouUGWmmw&ﬂwuauuwmaoLaﬂxaatﬂnaunuaLSLﬂai (FSK
generator) 3¥L58N31 "9RTIUA (bit_ratel® uwuaatﬁuumvaauwn (bps) aauamswnws
Lﬂaauuuaonaqammwaﬂwunawnunﬂaasaﬂxaduﬂnaunuatsumasnsanaw "3§51U99A baud rate)"
ﬂeuutuﬂwsaaﬁuuaﬂuaLnﬂuqnudsnm,o wTWUﬂ“ULﬂWﬂHdﬂiﬁvﬂiﬂLﬂ&a

o §
Qe tuiadi9dLA (FSK Bandwidth)

Luizuxnwswaawsuﬂuaﬂzaammﬂmauuwaanwsaammwmﬂkunuu uuuﬂan (handwidth)
LﬁuaunmuunWimwLﬂuauﬂnuin e qwnaﬁnwsvaaLJu\aaLaaauuuuewutﬂﬂaﬂunnaﬁnﬁs
19t oui Oy aauunwsuﬁuwanaamadﬂaqﬂlmuannwsuvanuﬁgaunnvawa

Qﬁﬂﬁﬂﬂ 16 dﬁﬂﬂﬂﬂﬁﬁlaﬂtaahﬂlNﬂLRLﬂ97 (FSK modulabor) 10&ﬁ%ﬂﬂﬂ1?kﬂﬂ?ﬂﬂ
LQ“[BN\NQLRLQO? (FM modulatar) ﬂﬂLh“ﬁﬂﬂ??ﬂﬂﬂi?&ﬂ\ﬁﬂﬂaulﬂ?ﬂ@ﬂﬂﬁﬂt&lﬂﬂ? (volt
age control agscihlater: VCO) qz;uuaﬁaaﬁwnwsLﬂaﬂuuﬂaon;sanaﬂuaoammwmauunav
LnﬂvutmaﬂamaLuuwsuanamutﬁu “e_waeo e aaunu ﬁﬂﬂﬂ? AmmwaakuaawuuLaa (square

wave) ﬂwmmaﬂﬂwa usﬂﬂ 16 xuuaumwuLuﬁ T

1

ﬂ??&ﬂ%ﬁﬂﬂaﬁﬂﬂuﬂLWRthﬁNﬂWLﬂ?ﬂﬂﬂ?ﬂﬁuﬂﬂaﬂﬁﬂiﬁﬁﬂ ﬂﬂubﬂﬁuﬁﬁimqkﬁﬂﬁﬂﬂﬁﬁuﬂ
ﬂﬂﬂluﬂﬂﬂﬂﬁﬂsﬂdiuaﬁ HQWNHRGNQﬂOGNNWWNﬂQﬂRﬂﬁQGﬂW%UWNWluﬂtﬂﬂuUULBﬂLBﬁLHQ8LﬂWﬂU

ﬂiﬂﬂuﬁﬂaﬂaﬁiﬁﬂﬂﬂﬂ

(F ) = Bit Rate /2

a max

L3 LEl - Ao ﬂaﬁunaﬁaﬂnaoammwmﬂqnanauuﬁuwTuﬂkan
ANANAT Y (centre frequency- £) ﬂaﬂTiﬂnLﬂQﬂauTﬂiaaaﬂﬂaLQLWBTQBOBLu
ﬂﬁuﬁuﬁﬂaﬂﬂivﬁiﬁGﬂ?ﬁuﬂuﬂﬁﬂ (mark frequency: f ) nunawunanﬂa (space fre-



45

c: v v o I
sidn 15 wanm'iuazammmawn-Lé'wm{nuaaLa»hamr-\
U sl 3



16

& {
510 16 LaW19AL@A LUALRLADT
;|

quency: f ) ﬁqsﬂ% 0/

o F aan gwuauwnquuaauﬂawunuaaLaantmqaaufniaaaaﬁaxatmasqwﬂ e iy £
' av\wuawnwsLnaauuﬂaemjoﬂauaLnuﬂsawuauunqwn wiv 1y *0" wig o 1y "1" QUm0 1%
ﬂawnnnuwnunuaaTaanLmaﬂaufniaaaamaLannainaauwianuaaLuunauLﬂ -nTEmaNe £y f
LuaeawnLﬂnawadwuaaawsaﬂLaatﬂuun@u nwsTumxanuunLaﬂLau §auLATUNY 7Luqtan (modu
lation index = MI) Luluﬁsaalﬂﬂﬂﬁ'ﬂQWﬂlaﬂlddﬂa

s S e Fn

Ja MI Ao arlnTiusian

T ﬂ??kﬁﬂﬁluuﬂaﬂﬂﬁﬁuﬂqﬂﬂ Qﬂﬂﬂiﬂuﬂﬂﬂﬁﬂ (Hz)
F Ao ﬂaﬁunvaeammwmnuwuwluﬂuan (Hz)

ﬂﬁ MI naauluuiﬂauaﬂﬂa ﬂﬁ M1 ﬂﬂﬁl“uuﬂﬂ?ﬂﬂ?ﬁﬂﬂﬂﬂ ﬁﬁ?vlﬂﬂﬂukuaﬂﬁikﬁﬂﬂlﬂu
naoﬂaﬁunnntuﬂLanuaauavﬂawunﬂa0ammﬁmnuwu1luﬂtanuﬂwaaaﬂ

1%L8ﬂlaﬂlﬂlﬁﬂlaﬂ ﬂﬁ aF LﬂuﬂWTLﬂﬂﬂlﬂuﬂuﬂﬂiﬁuﬂﬂﬂaﬂ (peak frequency devia
tion) ﬂaﬁﬂmmﬁmﬂﬂﬂiuﬂLﬂﬂuﬂ?ﬁﬂ&ﬂﬁLﬂﬁﬂﬂﬂ)ﬁuuﬂﬂﬂ107ﬂﬁﬁﬁﬂ f N F HTB f ny F



47

fo i 1s

—_—— Deviation F(na)

Eﬂﬁ V71758 D L UuanawNg

i (
&a

S9Ran ﬂiqmuaﬂaaﬂaﬂuumﬂmwas %14 P 1y g )

=

nwiLuaoLhumaaﬂawunaoaﬂﬂuadnnnuwmwﬁauauuaaﬂuaaammwmnuwuwlLaLﬂn Aoy o
aana)  LaRdn Y laaaangﬁu nyw ﬁaugﬁusvﬂuaanaWWWMuemanmwuanw Lty 5 V)
wsanwanuaaan ngn PﬂuLﬂu?ﬂﬁuODWNWﬂﬁﬂsuibﬂhaaﬁﬁ AN (w0 W weuuﬂawu
3% 88 00 unva a1 auiad A Tun L AN TELTE O ULA ST auag 1UawsuN"T L I8 9L 1Y IR NRA VAN AND

P Lﬁuﬂawunwanuaa%auaLnuwsﬂwuauwnﬂqasnwﬂuuuuﬂannawenaﬂLua Fo= Bit
Rate/2 MUY LNTWvaUﬁLTW&WNW?QWWﬂW ui 1dan

S S R e e

—— s ———n— —p—

2 A
Misiiam if = f

——— g g —

f

b

e - P ﬂawuﬁtﬁaqxuuQQQQ



48

& 4 a A ==
e A9 2RTIUNUDI LUUNTIUUN
9q

LunWTaaammwmtaﬂLautﬂﬂruq 1 ﬂuwunanvuauuuuﬂunazuﬂiuumsunuaw MI 1alﬁu
LagMYL 9L DR L ANAN MI Lﬂanaq Lﬂﬂsnaona1ﬂ1n11 1.0 Lwalntﬁutadnauuunuﬂu (nar
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LM565/LM565C
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mawuon

National
Semiconductor
Corporation

LM565/LM565C Phase Locked Loop

General Description

The LMS65 and LM565C are general purpose phase locked
loops containing & stable, highly linear voltage controlled
oscillator for low distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capaci-
tor, and a tuning range of 10:1 can be obtained with the
same capacitor. The characteristics of the closed loop sys-
tem—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 frequency muitiplication.

The LM565H is specified for operation over the —55°C to
+125°C military temperature range. The LM565CH and
LMS65CN are specified for operation over the 0°C to
+70°C temperature range.

Features

® 200 ppm/°C frequency stability of the VCO

B Power supply range of *5 to *12 volts with
100 ppm/% typical

¥ 0.2% linearity of demodulated output

® Linear triangle wave with in phase zero crossings
available

s TTL and DTL compatible phase detector input and
square wave output

® Adjustable hold in range from £1% to > £60%

Applications >

R Data and tape synchronization

% Modems

K FSK demoduiation

® FM demodulation

® Frequency synthesizer

w Torig décoding A\ U

® Frequency multiplication and division

® SCA demodulators

m Telemetry recsivers

W Signal regeneration

m Coherent demodulators

g

Connection Diagrams
Metal Can Package

*Vee
“Vee 10 TIMING
1 . 3 ) CAPACITOR
TIMING
INPUT { 2 PHASE veo
DETECTOR RESISTOR
VCO CONTROL
eyt (3 S 1) veo com
iy ¢ 6 ) REFEWENCE
vCO QUTPUT 5 DUTPOT
PHASE COMPARATOR
VCO INPUT

TUHTBS3-2
Order Number LM565H or LM565CH
See NS Package Number H10C

N 1 "
T Vg vt ——— NC
WPUT 113 ne
INPYT g 2 ne
veo ¢ _l_ 1"
ouTPyT T veo o Ne
PHASE COMPARATOR 5 10 w
VCO INPYUT [ | cc
REFERENCE 6 1 _l S TIMING
ouTPUT A CAPACITOR
V€O CONTROL ! -0 L 8- Timing
VOLTAGE | RESISTOR
TU/H/7883-3
° Order Number LM565CN
See NS Package Number N14A




z

* absolute Maximum Ratings a
‘ y wiitary/Aerospace specified devices are required, Operating Temperature Range L]

contact the National Semiconductor Sales Oftfice/ LM565H . —55°Cto +.125°C | o

pigtributors {or avallabllity and specifications. LM565CH, LM565CN 0°Cto +70°C 5 :

upply Voltage +12v Storage Temperature Range —~65°Cto +150°C 8 3

power Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C O

peerential input Voitage 1V !

|
lectrical Characteristics Ac Test Gircuit, Ta = 25°C. Vog = 26V - !
_ ' LMS565 LMS65C !
Parameter Conditions Units '
Min Typ Max Min Typ Max !
power Supply Current 8.0 12,5 8.0 12.5 mA
input Impedance (Pins 2, 3) —4V < V5, V3 <0V 7 10 5 kQ !
VvCO Maximum Operating Co = 2.7pF 200 500 250 500 KHz
f toquency :
VvCO Free-Running Co = 1.5nF .
f requency Ro = 20k -10 0 +10 | ~30 0 +30 %

—— e - | o= 10kHz N -
Operating Frequency | 3 .
Temperature Coetficient 193 ¢ ppm/°C
frequency Orift with
Supply Voltage 0.1 1.0 0.2 1.5 %/V
Triangle Wave Qutput Voitage u 2 2.4 3 2 24 3 Vpo
Tnangle Wave Output Linearity 0.2 0.5 %

Square Wave Output Level 4.7 5.4 4.7 5.4 Vp-o
Output impedance (Pin 4) % 5 5 kQ
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Owviput Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity ) fo = 10kHz 6600 6600 | Hz/V
- A\
:ﬁ;n;a;ﬂula(ed Output Voltage +10% Frequency Deviation 250 200 400 200 200 450 MV )
i
Totat Harmonic Distortion + 10% Frequency Daviation 0.2 0.75 0.2 1.5 %
Ou.tpul impedance (Pin 7) 35 3.5 (343 !
DC Level (Pin 7} 4.25 4.5 4.75 4.0 4.5 5.0 A
' R‘f"_“‘vc:r“' Voltage 30 1 100 50 | 200 mv
Temperature Drift of [V7 — Vel 500 500 wirc | T
AM Rejection 30 40 40. - . |
Phase Detector Sensitivity Kp .68 .68 . V/radian

Note 1; The maximum junction temperature of the LM555 and LM585C ts +150°C. For operation at sievated temperatures., devices in the TO-5 package must be
Gerated basad on a therrnal resistance of +150°C/W junction to ambient or +45°C/W junction to casa. Thema! resisiance of the dusi-in-ine patkage is

+85°C/W.
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Applications Information
I designing with phase locked loops such as the LM56S5,
the important parameters of interest are;
FREE RUNNING FREQUENCY

0.3
Ro Co
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
trequency (assuming the loop remains in lock). in servo the-
oy, this is called the “velocity error coefficient.”

'
Loop gain = KoKp (;)

fo =

radlans/sec)
volt
volts )

radian

The loop gain of the LM56S is dependent on supply voltage,

and may be found from:

33.6 1
Ve
fo = VCO frequency in Hz -
Ve = total supply voltage to circuit

Loop gain may be reducad by connecting a resistor be-

tween pins 6 and 7, this reduces the load impedance on the

output amplifier and hence the loop gain.

HOLD IN RANGE: the range of frequencies that the loop will

remain in lock after initially being locked.

Ko = oscillator sensitivity (

Kp = phase detector sensitivity (

Ko Kp =

- -

81,
fy= +—2
H= % Ve
fo = free running frequency of VCO

Ve = total supply voltage to the circuit

THE LOOP FILTER

In almost all appiications, it will be desirable to filter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

Simple Lag Filter
*Vee
10
3}
R1 = 3.6¢
7
LMSES
] T TUHTAs3-14
Lag-l.ead Filter
I *Vee
10 )
. €2
Rl = 3.8k R2
?
LM56S
TUH/7853-12

A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol-
lowed.

The natural bandwidth of the closed loop response may be

found from:
1. fKo Kp
fh=—|2=—=
27 ¥V RyCq

Associated with this is a damping factor:
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For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag filter should be used. In
general, if 1/R4Cy < K, Kp, the damping factor for the loop
becomes quite small resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 KoKp
fn= -2_ —
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71+ 72 = (Ry +Ry) Cy
Ry is selected to produce & desired damping factor 8, usual-

ly between 0.5 and 1.0. The damping factor is found from °

the approximation:
= 7 7aly
These two equations are plotted for convenience.
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Damping Time Constant vs Natural Frequzncy
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Capacitor C, should be much smaller than Cy since its func-

tion is to provide fiitering of carrier. In general C; < 0.1 Cy.
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Typical Performance Characteristics
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Loop Gain vs Load
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