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ABSTARCT

This project presents “27 MHz FSK MODEM” by using
Frequency Shift Keying (FSK) modulation technique to receives and transmits modulated
voice.  The voice processing, by means of analog to digital converter (A/D) circuit,
transmutes the voice signal to digital signal. To represent as a MODEM, it has modulated and
sent to receiver. Then received signal is reconstructed by digital to analog converter (D/A)

circuit. This FSK MODEM has 27 MHz frequency carrier and 32 Kbps speed.
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Signal:

Noise:
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noise:

H

Sampling
times:

Data received:

Original data:
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x ()
G (1) —={ Encoder —
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Quantizing levels
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o o a t 1 A A (7=
msinuvesnadenglaunsoetingldedeasn q e el
g v) usdu v, uaz v, @ldmwgu veo) eifugud veo ezdila
o 8

d 2 a ) da A y P o 1Y '
aunnudnilBonhenwddass £, dieladyanoutn v, inod f, o f, an

o 1

Foy
foy
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v f, wn dyanu v, wlanwtenny f, - f, sTluamnsonunesium

1



o Hq 3 s 4 as ° a PR
usadu v, Aldmwgu veo sxdnuiiugud uaz veo dwahawdinowd  f,, uae
fnn £, Salddwen £, wmin dude /f, - fo/ < Afp (24f, Nyed
T/ A . o o ' 1 A4 a2
§ramuth n5o pull-in range) Fumnav, ewiidnvazhiounas  nandeliewndsznoy
[ Y 4 3 a dy [ 1 2 a ' @S 9
IWasaliohdugud v, sdey q iAWy tasndnngnniEon  nnaun (pull-
i é 1 o 1 i
in time) AYWD f, oy q usirlde £, szdnnndios f; diea /f, - £/ = Af,
[} 1 4
@A £, Tfeiwhuwimiunie capture range) Semeudl f, wmlndidi f; edwida
3 o a =4 1A o = = 1 @ a Y I dyg o
Savundu  @ondufamsden (ock) v, neznldsumlasedianunawuny  mudmIy

veo Tasllad £, dudfanfumsthomunnaamidas:  dufe
0,-0,, = Ky, (2.4.12)

Tait k. Boahnawlves veo fimiellu (adisee) / v
& o e
1151801 (acquisition) an15Aene10lFITA
My L vasnile anudves veo  anmnanmdvudn f, esnh A f,
a o ] [y a ' a ar
suifiamsdonodntunaY Sond1 "AAMITY (capture)”
@) o vzl anwdves veo aumnawdvidh  f, wnnd A f,
vy 4 = T A 9 - P~ ' ~ P 9
uafounin A f, anwdves vCo efioy q @ewdhmannd £ 5onn nansau
(pull-in)"
' 2y A A2 3 q9 a 2 A
@) wengunadui wielunsdidudldannuaullonmnmiie
muauliaudves Vo ama  sweep) lifermzmaamiivesdygnu wied
as o a 1 = A @
Fyanasunuiidesionfineouanud (andwidth) vedgll  FANTNMIVUATAT

2udh NEOOIURUANIOTIUUNAIWND (Frequency discriminator) a9zliy vco g

' ar 9 1 =4
‘lf’Jslﬂ‘Iiil'lﬂﬂﬂU'lsﬁ’Jﬂli’)
Vo dc component in phase detector

feeRc

-leeRe

4 s g
7 243 qumnialouthovesemdenidafmamos
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demamssenuditarudvesdyanounsll  anwdves veo szudsauly
Zrofoni Aansawses (wacking) AWAYBY VCO syawisommsenwd  f; 14

aswlafi Ifi - f,

R ] o
ﬁﬂﬂ’n‘lﬂﬂﬂ'ﬂﬁﬂﬂ%ﬂﬂﬁﬂﬂ)

< Af, QAf, H¥ohdaniiliude holdin range uwiiA

2 - ; 3
agudduiunieaannd  ezldmaldsuves @Gemuge VCo e

oy (f, - f.) dwaadlugy 243
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unh 8
#nanmMIMNUNAT

3.1 malasenaeniiiuddnea

ghmnsvesmsanfoaduszuy  3wdimsdinssiuazesnuuuszuy
Ao Tszgna 1 lumsssuadaygnu udidtosnndyananfouiamuaimaule
dyanusuiaen lunsEfessuunmdusanidimszuudeiles  niedens
Fleadsunuiznulfaunsohanlssnedyaaldmieudu Aeududuiudea
nJétmf‘ft\gmmmﬁﬁ‘lﬁﬂéiugﬂﬁ%ma do wlaaiuleglugUfinudueadaauiidnnm
z;%ﬂﬂﬁ*ﬁ1ﬁﬂﬁuﬂauﬁ1xﬁuﬂ1sfﬂ?ﬂﬂi1 msudaseunaeniiufsnen (analog - to digital

(A/D) conversion) Iﬂﬂii’f’qﬂﬂiﬂfﬁﬁﬂﬂ’j‘l amdas A/D ( A/D converter (ADC))

AJ/D Converter

Analog Discrete-Time Quantized Digital
Signal Signal Signal Signal

:i 1 d’l as A a 8 ar Y L4 .
714 3.11 dudsenoufiugiuuednlulas A/DA® AIgN(sampler) dadulng (quantizer)

nazAibuswe (coder)

[ 4 [
lumal§iia msulas AD szalszneudisnszuaums 3 du dagdii s
n. MIquineti (sampling) Humsuasdygunmderiioaiiudyg
nauilugielaedaiietne (sample) verdganamaiiusiisanmiinndy 1 x, ©

= 1 L4 o 4 1 o 1
duduyng sample eniymvesiuezithi x, @D = x@) o T Ao MUMIFUAIIN

I

(sampling period) ﬁ'ﬁﬂﬁ 312
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s o . . o as 1 A

v. psaulng (quantizion) Wumswdsumlasnndyanamedeiiles

viridaiisundaanagy (sample signal) Wudygnunmdinnnadiuin@iaea)

fhveAazAIvtNYBId Uz gnunu lay Aiidenainmussiiidiu il 1didda

1 = ] o 4 o L4 P o 4 = '

anuuananszn i hignaiulng x@ fuewynngnatulnduds x @) ezdonh
anuAanaannaduIndg (quantizaion error)

A. maiutlusia (coding) usnzAwed x (n) sgunulagdinrudues

@UFIUARINIUI 0 TN (bit)

dyonouawnasn %) > *(n).= 5o (nT) » Synnananiiuha
f, = /T
M
£, (1) x(u)
“~ x.(‘)
{ ‘/ x(n) = x,(nT)
/
By f"’[ T Tr-
O ¢ 01:14551:9 n
T.ar... o ol al

- P 1 o . [y o
7N 312 msqudygnueuinenludnyuzdiniuy

3.2 MIveaganuuy FSK

a o =\ o

amruaagyuI FSK ( FSK Generator )

o Q ~ a’ ar ar A
fadwiindoyam FSK e draedoanel FSK  (FSK Transmitter) 3593)
a d'l A 9) d' o/ an d'dv ) = o 9 d'd'l
winminnifedeyaiiudyanuataeantidnvududeyaliui  seiliaaudideou
vy = b4 a9 o A’: ar o )
Wiodsauu llaumsndsundaswesdeyaluwimdin  duiudygraumaemiymees

aruiia FsKezeglugdvesnnudnlimsnlfoumlaiodnaeliios (Frequency Continuous)

13 ”

A o 4 =y "
dedeyaluuidudumnn/founlasnnaomzlain “1” duladn (ma'lumqnau

o A a [T a (13 1} [y (4 o 4
funslasn “0” Wuladn “17) AYYIUDMWNIIN  FSK fRozidounudsenin 2



27

anuddaoiy  Aeanwalasn  “1” M3e Mark Frequency (fm) uagawanlasn “o”

=) = A A o ' c’;’ a 4"
N30 Space Frequency (fs) msnasuulag (NT0N1T[ADY) UYDIANUIUADTATIVTINAYY
A o o 9 P v A as P [y
Weamuzveslavndudyansudn/founlaniude  sanmsnasulasdyanuosne:
[ Y- -] d' as 9/ A an & 3 ar o
phinusasmsafeunlasdyansud &ludlaea weagdniudanmsn/asumlaives
o’ a y s o9 1 o3| =
Jyanudduynued FSK  Generator 925001 “6as1in” Bit Rate Umidviiluiin
1 A 1 ar 4 ar o
doduft mps) dausanmaasuinlasvesdyanadnueniynues ESK Generator (360
b4
1 “6asrwen” nie Baud Rate Aaiumsdidoyadiomailn FSK 8asinezniiudai

VOALTUD

FSK Bandwidth

Ce

a o o

Tuszuunmsdeasdeyadodyanuemnaenniodygannudiuiuudin

o 9

a :inl ) o o A any 1 dy a [V
dudaidessionsauiludusunsn (e BmIves FSK aguuiiugi@ediuiy FM
s .’l a =] 1 gq Y o (]
aafumseinetigasan q nldmdanmsves FEM Ynodn

d' =S w o & 9  ar = YY)

nnglf 331 uaaadedn  FSK - wequawed  alywdamsimeinuny

WS uueginesABldManMIUeY VCO (Voltage Control Oscillator) - 92i#UTIBATINS
v v b4 [

wasuulasSfigavosdyanusuymezaiudiedeyaluuiidhvasily  “1” uwaz “0”

v o A dAM o = | ) ar [} = Y]

aduiuFenfedyanufimasaniues (Square Wave) Mudygnulusne T anwandn

A A o A e & & ) o & YA A o A

YOINAUTIHATYIZRAUMAUATINTIUDY  Bit Rate AQUUATHDITUURNIZANUINANINGS

L] i al QA i Q \ a é

ptiAvIEY AMudgegaveIdyaaAtasanden i uNNegENIUY FSK 1iMAunT

2 . 4
NUIYDY Bit Rate 119

F = Bit Rate / 2

O max

dio B = anwdgegavesdyanadlneanssinnuegian
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5 ) FSK
nary input ————— 5.1 modulator [———————— Analog output

J—IJ—.L {vco) J\

Pty 1ol

! ty |ty |
‘ b o W !y } Wl ': LR i Yy ; bl
mput | 1 o] 1| o] 1 o{o titrlolol o
! : i i 1 0
It Loy by o |
e e e N A
, ! ] T
: % ; : !/1\4 ] | :—lighest { :
’ + 4 4 fundamental '
I ; : } { : ; i\}/} frequency ! :
[ I !
:F-IFb/2= ; : } ||F===b/4; | } | ! :
. 7 l | LN
Qutnut | F | F F F | I l l !
| [ T T B Fm 1 Fy 1 F i Fen | Frm ] F, { F, ! F : F } F

31 3.21 FSK Modulator

AUONAN (Center Frequency = fo) ¥84 VCO 9¥0d ludumiainanssnin
Mark Frequency (fm) f1] Space Frequency (fs) ﬁx‘li il

Ta%n 1 AuBuynezi@ouaiudues veo 9n fo il fs sztudins
wagunaswesdeyaluuddduwnnn . “17 Td “0” wie “0” T “1” ez ldanwd

o A A A ' (Y A a v

ewinnves veo euniailisuunluin szna fm AU fs 1HBa0IRRna1INAII FSK
Ty E4
Yuflensueg@niuy FM fafy fwiimsuegen (Modulate Index = MI) Tu ESK i

18910 FM Ao MI = AF/Fa

re)

o MI = Awilasuegan
AF = msdissuuvesnnvdla q 1nanudnan Hz)

Fa =fanudvesdygramiiuegan (Hz)

fo
fm fs

————— Deviation ——— H (Hz)

4 4
51 3.22 MmaieuyuaNND
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M M1 el ldqegade f M1 AmiMiwudSunteitge Feozfatu
o madivauuvesnrmidgnueganuds uazamuivesdyanaiiinmeganiidgege

lu ESK woqan MAF dlumsifivsnuvesnnuiigaqa Peak Frequency
Deviation) vedayanaifignueganids Selldwhfuaruuandnsznde fo S fm uie

o 2 da = & v 1 a v A
fo NU fs PINAD ATINUIVIANIUUANANTEHIN fm NU fs UUAD

AF = (fs-fm) /2

d' d' 4?' 1o - a as d' L'y
MITEAVUYBINNNDGA  JuBgiIVINANTBUBNNARAvBIdY U

s aa A a »_» o LY 1Y) J £ o
egEan@yanuadaea) Woaomemaladndu”” Aezldusedusemnamilansiinm
Aoz @y 5 V) vetduladn “0” fezldussauesmnanluszauladtn “o” wu
¥ I 1 [] v
iU @9 0 V) Aniuanudiloiuved ESK weqanizibisuuuniiuazegluszaunisidios
P PRy [ 3 = =) P ° Y o
wuvewnmdgIgaue  Fa Wuanufivdnvesdoyalunidudumdssmfuuudin

;4 X 3 .
niAqalio Fa=Bit Rate /2  IWumsizasiusa@nnsomm ML 1dan
MI = [(fs-fm)/2].[ fb/2]
MI = (fs-fm) / Fb

& T H
e fs-fm = ANWADIUVUTIYA

Fb = 8as1inued luuiiouwn

TunsdedyanareM Taot q luanwunsheveuudin szudsiunsedy
M MI Fugu@eriv BsK fim M1 Taewa o llezdesiidwiind 1.0 leldiluedidy
HUUUAY  (Narrow Band FM) ﬂ'muuﬁ%mﬁuﬂuﬁqﬂﬁﬂnh Minimum Nyquist Bandwidth
(Fn) frethaugunsaidoyaluy FSK fausnan (o) = 7KHz ,AnUdaNI%(Es) = 6 KHz

v ~ F4
uagANWBINTA (fm) = 8 KHz Yoyaluui3iduwnil Bit Rate = KHzaunsom Fn 1&Rail

MI = (fs-fm) / Fb



30

MI = (6 KHz-8 KHz) / 2 KHz
MI = ( 2 KHz)/ 2KHz
M= 10
, INA3N Bassel Function ums1il 1 1ile MI = 1.0 ex1&uounamiddh
(Sideband Frequency) sominduaz 3 Al Taoudazaimderisinanuiinen (o)

. : P . :
1oL 1 KHz@Nf9 Fb/2 10 Fb 9 Bit Rate = 2 KHz) annsasuiuanianiunnud
18da3109 3.2.4

MI Jo Jy Ja Js J

0.0 1.00

0.25 0.98 0.12

0.5* 0.94 0.24 0.03

1.0 0.77 0.44 0.11 0.02

1.5 0.51 0.56 0.23 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

A3 ‘Nﬁ 3.2.3 Bassel Function Table

fidorrduna fie M1 #ilimegsznin 05 1 1.0 sz Wuuudiniia

Useunm 2 - 3 111994 Bit Rate 1640

Ve, unmodulated
- carrier voltage

0.77V,
0.44V, 0.44V,
0.11V, 0.11V, 002y
O.OIZV‘ l l 02V,
40 50 60 70 80 - 90 100 F (MHz2)

~4——— . Minimum bandwidth = 60 MHz ——————>

1 a i o L3 4
31N 3.2.4 endaadunruduediaotni 1
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3.3 Msueagandyana FM
msuaqmm%ammﬁ( Frequency Modulation | FM )

aumsvesn waFvaziignueganh Idunnavesnrmdnlou launsoueas1dde

W(t)= W, + Km(t) (1)
W, = aawdgudnan
w, = anwdalfeullninnsuegan
. d
K, = f;fivesnisyegan
m(t) = aNudNvegan

s

& o o A
ﬂ‘]ﬂlﬂﬂ%\i“ﬂ'nuauwuﬁﬂ'ﬂﬂq-luﬂﬂﬂ

0 (1) 2\ S & (2)
W = Ay = 2nf
0 (1) = wlanmlaq

wannaumny o

0,

} 4 [}
aaduaunsi 1 uaadlugianalas

1l

NACK: (3)
Wgt+IKfm(t)dt+eo (4)

¢ (1)

1 1] 4 1 s &
mnaunsa 1 gmnldeuluafinauwidy o waasndweddunmlan
Vm(t)=vocos[wct+IKfm(t)dt] (5)
dmsuanuanuegiEn £ (t) = acos Wt aumshi 1 Goulmildfe

W, = W, + a Kicos W_ t 6)

-

W. + AW cos W, t (7)
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[-d 1 IH' o a 1 o & 1 d‘c;
mnuﬂmmmmmsuaqmmmnuueuﬂagmmmﬁ) ulﬁm'lﬂﬂAW HIAAIUDIVUIUY

91NM3UOYAN ( Frequency deviation ) IMerupsdung 7 waa14ne

Octy= | (W, +AW cos W, t) dt (8)

Wot + (AW/ W_ ) sinW,, t (9)

o ] t a o
fmuald B = Awrw, nielSoni mua@mmumncﬁ ( modulation index )

1l

Suhansnauaumsodiduiinanlaq dmsudyansluveqomiaasld

Vo (1) = Vocos [Wet + B sin W, t] (10)
naumsh 10 dunsanszauld

Vi (1) = VgcosWe t cos (3 sinWg t) - Vo sinWe t sin(Psnwgt)  (11)

unu cos(PBsin x) waz sin (B sin x) ansonsznwliegluzivesiladduaiesa ( bessel

b 4
. v
function ) 1AR3

cos(Bsinx.) =I°(B)+2 > I (B)cosan

(12)
sin (Bsinx) =2Z 1,,(B)sin(20+1)x (13)
Tag By =Z¢-o B2y (14)

unuseynsudnanuaumsi s 0218

Vg (1) = Volo(B)cos Wet+ Vo Z I (PB)[cos (We+(2n+1 )W, )t

-cos (We-(2n+1 )W, )t ] + VOZJh(B)[cos(WC-&ZnWML)
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+VoZlu(B)[cos(WC+2nWm)t+cos(Wc-2nWm)t] (15)

nAUENTAANINAT ( symmetry ) vouvamaailaddu 1, (B)=(-1) " I, (B) @amnso
< o 4
Wouaumsh 15 14dai

16
Vew (1) = VOZJ,'(B)-o-nWmcos(Wc)t (169

3 2 Yo o A & P a
vinavedudazmenluauns 11 Yuegiudviivogadu uazilendummaalasgdi 1 ueaq
& Ao w & @ ' 1
YAV TUNTEIAY (order) e FuTlufadduves g dewes 1 Miluauminoda

] » . ]
vinandmladiu 180" dniunarsnmlaaiuvesdyaru EM  sxilsznoudiomenianud
A L4 '3 d o . ° LY L] 1 1 A S 1
weanauUNIa$UINYBL IHAULUA ( side band ) Sudwinhidauegvisinaduniv

o o L 'o Y} T W Tt ar J ar
fu W, (+-) oW, Tagleduuusidduniiussegriteeindanm 2 fuannasiu
da d o <
nuuaIanvesiyananewiou
a o3 H Y o oo
lunsaidgyanoueriouni p<<1 wioduanuelBuUNAIANIAY  F1NT0

b 4 . 1
munuadanein lsauuui ldonaums 11 Tunsal B << 1 udauaazimenylszunalda

cos(Bsinx W_t) = cosf =1 (17)
sin( Bsinx Wot) = Psinx W_t (18)

iMaunsveuewiduiitinounuuaudon 18Imih
Vg (0= Vg cos Wet- Vo sin Wt Psin Wt (19)
M?ﬂ Vex ()= Vg, cos Wot+1/2[cos (WAW_ )t -cos (W,-W_)t] (20)
vineumsit 20 uﬁm'lﬁ"iﬂuniﬁﬁmuﬂpmLqﬂtﬁuﬁﬁunumwéuﬂmz

i A é A S 1w
Ysznoudrendunnitas laduuud 1 griennaduwnioniy W, vie ¢of, (Hy)

o o’: da o @ =1 =4 o
aaniunuuaianvesdyanuedidy nsdl p<<1 dould
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BW =2f, (21)

Tupsdl B > 1 wSedwanuedduuudiainde  Saudaunmsi 16

4 d o d o as 1y o 3 a wa a da o
mu’m"lc]muuuﬂ‘ummﬂmmmﬂmm’muu"lumunmulmium\iﬂgnﬂ LTV ARALUURIAN

=

9 o Ao 1 ] L] P 9o i o d 1
Aldamesnnuidmdunudlngussge vnaumsi 16 dusldS i lvduuudanh
o & Jo’z’ ¥ o o_ & Y 4 s ot
fu B+ 1 vonlinasduniiie 2 Saddnnumdunuvesdya aeriBuezliogvi
Y o & Q’I, M o 1 da o o 21 a ,3
o 98 % veaddnuimuna wiedou 1A wuualaivesdyanauevioveziiatiuanns

wogianvesdaygna ladiiiy BW

BW = 2( B+1) £, (22)
wienmnstimua B= f,/f,

BW = 2 (f, +f,) (23)

[ [ o L4 a [ ] i A a 1a
Tagnan lamuualanvouedduiny 2 vsIRaIuvsIn N AlsuUU  UANNEN
T T aﬂ/ Qs H
WBAIENFINAVBIANMT 23 FOnIINQUBINSHY (carson ' rule ) Tunsdidyanuiidn
- o ) o S\ONE - o % v 3
veguaniinmeamidanlaasuvesdagraedibuiifatuseianvdudeninn  udedwlsn
o o o 9 =1 o 9 oS o P o z
aanudgagavesdyaudunvegandnsdinaiiiuuudlannssnonniigadniy

mannsal¥nguesmsdulumsmuvudiailaodouldein

BW = 2(fd_ + fm ) (24)

~ -

fd = AMUDIlsuUUQITA

fm = AIWONOQENGIGA
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8.4 manfdsunlasanuivesdyanas

[ a1 o o @
wilumslditeennigu  maginsgueshnsgudygaauuudiy

a

@ A 7o q 9a 4 4 d gy dl o
iymmﬂauwmuﬂmﬂﬂmilaaummnqwu"lﬂ ﬂ\ﬁ‘ﬂ“ﬂ 34.1 uﬁmuaeﬂvlﬂozuﬂiu‘um

¢

= o a ag Yo Y & o sl A
szuuuﬂmmmmmﬂmtym Tﬂﬂ?’lli']ﬁllllﬂiﬂﬁﬂ]ﬂl'lﬂl‘"'ll‘lﬂlﬂuﬂﬂ]uiy'lﬂllﬁﬁll‘UUﬂVIL‘UUu

(e}

| 4 o a ot A d
Wiy v = Acll+vm(®)] cosoct WaimgudgygunesdFammesnianunity o,

o

[] t 4
uaztivnadn Ao 15eglddyanawaguiidouldlugdde 1

V) —— M 29950509 [

29IHANANND

7 341 szvulasnnudvesdygaildega
& g 3 1 o d 3 3 :g 1
Faniuldhglinvesdygnanuauuudeg  uAvWIAIZIUBERY Ao UAS
P Qs A I's ral Y v
anudvesdyananauwiiszgnulatiiegi oc + o uaz oc - @o A11vet wo Iny
3 o @ o P P
nmuuddafvesdyanaivauuudinizlnnssusuamzanuiauganienudam

N & [ { 3y o P
iladmniteenind inseserdyanadunnudgiusennivzidiumsudasnnudld

d't:yl a 4 4

b 4 [
U uaziFenesiuanualing On-nouBIIABS  (up-converter) Tusiusufeanu
) { o d S Pl o 7
dnssundyanadiuanuddiatesnn 5REenNIIUTIAIABUNDIIABT (down-

converter)
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unfl 4

HANNITMNHUYRINASTY

4.1 msaNoagandygy FM
d A a4 ) a
msaveqEandyanu FM ivane Jzlunileznandimshueganuuums

wlasdayane M dlu AM HuuABART IR FenuIn lunisAuegiandya FM  used
Mg 1NauNsved FM Juaadldnnaunisit 5 fe

Ve =Vocos[Wo+,[Kfm(t)dt] (25)
MnmseyiuTaums ez 1d
V, ()dVid) (1) = Vgcos [ Wy + K ()] sin(WOt+IKf(t)dt] (26)

K, (1) < W, udrluaunsdrauuszdiudygra AM Al Taunhdy

V, (t) =V [Wo+K(t)] (27)

e P

4 \
Fauand Block diagram msardndana v, 18dsg

VI () V(D) \VAQ) A\
»  Differential Envelopdetect " Base Band filter ——*

A 4

51l 4.1.1 vlenlaezunsumsadndyan v,

uo’;al ] o

Fulutrduana v, (t) funesasesdyanuaamddri hslddygumme
=)

wanuug Asv( t) Weoulmildid
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4.2 Mmsaneaglanuuy FSK

FSK Demodulator 718 $25udyans FSK (FSK Receiver) swiiludauen

as

FyanaluinTeenandygu FSK Tavdauunez1§2993 PLL (Phase lock loops) Al

B.

421
CoTTTTT T -
|
A"alo.g | dc error .
FSKin | Phase A voltage 8inary
"1 comparator v ly data out
"\ f nr

Voltage-
controlled
oscillator

Anazlog y \
input i
|
SV =i
Binary i
output I ————— TR i
...V ——— o _——————J

3517 4.2.1 PLL-FSK Demodulator

PLL 1 ESK Demodulator 1imanmsiaiumiiensiu PLL 14 FM  Detector
7 - =] ¢=i @ A [ - d'd d'n
nnetueszin T3 Suiluviy Center Frequency (fo) wazluvmziilinnudounues
A 1 a’r - — s A
PLL 1aoultansenne fm Ay fs sxliifaussdunmamaon Iiase (DC Ermor Voltage)
2 = o a A -~
FuslumamnnmsnSoudisume (Phase Comparator) YOINYANUDUNN 1HBINNANUD
=3 d' 9 = A :id ar .’f 1 LY T QA A A o
Suymiidma PLL Hifies 2 A7nidAe fm ey fs AATH AWTIAUAINGTD TILIWLL 2 T2
z & s L) b H "
Wity Seemnsounudaelain “1” waxladn “0” weawimeduymilu fm uaz fs
o o =S ar I'é o 9 = A ) A
awdwn 199 1Adyanaueniyman PLL aduanitludeyaluuismileuiuaouusnial

wnnnlsems
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uMIMeMseeniuy FSK imeldau

o a by =S o = ar [} s/ b 4
wanis ldniutmdnnsuazsvaidoavesmsiu-a foyany

d ° Awva & & ’
FSK ameauadsids fngdamaih1Flumafid #ife mozeenuuuaes FsK 14
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Fvidn q 1wu TeSooruowd o pLL dudu

4.3 msuasadnsarilueinaen
asulas D/aszIFlumsuledyanuadasaiiudygiuewaen  vves
sulal D/A ffe MSIANA (interpolate) TYNINGIDYN
2esnseenwinrulugannd seilnsneuaNeBINAATGUA ¢ = - o
fat=00 silidluneura uaglimunsoadieldeislumalfia  Tumaliasieeh
'msnsaqamaanmm?;éiwhuunué’umxmu'msnsmﬁma’n Taodmualt  p1saou

a o d i o s
AupBuRadUeTnseITIIMUEY h (@ uaz b @ ssAvliguantd 3 dszms
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) h(@D = 0 dM3Y n £ 0
[ve)

Q) .[ ho|lda < o
-

a9 o 9 dor A8 Y o
puauiade () uar @) MinHlwnFuliaumny x, @) W t = oT
wa 9 o o vyt o 0o a PRI 9 -
guaniate 3 suifludnlsziudhdiweaiuszdiia  wiines 2 wuuiiioysuaziinu
auAnsamuinmua

o A Va9 . . & 1 L s ]
1) AUANAUTAUAY  (Linear interpolator) Famunl) T Fun wums

TR 0 3 4

[ ¢
_ .01t < T
7

h(r = 2 - — T { T

. (1) ﬁ . s < 2 (43.1)
0 . tuq .
.
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Tagiusziinsasuausninud
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SN~
Ho) = 1|2 |tesor
A (U,
nie e
. 2
H() = 7(.5.‘2_’!7’1) =i
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2) ﬁ'ﬁlﬁuﬁumummﬁuﬁnﬂuﬁ (zero - order hold interpolator) ims
apUdLDIBYWad

h(l)={l‘.OSI<T )
0 , duq (4.3.3)

21930nBN061931 29T FUUATAIAT (sample and hold) MIROLAUBIANNDVBI UM

. ol
sin — | _ o
H(w) = mTz e
u V%
190
H(f) = T(%ﬂ—)e‘fﬂ (43.4)

7 432 naasdnyaizvesgiladuitld msasuduenINd FTIMI ADVAUBIANUDVON
>

anduanuuil ,
x(r) %
x (1) Sampled signal ———e-] S/H f—x(n
{ 1 L 1 6L (U)
1
o T Ir r 4T d o
<= i
(n)
0T !
(®)

Ut 432 FudusuuunsmSudugud
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UNni 5

N1300NIULLAYES 19NAABINDINHMUNIAT

5.1 29950599ANNBRWIU (LOW PASS FILTER)
oo o o P A o
MWITNTNANNINUUY UAINDILIDAT Lﬂmmmunﬂﬂmmwvmmmau

v 1 M A
AUBAT -40 dB/ decade HaAINvTIRTATMUTAINANITABUAUBIANND AugUT 5.1.1

R RF

(o 43
IUN 5.1.1 2N9INTDINWAAT

nglannsadouisesauyad 1ddsgy 5.2

717 5.1.2 2esauyadues LPF

9109931 5.1.1 AUNIDREUTNMIANND cutoff ( f,;)
1

f, = (¢))
H 27t v R2R3C2C3
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1PEUMSAT ANsaMUINMM R, , R, , G, , C, Tasmsfmuald R,, R, =R uaz

1 4
famuamues G, = G, = C Auiuannsadouaumsimilan

_
2n.RC

fy =
9 P o ] 1 9/ '
dmuad £ uazfmuafives C sz R Tdnnaums 2 18

1

R= 2mficC

H [ L
vinaumsh 3 Ianud £, = 2400 Hz , C = 0.1 pF : ANy

o)
il

1/ (2T * 2400%0.1%10" )

~
Il

663.1456
M5UeeveeeIM AN A, = 1+ ®R/R)
nnaumsi 4 Imsvenelinl A, =2

wwld R, =R,= 10KQ

5.2 13935 UHAN1NDD1984

)

3
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o o $ = é
'Nﬂi'ﬂ'lluﬂﬂ')'maél'lﬂﬂﬂ 32 MHz ﬁ%"]\i‘il']ﬂ')ﬂi]ii')ﬂ 74HC4060 el

Aa 4 o | I
Useneudas inmBunediae uazasesmsuunluuisuon 14 @en Tasiieniymiy

Fyanams 16 wddyanams 16384 v 4 Tasnesinnsdesiuiunsaasadmiums

ppaGan MUinue 4 MHz Fennudvuna 32 MHz 921d91nmams 1024 MHz A

b4 ] ]
4096 sfueniymanud 32 Miz 9z 1dfn Q,, Teeilludyanaiusedu TTL vina ov &

wiuaedn “0” wua 5V dmsuasin 17
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74HC4060

11 [FT- *L)
12 RST Qs

i
T uMém

Cl == C2

1
T _30PF T 30pF

5171 5.2.1 usanwsuianndis e

Fmfunaesianesadian Feegnoluiessan 74HC4060 InnSouimilenasas
sendumle Taod R1CLC2  wazaianeaiiudauvesestioundudygianineyiyn
ypunnlisuynvounnimandulyl 180 oeen  R19 Fuanudmmudmsuludaliion
Meudenldune 10Ma  dwmsum 1 uaz c2 dmualde €1 uay C2 eynsu

Suseivawisua Inaaan Fuaudussnsaasa  Iasnisesnuuu@endl Cl1 wvu1a 30

pF ez €17 Wunsuwesfumlduua 30 pF

5.3 20sulasFuanaewasmiufdnea uuy CVSD MODULATOR

dnuazuaz Block diagram malu

CVSD (Continuously Variable Slope Delta Modulator/Demodulator) vﬂu delta
modulation dnuuuAitiszanamguiiule & Mswdwmiy DM Tasmmizerfiumsniugy
wua step IaM AR laufiaidudndenii oM 'l daualsznouves lo.3. wiladaanaslu

1t 531
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CVED SLOCK DIAGRAM

P CONNECTIONS
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Dors trpuwt 'Y Shity Rogioter ! . symens '
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3 1
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51/#1 5.3.1 Block diagram %483 CVSD 51 532 m3davives le..

o t 4 4' ) =
NISOAVIUDSHHINAN § YD v1le.3.

911 Analog input

td
=" - S A ar
Shunsuneiadunmyeseriaen aoumsunel Fuseziloudynoudos
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¥ »
o

9 Sw v o aad ' v Yy 9 o a 2 A Y
l'll']:lnu1ﬂ7\\1llll1]lﬂ‘lﬂlﬁ3ﬂ‘]f‘l|u0§ﬂ1]ﬂ'ﬁ'hﬂ'ﬂl IADINTI clamp i’fiy,qnmauv!mmma'lﬂ

o

o o 2 ) d’ g . . J’ = .
iyt\lu’lﬂl?f’N'lﬁ’m Ve 92@BY 1MUY 10 A28 bias resistor analog comparator 1 3 hysteresis

o)

° s, a
@1 1l gain g3 U3zl 70 al)

47 2. Analog feedback .
a (A’ ~a, o . y‘
FuvuoudunoIAIB UMY DUINDNABUNITUABT Tums iy
J [ I o . . =) & S
cncodcr‘U‘l‘ui]zm)ﬂUﬁu‘lﬁfJﬂli’]"l‘llﬂ‘fmm encoder circuit 13091 7 FINAD low pass filter

3 [ 4
Bmymiues Tun1s12eusiu decoder Miias Wildezdofun 10 e Wdesass1iine 4

¥1 3 Syllabic filter _
Y Ao A
iSunis  syllabic voltage  fouduielFlumsnoulnsaving  step
upeBuTIAsIABT Y1iliEu NPN Sunmves op-amp syllabic filter Y52n0UAIW RC network ¥

] A . ¥
ﬂﬂi::?‘l')"lsl'tl’l 11 Wagv1 3 %41‘3" time constant 3¥WI13 6mS - 50mS
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91 4 Gain control input

syllabic filter voltage M1151nHATON Cs YD syllabic filter veganlaowilunssud drive v1 4

] k4
LY

-~ LY {0 o 4
§ slew rate 0.5 V/s satiunszuafiiiudv 4 ffie syllabic filter voltage AM5A Rx 1

~ o o ' Y a Q”
N jaennudniussendn I funseuaduiingie

Y1 5 Reference input
e a L a ) . Y aa
‘111141‘1]1!‘0114811614085%1B‘L!'V!‘VI‘UBQ intergrator amplifier 1TuAT reference

s Y Y d g Y @ A o W
yoadayanaudinnlums 191ty encoder ¥11192AB reference voltageszAUIATINUAUYT 1

41 6 Filter input
[ a (Ay a = 91w .
I.']J'LI‘U'IE)‘I-H'Ji’JiWQEJHV!WUGQ op-amp %Qi‘ﬁﬂﬂﬂ'ﬂ integrator network NYUDN
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L) =% oy A =) 1
AszuaOUTINGAY (Tint) 9% lvad1v 6 Tums encoder WiBBMIABADUNN (V1 1) WINAN
a [
analog feedback (1 2) #381UM3 decoder digital data BuWN (1113) 10 1 waglun
) L4
asefudhunszud Tine vzlvasenninn 6 eBuwnnduiuaTasn dmiusEUY single

integration 923 RC ABIEUINN 6 1Az 7

Y1 7 Analog output
Huadufitnsmesidwinn aunsadu load f1ga 600 Tewy reference iU
Veo/2 §MSUMInonuuuduiinssuNamesiunidng slew rate YpaMsvalsa1ely Tay U
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finsines op-amp Uszas 0.5 V/us iifansyualidszanat 30 ma

Y1 8 Vee
= -dy Y o 0’: ndy 1 o
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1 9 Digital output
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9115 Encode/ Decode
Fummugumahauinginnuiiu encoder %38 decoder fuilu 1

< o
nuoteniiiui encoder

Y116 Vcc

L 4
: 4 .
fuan power supply Aaud 477 v. 84 165 v. oY Vee

e
| insoge ster Ouiput
(Roconstructsd Avdie)

o *\/ |

31#1 533 GnYMZ WAVE FORMS %84 CVSD

Clock

Slope
Magnitude
Control

a"i"' —L Sampler Level Dotect | o]
Algorithm .

Slope

Audio
Out H Integrator e l;c::::l:'v et —
. c .

51l91 5.3.4 vienlaBLUNTNYDY CVSD encoder
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nanmsuazIsnsinauves CVSD
o ° -g Y g 1 A [ @ v A a T
gmsumananuiesduves CvsD awuRoany DM M ldsieFuneru
o o a
i dmsuvdenlaszunsuved CVSD encoder U decoder tittaalugalii 5.3.4
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LY 1 L4
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[ 4
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F4 ¥ v [ ’
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LY ] o L
shift register < #vsdl 3 W3® 4 MaumAmMslFu CVSD szaeuigagmmelu shift
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Weraadn gain ved dufinsinesitesll 19z ldnauaatesnuInig coincidence 191NN
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T gain voedUNINSIABS
e ar deA 1 Qs
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@ o a VoW a $ ast v d’d
viemsSavinavesdugiadunn nioareaeumivnzveduwn FRTmsmarindu
Y 'y : a a S A A a 9 s 2
uduAdeIMInILgY gain YeIBUTINTIMBSINOINY lauliAiuIYes DM Nadu
aa ; o = Y -]
1M encode # tgaiunldlums decode TimadmiSuinesld
Qs 9 o Ad ] (] =t o 9/ =y
gananma S miynhligUsuruhsatumaiudunm
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o an s 8/
munpmmmmé'mwmm CVSD encoder 3im3l¥ decode @38 DM HUUTITUAT (M3
o 14 o Y o ] a s 9 s o ] ) o 9/ =
LDM uieq) B1viyni ldndmnnkusuiiinsmesudiesidnyazisumefunuausuym
[ 4
' o 1w v @ a g ] ar
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25715 encode
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mseenuuuazlszynAliau CVSD

To.duuod Mc 3471, Mc 3418 iy cvsD wuude msdeldvhanuiiu
encoder 1A decoder fauaasluziii 535 1o 5wilafidh cvsp nuuldauialy 419
ainsoeenuuuliuzald fdsfidestmunaiazeenuuy 7 de fe

1. fmuaauBvesFaNaRn (clock rate)

2. YUIAVDA shift register NABI1Y (3 130 4 bit)

3. 1qon loop gain

4. fMuAIA step TikAnTiga

5. sonuuuduilinsfuflane? wansfer fuction

6. DONLUY syllabic filter transfer function

7. 90NUUY low pass filter

YYD LBZVHIAUDY shift register

t 4
LY '3 8 é . -
UM IoBNUUVVUAWTIABIAINUA bit rate YDL CVSD  FI$1UIY bit rate

€

s

oA a Ay Yo . o | [ Y q’/' .
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v y
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s
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v [ 14
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E

] [ 1 4
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blgiul Input

Posh +5.0
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H
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1aen loop gain

TunesgUn 535  Rx fludadmun foedback gain 499 CVSD misiden

. d"ﬂ A o o a1 & A ac q A

gain HiumsiiineiNdhAyBnod1nineIms codec (1B99I03EMIVBY CVSD Atite
Usulgalaniindusdves delta modulator MszdudayanaBunnd1 @ mMstdon loop gain 34
¥ d? o
Aoatuiy

1. szAuaTANNIgegavesdygudunm

2. transfer function Y9OUAINTFURaROT

»
AUTUNIT  compand ‘\]379!1011!11!‘5311')1\1 5% 5\1 25% VYOI UMUU Rx
A 4 ° da a Y =2 a

wgnmaﬂﬂTﬂtJmim'nuﬂnszu’dmumnsmammmsmmsﬁ%ﬁwmmm step "lﬁ’mu
v A s . o
ﬂmmsmmé'mwmm syllabic filter "lﬁ'ﬂizmm 25% umgﬂqqqmmuu

I o

maﬁﬂzmmm‘ummmn‘szu’d‘um step mﬁ'mmaﬂumwm transfer U4

sufinsduflames lugilil 535

R=10K C=0.1uF

Vo _ 1 K (53.1)

Ii C(S+1/RC) S+®
(o]

N o = 27f
3
10 =w®o=27f

f =1592Hz

3

k4 v
ar =y o/

L4
wiuduiinstuilameseell single pole response AA 300 B9 3 KHz

2.
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ey ¢ a a ¢ A - S Aw A
ﬂi3llﬂﬂﬂi’)\iﬂ151’Iﬂ3;’71']11’1L5’I1’W!7|‘1]8\79Hﬂ!ﬂ5mﬂi WY9IN 0 ﬂ\?ﬂﬂi')'ﬁ'ﬂlﬂﬂ'ﬂﬂﬂ\iﬂ'ﬁﬂﬂ
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v 1 4 [
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no dBmo Y93 1 KHz sine wave ﬁﬂ
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i = 11V + 01uF(l.1) = 0935 mA
2(10K) 0.125 mS

Tavinsgegatianasen  Ri = 1.1 V.
2

nnTaviiasued syllabic filter fAfie Vee M3 compand Taifiv 25%
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o a e’:d ] a wa oS 1A [} d'dy t =
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o/ a ] Y 1t o I's L4 1 o
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sz 0 v. egwlsimwTaarmefignuaisuss Rs Az Rmin 910307 53.5) s ldd
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L _ CsAve
AT
AT = period Y8y IUUIRM

Avo = peak-to-peak value of idle channel
nneeslugy 535 Iddygrenin 3.7 KHz

Ii

0.1 uF x 10 mV = 37.7uA
26.52 uS

9 ¥
gatulianinensen Cs ANssud 37.7 uA Mnualag Rx
Ii Rx = Vsmin = 37.7 uA x 1.3 K =49 mV
TugUil 535 , Rs = 60 Ko axvhlinalansiauiefiusznin Rs Rmin

9
Taoannsod Rs 49 mV AU

Vee = Rs = Vsmin (5.3.3)

Rs + Rmin

Rmin=6.1 M

Uit 5.3.6 dlumsiana SN vee03luglld 53.5 Faez ldnadngansou q

0 dBmo i#l S/N 32ANad 6 dB 911 0 dBm H -30 dBm
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f, = [200/C,] [1+ (0.6 / Rx)] ( MHz)

dle ¢, fmisoiilu uF
Rx imieiy K~
- y
. aariy Amuald Co =20 pF

Rx =0-1K
3 ] 9 o dy
AWNTORMIUMIAL VCO Gain (Ko ) 18Rl

Ko = 700/ Co.Ro (Radian / Volts)

. &

e Co Nwiauily uF
= ) =1

Ro Iwuqeilu K

Tuniseenuuy fvualdal Ro =200 K
¥y
AIUU

Ko = 700 /(20 *10°* 200)

175,000 Radian / Volt

anuinanaisalsuldideu liaudanudndesns 1@

Taald@du
mulsua R,

2 -
Faanuananm 1den

fy = (220/Cg) (1+0.1/Ry)

9
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fuRu1 4 5 uae 9 6 HuseduanasoulsTinm (Vee /2) AN 12 wzAeAudIduNI 2
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Deviation tauMN#iga lagwild Bandwidth uaufige
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v ¥ v 3
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dudeld Aemseonuuy loop filter
10TUNITPLL AGs) = [K,KpF@)] / [S + K K F(s)]

do Fs) 61 loop filter nsmue Aty
Himuald Fe =1 swvldnnudsneevues low pass filer 17n
mswdeunlas uazioiynues mladmamesazinalasasady veo  Buym 1 loop
transfer function mmsnaﬂgﬂ"lﬁ'ﬁaﬁ’
AG) = K, Kp/(S+K,Kp) = 1/[1+(S/KKp)

Futluaums  First order loop
o K, ilu vCo Gain

Ky ilu Phase Detector Gain

, Ey d L
ANWATTSUIAveIgll 921ilun1uaN -3 dB YB3 Loop Frequency Response

£ <A NS o
a1 w_NAe uunINAYeIgiues

AGw) 4(dB)

0

W/ (K Kp)

o L4 U ‘é
dM35U First Order Loop A1 Wn=KK,  dalumenves KK, ufisu

seriloun Forward Loop Gain
Tae Loop Filter N14112995PLL NE564 annsomld9in Loop Transfer
Function A9

F(s) = 1/(1+SRCy)
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A

o R = R, = R, = 13K ( Internal )

Tavdo C, i 4uaz 15 2 Twa s loop transfer function

. Wn = 1/(RCG,) = KK,

&t -4

1 K, = 0.46 (voltsfrad) + 7.3*10 (volts / rad*uA) * I, ¢

é'l v d' o 9 o é s+ ¥ '

W I, Ausnszuailudalddumn 2 ves IC dunasiliniosndn 800 uA

¥
fmuald 1, =0, dniu K, = 046  Volts/rad

U { LYK 1 1 o a
dau K, emuwnsomldnnnsmfaainnuduiuissnin anudiemynies Veo My

suwnTaaviian uaz nazualuda (Bias Curent)

VCO OUTPUT FREQUENCY AS A FUNCTION bf
INPUT VOLTAGE ANO BIAS CURRENT

O TR O ace
wm

b 1o s ey 09 2
/ .
L+

ci:fo 3
Tuniidmuald 1,,,=0
[ 4
AT K,=095 MHz/ Volt
= 59%10° Rad/Volt-Sec

F1%190 loop transfer function @MNIAMIAN C, 7 91 4 g 5 14 sail
K,K,= 1/RC,
C,= 1/(13 %10 *046%59 *10°)
= 28343 pF

Tumalfiiaswmny 300 pF
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1N 5 uarasdyapudeyanlAnndya i Sine wave ¥ 1 KHz 2V,
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namsnaseailesunamatidiony  dewsodoudy  Block
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Djagram Uaaamsiadyanuaugaaieg  luudazamn  Taolidunoudadl

1. floudayanol Sine wave 1 KHz , 50 mV,1$h Audio Amp &1 Out
put Y84 Audio Amp wvewldiily 2 v wierdhan AD

o A 4 o

2. 1% Storage Oscilloscope Ja# output U839 A/D #avztfu Data Bit
rae 32 KHz uazfloudinn FSK Mod Huszamnsoda Spectrum vosdaannld
AW 27 MHz Taolimnruifidsauugegaiszine 50 .Kiz daaa@lugld s

3. dehmsdenmdutiiunniulavase  Taumn  FrontBnd 92
annsovenedygaldszana 14 B floudiamn Mixer  tomlasnnudaunmis
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Q’I’ é ) ar ¥ 1 24 H
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. L Ay v ) =4 =] as

Oscilloscope AN Data 18 TasihwnwlSouifioudy ouput wosna AD lay
CH1 (i Output w3 A/D , CH2 1l Output B4 FSK Demod tazrinnafiouiion
o =1 1 ar as 9/ = & @ s o ar PR
M szmuhdnyusvosdyaudoyanld  eedlidnyazndumladu 180 9am faglii 10
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P 9 1 vy d' o/ =t g o o
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~ dy 9y ] s as d'
ARWOUTNIUNEI Auameaagli 11

6. /avuAmADYB Signal Gen 10 1KHz 11y 2KHz ag 3KHz
awddy  udrihmsiadyanu Aldneme DA wesiwnnSufousy szwudi

] 1 4 [ 3R]

AU 2KHz ez 3KHz  ezfianwifowdeunh manwditlou 1 Kz dwansdag
g
112 uaz 13

7. naaoddo lIns Ty finn Audio Amp uazded Twafinin D/A uda
soaya dudoudilulasidy  szawnseldbudoama  udiFoant | dquainds lifohi
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iU 1 UOROULA
= SEMICONDUCTOR e
TECHNICAL DATA
| MC3417, MC3517
MC3418, MC3518

Specifications and Applications :
Information - CONTINUQUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

.

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simplified approach to digital speech encodifg/
decoding, the MC3517/18 series of CVSDs is designed for military

secure communication and commercial telephone applications.
A single IC provides toth encoding and decoding functions. m W

® Encode and Decode Functions on the Same Chip with

a Digital Input for Selection L SUFFIX P SUFFIX
o ) . . CERAMIC PACKAGE  PLASTIC PACKAGE
® Utilization of Compatible 120 = Linear Bipolar Technology CASE 620-10 CASE 64808
® CMOS Compatible Digital Qutput
. OW SUFFIX
® Digital Input Threshold Selectable {(Vee/2 reference ) PLASTIC PACKAGE
*. CASE 751G-01

provided on chip)

® MC3417/MC3517 has a 3-Bit Algorithm (General
Communications)

® MC3418/MC3518 has a 4-8it Algorithm {Commercial Telephone)

SO-16L

PIN CONNECTIONS

. ]
Aceion t=) 16 |vee
CVSD BLOCK DIAGRAM Fout
Anslog Encode/
Fencoace L2 |4 !5 |5ecoae
Encode/ Syitabic
Decode Clack Filter E EC'“*
1% - Gai : Digitat O
Dual input sin igitat Dats
tog” 1 4 | 13
An::::' Input 2 Comparator . | Ceontrot tnout (=)
—— ==
Digitat X 3 ordBi h Ref Droital
gita
Oata Inpyt 13 _Shift Register Input {+} |5 '2 fthreshota
Oigitat §31=% 93ladladlad
Threshold] VT Filter F &omcigencs
G tnput {-) L Gutout
Logic Coincidence
Oigitat 9| Output A""OQI y 10 Jveces2
Butout V71 Output Qutput
Integrator Converter]  Svilabic -
Amplifier Sloo.' Folter Vee 8 Oigitat
10 Fetagity 4, Gain Control Outout
Vee/2 o f Switch —
Outour T 1 IGc
'Ret lo Nne
1 sl s
Analog  Ref Futer ORDERING INFORMATION
Qutput  Input  Inout
[ (=) Temperature
Davice Packago Range
MC3417L Ceremic DiP 0°Cto +70°C
MC34180W Plastic SOIC 0°Cto +70°C
MC3418L Ceramic DIP 0°Cto +70°C
. MC3418pP Plastic OIP 0'Cto +70°C
MC3517L Ceramic DIP -55C to +125°C
MC3S18t Ceramic DIP ~55°Cto +125°C

$

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-82




MAXIMUM RATINGS

(Al voitages referenced 1o Vgg, T4 = 25°C unless otherwise noted.)

Rating Symbol Vaiue Unit

Power Sipply Voltage Vee =-0410+18 Vde
Differential Anslog Input Voltage Vio +5.0 Vdc
Digitat Threshold Voltage VTH ~04to Voo Vde
{ Logic Input Voltage Viogic -0.41t0 +18 Vde

IClogk, Digital Data, Encode/(Fecode) ’

Coincidence Output Voltage Vo(Con) -0.4 10 +18 Vde
SyHabic Filter Input Voltage Vi(syl) -0.4to Ve Vde
Gain Control Input Voltage ViiGel) -0.4 to Voo Vdc
Reference input Voltage Viirel) | Veg/2-1.0to Voo | Ve
Vee/2 Output Current 'Ref -25 mA

ELECTRICAL CHARACTERISTICS

(Vce = 12V, Vgg = Gnd, T5 = 0°C to +70°C for MC34

17/18, TA = -55°C to +125°C for MC3517/18 unless otherwise noted.)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min | Typ Max Min Typ Max Unit
Power Supply Voltage Range (Figure 1) Veer 4.75 12 16.5 4.75 12 16.5 Vde
Power Supply Current (Figure 1) icc mA
(@ Idie Channei)
{(Voe = 5.0V, All except MC3418P,DW) - 3.7 5.0 — 3.7 5.0
(Vcc = 5.0 V. MC3418P,0W)} | - — —_ - 3.7 5.5
{(Voe = 15V, All except MC3418P,.DW) - 6.0 10 " . 6.0 10
(Ve = 15 V. MC3418P,0W) — —_ — — 6.0 11
Gain Control Current Range (Figure 2) IGer 0.002 - 3.0 0.002 — 3.0 mA
Analog Comparator Input Range Vi 1.3 - Vee=-1.3 1.3 -_— Vee-1.3] Vde
{Pins 1 and 2)
{475V < Vee s 16.5V)
Analog Output Range {Pin 7) Vo 1.3 —_ Vee-1.3 1.3 — Vee-1.3| Vde
{475V € Voo € 165V, Ig = =5.0 mA) )
input Bias Currents (Figure 3) ig - nA
(Comparator in Active Region}
Analog Input {11) —_ 0.5 1.5 — 0.25 1.0
Anslog Feedback (12) - 0.5 1.5 — 0.25 1.0
SyMabic Filter Input (13) _— 0.06 0.5 — 0.06 0.3
Reference input (IS} - -0.06 -0.5 —_ -0.06 -0.3
Input Offset Current o pA
{Comparator in Active Region)
Analog Input/Analog Feedback -— 0.15 0.6 - 0.05 0.4
|1t~ 12| — Figure 3 /
tntegrator Amplifier - 0.02 0.2 o 0.01 0.1
|15 - 16| — Figure 4 y
Input Offset Voltage Vio = 2.0 6.0 - 2.0 6.0 mv
VA Converter (Pins 3 and 4) — Figure §
Transconductance gm mA/mV
Vil Converter, 0 to 3.0 mA 0.1 0.3 — 0.1 0.3 -
Integrator Amplifier, 0 to =5.0 mA Load 1.0 10 _— 1.0 10 -_
Propagation Delay Times (Note 1) us
Clock Trigger to Digital Qutput tpLH - 1.0 2.5 -— 1.0 25
[CL = 25 pF to Gnd) tPHL — 08 25 - 0.8 25
Clock Trigger to Coincidence Qutput tPLH — 1.0 3.0 - 1.0 3.0
{C. = 25 pF to Gnd} tPHL - 0.8 2.0 - 0.8 2.0
(R = 4.0 k2 to V)
Coincidence Output Voltage — VoLicon) - 0.12 0.25 - 0.12 0.25 Vde
Low Logic State
{10L{Con) = 3.0 mA)}
Coincidence Qutput Leakage Current — 10H{Con) - 0.01 0.5 - 0.01 0.5 nA
High Logic State :
{VOH = 15V, 0°C < Tp = 70°C)

NOTE 1. Alf propagation delay times measured 50% to 50% from the negative going (lrom V¢ to +0.4 V) edge of the clock.

$
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ELECTRICAL CHARACTERISTICS {continued)

MCI4172/MC3517 MC341/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Thrashold Voltage Range VTH +1.2 - Vee-20| +1.2 — Veec-20) Vvde
{Pin 12)
Digital Threshold Input Current hitth) HA
(1.2V = Vi s Voo - 20V)
AV applied to Pins 13, 14 and 15) —_ -_ 5.0 - —_ 5.0
(Vi 2pplied to Pins 13, 14 and 15) - -10 ~S0 -10 ~50
Maximum Integrator Amplifier o +5.0 - —_ +5.0 - —_ mA
Qutput Current
Vcc/2 Generator Maximum Output Current Inef +10 —_ - +10 - - mA
{Source only)
Vce/2 Generator Output Impedance 2Ref —_ 3.0 6.0 - 3.0 6.0 1]
(0 to +10 mA)
Vee/2 Generator Tolerance e - - =35 - - =35 %
4.5V s Voo < 165 V)
Logic Input Voltage (Pins 13, 14 and 15) Vde
Low Logic State ViL Gnd - Vih-0.4 Gnd - Vinh ~0.4
High Logic State ViH Vih+0.4 —_ Vi +0.4 - 18
Oynamic Total Loop Offsat Voltage IVotfset mvV
{Note 2) — Figures 3, 4 and §
I6¢ = 12kA. Ve = 12V
Ta = 25°C (Al except 3418P,0W) — — - -_— 20.5 =15
{(MC3418P,0W) - - - — =0.5 =30
o°C < TA € +70°C (MC3417/181) -— - — —_ =0.75 =23
{MC3418P,DW) —_ —_ —_— — =0.75 =38
~55'C € Ta < +125°C [MC3517/18) — — —_ — +15 =40
IGC = 33 pA, Vee = 12V
Ta « 25°C — 2.5, =5.0 - -
0°C & Tp < +70°C (MC3417/18) —_— =30 *75 —_— — —_
=55'C = Tp < +125°C {MC3512/18) —_ =45 =10 - —
IGC = 12 pA, Ve = 5.0V
TA = 25°C (All except MC3418P,0W) - - - -_— =1.0 =20
(MC3418P,0W) . — - — — =1.0 =35
0°C < Ta < +70°C (MC3417/18L) - — - — *1.3 =28
{(MC3418P,0W) — - — — =13 =43
~55°C < Tp < +125°C (MC3517/18) o -— - . =25 =50
IGe = 33 xA, Voe = 50V
Ta = 25°C — =40 *6.0 —
0°C = Tao < +70°C (MC3417/18) - +45 +8.0 T — '
=55°C < Ta s +125°C (MC3517/18) -— e X DAY
Digital Output Voltage . vdé
{lot. = 3.6 mA) Vo - 0.1 04 o 0.1 0.4
{lo4 = -0.35 mA) Vou {Vcc~1.0]|Vvec-0.2 — Vee-1.0{Vce-0.2 -
Syllabic Filter Applied Voltage (Pin 3) Vitsyl) +3.2 - Vee +3.2 - Vee Vde
(Figure 2)
Integrating Current (Figure 2) ]
Ige = 12 pA) 8.0 12 8.0 10 12 A
fiGec = 1.5 mA) (All except 3418P,0W) 1.45 1.5 1.55 . 1.45 1.5 1.55 mA
(MC3418P,0W) — - - 1.42 1.5 1.58 mA
ligc = 3.0 mA) " 275 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match Vo(Ave) mvV
igc = 1.5 mA) Figure 6
{All except MC3418P,DW) - =100 =250 — +100 =250
(MC3418P,0W) — -— _— *100 =280
Input Current — High Logic State iy . pA
(Vi = 18 V)
Digital Data Input +5.0 — — +5.0
Clock input +5.0 —_ - +5.0
* EncodesDecode Input +5.0 —_ - +5.0
Input Cucrent — Low Logic State e pA
Vi =0v)
Digita| Data Input —_ -— -10 —_ —_ -10
Clock Input - - - 360 —_ - - 360
Encode/%ecoae Input — — -~36 — . -36
Clock Input, Vy_ = 0.4V _ —_ ~-72 — - -72

NOTE 2. Oynamic total loop offset {1V,

1 offset) equals Vi {comparator) (Fi
and of the integrator amplifier include the effects of input offse
appears as an average voltage across the 10 & integrator res
MCI516, the clock frequency is 32 kHz. Idle channel perform
change in intagrator output voltage during one clock cycle (ra

gure 3} minus Vo x (Figure S). Tha input offset voltages of the ansalog comparstor
t current through the input resistors. The slope polarity switch current mismatch
istor. For the MC3417/MCJ517, the clock frequency is 18 kHz. For the MCa418/
anca is guaranteed il this dynamic total loop olfset is lass than one-hall of the
™p slep sizel. Laser triMiming is used to insure goad idla channel porformance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Anatog Input

This is the analog comparator inverting input where
the voice signal is applied. it may be ac or dc coupied
depending on the application. If the voice signal is to
be level shifted to the internal reference voltage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference as the new dc
average of the ac coupled signal. The analog compar-
#tor was designed for low hysteresis (typicaily fess than
0.1 mV) and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7. In a decode circuit Pin 2 is not used
and may be tied to V¢ /2 on Pin 10, ground or left open.

The analog input comparator has bias currents of
1.5 pA max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Syllabic Filter 2

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step
size. It i§ an NPN input to an op amp. The syllabic filter
consists of an RC network between Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs. :

Pin 4 — Gain Control Input
The syltabic filter voltage appears across Cg of the
sylabic filter and is the voltage between Vee and
. Pin3. The active voltage to current (V~1) converter
drives Pin 4 to the same voltage at a slew rate of
typically 0.5 V/us. Thus the current injected into Pin 4
{Igc) is the syllabic filter voitage divided by the Ry
resistance. Figure 7 shows the relationship between
IGC (x-axis) and the integrating current, lint (y-axis).
The discrepancy, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the loop
gain of the codec, but should be no larger than 5.0 kQ
to maintain stability.

Pin 5 — Reference Input

This pin is the noninverting input of the integrator
amplifier. Itis used to referance the dc level of the output
"signal. In an encoder circuit it must reference the same
voltage as Pin 1 and is tied to Pin 10.

Pin 6-— Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent {ljny) flows into Pin 6 when the analoginput (Pin 1)
is high with respect to the analog feedback (Pin 2) in

the encode mode or when the digital data input
{Pin 13) is high in the decode mode. For the opposite
states, lin flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 should
always be between 8.0 k(2 and 13 k02 to maintain good
idle channdl characteristics.

Pin 7 — Anafog Output

This is the integrator op amp output. It is capable
of driving a 600-ohm load referenced to Vcc/2 to
+6.0 dBm and can otherwise be treated as an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/us. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — Vgg

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vcc and
Vgg and is CMOS or TTL compatible. Pin 9 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the (alling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
80 ns respectively for Vcc = 12 Vand C| = 25 pF to
ground.

Pin 10 — Vce/2 Output

An internal low impedance mid-supply reference is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is a current source
and must ba loaded with a resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
3 600 ohm input bias resistor, then Pin 10 must sink
2.2V/600 @ = 3.66 mA, This is only possible if Pin 10
sources 3.66 mA into a resistor normally and will
source only the difference under peak load. The ref-
erence load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The Vcc/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low.whenever
the content of the internal shift register is all 1s or all
0s. In the MC3417 the register is 3 bits long while the
MC3418 contains a 4 bit register, Pin 11 is an open col-
lector of an NPN device and requires a pull-up resistor.

B

)
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e ok g a2 NTAVE QUG CNArge and discharge
time constants, the value of Rp should be much less
than Rs. It systems requiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (RS + RpICs. Thus longer

decays are easily achievable, The NPN device should

not be required to sink more than 3.0 mA in any con-
figuration, The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for Ry = 4.0k to
+12Vand C_ = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13,
14, and 15. It is intended to aid in interfacing different
logic families without externat parts. Often it is con-
nected to the Vcc/2 reference for CMOS interface or can
be biased two diode drops above Veg for TTL interface.

Pin 13 — Digital Data Input

In a decode eapplication, the digital data stream is
applied to Pin 13. In an encoder it may be unused or
may be used to transmit signaling message under the
control of Pin 15. It is an inverting input with respect to
Pin 9. When Pins 9 and 13 are connected, a.toggle flip-
flop is formed and a forced idle channel pattern can be
transmitted. The digital data input lavel should be main-

FIGURE 1 — POWER SUPPLY CURRENT

tained for 0.5 us belore and after the clock trigger for
proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching threshold of the clock input is set by
Pin 12, The shift register circyit toggles on the falling
edge of the clock input. The minimum width for a
positive-going pulse on the clock input is 300 ns,
whereas for a negative-going pulse, it is 900 ns.

Pin 15 — Encode/Decode .

This pin controls the connection of the analog input
comparator and the digital input comparator to the
intetnal shift register. If high, the result of the analog
comparison will be clocked into the register on the fall-
ing edge at Pin 14. If low, the digital input state will be
entered. This allows use of the IC as an encoder/decoder
or simplex codec without external parts. Furthermore,
it allows non-voice patterns to be forced onto the trans-
mission line through Pin 13 in an encoder.

Pin 16 — Vce
The power supply range is from 4.75 to 16.5 volts
between Pin Vce and Veg,

FIGURE 2 - IgcR. GAIN CONTROL RANGE and
1iny = INTEGRATING CURRENT
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

FIGURE 4 ~ INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT
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ul Ly
Viotcomoarstorl | 1q - gI I s
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i 3
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]
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1
?
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Note: The aneiog comparetor offset voltage is tested
under dynsmic conditions snd therefore must
be measured with sopropriate filtering.
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FIGURE S ~ V/i CONVERTER OFFSET VOLTAGE,
Vig and Vigx

FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH

®32 kHz MC3418/MC3518
16 kHz MC3417/MC3517
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2. See Note 2 of the Electrical Cheracteristics, Page 3.
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FIGURE 7 — TYPICAL Iy versus Ige (Mean * 24)

TYPICAL PERFORMANCE CURVES

FIGURE 8 - NORMALIZED DYNAMIC
INTEGRATING CURRENT MATCH versus Voe
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FIGURE 11 - BLOCK DIAGRAM OF THE CVSO ENCODER
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MC3417, MC3617, MC3418, MC3618

FIGURE 12 — CVSD WAVEFORMS
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FIGURE 13 - BLOCK DIAGRAM OF - THE CVSO DECODER
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FIGURE 14 — 18 kHz SIMPLEX VOICE CODEC
(Using MC3417, Single Pole Companding snd Single Integration)

¥
Digetal tnpyr
Push *5.0
o Talk O:gitat Outout
Key (Norm. 16K Bity
open) Encode/Decode —e
Clock
. 16 *H:2
10 % Digitet } 50
Out Clock
1 L 9 14 |16Vee
Anstog .t A-1 1 Come
tnput [ d
4 uf -
o o | B
- -I
13 )
€00¢ S0 =
Vow 12 A Shift Megister
’
10 Vee/2 Coln -
RAef Qut 2.3
L | 310 .3 % RAp .
0t uF= 3 1..‘0 $ 'k 4 Logic 11 wA—¢ T
Ret ’
Res 18k C
RS input . Sl s :o J:i :
Anslog 7 3 in 3 -33 ] 2.4 Mes
Quiout Ansiog = Slope Potsrity] N S, .. 9 A
Out Switeh GC 4 “A \ "
1.3k Ay N
Cy °':I“F sFimv laVEE J)
LAY Ref — v
Ry 10k - s
CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
{CVSD) is a simple alternative to more complex conven.
tional conversion techniques in syitems requiring digital
communication of analog signals. The human voice s
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The SZVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

The Delta Modulstor

The innermost control loop of a CVSD converter is
a simple delta modulator. A block diagram CVSD Encoder
is shown in Figure 11. A defta modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog signal and the
integrator output. The comparator output reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digitaloutput
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and delivered to a similar integrator at a remote
point, the remote integrator output is a copy of the
transmitting control loop integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass tiltering at the receiver output
will eliminate most of the quantizing noise, ifthe clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth isd4'kHz
and clock rates from 8 k and up are possible. Thus the
delta modulator digitizes and transmits the analog input
to a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. If the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Afgorithm
The fundamental advantages of the delta modulator

are its simplicity and the serial format of its output, -

its limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the
integrator.

The frequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic delta
modulator has a small dynamic range over which the
naise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator! For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulator’s dynamic range. External to tha basic
defta modulator is an algorithm which monitors the
past few outputs of the delta modulator in a simple
shift register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter, The voltage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
about the shape of the input curve. The purpose of
the algorithm is to control the gain of the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bit rate, :

The effect of the algorithm is to compand the input
signal. If a CVSD encoder is played into a basic delta
modulator, the output of the delta modutator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from a standard delta modu-
lator with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input
in a manner which is especially convenient for digital
communciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bilities are constrained by the fundamental limitations
of delta modulation and the design of encoder param-
eters. The performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations involved in designing
these basic CVSD building blocks into a specific codec
application, and they are as follows:

1. Selection of clock rate

. Required number of shilt register bits

. Selection of loop gain

. Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low pass filter at the receiver

NO A WN

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. in this circuit, items 5 and § are reduced to
their simplest form, The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from analog signal paths
{Pins 1-7 and 10} in order to achieve proper idle channel
performance. R

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N performance. The circuit in Figure 14 typicaily
produces the S/N performance shown in Figure 15,
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial, telephons performance can be achieved
at 32K bits and above, Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS — TYPICAL

15 \
5 N
z / Clock Rate * 16 kH/ J
@ V b Test Tone = 1 kHz Sing Wave

10 { Norse Weeghtusg C Metsage

£ / B =
S0
-40 -3 -20 -10 [ 10

INPUT LEVEL {dBI RELATIVE T SLOPE OVERLOAD
Shift Register Length (Algorithm)

The MC3417 has a three-bit algorithm and the MC3418
has a four-bit algorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
input sigpal, 2 longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4.bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit fates above 64K bits either part will
work well,

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor

Ry. Ry must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:

1. The maximum level and frequency of the input

. signal,
2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
2 sine wave at 1 kHz of 0 dBmo level. !n practice, the
useful dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole of
160 Hz is used.

Ry = 10k, Cy = 0.1 uF

Vo _ 1 =_XK
i CIS+1/RC) S+wq
wo='2nf
103 = wg = 2nf
f=159.2 Hz

Note that the integration filter produces a single-pole
response from 300 to 3 kHz. The current required to
move the integrator output a specific voltage from zero
is simply: % Ly

i = 551! + (c1 x '&Q)

Now a O dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak value. The CVSD step should trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

1.1V, 01uF(LY)
*2(10k2)  0.125ms

*The maximum voltage across Ry when maximum
slew is required is:

I = = (0.935 mA

L1V
2

Now the voltage range of- the syllabic filter is the
power supply voltage, thus:

Ry = 0.25(Vee) ———
x = 0.25Vee) Gosera

A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS (continued)

Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero alternating pattern
and the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the
minimurh step size which will produce a perfect idle
channel pattern, The MC3417 is tested to ensure that
a 20 mVp-p minimum step size at 16 kHz will attain a
proper idle channel. The idle channel step size must be
twice the specified total loop offset if a3 one-zero idle
pattern is desired. In some applications a much smaller
minimum step size {e.g., 0.1 mV) can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive. A long series of ones or zeros never
occurs. Thus, the volgage across the syllabic filter capaci-
tor {Cg) would decay to zero. However, the voltage
divider of Rg and Rmin {see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor. That
voltage must produce the desired ramps at the analog
output.“Again we write the filter input current equation:

l; \—IQ

av
= J
R T ¢

For values of Vg near VCC/2 the Vo/R term is negli-

gible; thus
| = Cgovo
12O T

where AT is the clock period and AVgq is the desired

peak-to-peak value of the idle output. For a 16K.bit

system using the circuit in Figure 14

. 0.1uF 20 mv
62.5 us

The voltage on Cg which produces a 33 pA current is

determined by the value of Ry.

1;Rx = Vgmin; for 33 uA, Vgmin = 41.6 mV

H =33 uA

In Figure 14 Rg is 18 k§2. That selection is discussed
with the syllabic filtes considerations. The voltage divider
of Rg and Rppin must produce an output of 41.6 mV.

Rs

Rmin = 2.4 MQY
Rg + Rmin

vee = Vsmin

Having established these four parameters — clock rate,
number of shift register bits, loop gain and minimum
step size — the encoder circuit in Figure 14 will function
at near optimum performance for input levels around
0dBm.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 pF capacitor and a 10 k)
resistor. It is possible to improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network, The improved circuit is shown.

The first pole is stiil placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhiere above the 1 kHz frequency. For ‘telephony
circuits, the second pole can be placed sbove 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the lower in frequency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed slightly above the low-pass output filter break
frequency so as not to reduce the effectiveness of the
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz
is typical for telephone applications while 160 Mgz,
1.2 kHz and 2.8 kHz might be used in voice only channels.
{Voice only channels can use an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

1
RoR11S +
P ‘( RlC1)

H 5 1 1
R Rg+Ryl[S+ S+
2C2(Rg 1)( (BO+RHC1) (chz)

FIGURE 16 — IMPROVED FILTER CONFIGURATION

Vo

Anslog Outout \-

MCI417
of
c2 MC3418
0.1suf | 1
- Rt 600

Ro

These component velues are 1or the tetephone channel circuit poles described in
the text. The R2, C2 product can be provided with dilferemt vaives of R snd C. R2
should be chosen 1o be equs! to the 1ermination resistor on Pin 1,
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the firs(
pole. The values in Figure 16 represent one impiementa-
tion of the tetephony filter requirement.

The selection of the two-pole filter network effects
the selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

Vo +(R202 3 Ry iC ) aVo |

i =
'""Rg \Rg Rg AT
R1C1R3C2\ AV42
(chzcI - FI‘02 2) ATOZ

The celculation of desired gain resistor Ry then proceeds
exactly as previously described.

Sylisbic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k) and 0.33 uF. This produc}s a2 6.0 ms
time constant for the averaging of the coincidence output
signal, The voitage across the capacitor determines the
integratqr current which in turn establishes the step size.
The integrator current and the resuiting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/Vee,

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
it different portions of the total Ry are shunted by diodes,
the integrator current can be other than (Vog —Vg)/Ry.
These breakpoint curves must be dasigned experimen-
tally for the particular system application. In general,
one wouid wish that the current would double with

input level. To design the desired curve, supply current =

to Pin 4 of the codec from an external source. Input a
signal level and adjust the current until the S/N perfor-

mance is optimum. Then record the syllabic filter volt-

-age and the current. Repeat this for all desired signal

levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active syllabic algorithm,

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. !n the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17,

FIGURE 17 - RESISTOR-DIODE NETWORKS

A1 A2 R3

o1 02 03

R1 R2
—A————0

o1

it the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
simulates the companding characteristics of nonlinear
Ry elements in a different manner,

Output Low Pass Filter

A low pass filter is required at the receiving circuit
output to eliminate quantizing noise. {n general, the lower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems,

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended to meet the performance requirements
of commercial telephone systems. First, slope polarity
switch gZurrent matching is laser trimmed to guarantee
proper "idle channel performance with 5 mV minimum
step size and a typical 1% current match from 15 A
to 3 mA, Thus a 300 to 1 range of step size variation is
possible, Second, the MC3418 provides the four-bit
slgorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for a 1 kHz test tone at
a 37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested for 10-7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
‘reference, the present step size, and the present syllabic
filter output to establish the optimum companding
ratios and step sizes for any given input fevel. The com-
Panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. It is the parameter mea-
sured by the syllabic filter and is the voltage across Cg
divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of Pin 11 is 6.0 volts.
The operating companding ratio is analoged by the volt-
age between Pins 10 and 4 by means of the virtual short
across Pins 3 and 4 of the V to | op amp within the
integrated circuit. Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of A1,

The diode D1 and the gain of A1 and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below V¢ /2, then

«the positive input of Alis (Vcc/2 ~ 0.7). The on diode
drop at the input of Al represents a 12% companding
ratio (12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly

related to the voltage across Ry, which established the

integrator current. In Figure 18, the voltage across Ry
is amplified by the differential amplifier A2 whose out-
put is single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 volts. Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% com-
panding ratio and the instantaneous companding ratio
at Pin 4 is amplified by A1, The output of Al changes
the voltage across Ry in a direction which reduces the
difference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at Pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting compand-
ing control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is then com-
pared to a companding ratio smaller than 12% which is
determined by the voltage drop across Ry and the gain
of A2 and Al. The gain of A2 is also expérimentally
determined, but once determined, the circuitry is easily

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER
{Both double integration and sctive companding control are used to obtain improved CVSD performance.
Laser trimming of the integrated circuit provides relisble idle channel and step size range characteristics.)

Voice/Non-Voice

Clock Digital
SELECT tnput  Output
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+12V
Anafog 15 16] 14
input ?;22 uf ’
° v
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‘g 13 2 - v
Non-Voice]3.6 \% rTZ 1 T 1N91a
Input [ 0.33 puf

{Digital 10 @

Input) WP

[ S— 13 % =

Anatog R2 7 > Stlooe 0[

Qutout 16 % - Polarity -
A Switeh _]

x Mca8
c2 & golc C
0.025 pF R “emAA I e 8
w
1 0.05 uF

13k
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SIGNAL TO NOVSE IN a8

QUTPUT LEVEL IN aBm

TELEPHONE CARRIER QUALITY . CODEC USING MC3418 (continued}

FIGURE 19 ~ SIGNAL.-TO-NOISE PERFORMANCE

AND FREQUENCY RESPONSE
{Showing the improvement reslized with
the circuit in Figure 18.)

QUALITY DELTAMODULATOR

3

. SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY

repeated.

With no input signal, the companding ratio at Pin 4
goes to zero and the voltage across Ry goes to zero.
The voltage at the output of A2 becomes zero since
there is no drop across Ry. With no signal input, the
actively controlled step size vanished.

* E The minimum step size is established by the 500 k
T resistor between Vo and Vec/2 and is therefore inde-
1 pendently selectable.

b The signal to noise results of the active companding

30 ' 50 98 | network are shown in Figure 19. A smooth 2 dB drop is
g 4 81T ALGORITHM realized from +12 d8m to -24 under the control of Al
+ 37.7X BITS At -24 dBm, A2 begins to degenerate the companding

1 kHz TEST TONE
4 C MESSAGE WEIGHT reference and the resulting step size is reduced so as to

s extend the dynamic range of the codec by 20 d8m.
1 The slope overioad characteristic is also shown. The
: active companding network produces improved perfor-
] mance with frequency. The 0 dBm slope overload point is

20 - o rafsed to 4.8 kHz because of the gain avsilable in control-

_48 -36 -24 12 0 12 ling the voltage across Ry. The curves demonstrate that

INPUT LEVEL IN d8m0O

b. FREQUENCY RESPONSE versus INPUT LEVEL

{SLOPE OVERLOAD CHARACTER{STIC]

0 dBm INPUT
0
-~ 10 d8m INPUT
~10 4
— 20 dBm INPUT
-20
«30 <
~40 4 4 81T ALGOAITHM
37.7 X 8ITS
-50 4
-60 -
L] Ll L Ld B L LS v - A Ll
[} 2kHz 4&kHz 6kHz 8kHz 10 kHe

INPUT FREQUENCY IN Hz

the level linearity has been maintained or improved.®

The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By modifying the crossover region (changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

*A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well,

FIGURE 20 ~ HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD QUTPUT

(]

R1 R2
87.6 k 178 &
c3 c4
157 pF 78 pF
= Ry
247 &

Designed for 0.28 dB ripple in the pass bend

Wy = I kHr
Wy = 6 kHZ
AdB st wy and sbove 29.5 d8
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FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE COOEC USING MC3517/18 AND MC3503/6 OF AMP

c
Anslog Input O--{

Oigitat Qutput

Anstog Outout

Force Idle >0
Chaennel
15 {13
c2
it !
' LAY
R2 A3 2
b—ANA—E
) S
A1 CI ~ 12 MC3l417
or
" _ 10 MCl418
1 d
Rx1
ol I o~ == -
- hod «
« ¢Chy 6
8 14
.I. Clock
= —— O
12
l [ s
>
R11 i;
Digitat 9 MC3417
Test or
ce MC3418
16 - o
LAY
~e Rx2
ne Cia| € 6
8 15 13

Codec Components

Rx1. Rx2- 3.2k

Rpy,. Rpy - 3.3kN

Rgy. Rgy — 100 k0

Ryy, Ryg ~ 20 k02

Ryg =~ 14k

Ami. Apgz =S MN (MC417)
Minimum steo size » 20 mV

Rpmi, Ry ~— 15.M0 (MC3418)
Minimum steo size = 6 mV

Cg1.Cgy — 0.05 uF

Cys. Cy3 — 0.05 uF

2MCI417 (or MC3418)
1 MCJ403 (or MC3406)

Note: All Res. 5%
All Cap. 5%

Input Filter Specifications
12 08/0ctave Rolloff above 3.3 kH2
6 d8/Octave Rolloff betow SO Hz

Output Filter Specificstions
8reek Frequency — 3.3 kH2
Stop Band - 9 kM2

Stop Band Atten. — 50 dB
Rolloff — > 40 d8/Octave

Digital input

-—0
Filter Components
R1 - 965 N C1 = 3.3 uF
R2 - 72 xQ} C2 - 837 0F
R3 - 72 %} C3 - 536 pF
R4 — §3.46 k1 C4 - 1000 pF
RS — 127 k1 C5 - 222 pF
A6 — 365.5 kN C6 ~ 77 oF
R7 - 1.645 MO C7 - 38pF
A8 ~ 72k} C8H - 837 pF
R9 - 72 k01 C9 - 536 pF
R10 — 29.5 k)
A11 - 72 kN
Note: Afll Res. 0.1% to 1%.

All Cap. 1.0%
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COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs using the MC3517
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one
cannot grasp the interdependency of parameters for
voice appli¢ations in a few pages.

Design of a specific codec must be tailored to the
digital channe!l bandwidth, the analog bandwidth, the
quality of signal transmission required and the cost
objectives. To illustrate the choices available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
range of various codec design options at 32K bits.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bil rate
will reduce the dynamic range and noise performance
of all techniques. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more cqmplex designs diminishes.

Non.voice applications of the MC3517 and MC3518
are also possible. In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

FIGURE 22 - COMPARATIVE CODEC PERFORMANCE —
SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE

3
\
s — j
= _____/ S \
3 i
AT N
é 10 Pl )\/ I~
x =~
z sl L ff " v 32K 8t CVSO with
Z MCI417 or MC3418
“ 1 4 4
A4
50 /
0

.45 -4n 238 -3 -2 -20 -15 -10 -5¢ 0
AMPLITUODE (a8}
These curves demonstrate the improved performance obtained
with several codec designs ol varying complexity.

Curve 8 — Complex companding and doible integration
(Figure 18 — MC3418)

Curve b — Double integration (Figure 14 using Figure 16 —
MC3418)

Curve ¢ — Single integration (Figure 14 — MCJI418} with
6.0 mV step size

Curve d — Single integration (Figure 14 — MC3417) with
25 mV step size
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DESCRPTION

The NES64 18 o verastile high lrequency
Phase Locked Loop desgned for operstion
wp 10 SOMIHZ As shown i the Diock disgram,
1he NESS4 consista ol & VCO. lmiter, phase
comparator, and post detecton processor.

APPLICATIONS

o 1gh speed modeme

* FSK receivers and tranemitters
s Froquency synithesizers

* Bigasl generstors

FEATURES

* Operation with single 3V supply

TN » inputs and outp

* Operstion to SOMH2

v Exlernal loop galn control

* Reduced carriar feedihrough

® No elaborale flitering needed in FSK
spolications

* Can ba used as ¢ modulstor

o Veriable loop gain (Externaily
Controlled)

ABSOLUTE MAXIMUM RATINGS
PARAMETYER RATING UNIT
v+ Supply voltage v
Pin 1"
Pin 10 [ ]

Po Power dissipstion 400 mw
Ta Operating lempatature NE 01070 *c
Opersliing lemperature L1 -85 10 +123
Tatg Storage tempaersture =688 to 1% *c

BLOCK DIAGRAM

[}
|
. . ~ate  }—o2
]
|
|
| b
1 Anrsna
: "
1 i
! e
l 10 g *

el s Gt sl Tttty

L.........-.._"L_..l-.r._-_-_.._i...___-__--__.._.._J

(™)
LAl ])
scrmnrt
et m
|
|
2001 B78¢ TON t
PROCIINON |
i

 SETHESSen!
PIN CONFIGURATION

I,N PACKAGE :

v
e (7]
AT O Sven
e

1000 rurmn (@
oo e (3
rasw oen (0]
sus e (7]

wose [T]

!
i
g

FUNCTIONAL DESCRIPTION
The NESS4 is a monolithic pha

loch o4

loop with & post delection processsr e’

vee of Sch y ped tr
timized device geomeiries

o 8nd 0o
xlende Ihe Fe

‘ quency of operslion to graster than SOM+

in addition to the classice! PLL apphcations
the NESO4 can be used ae & moduietor w»™

L] q y

The oulput vottage ol Ihe PLL can be writies

as shown in ihe loliowing equation:

U = 1o}
Kyeo

€Equelion *

Vo=

KycQ ™ conversion gamn ol the YCO (see hgwe *)
ha = roquency of the mput s.gnel
s = res runaing Hroquancy ol the VCO

The process ol racovenng FSK mignals o
volves the coaversion of tha PLL outpul m9
logic compatibie signala Fo: high dare
taten, a considerable amounl of carner wd
be pr n! al the output of the PLL dve t¢
the wideband nature of the loop liter Yo
avoid the uae of complicated Iillers, a com
parstor with hysiensis or Schmilt ingger ¢
reQuired. With the sonversion gain ol ‘e

. VCO fined, the ovlput vollsge 88 grven by

€quaiion 1 varies according to 1he tregves
¢y deviation of Iy Irom lg. Since thig diten
from syelem to sysiem, it 10 necesaary Ihe
{Ne hysteriste of the Schmil tngger be ca
pable of deing changed. 30 thal it cen o

f d tor & paricular ryatem Thae «

Pages 184196 copyright 1979 by Signetics Comp.: reprinted by permission.

ELECTRICAL CHARACTERISTICS v+ = 5V, Ty = 25°C, fo = 5MHz, ig = ~200uA unless otherwise specified.

Tast Circuit: Figure 1
SE564 HESG4
- L
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Mazimum VCO lrequency 50 e5 T 45 60 MHI__
Lock range input 2 200mVems, Tp = 25°C [110] 20 60 80 w of fo
I = 125°C 10 50
= -55°C 120 150
=0°C 100 120
= 70°C 50 70
" Caplure tange fnpul = 200mVems, R2 = 21 25 as 25 a5 % of lo
= 1000 35 50 35 60
vCO trequency drifl with lo ® SMHZ, Ty = —=55°C 10 125°C 400 | 1000 PPMI*C
. temperature = 0°C to 70°C 400 1250
| fo » 800kHz, TpA = =55°C 10 126°C 250 800
| A 4
i = 0°Cto 70°C 400 850
| YCO Irequancy change with |y o 4 gy 1 8.8V 3| s 3 | 8 |wotte
i supply voltage
| Demodulsted oviput voltage Moulalion frequency: 1kHz, fo = SMHz
. Input deviation: 10%, T = 25°C 120 | 140 120 | 140 mVems
. : 1%, T=25°C 12 14 12 14 mVrms
y T =0°C 1] 12 mVrma
] = -55°C [} 12 mVima
y = 70°C 13 15 mvrms
f = 125°C 4 16 mVrme
i Lmeanly Deviation: 1% to 8% 3 3 1 3 LY
' S«qnel 10 noise ratlo 40 40 dB
* AM rejection ] 35 3s daB
Supply current V4 = 5V kL3 80 3s 50 mA
Leakage currant’ Pin 9 ] 10 1 10 uA
Oviput current Pin @ L] 8 mA
* Suppty voltage Pin 1 a8 12 | 45 12 v
~ Pin 10 4.5 55 4.5 5.5 v
sccomplished in Ihe 584 by varying tha voli-  valanl achemahc, iransistors Qg ¢ and [»PX to imp AM ¢ i S ky ci: d

¥3a 8t pn 15 which resylts In a change ol
»a hysierisie of the Schm.ill lrigger.

Bor FSK signals, sn important tacior 1o be
considerad I8 1ha dritt m Ihe Iree running
~equency of the VCO itscil. If this changes
24 10 temperature, sccordng (0 Equation |
* wiftload to 8 changs Inthe de levels of the
ML output, end consequently lo errors in
Pe drgiiel ouiput sigaal. This | ocinlly
*ve for narrow bend signsle whare (he davi-
shan in fjy Itssll may be leas than Ihe
crange in [ due 1o 1emperalure. This elfuct
Zan De aliminaiad il the dc of aversge value
o e pignal 18 raltinvad and used as tha
ceterance ta tha comparaier In thia mannne,
carslions 1a the dr lavala of Ihe PLL output
sc not atfect Ihe FSK oulput.

vCO Section

Owe 10 its 1nherent high frequency perform-
20, 8n amitter coupled osciltator is usedin
g VCO. In the circuil, shown in the equi-

with current sourc.es Qa5-0sg form the ba-
sic os tor, The treo running frequency of
the oscillator 18 shown in the toliowing eque-
tion:

1
[} - = .
© " TeReCy
Ag = Ryg = Ry = 1001 INTEANAL)
Cy = exiernal tfrequency sellng capacior

EqQustion 2

Varistion of Vg {phass detactor oulpul voll-

age) changes the traquency of the oscilla.

tor. Aa dbyE 2, Ihe fraq

cy ol the oscillator has 8 negalive
D dun 10 Ihe posith

lamparatura confheinnt of the manohthue (e

vartical PNPs are used 1o obtain TTL lavet
inputs. The loop gain cen be varied by
changing the currant in Qg and Qg5 which
eltectively changes the gain of the ditleren-
tial amplitiers. This can be sccomplished by
introducing a currenl at pin 2.

Post Dstection Processor

Section

The posl delaction p ol a
unily gsin transconduciance amplifier snd
comparalos. The amplitier can be usad as 8
dc retrievar lor demodulation of FSK sig-
Anla, and As A poal dataction fiter for Hnasr

amtor To companaata for thin, & currant iy ™ The has ad-
wll': v ive ¢ or L v nan hy a0 that phane jittes in the
to a low dutt outpul signsi can be eliminaled,

wilh femperature.

Phase Comparator Section
The phase compsrator consiste of a double
balanced modulator with a Umller amplitier

As shown in Ihe equivalent schematic, the
dc retriever is tormed by the lransductance
amplitier Q42-Q43 together with an exter-
nal capaciiar which is d af the am-




phtier outpul (O 14) This forms ana inteQre.
tor whose oulput voitage 13 showa w the
followsng equalion

Yo * Equation 3

Va0t

O
3]

® ¢l ine 4

Via  ® 31978l vONRQE 31 amOkhar mpul

Wah proper selection ol Cp. the integeator
fime constent can be vaned 30 that the oul-
pul voitage 18 the d¢ of average value of the
npul signal 1or use n FSX, or as & post
datech:on Liljer in hinear demodstation

The compatator with hysierisis i3 mada vp
ol O49~0gg with positive feedback beng
provided by Qq7~Qqg The hysiensis 13
variad by changing Iha cusrent in Qga with &
resulting vanghon in the loop Qsin of the
comparator This method of hystenisis con-

Design Formula
The hiee runming trequency o! the VCO 13
shown by the Icliowing equation

]
‘o ® R .G, el Equation 4
R = 100!
Cy = esternal Cap w 1a18ds
The ioop hiler diagram shewn is explaned
by the loflowing equation

Fis) - Equation S

b alCy
A = Ryy = Ky = 1 i (INTERNAL)

Oy adding capacitors 10 pins 4 and S, fwo
poles are ad9ad to (he l0OP transter tuachion

Nwe

1
RACy.

FM DEMODULATOR

SE NESEzN

a1 S5V 010 12V are shown in figures 2 e~ !
respectively The inpul signat s 8C COvce?
with the output signal being extracted ¢
14, Loop fiMering is provided by 1he cepe
1ors ol pine 4 and 5 with addilionsl hermy
beng provided by the capsacior at pm °¢
Sinco the conversion gam ol tha VCO ¢ =~
very high, to obisin sutficient demodviate:
output signal the frequency devistion wm e
input signal should be lairly high (1% »
higher).

MOOULATION TECPNIQUES

The NESB4 phase locked loop can be mok
1s1ad a1 eilhar the loop litter porte {pwe ¢
and 5} or the inpul port {pin B) as show= #
figure 4. The approximats madutation e
quency can be datermined lrom the fraques
cy conversion pain curve shown in ligure ¢
This curve will be sppropriate 1or sigree

trol, which 13 8 d¢ control, provides symmet- The NES564 can be used as an FM i
n
ne vananon sround the nom:nat velue d du'alos. The for operation ,n;:,c.": "“o‘ pins ¢4 b Q-
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FSK Demodulstion .

™y 584 PLL io particularly sttractive for
FSX ion sirce it Ins an inter-
sl voltage compatator snd VCO which have
T compatible lnpute and outputs, and
a0 operate lrom & single § voit power sup-
oy D Sulsted dc o 1ated
wth the mark end space trequencies sre
recovetad with & single exiemal capscitor in
s 6 reiriever without utilizing oxtensive fil-
tering nNetworks. An Internal compaistor,
scig a8 & Schmilt trigger with an adjusl-
sbia hysleresis, shapas the demodulaled
ehgges Into compatible TTL output levels.
e high frequency design ol tha 504 en-
sbies it 1o demodulate FSK st high data
«stes in encose of 1.0M bavd.

Fgure 8 shows s high-lrequancy FSK da-
codor b ¢ lor input qQ y devl
stons of ¢ 1.0MHz2 cantered around s lree-
~maing frequency of 10.8MHz. The vaive of
»a iming capacilance required was snti-
esled from figure 8 10 be sppronimately
ACoF. A trimmer Capacitor was added (o fine
twne lg’ t0 10.8MHz,

Fqure 8 indicaten thal the ¢ 1,0MHz lre-
quency devistione will be within the lock
rsnge lor Input signal levels grealer than sp-
oracimately 50mV with zero pin 2 biss cur
sent While strictly this figure ls appropriaie
onty for SMH2, it can be usad a9 8 guide lor
roch range estimates st other lo’ fre-
quencies.

The hyateresis was adjusied experimeniatly
wa the 10R{l potentiometler and 2kl beae ar-
rasgement to pive the waveshape showa n
agwre T lor 20K, BOOK, 2M baud rates with
square wave FSK modulation, Note the mno'~
~vde and phasae relationships of the phase
comparators oulput vollages with respact 1o
eech other and 10 the FSK output. The high
woquency sum components uf the inpul and
YCO frequency also are viaible a8 nolee on
he phase comparators outputs.
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TYPICAL NORMALIZED VCO
FAEQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

TYPICAL NORMALIZED VCO
FREQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

NORMALIZED YCO FREQUENCY
AS A FUNCTION OF TEMPERATURE
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CIRCUIT DESCRIPTION OF

THE 564

Tae 564 contains the functional blocks
snowna in Figure 4 $5  In addition 1o the
nroremal PLL 1 of phase P tor,
VGO, ampliber and low-pass hiter, the 564
nas internal ciecuitry for an InpLY signal hmite
o & dc retiiever, and 8 Schmitt trigger The
camplete circui tor the 584 is shown in Fig-
we 418,

Limiter

The wput miler tunctions to produce a near
consisnl amphiude oviput thal serves as
e pul Tor the phase comparaior Elme
~ating smptitude veriations in the FM input
1gnal improves ihe AM rajection of ihe
PLL Additiona! features of the 534s imiter
s°¢ Ihatl 118 capadle of accopling TIL mg-
saly operates al high liaquencing up 10
oMz, and ramairs funchional with veriahia
wwoply vollages between 5 and 12° volts.

BLOCK DIAGRAM OF THE 564
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5i9aa’ hmihing 13 BcCOTE! shed v the 564
wilh & Gillereatiai 8mpihier whose Outpul
voltage s chipped by gi2des Dy 3r1 D) (see
Figure 4 17) Schotihy diodes are used be
cavy imiing 0CCurs Detween 0 J 10
0 4 volts nstead of the 06 to O 7 voh lor
reguiar IC diodes Thig lower hming levelss
Nelplut in brasing. especially lor § volt oper:
a110n When imiting, the d¢ volt. e across
Ry and R3 remans at the Schottky diode
voltage Good Mgh-trequency pertormance
tor G2 and O3 18 achieved with current lev:
ols o the low mA range Current-source
Dissing 18 estadlished vis the curtent mitror
of Dg and Q4 (See Figure 4 16)

Base bissng tor O3 18 of concern d

Phase Comparalor
The phase cOmparator section ot the 56418
shown in Figure 4 19 111 Dasically the con-
venhonst, double-balanced mirar common:
Iy used n PLL Circuils with § few eacep-
tions The transconductance Qm for ihe
Q13 - Q14 giiterentiat amph 3 directly
proportionat 10 the muor Current sn Q15
Thus by exiesnally swhing Of 30UrCing Cut-
tent at pin 2. O Canbe changed to aher the
phase compsrators conversion gam, Ky
The nominal current njecied 1n10 Ll node
by the mternal current source 13 0 75mA for
8 volt operat.on If INs currenl 13 suternally
removed by Jaling. the phase comparator
can be disadied and the VCO will opers

of the nalure of 1he mput Bignat which can
be erher a TTL digital signal of 0 1o 5 volts
smpliude of ¢ low-level. ac coupled analog
signat  Compatibiity for ether type 13
schieved by moditying the himiler of Figure
417 with he addiion of the vertical
Schotthy PNP ireasisiors Ot and QS showa
w Frgure 4 18 The inpul signet voltage ap-

Hs b Y
The varialion of Kg with biss current 81 pia 2
18 shown 1n the axpanmental results of Fug-
ure 4 20 Note 1he wherenl 90° phase eeror
in the loop produces sn approximate I8
phuss comparator outpul vollape For any
particutar dias currenl. the slope ol the hinp
18 the Kg eonversion gan tor the phase
ator Numenically the data of Figure

P e collector-dbase volt tor Q1
which presents no probtems (or aither Mgh
TTL levet mputs of low-level snatog npuls
QS 1 m turn diode bissed by D3 and [ Y
(ses #£:9ure 4 18) which places the base
voltages of 01 and O3 at approximately 1 0
volt Thig same biasing nelwork esiablishes
& 1 3 volt bias el the base of Q1] for bias-
ng Ing phase comparator seciion A dilter:
entig! outpul eigns! from the mnpul himiter 18
apphed 1o one nput of the phese compe-as-
tor (00 through Q12) after buftering the
tevel shifting though the Q7 - Q8 emitier lol-
towers

TUen sperating SBEvE ST & heminng 1810 Myst Be
oot wom Ve 10 e 10 08 e 304

’ yohs -4 volt
KgaO a8 L7847 351074 T _’_A-'ams
{¢d)

whore Igiag '8 1 uA Equation 4 3 ts vahd
tor bias cursenl less than B00LA where
saturation occurs wilhun the phase comps:
ator

The current ievel established 1n Q18 of Fig-
we 4 18 all other g t cur-
renis in ihe phane comparator (Q9 through
Q14) Currentathiough Ay and Ryj salthe
common-mode oulpul vollage lrom the
phase comparator (pins 4 and 5} Since this
common mnde voltage 13 apphed 1o Ihe

VCO to esladbhsh s quiescent curierty
the VCO conversion gam (Ky) 8130 depends
upon the bias current al pin 2

vCco

The VCO s of the basic emuties-coupled o3
table lype with seversl moditice1ons ks
ed to schisve the high traquency, TTL
compatidle operalion while mainlemng low
frequency dnft with femperstura changas
The basic oscillator in Figure 4 21 consisnt
of Q19, 020, Q21, end Q23 wilh curres
sinhs of 028 and Q26. The manter currert
sink of Q28 keeps the totaf current conate~
by altenng the retio of currents in 02f . O
snd the dummy curreni sink of Q27.

The inpul drive voltage for the VCO s made
up ul common-mode and ditierence-made
componenis Irom the phasc comparalo’
Aftter buttering the level stuliing ihrovo~
Q17 - Q18 and Rqg - Fryg. the VCO contey
voliage 18 spplied dilterentislly to the base
ot Q27 end to the common beses of Q7%
ang Q26.

The VCO conlral vollages trom the phase

comparaior are the pin 4 and pin 5 voleges
ot

V4 e VCo = VBig = VCM 4 3 VoM (8 41

Vs « VC12 = VBI17 © VCM --r:rvou as}
whete VoM 8nd Vpp are the respecive
common-mode and the ditference-mooe
voliages

Emilier foltowers Q17 and Q18 conver
these contro! voltages no controt Cutren'y
through Dg and D7 of the form

BASIC LIMITER STAGE

LIMITER STAGE WITH INPUT BUFFERING

Figure 4.17_
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e

‘o= s [Vom = F Vou - 3 Vae] (4®)

It = g [Vem + F You = 3 vag]e.n

These individual currenis are summed in Dg
and become with Rjg = Ryg = A.

tg=1=lg 417 = Ve - 3 Vae) (4.8)

Writing 1g and 17 as functions of the lo-
tall current gives

v
h-—;—(l--gf‘) (4.9)

v,
lr-—;—(H'-g,i‘) {4.10)

Now consider veristions in ig and Iy
while | remans constant.

Lot x indichte the current imbalgnce such
that

|,-(|--)|-—;—(|-!gll‘) TR
v

MR AIRY: (.12)

where 0 < x S 1. Thus x is delinad to be

..-5-(”;'0_‘.‘, (4.13)

Currenis Ig and Iy establizh proportionat
curranta in Q28, Q28, and 027 1n & Manner
wmilar 10 lhe analysis above aince the cur:
tont In Q28 is 8 constant, of
lo =ic2e = le2s + 1E26 + lE27A +
le278

Giber1(10) has shown that the Dy - Og di-
ode peir will cauae identicel difterential cur-
tents to be retlected in both the Q25 - 026
snd the Q27A - Q270 difteraniial amplifier
paws Conseguently Ih.e consianl currant of
Iy 1omntly shared by tha ditferentiat smphhier
oews will divide in each pair withthe same x
facior imbalance as in Equalion 4.1,

€28 * 'g26 = vlo (4 14)

128 = 126 = 5 lo (4.15)

igara $lgarp = (2 - n)lg (4 18)

lg27a = 278 =(“ 5" Mo (.17
Mow ider placing s capacH

the coltactors of Q25 and Q20 (pins 12 and
13) Oscrilation wil occur with the capacitor
aliernately beng charged by Q21 and 023
snd constanily discharged by 0235 and
Q26 When the Q21 and Q22 pewr conducts,
023 and Q24 wili be oft causing s negative
ramp voltage (o appear at pin 13 and a con-
stant vollage st pin 12 as shown in Figure
& 22 Duning ihe et half-cycle, the transis-
tar roles and voltag are teversed. Ca-
caciior discharge 13 via Q25 sad Q26 which
2t a3 consiant-current sinks with current
amplitudes as ; Equation 4.15.

PHASE COMPARATOR SECTION
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Figure 4,19

VARIATION OF THE PHASE COMPARATON'S
OUTPUT VOLTAGE VERSUS PHASE ERROR
AND 81AS CURAENT
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Figure 4.22

Ovuring .each halt cycle, the capacior voit-
80@ changes hneanly by 23V voils n AT
ssconds whete
aV e 2Mzolst+ 5 1 Ryglote 18)
and
€23V,
ST = el (4 19)
Combining these two equalions with
Equatic~ 4 18 gives & half perioo of

4C R0
1

AT » (4 20}

Utthging Equation 4 13 with the AT expres-
3100 Qives {he desrwed VCO frequency ex-
presawon of

vVom . v
fgmty (1 ¢ W
o%to (¢ R 0 27w vge))
{4 21)
where 15’ 13 the VCO1 lree-running Irequen.
Cy Qiven by
. ]

TS Ty R2gC (4 22)
EQuation 4 21 shows that ihe oscHistor fre-
quency 1e 3 hnear function of Ihe difterential
voitage lrom the phase comparator Ress:
tors R3g and Ryg lunction fo nsure Ihat an
Mgl current imbalance enists between the
028 Q26 transintor pa and the dummy
Q27 Ths imbalance insyres INat the oscd-
In1or 18 9aH s1ariing when power i hest ap-
ohed 10 Ine cucun

The VCO conversion gamn 1s determinod a3
Mg 1o
%o ® wois ™ HE Mz volt {4 23)

which 8 vahd s long as the

Ko
Ko(norm) = ;r =592 9 (lgias = 0
= 10.45 &) UBiac = BOOuA} (42X

The Ko estimate lor any bias then cer e

Ve changes are small with respect to |h.
common-mode vollage Both 5 and K, are
nve:sely preportional 10 R which has a8
srong posnivy lemperalure coslficient. An
mterngl cutrent tn having an equal and op-
poste aegaive temperature coalhcrent «8
nserted nto the VCO as shown in Figure
an

g-pnvumonlal Jetermnation of Ko can be
found lrom the dala of Figure 4 23 where K
18 the slope of either hne Numericaily these
results are (or 'BIAS =0,

«095 oﬁ =591 108 — '0“ 77
and lor 'alAs = BOOuA

— (4.24)

o =17 ~‘;37“ =10 45 1 108 ;'a’i.-‘:—.? (4.25)
1t must be notad thal the specihc values ob:
tained for Ko 1n the manner above are vahd
only tor the | OMH free-running frequency
whete the data was laken However, good
asuma 10 KXo Al Othar tiee-tunming lre.
quencies cun be obtaned dy hneastly scal
ng KXo 10 the deswed I,° Thus o 13
somelimes convement 10 Jehne 8 normsl-
1200 Kg a8

d by 0 the normalized 2o
version gein by the destred lree-running e
quency, or
Ko (any Io) = Kotaorm) o’ (U
The additional VCO crecuitry of Q29 In-e:
Q36 (Figure 4 18) lunctions 19 croduce s
TTL and ECL compalible outputs al p=1 }
and 11,

Amplitier

The dillerence-mode voltage
phase comparalor 13 exiracted and a=c
fied by the amplifier in Figure 4 16 The y»
gle-ended outpuyt from this amplher yene
asinput signals tor both the Schmitl Trgqe
and a second dilferential amphhier Loe
pass hitesing with a large capscitance ¥
pin 14 produces & steble dc telerence ‘»e
83 the second nput tu the Schmilt Trgge
When the PLL 19 loched. the vollage
14 13 dirscliy proportionai to the difteres?
betweaen the nput lrequency and 15 T
pit 14 provides the demodulated oulpy '>
a FM input signat.

trem <o

5

Schmitt Trigger

v FSK apphcstions the pin 14 voltege will
t13ume two difterent voltage levels corre-
1wonding to the mark and space inpul ire-
] Itag parator could be
139 10 sense and converl these two voli-
s9¢ levels 10 logic sompaiible levels. How-
avar al high date rates, VoM witl contsin 8
sonsiderable amount of cerrier signst which
tan de d by ive liltering. Nor-
mally this complex filiering uquun quite 8
tew components, most all of which are ex-
sernal fo the monotithic PLL. Also since the
control voltege fof the comparaior depends
w0on Ko and the devistions of the mack and
108ce requencies lrom Iy, 1he hitening has
10 be oplimized lo? esch ditterent aystem
wihzed However the n ary dc reter
ence tevel lor the comperstor s present in
me PLL but buried in c_-m‘u frequency
1gedthrough which sppears a3 noise in the
system A Schmitt ingger with variable hys:
tarsis Can be used succeastully 10 decode
ne FSK dala withoul the d lor exlensive
HHering

Congider :he system shown in Figure 4.24
where the input signal is the single-ended
cutput derived irom the amplifier clion of
he 584 The dc retriever tunctions to estab-
wsh & d¢ relerence vollage fot the Schmiti
sngger. The upper and lowaer trigger points
are adjustable externally sround the
ence vollage giving the variable hysteresis.
Eor very low data retes, carrief teedthrough
il be negligible and the idcal cll\ullnn dn-

VCO OUTPUT FREQUENCY AS A FUNCTION OF

INPUT VOLTAGE AND BIAS CURRENT

picted in Figure 4.25 rasulls
¢ota rate produces the carrier teedthrough
shown in the (b) frgure where latse FSK oul-
ouls resylt because the ! cdlhrough ampli-
vde de the hysl

Mgving the capabllity 1o increase the' hy|~
1eress o3 in {c) produces the desired FSK
outpu! in the presencs of carrier teed-
tvrough.

Anoiher important factor 1o be considered
1 the 1emperature drift of the lg”in 1he VCO.
Small changea in [’ will chenge the dc le
of the input vollage to ihe Schmity trigger.
Thes de vollage shift would praduce etrors
» the FSK dutpul in narrow-band systems
where the mark and space devistions in fin
are less than the lo' changs wilth tempera-
lwe. However Lhis stfect can be eliminsted
# the dc ot aversge value of the amplifier
signal Is retrieved and used as the rafei-
ence voltage for the Schmiit trigger. in Ihis
ranaer, varlalions i the o’ wilh tempera-
ture do not aitacl the FSK output.
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" XR-215

Monolithic Phase-Locked Loop

The XR-215 is a highly versatile monolithic phase-
Jocked loop (PLL) system designed for a wide variety of
applications in both analog and digital communication
systems. It is especially well suited for FM or FSK de-
modulation, frequency synthesis and tracking fiiter ap-
plications. The XA-215 can operale over a large choice
of power supply voltages ranging from 5V 1026 Vanda
wide frequency band of 0.5 Hz to 35 MHz. It can ac-
commodate analog signals between 300 micruvolls
and 3 volts and can interface with conventional DTL,
TTL, and ECL logic families.

FEATURES

Wide Frequency Range: 0.5 Hz to 35 MHz

Wide Supply Voltage Range: 5V to 26V

Digital Programming Capability

DTL, TTL and ECL Logic Compatibility on Inputs

Wide Dynamic Range: 300uV to 3V, nominally

ON-OFF Keying and Sweep Capability

Wide Tracking Range: Adjustable from +1% 1o +50%

High-Quality FM Detection: Distortion 0.15%
Signal/Noise 65dB

APPLICATIONS

M Demodulation
* Frequency Synthesis
FSK Coding/Decoding (MODEM)
Tracking Filters
Signal Conditioning
Tone Decoding
Data Synchronization
Telemetry Coding/Decoding
M, FSK and Sweep Generation
Crystal-Controlled Clock Recovery
Wideband Frequency Discrimination
Voltage-to-Frequency Conversion

ABSOLUTE MAXIMUM RATINGS

Power Supply 26 volts
Power Dissipation (Package Limitation)
Ceramic 750mW
Derate above 25°C smWreC
SO-16 500mW
Derate above + 25°C AmW/I°C
Tempaerature .
Slorage -65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temparaten

XR-215CN Ceramic 0°C o 70°C

XR-216MD ~ Japanese Dimension 0°C 10 70°C
SO-16

SYSTEM DESCRIPTION

The XR-215 monolithic PLL system consists & .
balanced phase comparator, a highly stable vollage
controlled oscillator (VCO) and a high speed ops
tional amplifier. The phase comparator outpuls &
internally connected to the VCO inputs and lo?
noninverting input of the operational ampliiec
self-contained PLL System is formed by simply:
coupling the VCO output to either of the phase &
parator inpuls and adding a low-pass filler o
phase comparator output terminals.

The VCO section has frequency sweep, 0%
keying, sync, and digital programming capab¥
Its frequency is highly stable and is determined
single external capacitor. The operational ampl)
can be used for audio preamplification in FM d#
tor applications or as a high speed sense arg

(or comparator) in FSK demodutation.



XR-215
ELECTRICAL CHARACTERISTICS

Tost Conditions: V+ = 12V (single supply), Ta = Z5°C, Test Circuit of Figure 2 with Cg = 100 pF, (siver-mica) Sy,
S2. Ss, closed, S3. S4 open unless otherwise specilied.

LIMITS
PARAMETERS MmN T oTve ] max UNITS CONDITIONS
|—GENERAL CHARACTERISTICS
SUPPLY YOLTAGE
Single Supply 5 26 Vdc See Figure 2
Split Supply 25 £13 Vdc See Figute 3
Supply Current 8 11 15 mA See Figure 2
Upper Frequency Limit 20 35 MHZz See Figure 2, S open, S, closed
Lowest Practical Operating
Frequency 0.5 H2 Cg = 500 uF (non-polarized)
VCO SECTION:
Stability:
Temperature 250 600 ppm/*C See Figure 6, 0°C < Ty < 70°C*
Power Supply 01 %IV V+ > 10V
Sweep Range 5:1 81 S3 closed, 54 open, ‘
0 < Vg < 6V
Sea Figure 9, Cy = 2000 pF
Output Voltage Swing 1.5 25 Vo.p Sg open
Rise Time 20 ns .
Fall Time 30 s, 10 pF 1o ground at Pin 15
PHASE CQMPARATOR SECTION:
Conversion Gain 2 Vitad Vin > 50 mV rms (See
characteristic curves)
Output Impedance 8 k0 Measured looking into Pins 2 or 3
Output Ottset Vollage 20 100 my Measured across Ping 2 and 3
Vin = 0, Sg open ¢«
OP AMP SECTION:
Open Loop Voltage Gain 66 80 a8 So open
Slew Rate 25 Viy sec Ay =1
input Impedance 0.5 2 MQ
Qutput Impedance 2 kf}
Qutput Swing 7 E 10 Yp. Ry = 30 kit from Pin 8 to ground
Input Otflset Voltage 1 m\?
Input Bias Current 80 nA
Common Mode Rejection 90 dB
11— SPECIAL APPLICATIONS
A) FM Damodulation
Test Conditlons: Tast circuit of Figure 4, V* = 12V, input signatl = 10.7 MHz FM with 81 = 75 ¥HZ, Imeg = 1 kHz.
Dataction Threshold 0.8 3 mV rms 500 source
Demodulated Output Amplitude 500 my tms Measured at Pin 8
Distortion (THD) 0.18 0.5 %
AM Rejection 40 a8 Vin = 10 mVrms, 30% AM
Qutput Signal/Noise 65 dB8
8) Tracking Filter
Test Conditions: Test circult of Figure 5, V¥ = 12V, 15 = § MHz. Vjp = 100 mV rms, 500 source.
Tracking Range (% of i) x50 See Figures 5 and 25
Discriminator Output
V
AVout 50 mvi% Adjustable — See applications
Aty informatlon
* Guaranteed, but not tosrlgr._ N

TR ]
1P

» _H

|

S9ds g 88 4o,

Figure 1. Equivalent Schematic Diagram
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XR-215

DESCRIPTION OF CIRCUIT CONTROLS
PHASE COMPARATOR INPUTS (PINS 4 AND 6)

One input 10 the phase comparator is used as the signal
input: the remaining input should be ac coupled to the

aves
re .y et
. et
e e T
v
FUTE LT
" ' + [ .
o2
. 14
L i - e Tagtrod
[_.\M,-o/ . i
- _.-A-'_
XR.215 2

.(H

Figure 2. Test Circuit For Single Supply Operation
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Figure 3. Test Circuit For Split-Supply Operation
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Figure 4, Test Circult For FM Demodulation

VCO output (pin 15) to complete the PLL (see Figure 2).
For split supply operalion, these inputs are biased {rom
ground as shown in Figure 3. For single supply opera-
tion, a resistive bias string similar to that shown in
Figure 2 should be used to set the bias level at approxi-
malely Voc/2. The dc bias current at these terminals is
nominally 8 uA.

PHASE COMPARATOR BIAS (PIN 5)

This terminal should be dc biased as shown in Figures
2 and 3, and ac grounded with a bypass capacitor.

‘et el T
[
s Tovend
e Anw
e " "y 2w
E ? ‘ o, 0t
"
N o
- l—o—d—rAr~0 -
[ " e Brwine 108
vy

. XA 215 ._'01,___1
o % [ N 2o
wo
l ret
$Gnag i“‘}-‘ ‘..V. v——de—%—‘ f ‘ 'l'-——‘.
gt 3
g ] C = Coupiing Capaclor

I Cg = Bypass Capactor
Figure 5. Tast Circult For Tracking Fitter
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PHASE COMPARATOR QUTPUTS (PINS 2 AND 3)

The low fréquency (or dc) voltage across_these pins
corresponds to the phase ditference between the two
signals at the phase comparator inpuls (pins 4 and 6).
The phase comparatof oulputs are internally connected
10 the VCO control terminals (see Figure 1). One of the
outputs (pin 3) is internally connected to the non-
inverting input of the operational amplifier. The low-pass
1ter is achieved by connecting an RC network to the
phase comparator oulputs as shown in Figure 14.

veo TlMINEi CAPAC’ITOR (PINS 13 AND 14)

The VCO tree-running frequency, fo. is inversely propor-
tonal to timing capacitor Cg connected between pins
13 and 14. (See Figure 7).

VCO OUTPUT (PIN 15)

The VCO produces approximately a 2.5Vpp oulput sig-
nal at this pin. The dc outpul leve! is approximately
2 volts below V. This pin should be connected {0 pin
9 through a 10 k{1 resistor 10 increase the output cur-
rent drive capability. For high voltage operation (VCC >

IVOL IS RADIANY

mGr LEVEL Ut
CONSTANT » 1V emy

1 H 1 I
] 10 900 1000

CONLEVEL 1PUT ANMPLITUDL tmV smi)

PrASE COMPARATOR CONVENSION Gan X,

Figure 8. Phase Comparator Conversion Gain, Kq, versus
Input Amplitude
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| | 1 | | |
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NET APPLIED SWEEP VOLTAGE, Vg - VSUIVOIJSl

Figure 9, Typlcal Frequancy Sweap Characteristics as a
Function of Applied Sweap Voltage

(Notg: Vs ~ Ve - 5V = Open Circult Vgltage al pln 12)
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OPEN LOOP HESPONSE

40 08

VOLTAGE GAIN

20uB

ous
20wl 1 t1 NI IR NS S I
100 H P RHe 10 KH2 100 KH2 LtdHE 10 MH?
FREQUENCY .

Figure 10. XR-215 Op Amp Frequency Response

20V), a 20 k1 resistor is recommended. Il is also advis-
able to connect a 5000 resistor in series with this out-
put for short circuil protection.

VCO SWEEP INPUT (PIN 12)

The VCO Frequency can be swepl ovef a broad range
by applying an analog sweep voltage, Vs, to pin 12 {see
Figure 9). The impedance level looking into the sweep
input is approximately 500, Therefore, for sweep applic
cations, a current limiting resistor. Rs. should be con-

+ necled in series with this terminal. Typical sweep char-
acteristics of the circuit are shown in Figure 9. The VCO
temperature dependence is minimum when the sweep
input is not used.

CAUTION: For sale operation of the circuit, the maxi-
mum current, lg, drawn from the sweep terminal should
be limited to 5 MA or less under all operating condi-
tions.

ON-OFF KEYING: With pin 10 open circuited, the VCO
can be keyed olf by applying a positive voltage pulse o
the sweep input terminal. With Rg = 2 k{, oscillations
will stop il the appiied potential at pin 12 is raised
3 volts above its open-circuit value. When sweep, Sync,
or on-off keying funclions are not used, Rg should be
left open circuited.

PTCTOYNY
LIS

AR .

Figure 11, Explanation of VCO Ranga-Select Controls




XR-215
RANGE-SELECT (PIN 10)
The frequency range of the XR-215 can be exlended by
connecling an external resistor, Ry, between pins 9 and
10. With relerence lo Figure 11, the operation of the
range-select terminal can be explained as follows: The
VCO frequency is proportional to the sum of currents 1y
and !5 through transistors Ty and Tz on the monolithic
chip. These transistors are biased {rom a fixed internal
reference. The current |y is set internally, whereas 12 is

set by the exlernal resistor Rx. Thus, at any Cg setting,
the VCO frequency can be expressad as:

0.6
{h =1 1 4+ ==
° '( Rx)

where {1 is the frequency with pin 10 open circuited
and Ry is in k{2, External resistor R (= 750Q) is recom-
mended for operation at frequencies in excess of
5 MHz.

The range selecl terminal can also be used for fine tun-
ing the VCO frequency, by varying the value of Ry. Simi-
larly, the VCO Irequency can be changed in discrete
steps by swilching in difterent values of Ry between
pins 9 and 10.

DIGITAL PROGRAMMING

Using the range select control, the VCO frequency can
be slepped in a binary manner, by applying a logic sig-
nal 1o pin 10, as shown in Figure 11, For high level lcyic
inputs, transistor Ty is turned off, and Ry is eflectively
switched out of the circuit, Using the digital program-
ming capability, the XR-215 can be time-multiplexed be-
tween two separate input Irequencies, as shown in
Figures 18 and 19.

AMPLIFIER INPUT (PIN 1)

This pin provides the inverling input for the operational
amplifier section. Normally it is connecled 1o pin 2
through a 10 k2 external resistor (see Figure 2 of 3).

AMPLIFIER QUTPUT (PIN 8)

This pin is used as the outpul terminal for FM or FSK
demodulation. The amplifier gain is determined by the
exlernal leedback resistor, Rf. connected between pins
1 and 8. Frequency response characteristics of the am-
plilief section are shown in Figure 10.

AMPLIFIER COMPENSATION (PIN 7)

The operational amplifier can be compensatedby a sin-
gle 300 pF capacitor from pin 7 1o ground. (See Figure
10).

BASIC PHASE-LO(}KED LOOP OPERATION

PRINCIPLE OF OPERATION

The phase-locked loop (PLL) is a unique and versatile
circuil technique which provides frequency selective

tuning and filtering without the need for coils of induc-
tors. As shown in Figure 12, the PLL is a feedback sys-

tem comprised of three basic functional blocks: phase
comparator, low-pass filter and voltage-controlied oscil-
lator (VCO). The basic principle of operation of a PLL
can be brielly explained as lollows: with no input signal
applied 1o the system, the error voltage Vyg, is equal to
zero. The VCO operates at a set frequency, o, which is
known as the “free-running” frequency. If an input sig-
nal is applied to the system, the phase comparator
compares the phase and {requency of the input signal
with the VCO frequency and generales an error voltage,
Vel(t). that is relaled lo the phase and frequency differ-
ence belween the two signals. This error voltage is then
filtered and applied to the control terminal of the VCO. il
the input frequency, /g, is sulliciently close to 1, the
feedback nature of the PLL causés the VCO to synchro-
nize or "lock™ with the incoming signal. Once in lock,
the VCO frequency is identical to the input signal, ex-
cept for a linite phase dillerence.

A LINEARIZED MODEL FOR PLL

When the PLL is in lock, it can be approximated by the
linear feedback system shown in Figure 13. ¢g and ¢o
are the respective phase angles associated with the in-
put signal and the VCO outpul, F(s) is the low-pass lilter
response in frequency domain, and K4 and K, are the
conversion gains associated with the phase compara-
lor and VCO sections of the PLL

DEFINITION OF XR-215 PARAMETERS FOR
PLL APPLICATIONS

VCO FREE-RUNNING FREQUENCY, fg

The VCO frequency with no input signal. It is deter-
mined by selection of Cq across pins 13 and 14 and can
be increased by connecling an external resistor Ry be-
tween pins 9 and 10. it can be approximaled as:

0= 200+ 22),
0 Rx

where Cq is in uF and Ry is in k2. (See Figure 7).

v vk ) .
reut NASE LOwPASy o

PY
HCOHAL COMPARATOR FUTER

v

Figure 12. Block Diagram of a Phase-Locked Loop

] fio

xoY

. Figure 13. Linsarized Model o a PLL as 2 Negalive
Feedback System
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PHASE COMPARATOR GAIN Ky

The output voltage {rom the phase comparalor per radi-
an of phase ditference at the phase comparator inpuls
(pins 4 and 6). The units are volts/radions.

VCO CONVERSION GAIN K,

The VCO voltage-to-irequency conversion gain is deter-
mined by the choice of timing capacilor Cg and gain
contsol resistor, Rg connected externally across pins 11
and 12. 1t can be expressed as

Ko = 700 (radians/sec)/volt
CoRo

where Cq is in uF and Rg is in kQ. For most applica-
tions, recommended values for Rn range from 1 kfl to
10 kf2.

LOCK RANGE (Acw)

The range of lrequencies in‘(ihe vicinity of 1o, over
which the PLL can maintain lodk with an input signal. It
is also known as the “tracking’ or “holding” range. If
saturation or limiting does not atcur, the lock range is
equal to the loop gain, i.e. Aw| = KT = Kg Ko.

CAPTURE RANGE {Awg)

The band of frequencies in the vicinity of {5 where the
PLL can establish or acquire lock with an inpul signal. It
is also known as the “acquisition” range. It is always
smaller than the lock range and is related to the low-
pass filter bandwidlh. It can be approximated by a para-
metric equation of the form:

Awc = Aw| |F(jawg)]

where |F(jawc| is the low-pass filter magnitude re-
sponse at w = Awg. For a simple lag filter, it can be ex-

pressed as:
A
AwC ~ —LL
\j T

where T Is the filter time constant.
AMPLIFIER GAIN Ay

The voltage gain of the amplilier section is determined
by leedback resistors Rg and Rp between pins (8,1)
and 2.1) respectively. (See Figures 2 and 3). Il is given
by:

_RF
Ay = —————
Ry + Rp

where Ry is the 6 k) internal impedance at pin 2, and
Rp is the external resistor between pins 1 and 2.
LOW-PASS FILTER

The low-pass liller section is formed by connecling an
external capacitor or RC nelwork across terminals 2

5-13
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LA baLtih VAG LEAD FILTER
b 3 ? bl
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e e e
n =Ry.Cq <ty = {Rq + Rg) C4

Figurs 14,

and 3. The low-pass lilter components can be congect-
ed either between pins 2 and 3 or, from each pin to
ground. Typical filter configurations and corresponding
filter transfer functions are shown in Figure 14 where
R1 (6kQ) is the intarnal impedance at pins 2 and 3. It
should be noted that the rejection of the low pass lilter
dacreases above 2mHz when the capacitor is tied from Pin
2103.

APPLICATIONS INFORMATION

FM DEMODULATION . .

Figure 15 shows the external circuit connections to the
XR-215 for frequency-selective FM demodulation. The
choice of Cq is determined by the FM carrier frequency
(see Figure 7). The low-pass filter capacitor C is deter-
mined by the selectivity requirements. For carrier {re-
quencies of 110 10 MRz, C is in the range of 10 Cg to
30 Cq. The feedback resistor Rg can be used as a
“volume-control’’ adjustment to set the amplitude of
the demodulated output. The demoduylated output am-
plitude is proportional to the FM deviation and to resis-
tors Rg and Rp. For = 1% FM deviation it can be ap-
proximated as:

0.6
Vout = RoRF Q

+ —=— } mV, rms
Rx

voLuml

CONTROL
DLUOOULATID
outryt

(223

001 uf
,Iqol CMrnasis)

N

Cc COUPLING CAZACITON
Cqy $YPARICAPACITON

Figure 15. Clrcuit Connection lor FM Demodulation
The damping factor can be calculated by using

Qut/2 [ KoKg 172 t2¢f 1
13 KoKd



XR-215

where all resistors are in k) and Ry is the range exten-
sion resistor connected across pins 9 and 10. For cir-
cuit operation below 5 MHz, Ry can be open circuited.
For operation above 5§ MHz, Ry = 7500 is recom-
mended.

Typical output signal/noise ratio and harmonic distor-
tion are shown in Figures 16 and 17 as a function of FM
devialion, for the component values shown in Figure 4.

MULTI-CHANNEL DEMODULATION

The ac digital programming capability of the XR-215 al-
lows a single circuit be time-shared or multiplexed be-
tween two information Cchannels, and thereby selective-
ly demodulate two separate carrier frequencies. Figure
18 shows a practical circuit configuration for time-
multiplexing the XR-215 between two FM channels, at
1 MHz and 1.1 MHz respectively. The channel-select
logic signal is applied to pin 10, as shown in Figure 18
with both input channels simultaneously present at the
PLL input (pin 4). Figure 19 shows the demodulated out-
put as a function of the channe!-select pulse where the
two inputs have sinusoidal and triangular FM modula-
tion respectively,

8

g+ 10 MRy
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Vi 208V ms

ST CIACLIE OF 41GURE 8.
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Figure 16. Output Signal/Noise Ratlo as s Functien of FM
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Figure 17. Output Distortlon as a Function of FM Deviatlon

FSK DEMODULATION -

Figure 20 contains a typical circuit connection for FSK
demodulation. When the input frequency is shifted, cor-
responding 1o a data bit, the dc voltage at the phase
comparator outputs (pins 2 and 3) also reverses polari-
ty. The operational amplifier section is connected as a
comparator, and converts the dc level shift to a binary
output pulse. One of the phase comparator outputs (pin

cosmmtns +SV [A505130B6 L
[T uF uF T 100K
10K
0.1uF 163 |2
Ny DEMOOULATED
al7sk outeuT
MpP>-
X II....-
?
o co % o
10K T
i
lm ll:l'z [1frols C:::‘:E;'
. c

~§Vpe Ut Lad é_k}_on?_c ov
: x fo=1
o
fo=1ty
Flgure 18. Tima-Multiplexing XR-215 Betwssn Two
Simultaneous FM Channeis

Flgure 19. Demodulated Output Wavelorms for
Tima-Muitlplexed Operation

Top: Demodulated Output Bottom: Channal Select
Sinewave - Channel 1 Puise
Triangle Wavs - Channel 2

3) is ac grounded and serves as the bias reference for
the operational amplifier section. Capacitor Cy serves
as the PLL loop filter, and Cp and C3 as post-detection
filters. Range select resistor, Ry, can be used as a fine-
tune adjustment to set the VCO frequency.

Typical component values for 300 baud and 1200 baud
operation are listed below

OPERATING TYPICAL COMPONENT
CONDITIONS YALUES
300 Baud

Low Band: fy = 1070 Hz Rp = 5k, Co = 0.17 4F

fg = 1270 Hz | Cy = Cp = 0.047 4F,
Cj = 0.033 4F

High Band: 1y = 2025 Hz | Rg = 8kN, Cg = 0.1 4F

fg = 2225 Hz Cy = Cp = C3 = 0.033 4F
1200 Baud Rp = 2k0.Cg = 0.12 4F

f1 = 1200 Hz C1 = C3 = 0.003 uF,
g = 2200 Hz Cy = 0.0V 4F

5-14



Note that for 300 Baud operation the circuit can be
time-mulliplexed between high and low bands by
switching the external resistor Ry in and out of the cir-
cuit with a control signal, as shown in Figure 11.

FSK GENERATION

The digital programming capability of the XRA-215 can
be used ior FSK generalion. A typical circuit connec-
tion for this application is shown in Figure 21. The VCO
{requency can be shifted between the mark (f9)-and
space (11) frequencies by applying a logic puise to pin
10. The circuit can provide two separate FSK outputs: a
low level (2.5 Vp.p) output at pin 15 or a high amplitude
(10 Vp.p) output at pin 8. The output at each ol these
terminals is a symmetrical squarewave with a typical
second harmonic content of ess than 0.3%.

Figure 22. Circult Connaction For Frequency Synthes!s

lollows: The counter divides down the oscillator fre-
quency by the programmable divider modulus, N. Thus,
when the entire system is phase-locked to an input sig-
nal at frequency, g, the oscillator output at piniSisata
frequency (Nig), where N is the diviger modulus. By .
proper choice of the divider modulus, a large number of
discrete {requencies can be synthesized from a given
reference frequency. The low-pass fiiter capacitor Cy is
normally chosen to provide a cut-olf frequency equal 1o
0.1% 10 2% of the signal frequency, fs.

The circuit was designed to operate with commercially
available monolithic programmable counter circuits us-
Flgura 20. Clrcult Connaction for FSK Demodulation ing TTL logic, such as MC4016, SN5493 or equivalent.
The digita! or analog tuning characteristics of the VCO
can be used lo exterd the available range of frequen-
cies of the system, for a given setling of the timing ca-
pacitor Cg.

ore

-0

Typical input and output waveforms for N = 16 opera-

1.
i
| ﬂ-ﬂ—" mm. - tion with fg = 100 kHz and fo = 1.6 MHz are shown in
vy 3 ! Figure 23.

g

X

TRACKING FILTER/DISCRIMINATOR

H ”” ' The wide tracking range of the XR-215 allows the sys:
L lem {o track an input signal over a 3:1 frequency frange,

155 Vutout ” %_'”} ' l l

womLtvly

v,

Figure 21. Clrcuit Connectlon For FSK Generation < _————

FREQUENCY SYNTHESIS

5,~u~s~L.LuL~LL-~

In frequency synthesis applications, a programmable

counter or divide-by-N circuit is connected belween the Figurs 23. Typlcal Inpul/Output Wavetorms For N = 16
VCO output {pin 15) and one of the phase detector in: Top: Input (100 kHz)

puts (pins 4 or 6), as shown in Figure 22. The principle Bottam: VCO Output (1.6 MHz2)

of operation of the circuit can be briefly explained as ) Vertical Scale 1 V/cm
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Figure 24, Circult Connectlon For Tracking Fliter Applications

centered about the VCO free running frequency. The
tracking range is maximum when the binary range-
selact (pin 10) is open circuited. The circult connec-
tions for this application are shown in Figure 24. Typical
tracking range for a given input signal amplitude is

shown in Figure 25. Recommended values of external’

components are: 1 k1 < Rg < 4kNand30Cg < Cy <
300 Cg where the timing capacitor Cg is defermined by
the center frequency requirements (see Figure 7).

The phase-comparator output voltage is a linear mea-
sure of the VCO frequency deviation from [ts free-
running value. The amplifier section, therefore, can be
used to provide a filtered and amplified version of the
loop error voltage. In this case, the dc output level at
pin 15 can be adjusted to be directly proportional to the
difference between the VCO free-running frequency, fo.
and the input signal, {5. The entire system can operate
as a “linear discriminator” or analog “frequency-
meter” over a 3:1 change of input frequency. The dis-
criminator gain can be adjusted by proper choice of Rg
or Rg For the test circuil of Figure 24, the discriminator
Qutput is approximately (0.7 RoRg) mV per % of Ire-
quency deviation where Rg and Rf are in k0. Output
non-linearity is typically less than 1% for Irequency de-
viations up to + 15%. Figure 27 shows the normalized
output characteristics as a function of input {requency,
with Rg = 2 k01 and RF = 36 kil

CRYSTAL-CONTROLLED PLL

The XR-215 can be operated as a crystal-controlled
phase-locked loop by replacing the timing capacitor
with a crystal. A circuit connection for this applica-
tion is shown in Figure 27. Normally a small tuning
capacitor (= 30 pF) is required in series with the

10
Ag e 22D
2
£
> " TRACKING
£ el RanGl
4
k4
3 10}
L3
9
-
e I 1 Ll A
[ 2] iR 0

NOAMALIZID TRACKIAG BANGE 111g)

Figurs 25. Tracking Range vs input Amplhude (Pin 10
Open Clrculted)
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Figurs 26. Typlca! Discriminator Output Characteristics Fer
Tracking Filter Appllcmgm
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Figure 27. Typicai Circult Connection for Crystal-
Controlled Clock Recovery.

crystal to set the crystal frequency. For this applica-
tion the crystal should be operated in its fundamen-
tal mode. Typical pull-in range of the circuits is =1
kHz at 10 MHz. There is some distortion on the
demodulated output.
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Counters

Counters

Counters
general description

The CD4020BM/CD4020BC, CD4060BM/CD4060BC

are 14.stage ripple carry binaty counters, and the

CD40408M/CDA040BC is a 12-stage ripple carry binary

counter. The counters are advanced one count on the

: negative transition of each clock pulse. The counters are

" reset to the zero state by a logical “1** at the reset input
independent of clock.

Cb4020BM/CD4020BC 14-Stage Ripple Carry Binary
CD4040BM/CD4040BC 12-Stage Ripple Carry Binary
CD4060BM/CD4060BC 14—Stage Ripple Carry Binary

f eatures

» Wide supply voltzge range 1.0V t0 15V

s High noise immunity 0.45Vpp typ

s Lowpower TTL fan out cf
compatibility 2 driving 74L or

1 driving 74LS
® Medwum speed operation  8MHz typ at Vyp = 10V

» Schmitt trigger clock input

connection diagrams
..\)

TOP VieEw

Vpp 01 1] 03 03 RESET ¢y [T}

LEo AL L AU

vss

1w 15 In
Voo
)
] 1 2 3

Vop 031 Dip Op Op RESET ¢y @Oy
l\s 15w o jn |w [:

!

Vss
1 PR E 4 5 3 1 )
012 ¢ Qg 0y Qs 2] 0 vss

CNOJOBM;CND‘OBC

« s 3 7]:

C12 033 03, Q¢ Qg Qy Q4 Vss
CD4020EM/CDE020BC

Vpp Q1p Qg Qg RESET ¢1 0 60
lve 15 1 3 | " Iw |l

l

vss

ll TR E « s s ? lu‘

iz 013 04 O 05 07 Q4 Vs
CD4060BM/CD40E0EC

!
|
t
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CD4020BM/CD4020BC, CD4040BM/CD4040BC, CD4060BM/CD4060BC

absolute maximum ratings (Notes 1and 2)

Vpp Supply Voltage

Vi Input Voltage

Ts * Storage Temperature Range .
P, Package Dissipation

T, Lead Temperature (soldering, 10 seconds) '

-0.5V to +18V

~0.5V 10 Vpp + 0.5V

-65°C 10 4150°C:
500mW
3n0°C

recommended operating conditions

Voo Supply Vol'tage

Vn Input Voltage

T. Operating Temperature Range
CD40XXBM
CDA0XXBC

+3V 10415V
OV 10 Vpp.

-55°C10+4125°C
-40°C 10 485°C

dc electrical characteristics CDaOXXBM (Note 2)

PARAMETER CONDITIONS NGg ¢ 425°C n25°¢ um:
MIN_ MAX | MIN _TYP MAX | MIN _MAX 3
lop Quiescent Device Current ~ Vpgp = 5V 5 5 150 BA
3 . Vpp =10V 10 10 300{ pA
Voo = 15V 20 20 §00 A
Vor Low Level OQutput Voltage Vpp ® 5V .0.05 0 0.05 0.05 v
Voo * 10V 0.05 0 0.05 0.05 v
Vpo = 15V 0.05 0 0.05 0.05 v
Vou  High Level Output Veliage Mpp = 5V 4.95 495 5 4.9 v
Voo = 10V 9.95 9.95 10 9.95 v
Vpp ® 15V 14,95 14.95 15 14.95 v
Vie Low Level Input Voliage Vop® 5V, Vgo=05Ver 45V 1.5 2 1.5 1.5 v
Voo ® 10V, Vo = 1.0V or 6.0V 3.0 4 3.0 3.0 ¥
Voo ® 15V. Vo = 1.5V or 13.5V 4.0 6 4.0 40 v
Vi,  High Lavel Input Voltage ~ Vo = 5V, Vo= 0.5V ord5v | 3.5 35 3 3s R
Vop ® 10V, Vo = 1.0V or 9.0V | 7.0 70 6 7.0 v
Voo ® 15V, Vg = 1.5V or 13.6V | 11.0 1.0 9 11.0 v
Joo - Low Level Output Current Vpg ® BV, Vg = 0.8V 0.64 0.51 0.88 0.36 *mh
{See Note 3 Voo = 10V, Vo = 05V 1.6 13 2.2% 0.9 mA
Vpo * 15V, Vo = 1.5V 4.2 34 88 2.4 mA
low  High Level Qutput Current  Vpp = 5V, Vo= 4.6V ~-0.64 -0.51 -0.88 -0.36 mh
{See Note 3) Vop = 10V, Vg = 9.5V -1.6 -1.3 =225 -0.9 ma
Vop = 15V, Vg = 13.5V -4.2 -34 -88 2.4 m
I Input Current Vpp = 18V, Vi = OV -0.10 -105% -0.10 -1.0 ph
Vpp ® 15V. Vi = 16V 0.10 105 010 1.0 [

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of 1he device cannot be gu o
imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions”” and “Electrical Charoctens®}

provide conditions for sctust device operation.
Note 2: Vgg = OV unless otherwise specified.

Nots 2; Data does not apply to oscillator points ¢ig and ¢ig of CD40608M/CD40608C.

aranteed. They are not mes<4
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/"f' - 3
de electrical characteristics cpDa0xxBC (Note 2) "

PARAM'ETE-R CONDITIONS —oc 125°C *95°C ) units
MIN MAX | MIN TYP MAX | MIN MAX
lop Quiescent Device Curremt Vo = SV 20 20 150 A
Voo = 10V 40 40 300 pA
) Vpp = 15V 80 80 600 pA
Vo, LowLevei Cutout Voliage Vpp =5V 0.05 0 0.05 0.05 v
‘ : Voo = 10V 0.05 0 0.05 0.05 v
Vpp = 15V 0.05 0 0.05 0.05 v
Vou High Level Output Vohage  Vpp = 5V 4,95 495 5 4.95 \
Voo = 10V '9.95 9.95 10 9.95 v
Voo * 15V 14,95 14.95 15 14,95 v
V,,  LowLevel Input Vohage  Vpp =5V, Vo= 0.5V or 4.5V 15 2 15 15 v
Voo ® 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 v
Voo = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 \
V,, Migh Level Input Voltage ~ Vpp = SV, Vo= 0.5V or 4.5V | 3.5 35 3 35 v
Voo * 10V. Vg * 1.0V or 9.0V | 7.0 720 6 7.0 v
Voo = 15V, Vo = 1.5V or 13.5V{ 11.0 10 9 11.0 v
loo  Low Level Dutput Current Vpp = 5V, Vg = 0.4V 052 0.44 0388 0.36 | mA
{See Note 3) Vpp * 10V, Vg = 0.5V 1.3 11 228 0.9 mA
Voo = 18V, Vg = 1.5V 36 30 88, 2a mA
low High Level Output Current Vg = BV, Vg = 4.6V -0.52 -0.4¢ -0.88 -0.36 ‘mA
{See Note 3) Vop = 10V, Vg = 9.5V -1.3 -11 =225 -0.9 mA
Vpp * 15V, Vg = 135V, -36 -36 -8.8 -2.4 mA
[ input Current Vop ® 15V, V,y =0V -0.30 -10% -0.30 -1.0 UA
' Voo = 15V, V) = 15V 0.30 105 0.30 1.0 A
ac electrical characteristics cD40208M/CD40208C, CD4040BM/CD4040BC
% =25'C,Cy_ = 500F, R = 200k, 1, = 1+ » 20ns, uniess otherwise noted.,
FARAMETIR COND!TIONS MIN TYP MAX UNITS
tonet. trLmy Propagation Delay Time to Q, Vop = 5V 250 ' 650 ns
: Vpp = 10V 100 20 ns
Vpp = 15V 75 150 ns
: trrrs teem Interstage Propagation De'ay Time Vpp * §V 150 330 ns
! from Q, 10 Qn,y Vpp = 10V 60 125 ns
Voo = 15V 45 20 ns
, Trmes Trm Transition Time Vpo™ 5V 100 200 ns
! Vpp = 10V 50 100 ns
i Voo ™ 15V 40 80 ns
P twi e Minimum Clock Pulse Width Vpp = 5V 125 335 ns
i Vpp * 10V 50 125 ns
! Voo * 15V 40, 100 ns
i tels ticL Maximum Clock Rise and Fali Time Vpp = 5V - no limit ns
' Vpp = 10V - no limit ns
' Vpp = 15V - no limit ns
ey Maximum Clock Frequency Vpo * 5V 1.5 4 MHz
Voo = 10V 4 10 MH2z
Vop * 15V 5 12 MHz
. topLtr Reset Propagation Delay Voo * 5V 200 450 ns
Voo = 10V 100 210 ns
} Vpp * 15V 80 170 ns
HEE W Minimum Reset Pulse Width Voo * 5V 200 450 ns
Vpp = 10V 100 210 ns
Voo * 15V 80 170 ns
! Cin Average Input Capacitance Any input 3 7.5 pF
! ’ {Note 1)
Cou Power Dissipation Capacitance {Note 2} 50 pF

! Nots 1 Capacitance gusrantepd by periodic testing.

(_

i Now 2: Cpg determines the no-ioad s1c.
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ac electrical characteristics CD4060BM/CD40G0BC Ta =25"C,Cy = 50pF. R = 200K, t, = t¢ = 20ns, unless Gtherwitciy,

PARAMETER - CONDITIONS MIN . TYP MAX UNITS
“toniar tLie Prepagation Delay Time to Qg Vpp = 5V 550 1300 ns "
Voo = 10V 250 525 ns
Vpo = 15V 200 400 ns
trpee toLH lmers’éga Propagation Delay Time Vpp =5V 150 .~ 330 ns
from Q, t0 Q, 4y Voo = 10V 60 125 ns
Voo = 15V 45 90 ns
trmL. Trun Transition Time . : Vpp ™ 5V 100 200 ° ns -
Voo = 10V 50 100 ns
Vpp = 15V 40 80 ns
twis twH Minimum Clock Pulse Width Vpp = 5V 170 500 ns
Vpp = 10V 65 170 ns
Vpo = 15V 50 125 ns
treLs Yol " Maximum Clock Rise and Fall Time Vop =5V - no limit ns
Vop = 10V - no limit ns
Vpp = 15V - no limit ns
feL ) Maximum Clock Frequency ! Vpp = 5V 1 3 MHz
Vpp = 10V 3 8 MH2
Vpo = 15V 4 10 MH2
trHLiR) Reset Propagation Delay ! Voo * 5V ] 200 450 .ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
twH(R? Minimum Reset Pulse Width Vpp =5V 200 450 ns
~ Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
Cp Average Input Capacitance Aay Input 5 7.5 pF -
{Note 1)
Cou Power Dissipation Capacitancc {Note 2) - 50 ’ pF

Note 1: Capacitance gusranteed by periodic testing.
Note 2: Cpd determines the no-ioad stc.
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