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A HIGI PERFORMANCE FOR F.M DIGITAL BROADCASTING DEQPSK MODEM

TEERAWAT WEERAKIADSOONTORN
PRAPOJ CHIPAT

SOMSAK NORANARTTARKUN
KITDAKORN KLOMKARN  ADVISOR

1990

ABSTRACT ] .

A NEW METHOD FOR TRANSMITTING DATA THROUGH F.M DIGITAL
HROADUASTING HAS BEEN. THE ADVANTAGES OF THIS METHOD ARE STABLE
SYNCHRONIZATION DETECTION , TRACKING THROUGH SPACE MEDIA . LOWER
OUT-JOF BAND RADIATED AND HIGH SPEED DATA TRASMISSION. HIGH
PERFORMANCE F.M DIGITAL BROADCASTING DEQPSK MODEMS -HAVEE ALSO
BEEN DKVELOPED WFROM DEPSK AND QPSK MODEMS. SMALL LOCAL AREA
NETWORKS (SHALL LANS- AND SATELLITE COMMUNICATION ARE APPLICATION

FOR THIS METHOD.
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2.1) TEUUNTAIANNN L BaLua

{BASEBAND TRANSMISS]ON SYSTEMS)

Dt

Wi wuﬂﬂiaavﬁwauuumqmaauaunﬂiaqmauaﬂuu1Tuuuruaunun
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uarora lnosunTy (eye—diagram)uauéauﬁwﬁqﬁgmﬁa nquamaoium%aﬁﬁww¥u
n1Ténﬁ%@fu@ﬁﬁﬁﬁiiunauiuwinaﬁqﬁnu& (interference intersymbol, I51)
warAEINS 12 10T LAT AR T uar (nATam T Ta i uae P.%a
LﬁuﬂaﬁmﬁwqaL%umaaay7inuvﬂ1wuamwaWQTuﬁmqwm?UﬂuuﬁLﬁuiaﬁtﬂwﬁt%ﬁu

L?Wﬁnuwtawwviuuuﬁqum1uuﬂéunutuauuuﬁﬁuﬁaiuuuﬁﬁt%auﬁqum 2
sedi veuidualunisesilieind aundsnnuaslreindawao sa Sanaton
MVILUUiARBIRY  (multi  state) M-ary lTeAniaiwaidnefu (spectrum
efficiency)  lutnonusanisdsuanslunineindeiunfinot ase (bit/4 )
Earudinotuonl afi i mofuosswu tonTIiouaidaty rate) =10M5/s
dvlutosinafindne 6 wuz ddrvinsnnuaidondalie 10 Mb/s o 6 MHz 430
£.17 b/s/Hz

nwsmnuwvbunnqma«uomLdﬁuuuuTﬂatTua  Taans Ll auhautudona
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2.1 uwuﬂﬁeﬁuwawaalmnmauamoTusﬂ 2,2 c(t) Aadualanonooataiainod
L<o>nmmnu b(t) ﬁazﬂu&mmwmtuauuuﬂuuuaﬂnﬂunn nwsmmutﬂunvsnounwi
&agtamu i Sy e o 112 197070 sprwRe Lpr_) L unnrdafiauny
uaaatﬁnm¥u5@mwmluuwv alt) uuﬂOﬂWTﬂTNQQtﬂﬁuQSLWO? (pre-moduration
Pilterig) aﬂwa1?ﬁmwuﬁwﬁq@wméou1ﬁaaafn?aounumuwwé BPF_) 1 ludou
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(simulator) 19979 vd@pNMMAUNIN stwide band)wuul el duse iRy Beofugeuy
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299919 aoﬂswwnMW(LPF )tﬁuﬂmmqmﬂnnmuamtam N 76000 | ARA Y8 ko
auﬁaulwnnaauxﬂvautﬂﬂuLnaaTaamuaennwwn1ﬂd«nwwnmmmwmunﬂnw (recovery
clock) 'ﬂmnmwxﬁu’awmmmmt'nw (symbol timing recovery , STR)

QmaumznﬁiaowaaﬂaLmafuauﬁaaaqumﬁéaaﬁwaawgiﬁ 0wy luineuns
ABUAUI I ILIAUAE IEFNEY  inautosilatmeduayto sduanonaar | fadui
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Teansmat baseband Nowse Interterence W‘\“\m Thteshotd
low-pass blter 7z 2
[fm s e ————— .,\ % / comparaue
! : /
ali) @ bt} f {
e—m——a{ LPE Y. BPF, fm(' v 8PF, | X LPF &S h———
inary " Dets
input | ] f o wut
i ol \ :Linc'a' wide >
507 , band chan el
sm\umor
ey s
) ) %?\ CR SR
l
b D =N __ A o

'{L‘Vl 21 Bloack disgram of s coherent modulstor-demodulator (modem) LG, locdl enaitlator,

LPFq, low-puss filter (trunsnmiter), BPF,y, bandpass filter (ransmangr), BPE,, bandpass hlicr
{receiver), CR, carricr-recovery citcuit; LPFy. low-pass filier (roceiver); STR symbal tming-
recovery cyrcul; A/D, one-bit unslog-10-digita! convenier (threshold comparalor).

Nouse inmecference
. ,
* »“ vOul
aty) 3
LPF, X LPF,
Binary \ Data
source AD wut

-~
404 2.2 Equivalent bageband model of the coherent modem, shown in Fig. )i,
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2.2) anamniiune sat dnauind stosdanade Tas faururudy
(SPECTRAL DENSITY OF RANDOM SYNCHRONOUS SINGNAL , PSD)
PSD maoﬁqum1uuwéuuuuvuﬁu1ﬁﬁ§aﬁ151uﬁ1ﬁa 2.21 ud Tidewaiiy
%onTﬁaﬁuﬁanﬁiﬁmquﬁlﬁaﬁutﬁﬂﬂﬁﬂwuvut3uamﬁuﬁ1oLaawﬁqﬁnvﬁ (symbol
interval, T ) ﬁquﬂﬁquvéoﬂwnudﬁxﬁuﬁugwuﬁwﬁqqunWTﬁﬁuamatﬁnm%wuaa
PSK UAv MSK Uav JrUUAI00A11909 (quadrature) 3un
Tusil 2.9 drwnsilatiu s o, T vaodnmnau i Tariai ¥ Suaat
nsit il Herue sdnnnah s Torrauiuar laTat 209wl druneviunafide s

™ t‘ d o O “w o (v} ( o v a:l
1atia‘fuaﬂw‘700u1ﬁam (in short) "AUINWU"IINANTDILIRY (time slot.T_)

v W g O o ' ' v v r's ' v W o
aqanvm1at1a%unﬂuwu3anﬁuuvaLaawaqanum (T) Lﬁuﬁaataaﬁnaoaqanumﬂ
© (Y] [¥) ] “ (Y] -la: ‘ d 1 ( d
h fed1 910 sdnanuIn 1o soTualuas IuloreTuaduanelusd 2.3
- u
1 0 0 1 0 1 1 ] ] 0 1 1
= —m 2T+ (2N 4 1T, ,

s, (1, T)

{b)

s e, Ty

{c}

For thnary data

ll=Thl

?d‘ﬂ 2.3 Syachronous nonoverlapping and overlapping binary baschand dats
stresms. (a) NRZ-nonvverlapping; (b) nonoverlapping: (¢) overlapping.

K] . o o Y,
2.2.1 nuwuaaanﬁnmwuaqum1vuﬁ7uuuxnauuun

{Derivation of the Bascband Spectrum of Binary Signals)

Boscem fuandlunl 2.3 (udawiTassialilue sdanradeTastauu
LTRONLTIBNNAIN s(t,T) DEHUDNMINLIRYT -T < & < T  Fg 2T = (2N+1)T
t =

° I '.‘:! v o w v ¢
way N Husruanidy UNUTENOUMIBANNUIDINAA & (£) Udw g, ()
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¢, () fdeduun 1 Tufimaaiaviiy p
¢,0) fdeduun o Tl denatheriiu 1-p  fodu

s T)= 5 su(n)

(2.1)

=XP.
<

gt = aT,) with probability p

Sul0) = {g-,-(l - nT,) with probubility 1 — p

(2.2)
vruen s, lidang avlddaua dnndifiee: o suara Snatutads

LWUUAEATN (discrete)

s T)=u(tT) + 1, T)
\——.',.“J ~——,'-_dr
| l

leads to leads 10
continuous power  discrete power
spectrum spectrum

(2.3)
ve o o @
Tilondu u £, wae vie, T @o
N N
u(e, T)= n;;:.' u, (1) =~"“E_~ an[g:(t = nT,) — go(r — nT)] (2.4)
vw(i.T) ="-'E—N L pga(e — nT)+ (= pg(r — nT)
(2.5)
19
a, = {] -p with prob. p

-p with prob. 1 - p (2.6)

L)

Watoliarld sct, T TagniTunuainasnis (2. 3) LRy (2.6)

“« ( a o r
NITUWAIU Tﬂﬂ't@’*)’]‘fﬂk'm'\ VINNUDIRANNTT (2.4) WAy (2.5) ﬂ'nﬂuaunm
u 4
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UWIINSTIN ult, T) Uy vit,T) Tmﬂnwumnaun‘mmmu (uN17 2.4 Uy

€]
2.5 Twann1s 2.9 (meeld st

ﬁ a [g:(t = nTy) = g0 — )} + X_A [pgs(t — nT) + (1 — p)go(t — nT,)) (2.7)

I

= ¥ lan+p)es(t = nT) + (=an + 1 = p)go(t = nT,)]

AMNANNT (2.6) l‘J’"\'RJvV[G'\,

— p with prob. p i;nd — (1 — p) withprob. p
= {—p with prob 1~ p " l=(=p)  withprab. 1 = p

sviuandTednguey (a + p) uar (-a_ + 1~ p) luguns 2.7 @e

with prob. p NN {

0 withpiob. p
(autp)= {0 with prob. I — p

1 withprob. | —p

=

AUNTTNIIUINVUDIANNIT 2.7 A ,

Y (1 with prob. p )
t=nT})
E. (0 with prab. | — & ]

Y /0 with prob.
RSP )au-nﬂ)

I with prob. 1 —p (2.8)

ne =N

G~ [ 3 a o v T
lmﬂm'ﬂ'ﬂﬂ(ﬁ’\wlﬁu')'mwﬂﬁ‘mué’)lmlauﬂ'uﬂuﬂ’l‘i 2.1 Way 2.2 a9un

u(t, T)+v(1 T)= §~ sn(1)= (s, T)
= (2.9)

NTUANG PSD maoﬁdmnm wl(t,T) auwaaumvﬂ w () URA LALANNTTUD Y
ﬁl?ﬂ?ﬂiﬂﬂﬂd?ﬂ g0t uar g (8) nﬁuammwmnaa7umanu

ﬂuvﬂiniwuwavwmaeammwm ult, T) Ao

ud. T)='r u(t, T)e=inti dy
| ) 2.10)

o t‘ o Ol ( d o
LaronLIaTalL TaTMIIMBTNID WA ut,T) s

w. Ty= [~ UifTyemmnay

A

(2.11)

) v o é ' a o w Y] a “ yeu
Toaldnquijunai 103108 Aniadedideans(mean square) vosduyn Tauda laife
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A7 =L v ma=L( ‘ (2.12)
i) v Na=z | wena=2 vuney

=££%lfw=ﬂmuruf

(2.13)
T8 w_(£,T) g
N UL
(s 7)== (2.14)
ﬂawuwuﬁuﬂuaxﬁnm%xﬁwﬁomaqﬁqum A9
u(t)= l’im u(t, 7)
. 15)
o o i &, o ~ { 1 [y~
WINNAALDY w_(F,T) F9 T Rovary Tuotiud ﬂﬁ&umavTuqﬁnimnuwnﬂam

i |3
ATLRRE LD L TN L URUD 9 ‘U(f T)Iz avwaaumaauaqunuu tTWQv1ﬂﬂﬁawmﬁﬁlﬁ
ﬂﬂﬂqaﬂmﬂﬁ0ﬂ1?&0d171un73ﬂ1“n17£ODTﬂaﬂﬂ ( ergodic process ) ﬂﬁtdaﬂ
Lautwutuamaq w (f) xnwnumwxaﬁauQOLaaﬁ GO AN 1AL OBLEN L IR UD

w_¢£) unuly psp dum S 6 iy lim s (£=T)

EUCL TR im ZILU T
T VRN + )T (2.186)

W) =lim

o ) u o é a §
T3 EC.T UNUMIAIOKIIUD 219N L IUN (argument ) LTI90UdY w (F)
v w

v a ¢ ¢ o ou -
mdaQLiﬂﬁﬂiwuﬂaswmaanqum ult,T) @D

Y
U(fT)= 2 anlgilt - nTy) = go(t — nTy) e izvrigy

Y

=§afmmwm—wm

nE=-N

(2.17)

Gn=[ glne-2mnds k=12
o (2.18)

Gi'] °"| aaawaamauu‘muamt‘rﬂ‘m‘ﬂxmam Uif, T) ﬂa
wurw~anuur) '

&

z E anGne*™ MG )) = G NNGIS) = G

mu=N s8N

It

N

[GUN =GN S 3 anagersn-m, (2.19)

ma-N pa-y
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o v v ¢ d ¢ .
T8 URAIIANKUADN L WANTADUAL A
A 1AAAIORT Y (expected value) 139 ‘U(F.T)|2 AUUNAINANNTT 2. 19 a_

uae a_ AodulTuIudy don Limsweionlty Suanananieres s uay a_ 9

m = n NAUNNT 2.6 ’Qﬂ\lﬁ'{

a2 ={(l---p)z with prob. fi{a,) =p
p? with prob. f2(a,)=1—p (2.20)

ANAART V1D 9 a © Wnsll m = n @e
Elai}= ? a3 fi(an) = (1= p)p + p*(1 = p) = p(1 -- p).
: (2:2.1)

Ty £ Ca ) ﬁaﬁoﬁiuﬂawwwuwuﬁuuaaﬂawudwauLﬁuuaeﬁuuﬂiuvuﬁu‘a“ﬂiﬁ m=n
N7 2.6 N 1FAnuIudan Eta s 3 luniii a_ uay 8 unuspulTusunandaTy

v

fONY  Men

(1—p) with joint prob. fi(am, az) = p*
ama, = { p? with joint prob. fo(am, a») = (1 — p)? .
=p(1—p) with joint prob. fy(am, as) = 2p(1 — P) (2.22)
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T 12 —A .
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L'Tiaw'm Gl(F) = —Gz(r‘) llﬂﬂﬂ’j'] Gl(f‘=0) T Gl(O) = —Gz(f=0) = -GZ(O)
a o I ") X v
NITUIULAUABNUAIINDLD sAUU (F=mf ) 7\)&\16‘7’
i e d -
= =i 1) = sin(mmf;Ty)
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1 l o;ws—%(x—a)
|H(jw) = eoﬁ{%[w—ﬁ‘;—‘”]] %(l—a)ﬁws%(l-i'a)
c w>%0+®
Hif)
. Phase

(a}

ty = .; 1' * Nyquist frequency

=T,
sin (517,)

L)

"llJﬁ‘ 248 Minimum-bandwidth Nyquist chaanel models for impulse and pulse
transmission. (8) Amplitude responsc of an ideal minimum-bundwidth filter that dias
no 18§ for the conceptual case of impulse tr ission. (b} Amplitude resy of
mimmum-bandwidih chennel for NRZ rectungular pulse transmission.

Ideat brick-wafl
Nynuist inwpass hitar
{1ar impulse excitations)

yif)

N
1
|
|
1
)
K Transmittance function

] having a shew symmetry

y.tof

. Resultant amplitude
characteristic

A:
’{\'J‘/l 243 Nyquist'’s vestjgial symmetry theorem. wy = 2nfs.
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o o 1w ¢ '
o w = 2rf uay ¢ AetovanaalsaoiwlALmeT (roll-off-factor)
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= A G Al | RSy,
) 0 [ fat ks
$N= K (2.51b)

4 . ¢ o
T « = £ = £ fAoarlraeadudaiees  uar k 1iudnaeh

' t

Sdvrvvnlamlfinlunsdeden ¢ = 1= er fifada nanw
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(Nyquist's Generalized 1S!-Free Signal Transmission)
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Ver1: 10 dB/div
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Symbol rate frequency

‘{ﬂ'ﬁa.u Sinusoidul baseband signaling format used in MSK modulsied systems.
(1) Segment of «n gquiprobablc data pattemn. (b) Eye diagrum—infinitc bandwidth
case. T, = 1/f, = 100 ns () Measured powsr sreciral densits_function. _ ..

g0 1 Hif
—_—] Al S {see equation | le———s.
Gy i) 1 (3.48 (1))

—ar0 !
t 1
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d.bi, 1 1o, 21,
Fiequency
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(COHERENT AND DIFFERENT!ALLY COHERENT BINARY PSK SYSTEMS)

o o - . <
2.5.1 MITNIIMLAERINATTNES 11D 9 BPSK, DEBPSK, llay DBPSK Tuxﬂu

(Operation/Principles for BPSK,DEBPSK,and DBPSK Modenms)
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2
LﬂaﬂuuﬂNUUWJWﬂONRQULﬂﬂﬂuﬂﬂ ﬁ?0ﬂ8ﬂﬂ11&ﬂﬂﬂﬂﬂ1“ﬂ1u1ﬂuaﬂkRW(tﬁlﬁifh)

uabatﬁnmawﬂwBMLamuaa a1w7unﬁ7nﬁonuuaaxuuuwuvwnwsLﬂaﬂuuﬂaeqvaaqu

PRI



——— Ty e

ol
fo

° '
!
.

ctn

nAAhnAAhnAAmAAAAAAA
C)vavvuuvuvvvvuuuuvuuu

l
i

AAAMAAAAAAAAAAA ,
UUUUUUUWUUU .

1

I

|

5 |
i

l

mll)

MAAA

LLUUUWUUU

‘lLlW 2.27 8PSK modulator signul-time domain preseatation.

mmummwamamuuulﬂazztm (coherent demodulatlon) mw?ruaa

mﬁuuwwq»maaneﬂnumauuomtamnsntuwuwnwumquiu ﬂﬂTﬂﬂauWWW (carrier
recovery,CR) nnamwuauavanmeauwamwwmnuamLamqwnwomwuaa1ﬂﬂmnuammwm
TﬁuﬂuLﬂauabﬂqwunLnuaunuﬂauwﬁnnTMWﬂnnuaﬂtamnwomﬁuaa Toslnfudaanie
aaaqqﬁmaaniﬂauanwtnﬂnwkuzcﬂaqammwmﬁu ﬁOLﬁuauﬂavmaaﬁwﬁaﬁa'

oo 1F ﬁ§u15nniwﬁmunu r(t) 101maﬁnwaﬂMﬂauw1Wﬂ51m Rcosw_t

(61‘3'1]7] 2.26) mnuu%mmw‘mmmomu‘rﬂﬂﬂwW“m‘mﬂmwnm (low-pass

o

filter) maLﬂuﬂuaunWTmua@tamuuuTﬂatTun (L iluna T lFoufiay danunTad-
U

“

vru) Tugeuy Psk dowanldunsediat8arfufunie 1979897 rot) lag s
“ o &

W

r(6) = G, cos [wet + 0(1))
(2.03)

N ¢ dvw
fo c, LﬁumwuauﬂaamaoamnaaﬂauuwwnnﬁnﬂiuamLam LaWﬂgﬂﬂWmawnnvam
(an 8 1%Tﬂﬂ 2., zsltﬁumou

p(1) = r(1) K cos wet = C, K cos [w:l"'i' 0(1)] cos wei \/ (2.64)

Qﬂnwﬁnnwviugwuﬂwaﬁwum?Tnmﬁﬁ

cosacos 8=} cos(a—f3) + § cos (a + B)

l.‘J"]’Qtf16]')’] P(0) =} G K cos [wer +0(1) = wet] + § C; K cos (et + 6(1) + wer), (2.65)
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=1 C K [ccs b(1) + cos [2wct + 0(1)]) (2.,66)

19970709 AR sduTravnTaa L dnafuresend Tusah 2 oon  fetud
SuﬁﬂuaeaoaiLﬂ?ﬂuLﬁHULnTﬁTaaﬁ (threshold comparator) qa 9 Vuged

q(0) =1} G K cos [0(1)] v/ (2.67)

luauns (2.67) ¢ _k/2 usnvdnAsfiueednrivane %9 cosfectr1 1iy

o v v (a: o w { o [V Q o o w
RIWUTNY A BFUUIN L IR VUANONITINAUUBA  AIMTY 8(t)= 0° wFo 180 Ay
L ) ]

WILAATLNINY +1 ®F0 ~1 @Nansu LuguuumTaantmaxﬁuamiw_gnimﬂmiinn

TﬂWﬁuﬂOﬂNNﬂﬁ0tﬂﬂﬂumﬂmﬂGﬂuTUﬂﬁﬁﬁﬂﬂuwﬁﬁﬂ a@Lamnwamwuﬁuuavﬂ&uwwuﬂﬁ1m

mauuavumaanwiLﬂvauLﬂﬂutﬂaw1am3ﬂuaﬂtaMﬂ1aLﬂn ﬁaﬂsunaumaﬂaoq1ﬂmuau
voainiaaﬂdwunmwuamaquzﬂn 2,26 ﬂamaaunuTnﬂuanﬂaﬂuTﬂﬂﬁaaiuﬂaoﬂqqﬁm
sunraontiuainea (A/D convertor) Lﬁaxﬂgﬂulﬁuaamaaxaqﬁwn bit) 0
TLUNIAQIUTUNIY (interference) Tﬂﬂ1ﬂﬁqq7mqﬁ@qqm1uﬂaulgnﬁaa (noise
negligeble) (59 b(t) = b(t=T) nwsﬁuaqnamtQﬁﬁgﬂ%ﬁ%ﬁ«%uuwiwﬁéaau
tﬁwﬁuﬁaﬂaﬁdawwgnwﬁaaTﬂTﬂaqﬂniﬁuauLaaﬁﬁqﬁqunwstaunﬁa (propagation
delay)

L%999INAINARNLATOND I INA (phase ambiguity) 91NNITAARUNIR LU
g . |4 L'}

o all (n: ) o o (-]
NNTANSALAG  BPSK mauuwwnﬁTﬁ 919UMAY cos w_t %TD cos (w_t+1807)
u (=4

AInuNAnIuE 180° wnxnmﬂaﬁuwmuaﬁmnwoLﬂamaaﬂauWWWﬂn1ﬂ %oﬁwqﬁﬁaga

o § v
ﬂmmamxamumeusﬂuuuTﬂumTouwununaoLmu (mmnu cos 180°= -1)  uaena

o

Lnag@zjnniﬁmuaquﬂu—ing_z umLuaaaﬁnunquﬁwannwsowaquaunwstﬁWTﬁa

F=3 ( ( -3 ] L2
LUuaW L WaT L YuUNLdaa (Differential encoder)Lﬁﬂ‘ﬂﬂﬁﬁﬁﬁuﬂﬂuﬂvﬂﬁ?ﬂaﬂﬁﬁﬂ

o A’ "a v vua‘a 1) v o
wuuddiWadiTun faa (Differential decoder) 191 ldnrednusyiiolylsfn

v
AAURANAIANT I LUR U
v d aa v o “ a '4 ¢ o
TﬂwoaiﬁomaoTuLmunwn77tmwﬁyauaanaﬂ7wa wuuadtdoT L TuNL T8
. ‘3‘ Un‘l ( (-3
(Differential encoder/decoder) uamo1u?ﬂn 2¢28 2399NAAUWIKILENINAY
4 u
-~ PP M v - . P-4 v v v " f
uanﬂnuwwwnﬂa1m1ﬂuaqtam ﬂauwﬁwuqzqmtﬁwnuaqumuagtamnwamnuiuuaumwu
1Tuldtur999n709@210007 (LPF)  daunnTnonTiauuudliied L 7unt Saaae  Antu
uuﬁauaﬁa%woiuquwﬁ \pW?muaﬂtamuamanaauawaﬂaaﬁﬂn 2. LARINNT

Lﬂ?ﬂﬂlﬂﬂﬂﬂﬂ?ﬂlﬂﬂTMﬂWTﬂ (ﬂwamtaﬁu) uuammﬁmuaﬂtam ﬂﬂ%u?ﬁ1uﬂﬁl*%ﬂ%v
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2 6 - b A ¢
a1l un1v0onuLy DEBPSK uae'lu Dspsxﬂaviuuavunaaaaq1qﬂauwww

it
v “w £ ( (a‘; le o a v a:
ﬂW?Lﬂﬂ?ﬂ&ﬂﬂﬂﬂﬂlﬂ@?t?%ﬂlﬁﬂauﬂﬂ01uzﬂﬂ 2.29  Tasniunlindonlnam
doutimdswnualinan L iFsuneunuintoalunowwidun Exclusive-OR
v v aa 4 { o v - o v ' a wu
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war d__ uanvindowniniinanuiiiuiey  sewane 4 uay d

dk=bk Gdg-,=bkdk-;+5k¢7k-, (2- 68)

)
L 2]

9 @ uanen19A19uLLY  exclusive~OR LHREINT) wanwosluu5h51 98419
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DS, dhriatitotoe
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\hﬂcuuuul devagicn (DENTSK ) angd duflerenninl phase drmndul-ml (Dlll'&)\\
a é { a o o a o é 1'5 Q a v v
ﬂ‘lJHJD'TL’Iuﬂlﬁﬂﬂﬂuaﬂlaﬁu‘lu?'ﬂﬂ 2.28 uﬁommm‘rm JTUNATIUNNNY
]
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Batanced Oifterentiaity
o - 4 modulstor encaded
PO Logic * Level t1 fx\ 8PSK
i circuit shift 2
l {05B-5C-AM)
u__,‘-a.u-r,,n ! ! f

Message

e
sequence b,

NO tilterence

d, =1
Oifferentially srcoded

sequence  d,

Relerence digit Ditterence

: d, 0
o & phaw  fubed - ".""'-P‘." -
l l ’ .
R AT
1

~
’{ﬁﬂ 2,99 Differentinl encoding. If there is no difference between the signal states of b and
d -y (sae logic states), then (he logic vutpul stute dy = 1; otherwise, dy = 0.

Level-shifced
fuquence

- Transmitted
phase

2.5.2 treimsawaiinafuavaidinn¥a  veseuy  BPSK
(Spectrum and Spectral Efficiency of BPSK Systems)

AL 981 INATY  (Spectral Density) w_(f) uDodnumMLLY

NRZ Wandlee i

-
T fsiamSTy\
sp =247, (B2 ) (2.69)
Y o : ) a bW | i ) v v 4
lugeunluund  PsK  geapdiesendndl Bl !
v o $ o d o a A o dot o o v a
(Tb=Ts) GatnuadiFaiatInafuse falusouqaRuuninaninad  ro foll
—
T _“ —Msinv(f—j;)'l}, 2
s.,,(n—zx,ﬂn[ W= T ] (2.70)

nge X aﬁuémfﬁéaunoﬁnaun17qm quzﬂﬁ 2,30 qvuamuuaqtamnaﬁnmam
tﬁl P [ 7 ( L ( ﬂ. ( ll)
alilafained (sw 1iualind, uartilaimod (BwW Anan)
) (V] .~ I'4 < ~
avlnaduuonanuaratlnfadainad s_(H) fwmuala
H - .

SUS) = SulD) Hy( D (2.71)
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WOUAINDAEONINA IAY  BPF H (£)  9193vdunouiin (x/sinx) 7719104
U L]
- ¢ . a . v da ; v i
aﬂaa1anuauﬂaamuama1uzﬂﬂ 2,28 dwfueana BW fan 2w lin1ailainein
¢ . ) o (X, oy
Tra-oou-Nained  (roll of f filter) « = 0 FINALADTULUULIIAIINONNY ©
1o iuSonfiy LPF |
o~ a a ’ ﬁ o T 4 ﬁ ‘l
e UseAngaiuasa innfavos  BPsK  Tataaily  1b/ssiz
& va v otan 1 va

ﬂﬁﬂﬂﬂﬂﬁﬂ81ﬁﬂalmaﬁﬂMﬂﬁ = 0.3 Lﬂuqmauumﬂaa roll off filter 17v

angowuoatdnaduiiiy 17678782 ¢ 1,3 = 0.77 brushz

e
m ey 133 slt
A

e 11
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f
H
Uty -+ 1anetum SAZ el altr > C ety o
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el e Lol tate I

t f!: E»u Lo ’

At s A

Sutth ;
St Ponee sputtrom ol {re N _/
= Gasenend ng of tne & . é
tuBs .Amouulatud yoa } i ~ nx ‘Z‘
-5, / N '
“/. ". i Mlinimum bungsein S il
wiavalent LPF N ’ 2 t_{;p‘ « Pw
i K i
M 3 -
Latle 2, ) : I. ' 25 ' L2, ! !
fo =1, . fort,
Hih Amphitude response af o minunuin
Luntwidsn {u # 0) Landpass tuter
{lor cquivalent low-pass, see Fig, 3.12)
- 1l
' l [
+ 1
1
VA ! [
I 5‘. : LILIE,
'
& ‘
y '
N i din BPSK :
1uB) Minimum-bandwvidin B :

spectium *
I——'—-—S,m “Salhinm
% |

g
1-%1, \l" 3 {

~
?;Ll'/l 2.30 Spevirum of unfilteced and filtered DPSK.

2.6) 1ATeTuoRlRBNANT NI TN andauana Tuun T
"] kol

(OPTIMUM RECIVER FOR BINARY DIGITAL MODULATION SYSTEMS.

Lﬂ?@q%ﬂﬂ@ﬂﬁﬂuLﬂutﬂéaefuﬁﬁﬂaﬁuﬁﬁautﬁuuaaﬂdwuﬁﬂwaﬂmﬁwam P
Tiguarunasuny  wopdmd-Tafdinnd deu  caweno Fafiarumunutisue o
anafurnd s i funaondruaudl e fuiol fudosdanafivsraernnarry
NINTEnoduAnud (symbol interference)  Fefuuidianlidnfia n17ﬁéaﬁi

a o o a [ I ) é o I:J "
tf]u’;ﬁnwauuauunwm‘lﬂ‘l'ﬂuw‘luwuumwas‘}Lamu.'uu lAdLTun 1uuw YI’)"]hl
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.~ L % { ' (ﬂ' v £ "J w‘ o “‘ &4 ] ;
ANNANUNUTTERINILATOITUDOWANY LATDITUEIN (AN P- Gl’liﬁﬂ)ﬂ’ﬂu
v °o v ") . ° o v oo 0o w ¢ 1
ADINITANRIINUNDAVUIWTUNIN (C/N) W"lﬂﬂllﬂﬁlﬂiaﬂﬁ'uﬂQﬂQWﬂQTﬂﬂlnmﬂﬂq‘fﬂ\?
“ W q

a .6
10y 1uaTdn (Nyquist)

2.6.1 1y1AauarNuN 12 IaUTTOUE YD ITEUUNITAITBY Binury
(Model and Deriviation of Bipary Transmission System

Performance)

Tiduunuasiuoncanfyyaluing  warddulndsTartanuuuswdn o
[-Y I'4 L ! ! ) & 1: t W
feariinim £ = /T oo sineganta st sreRdnsin k| Tuediy

unfl kb)) imoniiatfen pluuue sihuent anart tunawanlile ol

ali=(k=0T)  ifb=0

m(l)=[
Ig(l—(k—'l)'[},] lfbA=l (2.72)

T s (touar s 6) 2 ieaw FedinaTilssivuees T Sud uariiudeenu
] 2

INNALLAD

. [T
Ew=f 3y dr <ec

io

Wt Ty
E:uij sin) di <o
2 (2.73)

ﬁauaqtamuasﬁaﬁyaqtamﬁqumiuuw%ﬁtﬁu1ﬂ15 quzﬂﬁ 2031 G7LT1RNNAIINNT
dviudaryandngnasunaurewinsdndnudine| o0 linsveRierfinunanTrauvas
TEUY 51w¥unw7niaﬁuuaoﬁafﬁtﬁuSaiudaﬁu ﬂ?ﬁﬂ?ﬂﬂdﬁé%l%ﬂlﬁ@ﬂ?ﬁﬂﬂﬁ?
BI91981 FOUNLTI07 RN t_ =0 uar k = 1

nilafiloiiunsinfosfullainodfioaidn 1o anTmouanasuas
Saiaduas hit)  uaw ﬂawuﬁﬁautﬁuuaozﬂuuunwvamuawmquTzuuﬁaﬂﬁﬁuﬁowum
waae | afandos

ﬂéuuﬂﬁﬁ%ﬂTﬁuanﬁuﬁqum7unau nownTiullainaifo

. $|[l'_(k_ l)Tn]’*‘N(l}
%0=[ or (k=0T 1S kT,
st = (k= )T} + (1) (2.74)

%70 NTANLAM k=1
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5,6y + a(n)

sy +nqy OIS

wu={
(2.75)

AU Lot nlule
Cauzsian iiase {AviGlyy
derdity

1
2 h,

A potsilie 1eceiner

O—

o
Input b, min vlts Trverrtay
Furer \ "
Liodularor B —d e QT PRIV R o)
Biniaty Oote Mu.nih 1l ‘
el 10te
1, 2 '
T

Carvgabere, woee, 1 .
L A TICR Y

Watrout bus of gonera oty for 1S5 deee
NaldMissiln doe My wibu M s ® )

‘[;.ivu-m,' A, -0
mify v
l»,:l- [L TR 9} du, 1

Lt -t
vin - {or
{s,nl oy
o~
Iﬂw 2.31 Mcduluior, with additive whie Gaussian noise (AWGN ) and desncdula-
[TV 8

TuosNudyin S (+) %79 S, (t) ﬁqnéo CRILFR TEUUNNTUNTNT LN
“ [V ¥}
] ool ( g o
anwi g anafa iy Aut)  mauil L7 Lo §,(t) uay S (t) oniden
sa{Tp) < sua(Th) (2.76)

aa v . a ' § v
ﬂﬂﬂ'ﬂ'ﬁu {(decision rule) | ﬁuwuj’] WU \}ﬁﬁ l ﬂmﬂ'll‘f‘ﬁ']ﬂff'\u

51(1) was sent if w(T,) <1 (2.77)

sEiywassent w(T,)> 1 (2.78)

0 1 tiurefuinTalsanes v Lawﬁqﬂnaeumuﬂgé s (T,) Wag s (T
LﬁuéauﬂvunauﬁqumnaeLawﬁﬁﬂuaeﬂaLma%ﬁ?uquun17umuﬂ§a§qnmu =7

5&@1Nﬂﬁ?ﬂﬂlﬂ0%lﬁé1igﬂéﬂL%Oﬂ?ﬁﬂﬁ%@ﬁm s (t) LA s_(t) Awany L

nﬂ7umuﬂ§o§aﬂmunauﬁqq1m (=T ) u1nﬁuu7aﬁuﬁqmwmiunauﬁﬁugﬂnaaqoaw

vlFau Rauingalaa v le

v To) = soa( To) o To) (2.79)

(o) = 50 To) + nel 1o) (2.80)
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o n__(Louay n, k) uwuéauﬂvvﬂaunaoﬁqqﬁmiunvuﬁﬂatm04u51

il awan Saanamwutivaesat Snaaid susiu dalee o pr=1/2n,
ﬁa&uﬁqumTunauﬁﬂatma%uﬁaiﬂawuwuwuﬁunaoatﬁnm?uﬁwﬁa (power spectral
density) (1w §__(f)

Sl )= HUI Gl
= H(D N, (2.81)

n7fuuesilatnet Julasetrawuuidodu yenanidos1e yiRIINIY
WUULANALF8 (Gaussian channel noise) ﬁoﬂoLﬂutnwél%ﬂuuﬁaQWﬂﬁatmaé
FiaFooiul (50LﬂmNTaﬂuu%%ﬁtﬂu%aﬁeﬁiu.PDFnaoﬁqumsunauuuuLnﬁﬁx%auéa
ﬂaLﬁm%uuﬁudLﬁaqnﬂatmaéTmﬂ1nﬁ—5uuiL?auﬁ (bime-invariant) niainad
vt ieiduudy - Taaldngefunnnganeden (superposition theorem) NI
1ﬂ1%01u1uﬂQﬁ§75Uﬂﬁu§ﬁu :

Fagarunaui fukuus mfuund (stationsry) fetuinsumn s fauy

H o o lhl r~y-¥-| oo [ 7]
N=n_(T ) LﬂumauﬂiuuuuﬁuﬂwmowvauueuamLﬂuﬁmqs1m

- 9221
e vﬂllwo

Vi (2.82)

- o wu v o ¢ o {eu
'riomawamrgnpm‘mmu‘sw N_r (N.8.) ma’mqﬂuamwwuaaﬂamama

Ne=o?= f IHUNAG NS
£ (2.83)

] a‘ v ‘ - ( o .
ﬂ’\LQEQEJ‘UD\?&(E@'\O&‘IUﬂ')ﬂLﬁ“ﬂUuH Tﬂﬂllﬂ’)’ulﬂ&llﬂw‘f LEJ")‘I’I'QY]QU&J 2 ANy

Vi=vilTo) =salTo)+ N if s,_(l) is transmitted (2.84)

]

Va=vTo) = s5e(Tu) + & if s4(¢) is vransmitted (2.,35)
ouly poF vesiomimasilaimesiifulumumniaeiuifi f=iT, A
lusid 2,92 §ounadniToula por dmfunTan s awnosn7a sdunaliung L ua

LUANTUT 9 LRV UN Y . -
L]
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Sops © Uutunal detitn teael
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1 ar pratied

= Serlace feLrnient £
U ¢ Ll tatinly Wt

L Jevel Hor the B rob st 1 soynal
Hanynason tate 00y, etuals ol s TN E L%
- AU Salf ) R L P LR N

N 2 & taratvutied

A .
:“JV' 2,32 Conditwnal pruoability deasity funciuns of the feucisc Biker tutpul 1 the smplrg
nstant {t = ).

ﬂ'nmi'l'-wtﬁwaamw?mua'm (Probability ot Error Deriviation)

ngi luwnanaq Tl iead
AuinavutesniTdines & s ) Ruaado p
Awinee iuiesmTdenss s s (e dunaRe b,

A213U19¢ L4 L AREUD 1A URANANRD

. P = piPlelsy(n)] + paPlelsa(r)) (2.886)

7uuun17daﬁ%waa1uv1oﬂﬁﬁaﬁﬁﬁﬁqﬁQQ 1oun  adranfucdata-stream
WU T UA L?Wfiwnwvauﬂutua§ ¢scramber) 11 ldgaNGITILIIN TNTEA B
wou  Amquiuoaniinens AuaauudnﬁﬁaanuuunwaﬂgﬁanaanﬁvaunuxuaéﬁqﬁWu
nfitnqldvosdduFleTaurudy  (pseudo-random) Jawgniasan  awle
a9 L 1090171 finin O war N 1(equiprobable rhndom)  #o%
Pv=p1=03 (2.87

wav
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P, = 0.5P[elsy(1)] + 0.5 Plelsa(n) (2.88)

A9 | Tuus A EaNAATiaNLRA A s, (wandesyla

Pumu»=fﬁunmu»m

% e=lvu=soit Tif lzvz

R~ B (2.89a)

AITNENRE L LD AN EAURNFNNRT sz(t)gnéa

i
Pletsain = fululssti) d

202
] (g s02" ’-‘-“‘aa
I e dv,

S T (2.89h)
1 ﬁ 3 .
ANE9E LY wan g luTUl 2,32
]

FANANNTT ( 2.88 HuaE ( 2.89 ) 1919 ln

P (& o dl [-(v‘,—sm)”]dv
PN v
‘ 2[ Vil T

+l ' i ¥ ["‘(Vu"" 302)"]‘!?
zj NV, =t TR -

(2.90)
v M rre— a 't o é { a
JeauinTaloanoawidm 1_ QHNQQuTﬂﬂﬂﬁTﬁﬁﬂﬂﬂﬂﬂLﬂﬂ?t?%ﬂlﬁﬂa A
' v LIRS é { a v, ﬁ é v
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TABLE ¢
Input and Output Fiequencies During False Lock

Input T'requency Output Frequency
/1 (kH2) J2 (kH2) o hif
271.2 23.8 8/1
270 236 8/7 )
26.9 23.0 206 )
26.3 234 9/8
26.05 23.44 10/9
25.77 23.43 11710
: 5
HaN LAFINATNARD

(Experiment Results)

PLL auuuqnnaanunu1mﬂn171v RCA CD4046(10QTuﬂﬂﬂquiﬂ% 2.67)
ﬁﬂawuﬁquéﬂawa Po= 18 kHz wavdnT usaddnannati LF V = F(o) = 12.56
kllz  GeiuAont Tu8RuuENRaIn 2.5 kHz - 27.5 kiiz LuaoqwnaﬂTQLaﬁﬂiﬂﬁw
fianafinia nwxmmauiﬂununoﬁuﬂmaanw7amﬂﬂ1auumaoaaﬂtvuﬁ NAUBINT
5muaﬂaiq§ﬂﬁqﬂaaaﬂ n.ﬂaﬂwnuwlmwmaﬂqtwuﬂaauaﬂawnﬂawuwmuﬁnawo o
J Fomnuinn L iEuean 15 kiz (i 27.5 kiz nwa1WMQMWLmﬁﬂvowﬁaqn
iR 27.5 kHz AvhenmavaIRHANNG £y frolurudonind A
Saiug iy £ tﬁuﬁmswéauwaiaumao 2 <5m1wé1u £ /T, uﬂmaﬁgmﬁwoqﬁuiu
nswuiﬂn 2. 68 )Luaaawnﬂaﬁwnnnaaaoﬂaauaﬂqmwnaw 24.5 kHz Qﬂﬁoﬂaaéqu

anwaaaaﬂwmuawmnauwﬂaﬁunuﬁlﬂwuav ﬂﬂ@@ﬂ@ﬂquﬂOﬂLTQJ ﬂWﬂ?WNEﬂDUﬂWT

Somtovann  Li13lumanadi 1 aaLﬂﬂ:ﬂﬂﬁiuwawoaamwmwaﬁmTuéwu £ a1n
NN £, 1desain f, nnamaaaaaamiwaauﬂaﬁmn £ose, afowseidy 1w

o [
atlnsraoa luﬂamawnsummaaﬂwmuammﬂ-uun £ = 15,77 kHz Tanaue v
']
ANk wneen  f = 29.45 kHz nf]ummnmuwamaﬂqugmwaaﬂwmwmm
Ll dfnaaudanngn £ = F(o)V /2 =21.25 kqumﬂuH‘lmmnwmﬁanmu

o . d a dﬁ\11u61d 4 ﬁ )
AL NANTITNAADUUANYINNNTROARAWITAT L LY dlaluanatsus  vdun19nde



~-122-

ﬂﬁﬂtnnmunnmutﬁutqou1m11umu suwiwanwxﬂmnaunwsﬁaﬁaﬂwaﬂﬂqvLﬁﬂ%tﬁaa
. v o ! [
ML BRI LA RuARenLTes  uavAssnanifiartonn  egr¢lafana

5aﬂaﬂwa1mawnqatﬁm%unﬁaoawnﬁquuﬁnndu

4 o «
SonnANaR iy N - @anae PED

(False Lock in PLL with N-State PFD)

&p.

lda  PFD ﬂTEﬂDUG\'ﬁﬂﬂ'\k\?Du\l'ﬂw’mﬂ'J'\ 3 ANE W nnwmumuaamm

v o b ala l’.{ r=Y €
futulutTosRoniawats  WITuIINIAA N @a1ie109 PFD luﬁﬂn 2.69 Vk @9
t

uwsedn w10enuay PFD Tdaubeaniae k LTNRNIRINANY V| Toasnas a1

wiu Souwlutuanslumauwin 13 52, B S ADANLAAY 100N PFD A
X >V YNV /2  (2.24%)

Y N—-1 N N-—-1 i
e £, <o f tluantaie X @9
11 v Pees3\wv)/2 (2.246)
A 1 2

[N

Soatrualunsisas 16Tng
P+ V FC0) <R <P+ Y F(o) (2.247)
ufdnn ausan1TeontauaRaY L ARSI ED £of A eent agefa st
Tdanaaanng (2.246)  uaw £ uusntaamo 1920
£+ (V. 4 VDOF(e)/2 < F < f_+V Flo) Fen £ >f (2.248)
Tunuesifgatuin £ < F, wanoai Iouly £, Fo
P+ V FCo) < P < F_ 4V VIF(a)/2 fen £ <P (2.249)
R anAaouNA L ANELTIa900 PFD § @Ay Aawman 1108nA N v =
~8.7 v, V_==1.6 v, V. =0 v , V =2.1 v U V =41 v mawwﬁ@uénawu
5iBen 1.5 kHz  uareaTtmnnradilained = 0.29 khz
MURINNT (2.249)uav<z.249)5aﬂamwanﬂawnqatﬁm%u?umawuﬁ 2 Wi
T¥%919 2.41 uar 2.7 kHz URETEUINY 450-27 kHz el usuudTening 725
Hz uaw 2.41 Hz 9eidwlTaasannnTReninuate
St g ont Tueh ARTuTENIN Y 450 Hz Re 2.41kHz s edleaannnig

NN TAOARAUANGA QﬁﬂNﬂﬂﬁ?ﬂﬂaaouaﬂan17aaw§uﬂ1aﬂﬂﬂﬁ@éﬂua@ﬂtﬁﬂunwvﬁaﬁ



..123..

.

HAWRIAILONG LNANANAIDTERINY 4504z ~ TO0Hz URETEUING 2.4-2.7 kHz WA
u

K . o
fneassuanslusdn 2. 70
u

1

olalogialais]

Py
"TL]‘H 2.69 State model for NV-s1ate PFD.

2.9 Lock range Points of
[ JESS TR i el e
Output false lock
frequency L | f
‘,lk”!) 2.4 BT = TR ¥\ 7 A 2 : T)"':'%
] | 2
]
| Lo
| o
| o
fl 1 [}
3.5 e ! ]
| _r
q [
Points of 1 iy Y
false lock 1 { \
f,om ! ' &)
[P 0.0\ Tredieled safeivepion 7 of \ )
I
0.45% ; i

~
<

1.5

Reference frequency l“ (kHx}

-
’{dﬁ 2.70 Experimental results for 5-state PFD in PLL.

o o d o
N3N0 ADANAWAIR
(Elinmination of False Lock)
[n8n15u818A9 0 I INqEnnaIuAa Lunoudn selean v, =
L4 d o P a 4 v c: ' EM.
Ly v =V niTasadaua1ndr et 61A1u0u1 L 48 anInatianan Tonoy
L] Y

- v v o™ o (IR 4
auaeaad 1oeeniaarliaiasanie £+ vV Flo) finnaludonlsud
u 9 o

o+ VtF(o) <= f‘l = fo + VNF(O) (2.,250)

g awv o ¢ I I I3 o
PLL waam\aqqfnmuﬁw s, TEUURDALTUI uasumuwa‘n‘mmﬂuanmu
v
LREINY ﬂﬂ‘inmﬂQUUﬂﬂ‘zﬂﬂNﬂY]‘&ﬂm‘I't‘l'ﬁ 7 an1v PFD x"fluuummua'mqmm

:;' Y] a: [ a é n‘ o vy d 4
IVTTINNILTIONY maanﬂ‘lwluzﬂ 2.7 N']‘T'\NtF]E)‘IHENZ"Q“]J‘H{;]‘Hlaaﬂ‘l‘v{ﬂ'm'i)ﬂl‘HS’Q



-124-

78“310 100 Hz W@y 3 kHz ﬂﬂﬂvﬂﬂﬂﬂﬂ@ﬂ@ﬂﬁﬂﬂ?ﬁﬂﬂﬁﬂOﬂW81WlODRWﬂl?Muﬁﬂ

‘ﬂlLﬂﬂVI’NQ‘lL %aamauamﬂ‘luaam‘:uwam‘mmaaouam1mﬂ~n 2.72

Jogic i RPN

Outrut
binary

3
1

counter T} Jogic
s, 16193
$ Dovn

1 3
P4

Output
{ 1 frequency

[wHz)
3 -

Input freguendy

A. . . .
ZIJVI 2,72 Experimenta! results for PFD which ehiminate talsc Jock,

L?ﬂuamaiﬁn17§amﬁmua1ﬂ%Lﬁm%uﬂu pLL Tpanagld PFD  sruue a1
%agaﬂaﬂwaﬁmawu11nnsLﬁﬂ%u1ﬁuamanwoﬂ&mﬂﬁwaméuauﬁﬁnﬁTmuwamaonﬁﬁﬂmaau
vananaae sl 43t un1 I oA nade PLL  FulveiuluanadaTees
AN TaeATANANS

Taan1s 1t~ PFD #a1ganiivi(Multiple-state) HABEN LN T B OARANAN
uannﬂwlwxantnwmaanﬂi aauaﬁﬂmnamtﬁuTﬂ1ﬂﬂazn1qmaamwmwawmqmauuﬁm fin
nﬁﬁaaﬂ1uuaw77uuﬂaxnﬂmu 1u pFD wawnanﬁauawuuwnqﬁ pLLlunrgin Tdla

awu%aaws



~-125-

PFD 1iluseuy pLL 1gD9 12808 ﬁww?unﬂ7ﬂ1uquﬂawwtéaiswﬂwoﬂdwu
\$a5ar e pFD ngﬂﬁﬂ%dﬁﬁﬁﬂﬂ@ﬁdﬂﬁﬁﬂqm Lﬁutwqqﬁﬁvuugnt%oﬁ5m7wgoqm
fotnwanlaluuoniaratulng (Aquisition time) 5wqm

mzin Tl fsrwer e mwananTofiavansiuns Seninuananior$n

tﬂunWTuamuﬁomawuawuﬁiﬂnaaQOQnuuuﬁavﬂ¥ﬁoﬂawut%aﬁaqnauisnusmaa PLL

s
g

!
|
'
|
!
1
]

. ¥\ VIS, I

x

~
ST [P S S
-

— o b
L S oy iy SE—
(R SN

N

-
~
-

~ »
'.111’/\ 2.73 Relationship of signals when 14 > 5,



-126-

unh 3

N1TATWILLAENTTAT Y

w 4
34)n17aanunnuaxnw7awﬁalﬁaaaﬂaﬂ

. v Geu §] v r.uld:
ﬂ@ﬁﬁﬂaﬂﬂﬂaﬂqiaaﬂuﬂﬂ1ﬁ1ﬂﬂﬁquﬂﬂLWNWENN

& o “ & a 9 v ~
sulrsnauiantmuniuie  awd f = 48 knz  legldeanad
u ©

7 — 4:: 4 v n:u a
$1989 £ = 1kHz  uRedl f_ =76 kHz ldAruddrads £ = 10 kHz

Tmﬂwﬂﬂiﬂuxﬂa%ﬂaﬁiutﬁu
L]

K K K (s)
o da n

G(s) = . (8. 1)

S + K K K F(s)

2, Y& ¢
K. - @NANU9 L WaAdaN T LR9T (rad/s/v)

K = aranaas veo (V/rad)

o e ¢ o =N ! an W ouM w v
ﬂWMTUl%ﬂﬂﬁdaﬂuUUEHLTWQENQWTNWﬂWﬂDQ RC lNDlW1ﬂﬂWﬂUM?l7ﬂW

s Ldarinaw fw

Too'lsd k=470 k TR, = 100 k WAY C = 1 uF
o
.R2
O~ | 2

VGC

Rzz

{

Y ‘j‘ﬂ‘?‘ 301
¥

13

a lu o o o a by ¢6 o
nwmnﬁﬁﬂmaaamaan@ﬂﬁaxmaﬁaumn 2 gard 3.1 Fesmsruidosdaniu fal
L1}



dy 4o a a a a ¢
ann s dotdenduiatunroian el fus 99 18uRinisoT  integrator)
w 3 L %3 Q‘ ot w (
Juarteanuniuwtdounay (resistive feed-around ) mouqmaqutﬁuTaawwaﬂa
( L3 ¥ L:Q‘ ' a‘ ' o o o
LVHOTWRIONI N TUINEA YN R R maﬂawunaanﬁaﬂWawﬂvzaﬂﬁﬂwwwﬁnzﬂ 3.1
U

R, fioeNAL08NIN R

Gotu SATrauTENIN Y R_/R, = 1/4.7 uay L/R_C = 10
1 + 8/10
L, e[ 22
S/2.12
A2UNITHNT N .

1
i

w ab o o a v I
fawnaildaansh P = 76 kHz @anaddnede £, = 10 kiz wld N il

NN AP /?.- = 76 kHz/10kHz 7.6

7

48 kHz @21a081989 £ = 1 kHz aele N ol

]
!

divinai  fanad

<y N = /f = 48 kHz/lkHz

(=3 by

48
° o Yo v o via o ¢ o §
Sdunngoonuutild Mo 14046  famianduidaninained  Feanelu
v o é "n 3&'11 o~ ¢ o
d9enoun it WaalunLm9g 2 16 LARTTOONNLUAT IR LT L Waf L nALmeT 2 wTe PD v
L]

FodlwaviodunnaTuniuwiina i 1 deTd 3.2

v
Re f

D
A
Lag
PO XX I

O Vco LLead

\ -‘r‘ﬂ'ﬁ 3.2
o w < [7] _ al v n: 1 ( v
3wy vco (Ronld XR-2206 ﬂoﬂwwnfna1ﬁaﬂawwnzﬂiﬁuuaxauﬂQWQ

43901 SendFuatubR LA 0.01 Hz 9ude 1 MHz |8



-128~

Tamiwunlae o'
(3.9)

1

f = 1/R C H f = 1/R._C
1 ) 4

o~ & é [Y] é ¢
33)ﬂWTDDﬂuUUlﬁ?ﬂ?ﬂﬂﬂlﬂﬂ?&ﬂﬂﬂﬁlﬂﬂ?l3097

R.!...‘_Ei; _

R2 R3 - Q*!gj

A
C2_l__ C3;—!=.T_

sin 3.3
o

. ¢ ] > o v s ¢ e o
INTINn - 8.3 Lﬂu?GQTH7BON7HHQWNUWWHUHUWlﬂ@%L?Qﬁ? suey 2
4

=3 ‘\v IR - Ol
RWNW?NLMHR?GQ?NNM@H[ﬂﬂﬁ?ﬂﬂ 3.4
u Y

Vi O P RALN_V_T_ICRSC —L {)Vl
I3l c2 :I: 3
sin 3.4
o

2
[
Py

o‘ M v £ L4 3
%WH?JQTNNMQHQElﬂﬂ??%lﬂ@?ﬂﬂhﬁulﬂ%
L]

AF

S“C C R R +4SLC R +C R +C R _C R A 141
2 a 2 o % 2 3 2 3 3 y 2 ¥

=

AF/C C R R
2 a z, 3

'

CR+C R +C R —-C _R_AF
2 2z 3 a ‘a ' a ‘2 2 '

.4
5748 -
’

CCRR C CRR
2 a3 =z 3 2 a 2 13




-129-

wwnaﬂuuuuﬂmifwnmaaaaasnsaaﬂawuﬁﬁWtﬂu

AFWH

s T J2 swn 4 owi” (3.4

.. WH

(3.5)

I

20/C C R K, (3.0

i

AF 1+ R‘_/Ri (3.7

\

v t visaseniy ATV (3. 4)

. o w
lunnsoanuuuld ¢ = 24 kHz
e i\ /2%, A
‘ 0 G ¢
FoE aoad ladan

£ = ;j(,']’j']ﬁmﬁﬂmi (symbol rate)

A1wun € = 300 pf £ = 24 kHz

C3 = 0.00t wuF R = 5850 k



-130-

RCC (2¢f)°
2 3 a3

(50%10%) (300%10° **) (. 001%10" “y (2ex24%10 "

= 2.9 k

(Y} :’: t t::b ven ) “w :::’
O auAN N LINANE i

i

C 300 pF R

z 2

0.001 uF R3

50 kHz

il

it

C

a

i

2.9 kHz

Tunrvoonuunadoseld R, o R, wunlFuan @ iiodduenni waneauni

2
W ow o~ ' #5 w v v i vaa
¥ twFneng0 91 uAl 18D uﬂniagaaanaﬁﬂamwwamannmlmmﬂam
-~ M
3.3) N ITHITNAN 10 98I UNAITAN
]
3 VBE = VD - VBE_
VD = VBE  + VBE_ (3.9
(NN g, | (3.10)
i 2 .
(B = [ 41 (3.11)
1= 1 = |E/2
1 2 vR=0
1, = lo, = lse TEMIVT T g R TVMER (3.12)
: 1, = lo = lge T noYT (3.13)

Li|e—~vp—p| 12

constant
vD current

o Graures

sin 3.4
L7



-131=~ )

(VDh~VBE211/VT

lec Ise
1
= = gYEIYT (3.14)
VHE/VT
fe Ise
2
lc = lce 77 (3.15)
I3 2
le = lg e °7YT (3.16)
2 1
5 [3
910 (3.10) (Gaw 1E lwinen e, le,
~VD/VT
IE = 1C +I1C_ = IC +IC (3.17)
1 2 i 1 e
IE- = 1 +iC = 1C +Ic.e T (3.18)
3 2 2( 2
(iaw 1€, uar 1C, luinow 1E
IE IEe\/l)/\"l'
]C P =
1
-VYD?!IYVY'T vRUINT N
=) Y5 (e +1) (3.19)
1 4
1 (3.20)
Z =
VYR/IVT
(1+ e
SRR
1ge’ " T 1E
| -1 = L
1 R
vorvT vosv T
—rw o +1)
IE (e "'V T-1)
VOIVT )
. 1) » (3.21)
lE(BVD’VT—I)e—VDIZVT IE(OVDV‘.{.VT‘_Q-‘VD/’}.V']'
Ip =1 -] = N
1 2
vo/vT ~VRN/2VT VB/2VT -VvD/2V
{e +1)e (e + @ )



_152—

= |k tanh VD/2VT (3.22)

.

MNAUNIT (3.22) AIN1TDLUYR tranfer characteristic 1a

1D
1€
hneqr
~VD VD
-vT T
1E \l
-ID
5in 3.5
o |
IE = 1E tanh VD/2VT (3.23)
Rc Rc
31D
vD = vi
TR\ )
v2
o
Tin 3.6
L'} .
vV =R 1 =R IEtanh V /2VT = R [E V /2VT [VT>V
o c D c s [~ L 1 { 3. 24
vV - VBE
4
e i e = V_ /RE |V _>VBE (3.24)
IE = 2 2
RE

ald v_ Vst

V =R V V 2VTRE O (3.25)
(=3 1 2/

(=]



-133..

FOUR QUARDRENT MULTIPLIER

bal ancae Mox. (['—
1 RL RL<

D1 oz; IZ X1 I 12 -+

T2 T T TS

m: By L_ﬁ']

Rx - Ry

FOUR @UQDFQP\NT MULTIRPLLIER

Tin 3.7
£}

| =T
a ¥/ Ny

[

[ =1 — U /Ry .
] ¥

AN (3.24)

1 o1 BN RenU oo S il 0 /R D tenU /2U
1 p3 =1 1 T (K] ¥ ¥ i ot
[ 1 =1 tanU /2UT = (1. =~ U /R ‘tanU /U
L= a2 15 1 =] ¥ ¥ 1 T

v =R al

(=] L

a1 = [CE 41 0=C1 +1 )

= L] ~1 )=C(1 =11
i 2 i 2
al =

92U /R tan U /U
M ¥ 1 T
L9 MuNL09 Balunce Modulation (Four-Quedrent)
4

Vv = 2R U /R tanhU /U
Loy ¥ T

(=]

aunTuo9lalon VD way VD,

vb = UT 1n 1 _/I vD = UT In | /|
1 2 4

5 e 2 uw

(3.29)

(3.29)

(3.30)

(3.31)

{a3.32)

(3.33)



~134-

- inl /1 1

U = v - Vb = VT [inl /1
t 2 1 4 p

= VTLinl - Inl - Inl - Inl B
4 2

= VIinl /] (3.34)
“+ 3
I =1 -V /R (3.3
4 * ”® *
I =1 + V /R (3.36)
o r » »

annd (32340 cnos e e g
1 - U /R
T o H
U = VI|eo——oeee— | = tan ‘U /I R (3.377
I+ U /R
T o o
. v é .
g U luﬂuuwj (Jd.32) Qu1ﬂl01ﬂwﬂﬂ80 Four-Quadrant Lincvar
' 4
Multiptlier
V= 2R U /R tanhCtanh (U /1 R

“ZR U U
L ¥y x

«a INT IR
1R
CIIN o=
4 £ <> I
3.4)U40A LABEUNTULAL I 99TIT 3183 L1 Ay DEQPSK
i Lumi 2 Larn1IA LI L snouRL YR s 3 LTIANNA TR T 8

E P o w » g o N
umuwlmguunvuumuueavﬂnﬂutﬂsaamuuuuﬁaalwxmm NDEQGPSK iﬂﬂﬂu

- a ] > @
&41UN@Q1MU£MHTN&RV?ﬁﬂ?QTUﬂqﬂﬂqﬂﬂﬂﬂ@ﬂ1Mlﬁy DEQPSK

e SRV v L o (zx‘a) 1 ) TR
Lot i af e Tl ann Swwidatn smraannasas SCUTT v.ay Wl

1 4

v w b [ r=3 Ld' u‘a ¢ [ . N
Swirrnigalunidedena 40 kb/s  NAMIWOAAUWIRLINING TE kllz e,
u

svudonlaneunsylong NRZ-L  [eiddgeainowasust duasiw lagaienso
u 4
SonuuL 995 lad 1502 9991989 uds  1agaTIeAIIND 48 kHz lasldwEnnnTiuda
! 8 k.
Cf o - o’ c‘lu v o PV .
Fonatinn I ge LAY s R a N1 99 9 (91 dRTaea 10 Meanas
N 3] C mMeat

. - m" v oo a ™ o ¢ . “l. v . . \ ;1 o"\- o
Chagti LUHBEDNT L RAATTHN tdaninalaosigld 1C MCA046 aﬁhatmawlﬁ
U



-1 35-

1c Lrast veo 14 XR-2206 @awaTadnwnld 1C €D40102  wiwND 76 ki

vinanennat e lanarandulne ldanal 48 kHz Liennadian od snagmng 2
‘;l LIN 7 t hl w . v .‘ “) o ™ §) v wt & ;
Gialilduludnindudnud dwfe ¢ = r /2 Tagld 10 7asicr danad

N
a A o v v o o i * P
Lﬂaﬂ%QWHQUﬂTNlﬂ%ﬁ%quézmq1ﬂlﬂqﬁﬂﬂlwaﬂaﬂﬂuﬂq?ﬂaﬁkﬂﬁaﬂﬁ31“3 luﬂWTﬂ
4 J

v w & v o u v
lﬂﬂﬂ?uﬁﬁu?ﬂlﬂ IC 7T4LS32 7482 |ay 74LS73 AT ILINTINNATY BN
9 ~ "

..a:\ u:Jl o ! ' + ' a’; ~ A a €eu
Wldagoofia In way un AWAININI ITHIUAIINAGIEIDONLLLNIMD Y LuAT R

c:v r 1 v .
r, = F /2 = 48kHz/2 auJuaratidnooduasilawod Lnald 10 LrasT aanui

AT 28NED 9 99 THA BRI NN dRD ver e Llanfuad  NaRRLEnET 9T e
o Y

] . . a‘n t‘ =Y ' (%) a ey € “.v: a: Y
YoM 1n AeRIAAEININN WAL IDIRUANN AN ALDUAAUNINNL Ao HAR7
0y i Uy )
50°  FousnrunulduniTiont anulL DEBPSK  laaiidanishu 2 a0 199700
4

L L 1
Qﬁlﬂ IC 1486 anuyu Qﬁﬂ%uuﬁﬁ@@ﬁm DEBPSK NIdRlNWIBI$ITANN IUDH
s

o ::‘a (Y o ' v 4 4 oW 6’ ! a 1 i 3
dada g ue ln s uatdaniony 4 @7 Lazuparaganwisronlreanidaniems 4
v B & Y

) H P of w o M v
ve I aanoanlunyTven L antind - DEAPSK  Fudganaan i fauitia o lanuns

OB L ARULYY DSESC
4



-136 -

ML K8, x4
GINLGE 1J
zZHYSY
.\\lf - .
4300983 R R VU g A LX)
i3 N oL
N3¥3da1q “wrwes 2R

NILTAH
- ATAIdHY N2ZTSIH INAS 5
Od 100 3T AONIND3INA _»unxm 354YH
DN IHHNS QoA
) 31T
55550
12
] » ) ]
\ NOI18TINA0K

N\
ONIAIM LAIHS

38YHd 3ENlgddene ONIJdoDNA

L INIHY3 44T

o

L



<7

{
L
N
=0
]
)
.S,
L)

i~ e

1
Zp30 N\ a—:.ux A 1
HHY
z/ 3ilvdirg 3344 acev
58033
= Sg5au
T9TSIvL 98338
T2
4am&w
'
-
N\ ﬂ_.
— p2SITL
i =2 |
{2 3
A4 ZaS
N
= ® & af% <F18d 71 238
ZE5p )
. zZ844 P A # )
Y12 3 AT duwuwm%/ ~ 3 G| Sl ='=s
H IO | 25 29 e 19—
il 75 TY L3 ]
. 4
zZT1.° > S ] A\ NA R L T st
FIETZ TIST6L }
] . . o T
ONIJODNI IWILNIHNIZ4IA BL5IbL
s =2 3
< D .
\Iwbw P m..x.,.v T
) n < =% & diy S
T [~¢
Ye 9 .._
TR wEDd 01 TYINIS .




i

JAEE T

N4
oFe)

N

tn

14

4
"]
&
N
L]
©

L0
ut
o
]

==+ 9d qQZ/02

e

I
vp%w

AN

06

—

-138-

TI'I'I"
Ch '

Jo

HAQT

O2A
20ZT—-UX

WOT
NN
_mu_
1 1
ZHWBZ " O
= 090t
“ od
22157
= od ¢ i
W.—.O = ==
fioe— |
o189 ¢
&% (-2
= =12
T b2
;—.mr L A—
d S® Hi—
3P M N,

WMW
J0A

LICY

N
-}

it

1
fif

bT €T i
. HOT

HIS

AOOT 4nT

N3IZ Zd

oW3Q TY

HNT

NIODA XD

x>

Zd NIS

4 Td LINCOA

| <ded NID

wJW

230

i

el




-159—

Reledd
%W)

<A 9

Elgay=h

21
TT

-AY

AZT O0A

Iy
i

LSY Dg——
30/10 b%
344 uml.
3ds DEx
A4
! 2d b
Tﬂdﬂ qQz2/0D 9d 5+
Sd =
bd
£d
Zd leql.
Td £
9d 2
AZT uw.,
-
= 9v0%
—=y{ N3Z ZY oy
oOW3Ia Ty
ot HNT L
—z— NIODA XD |3
X2 5
b T NIS bty ZANER]
Td  LNODA b
dd NID &

HADCTID JUvAHLIE ILIWNINID




mWﬂQZﬂ

|ﬂ

wl

II,._—qu
hJﬂOO. k]dOO.

xom|wlxom xom

MN.—‘mJ¢F
mJUUaIl

mm
Q

kXUU\kxum

lo

Nt

uzuoo.
xoq

hJ.ﬂOO.

pxuo
c

QﬂﬂmJﬁ
yﬂln
XL

mJU
m
d

kxmo\thm.Aﬂ”lelLM

Y..mwumwnu.ﬁ
xom
U.WW&,.




~141-

T =

N96bT OW

o1 5

st T p b g HOT

40T 0

e ——
= | MO, . <
1 i »nn.L
g 3 99667 OW v -
8 -
R
W Q3 S T
mxﬂ«m.uunun.n. »Oot He e
L
5%
17, nNT -0
MNOT Mt < Moot -
|
0S Wom..v MOOT HI
ﬂl}\( v
. I L ) T T z
= v A4
rIII;TPﬁh
9966T W
3 = umTi\llA
W ar S zZT Lany
meam_ﬂlnM!L:H. NOT Mxm N
T { 3




-143_

HOT

TWNDIS iNndino 13247

NOT1uINaoH
NS5<403Q z
[ 19657 OW b NN MOT
= 1. oot 0za
Mg

-
Q

4T *
NP ZY ot
HOoT e W!M "ot

ZT+ 2040
490271 £471
|||.~ &+
?I)MW =
HES T . Y]
HES £ A1
AAS T T°0 ==
_ * ===
b Z
b
ooT T
1960 T oKW by
_ QT QzZ8
11 9 L
ii
T°0 Rebo) "1
ZI_5__OF
Mg M me Wx oT 1
[ i .
% ZHM, B2
ZT+ 20A HITAUNYD




~144~

3.L.2UAIA LnwrunTunar 19997 i aaTuun v TuLhy DEQPSK
d o (7] l:ﬂ' nﬁ‘“ w v
GUNRLA LODEUNI NN IR T L AQynNER AALTY  DEAPSK  AfiSnynde
o 4 o 10 wa v oo loa 8 v
Ha 43 kh/s 'vLﬂaaqunaunﬁuxﬂunuwutwaaolwnuaaumaunﬂvnﬂauwwnmﬂlﬁuuu
i 9 Y]
y . P
Haamlmeuﬁwaaﬂﬁa&ﬂ (Quadriphase Costas Loop) TﬂﬂﬂﬁﬂquﬂﬂﬁﬁﬂﬂauwWW
1 L1
. - o ‘d .o "
YUY eNDUNIEINBTRN DIVIEIBAIHNOAT 1I9TARAITTY 9 HunsuoniAnlane
u
' fre ;.la mu:h ub & “ ] Y] ml
waraiwuodigasaayl e lo®nld luntgoanuuuas i wioudimn 1nnad e Ry
2 U
BVREIRNITARIOY 1C MC1496  QE@vEIIYITHAIRAINNGN T 9 R Laanndd ui
, i ucy
™ ] ] u:. ) v ] 2 o'a: u: 6 v ¢
swngnoontduansait  adruwniedou lwiudruuosauadrdseield 1c MC1496 lunns
oITIRTET fuinioe i Tl Fus s AR LA LA RN 918 99 99T I K NBEN LAy
A 169917 9998 LA MBI A BURIN A W ke S AaduAcanahL e 1A o
') ! b0y
T4 ITEIEAINOA wwﬁiﬁqennqmﬁuﬁmmwmﬁdwunwvﬁmﬁoTﬁLﬂuﬁmmﬂmﬁmmﬁwm
) iy Uy
= 2 D §) vou ¢ ] P o - .
cract =01 qaniuwdnu lwdualainedanaluilaionatsoly veo whanietis
1 L1]
WARELRAUAT T Dot
: Y] a: v ‘ a:é 9 v Ead e
niwee i duan laand sasuruad raaan o laiu nralosrowunsn tnod
7 ..1: B v é u" v o 6! vu ot o e
wasd e NARNNRANANEL L WoAT Y ednn et Tau Wi 997 LT e e nTa lea
) ¥ ey
TN TNONTRANONA  ToNannonTRaualseantlow i viuad uoons waav L ed LTy
U Rl Y
- v s v & " v & W e o 0wy ow
Vs devai lasronudiensnanis i duonnga la lutanfnontan (5 lw 1
1Yl '] L] i

gonn L E NouuNoR L 1N Iway (NRZ-L)
£1]



-146 -~

n

HOS LSESLTT
+

>
n a_

1004m

AN—
Z

T

3

ZT

1256T OW

o7

o

HoT

LOINT

Fol




370%
N3Z zd
l.wm..w oR3ia TN «Mq_
HNTI bz=—
NIODA XD =
. g 2] )
E MR T v
. x5 [ asgot R R ¢
P REL ISR
llﬂdl- Z2d MIS == o
Ta L102A s .
HMnh, ad NIO FE—
vbob OW
i A ¥ P =vivag H HILITAZUd
H I8 a T A L AT
i o1 TY =
: T
‘ , I gd0 . ndb ZILIA T} 1L NAAAS
o~ 5 SV VN r iRy GETSTLEG 34007 HWOOT
- 25a T H0QT 4nT 3I9UYHD 3SOHA
-
t
ﬁ_, .
25T L
s 7
ST G
LN3W3III Av3g mx.,_o T
=12 d dlz = =
) HILLINIT =
ESTSIH2 e )
5 2 72 b1
T - gt
=~ 3 9857bs ] N ZAGHPTENT
= - -
1X3D/ 1X3Y WL 2583 - ~ 4905T _
_ w g § 5
B ELA =] z . NN
LX3D g@l Ho¥
] MUND IS CNUS3ISYad

20A




~148~

S1I8 IWIN3S oMl ITNVIYL

357INd 141IHS

o
005V L

u.n
G

[a]

P I
L2250 L PL3TIvPL <
312 3 512 3
“JU;M HJ) =
2 d4 Al 5 > d Di
[e]
14

Sz

/)

35T MNd KO LY

C0STIbL
Y

‘.1-.‘

<]

LEZACT IS NS0

hﬂv

veSTIvd
3 1
2 1= o
M4
S o AL
o
£ZISIrL
512 B e
A
4 8 ¥ oT—
1X3D/LXINH b=
LX3D |ﬂ4|nul
3]

AnT "

=14

N S+

e




-149-

-
wan 4

PR

MnRas LR TINan I NARD §
]

1unw1nnaawﬂ1ou1aaanun1nuavatﬂuammﬂmneuvunuﬁanuuﬁauuntn1utnw

fy 2 -1 Tﬂﬂﬂﬂﬂ?lﬂﬁ?ﬂduﬂu NRZ-L uanono1ﬂﬂ 4.1

il 4.1 wanvanuave sl an suTud it L TR 271

lunwfuantawammwm1ﬁﬂ71unﬂauuwn P_ = 76 KHz 51ﬂ5mfﬁiaua 48
kb/s ﬁauﬂnonawﬂn 4.2 a1n1ﬂn 4,2 1ﬂﬂwuuuuanoanuuauaeﬁauwﬁwna1un 76
KH _ aww1u1ﬂ 4.2 nwuaweuaﬂeanuusuaeanwwnauannawun 48 KHz




=150=

d P e NS T N el i
U 4.2 WEn ISR IR SRANNINTIFNIND 76 Kiz bawdninfiona 48 kb/s

.';‘ it @ 155 v a | 1 o w
1unw¢uaquanﬁuuuu DEQPSK  Nn17L answawnuen islad L3u s oulan-
dw a ¢ w v - vIL I8 w o 'l
LADTANKAE 1O AL NEUNAT LI THAkLLE drsnovlliog anTrdudnud vuwna 24
kb/s  uawduefiwsuduuuy NRZ-L FouanolTdosih 4.3




=1Hl=

a1n1ﬂn 4.4 1nuaaenanw1tﬂ?uutnﬂutsuawaﬂauuwwnnntaautﬂa1ﬂ 90°
ﬁua%uuwuﬂnm nnsnaaosldan ¢ = 120 PF uas R giationinAn 20 Nla-
Towy  awnTotdoutaneun 0° auiie 180° Tan o = -2 arctan (2¢fR € )
smamases 61 R, SmiiduiueAuniiuas ¢, éwgn%ﬁwauﬁéﬂtﬂu s0°

(N9 R uae C daﬁuﬁwgutﬂaﬁwwﬁc

2 e i T v b R
Tin 4.4 uaﬂanwvtﬂvuuxnauﬂauuwwnqnxaautda1ﬂ 90 aeANUARUWIRING

n11ua1vu10ua1n1a4«1un1wunn11aunne1anovﬂn 4.5 Tnﬂnwuunaalun
Fnooduinfua i lutadandeiian £ = 12T = £ /2 Tufiidien 24 KHz o
T_ =T log M Tatay M tiudwanvesriuduanalunisueqian NN TNARD Y
laginrdmalania uau1iaaavnvaeéwuaawuﬁéwiiﬁuﬁ 4 wnniinined 1207
anaaﬂnan 3 4B ananTonsosmnvd 24 kiz iiiwelawddsadinrsunauns s

nauawouaoammﬂutuuatanuauiouaﬂaﬂo1ﬂn 4.5



T 4.5 wansdga ramdsnninte s Taer ssTnTssdanarasin i
) é € 7 ) e : o
YLD T LI0TRINUN 4 ﬁgﬂ,a dB @Anoow

7l 4.6 uansanvavvaviun DEPSK yaniandu Taaldennrsan
' o & 0 [— R - /
1A | uay 0 A Lvkdnduneun sdaudlansay iRl o s ainuata 13 959

, e % ] v v w PalloE
NTAIEIUAIININT WavRINTI 4.6 SBLHNINE IR TN ITAORUNTANT yiuAnN L Rt u

A




=18

HAN1TINA NN RSB I3 ISt euee NEZ-L

1unﬂ1§ﬂatﬁnw?uﬁwﬁauaoimmﬁmﬁaufuﬁuuuu NRZ-L  HA2INB 700 Hz
uuudan 3 KHz annenawcua§tuuTaﬂnuaﬂo11na1ﬂn 4.7 farwd 700 Hz e
tﬁuaﬂnunawuwuﬁuuu vosat dnafainafy 18.6 dBm/Hz ﬂtuuTaﬂtﬂﬂvnuuanW1
7aﬂ1uawuﬂ1n71uwu1uuuuauaxﬂnm1utn1nu 10log 3 KHz/1Hz = 35 dB ﬁa@o

1AM 1AINNAITAIIUNANT I8N L8R TEA R ST ¢ i a5

W (P) = 24" /50-Cein sfT /L +¢T 2 (4.1)
- | [-] - | “

- é
A UNBIWIHLTIIY L 1oan

i 4.7 wansasiinnFuindsve sduai swswinuuy NRZ-L

AMNANNIT 4.1 810



~154-

a

W (f) = 2(1)*%2.083%10 °/50 [ sin vf#2.083%10  /vf%2.083%10 = 1

- ' v o v a a { v
tuaﬂiﬂuwuﬂuuuﬂaiatﬁnﬂ1un130ﬂuuu1ﬂn 1 Hz f=0 Hz Q¥1ﬂ

W, (£=0) = 8.33%10 ' w/Hz % lim sin E/VE = 1
t=->0
W_(£=0) = 10log 8.333%10 ' dBw/Hz

L

10log 8.333%10° . dBm/Hz
~30.79 dBm/Hz

uaﬂeﬁezdﬁ 4.7

5ww¥u3ﬂﬁ .8 lduansarrsmuuinuovayineduiid svasdonine DEQPSK
uaqtanéu N9l 4.8 ﬂqﬁuﬁﬁinﬁanaﬂauaasuuTaﬂ% 73.7-KHz Jarnamumin
wovat dnatuiids iy -50.9 dBm/Hz Tasfuasefuundon nify 1 Kz Litaoun

' ae \a” ol & o [ A o
Q'\ﬂﬂa'ﬂa\")QQ‘THTQ\’“'\\W\'}"“O’?’\R"‘]W 4 QUUUNLNATLa9eNn 8 dB #Anaov

1 4.8 wansat Inafuirdewes DEQPSK wealandu fidwindoua 48 kb/s



“Lhb~

DEGPAS | FobEM,

.GN .I“'I“ A D i ,

Tif 4.9 uan adnues 19 42 Ssiu



ARNUIN
FNlaRuUNIN0aNuaY PFD
(Average Value of PFD Output)
c:l' i Y -‘4' 3 o u‘: ﬂl "
3L Low1a1 9N e 4100nNudY PFD 3 annie9wia 9w LA anun LI e
way £ Tuinafu

9w 0 3 aanegnunilaggifl 2.63 ausfidn ¢ or, 1 udarndan
v

Tog  » =1 /0, (A1)
AT GRS : (A2)
PED LSaaAnas L Sauan aﬂﬁoTvgmwmuﬁaqwnLanﬂkuL%ﬂuqzaﬁﬂﬁ
Tewinvan1av 2 uaE 8 1529910 2 Lﬁuﬂuﬂugﬁuwnniwsh S winT
RIETTIR R 1ﬁa1uuuaé1uanwau 3 lunsds PFD dgnvad luan1iy 8 9

LaaWﬂQUTuvswiwanwuLﬁqﬁuﬁaaaa ( pasiintines Sllﬁa Prp atluaniie 3
nﬂvt%mﬁumBUWWULaawﬁﬁwauWQ Siqz;ﬂgauuﬂaoanﬁuv #aYIN PED a%Tu
aanix 3 dwFuRiTens e T Ruag A aEin  srngER 1 uta s,
andiLne waih lidoviatiTeasing 1

. ' o~ v ou o [ V] A’u‘
drotnauaswnesn PED Iadanduuugtiu § uar 5 uanylugd 2.73 Wadn
"

2 gy A 9ENINV NI TLNNTE SR 95889191 1a (phase duration) (Uud7147u

ANLATUAIIAUENGT Y [ AN TUBITEHY LIDIVBY S Uy §

LVI0Y9INTEEE L8190 S @9 T AIULIRIU0Y S @D At AIWUANGN IFD

v ] 1] [ %] (
(p~t)T Qz1ﬂﬂﬁ7uﬂwﬂ107uﬂ?0waﬁ (pulse duration) sy L + (=1) 1T

' g e" .3‘ o [ Y] (n: o i 1 “w
TEHER 1 IUDIWAT PFD Q8 L WD INADEN KLh Jjedewivinanu [+ (k=11 (-1)1T

QUNTENITELEHTITERIVINRT LOARLIRY T DL TI9INAINUI RIS INATRBL DY m+1

WAL 19

[e+m(p:—])]T>T. ; (A3)

! .

1 i

TedE LA U0 vaIE LN TIdRENanIe s iietisuRe PFD 9
1

e 2.

¢ ut‘:a v ¢ t‘l‘
luanwva 9 oavuuiwWgs T WiNu2INad (m+1) QﬂT?MﬂWﬁquﬂﬁﬂtUﬂWﬂRRWQﬂWDBH

L “ (
PFD svilyenouniauad



WAAN 1 (Fam 0 ﬁuqmﬁ T
Waan 2 LT T Ruamn L[+ (»-1)1T
9

WARN 3 LFuN 2T FuAAn [+ 20,-1)1T

2’ 1 1 1] v )
WAAN M LTuM (m=DT R[uaah [ + (m=1)(x=1) 3T
*
wAAN m+1 L5uN mT  Fuden T
9

v o “ w d av 18
MIABUAT m ﬂaﬁﬂlﬂ%QWuﬁuLMNﬂ1Nlﬁﬂﬁv (nonnegative integoer)

ao L1l 51f0 9N TuIA AR X ANINNIITEEE LA DA L ARYAY LI e

Tm o+
X, =V /(m+1)T] Z (duration of the kth pulse
- L ="}
m—1 T
=[V/m+ DT} {Z fetnp-1)]T+ T (A4)
n=o

ﬂﬁ?ﬁﬁ@ﬂﬁTﬂTﬁﬁww%nwafaumac
X, = [V Jm + 1)) [nie + mim = 1) (p ~ 1)/2 4 1]
= [V 2(m + 1)) [2mc + m(m — 1)(p ~ 1) +2]
= [V 12(m+ 1)) {n 4 e+ (m—1)

letm(p—1)])+2).

(A5)
90 (Ad) Q¢ 1920
etmp—1)>1. (AB)
soldin (A6) uaw (A5) 9w le
X, >V 2+ 1)) [(m 4 )4 (m = 1)1 2)
= [V 2(m 4 1)) (4 1)c4 (m+ 1))
=V (1462 (A7)
Tddwatou
1u
X >= v \io £ > f (A8)
- - i 2 1 2
4 v u: a: o [ v
anoldcTeulaniulionuae1isn
X <= -V "N f > f - (AS)
[ w1l 1 2

TunstinaqluuesAn PFD N-state l7181&W7ﬂ%§%ﬁ1uL38u1ﬂﬂ57ﬁﬂﬁuﬂﬁﬁ

v a ¢ ' a
X’ an f"1 > F PFD 9¢@INEi7en37134071°¢ N uay N-1  §an 1199n PFD v



e

[~ v ™ v ¢ & { ' =" [ o: a'
LduMATINTO LT IO NAY . uﬂ88%ﬂ7NﬁOGEﬂWﬂﬁQUlﬁ@ﬂ??ﬁ?@kﬂqﬂﬂﬂ?ﬁﬁuﬁ

WOIAINNAY  WATILTI9u L6
v

x‘> VN-—] + *(VN - va’-—l) forfl >f2

Gun:a a: = o ¢
ﬂWHlWLGB%WﬂﬂLMMD%ﬂ% LanIIN

X’,‘V: +3 (Vy = V;) forfy <fa.

Soing (AB) wav (A9  onnatlunTAniAwres (A10) uar (AL1) Lwan
)]

Q4 v o {
anldunuungasitwed lu (A10) uay (AL1)  N=3, V_ =V, V =
1 =

(A10)

(ALL)

Ttle



'z{ l‘,\.pl

XR-220

6

.151- .
% V ‘l;!ﬁﬂ.‘! rg,K-.,:\sﬁ 3 jg!}u‘;h'?\‘jmiza J‘AWI@HZ pon ) ii"h,
= — SR
Monolithic Function Generator |
GENERAL DESCRIPTION . J FUNCTIONAL BLOCK DIAGERAM
. ' N .
Tne XR-2206 is & menolithic function generaior inte- L
greted circuin capacle of producing high quality sine, . - RRT Bt———
scsare, triangle, ramp, and puise wavelorms of high-stability CAM [ :1 16 | "']
213 accuracy. The ouput wayelorms con be both amplitude AL ] : ] l et SymmETRY
#no frequency mocuiatkd by aa exiernal voltege. Frequency ~~ OR & AD
P 2 15 M
o° noerztion can be selected exiernally over a range ot 0.01 ouT UT, .
H2 vo more than 1 MHz, ~ . . . % u.‘.MULTlPLIEFI
e e MULT. OUT l 3 Lo ND 114
.. < SHAPER WAVEFORM
Trne circuit is igeally suiied for communicaiions, instru- 1Y - - '—-] A
meime . b 14 c+vVee | 4. H 13
merration, and funclion generaior applicalions requiring \ e ed
anusmoel 1ne, AM, FM, or FSK generation. 1 has a typical 1 r——< GROUND
¢t cpecifizavion of 20 ppm/°C. The oscillator frequency .“ML; 1S . :]12 v
cen pe Jneerly swep: over & 2000.1 frequency range, with CAPACITOR vco/ cyne
zn exiernzl conwrol voltage, having a very small c“eCI on L 6 el 7 11| DUTPUT
£etion. : ~
- A =7 o) T 10| BYPASS
res YA E '
ESH CURRENT - .
AN { FSNP >
B | swircres 1) I
FEATURES

Lew, &0 Wavt Disicnlion
Exzelten: Temoerziure Stability
Wige Sweep Ranue

L ow-Supoly Senditivity

Linge' Amrituge Mcdulation
TTL Coroaiible FSK Convrols
Vst Sueply Renae :
Adyuiatle Doy Cycle ) . .

5%, Typical
20 ppm/°C. Typical

0.01%V, Typical

10V 10 26V
1% 10 99%

APPLICATIONS

Wavelorm Generation
Sweeep Generagtion

AMSE M Generziion

V/F Conversion

-FSK Genersrien
Prase-Locked Loops (VCO)

ABSDLUTE MAXIMUM RATINGS'

- 4

Fower Supply . 26V
Power Dissipation 750 mw

Derate Anove 25°C . 5mW/°C
Taotas Timing Current 6 mAa

S1aroce Temperature -65°C'1o0 +150“C

20060:1, Typical =

ORDERING INFORMATION

Part Number
XR-2206M
XHR-2206N
XR-2206P
XF-2206CN
XR-2206CP

Package
Ceramic »
Ceramic
Piastic
Ceramic
Piastic

SYSTEM DESCRIFTION

The XR-2206 is comprised of

vohage-convrolied
and sine-shaper;

scillaiol

Openining Temperature
5 C1c +125°C

0°C+70°C
0°Co+70°C
(°Cio+70°C

LU*C e +70°C

{four lunztional blucks: a
(VCO)..
2_unity gain butler amplitier; and & set
of current switches.

an analog mulliplier

The VCO actuztly produces an opuiput {requency porpor-
tiona! 10 an fnpm cutrent, which.is procduced by a 1e55101
{rom the 1iming terminaly 10 ground, The current switches
route one of the timing pins current 1 the VCO conuolled
by an FSK inpul pin, 10 proguce an ouiput irequency. With
WO \iming pins, two giscrele oulpul {requencies tan be
independently produced for #SK Generation Applications,

v, b, | 1L
A’:’ EXAR Integrated Sysiems, inc,, 750 Pslomar Avenue, Sunnyvale, CA 94086 * {408} 732-7970 * TWX 910-339-9233
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ELECTRICAL CHAR{RCTERISTICS ) .-
Test Conditions: Tesi Circuit of Figure 1, V¥ =12V.Ta = 25°,C = 0.01 uF, Ry = 100K, Ry = 10k, Ry = 25kQD
. unless otherwise specilied. § open {or triangle, closed lor sine wave.

. XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. | TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS o '
Single Supply Voliage 10 26 10 . 26 v !
Split-Supply Voliege 25 . 213 25 213 Y,
Supply Current . L 12 12 14 20 mA Ry » 10k
OSCILLATOR SECTION
Max. Opersting Frequency 0.5 1 0.5 1 MHz C=1000pF, Ry = 1 k0
Lowest Practical Frequency 0.01 N 0.01 He C*50uF . Ry=2M0
Fraquency ACCurscy ) 11 34 32 . % ot 1g tge= 1/AC
‘Temperajure Stability 210 250 120 ppm/‘C 0'C& To<75°C,
. C . e . Ry=Ry=2040
Supply Sensitivity 0.01 0.1 0.01 - %IV VLOw * 10V. ViigH = 20V,
. . ) , . Fiy = Fge 20k 02
Sweep Range | 1000:1 2000:1 \ 2000:1 - Loy =1L f® R =1k
B oule. . L Em ‘ : 1, @R =2M0
Sweep Linearity © )

10:1 Sweep 2 . ; A2 % L = VkHz tg = 10 a2
1000:1 Sweep 8 8 % L = 100 Hz, {y~ 001D
M Distonion 0.1 0.3 % 2 10% Deviation

Recornmended Timing ’
Components
Timing Cepacitor: C 0.001 100 0.001 ' 100 uF See Figure 4. »
Timing Resistors: By & Ry 1 2000 ==1 2000 (¥ ¢l
Trianple Sine Wave Outpul See Note 1, Figure 2.
Trisngle Amplitude | : 160 160 mviL & Figute 1,5y Open
Sine Wave Amplhude 40 ° 60 80 60 mV/AQ Figure 1,5y Closeo
Max. Ouiput Swing 6 e . 6 Vp-p
Ouipui Impedance 600 600 a
Trisngle Linearity 1 1 %
Amplitude Sisbifity 05 05 ' de _For 1000:1 Sween
Sine Wave Amplitude Susbility 4800 4800 ppm/“C See Note 2.
Sine Wave Distonion
Without Adjustment 25 25 % Ry =30kN
With Adjustment D.4 1.0 0.5 15 b See Figures 6ano 7,
Amplitude Modulation .
input Impedsnce 50 100 50 100 . (%3}
Modulation Ranpe 100 100 9@
Carrier Suppression © 85 ) - 85 dag
Linearity l ) 2 2 R %® for 95% modulation
Square-Wave Output k . -
Ampliiude 12 12 Vpp tessuted at Pin 1Y,
" RisTime 250 . 250 i ns | CL=10pF
Fall Time ' 50 I 50 nsec €= 0 pF
Sstwuration Voltage 02 0.4 : 02 0.6 v W= 2mA
Leskage Current ' 0.1 20 [sR] 100 pA Vi = 26V
FSK Keying Level (Pin 9) © 0.8 1.4 24 0.8 14 24 v See section on circait controb
Referance Bypess Vohape 29 3 33 - 25 3 35 Y Measuiad a1 Pin 1G.

Nowe 1:  Output smplitude Isdirectly proportionsl 10 the resinsnce, R3. on Pin 3. See Figure 2.
Note 2: For maximuin smplitude siability, Rg shoukt'be s positive temperasture coetlicient resistn.
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PRINCIPLES OF OPERATION
Description of Controls

Frequoncy of Oporstion: -

The trequency of oscillation, fo. is delermined vy the
exiernal timing capacitor, C, across Pin & and 6, and by the
1iming resistor, R, connected 10 either Pin 7 or B, The ire-
quency is piven as: '

1 Hz

1
o"R/C
and can be adjusied by varying either R or C. The recorm-
mended velues of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 k2 <
R < 200 k§. Recommended values of C are from 1000 pF
1w 100 ufF. p

Frequency Sweep and Modulstion:
Frequency of oscillation is proportional 10 the 1013 1iming
current, bp, grawn from Pin 7 or B:

32017 {mAl
{= H2

C Wk, ..
Timing terminals (Pin 7 or 8) ere low-impedsnce points,
and are internally biesed a1 +3V, with respect 10 Pin j2.
Frequency veties linearly with by, over a wide renge. of
current values, from 1 gA 10 3 mA. The frequency Gl
pe contrclied by applying & comrol voiiage, Ve, 10 1ne
sctivaied 1iming pin as shown in Figure 9, The frequency of
oszillesion is related 10 Vp &s:

where Ve is in volts The voliage-1c-frequency convessiun
gain, K, is given ag!
, 0.32°
= 30V =~ = Hz/
K Ve RcC Vv
CAUTION: For.salt: operation of the circuit, Iy shouie be
limited 10 €3 mA. .

Output Amplitude:

Meximum outpuJt amplitude it inversely DICPOMIdNE: 1S NS
externzl resisior, Rg, connecied ic Pin T see Figare 21, S0
sinE wavé oulpui, Briptiude is zoproximeiely B m\ peén

per k) o! Az for wiangle, tne pesk emplitude it EED°Ix:

mately 160 mV peuk per kQ of i Tnus, {or examie
Rg = 50 k2 woulo produce approximetely = 3V sinasoi1Ze
oulput amplitude,

Ampiitude Modulstion:

. Ouput ampiiude Car; re modulzied by euplying & ot tiet
2

and » modulating sionas 1c Pin 1. The irterns} im pesence
Pin 1 is spproximately 100 %82, Ouipdt aMpiiuoe va'ivt
linearly with the applied vohage a1 Pir 1. tor veiver oF Co
bies a1 this pin, wilhin =4 volis of VM /Z &t ©i0vin i Flate
§. As thic biss level approeches V72, the phase °° ¢
output signal is reversid, and ine emplitude, goes 1w T
zerp. This property it suiizble tor press-shitl ¥ev."s
cuppressed-carrier AM generziion. Total Oyre~ic rensi o7
amplituge modulsiion s spproriTigiely ES 2

CAUTION: AM conuol musi be usec ir COmun Y o
o well-resuizied supply, since ne outbul b 1uDE T

{= ”RJ(_: 1+ﬁ-ﬁ-c-('.- .\-/-:gl ) Hz becomes & funciion of V4
: l
S - : :
ATI L A p
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TR Y
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FrequencyShih Keying:

The XR-2206 can be opersied with 1wo separaie timing
resistors, Ry and Ry, connecied 10 the 1iming Pin 7 and B,
respectively, as shown .in Figure 12. Depending on the
polarity of the logic signat a1 Pin 9, either one or the other
of these timing resistors is aclivated. ! Pin 9 is open-
circuited or connecied 10 a bias voliage 22V, only By is
aciivaied. Similarly, it the voliage level a1 Pin 8 is €1V,
only Ry is activaied, Thus, the outpul frequency can be
keyed between 1wo leve'ls, 1y and 12, as:

1y = 1/R,C and 15 = 1/R5C

For split-supply operation, the keying voltage a1 Pin 8 is
referenced to V™,

Output DC Level Control:

The dc level a1 the outpul {Pin 2)_ is approximately the
same as 1he de.bias a1 Pin 3..n_Figutes10, 11 and 12, Pin 3
is biased midway bewween VY and ground, 1o give an
outpul de level of =V7/2.

APPLICATIONS INFORMATION

Sine Wave Generation

Without Externs! Adjustment:

Figure 10 shows the circuit connection for generaling 8
sinusoidal output from the XR-2206. The poentiometer,
Ry at Pin 7, ‘provides the desired frequency tuning. The
maximum outlpul swing is greater than v*/2, and the
typical distortion (THD) is <2.5%. It lower sine wave
distortion is oesired, additional adjusimems can be provided
&s described in the following section,

1]
The circuit of Figure 10 can be convened 10 split-supply
operation, simply by replacing all ground connections with
V~. For split-supply operation, R3 cen be directly connecied
10 ground. ;

-~

T o L B e e
1 el SULCANL I 2 D

' XR-2206

b0l
NS

-With External Adjustment:

The narmonic content of sinusoidal oulput can be seduced
10 =( 5% by additional adjusimenis as shown in Figure 11,
The potentiometer, Ry, adjusts. the sine-shaping resisicr,
and Rp provides the fine adjustment for the waveiorm
symmeury. The adjugimens procedure is as follows:

J.  Set Rg at midpoint, and adjust Ry for minimum
distortion.

2. With Rg set as above, adjust Rg 10 further reduce
distoriion,

Triangle Wave Generstion

The circuits of Figores 10 and 11 can be converieg 10
triangle wave generslion, by simply open-circuiting Fin 13
and 14 {i.e., S; open). Ampliude of the wrizngle ic apiroxi
mately twice the sine wave culput.

FSK Generstion

Figure 12 shows 1he circuit connection for sinusoidat FSK

.signai operation. Mark and space irequencies can L€ inoe-
pendently adjucied, by the choice of timing retictors, R.
and Ry: 1the outpul is. phase-cortinuod: during t1ansinione,
The keyingsignal is applied 1o Fin ©. The circuit can be
converted 10 splil-supply OPELBIION Ly SIMPly refaacing
ground with V7,

Pulse and Ramp Generation

" .Figure 13 shows 1he circuil for pulse and ramp wavelorm

generation. In this-mode of operation, ihe FSK heying ter-
minal {Pin 8) is shoned 10 the square-wave outout (Pin 111,
and the circuit sutomatically frequency-shift keys itset!

between 1wo separaie frequencies during the posnivegcing

and negalive-going output wavelarms, Tne pulse width anc
duty cycle can be sdjusied from 1% 10 99%, by the tnoice
of Ry and Rp. The.values ol Ry and Ry should be in 1ne
range of 1-k 216 2 M.
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Figure &:
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Output Amplitude 8353 Function of the’
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Figure 6:

Trimmed DRistcriion versus Timing
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Figure 3:

Supply Currem versus Supply Voltege,
Timing, R.

Figuts 2:

Sine Wave Distontion versus Operating
Frequency wita Timing Cepascitors Varied.
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- Figure 9: Circuit Connection for Frequency Sweep.
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ORDERING INFORMATION

Bovies Vormperoturs hangs [ 4_'
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Specifications and Applications BALANCED
Information MODULATORDEMODULATOR
MODULATORI DEMODULATOR SILICON MONOLITHIG
BALANCED MODU INTEGRATED CIRCUIT
. designed for use where the oulpJl voltage is 2 product of an
input votiage (signall and 2 switching function (cartier). Typical
applications include suppressed cairier and amplitude modulation, G SUFFIX
synchronous detection, FM detection, phase detection, énd ch.o‘[\pel Jf\ METAL PACKAGE
applicztions. See Motoiolz Application Note AN-531 for additional [/7 * CASE 603-04
design information. q’// VEE
o Excelient Carrier Suppression =65 0E 1yp € 0.5 MHz ‘/U/‘ ~ Signsl - Dutput
- 50 dB1yp & 10 MHz Input - Carrier
. »’?.djus‘.zble Gain and Signa! Handling Goin A Inp.fl
e Eslanced Inputs and Ouiputs = © « Cartier
¢ High Common Mode Rejeciion = BE dB 1yp Gein Adust Input
- Signel Inpui = Output

Bies (Top View)

L SUFFIX
CERAMIC PACKAGE
CASE £32-08
FIGURE 1 —
SUPPRESSED-CARRILR
OUTPUT WaVEFORM DEUFAX @.
PLASTIC PACKAGE | SQET*
CASE 751A-02 1
S0
P SUFFIX
PLASTIC PACKAGE
C45E 62606
L4 *7
el gt = Signal
G K8R Input 5 VEE
EB Gein Adjus) % NC
FIGURE 2 - Geinl Adjust =Output
EE SUPPRESSEDCARRIER = Siing .
SPECTRUM A H NC
EB Bias - ~ Cartier Input
% “NC
= -] i Pupil by = Cerrier
Do b NC Input Mop View)
FIGURE 4 - AMPLITUDE MODULATION SPECTHUM
FIGURE 3 ~

AMPLITUDE MDDULATION
OUTFUT m&AVEFORM
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MC1486, MC1596

MLKIMUN. RATINGS® (T @ ~ 25°C unirst pthe-wise noted)

Rating Symbol Value Unh
Koplice Vohape ) av 30 vdc
Vg = V3, Vg = Vi, Vg = V9, Vg« Vg Vg = Vo V) - Vy,
Vg~ Vi Vg - Vg V3 = Vi V3 =~ Vi)
Detterential tnpu) Signal V3 - Vp -50 Voo
Vg - Vy s {5 IgR,)
Aarimum Bus Curvemt S 10 mh
Therma! Resistance, Junciion 10 Air LINTY oW
Ceramic Dual in-Lime Pacispe . 100
Piastic Dus! In-Line Paciage 100
1 Paziape 160
ting Temperature Range Ta c
MC1496 Oto - 70
MCIS85 -8510 = 125
S:otapt Temperaiure Range T‘lﬂ « €510 ~ 152 c

ELECTRICAL CHARACTERISTICS® (VoL = =12 Ve, Vi = - 6.0 Voc. I = 1.0 mAdc, R, = ISRy = 20O,
Ta o = 25°C wnless piherwist noted) (All inpun end oulput charsciermics are single-enoed uniess Otherwise noted.)

MC1ssE MCYavE
Cherecieristic Fig | Note | Symbol | Min T Typ | Mon | #hin | Typ | Man Unh
Carvier Feemhrough ] ] vert p¥irms)
Ve = 80 mVirmst sine wove and IR KA CH - 40 - - 40 -
oftsel sdiusted 1o Fero ic = 10 mHz - 140 - - 140 -—
Ve e 300 mVpp squere wave: mVirma}
oflse! d0juRIes 1C 2erD - ic = 1052 - | 004} 02 — |ope | b4
offsel no: sdjusred fc = 1.CaHz — 20 100 - 20 200
Carrier Suppression 13 ? ves 1 a8
15 = 10 0H2, 300 mViirms)
1€ & 500 k2, 60 mVinms) sine wave 50 €5 - a0 5 -—
ie = W0 MH2, 62 mVirms) sine wove o 50 - - &0 - 3
Transadminance Bandwiaih {Magnitudel Ry » §0 ohms} ] [ ] BWyap 1 Mrs
Carriet input Port. Ve = 60 mVirms} sine wave — 300 - e p o] -
15 « 1.0 00, J00 m¥[rmsl sine wave
Signal Input Pon, Vg = 300 mVirmi] sine wave - 80 - - 80 -—
Vel e 0Evor |
Sgnot Gein w0 3 Ays 25 [ 3b | - s | 38 - vV
Vs » 100 mVirmal f = 1.0 ¢Mz: gl » DS Ve
Sogle-Ended taput npedance, Signs! Pon f = S.0 MH [] -
Parpliel Inpus Resstance L7 -— 200 - - 200 - N
Paralle! Ingun Copacitance o - 120 ~ T 20 | ~— pf
S.ngie-Endec Ouipn mprdance, 1 = 10 MMz [3 -
Poralie]l Oviput Revisiance op -— a0 Ll - 40 — il
Peratie! Dunpul Capacrance oo -_— 50 - - 50 - P!
o Bies Cunem 7 = - A
h-U -t e — 12 25 - 17 p i)
) —_— -
eS = T bt ) e | = | 2| ] —-1121»
npar Otthet Current ? - rh
Los » h~lidol = B-lg Pos' - 0.7 50 - 0.7 20
, - loc - Jor{so} - |or]| 0
Averope Tempersiure Cortticien of Input Oftset Current 7 - L= - 20 - - 20 - AT
Mg o =55°C 10 = 125°C) .
Output Offset Current ? - foo! - " o —-— 7] [ A
fe-tgh
Averape Temperasiome Corticient ot Duiput Otlset Curreny ? - a0t -— »w - - ” - [ S
{Ta = ~55C 10 = 175C)
Common-Mode Inpur Sawing. Sipnal Pon, fg » 1.0 s 1 4 My -—_ £.0 — — 50 - Vi
Common4ode Grin, Signel Port I » 1.0 AL . - ACM - -] - - | -] - (1]
Noi e B8 Vo
Lommondiooe Duascent Output Vohapr {Pin L ot Pin 8} 10 -— Vi - 80 - - L Y] -— Vg
Defterenial Outpnn Vonape Seving Capsbiiny 10 - Vi — 8.0 - — 8D - Yep
Powet Supply Currermt 7 [ mAG
LA icc — {ao |3 | — |20 an
ho W —~ |30 {a0 | — | 30] 0
DC Powrr Duaipation 7 13 ’n -— 3 D — 3 -— -
* Pin aumbet reterences perisin $0 this Orvice when pechaprd In o metsl con To ssorrsin the LOTTwpONRGng 0 Rumle s tor plaslic o4
criomn pachaped Sevicrs reter 10 the firs) pepe of this specitication sheel
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GENERAL OPERATING INFORMATION®

Note 1 ~ Cortier Feedthrough

Carier feedthrouph is Oefined 83 the Oulput voIage 81 Camier
frequenty with only the carrier spplied {signal voliape = 0.

Cortier null is achicved by bulancing the cumenm in the thitler.
entizl amphifer by means of & bims trim potentometer {Ry of
Fegure Sk

Note 2 = Corrier Suppression

Canier suppression is defined 83 the ratio of gack sideband out-
pul 10 carrigr ouipVl for the corvict and signel voliage levels specic
fred,

Catrie’ suppression is very dependent on carsier input evel, as
shown in Figure 22, A low valur of the canrier does not fully
switch the upper pwitching devices, ond reaulty in lower signal
gain, hence towdl Carriet supprenion. & beghet Thenoptimum car-
tier kvel results 0 unneceasaty Sevice and circuit ganie feed-
1 pugh, whith sgsin Gegenersies The suppression figure, The
WC1586 has bren characierized with 3 60 mVimm) snewsve
cartier input sighal. T ha irvel provides OPtimum o rie Buppres-
sion 81 carniet frequencies in the wicinity of 500 AH3, and i
penersily tecommended for belonced modulator spphcsiions.

Coartier feecihrough i independent of signa! devel, Vg. Thus
carsier supDression Can be Masimired by opersting enth Lerpe sig-
ne! levels. However, a lintar Opersting mode musl ke maintsined
in the signal-input transistor pal — or harmonics Of the modulsing
signsl will be penersied and aDpess in the device OULMY &8 SDUTiDUS
sidehiangs of tht suppressed carriet. Ths requitemwnt places sn
uppel fimit on inputsipnal smpiiuoe {set Now 3 end Figure 201,
Now aho that sn optimum canier leve! is recommenciee in Fig
ure 22 for good Cariet suppresion snd minimum spurious sue- -
beng penersiion, d

Al higher frequenties gircuit layout s wvery Imporant w order
10 munimize cortier feedthiough. Shieiding msy e netese'y in
oder 10 prevent cepsciive coupling briwesn the cotmr input
leads an0 the DuipJl keads,

Note 3 - Signs! Goin ane Mazimum Input Level

Signal gain {singleended] 81 low trequencies is defineC 8 the
voliage gain,

Vo, ‘R € mV
AVS * Vg " Rgs Ti VM ” {TmA)

A consiant &k polentisl b spphed 10 The Corrier ingaa Tevminals to
fully switth twd Of the uppe: tramition “on’ sng wvo BansBIONg
“ofl” (Ve © 0.5 Voel, Thu in etfect formi s cmopde oitterentisl
smphtier,

Linesr opristion tequites thay 1he signal inpui be belon 8 o iti-
caf vlur getermined by R and the bim current 1g

Vg < ig, Rg (Volu pesk)

Note that in the test circuis of Figuee 10, VS cormrsponts 10
ranimum value of 1 voit pesk.

Noir 4 —~ Common-Mode Swing

The commpn.mode swing is 1he voliagr which may be spplied
10 both basres of the signat ditferential smphfier, sithout smursting
the CutTent 3Dwrces OF withoul s iutaling Yhe dittemntie’ smphier
inet! by swinping it Into the upper switthing devion. This swing
i voriablt Orpending on the prrlculst Circuil snd bising condi-
tions choren {ser Note 6).

Novw § — Powrr Dimiperion

Power dinsipstion, P, within the intrgroted circuit pachage
hould be calcuisted m tht summaion of the volBg=curren) prog-
uen o1 sath pov i, ie sssuming Vg = Vg, Iy * g ¢ Ig ;nd ignoring

‘

bese current, Pp = 2 15 (Vg = Vgl = 15 (Vg ~ \ 10} wheee sub-
Ktipts refes 1¢ pin numbers,

Note § = Design Equations

The following s a parust bt of desgn sseat-ons peeded 10
operat the cirguil with cther supply vollages #7C 1npul condi.
nons. See Note 3 for Re equetion,
A. Openpling Currenmt

The internsl biss Cuments are 31 by The CoC.1i0ns Bt pin 5.
Assume: .

Iselg®ly
1g << I for sfl transimon

then:

Rg » !-'d -500 11  where. Rg is the ras o between pin
> S o gora
G- 075VarT e 28°C

The MCI1EDE has been charatierized for Yhe conostion I = 1.0
mA and is The genetally recommended value.

8, Common-Mode Quiescent Ouiput Vohage

Vg* vg= V* — 5 Ry
!

Note 7 - Biming

The MC 1586 requites 1hree de bisi voliage brees which must be
set externaty. Guidelines for sening up these Trvee levels snclude
mainiaining a1 leal 2 volty collectorbase b on #ll transision
ehile nDY erceeding the vohape piven in the axsivie masimum
fs1ing tabile, o

30 Voo z [IVg. Vgl - (V3. Vgl & T vec
30 Vde Z {IVy, Vgl ~ (Vy,Vall 2 37 Vvde
30Vde R [IVq, Vel = (Vg 2 27 Vee

The 1ovtgo'm9 congitions #1¢ base0 on the folowning 3pproaims
1ons:

Ve Vg, V3» Vg Vyevg

Biss cusrerty fiowing into pins 1, 4. 7, »nd E s tranmsutor base
cutrents and can notmally, bt neplecied of errrnal by diveders
e Oesigned 10 cany 1.0 m& o1 more,

Note B = Tranmémitnnctk Bandwidih
Cottier tmnmdminsnce banowsdth b the 3¢S bendwidth ot
the device forwerd transsdmitlance & deloined by

ip (each sideband!
Yae*® v, Inprel]

Vor O

Signa! tasadmittence bendwidth is the 30F banom oth of The
device {orward trpniadminence & O¢ hined by;

Iy, (aignal)
Y2158 * 'v‘ sipnell

Vs D5 Ve Ve e 0

*Pin numbet refriences perisin 10 this drvice w=en pachaged ina
metp! can. To sacertain the coneiponding pir sumbers 100 plas
tic ot crramie pacheged Brvices reler 10 the fwst page ©f Thiy
sproibheation shret.
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Note B — Covpling »nd Bypen Cepaciton Cyronsly

Casacitors Cy and C3 (Figure S) should be selected for o re-
aztance of less thas 5.0 ohmy 81 the cotaer frequency,

Note 10 = Output Signal, Vo

T output sig~a’ is tahen from ping 6 ang £, vither balanced
o1 singie-ended, Figure 12 shamd the outpout Mvels of each of the
WO Outdul sidelmnds resulting trom variations in both the car-

ver and mogulaiing signal inputs with s singleended oulput
conneciion,

Note 11 = Nagstive Supply, Vie

Vg g should be d2 only. The insertion of sn RF choke in series
with V| can entance the siabdiy of the internal current sources,

Note 12 ~ Signal Pors Suability

Under certain values of oriving source impedance, oscillation
ey octcur. In this event an RC scpprenion netmork shouid be
connected directly 10 each inpiut using shan Leads. Tha will redute
the Q of the source-tuned circuin tha: chuse the orcitation,

SIGNAL INPUY .
50 l

(INS18 &)

An shernate method for lon-frequency aoplicstions is 1c insert
&1 h-Ohm resistor ir. secses mith the inpuns, ping 1 ang 4. In1hy
Cae iNpul CUPIENt Orift tnay Cause seriows Segradation of carnier
suppression,

10 pF

"TEST CIRCUITS

FIGURE § -~ CARRILRA REJECTION AND SUPPRESSION

FIGURE 6 = INPUT-DUTPUT IMPEDANCE
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TEST CIRCUITS (continued}

FIGURE & -~ COMMON-MODE GAIN
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FIGURE 10 - SIGNAL GAIN AND QUTPUT SWING
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TYPICAL CHARACTERISTICS {continued)

Typical gharatterisiics were pBIMNEC wilh cucun Thown b
v * 60 mVirms) 1g* 10HI Vg * 300 mvi

JGURE 11 = SIDEBAND OUTPUT versus CARRIER LEVELS
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FIGURE 13 - SIGNAL-PORT PARALLTL-EQUIVALENT
INPUT CAPACITANCE versus FREQUENCY
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FIGURY 12 - #lGNAL-POfﬂ PARSLLEL-EOUIVALENT
INPUT RES'STANCE versun FREOQUENCY
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MC1496, MC1596

TYPICAL CHARACTERISTICS {continued)
Typice! chacacrecistics ware ODIAINED with CHEUITBhewn in Fagure B o ® BUD b4y fhing wave),
Ve ® 60 mVlimik 15 = Y412, Vg« 300 mVirm), ¥ ~25°C untens othermine noteo,

FIGURE 15 - SIDEBAND AND SIGNAL PORT

FIGURE 16 - CARRIER SUPPRESSION
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FIGURE 18 ~ CARRIER FEEDTHROUGH v';wl FREOQUENCY
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MC1456, MC1596 .

TYPICAL CHARACTERISTICS (continued)

FIGURE 21 = SUPPRESSION OF CARRILR HARMONIC
SIDEBANDS wrrsans CARRILR FREDUENCY
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The MCISSE/MCILD6, 8 monohihic balanced modulzior cire
cvit, i» shown in Figure 23

Thu crcun consinik of en upper Goad Gitferennip! armplitier
orven by » menoard Oiiferential amphfier woth dust curient
sovices. The oulput cOlec107 8¢ Croms-coupled s thatl fullwave

Lalanced Muliiplicd ot OF the WO input vollages occturs. That is, .

e oulpul signal is 8 conmant times the Hroduct of The two input
ek,

Mathematical snalysis of linesr st sipna! mutiiplication ind-
cares 1At the Dulput spectrom will connst ©f only the sum pngd
cdimence of The Two input frequencies. Thut, the device may be
wied 85 8 belenced modulnor, doubly balanced miaer, product
ouienior, trequency goubket, »ng Other 8Dpheatoons requuing
These particular DUIHUN sipre! thatacienstics,

The lower otterentpl smphlier b 1y eminess connecied Y0
the pachage pini 30 Than an estesnal emitier rersancy may be
wied.  AbD, eaternsl 108 resston att employrd a1 The Oevice
output. r

Signa! Leveh

The upper Quad cifferentisl amplfier mapy e Operaied either
in & hinear o & srtursied mode, The lower Ditizientis! amphitier
noperated in s Linsar mode tor most spphcations,

For low-tevel Dpention st both input POTL, the OUTpwL 3ignal
will contain sum ang ditierence freQuency components and have
an amililuoe which is » funciion of the praduct ¢ the input sgnsl
smplaudes.

For highdewe | opeiation 81 the carier input pon and hinesr
OpeBLOn 1 Ve MOJUBUAE sgnal PO, The outaut pipnal will
contein sum end Oitfecence Trequenty components of The madu:
Lting sipnsl frequency and 1 tundamental snd Cod hermonics of
the nuiq treGuency. The oulputl amphiutc will bt a connent
Virney the modulsting siprat smplitude, 4ny smplitude vetistions
o0 Yhe ¢oriser sagnal weill ROT aDpesr in the Lulpuat,

FIGURE 22 ~ CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL

OPERATIONS INFORMATION
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MC1496, MC1596 :

OPERATIONS INFORMATION {continued)

The lineat signat hangling canabllities of » ditferentia! smplifier
are well gelined. With no emutier degeneration, the marimor
inpul voltage fo1 hinear OPCISION 1% BPPrO2IMBILlY 25 mV peat
Swnce the wpper Oifferential amplifisr has its emitiers nrernatly
connecicd, ths voltage spplies 10 the cartier input pont for alt
conditions,

Since 1he fower differeniial snplifier has provisions {or an
external emitter resisiance, its bnes signal handhing 1ange may be
adjusied by the vser, The warimum inpul vohage for imear op-
eration ma, bt approrimated from the folioning eapression:

Ve (»5) (Ri)volu peak.

This eapresson may be used 10 compute the minimum velue ol
R; 10t & grven INpUl vOilage smphivore,

FIGURL 25 = TABLE Y
VOLTAGE GAIN &WD DUTPUT FREDUENCIES

Carsiet Input Approrimae Output Signal
Srat tve) Volmge Goin Freauencyls
AV,
Lonwmiar ] i) "
2(Ag - vn.n(-;)
Hiph-level —ﬂL— §
ph-level dc RE - 2rg M
Ry Velims) o). o
Lown-kevel ac catm
2 J2(EL)1Rg « 20
R 245
Highelevel ac 0BT Ry fc 2ty 3 2 e,
Rg = 21¢ Sticaim. ...

The gain from the modulating 1igaa! input POrY 10 1he CUtput 1
the MC1596/MC 1496 goon parameter which 1 most often of interest
10 the Oesigner, This pain has signiticanze only when She loaer
rtferentisl amplitet i Operdied v & inedt meoe, but thiy includes
most apphesrions of the Gevice,

As previously mentioned, the wpprr ausd ditferentist smplier
rray be operated enher in 8 linear O » sstutsied mode Approai
mate gain expremions heve been Orveloped for the MCIS26/
MC149€ for 8 lom-level modulsting sipast input enc 1M following
carrief NPl CONCITIENS:

1} Lown-kwveldc
21 High-level oC
3) Lown-lkevelac
&) High-lewvelac

Thest goint sre summarized in Table 1, dlong w.h the fre-
Quency componenis contaned in The ouiput sipnal,

NOTES; .

1. Low-lewel Modulat'ng Signat, Vi, sssumed m it coses
Ve is Canier input Volisge,

2. When the Ouipst hignst containg mullipk treguencws,
the gair. eaprepion given is 101 the ouiput amphigor of
each Of the two Oesited Outputs, 10 = iy 30C 1C = Iat.

3. AU gan eaprensicrs we 101 8 single-enoec outpul. For

» Citferentsl outouUt LonnecLION, muiliply €ach eapres:
si0n by o,

. R ¢ Loxdressiance.

. A > Eminer resistance between pint 2 970 3.

. ¢ = Trensistor Gynamic emitier resisiance, ot 225°C;

[ R

26 mV
- Iy (mA)

7. K = Bok:mann’s Constent, T & temperaiurt in gegrees
Kelvin, @ > the chivge o0 en elecreon.

? w26 mV a1 room iemperatute

APPLICATIONS INFORMATION

Doublc 3.debsnd suppressed carrier modulstion it the b
spphication of the MCISOEMEILHG  The suppriied curcuir for
thiy apphizahon it shown on the “teont pagt of this dete sheel,

In some applications, it may be necessety 10 ODersie thi
MC 1596/ C1496 with 8 single de supply volwpe insiesd of &uo’
supphes. Figotg 26 shows » balsnced modulator drsigaed for
operalion wath & singk <12 Vo supply. Performance of this cir-
cwil i semniter 30 That of the Qusl supphy modutator,

AM Modulsior

The citcuit shown sn Fagure 77 may bt used »s an amphiude
moduls1or yith 8 Minoi modil«ation,

AN that iy required 10 shet hom suppressed camier 30 AN
opetslion 1 10 adjun the cartmt null poltent.omeies 1o the proper
smount of carrer insertion in Me DUIpUI Spnsl

However, The suppeessed afrier null citcoitty 83 shown in
Figore 27 toer ot have suthuoent ad,ustment fange. Thetelore,
1 modubios may B modded for AM opriation by changing
two tesmior values in the null chrcuit & thown in Fagure 28,

Pioduct Devcror

The MCISSL/NC 1496 et es an encrient SSB product deiec:
1ee {are Fogare 290,

This product eetector has & bersanily of 30 mcrorta e s
dynamic renge ot 20 @B mhen Opceaiing 81 an intermecaie dre-
quency of 8 N Ha,

The dere<ior o broadhand for thg entivg hiph fresuency 18npe
For opeiation 81 very on wnirtmedisit heaoences cown to 50
LH2 the D.Y (F capaciton on pins 7 and € 1houki In increasen
1.0 pF. Aho, the oulpul Llier 81 pin 8 tan be tadeorec 10 8
specifsc imermea-ge frequency ond duthio ampbiver anpot ame
pedance,

A in atl spplcations of the MCILHE M 1496, 1he emities
re3iniance between piny 7 and 3 may b antresied v drovesied 10
SUjuR Circuil poin, semaitivity, 8nd dynamic renpe,

This cncoit may aiso be uned 83 an AN drreOior by Nt utng
corver 3ignal g1 the cariert inpul end an AN sgnal sl the SSE
input,

The cartigr pignal may bt ocreved hom the intermediste b
quenty sl o geaersted lotatly  The tariwr spnal may be o
troduced wilh o withoul RWIINDn, MEvIOKT i kevel »
sutiiciently high 10 sturste the Li0rt Quad Bdicrentiet annhibel
H the oatrier pgret v mooulsirs, » 300 mVirms) inpot devel
recommended,

MOTOROLA LINEAR/INTERFACE DIVICES




MC1496, MC1596

APPLICATIONS INFORMATION (con'linued)

Doubly Balanced Miner

The MCISS6MCIA06 mey be used a3 8 doudh balanced
miset Wb enher troadband o tuned natron band npul end
owipwl Niteorkg,

The loca! osciliator signal is introduced 2% the cattier input
POrt with ¢ recommended amplilude of 100 MmVimmns).

Figure 30 shows 8 miser with 8 brosdoand input and 8 tuned

ouvipul,

Feregquency Doublet

The MCIS9E'MCIE96 will opetate o3 8 frequency doubier by
ntroducing the same frequency 81 both input ports.

Figures 31 and 32 show » brosdbano trequency doubler 970 8
tuned oulpwt very high frequency (VHF) ocoubles, 1especiively.

Phast Deieciion sntgt FM Detection

Tre MCI5BB/MC 1486 wilt function st & phas Oetec1ot, High.
teve! DUt sigrals are intioduced 1 both inputs When both inputs
are & the seme trequenty the MC15S6/MCISHE will gcliver an
outpui which 15 a function of the phase gitference beiween the
WO indul signals.

An FM deiector may be consitucied by wusing the phase delec:
100 printiple. & twhed cucuil n adoed ot one of the snpuls 10
Caumt the tweh input 1iphals 10 vaty in phase 81 » funchion of fre.
Quenty. The MCISY6/ME1486 wll then prowdt an oulput which
6 8 function of the input signal frequency,

NOTE  Pin purmnber tetlerentel Peelain 1C o Df et wher DackapeC v a metat can 1O s3ec 100 The (OIRIPORDINE Pin
furmtiers 100 Plaltic ©F CE* 8™l Pathsgec Ceozes tofr 1C The firsd Cape o theg sped st p oo™ sheet.

TYPICAL APPLICATIONS .

FIGURE 26 ~ BEALANCED MODULATOR
12412 Vde SINGLE SUPPLY)

FIGURE 27 - BALANCLD MODULATOR-DENMODULATOR
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MC1496, MC1596 .

TYPICAL APPLICATIONS {continued) N
FIGURE 30 -~ DOUBLY BALANCED MIXER -t %
(BROADBAND INPUTS, 8.0 MH2 TUNED OUTPUT) FIGURE 31~ LOW FREOUINCY DOUBLER
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ts  PODULATING SIGNAL i¢  CARRIER nARKDNICS
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MOTOROLA

MC140468

PHASE-LOCKED LOOP

The MC14046B phase-locked loap contains two phase compara-
tors, @ voltage-contiolled osciltator (VCO), suurce follower, and
rener diode. The' comparators have two common signal inputs,
PCA;n and PCBjq. Input PCA{p can be used directly coupted to large
voltage signols, or indirectly coupled (with a series capacitor) to
snall voitage signals. Tae self-bias circuit adjusts small voitage signaly
in the Iine.ar-veqian of the smplifier, Phase comparatar 1 {an exclu-
sive OR gate} provides a digital ercor signal PClgyy, ond maintaing
909 phase shilt at the center frequency between PCAj, and PCB,,
signats (both at 50% duty cycle). Phase comparator 2 {wijth leading
ehge sensing logic) provides digital error signals PC2q,1 and PCP oy,
and maintaing 3 00 phase shift betwnen PCAjn and PCBjn signals
{duty cycle is immaterial). The linear VCO produces an output signal
VCO,yut whose frequency is determined by the voltige of input
VCO,n and the capscitor and resistors connected to pins Cl7, Clg,
A1, and R2. The source-follower output SF ot with an external re-
sistor is used where the VCOj,, signal is nceded but no loading can be
tolerated. The inkibit input Inh, when high, disables the VCO and
soutce follower to minimize standby power consumption. Thi zener
dioue can be used 1o assist in power supply regulation,

Applications inciude FM and FSK modulation and dcmodulanon
frequency synthesis and muluphcauon l:cqucncy d»scummauon
tone decoding, data synchronization and condmomng voltage-1o-
fruquency conversion and motor speed control,
@ VCO Fronuency = 1.4 MHz Typical @ Vpp = 10 Vaoe
® VCO Freguency Orift with Tempergture = 0.04°2.°C Typical

@ Vpp = 10Vde
@ YCO Linearity # 1% Typical
® Quicscent Cutrent »= 5.0 nA/package typical @ 5 Vde

Law Oynamlc Powet Dissipation — 70 W Typ«cal @ig= IQ kHz2,
VoD = 5.0 Ve, R1 = LOMS2, R2= =, Rgp =
Buitered Outputs Compatible with MHTL and Low-Power TTL

Diude Protectioa on All Inputs
Supply Voitage Range = 3,0 10 18 Vde
Pin-fot-Pin Replacement lor CD4046B

CMGS sl -

ILOWPOWER COMPLEMENTARY MQS)

PHASE-LOCKED
Loop

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFOARMATION

HACIaXXXD Suttic Denotes

T

E L Corsmic Pachage
P Fisstic Pachoye
A Entenced Operaning
Tempesatute Hange
€ Limivea Operating
Tempefoture Runygs

BLOCK DIAGHAM :

oo e e = ——

I Prare
Conparator | " 02 PCly,,

PCA,n 1407
|
—
! 1 Phave \ I PC0
iy, :&: Compareior 2 N
4 VCOuuy
Ve, .ur;{ Voltane s veos,
| %oml:’olnm N2
w iharor
Vop - *in 18 1 . . o
Iveo ~0 ¢
Vg -t 8 | ‘I S e
] . H
L

5} !
~O LS Zanar
- -

This device conlang cifcuttiy (0 protest
the inpuls sganat damage due 1o high starc
voituges or electric Lields, however, it o
sdoned that normal preceutsons b taken
10 sv0id appl€ation of any voltage highes
o mmanimum rated volisges 10 this hagh
unpedance circuitl, Fur prcper opaIaInn N
n recummended 1R V., and Vg, te
conmtiamad 10 1he tange Vg ~ (V4 ur
Voull ~ Voo

Unused inputs must alvways be tied 1o a0
appropriate logic voltsge Invel leg, either
Vgs or Vppl. Pins 6, 7, 10, 11, 12, end
19 of unused st Le lels open,




MC140468

MAXIMUM RATIHGS (Vaitsaer retarsacen) tu Vst

Rating Symboul Valve Unit
0OC Supp'e Valtage . Vo 0510418 Vdc
taput Voliae Al Enpuly . Yin Wsavpp* 058 Vuae
NC Cusreng Digon per Pon 1 | 10 mace
Goseatng Tampersture Range < AL Oevece ] A -55 1 *125 o¢
CL/IC? Devce 3010 +85 .
Storage Tampediure Range Tia -85 10 +150 oc
ELECTRICAL CHARACTERISTICS
Voo Viow" 2%°¢ Thon®
Charecrarisue Symbol Vde Ma Mas XIS Typ [STY) Min Mon Unit
Outvut Voliew 0" Levet VoL 50 - 005 - 0 0.0% - 00% Ve
Via VppotO 10 - L0058 - 0 005 - 00s
. 15 - 1005 - 0 bos - 005
1 Lovel Von 50 95 = 495 5.0 - 495 - Ve
Vi 0ofVpo 10 395 - 995 W - 995 -
15 1295 - 14 95 15 - 14 $5 -
1nput Volteye® 0" Levwl Vie . . Vae
(v = 430005 Vel 50 - i v5 - 225 15 - 1.5
vy 900r1.0 vacl 0 - a0 - 440 30 -~ 3.0
(Vg * 1350115 vace} 15 - ! 40 - [R5 s 0 - 4.0
1 Level|  Vin
Vg + 05 0rd5Vdcl 50 s e s 27% - 35 - Vi
(Vg = 1 nor 90 Vvdel 10 10, o 70 § 40 - 10 -
(Vo « 1 500335 Vdel - 15 1o ] 110 828 - 1.0 -
Ouipat Orive Cussent (AL Devicel | 19K mAdc
tvon 25 Vel Source 50 ~12 - 1.0 ('t - «0.7 -
WVQH * 46 Vdc) 50 | -025 - 02 056 - 004 | -
tVor * 95 Vi) 10 062 {f - 03 -09 - -035 -
Vor = 13.5 Vel , 15 S 1.5 -35 - -1.1 -
VL * 04 Vac) Sink tor 50 0.64 - 0351 084 -~ 03 - made
(VoL * 05 Vac) to 16 P - 13 225 - a9 -
VoL = 15 Vil 15 €3 |, - 34 88 - 24 -
Quiput Disve Cureent ICL/CP Devical OH nAde
VoK = 25 Vil Source 50 -10 # -08 -17 - «f 06 -
(Vou * 46 Vdc) 50 -02 - 016 | -016 - 012 -
Vg = 95 Vacl 10 - | -05 - -04 -08 - -0.3 -
(Vopy » 135 vl 15 1.4 - 12 .~3.5 - -10 -
tvgy = 04 Vil Siik oL 50 052 - 034 058 - 0.26 - mAac
Vot * 0.5 vac) 10 13 - 11 2.35% - 09 i
IVop s 15 Vacl 15 36 = ao 88 - 2.4 -
1nput Cuseent (AL Devscel [P 15 - 101 - 1006001 ) 10 - 110 bAUS
Input Curtent (CLICP De. el bin 15 - 103 - 1000001 | :01 - 110 uAsC
tnout Capucstanse Cin - - - - 50 1.5 - - of
tV,a O .
Quiescent Current 1AL Devicel 0o 50 - 590 - 0.005 50 - 150 nAJC
{Per Pachagel 10 - 10 = 0.010 10 - 300
tich = "1 gnd PCA = 1) . 15 - 20 - 0015 20 - 600
Quiascent Currgnt ICLICP Devu ol 0o 50 - 20 - 0.005 20 - 150 uAdc
(Per Pacasgel 10 - 30 - 0.010 40 - 300
(Inh = ¥ and PCA = "1") 15 - £0 - 0015 80 - 600
Voigr Gutoty Curveat © ' 50 17 {1 adpAnHIEeapp phuc
(Inn'= “0", 1y = 10 WM, C = S0 BF, 10 17 1291 LARHO T 1pp
Rie 1M}, R = = Rgg = =, ond 13 17 13 pRAHA T ipD
50% Duty Cycle)

M <957C I0e AL Device, +307C 1o CLICPK Divie
Toauh 1096 b AL Dowie U59C tur CLICP Dece
Y PO T I T

«Noung snmumity spacilisn b e

Nowsg Masigon 1or feath 7177 amid 707 trval = 1.0 Vi min “vpp 950V
' 20 wiicminte Vpp U Ve
SVcmIn Vpp 15 Vil

170 Catculsre Totat Curient in General

H2
100 % Duty Cyae of PCAY
LR 1o
o /
]

10101 Vou’(

1p =22 4VpD (vco....q 65 Vpp ! .\h):u . b6 (vco,,\ o c;s):\m
"1

(343

where: 1710 WA, Cy 0 pF, vCO,n.

s 1210°3iC * 9 Voo !

vpp in Vde, fin KHe, ond

N1, R2, Anp i Atit G on VEODou
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ELECTRICAL CHARACTERISTICS® (C_ = 50 wF, T4 = 25°C)

Minimum Mawsimum
Voo AL CL/ICP | Typical AL cy/ce .
Chlaractwistic Symbol Ve Device | Dwece | All Types | Dovica | Device Units
Output Huve Tune LM e
TLH = J0ABFICL+ 0 m 0 - - 100 350 400
TUH « (1.5 na/pFi C ¢ 15 ns 0 - - 90 150 200
'TLH = {1 1 ns/pFI Cy ¢+ 10 ny {8 - - 65 110 160
Dutout Falt Tung THL : ns
R I N AR SRR L] - - 100 175 200
ITHL 1075 mphiCy » 120 m (N - $Q 5 100
TTHL 1055 n/pfl CL v 95 m J ] I DT R DL . 0 T L '
PHASE COMPARATORS 1 and 2 : :
1nput itesstance - PCA 4 Rin 5.0 10 1.0 20 - - MG
. 10 0.2 0.2 04 - -
15 o1 (18] 02 - -
- PCB,, R 15 150 15 1500 - - [
Kuwnom taput Senvtviry Vin 50 - > € 300 400 [mVpp
AC Coupled — PCA;, 10 - - 400 600 800
Cretres « WO pF, 1 = 50 kH2 is - - 700 1050 1400
0C Couwea - PCA,, P8, - 5tp 15 Sce None brmunity
VOLTAGE CONTROLLED OSCILLATOR 1vCOo) 2
Kanmum Frequency tysx 50 0.50 035 0.70 - - MHr
1VCO,q = Vpp. €1 = 50 pF, 10 10 0.7 1.4 - -
HY * 5 kit anit A2 = =) 15 1.4 1.0 19 - -~
Tempetaturs - Fraquency Stabuauy - 50 - - ot - - [
1RY » =) 10 - - 004 - -
15 - - 0015 A -
Linsatity (N2 o =} 4 %
IVEO,, =250V 1 030V, AT 105l -1 &0 - - 1 - -
(VCO,, =500V 250V, R1 > 300 ki) i - - 1 - -
(VCO,, =750 Vv 1500V, R » 1000 v it} 15 - - ] - -
Qutput Luly Cycle - S10 15 - - 50 - - %
trsut Amatance = VCO,y, Rn 15 150 16 | 1500 - - MO
SOUNCE-FOLLOWER . 1 )
Oftset Valtage - sio - - 165 22 2.5 vde
IVCO,, ininus SFo . Ryp > SO K 10 - - s | 22 25
. 15 - - 1.65 2.2 2.5
o]
Lo ataty - LY
(VCO,, =250V » 030V, Rgp > 50 ki} 5.0 - - o1 - -
(VCO,, ~ 600 V : 250 V, Rge ~ 50 kil 0 - - cG - -
(VCO,, ~ 750V + 500 V, figg > 80 A3 15 - - oF ~ -
ZENLCR O10DE
Lenwe Voltege (1, = 50 4N vz B h7 6.3 2.0 7.3 2,7 Ve
Dynanuc Hesotana 11, « 1 mA) Hz “ - - 100 - - [H
T

* T he formuls given is (0r 1he typial Tharsciernticy only,
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FIGURE § - PHASE COMPARA'ORS}TATE OIAGRAMS

PHASE COMPARATOR 1

nout S1are

Qrcum

’CAL,

T

T
i
|
I

'c't)ul

PHASE COMPARATOR 2

tnvul Stete

3 3tate

-

FC2hin ° Dutout Graconnectes ¢
1

PCPoue
(Loch tamicatard 9 ! @

Reter 10 Waveloims in Figure 3. !

H

FIGURE 2 - DESIGN INFORMATION

Charscrarintic

Using Phase Comparsior |

Uung Phass Comparator 2

No gnel 0n input PCA .

VCO sn PLL system adjusls to canter
i),

requency
qQuency (fn,).

VCO m PLL system n&';mu 10 minidhum (re-

Prase angie wiween PCA,q ana PCY, .

90 at contar lrequency (lg), spprosching 0°
and 1509 st ands ol touk range (2¢,),

Atways 09 in lock [poutiva tising ed:gnl.

Locts on narmonics gf cenier lrequency,

Yes

No

t

G'97at 18pUL NOIse frjection

High

Low

i

T

Lock fiwquency range {21 ).

The fraquency range of the input signal 00 which the (00 wiil stay locked if it vu:p
imnally inlock, 21 = full Vcojhroutncv nge = lnan = Thiin:

Caoptura frequency range 1 21¢),

The lrequency rangs of the inpu
oul of lock,

3ignet 0n which the 100p will lock ¢f 1t was initially

1

lswe Figura 3}, (0 < UR

Depends on tow-pass hiter characterstic

fo= 1
i

-

Centnr tempumncy 1o,

The frequency of VCO,,,,, when VCO;,. “ 12 Vpp

VCO output bequency {1,

Nate: Thete squations are Intendud
10 Le 3 derign guida. Since caiculsted
Lompangnt values moy be ia errar
by av much «a » lactor of 4, labor-
ity sapurimgntation may be ra-
Qulrad tor tiand gaijas. Pary to part

fragquency  variation wath  wleniical
Passive  cvaponants e less  than
150%,

fmin w0 o
R2iCy+ 32 pF)

i

e 4 hin
A(Cy ¢ 32 pF)

Iman .

Where: 10K < Ry < 1M
10K N Rg < 1A

1000F <C, < 01 uF

Vg input = Ygg!

Vo input = Vool
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TICURE 3 - GENERAL PHASE LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
kd Snurce 10 out
Fullower
VCOin Age
rCa , ) =
“ et Enternat =
P Frequency I - e 20012 o{ LowPen k4 Vo 3 o YC%u:
. Cormveretur [ pCig,, Fuiter o126 ) @ Froquency Ni* = ¢ ©
#CO,, or Cin o
PC26u1 H12 A2 I__“_J °
c
[ Eavernel ": i .
— 5
1 c’ N Y71 ¢
v
el R
]
1
Typical Low Pass Fulrers
l s Typicatiy:
(ol na (%] A3 . % "
Tnpat O——ANWA Outpul tnout ’ Output Ry Cq e -
! i amsd
(<30 v [Tt £y tnax
p ol i 1O0ONAF
L ove-,V sty | (Hy +3,000181 C3 = 28 _mycy
oY Tmaxd
i;l..: 812 lman = fmin
Notg. tar further intormation, see: l .

echniquas®’, John Wiley ani Son, New York, 1366,
AC Fitars Using Phase-Locked Leap™, 05Ty, May, 1065,
3§, AN-535, Matarola Inc.

LHF. Ganiner, “Prase-Lockh T
121 G. 5. Moschyte, "Miniature
{3) Garsh Nash, “"Phase-Luck Loop Dusign F_undumon@ll

Wavslorms
Phate Camperator |

Vpo

PCA,, | l l .
Vss

-
—Vonr

rco,, l I I I

Vou

—Vor 2
2 PClgut I | l l l | |
Vot

L - Von
vEO,

i

s

~ Vou
Phaws Comparator 2

Yoo
PCAn | | i l i Ves |
) !
i — Vou
i ]

Vou f

ﬁ
I_T‘

PCPoue
v ————eee VY OL |

.

Von 1

“PC 2
————— Vou
— Vor

VEON ST e |
1

— VoL

5
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