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T/4-Differential encode Quadrature Phase Shift Keying(n/4-DQPSK) édtﬂﬂﬁﬂltﬂﬂﬂdﬂumi
veaguandognuatasauasde luawme laueniFuaCoaxial Cable) Tan1anindess19ns
vﬁ'nﬁmmnﬁwmas”ﬁuﬁ'ma1,mz°l~1’;'ﬂ15uaﬂ@m‘nunuﬁ%maaﬁmum’fayaﬁdman'lﬂwn;ﬂu
sUmsnlRoumauosndun dmuniumnsuszihinsaueagan(Demodulate)uazyi
msnaﬂiﬁa(Decode)Lﬁﬂ'Iﬁ"lﬁ'ﬂ’fagaﬁﬁmana"uﬁum .
ABSTRACT

This thesis presents received and transmitted digital data by using phase modulating
technique of pi/4 differential encode quadrature phase shift keying (n/4-DQPSK) which is one
of modulating technique and sending data in coaxial cable. In the transmitter using di?ferential
encode and all digital modulation . Data in coaxial cable is form of shift phase carx‘ier. The

receiver will be demodulate and decode signal to recover digital data.
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2. Frequency Shift Keying : FSK
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2.4 MIMauveslady
2.4.1 maliamnandena (Modulation)
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1955 m5 sk 11 ﬁa‘h’f'ﬂ'nnﬁ'mauﬁﬂmmﬂmuéﬁm%”uunuﬁtyqnm logic “1”uaglogic 0"

ﬂw%”uﬁwmmu%”nmmmﬂam‘ﬁ'ﬁfim1ﬁ,muﬂmxfluﬁ'mm1m logic AdUAY Awdvsudoe

ﬁyqaamé"ﬂw’fmﬁwﬁ"uwaﬁﬂzuanaonmﬂﬁu‘la’%mws&é‘nmeﬁne’f uazezan Tuvhaiiy
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e

[YY "3 sraces manxsy SPACE | mamx 0419
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mensound ugnaiueendy 4 ﬂﬁmﬁmﬁﬁ"ﬁﬂg dmdvamtidereauiveaaiisy
goudes iflosnnsdesmsinsadediuny full duplex Aovetunzds 18 unade
fusufussdoauwnamiloonduaesiie  fhonitausen originate  M3ofhos unsAAde
wazdndhonilaSond answer niothosedy e originate veliAuAdadenmddmsy
dyanst logic “0” uaz “1” wusatusz I8sunazdelunaniotuishy fu duplex 19

mmmuﬂnn?{ﬁ%’f’ﬁuagj n3tinuiF21iRu 300 baud ¥83 BELL 103 g2 CCITT
vl uaaalugy 2.8 uag 2.9
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dusldinailn Fsk mioudnuduenaindvesasadosiidum “o” uaz “1” W
Wty Suanlefaild modulate Sozrlovas 519zuenaud Wit 14 dede18Tas
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Tyaegy sine NlawAgUh I FygIufid s modulate udafidnvaiznsnAounas
vordgygammeamueNydge ( ANugIveIndn ) voedyaoudsuannudvosdya o

wmesdnangagy 2.11
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gﬂﬁ 2.11 ua@ed Amplitude modulation

g o dyd ved
JATINYVDINIT modulate HUBUNDYIN

143

wondganlasuilos uanmdaen” Iy

t 4
y

-1 1 J 2 a o
nstitiez lunandeaumsadamens
:l’ = 4 b o oty 4 v v b4
UBNIINUIIVALIDUADU YOS amplitude modulate F3iIBnNINNIES D 1992na12]E
d’dy H ¥ a o o o a ' . W
nunluiidl Wi nisldmaiavesnisdadygranmeenn lUfiSonia suppress Carrier 1$uly
, 4
MIMINTTIWAAUULY Double Sideband Supperss Carrier ( DSB-SC ) llay Single Sideband
Suppress Carrier ( SSB-SC )
v ¥
dmSunanmsinees Tudnildinatianis modulate tuy ASK Wy ludiuyes
wesmedwdasdenimisulasdyaie digit Tifudynre analog foulasld D/A
v \ 1 4 A o o
converter UAWWIMUVLIUAIS modulate aven’l) druluTuduniediuy Wesudygaud
NAILHIVLIUMS demodulate HUNIBIFYANANIMEBOAURIIIIHINIGT A/D converter

wondasdaynat analog luiludyana digital udradh terminal 19amusie 14

PHASE SHIFT KEYING ( PSK )

TumstheTeudeyaiidealdnmudage ns modulate Tao FSK iusz 1 lsine me
Waewnl$38nsfisenh psk xmuﬁn:‘l*x’;’ﬂamﬁ"lunmmuﬁnguunm logic nduldduynw
Foennudifes ueﬂ‘i’f’wlﬁﬁehqﬁ'ueanflﬂz?m%’mmuf?ﬂujm‘nm logic

Msldialiuns modulate Musdiels wavegzisvesdygrustieieg mugyil

2.12
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£ 1835w voendugyasnen Wuiis$mpuSonfinnmes peiivyluSend ety
mavesdygnagnduandzidud o & 360 v dwnamwsdenldialunis
modulate Fyai 181 logic 3 1AutaTis vz donnidy 2 oler M3 modulate Fyayras logic
“0” uaz “1” Aeldine 0 iy “0” Lo 180 wyy 17 dnvuzvesdygnuen Ty fey
Hudagii 2,13
s ulasdyana PSK senidly 4 me 89 o » 90, 180 , 270 83e1 Tnoiswunu
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doya 2 Ind g Wdnvasuiisasines s uae1ue98A51 baud msuoﬂﬂ baud
ﬂammﬂ1sxﬂaﬂuuﬂﬂ~mmm1m‘lu I 3w Lmﬂmﬂauuuﬂammmm 1 ata ‘uauaulasu
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VIV W

iR o e 180 W o 1vs 180

JUM 2.13 dyaw psK



13

Tuduiia 210 B voe BELL 19 psk Taomsutamaniu 4 ola denandaslunsds 1200
baud 10 1dAE Tunsa v Teudoya 2400 bps '
SusmsFyausendlu 8 de 0", 457, 90° ,180° , 225, 270° , uag 315°
Tasusazaunudodoya 3 n ﬂ:mummmwa‘lumidwlamagmznmmﬂu 3
v88as1 baud B1198As1 An 1600 AvzldanmuSivesnisdwloudeyn 4800 baudsec

Tudusila 210C ve BELL ImaiiamnisaioTeudeyari1dis 28 4800 bps

J)ow
0 01
011

101

3171 2.14 M7 modulate 1a1435 PSK w949 BELL 201

fagden feeuhdisuniaavesdyanaend “2” mas1eeldnnndalu

msaeToudayaifiu N 5iuvedns1 baud amuaieliiwetiaiu iesnnduradun
[y [ I - X

Indfunn msusndyanaeenssilfinun nsdl N=3 uie 8 wia Mivhouds &

o o = o ) - [
N=4 ozl 16 e TomanizusnFuaMDeNNANRIARIISHIUA

PHASE AMPLITUDE MODULATION ( PAM )
as 4 A o ' y y 4 A
55 msfzmunnus 2 lumsenloudoyaligeiulasmsoniugs N30
amplitude ¥84FeyR 1819111 modulate A28158n 11 Phase Amplitude Modulation nisuniison
' . 4 A o s r A p ] ]
11 Quardrature Modulation TMIANTATIAIWAINET 9,600 TnABIUM widaesnidiu 12
[ ¥
wlat Tiog 4 ol Afilema amplirude Iémesirsndanionuaaunsalfiavgudes 4 in
S o 3 2
unuinaes amplitude 14 16 goudyanulumoldnnuGa 2400 vea fezansald
a2 lunsteTen 146 9,600 indeTuit gt 2.15 uaeslassunsuvedygu
uennuasguvedlududsindindainasgueenunlmig Sanawedn min
t . A’ 1 ¥ d' A ~ ] g A ’
rmdeantesdeTudnld  etrdnowiheasediiviuszdadefemsdeyadeuiunly
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0110 0010

1110 1010
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WismAvuineg
(370 2 Sagemunilaiy)

JU 2.15 davesdyana lunsdedaanadlsnnus 9,600 dndsuadi

M3 2.1 azuanﬁauw‘uaams modulate AMUUIATFIY BELL uag CCITT

¥ila anwsy - [IEmsueagan [Saswea  |[gindng
103 300 bps |FSK 300 baud | Full / FDM
202 1200 bps |FSK 300 baud | HALF

212 1200 bps |DPSK 600  baud | Full / FDM
V.22 1200 bps {DPSK 600  baud | Full / FDM
201 2400 bps (DPSK 1200 baud | HALF
V.22bis 2400 bps |QAM 600 baud { Full / FDM
V.26ter 2400 bps |DPSK 1200 baud | Full / ECT
208 4800  bps |DPM 1600 baud | HALF

209 9600 bps |QAM 2400 baud | HALF
V.29 9600 bps |[MQAM 2400 baud | HALF
V.32 4800 bps (QAM 2400 baud | Full/ ECT
V.32 9600 bps |MQAM 2400 baud | Full / ECT

DPM = Differential Phase Modulation

FSK

= Frequency Shift Keying

FDM = Frquency Division Multiplex

DPSK = Different Phase Shift Keying

QAM
ECT

= Quadrature Amplitude Modulation

= Echo Cancellation Techique

a o =t
AN 2.1 FHRves TuANLaz 35115 modulate
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k
Tauft
(2a, +1)
bo=—"tT g =012, M=1 22)

M
Y @ deles s ITORY) ' v @
itag p(t-kD) “aﬁ\jﬁiym‘]mwaﬂ“uﬂ“ﬁu 1 llazﬂg"\uﬂ"ﬂﬂ D aﬂumzﬂlmﬁﬂgqnﬂl PSK

uaums @1 saesiwlavesdygnasgndounalmusesuesdyananSuavias
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vnevssdgyananaun ez hinfdounlas lunsdiidiudyana 2 sedu lavesdygnu

¥

0 Audana 1 Hegasedwiu 91 2.16 usrasdnyuzyesgUniunsdil

317 2.16 gUnAuveInsdidugal PSK LuY 2 5EAY
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Sufisfedsiminsenie cofmr+g,) luauas @ sewuhmunsel

ansadou 18 luglvssdyanudumauazaleas e Siadail
X ()= 4.) pt-kD)cos ¢, cosw,t— 4. ). pt - kD)sin g, sina,t (23)
k k

-2 o o/ : v o T o d’ o =; d'
Tunsdlvesdymm 4 szdudu msSadumisvesdyanadfiszdludeiiuam 13 ugUi

2.17(n) uaznsdl 16 szay uama 13lugd 2.17(v)
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30 217 msdadumisdyanavesdaynia 4-PSK 1oz 16.PSK

[
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[] } 4
Tumswvssuwudiasideenisiy smswihlussuuees PSK uas QAM 1

anyuzfindienia ﬁaﬁmtywmx%amﬂyﬁn’fm1Li‘luaqﬁsmsqﬂuﬂm‘lﬁﬁ‘luﬁﬂgty"rm*umuﬁaz
A

2 iin tusnezgads lusagandudygnanduwiisuma linfiaesssgndaljueagian
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RB
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g ' 20 %o 4
wezdynnui lveagamadunisummiazady

A d d
granadumiuaazAmfseity 5

X,(0)= ;azkp(t—kD)
X, = Zaz/ml’(t‘ kD)

Serial to
x(t)
4 parallel
a = =1 kogverter—

(n) ()
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X(t)= AC[X,(t) cosat+ X (1) cos(coct+90")]
= AC[X {(f)cosw - X q(t)sinwct] (2.5)

waznmaSsuisuaumeHiuauns@.s) wdr swmuldhn sewsadou X, ()
¥
waz X, (1) ugddeludl

X,(t)= Zcos &, p(t — kD) (2.6 N.)
k
X, ()= ;sin é, p(t - kD) 2.6 1)
4 ~ 1 d' ~ R aof Q’: d” [ d’
uazileRasansumduBeadfvosdyinniasiioz ldnasaiife
cos@, =sing, =0 (2.7 1.)
cos’ ¢, = sin’ @, =112 (2.7 %)
cos¢@, sing, =0 (27 1)

14
NHAVDIAUNII(2.7)U szannsomanumnuduailnasuiideves X, (t) uae Xq(t)
;4
TR lugeelui

2 2 ) IN 2
. onf =X, ) =-2;smc(—1;) 28)
waziderns@ousnummuivadnasumdevesduna PSK fveldnadall
) 208
Afr .2 ”(f—fc) ) ”(f+fc)
G(f)—4R[smc R }+smc R J (2.9)

Sminmdaunaluaunises) wiluhhifidunsznounszuaassiiegluplues 5(f) &
mnededoane psk e liladinasundunnd  definsanludmiudiaiiidesnisi
nsdlvodyaM M 3EAU fiosmnanumnuivaiinafuddslidnyuzadwaiaiy
dFoyge 2 sxdun uhuudsadiidensiuiiu B, ~ R #o dwivlszdniamiy
s uuusiamiu dlosinnssl M sedudunsld 1 Fyanaumu log, M iin sufunse
ansnmveemsifuuudiadsufiu log, M bpsHz Feqeniwesnsdidayea 2 sedy
pelsAmudyaia PSK i s muszAudeu M SAunnau ssiidszosraszn e

or A o ¥ Qo v
dygmanns Feozuilgmludmumsamadygraudielidyanusuniulaluegdan
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2.6  ssuuladimutiuazfvilefisurifealndisurinienlaavle PSK(QPSK)
° do [ io o A a
fussmefansuvesns iiludy  opsk Adwytunisinyidesvealszaniam
alnasuvesszuy msTnszdnmiesiiuvesanssausanuiananlusesdyg sy
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o/ ¥ $ ' ; 3 \ l A ar ) [ o ¥
wigen g udniiihufivedudoodad lauysel  dwhnsnSsuiousussnin
i 4
PSK sunsauanas ldnedl

Bifary PSK ] Quadnphase PSK
PSK QPSK
DEBPSK DEQPSK
DBPSK DQPSK
------ OKQPSK

515on BQPSK. Huszun'luwni Tagisusl (binary coherent) wmmmsuws:ﬁ’ﬂau
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Tuszuy QPSK Fyanaifignueaganiiannzvearlafiuandniu 4 anmz &
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So(t)= Acos(2 zf,t +1357)
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(2.10)
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To in-phase and
quadrature modulators
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A591SHA Differential

£, =4,®BXA4,8 K, ,,)H4,® BXB, ©Q.1.)

\\ P& (2.11)
0, =4, ®BXB,®Q, ) HA, ®B )4, ®F, )
§1 & uansdydnuaived Ex-OR
nsaeasHd Differential
A= (Pnd S QndXPnd ® R.—u)“‘(Pnd @ Qnd)(Qm‘l @ Q -u) 2.12)

B=(P;® 0, X0 ® Q1B © ) B @ Fy_1ya)

<& w ' Y

Famshsa (P,.0,) uay (P13 Q1) uﬁmamawmlmﬁvgﬂuﬂaunﬁ'nﬁ

g (4,B) uwemaanzdumniliphun (4,8, uaninsosasiveusIiym
1 4

PotsOs) 988 (ByoyirOinrra) WMUENIBUNmilegiunazaoumiil vindaadredyge

:g ] - ng ) =4 d‘ 124 o - o @ ¥ o
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£ a 1 - { {a o
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R I-sinzt(f—fc)T,,-12
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L Lsina(f- 1)1 ]
SQPSK(f)=CA 1, [ ”(f—fc)ﬂ J

& 2 o o a o q’: a Yo o o L4 ] 9
¥ CA° = M iyﬂ'j"lﬂﬁlf)\lll'IJ'IJﬂ'J‘VI'YN'HUﬂ‘YIthJ‘U'lﬂﬂuﬂillﬂﬁ'lﬁ“Né"JUﬂ']ﬂTlllﬂ'lu
mMu1Q
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NNIUYDUNAUARTITUBAGANUUUHUINVULUDU 9 gafidh Qjﬁﬂ amﬂmuumin‘lumsﬁa
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[y K P Py ) [ a2y =2 a o
asfuanasuitseiiganasins dimsunsueaganidesnisnanuaziden Ussdniam
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vosailnasumnaduiouanud 1 Hz Mildugndwauiniannsodeiuglasaldmsy

a J a o 9/
Lmummmmamiwwauﬂumi"lm'ﬂu
Transmission rate(bps)
Minimum bandwidth( Hz)

BW Efficiency =

) Bit | Second
- Hertz

Bit [ Second
Cycles | Second

. Bits
\ Cycle

msmylssaniamanlnaiudmsunisueaganiiuy BPSK,QPSK,8PSK Lag m/d-

DQPSK 9nmirudiumsuaasuauniudiosiigaiilfdedygaiilionsinisds 10 Mbps

AN IS UBAGNUUUA N

Modulation technique | Minimum bandwidth(MHz)
BPSK 10
QPSK 5
8PSK 3.33
n/4-DQPSK 3.33

A13199 2.2 uouanud iesfigaveaginunisuoaganLuVAIe

L

unusmasluaums seldalseansamunuaiiudaail
10 Mbps 1bps 1bit
10 MHz =~ Hz  cycle

BPSK ; BW efficiency =

10 Mbps  2bps 2 bit
SMHz ~  Hz  cycle

QPSK ; BW efficiency =
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10 Mbps 3 bps 3 bit

333 MHz  Hz cycle

10 Mbps 3 bps 3 bit

333 MH: = H: cycle
waf Iduaneldifiudr BPsK HussAninmdiqa uag n4-DQPSK fdsz@niamga

8PSK ; Bw efficiency =

1/4-DQPSK ; BW efficiency =

A uazm/4-DQPSK Aoemisifioal/3 veauounnudfldlu BPSK TusasdnsmBuyniin

U A19°97 2.3 LAAITBIANANYBIN IS UBAGIANULUA)

Modulation Encoding Bandwidth Baud Bandwidth efficiency
(Hz) (bps/Hz)

FSK Single bit >FB FB <1
BPSK Single bit FB FB 1
QPSK | Dibit FB/2 FB/2 2
8PSK Tribit FB/3 FB/3 3
m/4-DQPSK Tribit FB/3 FB/3 3
8QAM Tribit FB/3 FB/3 3
16PSK Quadbit FB/4 FB/4 4
16QAM Quadbit FB/4 FB/4 4

A13199 2.3 a3UdBUANANYBINITBAGENIUUANY

2.10 maliamMIueAgENIUL 1/4-DQPSK
matiansueag@EnIuY 1/4-DQPSK Hun151h1e135n13ves QPSK uag offset-key
QPSK(O-QPSK) waaLilag Famswdh 2.4 uaﬂenmﬂﬁﬂuMmmﬁmmmﬂﬁumﬁ iag
ﬁaathnwnﬂﬁ'autﬂmmamsneﬂg\mmwiaznmnﬁé’aﬁy
QPSK : 0",190" £180°
0-QPSK uag FQPSK : 0", 190"

n/4-DQPSK : 0" 45" 135

I, Q A¢

1 1 -3
0 1 3m/a
0 0 T4
1 0 -4

A5 1T 2.4 mMsulavundasnaves n/4-DQPSK
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2.10.1 Tnssaraveaniosda 7/4-DQPSK

ndnMIves w4-DQPSK  uaawdelugiil 228 sldmisdsiauuuinsdlde la
Toyydnwel 2 TneslidoyadufedifinsBounlauissdinge) Meansasnufanain
a n‘fammduué’nﬁmmmmﬁﬁwamm%mwmmﬁmununmiumu’lunmﬁamﬂaﬁﬁﬂﬁu
AW ﬂ1i§ﬂwamﬁmnﬁqmmﬁiymﬁﬂyﬁ 2 Indluwmnenmsfianaraiies 1 9n lu
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tngezuanuiiug) ®

A(t)
Ax
Ik : ! LPF cos act
—'—ﬂ Signal
Data [P sP > 1¢ e dboing z
Q > LeF . s
By - sinwgt
- Bty

U7 2.28 udenlaozunsuye 1/4-DQPSK 1Ay m/4-QPSK

3 i o L4

YoyavnmsezegluglaniesisuSuanulda dyydnuaiszgndslasnsnidon
mealumaeamiadi 1 wag Q awdidudeelusae k7 <1 < (k+1)T seAudyIuUe
A U0z B, gnimua laszRudyaveadoyadelidyndnuciii o, sl

A, = A, ,c086, — B,_ sinf,
B, = A, ,sing, + B,_, cosb, @-17)

Tuaunts 2.17 6, gnimunlasdyydnusivesndumniiimaignsmunlay L,
Q, veumawaya mwduiusssnin 6, uazdygydnudlvesdunnuaadlumsnil 24 A,
uag B, ansofviadiu £10 uaz £1/42 ebnlsfawmeziu 2 sedunde 3 sedy Fueg
fumsquiiedne it 229 uaasgderwlaesunsunuy s seAVYDITYY I /4-DQPSK
“luiTyuﬁuxsmuuﬁhﬁtymm‘lﬂv&m low pass filter taziavesnduwifiu o Tas o<<T 1hu
Ao A=1,B,=0 il =T dyydnual (1,1) gndennumasdoyadio 0, i na naums 2.17

4 4
510218 A =142 uoe B=142  mlovesnduwieznffoudiu ma Tuauns 2.17 6, fie
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<

nsoe mavesndunniszdiugegy 2.29

3171 2.29 jUneuaradu laozunsuvesdya1ain/4-DQPSK i 1N 1u1eINIBY

2.10.2 MTEONLULINTINDAGIENIBZANOAGIANIUY 1/4-DQPSK
Tnseaduansuenqanyesszuy  n/4-DQPSK  naz  w/4-QPSK  vzaAdiefuuuy
DQPSK oz QPSK vfenlapzunsuves asusag@anuuy n/4-DQPSK uaasluzalil 2.28

[y

P o At yan 3 =) o -~ [
wazgUl 229  dmuiTnldATeeanmualunishveagandya auuauuuAuIy 1/4-
¥ 1 4
DQPSK uaalupilit 232 drumadawuuAlasanainuaveinisusag@nuuy 1/4-DQPSK
¥ 9 []
waelugdi 231 lunsidnsueagamimuadiumsi@enssnin msliinsniige 19
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» LPF

S¢' Sa

317 2.30 vdenlaszunsuapanspeFuLLL 1/4-QPSK

Eight-input
selector

ight- Output
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——p  carier 180 » D Qr—» BPF —P»
Input | generator -135 4
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Encoder
Data P
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XK'

——»(%)——» LPF

S\ () = cos{wct + ©)

—_—

Si(t) =
cos(wct + ¢k)

YK
——(%——b LPF

S (t) = sin(wct + ©)

51l 2.32 udenlaszunsuvesnesAneaganuuuaiiMesisudoa 1/4-QPSK

211  anuheziuvssnnuAananaNIsazveunesTuLUY QPSK
Pe Wunruynziiuvesanuianats  aussousvesszuulagisun  QPSK
OKQPSK , DEQPSK 19 DQPSK aeiigniildninieesauyadvesszuu Indisur QPSK #ae
o o a0 Yo ¥ Y v
295 0UYad 2 53AU QAM (2L-QAM) Wadl I T lFufuszuy QAM A
v
Pe = f(Eb/No) ¥8452uuIngisun QPSK aussougyed Pm gausmiiu 2 @i tiag
&
Hunugmvemgu luea nsduseanuuy Tngisuikemelugy 2.22 uaz 223luduusn
9 -] = v o dao 3 P t a a
1 ldwavesTu@n BPSK  danuduwusiusgnin pe safluanmhifiuvesinfanaia
] o a @ @ o =) 4 [l P [l o
oy PE duamuninziuvessasAeanandydovaivegniignifie dwi 2 duduiige
sinunlunnih %o TaondanisvesessIslnusa (orthogonal) uAZNONRNNWALA

meas lunsiauvedueagmIapsIULAIBARTITDT



P

B Vert: 10 dB/div
1000 | oriz: 20 kHz/div

f, =512 kHz

. Vert: 10 dB/div
1008 iz 20 kHz/div

f. =512 kHz

2.33

=h.
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199983 @A (Heuristic Derivation) TuszuiiTndisus QpsK Avanninuden
laozunsuvosanetgamesiuyIngisui QPSK (31 2.22 ag 2.36 ) 51agi 2 i
aussaUzveIrNdyamaua [ uaznieaasiee’ Q udaszretunaziurodyan
uuugMafianes i aissouzvewesdyiauiiueniTs Inusamiiouy
iswenuuuaNUziiuvesnNuAanmaluAVeRgIABslYY BPSK Aflmaife
U (in-phase) (@IUL) TuNudIe. P, -uazaleanswed @aiae) unuda Py, P. il
mmﬁm:rﬂumémmﬂmxﬁﬁmﬁnyni'ﬁm?aﬁn ﬁlmﬁwmmm?aﬁu QPSK mifuns
quves PP, H P, uas P, unuanuminziiuvesmsaadulalunisudlvvesduen
aranuuyTuus PSK vessesdynnn 1 uaz Q awdwy dnfusiey e

Fe =(1-F,X1-F,) (2.18)
dATINSAANAIAdYaNEaive QPSK Ap

B=1-B=P;+P,- PP, (2.19)
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wWiesn B, =P, uaz P P,fsnadesndit (<107?) sngldanszinamadmsy

anninsiuvesnnuianmadydnysivedveganiuy QPSK fiv
Py~ P,+P,=2P,=2P, (2.20)

aiezituveinuAanaInues BPSK Ausaganiiiludasyaedu

1 E
P =P,= Eerfc /F” =P opsk 2.21)

anuhziuvesnnuRanaadadnysiPE QPSK veunineiulngisun QPSK Ao

1 ’E
Propsk =28, =2-‘2'e’fc ’X/.é‘

- 2.22)
Propsk = e’fc\fﬁ
3 ]
2 2
erfd y) = -—‘/_;_—]ie"z dz iiio y>0 2.23)

Y

at = [4 3 ' a
auudnwisdmes E,/N, veassuudlusumwe anuinzduvesniuianain

LY

Fudnualluszuy QPSK W 2 wiwesszuy BPSK Tudnuaizideafiuanudesns E,/N,

o

B

1 4
o A

Mudusgunm 0.3 dB SidasnmuAanandydnyainioudulusezuy BPSK  angail
gasimsiananaddnual PE QPSK Humsimefiddyvesszyudiududidylums?
o & ° < & v @ s o A
515z #elunisiauvesluauseuy QPSK lumisieudenugiunseivesneasian
utlvanuAanarn  @FEC)  lumnhllisousdeddmsanindanaialussuy QPSK
ar a d’lw o Jda o A Qs ar 4
(Pgpsg) MAZDATINNURANDIAUTUNUSNUOATINTHANAIAYDITYANYA (Pgpsk)
awduiusvesaniinianmn (Byy)  aesasianmaddnuel (Popg)
dmdusiainidlda uansdifi lildswansdTda uaadlugdii 2.34 nsdisdansdifaaniie
ypaaiinaiu viedudnuaifiuandwiuidufios 1 in afaihildsdansdldaanzves
Mafaasuseiidnuandiedu 12 In msdadulsninannevearanaaniu swiinisndeu
. . - \ o 44 44 Ao
Fetuastuiunsfanaia anuheziuveddygafidouma 180 sam wdsudiu

13 ) »
nazfuausaaziclaienls sudsusuanutheziluvewnnuiananvsimsidouma 90
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- oe aniulunsiidyapustansdifaanufianan | dydnusliinnuianaia 1 dn

[] o q' [] [ o { 4 Y o a o A -y a
amlusvan lulansd Idansnlasuddunaz fuvssannzmadaduiinnuianain 2 1n

on.
|
!
!

(=1, +1) (+1, +1) (=1, -1 {+1, +1)

!
|
i
!
l

(=1, -1 ! (+1, =1} (-1, +1 l {#1, -1
Gray-coded QPSK Non-Gray-coded
Only one-bit difterence in One- ar two-brt difference in
adjacent phase states adjacent phase states

First no. represents [ channel
Second no. represems Q channet

. Gray coded i Non gray coded 5.3
+ 45° +1 +1 +1 +1
+135° 2l et ) =
+275° ~T\|~1 Error in adiscent phase =1 \‘-5/4—-1“ Error in adjscent phase
- 315° \_+1/]| =1  state corresoonds to +1./:\21/] sate corremonds to
one-bit error two-bit errors
Petionns = 107
t, = 1 M Baud i opaenl L
1000 errors in 100 s SwmDOL SO
Paratiet t0 loomc_errmoms
sanal converter to 1000 bit errors
ataGRAY
coded QPSK ty = 2 Mb/s
! P =2 10°%
t,= 1 MBaud AN D)
sinat
1000 errors 1n 100's o
P eqiemer * 0

U 234 AUFRUT 5 EMINVBIANNRAND IAYDINS
dhsiauuunsdfauaziuylildnsd1de

[ o

T A o o a @ a o
P, dusasiinAanatn uay P, WudasAawaedydnuel anuduiuturasly

g1 2.35 auwAiTudy QPsK TsasSadeyn f,=2 Muss snfusandadnudd  f,=1
Mbauad (1 wnnzduuea i) sananufanaadydnysivesosdygiu I uaz Q
Py =Pgy=2x107 ﬂ55ﬁnmﬁwmﬂéaummmmﬂuaqnsuﬁé’mﬂﬁwﬁﬂwmﬂmﬁﬂ 2000
Tuvanal 100 Jund (Husiandlda) sasrdndanaravesTuduamisafnnm muany

[ YR ar

o 4
TUNUIAIU

. . o~ a .2 - 2000 Py
Pe = $IUIUUBIDATIUNHAND R/ TUHIUTNUANAYIUN = ————— = 10
2 Mb/s.100s
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1 4
@ W

o o a Y] o a a
Win sasinAenaavessiansdldaluludy QPSK= 12 veesasRawaIn

as Y o

wanyel SasinRanaavealudy QPSK fihsmiwuinsdlda fie

1 1 ’ E
Pe_QPSK = 2 Peopsk = -é-erfc 'ATZ (2.24)

ngufidandnAanatn udasaussousvesszuy1Adsui QPSK Py iy f
[} 9
(EbNoy uaalugyl 235 aussauzvealududu q uaaslugiliidas dunaiidasiinda
a o o -] 'Y = @ <
wanauaasaNssouzmwnimnsd ldavesluduiuy  Qpsk  fudnvaiz@oadiuludy
Tnd1sus BPSK
2.51002180Av09 P=f(Eb/No) Tuszuulagisun QPsK
= oW o [ o as Pr S 1o o d’
suuAndyana Qpsk figk hiRamesuazdygraiifiuuuding lhidida GUA
] o 2 ~ \ é 1 4 o, a
236)0dyanudaiuusindiiu 3 m Funanidandeyaidiugelszasdlumaljia
yosreadynnafinuuaIng lisia sl aunsmiillidoulussuy Qpsk hdase
910 ISI uazgniriauou1ddny Aounsameimssudyana  QPSK  92asaiwu

2 o I's o
0 mueds Fyanasunausuyliimdidou vasaiy

W)= A2 cos2af.t + 8, )+n(t) 2.25)
i 6, =45,135,225 w30 315 BIA (QAUNIT (2.10) NTBANNI

W)=t AcosQQaf x AsinQ2 af t)y+n(t) for0<t<T, (2.26)
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o

a a b, é’ t o t w W d a1
PIU0IaNseANS cos() uaL sin(.) wngnnmﬂmaﬂummmznﬁﬂﬂiuszun

3 [

4 1 o ' v & o g [ { 1
QPSK Wildudnusiuananfu 4 f1 uazudaydadnuoiuaasgudnvauzaua manignds

b 4 ]
uanglaszunsusesinvesannzdyanaiugl 236 Yuegiuguesimawisiidaly ¥

@ W o o

. - P 4 o A
ﬁwqmmnmszmnamaﬂum 7; (msmauiw?amiLwnﬂawwmwmmimmﬁuuu
o l/d'd

=N to o o I'd
aaat lidiia ) LaMv!*nammTcum'cnmuﬁ‘nﬂuaﬂ@mmemuMﬁﬂa?mmas fio

0o

by = I[AJE cos{ 27,1 +6,) cos 277t +n{1r) cos2af e dt

O Cmamg™

{[iA cos{2f,1) % Asin(27f.1) + n(t)] cosZ;gfct}dt

'y
- i—;-ATS +0+ [ nt) cod 27 1) @27)
0



42

a A o 4 Y s A & !
nsdufinfamend 2 wiiugud e n cos() uay sin() Mueeslslnuea
nadydnuel 0 S 7, Taedadoulvesslslnusa Manudvesnduniitiu nsguves
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In-phase channel [

T, b,, | Decision
@ - / (1 dt f— wreshold |—
° A0
on (n
{ cos (2x1.1)
1) Carrier
recovery Paraliel-to- Out
CR phass {CR) serial -
convertar
0o ' no® 80°
phase
Signal state space shifrer
diagram and decision '
* thresholds sin (2744
'll y Decision
X > f dt *1 threshold [
pg e beg A/D
Quadrature channel Q
P
31N 2.36

s

a1 eniymvesdy g auauuudfignAneaganuuunlsans ueinesimmesfie

by = i%ATs + jn(t) sin(27zfct)dt (2.28)
0

¥4 B, waz B, Aedunsusudy udwnlaiidilineTian (uncorreliate) &

£, = kf, flsmdFouszifiudaszdoniu

E[B,]=E[By]=% AL, 2.29)

o o

t 4
11155 0UNYBA bol 18T boQ UNUMBITYRNUTUNIU ac f1dsilfe

2

Varlb,|= E Un(t) cos(ZMCt)dtJ
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=F {I In( tn(o) cos(27;fct)(cos 279‘ca)dtda}

T N
-] —8(t-0) cos(27f.t) cos|21f. o) dtdo
00
T
L J cos?(2f,t)dr = Aol (2.30)
25 4

s o '

Funadh Nop2 meaidlnasuidaesdyiusunu lmimdSounG oudnesiamesdng

A
(lower correlator) 19

Var|b ,1=—2 2.31
[b0]==2 @31)
NTUMIMaI 15118

1 AT
Pel = PeQ = —i-'elfc 2 g (232)

£ 2

[} LYY L4 [ of a a
yunadndnal fie 7 =27, wasmvasdyanune £, = 427, uaswasiuiin

Ao k, = A%1, Fahusld
1 E 1 E
P P = )= Lerfe —bL . 2.33
“\\* 2erfc\/2No b \/Na j232)

8 =2 ' =
milouagumslagisuy - BPSK  duiluanuiwziiuvesnnufianaravesszuy
Tngisuv BPSK aauninziiuvesdudnuaiianaiafinieefy QPSK {lu 2 mhweunies

$V BPSK fiiluddszannu

E
Propsiy = erfe ’Fb (2.34)

anuitnziuvsstinAawainvessimnsdldalussuy  QPSK=1/2 v0NWL10L

LY [ SAA
HuvesdydnuainAanain

E,
N,

o

(2.35)

1
F, «{OPSK) = —2—erfc
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Iiti‘luﬁnsmuwmizun OK-QPSK 16z DEQPSK WuguAuanaeiusening
3 I'd ] v aa

Tuanlngisun QPSK uazoK-QPSK Tasg1iauisves QpsK lufidauvesdamust seriam

a o A ' o a o o
ad @31 22200z 223) iswnvesdyanudumauasaioaasuees BPsK iHueeils

|d¥ Y] ny & P ¥ an et ot =
Tnueauaz ivusunsuanddsdvas msmvdndamuiamdluszuy ok-Qpsk lufing

1 a r- I'd ar Q’l’ -1 A
Apmussouzyes Iudn1ngsuniiuY QPSK Auiu P, v9eluAy OK-QPSK fip

1 ’E
F, e(OK~QPSK) = Ee'fc -]\Ti (2.36)

1 o oA o
aumsaissiluvesdinAanaramiloufussuy QPSK (gaums 2.34)
o o = {a s t @ o
Josiia  aussousmenguives ludufidaszandyanusunussnindydnvel
o =) o o Ao 4 o a 8/

Hudnvaziferrrutussyuiidyanasuniu hnmdiGounuudaduy

sruumshsauvuarivesuiiFoalagisuy QPSK (DEQPSK) Yu2UMS0BATHH

[] LY d' 9 &’ [ a o o

sglustiuuvesdygraniadiniulni anudanarnveimsasasiagudournnesaes

s 1
fuiu P, duaussougvoaluiu DEQPSK Mdhsranuuinid1da fe

E,
F, e DEQPSK) = 2F, «OPSK) = erfc N 2.37)
o
o a = ; 3 ad
ASMUAAIBATINGA awalavesin P, = AE,/N,) veslupuosninhd (LH

arlimeiswiFoaladisu Qpsk naaslugl 235
P, aussnuzyedlu@n DQPSK
[ 5 Jo a a ) 1 4
anuhzihiveslenduianaaluTuduiuy  DQPSK - 1519gunifioanagamou
LR Tunmangugnst P = AE,/N,) ¥833zu1 DQPSK Tugy 235 anndiee

DuvesinAanaiadssunm
o A2 X1-11V2)
F, «DoPsk) ~ € 2.38)
& 2 ) Y [] A @
¥ A220% A9 dasiEUATUWIRAB T UUTUNIU
szuy DQPSK ugi 2.37 Hszduuee Eb/No= 2 dB gendtszuuladisud Qpsk

3 ' { a v o M J /4
msi i 1%0u M1 Bb/No fituezgneeviam Taversauasiwe 4 wude lilnesdadumvi

° 4
fuiululaseadrefuoagraninesiiuy DQPSK
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2.12 ﬂquﬁlﬂﬁaﬁ)ﬂgﬂ (Phase Lock Loop;PLL)

-] a ' N a

NesadongUysznoudinrsnSoufiouma 2esiui 29esven LazIKHER

ANAAILUAN AL IAU(Voltage  Control  Oscillator; VCO)ABIuIs0U(Loop) 0H1UFY 2995
flounduia q U@z 2.39)

Ve(t)

@ . a 41 " e
WAIBN Vi) ———— 1951Tsueua NITHIUAM

Vo(t) Vd(t)

VCO

v £ 4
317 239 2svsiuguveaadongyl

3T vuiiiunla fie 2sesiiussdusendiudfninfunadesznharavesdyana

Whapadynm 'N%sf;’mmi‘lmmsqmﬁﬁﬁmmmﬂw v, (1) Srwd @, iesola 6,
v, =V;sin(mt +6) (2.39)
inzdrynnamenn Veo Sanud o, uasid 6,
v, =V, coslas +8,) (2.40)
$iflou v, uag v, hfiassSoufounts sz ldFuaade
v.(6) =K, vy, (241)

, 3 o g
dus1 hiaulumeunnud 20, Fagnirdalavasesiudm ogld

2sin{6,- 6,) 2.42)
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winlinadn 6, -6, fidnlos q 92l

v,=K,(6,-6,) 2.43)

T K, Susinuesamafmamesvnadiu Viad uazlunsdiiWszyududady

v 4 d 4, ¢ a
15792 1dA210d 110819172993 VCO MiisauuseniInanuaguinaNne
Ao=KJV, (2.44)

Tae V. Wuussdudnudiunanees
K, Whinuyes veo fvuaiiiu radjy

o 3 Y -
ANUUANUDAIUDBNUYBY VCO D

a,=0,+Ao=aw,+K)}V, (245)

P-N

Tnoft @, 1unMUABAsE(Free Running)¥ed VCO tiaznnanudiiumseyiuiveana

<2 o A A b 4
mwﬂunmmamau'lmi‘lu

A __f{io_o__KV 2.46
(N ~ (2.40)

wiolvumadussnveglla

6,(s)= jAa)dt (2.47)

0

asdiluszuumadengd  dnihmsTensidoantaemsuddesy  aunsoudauda

&ussnlan

KV
0,(s)=—"%= : (2.48)
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Y =1 o Y
muusxumﬂﬁaanqﬂmmsmmmunumam”lé'mzﬂ
Va Ve

Bics) Kd F(S) Ko/S » Oo(s)

Bics)

31t 2.40 wwusaesveunadengy

4 . .
NNUVUNRBUNII W R sUNT IMdMB T 18R

F(s)
Go(s) _ KK~ (2.49)
% ki, F9 '

USIAU v, uﬂu'lﬁ'mn1swwua~‘lmﬂmmﬁumuqummmmq veo §alumsia
Un@ msmnf]uu‘avnna‘lnﬂmmm v, 310 VCO ummansﬁm‘r’mtymﬁ'mm v, azddan
veweQUilage v, wiithduama g, nu 6, seiimlndifeany

nmqNmmanwsmltmanqﬂmmmanms'lﬂameﬂsn q fn wa"lunﬁrytywmm v,)
UsAU v, uaz v, (n‘hsmuqu VCO) wﬂuﬁua VCo ﬂvnuuﬂﬁmmmmmnnumufm
ﬂ'JWﬂB’di“’ Soo ma‘lﬁamtywmm v, nﬂ'mm 1, 8 £ AN T W0 dyanm v, ol
AMudmAY Joor S w"lummmmmmsmum UIIAY v, n‘hfmuqu vco vvmmxi'luﬁua
uag vco mmmamnmmn gy &1 f liidenn o

O &

VRTRITY uuﬂa f fi= S ,<Afp (241, wa'mmmm n3e pull-in range)dyeuia v, i
4 4

anvae luauias nmaﬂanmﬂﬂsvnau'lﬂma'lmmﬂuﬂua Vv, 92A0Y 9 AUAITU LaSHES

PINT WIS 81 L’Jﬁ'lﬁ»il‘v'f(pull-m time)A NS £ Farion 9 wseldas f, AN

=N, QAf T wammnamuma capture range)mﬂauu A muﬂsrﬁﬁq

TN £, thoq
i £, amai’mumuwau [Feniufamsden (lock) v, ﬂﬂzlﬂaﬂuuﬂmammuwau

Wiy aidmiy veo Taoaluawd /£, dhalfmasumsthuunnamisass tude

w,-o, =K, (2.50)
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Taoi K, Sunnnulwes veo Suduediy (radfsec)/V

M3 180 (acquisition)Fan15Eone 19 1955 et

M) avmznil anudves Voo ANvINANUBYI £, fdeeni1 Af, ezifanisden
6NRUNEY Son1 “Bamsdy (capture)”

(¥) WA ANudves VCO ANINAIWB YN fi w1 Af, umisendy Af,
AWHY8S VCO zripY q @eudminiug f; Goah “Bamsftadh (pull-in)”

(ﬂ)uanmmamawmsaiunsmmmﬂqmmmumu'lﬂmmwmwsmamuqu“ln
AMudves VCo M A(sweep) "lﬂmmﬁvmmmmammmm maﬁmtytymmmunuaa n
E)‘lmwmlﬂnﬂ'ﬂlm(bandwxdth)‘umqﬂ FevzifiugransSuiarnstuds wisormRUAL g
muunmmn(Frequency discriminator) Faaz1l3y VCo mqammsﬁ"u'lé’admmam

Vo dc component in phase detector

IeeRd

-TeeRc

UM 241 quauidToudwvesomdenadmamed

A - . : o 3 ,
Wefamsdenudrdinnudvesduoranlsh)  amdves veo sinlsmuludus e
(MAN1IAINTOY  (tracking) ANWAVEY  VCO smunoamsesnImd £, ldnswlai
& v { o (R
Vi=Ful<Af  4f, Te19uneitls wde holdin range  URANTONIFNMUTOY
& t o
n3pgden)
a 4 { <5
aludrdununoannmd £ eldmsnldouves v,  (@nugu veo wasidu

Ugmedy £, - £,y dwaadlugy 241

nmduasizinIEdemadeng
T y ¥ o ]
nisdunnzinuddomadengUifiunisadunnuieuing Audynuanud
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Y a A o o [ { (Y
ondeimasgu Taolassadndmiunsdunnsianuduaadldfeg 2.42

fr PD LPF » VCO|———— fo

fo/N

I/N

31 242 wemlnsesaanladongudmsumsfansieianud

i { a < { '
vzl dawdimiud ldenlassadeveuradengiitldnanudafe weesms Ny

. o = 5 1 { i Qs
N) Taedh £, Hudygradusaifianudiineiuds anudieninnuss veo ssmifusiiaves

ANUAB 1B ( freqomncy reference : fr ) guAUSMIUMT N niowould

fi=f.xN 2.51)

A U LY o r's o v d'sl a d’d’ LY
wiondn ldhanuddniwn( £, ) sedlusaieesniudduds anuddtleunduy
4 o Y 4 a 4 °
NS veo  inhwulSoufeuduanudddehmadmames eD)  wisdws o N

Twduauddeds dmsunsnsumesienduees PLL fieesus ludutloundudou

ns e Hanaulaas

F(s)
6,9 KKy
= (2.52)
O & SEilC)
o*™d NS
dmsunsuesflaifuvesgylaqonld
G(s) (2.53)

° T 1+ G(s)H(s)

G(s) = ﬂﬂgﬁi(ﬂlﬂ‘u ( forword gain )
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His) = inutloundy (feedback gain )
G(s)H(s) = mugﬂﬁﬂ ( open loop gain)

vinaums 232 51 1évesisainude

KK, F(s) ' 05

G(s)= S

wazinuvesglliavearadongilie

KK, F(s
G(s)H(s)= —Kflxs_) : (2.55)

o, o Qs 4 i { o
dwmiulumsdunssvanudaensesmorad  (LPF)  luglezidenlfisesnses

ATOAUUNRAAN  (HoINAnsTuaduUNNTion mldmawAanaalugnsaves

edmamesidmiyniinnios  unuadluaumsi 242 ald

K,K(ST, +1)

L
SKEL KK, '
NI, T NT,

P
6,

SZ

v s
wlanudsssunavesgluaziuauilaumamesie

(2.57)

' = = [ y ﬂ a &t ° ;
fawdsssund , saswauavesgl  ssiuwindmesiisunsadmualdlag
fmuasnniiaesaenan  sezdimualasiissuieinanudsanisaenisaouaueveql

luaangnaudidon anuasoveagenaudndsnis lunsdigignusagandsdygyu

d =
LIFHuUALSLITD Uiﬂ'lW‘Uﬂ\inl
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213  msnlasulasnnutivesdygna
g ° o @

wiumslfitvonesgu maeesqasinmsgudygrauauuudiudyae
A o q ¥a 4 4 X uy e - 2
adunmiih IWAansidounwigetiuld dagUit 243 uamsuden’lassunsuvesszuumlag
anudvesdans Tasfisaund Wdygravudududygraumuusidou @iy ve) =

A o o o ~

Ac{l+vm(t)]cos@ct o gudngrunnseafammeiiiaiudidu wo uazdvnadiy

1 1 4
Ao 15792 18dyanunaguidouldlugdaslail

v(t) = AocAc{ 1+vm(t) jcosMct cos(Dot

= Ao(Ac/2){ 1+vm(t)cos(Dc + Do)t + Ao(Ac/2){ 1+vm(t)cos(Mc - Wo)t  (2.58)
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MOTOROLA
E SEMICONDUCTOR
TECHNICAL DATA

MC1496
MC1596

BALANCED
BALANCED MODULATOR! DEMODULATOR MODULATOR/DEMODULATOR
. designed for use where the output voltage is a product of an
inputl voltage (signal) and g switching function (carrier). Typical
applications include suppressed canier and amplitude modulation, G SUFFIX
synchronous detection, FM detection, phase detection, and chopper METAL PACKAGE
applications. See Molotola Application Note AN 531 {or additional CASE 603

design nformation.

® Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz
50 dB typ @ 10 MH,

® Adjustable Gain and Signal Handling

® Balanced Inputs and Qutputs

@ High Common Mode Rejection 85 dB typ

i
i
:
3

FIGURE 1
SUPPRESSED CARRIER
OUTPUT WAVEFORM

{Top View)

L SUFFIX
CERAMIC PACKAGE
CASE 632

D SUFFIX
PLASTIC PACKAGE
CASE 751A
{80-14)

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN ASSIGNMENTS

0
Signa! Input

IBIC)OGIDUI G + [ NC A
~ ne T +[1) input Corrier

ORDERING INFORMATION

AMPLITUDE MODULATION
OUTPUT WAVEFORM

I sevane
fy 108w

Device Tomperature Ronge Pockage
FIGURE 2 - MC14960 S0 14
SUPPRESSED CARRIER Cree —
SPECTRUM st v o0C bl
MC1498L Curannc DIP
MC1496P Plesic DiP
MC1596G Metsl Can
$5Cw »125C
MC 1596 Cotannc D
FIGURE 4  AMPLITUDE-MODULATION SPECTRUM
FIGURE 3

4N 50 My

MOTOROLA LINEAR INTERFACE DEVICES




MC1496, MC1596

MAXIMUM RATINGS® (Tp = +25°C unless otherwsse noted)

Rating Symbol Value _Unit
Applied Voltage AV 30 Vde
Vg V3.Vg Vi.Vg V3, Vg -Vg Vy VaV; Vi
Vg V4. Vg Vg V2 Vs V3 Vgl
Differential Input Signal Vi Vg 15.0 Vde
Va Vi {5+ IRy}
Maximum Bias Current 3 10 mA
Thermal Resistance, Junction to Air RuJA W
Ceramic Dual In-Line Package 100
Plastic Dual In-Line Package 100
Metal Package 160
Operating Temperature Range TA “C
MC1496 Oto 170
MC1596 -655to0 +125
Storage Temperature Range Tstg -65t0 +150| °C
ELECTRICAL CHARACTERISTICS® (Ve + 12 Vde, Vgg 80Vdc,ls  1.0mAde, R 39kil, Ry 108k, Ty +25°C,
all input and output characteristics are single-ended, unless otherwise noted.}
MC1596 MC1498
Characteristic Fig. | Note | Symbol | Min | Typ | Max | Min | Typ { Mex | UsR
Carrier Feedthrough 5 1 VCFT aVirnd
Ve = 60 mVirms} sine wave and fc = 1.0kHz = 40 = —_ 40 - ‘
offset adjusted to zero fc = 10 MHz - 140 — — 140 —
V¢ = 300 mVp-p square wave: mViwe |
offset adjusted to zero fc = 1.0kHz — 1004 | 02 — | 004 | 04
offset not adjusted fc = 1.0kHz - 20 100 — 20 | 200 -
- Carrier Suppression 5y 2 Ves [
fg = 10 kHz, 300 mV(rms) ’
fc = 500 kHz, 60 mV(rms) sine wave 50 65 — 40 65 - '
fc = 10 MHz, 60 mV{rms) sine wave - 50 — — 50 - ]
Transadmittance Bandwidth {Magnitude} (R, = 50 ohms) 8 8 BWs4p -
Carrier Input Port, Vo = 60 mV{rms) sine wave - 300 — - 300 | — @
fs = 1.0 kHz, 300 mV{rms) sine wave i
Signal Input Port, Vg = 300 mV{rms)} sine wave — 80 — — 80 - $
V¢l = 0.5 Vde
Signal Gain 10 3 Ays 25 35 - 25 35 -
Vg = 100 mVirms), f = 1.0 kHz; [V¢l = 0.5 Vde N
Single-Ended Input lmpedance, Signal Port, f = 5.0 MHz 6 1 "‘
Parallel Input Resistance Tip — 200 | — - 200 — |\
Paralle! Input Capacitance Cip - 2.0 —_ — 20 — o
Single-Ended Output Impedance, [ = 10 MHz 6 -
Parallel Qutput Resistance fop — 40 — —_ 40 -— 0
Parallet Output Capacitance Coo —- 5.0 - —_ 5.0 - ¥
input Bias Current 7 —
Iy + g I7 + |, hhs — 12 25 - 12 30
[ . PR F Sl :
'bs 7 o€ 2 oo —f2ls | ~]n2|»
Input Offset Current 7 — A
lios = 11-1a: ligc = I7-1g Miost — 07 | 50 — o710 rg ]
liocl — o7 |50} — o1 |70 :
Average Temperature Coefficient of Input Offset Current 7 — ITChiol —_ 2.0 — —_ 20 -
{TA = -55Cto +125°C) R
Output Offset Current 7 —_ ool — 14 50 — 14 80
(1g~1g}
Average Temperature Coefficient of Output Offset Current 7 — [TCigol — 90 —_ —_ 20 -
{TA = -55Cto +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CMV —_ 5.0 —_ - 5.0 -
Common-Mode Gain, Signal Port, {5 = 1.0 kHz, 9 - ACM — -85 — — -85 | — 4
Vel = 0.5 Vde .
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 — — 8.0 -
Differential Output Voltage Swing Capability 10 — Vout —_ 8.0 —_ - 80 | —
Power Supply Current 7 6 - ’
Ig + g fce - 20 3.0 _ 20 | 40 R2 ¢
1o g — 3.0 4.0 —_ 30 50 | V"
DC Power Dissipation 7 5 Pp — |3 | -] - ||~ i
* Pin number references pertain to this device when packaged in a metal can,
To astertain the corresponding pin numbers for plastic or ceramic packaged
devices refer to the first page of this spacification sheat
-
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GENERAL OPERATING INFORMATION *

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage
at carrier frequency with only the carrier applied (signal
voltage = 0).

" Carrier null is achieved by balancing the currents in
the differential amplifier by means of a bias trim poten-
tiometer (Rq of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and
signal voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier
does not fully switch the upper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
results in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression fig-
ure. The MC1596 has been characterized with a 60
mV(rms) sinewave carrier input signal. This level pro-
vides optimum carrier suppression at carrier frequen-
ues in the vicinity of 500 kHz, and is generally recom-
mended for balanced modulator applications.

Carrier feedthiough is independent of signal level, Vg.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device output as spurious sidebands
of the suppressed carrier. This requirement places an
upper limit on input-signal amplitude (see Figure 20). Note
dlso that an optimum carrier level is recommended in
figure 22 for good carrier suppression and minimum spu-
nous sideband generation.

At higher frequencies circuit layout is very important
n order to mimimize carrier feedthrough. Shielding may
be necessary in order to prevent capacitive coupling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single-ended) at low frequencies is

defined as the voltage gain,
_Vo_ PR LA
AVS = Vg = Ry 2ig Ve e = hmAl

A constant dc potential is applied to the carrier input
terminals to fully switch two of the upper transistors
“on” and two transistors “off’ (V¢ = 0.5 Vdc). This in
elfect forms a cascode differential amplifier.

Linear operation requires that the signal input be
below a critical value determined by Rg and the bias
wrrent ig.

Vs - Ig Rg (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds
10 a maximum value of 1 volt peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied to both bases of the signal differential ampli-
her, without saturating the current sources or without
saturating the differential amplifier itself by swinging it
wto the upper switching devices. This swing is variable
depending on the particular circuit and biasing condi-
lions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage-current products at each port, i.e. assuming Vg

Ve. Is = lg = lg and ignoring base current, Pp = 2
I5 (Vg Vig) 1 5 (Vs - Vqg) where subscripts refer
to pin numbers.

Design Equations

The following is a partial list of design equations
needed to operate the circuit with other supply voltages
and input conditions.

A. Operating Current
The internal bias currents are set by the conditions at
pin 5. Assume:

I = lg = 1g
ig<<lg for all transistors
then:

'
V- where: Rg is the resistor between
Rg= 5 —500 € pin 5 and ground
¢=075VatTy = +25°C

The MC1596 has been characterized for the condition
I 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Qutput Voltage
Vg = Vg =Vt - Ig R
Biasing
The MC1596 requires three dc bias voltage levels

which must be set externally. Guidelines for setting up
these three levels include maintaining at least 2 volts
collector-base bias on all transistors while not exceed-
ing the voltages given in the absolute maximum rating
table;

30 Vdc = [{Vg, Vg) - (V7, Vgl = 2 Vdc

30 Vdc - [(V7, Vgl — (Vq, Vgl = 2.7 Vdc

30 Vdc = [(Vq, Vg) - (Vg)] > 2.7 Vdc
The foregoing conditions are based on the following
approximations:

Vg = Vg, V7 = Vg, V1 = Vg

Bias currents flowing into pins 1, 4, 7, and 8 are tran-
sistor base currents and can normally be neglected if
external bias dividers are designed to carry 1.0 mA or
more. -

Transadmittance Bandwidth

‘/Carrier transadmittance bandwidth is the 3 dB
bandwidth of the device forward transadmittance as
defined by:

_ ig leach sideband)

= =0
r2c vg (signal) o

"’JSignal transadmittance bandwidth is the 3 dB
bandwidth of the device forward transadmittance as
defined by:

ig (signal)

2 Ve 05Vde, Vo O
vg (signal) | " © °

1218

*Pin number references pertain to this device when
packaged.in a metal can. To ascertain the correspond-
ing pin numbers for plastic or ceramic packaged
devices refer to the first page of this specification
sheet.
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Coupling and Bypass Capacitors Cy'and C3

Capacitors Cq and C7 (Figure 5) should be selected for a re-
actance of less than 5.0 ohms at the carrier frequency.

Output Signal, V4

The output signal is taken from pins 6 and 9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting from variations in both the car-
rier and modulating signal inputs with a single-ended output

connection,
Negative Supply, VEE

Vgg should be dc only. The insertion of an RF choke in series
with VEE can enhance the stability of the internal current sources.

MC1596

Signal Port Stability

Under certain values of driving source impedance, oscillahon
may occur. In this event, an RC supprassion network should b
connected directly to each input using short teads. This will reduce
the Q of the source-tuned circuits that cause the oscillation.

SIGNAL INPUT

Pi
(PINS 1 & &) s10

T

An alternate method for low-frequency applications is to mmt
a 1 kOhm resistor in series with the inputs, pins 1 and 4. fnthe

case input current drift may cause serious degradation of corie
suppression.

TEST CIRCUITS®

*Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.
-

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION
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FIGURE 6 — INPUT-OUTPUT IMPEDANCE
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NOTE: Shielding of input and output teads may be needed
to properly perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS

FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH
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TEST CIRCUITS (continued)

FIGURE 9 - COMMON MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS
Tywpical characteristics were obtained with circuit shown in Figure 5, {c = 500 kHz (sine wave),
Vg + 60 mVirms), Ig > 1 kHz, Vg = 300 mV(rms), Ta = +26°C unless otharwise noted,

FIGURE 12 — SIGNALPORT PARALLEL-EQUIVALENT

I;IGURE 11 — SIDEBAND QUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY
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TYPICAL CHARACTERISTICS (continued)

Tynieal characteristics ware obtained with cirenrit shown in Frgure 5,1

500 kHz {sino wavn),

Ve 60 mVisms) tg 1 kHz, Vg 300 mVirms), T = 269C uniess otharwise noted.

FIGURE 15 SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE
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FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY
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TYPICAL CHARACTERISTICS (continued)’

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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OPERATIONS INFORMATION

The MCI1596/MC1496, a monolithic balanced modulator cir-
cuit, is shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross-coupled so that fullwave
batanced multiptication of the two input voltages occurs, That is,
the output signal s a constant times the product of the two input
signals.

Mathematical analysis of linear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and
difference of the two input frequencies. Thus, the device may be
used as a balanced modulator, doubly balanced mixer, product
detector, frequency doubler, and other applications requiring
these particular output signal characteristics.

The lower differential amplifier has its emitters connected to
the package pins so that an external emitter resistance may be
used. Also, external load resistors are employed at the device
output,

Signal Levels

The upper quad differential amplifier may be operated either
in a linear or a saturated mode. The lower differential amplifier
s operated in a linear mode for most applications.

For low-level operation at both input ports, the output signal
will contain sum and ditference frequency components and have
an amplitude which is a function of the product of the input signal
amplitudes.

For high-level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the modu-
uating signal frequency and the fundamental and odd harmonics of
the carrier frequency. The output amplitude will be a constant
umes the modulating signal amplitude. Any amplitude variations
in the carrier signal will not appear in the output.

-
FIGURE 22 — CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL
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FIGURE 24 — TYPICAL MODULATOR CIRCUIT®

n 1 9 “2ver
VA ‘Lo.lnF 2 Ay 1k 3 AL ‘L RL
5 . e g
E-3 = !
c:mnne‘:f‘o.l“"F —ot- ’ -
)| .
—y ‘ 1 MC15966
v . &
MODULATING T e
SiENAE 0k 0k 381 g ; .
50k
15 S 68
CARRIER NULL v =
vee

*Pin number references pertain to this device when packaged in a
metal can. To ascertain the corresponding pin numbers for plas-
tic or ceramic packaged devices refer to the first page of this
specification sheet.
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OPERATIONS INFORMATION (continued)

The linear signal handling capalnlities of a differential amphfier
are well defined, With no emitter degeneration, the maximum
input voltage for linear operation 1s approximately 25 mV peak
Since the upper differential amphfier has its emitters internally
connected, this voltage applies to the carrier input port for all
conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range may be
adjusted by the user. The maximum input voltage for linear op-
eration may be approximated from the following expression:

v (Ig) (RE)vohs peak .

This expression may be used to compute the minimum value of
Rg for a given input voitage amplitude.

FIGURE 256 — TABLE 1
VOLTAGE GAIN AND QUTPUT FREQUENCIES

Carrier Input *y  Approximate Qutput Signal
Signal {V¢) Volmge Gain Frequency(s)
RV,
Low-level dc Lc KT fm
2(Rg + 2:,»(7)
. il X_§
High-leve! dc AE + 2rg fm
Low-tevel Ry, Vglirms) P
ow-level ac S e #I0] ciim
2J2(5L)(Rg + 2re)
637 R
High-tevel ac 0637 R fc i, 31 £,
Rg + 2rg Sfc £, .

The gan from the modulating signal input port to the output it
the MC 1596/MC 1496 gain parameter which 15 most often of interest
ta the designer. This gain has significance only when the lower
differential amplifier is operated in a linear mode, but this includes
most applications of the device.

As previously mentioned, the upper quad differential amplifier
may be operated either in 3 linear or a saturated mode. Approxs
mate gain expressions have been developed for the MC1536/
MC1496 for a low-level modulating signal input and the fotlowing
carrier input conditions:

1} Low-level dc
2) High-level dc
3) Low-level ac
4) High-level ac

These gains are summarized in Table 1, along with the fre-
quency components contained in the output signal.

NOTES:

1. Low-level Modulating Signal, Vp, assumed in all cases.
V¢ is Carrier Input Voltage.

2. When the output signal contains multiple frequencies.
the gain expression given is for the output amplitude of
oach of the two desired outputs, fc + fm and fc - M.

3. Al gain expressions are for a single-ended output. For
a differential output connection, multiply each expres
sion by two.

4. R = Load resistance.

+5. RE = Emitter resistance between pins 2 and 3.
6. re = Transistor dynamic emitter resistance, at +26°C:

Vor M 26 mV
fe 15 (mA}
7. K = Boitzmann's Constant, T = temperature in degrees
Kelvin, q = the charge on an electron.

i1 22 26 mV at room temperature

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the basic
application of the MC1586/MC1496. The suggested circuit for
this application is shown on’the front page of this data sheet.

in some applications, it may be necessary to operate the
MC 1596/MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed for
operation with a single +12 Vdc supply. Performance of this cir-
cuit is similar to that of the dual supply modulator,

AM Modulator

The circuit shown in Figure 27 may be used as an amplitud’
modulator with a minor modification. .

ANl that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the proper
amount of carrier insertion in the output signg!.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range. Therefore,
the modulator may be modified for AM operation by changing
two resistor values :n the null circuit as shown in Figure 28.

~

Product Detector

The MC1586/MC 1496 makes an excellent SSB product detec-
tor (see Figure 29}.

-/This product detector has a sensitivity of 3.0 microvolts and
dynamiz range of 90 dB when operating at an intermediate fre-
quency of 9 MHz.

The detector is broadband for the entire high frequency range.
For operation at very low intermediate frequencies down to 50
%Hz the 0.1 UF capacitors on pins 7 and 8 should be increased to
1.0 UF. Also, the output filter at pin 9 can be tailored to 2
specific intermediate frequency and audio amplifier input im-
pedance.

As in all applications of the MC1596/MC149G, the emitter
resistance between pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by introdueing
carrier signal at the carrier input and an AM signal at the SSB
input. N

The carrier signal may be derived from the intermediate fre-
quency signal or generated locally. The carrier signal may be in-
troduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential ampfifie!
If the carrier signal is modulated, a 300 mVirms) input fevel 1s
recommended.

MOTOROLA LINEAR/INTERFACE DEVICES
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APPLICATIONS INFORMATION (COn!inue;!)

Doubly Balanced Mixer .

The MC1596/MC1496 may be used as a doubly balanced
muxer with either broadband or tuned narrow band input and
output networks.

The local oscillator signal is introduced at the carrier input
port with a recommended amplitude of 100 mV(rms).

Figure 30 shows a mixer with a broadband input and a tuned
output.

Frequency Doubler

The MC1596/MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show a broadband frequency doubler and a
tuned output very high frequency {VHF) doubler, respectively.

Phase Detection and FM Detection

The MC1596/MC 1496 wtil function as a phase detector. High-
level input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1596/MC1496 will deliver an
output which is a function of the phase difference between the
two input signals,

An FM detector may be constructed by using the phase detgc-
tor principle. A tuned circuit is added at one of the inputs to
cause the two input signals to vary in phase as a function of fre-
quency. The MC1596/MC1496 will than prowde an output which
ts a function of the input signal frequency.

TYPICAL APPLICATIONS 6

Pin number references pertain o this device when packaged in 3 metal can To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.

FIGURE 26 - BALANCED MODULATOR
(+12 Vdc SINGLE SUPPLY)

FIGURE 27 - BALANCED MODULATOR-DEMODULATOR
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TYPICAL APPLICATIONS {continued)

Pin number references pertain to thes device when packaged 1 a metal can

To ascertam the corresponding pin

numhbers for plastic or ceramic packaged devices refer to the first page of this specification sheet

FIGURE 30 — DOUBLY BALANCED MIXER
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT)

FIGURE 31 » LOW-FREQUENCY DOUBLER
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Signetics

{inear Products

DESCRIPTION

The NES64 is a versatile, hign guaran-
wsed trequency phasa-wocked loop de-
signed for operaton up 10 50MHz. As
shown in the Block Diagram, the NES64
~onsists of a VCO, limiter, phase com-
parator. and post detection precessor

FEATURES

e Operation with single 5V supply
® TTL-compaiibie inputs and

outputs

o Guaranteed operation 0 SOMHz
e External locp gain ‘ontro!

o Reduced carrier teedthrough

o No elaborate flitering needec in

FSK appfications

e Can bo used as & moduiatnr

Phase-Locked LOOP

Product Soeclfication

PIN CONFIGURATION

t

D, F, N Packages

1 i
x5 351 TR veuT
jEB t:

AYETAREDS RV

Ta; ARALDG CUTIUY

13} SE0. SBY G
12} "G 3T CAS

Vi1 vcoouLtm vz |

1a] ve

« Yariable loop gain (extrernally 0 T3 vt some TR
controtied) : L
| TOP VIEW
APPLICATIONS I s
¢ High-speed modems
+ FSK receivers and iransmitters
e Frequency synthesizers
».Signal generators
‘e Various satcem/TV systems
ORDERING INFORMATION - 7
DESCRIPTION TEMPERATURE RANGE ] ORDER CODE :l
16-Pin Plastic SO 0 to +70°C i NESB4D y
! 16-Pin Plastic DIP 0 1c +70°C NESB4N
" 16-Pin Plastic DIP ’ -B5°C to +125°C J SES64MN
¢ 16-Pin Cerdip | 25 47C°C { NES64F !
BLOCK DIAGRAM
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Zeoost Soeciicaion

NE/SE564

ABSOLUTE MAXIMUM RATINGS |
SYMBO! BARAMETER RATING uNIT
Ve , Supply voliage : % ’
Sin 1 14
Pin 10 ] ,
low= , (Sink) Max {Pin 9) 10 ! mA
[7 P5 | Power dissipation ! 600 | mw
Vo Ta | Operating amcent temperature
NE . 0t +70 *C
l SE i -551p +125
Tstg | Storage temperature { =851t +150 *C
NOTE:

Ooeraton above 5V will require heatsmking of the case.

DC AND AC ELECTRICAL CHARACTERISTICS Vcg = 5V. Ta=25°C. fo = 5MHz, Iz = 400pA, uniess otherwise specified.

i
| i SES64 NES64
SYMBCL ! PARAMETER TEST CONDITIONS UNIT
Min | Typ  Max | Min | Typ | Max
Maximum VCO frequency Cy = 0 (stray) €5 45 | 60 MHz
Lock range Input > 200mVRus Ta = 25°C 40 | 70 40 | 70 % of {g
Ta=125C 20 | 30
Ta =~55'C 50 | 80
Ta=0°C 70
, Ta=70°C 40
i Capture range input > 200mVaus. Az = 2752 20 | 30 20 | 30 % of fo
. 1o = 5MHz, Ta=~55°C to + 125°C 500 | 1500 PPM/*C
Ta=0 to «70°C
vCO traguency a0k witr =01 +70°C g 600
t temperawre o= 500kHZ, Ta=-55°C 1o » 125°C | 300 800 ;
| To=01to +70°C i g 500 '
JOC tree-running ‘reCUBNTY Cy = 91pF i i ;
fie = 10002 “internal’ e 5 i€ 05 5 |65; MMz
VT2 treguency change with i v ; ; i
suoply voltage Yoo = .8V £ 55V i 3 e 13 8 | %ofls
i ! ; Mocutabon frequency: ikHz 4 i ! 5 ;
| i 1o = 5MHz, input deviation: i i ! ]
‘ 2%T = 25°C | 16 . 28 16 28 mVAMS
g Semoculated outout veltage %7 = 28"C g ' 1e 8 | 4 mVaus
1%7T = 0°C ! i , j 13 mVaus
1%T = ~£5°C s 10 ! mVaus
! . c9T = 70T ' 15 mVaus
; 19T = 125°C ‘2 1B ; i mVaus
r T - -t
: Sistorticn Daviator: ‘% ic 3% i b | 1 - % _J
- Signai-to-noise rabo Sid condition, 1% o 10% cev. | P49 L 40 | | e |
; i AM rejection \ S condibon, 3C% AM H i35 | i 35 a8
!r . Moauiation fraquercy. 1kHz : ' : ;
: Demodulatec ouput at ‘n = SMHz, inout deviatom: % i ! i
i ¢ coeratng voltage Yoo - 45V h 2 P72 1 mVaus
t . Veo = S5V @ 1% B I T ! i mVaus
| oo i Suppty cumem ' Vec = 5V . ho .60 45'60| ma !
' Sutout . i ; i i i
Y putown lesnage currer Yoy = SV, Pins 15 =S 2c 120 ) uA H
~ saa veraTt e Jme, Fme PRER Y ‘o208 VvV
g - L3 L 08V

- o~
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TYPICAL PERFCRMANCE CHARACTERISTICS

e T
Lock Range vs Signal Input VCO Capacitor vs Frequency
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i
/AN
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NORMAUZED LOCK RANGE
Typical Normalized VCO Typical Normalized VCO
Frequency as a Function of Frequency as a Function of Normalized VCO Frequency
Pin 2 Blas Current Pin 2 Blas Current as a Function of Temperature
T n -
» 118
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Proguct Soecification

NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS {Contrued)

V., + PHASE COMPARATOR'S
TUTPU: YOLTAGE IN mV

8¢ - H
' , VCO FREQUENCY
e - 1 LOMME  on ploe0uk N e
: it / 18 Loy = 80024
Ty = 800 // /"-u'°“‘ / 5 lgug = OnA
400 ~ // o= 1.0MH ?u /
7 | ‘
200 - // iz /
] / 1 / -
A
140 e w7 00 129 1o o."»:g -400  -200 _/? 200 400 600 mv,m v
- oy ar
/ ) I
~400 - ) TJ
!
|
- 800 1 - -
i | |
! - -
-800 ¢
l Eania orresmes

Vanation of the Phase Comparator's Qutput Voltage
vs Phase Error and Blas Current (Kp)

VCO Output Frequency as a Function of
input Voltage and Bias Current (Ko)

TEST CIRCUIT
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FUNCTICNAL DESCRIPTICON
{Figure *}

“-a NEZ3L 8 3 menemnic crass-coxen ooz
& a 208t Zatecten crecassor The use of
Scretky Slamcea transisiors ars oplimized
12022 J2OMAINeS Ix9rgs e "enuensy of
soeralicn ‘0 jreater than SCME:z

n aocucn ¢ the classical FLL 2ochcations,
©Te LSeC 1S 3 MAC.. 27T ah 3
recuency leviaton

sorronacie
T=a

15 shoewn or he following

ILigul vedaga of the Pl tan 2o witen
squaton:

thay = f3)
M -
e Kvco
<, = onvarser gain o e 0
‘o) = ‘requency of the nput ugra,

N, *UraseLmTng frecuancy of iy wlT

The crocess cf recovenng FSK signais n-
«cives the conversion of the PLL sutput inte
¢ ¢ tomeantie signals. For ticn tata rates.

EQUIVALENT SCHEMATIC

3 CABCLIAne amounmt of camer sl be
srasert 3t e outout of the PLL cue to the
~mastang ratre of the ioop Slter, To aved
ne Jsa o somplicatea filters, a comparator
Mt ysterasis of Schmitt rigger is required.
Wi ne conversion gair of the VCQ fxed,
Se luidul vCitage as gr/en Dy Sgquabon i
.anes accerding o the frequency deviation of
‘v frem fe. Since this ciffers from system to
! 5 78cessary that the hysteresis of
ne Zenrit ‘mgger be capable of being
tianges, 3¢ ‘hal ot can be ophmized for a
caricular system. This is accompiished in the
s54 ¢y varying the voitage at Pin 15 which
‘esults in a changa of the nysteresis of the
Schmint tngger.

Sar =3K sigrals. an impertant ‘acter D he
srsiceres us he drit n the free-running
recuency o1 the VCO isaif. if this cnanges
L2 10 "emeerature, according 1o Equation 1 it
~it23d {C 2 sharge in the OC levels of the
Sl sutout and consequently to errors in the
signal outcut signal. This is especially true for
~amew-cand signals whers the deviation in fiy
*ser ray ca wss than tha change in fg due

‘o temperature, This effact can be elirminated
f the DC™Or average value of the signal is.
retrieved and used as the reference to the
comparator. In this manner, variations in the
DC levels of the PLL outeut do not atfect the
FSK outprt.

VCO Section~

Cue to its inherent high-frequency perfor-
mance, an emitter-coupled oscilator is used
in the VCO. In the circuit, shown in the
equivalent schematic, transistors Q¢ and
Q23 with current sources Qag - Qze form the.
basic oscillator. The approximate free-running,
frequency of the oscillator is shown in the
following equation: .

1
2 Ag (G +Ca
Re = Ay = Rzg = 10082 (INTERNAL)
C: = external frequency satting capacitor
Cg = stray capacitance

fo (2)

rel

i
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Froauct Specificehc”

NE/SE564

vgnater of Vy (Dhase detecior Suinut VIt
age) cranges the frequency of the csciliater.
AR nmcmen ny Equation 2, 1N TIIUANCY ol

man
nas

coeficen: cue 1o the positive iemperature
coefficrant o¢ tne monalithic resistor. To com-
sonsate for this, a current g with nega.ve
samperature ceefficient 1S introduced 1o
achieve a low frequency drift with tempera-
ture.

whe oeTmaint o negalve LtmpETaiwe

Phase Comparator Section

The phase comparator consists of a dcuble-
balanced modulator with a fimiter amplifier to
imorove AM rejection. Schottiy-clamped ver-
tical PNPs are used to obtain TTL leva!
inputs The ioop gain can be varied by chang-
ing the current m Q4 and Q5 which effective-
ly changes the gain of the differential amplifi-
ers. This can ba accomplished by introducing
a current at Pin 2.

Post Detection Processor
Section

The post detection processor consists of a
unty gan transconductance ampifier and
comparator. The amplifier can be used as a
DC retrigver tor demodutation of FSK signals,
and as a post detection filter for linear FM
demodutation. The comparator has adjust-

PO

°
A 12CK AANGE ATJLSTMERT
o)
= covd ;
) 1
| ~ihH H
f Ty = L00e sutEn E
. Pl 0.2 H
i a2 INAT  BANE ' EEREEE i"\ [
i ( * w1 0| s ‘L‘ _E = ]
. ton £ VRRZ "
¢ ANALOS OUT
1 oasreren ) s 18f—a “':
L
= L 1 -—-Q POST DETECTION FILTER
Qs e
) wpb—p =
2 0 & 2 i
i
| | o |
l | e
1y - S0
] raeovency sevcar
n P41
1 :
w I

; Figure 2. FM Demodulatcr at SV

whosa output valtage is shown in the follaw-  vided by Qu7 - Qug. The hysteresis is vaned

ing equation: by changing the currert in Q52 with a rasulting
variation in the loop gain of the comparator.

Vo= oM Vit This method of hysteresis control, which is a
C DC control, provides symmetric variation

around the .nomina! value. _
gm = transconductance of the ampifier =

C, = capacitor at the output (Pin 14)
Vi = signal voltage at amplifier input

Design Formula
The free-running frequency of the VvCO is
shown by the foliowing equation:

Witn proper selection of Tz he integrator 1

able hysteresis so that phase jitter in the : y
Wt e
output signal can be eliminated. time ccn.stam can be varied so that the outout fo= 32 e 1+ Co) 4)
valtage is the DC or average vaue of the 1% S
s snown in the aguivalent scnematc the ZC  input signai for use in FSK, or as 4 post
remaver 1 formea by the transductance am-  detecton fiter i finear Jemodutation Re = 10002
pliher Qg - Qag together with an externai f C, = extemnal cap in farads
capacitor which 1s connected at the amolifier The comparator with hysteresis 1s madeup of '
outout (P t4). This torms an \ategrate’ Sieg - Osp With posive feeapack oeing cro-  Og = stray capacitance
1 : ]
L }
! i
. 2N i
@ 11, \OCK PANGE AOJUSIMENT 3 ie sv o FINE FREGUENCY i
v s | . @ T ADJUSTMENT i
\L/ L—'h (00T FATER i T ]
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Fhase-Locked icep

NE/SES64

The lcoo filter diagram snown s @ «Siamea oy
ne fcliowing equatcn:

B

1
Fg =~

1 +sRC,y

{Firet Crger:
ReRig =Rz = 1.3kQ dntarman®

2y acaing capacuers to Pins 4 ane S, apota g
adcea {0 the Icop ‘ranster funchcn at

1

O —
RC,

NOTE:

‘Refer o Sigure 3.

APPLICATIONS

FM Demoduiator

The NES64 can be used as an FM demoduia-
tor. The connections for operation at 5V ang
12V are shown in Figures 2 and 2, respecive-
ty. The input signal 1s AC coupled with he
output signal being extractad at Pin 14, Loop
filtenng is provided by the capacitors at Pins 4
and 5 with additional filtering being provided
by the capacitor at Pin 14. Since the conver-
sion gain of the VCO is not very high, to
obtain sufficient demodulated output signal

T8 TelulrCy Sewiation 4 INe Wit hgra,
sheulti 59 1% 5r “ugher.

Mecdulation Techniques

Tha NEZZ4 crase-cores 100D ¢an 26 moct-
lated at euther the .o0p riter zons #ins 2 ane
5) er the nout sort (Pia 6) as shown in Figure
4 The scoroxmate Todulaton frequency
can Je S2nerminen lrorm the requency son-
version g lurve shown .n Figure § This
Curve will Se apsratnate for signals neciec
o Pins 4 and 3 as shown in Figure <.

FSK Demodulation

The 564 PLL s particuiarty artractive for FSK
demodulation sinca & contams an internal
vcltage Cmicarater and VCO wran iave ~L
scmoaubie inpuis Jna sutcuts, and © san
coerate rom a single 3V power sunety. Je-
mocuat2a CC vohages assccrateg wir s
mark anz scace frequencies are “eccverec
with a single extemal capacitor in a 0O
“etriever without utlizing extensive fiitenrg
networks. An.ntemal comparator, actngasa
Senmitt tigger with an acjustable nystaresis,
shapes the demoautated vortages intc com-
patble TTL output levels. The high-frequency
design of the 564 enables it to demodulate
FSK at high data rates in excass of 1.0M
baud.

T guie § 5nCws A Ngh-irecuars; TR tecca.
2 Jesignea ‘or input frequency dematons of
: *.CMHz centered arcund 3 frae~running ‘re-
auancy ¢f 10.8MHz. The vaiue of the timing
<acACtance required was astmated irom Fig-
@ 3 '¢ b8 approximately 4CoF. A nmmer
S2cacior was added to fine tune !5 to
o QHHL

The ek range grapn indicates ‘hat ‘he
SMi-z irecuency ceviatons wil ce wittin
e lceh rangs for inout signar ievers greater
han aporox:mately SCmV with zero Pin 2 bias
curent. (While stnctly this figura is aparepn-
ate only for SMHz. it can be used as a guide
‘ar leck range estimates st other o’ frequen-

ligs)

“he fysterasis was adjusied xpenmentaily
a3 e "0k cotentometer are k{1 mas
Urargement 10 give ir8 wavesnipe shown in
“igure 7 for 20k. SCOk, 2M baua rates with
sQuare wave FSK modulation. Nots the mag-
nituce ang phase rafatienshios of the ghase
Iomraraters’ outcut veltages vith -aspect to
aach other ard 1o the FSK sutcut. The figh-
frequency sum components of the input and
VCC frequency also are visible as noise on
the phase comparator's outputs,

‘

Figura 5. 10.3MHz FSK Jeccger sing ‘ha 354
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Sighetcs Unear Prooucts

Phase-Locked Loop

'S T'—'—T

2v
- A I
WS b !
- . . 3 ¢
) . a. Data Rate = 20k Baud b. Data Rate = 500k Baud ,
~ ! ¥ .
10Omy 100mv $00nS
g
ol 3 sths, i
L 3 L] 2
i
= _f= LIgWe. i
[
i
|
1
: |
] — . — p— ! = i
|
|
i
P
av Q !
. j
c. Data Rate = 2.0m Baud ,
NOTES:
1. Tcp ace =P 4
2 Ceonter trace = Pin §
3. Bottom trace ~ P 18 - B
| Figure 6. Phase Comparator (Pins 4 and 5) and FSK (Pm 16) Ouiputs
$CCoE. .30 SNCWS 9TTS el Llnee

OUTLINE OF SETUP
PROCEDURE

3. Set i (current sinking into Pm 2) for =

1. Determine cpemtng frequency of the

VvCQ:

i = N in feedback ioop, then
fo=N X Iin

2. Caicuiais vaiue of the VCO frequency set

Co =

100pA. After operation is cbtamed, this
value may be ad} for best dy
benhaviot.

Check VCO output frequency with digital
counter gt Pin 8 of device (loop open,
VCO to ¢ det). Adiust Co tnm or frequen-
cyadpml-sformctcansrrro-

- —etigmeney, i needéd. |
5. Ciose looo and inject input signal o Pin

8. Morstor Pins 3 and 6 with two-channe!

equa' 'o 30" (onase error).

1 puisea burst 3r ramp frequency 1s uses
for :pu: sighas, Speciat iooc fier Jese’
may be raqured 1 place 9! simdie sINgie
capactor fitter on Pins < and %, (See PL.
applicaton section).

The mout signal ¢ Pin £ anc the 420
teedtacx sighai to Pin 3 must nave a cut
cycie o) 50% !or proper operation of %
shase cetecicr. Tue 1o the nature o' &
paigrsac Ml ¢ signals are not 35°% 7
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4, 5, Also, careful suoply deccupiing may
te necessary, This includes the counter
chain VYoo nes.
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Figure 7. NES64 Phase-Locked Frequency Muitiplier With VCXO




Linear Products

CIRCUIT DESCRIPTION Of The
Ne564

The 564 contains the functional blocks shown
in Figure 1. In additon to the normal PLL
functions of phase comparator, VCO, amplifi-
or and low-pass filter, the 564 has intemnal
circuiry for an input signal limiter, a DC
ratriever, and a Schmitt tngger. The compiete
circuit for the 564 is shown in Figure 1.

Limiter

The input limiter functions to produce a neear
constant amplitude output that serves as tne
input for the phase comparator. Efiminating
amplitude variations in the FM input signal
improves the AM rejection of the PLL. Addi-
tional features of the 564's limiter are thatitis
capabie of accepting TTL signals. operates at
tugh trequencies up to 50MHz, and remains

AN179

NES64

Application Note

functional with varigble supply voltages be-
twesn 5 and 12V.°

Signal limiting is accomplished in the 564 with
a differential amplifier whose output voitage &
clipped by diodes Dy and D2 (see Figure 2}.
Schottky diodes are used because their timit-
ing occurs between 0.3 to 0.4V instead of the
0.6 to 0.7V for regular IC diodes. This lower
limiting level is helpful in biasing, especialty
for 5V operation. When fimiting, the DC volt-
age across Rz Ry remains at the Schottky
diode voltage. Good high-frequency perfor-
mance for Q and Qg is achieved with current
lavels in the low mA range. Cutrent-source
biasmg Is established via the current mirror of
Dg and Qu {See Figure 1).

Basa biasing for Q3 is of concem because of
the natuwre of the input signal which can be
either a TTL digital signal of 0 to 5V amplitude

Circuit Description of the

or ¢ low-level, AC coupled analog signa.
Compatipility for erther type is actueved by
mogilying the limiter of Figure 2 with ire
addition of the vertical Schottky PNP transis-
tors Q, and Qs as shown in Figure 3. The
input signal votage appears as a collector-
base voitage tor Qy, which presents no proc-
lems for either high TTL level inputs or fow-
lovel analog inputs. Qs is in tum diode-biasec
by D5 and Dy (see Figure 1) which places the
base wohages of Qy and Qs at approximatety
1.0V. This same biasing network establishes
a 1.3V bias at the base of Q3 for biasing the
phase comparator section. A differential out-
put signal from the input limiter is applied to
one input of the phase comparator (Q;
through Q42) after buttering the level shiting
through the Q7 — Qg emitter-followers.

*Whan coersting above SVpc, & Bmitng resstor must be
weed fram Ve 1o Pin 10 of the 584,
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:_-:rc: Lnent Preszs Apedicction Note
Circuit Description of the NESé64 ANA79

T Al

Figure 2. Basic Limiter Stage

Figure 3. Limiter Stage With Input Buffering

rarm

Phase Comparator

The phase comparator secion of the 564 is
shown in Figure 4. It is basically the conven-
tonal, double-balanced mixer commonly
used in PLL circuits, with a few exceptions.
The transconductance, gy, for the Qi3 = Qg
ditfersntial amplifier is directly proportional to
the mirror current in Qss. Thus, by extematly
sinking of sourcing current at Pin 2, gi can be
changed to alter the phase comparator's
conversion gain, Kg. The nomnal curment
nected into this node by ths intemal current
source is 0.7SmA for 5V ooeration. If the
current is externally removed by gating, the
phase comoarater can be dissblec and the
YCO will cperats at its free-running frequen-
cy.
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Figure 4. Phase Comparstor Secton
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Figure 5. Varistion of the Phase Compsrator's Output Voitage vs Phase Error and Biss Current
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Figure 8. VCO Section of NES64

Figure 7. YCJ ‘Vavesnapes
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The variation of Kq with biss curent at Pin 2
is shown In the eperimental resulls of Figuse.
5. Note that the inherent 90° phase error in
the op produces an spproximats IO~
phzse comparator cupit voltage. Fas- any
paricuist buss current, he siope of hhe ine is-
the K4 conversion gain for the phase compar-
ator. Nmaur;ndnndﬁansemb
expressed as . ,

. ~ - et
Kg=0. E D AR Y .1\").")5“
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Equation 1 is vaid for bias current fess than
MMMWMM”
phase comparator. .

The current level estabiished in Qs of Figure

rents through Ry and Ryy set the common-
mode output voliage from the phess compar-
ator (Pins 4 and 5).. Sinos this common-mode:.
Whmﬂdbh@b“ﬂtb
mmnvoomm.
Kdlnmwmhbuamu
Ph?_ TR sy Ve, Fee d gt &jl

vCO . RESIWCY PR
The VCO bdhhﬂcm
astabie type with several modifications inchud-
ed to achieve the high frequency, TTL.com-;
patible operation while meintaining lew e~
quency drift with temperature changes.. Thes
basic oscillator in Figese 8 consists of Qqg,
Qao. Q2. &nd Q23 With current sinks of Qgg-
and Qe The master cusrent sink of Qe
keeps the totsl current constant by allering.
the ratio of curents it Qug~QOg and the:
dummy current sink of Qor.

The input drive voitage for the VCO is mede
up of common-moce and difference-mode
components from the phase comparator. Af-
ter buffenng the level shifting through
Cy7~Qig and Rys-Rye the VCO control.
voltage is applied differentially to the base of
Qq7 and tc the common bases of Qqg and
Cozs.

"he VCC ~ontrol voitages from the phase
somparator are the Fin 4 and Pin 5 voltages
or

Vo= Ves = Vais = Vou + 12Vou @
e = ¥eoz = Varr = Vou - 2Vou 1)

#rere v~y INQ Ypuy are tha respective com-
~zr.mzze arg cffsrence-mode volages.
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“These ndwvicual cuments are summed in Dg
ana become with Rys = Ryg = P

g ==l l»=M(Veu-3 Vgg) (6}

Wwnng le and |y as functions ol the total |
current gives

[ vVou

voW

-

Jdd

mx o=yt

where 2 S« < * Thus x s oefined to be

.'-i(*»-——-) H
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Currents lg ang > estabush proportionai cur-
rents 10 Qps, Cos. 8nd Qg7 10 @ manner siméer
tc tne anatysis apove since the current in Con
is a constart, or

io = lczp = le25 + lgzs + £274 + lE278

1t can be shown that the Dy - Dy diode peir
will cause identical differential currents 1o be
reflected in both the M- -Qp and the
Qu7a - Qz7p ditferential ampiifier pairs. Con-
sequently, the constant-current of lo. jointly

I”-E“_—F{F) 7' shared by the ditferential amplifier pars, wil
i v divide 1 each pair with the same x factor
i -5(1 +-§‘I-) (8) imbalance as mn Equation 11.
Now consider variations in lg and I; while | lgas + lgos = xlo 12
X
remains constant. eendca _5‘0 (19
:.::1‘ x indicate the current imbalance such leg7a + le27e = ( 11 -x)le (14
1 ~-X
igz7a = lgzr = (5o (15)
t L ® $
= (1 - oo} ——
g = (1-%) s A1
—
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Figure B. VCO Output as a Function af Input Voltage and Bias Current !

Now consider placng a capacitor Detweer
the collectors ot Qzs and Q¢ (Pins 12 and
+3). Oscittation will occur with the capacitor
alternately beng charged by Qz; and Oz and
constantly discharged by Qas and Qz¢. When
e Qy, &id Oz pair conoucts, Oz; and Oz
will be off, causing & negative ramp voltage 1o
appear at Pin 13 and & constant voitage &t
Pin 12 as shown in Figure 7. During the next
half-cycle, the transistor roles and voltages
ae reversed. Capacitor descharge is via Oy
and Qge, which sct as constant-current sinks
with current ampiitudes as in Equation 13.

Duwring each hatf-cycle, the capacitor voltage
M»MbyzAvmhATm
where

B x 1-x
Av = 2“»'0(5*—2— ) =fRxlo (16

4R
AT=—2 )

X
" Utizing Equattion 11 with the AT expreasion

wummmm
of

PO N -

_ Vo
2(Vcu~-3 Vee)

v,
fo=1o1 + 7P ol [
p a9

'

where I’ is the VCO's free-running froquency
gven by

- tl 1 ~
10; 2 RpC . ¢ 7
Equation 19 shows that the oschistor fre-
quency is & inear function of the ditferental
voltage from the phase comparaior. Fesisiors
Rys and Rayg function 1 inswe tat an initis!
currant i oxists between the
Qas - Qap transestor par and the dummy Oz
This imbalance insures that the osciligtor 8
sall-starting when power is first gpplied to the
circuit

mu

i

21

whech 1 valic as long a8 the tranmstor's Vee
changes &re small with respect 1o the com-
mon-mode voltaga. Both ig and K, are ¢
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Figure 9. Fost Detection Processor tor FSK

orseiv SrCCCrIoNai 0 R, amicn nas  st"21Q
~cqitive temperature seefficient. An ntermai
IEERUNIFIILT WO T [0t T [ i SR
pgdlive (@MPSIaiufe SC2AICEAT S NSETSC
ato e YCO as shown in Figure 6.
Zwpermantal leterminauor M K; 7an e
«mp o tne rata Ot Sgure 2 wrare X s
ro sioce 3 stner ne ‘Iur-\enc.xl", ihese
asuts are ‘o 'aas = 0.

Ko -oss——-ssv 108—

volt-sec
(22)
and for lgjag = 800pA
MHz P d
Ky = 17— =10.45 X 10
v volt-
(23)

" must te noted that the soecific values
obtamned for K, in the manner above are valid
only for the 1.0MHz ‘res-runming frequency
 whese the data was taken. However, good
asumatas for Ko at dther !ree<unning fre-
Guencies can be obtamead oy linearty scaling
K, 10 the desired fo'. Thus. {1 & someumes
convenient 10 detine A normanzed Kg as

Ky rac |
$ynorem = — = 5.9 —t'aias = 0
o v

rag
S (lgiag = 8C0uA) (241

v

- D4

F2 K, 2sumate ‘ci any cias then zan be
otamen By Tultclying ine ~crralizec con-
serser jen oy the gesireq ee-unning fre-
auency o

(25)

L-ary fo = Synormto

“ha agciional VCO crcuitry of Qpq through
G ‘unctions ‘o produce the TTL and ECL
cerepatble outputs at Pins 9 and 11,

Amplifier

The diderence-mode voltage irom the phase
comparator is extracted and ampiified by the
amptfier in Figure 1. The single-ended output
from this amplifier serves as mput signals for
noth the Scrimitt Trigger and a sscond ditfer-
antal ampiifier. Low-pass fiering with a large
capacitance at Pin 14 produces & stable DC
reference level as the second input to the
Schrmtt Trigger. When the PLL is locked, the
voitage at Pin 14 is directly proportional o the
ditterence between the inout frequency and
‘e’ Thus Pin 14 provides the demodulated
autput for an FM input signai

Schmitt Trigger

n FSK appiications. the Cin 14 vottage will
assume two different voltage levels corre-
sponcing (o the mark and snace nput 're-
quences. A voitage comcarator could be
,s6d ‘o sense and convert these two voitage
avels 10 logic comcatible teveis. However, at
~gn <ata rates, Vou wili contam & sonsder-

able amount of casrier signal which can be
removed by extensive fltering. Normally this
compiex filtering requires quits a few compo-
~ents, most all of which are external 10 the
monofithic PLL. Also, since the conbrol volit-
;gﬁormowlumuam&,“

the need for exionsive fiitering.

Consider the system shown in Figurs 9 where
the input signal is the single-ended output

The DC retriever functions to establish & DC
reference voltage for the Schmitt trigger. The
uoper and lower trigger points are adjustable

desired FSK output in the presence of canrier
feedthrough.

Another important factor 10 be considered is
the temperature drift of the fo’ in the VCO.
Smadl changes in o’ will change the OC level
of the input voltage to the Schmitt trigger.
This OC voitage shift would producs errors in
the FSK output in narrow-band systems
where the mark and spece deviaions In fy
ars less than the {g’ change with tempera-
ture. However, this effect can be elimnawd if
the DC or average value of the ampiifier
signal is retrieved and used as the reference
voltage for the Schmitt trigger. In this manner,
vanations in the fo’ with temperature do not
affect tha FSK output.
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a. Low Data Rates With Negligible Carrier Feedthrough
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b. False FSK Outputs Due to Feedthrough and Low Hysteresis ..
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¢. Increased Hysteresis Restores Proper FSK Output
in the Presence of Feedthrough

! Figure 10. Waveshapes for FSK Decoding in the Post Detact'on Processor
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MOTOROLA
ISEMICGNDUCTOR m s s O e s s
TECHNICAL DATA

MC54/74HC160

Presettable Counters MC54/74HC161
High-Performance Silicon-Gate CMOS MC54/74HC162
MC54/74HC163

Fhas MCEAL 290,060 thiouah HEC16TS are dantical v pinout 1o the L S18) throuah
S16% respectivel, The dovier inputs ara compatible with standard CMQOS cutputs
v rh puthgh resisions, oy are corepatibia with LSTTL outpts

The HC1E) and HCIRD are programnable B_Cl) counters with asvachronous and J SUFFIX
eunchionous Reser ingats inspectively. The HC161 and HC183 are gromammahle: CERAMIC

& it hinare countars with asvnchronous and synchranous reset, respecively CASE 620-09

o Owipen Dive Cacabiliy, 10 LSTTL Loads

& rpats Drectly Interfase to CMOS, NMOS, and TTL
® Oparatng Valtage Range 2 104V N sUFFX
® lowinpat Current 1 uh c:;gi:;coe
& Hign Noise Iimmumty Chatactenstic of CMOS Davices )
& in Comphanee wath tha Requrements Dofinad by JEDEC Standaid No 7A
6 Lhip Conplexsty 2 FETs or 58 B Equivalent Gatas D SUFFIX
SOIC
' g CASE 751B-03

LOGIC DIAGRAM ORDERING INFORMATION

MC/7aHCXXXN Pastic
MCBAHCXXKS Cerarnic

MC74HCYXXD sotc
K 14
(3] —— Q0
. 13 TA 3% to 126 C for all pachuges
Presnt Pi o1 BCD ot Dimansions in Chapter 6
Oata 5 12 Binan,
Inputs P2 ——- Q2 Quiputs T
6 &} —_—
P3 p—— 03
PIN ASSIGNMENT
v 15 Rwple Recrdie  IRp v
Clock ———1g> beo—u Carry f i vee .
Out eck 2 sp Fweple Carry
L
208 ¢ ) p <o
T P 1 m
1
[ETE | R — {5 2pn?
Leatt ..L._M_] et
. Foatee P I SO Foyatte | s
. Fratle e ]
e Pin 6 v LN 9 '1;1 [
fonties i = S —
PHEoate | e e e e Pin B GND
T — e cmend
FUNCTION TARLE
i( T Coue T T [T T Tihpots B Ditennt
{ Davie | Mode | Reset Mode Clock | Reset* Load [Enubie PlEnabin 1 Q
YR REDY Asyr~iranags e i X « . l'-;,—r:v
I LI i faarrar Ay nehrpnons S H i . . b frepser Loy
o o SYECPINLOUS v b Tl be " g
IR D] { Bieve, Sy hranous e H H | v N et
- e T T e H H < ! P

THIAED jepf HOIRY onty HOTR® and 1010 e 4 s hreawpr B
T,

H high bl
1 low lnynl
X don't cane




MC54/74HC160°MC54/74HC161*MC54/74HC162MC54/74HC163

MAXIMUM RATINGS*

.

Symbol Parameter Value Unit This device contains protection
v DC Supply Voltage (Referenced to GND} 05t +70 v circultry to guard against dinaga
cc pply . .
due to high static voltages or alectric
Vin OC Input Voltage {Reforenced to GNO) -1.5twoVee+ 15 v fields. However, precsutions must
Vout | DC Output Voltage {Refarenced to GND) ~0.510 Ve + 0.5 v ba taken 1o avoid applications of any
fin OC Input Current, par Pin 120 mA voltage higher than maximum rated
- voltages to thiz high-impadance
lout OC Output Current, per Pin £25 mA circuit. For proper uperatian, Vi, and
Icg | OC Supply Current, Ve and GND Pins 150 mA Vout should be consuained to the
Pn Powar Dissipation In Still Air, Plastic or Ceramic DIPt 750 mw range GND s{Vj, or Vg i sVege
SOIC Package! 500 Unused inputs must slways ba tiad
to an appropriate lugic voltage level
1 -651 1 @
. _Tstg | Storege Temperature 8510 + 150 oC {e.g., either GND or V). Unused
Ty Lead Temparatura, 1 mm from Casa for 10 Seconds C outputs must be left opun
(Plastic DIP ar SOIC Package) 260 e
(Caramic DIf) 300
® Maxirnum Ratings are those values bayond which damage to the device may occur
Functional aperation should be testricted to the Recommended Operating Conditions.
tDorating — Plastic DIP- - 10 mW/°C fiom 65° 1o 125°C
Ceramic DIf- 10 mW/°C from 100° to 125°C
SOIC Package: 7 mW/°C from 65° 10 125°C
For hwgh frequancy or heavy load considarations, see Chapter 4
RECOMMENDED OPERATING CONDITIONS
Symbo! Parameter Min Max Unit
vVee DC Supply Voliage {Referenced to GND) 20 6.0 v
Vin.Vout | DC Input Voltage, Output Voltaga {Referenced to GND) 0 vee \
TaA Operating Tempetature, All Package Types ~55 + 125 °C
t. ¢ [Input Riss and Fall Time Vee=2.0V 0 1000 ns
(Faure 1 Veg=45V (1] $00
L o Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS tvoltages Relerenced to GND) I
v Guaranteed Limit
Symbol Parameter Test Conditions cc ° Unit
v FER | sesec | simec
Vi Minimum High Lev;;nmn Vout=0.1Vor Ve 0.1 V 20 1.5 16 1.6 v
4 Vohage Hlout! 20 wA 45 245 3.15 315
6.0 4.2 4.2 4.2
Vi Madimues [ ow Leval input Vout=0.tVorVpc-0.1V 2.0 0.3 0.3 03 v
Voltaga Houtl <20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2 ]
Vo | Minimum High Level Output Vin=ViH or.Vy, 2.0 1.9 1.9 19 V'
Voltage lout! <20 pA 4.5 44 4.4 44
. 6.0 5.9 5.9 5.9
' Vin= ViR or Vi Noutl s40mA| 45 3.98 384 3.70
R Hloutl<5.2mA | 6.0 6.48 5.34 5,20
VoL Masimoum Low-Laval Output Vin=Viy or Vi, 2.0 01 0.1 01 v
Voltage Hout! 520 wA 45 0.1 01 0.1 -
6.0 0.1 01 0.1
Vin=V|H or Vji llpytt <4.0 mA{ 45 0.26 033 0.40
Houtl 5.2 mA{| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Currant | Vin =V or GND 6.0 101 1.0 +1.0 A
ice Maximum Quisscent Supply Vin= Ve or GND 60 8 80 160 pA
Current {per Packagel lout =0 wA

NOTE tnformation on typical pararaatric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA




MC54/74HC160°*MC54/74HC161°MC54/74HC162°MC54/74HC163

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t,=t=6 ns}

v Guaranteed Limit
Symbol Paramaeter cc 26°C to Unit
V| Cgec | s%8°C | susc
ftmox | Maximum Clock Frequency (50% Duty Cycle)* 2.0 6.0 4.8 4.0 MH2

{Figures 1 and 7) 45 30 24 20
6.0 35 28 24

tpLy | Maximum Propagation Delay, Clack to Q 2.0 170 216 256 ns
(Figures 1 and 7} 45 34 43 6t
6.0 29 37 43
el 2.0 205 266 310
4.5 4 61 62
6.0 35 43 53

tpyL | Maximum Propagation Delay, Reset to Q (HC160 and HC161 Only) 2.0 210 265 N8 ns
{Figures 2 and 7) 4.5 42 53 &3
8.0 36 45 64

tpLy | Maximum Propegation Delay, Enable T to Ripple Carry Out 2.0 160 200 240 ns
{Figures 3 and 7} 45 32 40 48
6.0 27 34 41
tPHL 2.0 196 246 2%
4.5 39 49 69
6.0 3 2 60

tpLH | Maximum Propagation Delay, Clock to Ripple Carry Out 20 178 220 65 ny
{Figures 1 and 7) 45 35 42 63
6.0 30 37 45
tPHL 2.0 215 270 325
4.5 43 54 65
6.0 37 48 &5

tpL | Maximum Propagation Delay, Reset to Ripple Carry Out {HC160 and HC161 2.0 220 275 330 ns
Only) 4.5 44 65 66
{Figures 2 and 7} 6.0 N 47 58

tTLH. | Maximum Output Transition Time, Any Output 2.0 4] 5 110 ns
ITHL {Figures 1 and 7) 45 15 19 22
6.0 13 16 19

Cin | Maximum Input Capaci - 10 10 10 oF |

¥ Apphes to noncascaded/nonsynchronously clacked configurations only. With synchronously cascadad countars, (1) Clock to Rijpple Carry Qu
propagation delays, (2} Enabte T or Enable P to Clock setup times, and (3} Clock to Enabla T or Enable P hold times determine 1, . However,
it Ripple Carry Out of each stage is tied 1o the Clock of the next stage | ynch isly clocked), the fmgy in the table sbove is applicable
Sue Applicatians information in this data shest.

NOTES.
1. For propagation delays with loads other than §0 pF, see Chapter 4.
2. Infurmation on typjcal parametnc values can be found in Chapter 4.

r Cpp Power Dissipation C. itance (Per Package) Typlcal @ 26°C. Vo =6.0 V
Usud to d ine the no-load dy ic power consumption:
Pp = Cpp Vec?t+ lec Vee 60 pF
For load considerations, see Chaptar 4 R

T
MOTOROLA HIGH-SPEED CMOS LOGIC DATA



MC54/74HC160*MC54/74HC161¢MC54/74HC162¢MC54/74HC 163

TIMING REQUIREMENTS (Input t, = t; = 6 ns}

v Guoranteed Limit
Symbol Parameter cc o Unit
Y Vo BEER | smrc | susec
oy Minimum Setup Time, Prasat Dsta inputs to Clock 2.0 150 190 225 ns
(Figure 5} 4.5 30 38 45
6.0 26 33 38
tey Minimum Setup Time, Losd to Clock 2.0 135 170 205 ns
(Figure 6} 45 27 34 41
6.0 23 29 35
gy Minimum Setup Tima, Reset to Clock (HC162 and HC163 only} 2.0 160 200 240 ne
{Figure 4) 45 2 40 48
8.0 27 34 41
tey Minimum Setup Time, Ensble T or Enable P to Clock 2.0 200 250 300 ns
{Figure 6} 4.5 40 50 60
6.0 34 43 51
th Minimum Hold Time, Clock to Praset Dats Inputs 20 50 65 75 ns
(Figure 5 4.5 10 13 16
6.0 9 1 13
th Minimum Hold Time, Clock to Load 2.0 3 3 3 ns
{Figure 5} 4.5 3 3 3
6.0 3 3 3
™ Minimum Hold Time, Clock to Reset {HC162 and HC163 only) 2,0 3 3 3 ns
(Figure 4} 45 3 3 3
8.0 3 3 3
th Minimum Hotd Time, Clock to Enable T or Enable P % 2.0 3 3 3 ns
{Figure 8) 45 3 3 3
6.0 3 3 3
troc Minimum Recovery Time, Resst Inactive to Clock (HC160 and HC161 only)| 2.0 125 155 190 ns
(Figure 2) 45 .25 N 38
8.0 21 28 32
tec Minimum Recovery Time, Load Inactive to Clock 20 125 155 190 ns
(Figure 5} 4.5 25 31 38
6.0 21 26 32
tw Minimum Pulsa Width, Clock 20 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
[ Minimum Pulse Width, Reset {HC160 and HC161 onty} 20 BO 100 120 ns
{Figure 2} 45 16 20 24
6.0 14 17 20
. Yy Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
tFiguee 1) 4.5 500 500 $00
6.0 400 400 400

— .
NOTE informaticn on typical pasametric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA



MCb54/74HC160*MC54/74HC161MC54/74HC162¢MC54/74HC163

FUNCTION DESCRIFTION

The HCIO0Z1681, 162/ 163 wie piggrammatde 4 Lit syn
wWhitonuis caitters thet teatute ocdllel Load  synchronous
ol asynchionons Heset, o Canty Galput for cascading, and
ot etnitle contruls

The HL160 and HECI0Y are BCD countas with asyn
chionous Resut, and synchionous Resel, sespecitvaly  The
HUT6E ang HC164 are binaty counters with asynchronous
Reset amd synchionous Resel, respectively

INPUTS

Clock (P 2) Phe nternal thp-tiops toggle and the out-
put ot awdvances with the nsing edge ot the Clock input
Inaddiion contiol Tunchions sudt as resuling (HC162 and
H, T63) asi loading vcour wath the asing edge of the Clock
tHopniat

Presut Dota Inputs PO, P1, P2, P3(Pins 3, 4,5,6) These
ate the data mpies tor progrdmmable counting Oata on
these pins iy b synchoonvusly fvaded into the internal
thy Hopn et | appoa 4t the couniter outputs PO (pin 3} is the
teast Sigrohicant bt and P3 (0in 61 s the most sigificant bit

ouIPtn S

Q0, Q1, 12, O3 (Pins 14, 13, 12, 1) - lhese aie the
Vermaniber Gntpats (B0 o binaryd Q0 (pin 14} 15 the least
sigpheant Lt and (44 (o 1) s the most-Sigintficant bit

Hippte Carry O {Pin 15) When the counter 15 10 s
iaamuin state 11001 fur the BCL cuunters or 11 Tor the
tuciary counters), this vutput yoes high, providing an exter-
sal Jouk ahe g oty pulve thot may be used 10 enabie suc
Lusive Casadud counters Ripple Cany Out reinains igh
unl, g the mdainuan count stdte 1he logic eguations
for i outprt are

Ripple varey Out t natitg FeQ0eQ 102003

fur BCD counters HC160 and HU 102
Hipple Carty Out Enabste To(1e(10¢)2¢0)3

tor tnary counters HC161 and HC 163

CONTROL FUNCTIONS

Resetting - A low level on the Ruset pio tpn 1) 1esets the
internal fup-flops and seis the outputs (QU thruugh O3 10 a
low luvel, The HUET160 and HCI6! reset asynchronously, and
the HC162 and HC183 reset with the rmuing edge ot the Clock
input (synchronous reset}

Loading  With the nsing edgu of the Cluck, a low level
on Laad tpin 9) loads the data trom the Preset Daia Inpuat pins
(PO, P1, P2, P3) into tha internat flip-flops and onto the cutput
pins, QO through Q3 The count function 1s disabled as Jony
as Load s low.

Although the HC160 ano HC162 are BCD counters, iliey
may be programmed 1o any state. t they ate loaded with 3
state disallowed wy BCD code, they will retutn 1o their notmal
vount sequence within two clock pulses (see tha Qutput State
Diagram).

Count Enable/Disable These devices have 1wo cournt-
enable control pins: Enable P (pin 7) and tnable T (pin 10}
The devices count when these two ping and the Load pin org
tugh. The logic equation ts.

Count Enable = Enabte Peknabie [+toad

The count is either enabled or disabled by the control in
puts according to Table 1. In general, Enable P 1s a cuunt-
enable control, Enable T 1s both a count enable and a Ripple
Carry Output control.

TABLE 1. COUNT ENABLE/OISABLE

Result at Outputs
Ripple Carry Out

Conurof Inputs
Load |Enable P |Enable T| Q0-Q3

H H H Count High when Q0-Q3
1 H H INo Count ury Imdsnum®
X L H o Count Fhgfwhen 00~Q3

arg maxnnum®
No Count L

X X L

* Q0 thiough Q3 are maximum tor the HCI160 and HC162 when
Q3 2 O CO=1008
Q0 hrough O3 are maxunum tor the HC161 and HC163 when
Q3 Gz 01 Q0=31

OUTPUT STATE DIAGRAMS

HC160 and HC162
BCD Counters

HC161 and HC163
Binary Counters

T

15 5 .
14 ] 6
13 7
]
12 11 10 9 8
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SWITCHING WAVEFORMS

’

vee = M
Clocy Resat
CHO = Ghn
[IYT]
——— - - g Any
AN EY| "t I ad Output
Any rfio'“’ | !
Output e vVee
Clock 0%
o i = -— GHND
Figure 1. Figure 2.
Te
&= CC
Eanbla 1 Bell
—— GND
e b oy
Ripple
Carry Ve
o Ctock
—. GND
Figure 3, Figure 4. HC162 and HC163 Only.
-V alid———a
inputs vee
PO, P, 50% *
P2, P3
oED Vafid
Ve
O 2 s il Enabla T [o]]
" or 50%
vee Enable P GND
L oad 50% lgis —th
— GND veo
Clock 0%
[ 2 trac — GND
Vee
Clock 50% Figure 6.
—S — GND
Figure 5, /
TEST CIRCUIT {
Test Paint
Quipt
Dovice
Under
tost I G

*Incudes all probe and pg capacitance

Figure 7.
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HC160, HC162 TIMING DIAGRAM

Suuency ihustrated 1 wavelonns

¥ Reset outputs to 2eto

¢ Preset to BLD seven

3 Lount to aight, mow, 26r0. 0Nk, Iwo ond three
4 Intutat

Ruset 1HC160) l l {Asynchronaus!
l

Hesat tHL L) | || (S ynchronous)
1

L Ged : l._.[
[ _r‘ o ol

|
prosat | 1] |
Oula |
tnputs | P I i '

|
Py |
- |

F il

Cloeh (HC 162} |||Illllllllllllllllllllll

| ! |
tnatle P | N J Al P =y
Uenil o
. ! 1 | |
R Ersable T | i i i |
| | | 1l
% IS of 7 N ARIARAANA NN o ] :
| | !
uid A _| [ | T ]
gt | | | |
07 Mo laly © WY ]
| | 1 |
= AL . !
fupple | I | |
Carry | | | I I {
Out ] 1/ & » 2 1 2 3
A oA e e -

oun! it
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HC161, HC163 TIMING DIAGRAM

Sequence dlustiatad in wavefonns

1 Reset ouiputs to ze0

7 Presat to binary twedve

3 Count 1o thirtean fgurteen  Hlitcen, 2¢:0. ona. and two

4 fnbibye
Raset {HC181 I l tAsynchronous)
Reset (HC163) L rsynehronous:

|
{ oAt | ] l

PO

Naty

Inpats § l

|

|

— I
S,

' i
Clocy THIC B | | | I | | | | | | I l l | I | I | | | ] | I | I
Claek (11 161 l I l l | I l I I I | I I I l ' I I l I | I l l | I

| | |
Fpaple P | | l ! l I
Lo I I l
Eratung i
frahle [ | | [ i ] l
I 1 | |
MNTINT b 7V AARSARANA TR ¢ | W1
== |
Aol | L NS 0g v il |
Ouputs | | 1 l
Gy L __I I | l }
| | ! |
03 NE g 5] |
Fipple ! Pl |
Carry | | | l l |
h | LI oy, e il 1 2
[l ad P
* * " Count o terutat g

S P PR AU
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TYPICAL APPLICATIONS
CASCADING

N-Bit Synchronous Counters
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P e | —— e e,
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Fapapte Hippte Ripspre
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TYPICAL APPLICATIONS
VARYING THE MODULUS
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