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ABSTRACT

This project concern adesign and construction of CATV MODEM FSK. This
MODEM operates in half duplex system. The modulation technique have been used in
the design. Transmitter & receiver section must be designed to have protection
properties. In the MODEM consists of FSK transmitter and FSK receiver with

carrier for FSK about 25MHz and bit rate of MODEM about 1200 bps
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vV, = gV, 1,2
r,+2Z
Av=&_=~gm ,Z =- Uz (5.7
v, r,+Z 12

A a a A A v o P 3
M3 WenAMIBeRFARNLULABIIRY v, = v, Aiuaunsh (5.4) f B vzifly

1= -tz =-(1 + 1) (5.8)
Av gmrdZ ng u

aumsn (5.8) Sun1 M0 UWYBAMUAYDINITODAT QA NYBIU IS ITNTY
(Barhuasen’s oscillation condition expression )”

g 5.7 0 i Wunssuad lwaru L, ud

Vel = (rl +j('0L|) i

§ [ )
@ r1iuanuduniulrlasses L,
1119390 v, = jOMi,
Have 1

B.-

v, = - jOM (5.9)
v,

r, + jJOL,
wnuaumsi (5.4) dwaun1si 5.7) ez (5.9) m A B vzifu
AVBV= jOMg r,Z = jOOMg r, =1

(r, +2)(+joL,) (r, + DG, +i0L) (5.10)
zZ

v ' P~
W12 1/Z dautlu

z r, + jOL,

D38931



20

sufuaumsd (5.10) iy
AB, - jOMg,r, =1
{r,Goc,+ 1 )+1}(r,+joL)
r, +jOL,

tﬁ'amma:mn nﬁ’nm’yﬁaummﬁumsuuuazﬁ‘lms%’ﬂmaniﬂﬁﬂx"lﬁ"h

Crr+ Ly -j(r+ - @rLc ) =1 (5.12)

Mg r, OMg_r,

P (=3 J [] ° s Y a oy ] N 9 e w
MUTUNIIN (5.12) %:m‘u’nﬁ’mmmuﬂsmmnmvﬂu 1 Lla&'ﬁ')uﬁ]uﬂﬂTWﬂﬂ@ﬂJﬂ’uﬂu 0

q’;‘ 7
ez ldh
Cry, + L =1 @ofmunavesinaidoyeo) (5.13)
Mgmrd
Rt n-OTLC =0 (Jefmuavosanuddymion) (5.14)

VINFUMSIN (5.14) 32 ]1aN

2

O =1+rh= 1 (1+71) (5.15)

LC, LC, r,

o A P [ AN v o« [<
wufio aAnudvesdganui ldenmsesadaman £ sifly

f= ] \/ 1+ (r,/r,)
27I\/ L.C,

’ 1 4 14
ool r,<<r, wwe andudt r/r, qusodanald
f= 1 (5.16)
oV Le,



21

NINAUNSN (5.13) 92140

&= Cr+ L, =L (Cr,+1 ) =1, (1 + 1) (5.17)
M M L o1 M R,

06149 5.1

A1ee L, uae g, wwéssdinwilaeesildeeseeasamne? uvudendayao]
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iy, = (JOL,+r)i - jOMi, }
joc,
i = jOOMi,
j.(x)L2+ h,

¥
nFUNMsUUM T ldaunisas T

{(oL,+ 1 +1) JOL, +hy - jOM } i,

joc, JOC, jOM

B=1i = OM
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A B, = h,(OM
O{L,(1-WL,C,) +Cphy, + O'MC, }+i{ 0C Ly, + ( O'L,C, - 1)h,}
=1 (5.24)
PNTUNSTH (5.24) 9218
O'C.Lyr, + (O'L,C,- 1) h, = 0 (5.25)
hM=Ly(1- W’L,C) + Cyr;h, + OM'C, (5.26)

nNAUMSH (5.25) uansdetmunvesnimddyana drwaumsh 526) uandedmua

YOIV IAFNA T QYR I8

VINAUMIN (2.25) 92 189
= 1 (5.27)
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3 U £y & 9 ~ 1 Q =1
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M
v o
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f= 1 (5.29)
Al LC,

UnuEINST (5.26 Avaunsdi (5.28) b, axiiu

h=Crh, + M (5.30)

M L,
Pa /o o ° Sy . 1 g v o
Mouiiuaudngamiss R, veassvazii il nan G, = 0) fanudy L,/Cyr, fariu b, vziilu

he=Lh +M (5.31)

MR, L,
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v, =hi, +hv, (533)

i,=h,+hv, (5.34)
unzdmiumstounsuee Waumsdai

v,=H;(-,)+Hy, (5.35)

S, =H, (i) + Hy, (5.36)

do 'l daumsii (535) avfuaumsi (5.33) uazaumsh (5.36) vIRFUEUMST

(5.34) wafi 1vziihy
O0=(h+H)i,+(h-H)v, (5.37)
0=(h-H)i,+(h -H)v, (5.38)

fMavuvasrumsuuee tdidy

0 (h-H)
0 (h+H)
i = ANLY (5.39)
A A

e A umdmesluunuvivesdutlssansvosaunsii (5.37) uas (5.38) Tuauns
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vi=h i+ hv,=hj
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wemsvvaTamMuLUVABIIDY v,= v, ling i, =1, 7UMITN (5.42) aznauitly
V) =Zy 1y Zoi,
UNUANMSA (5.43) wag (5.44) asluauniss (5.45)
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Dy, = -jeOM (5.47)
I |L=0 1-O’L,C, +j0C,r,
Z,=v, = JOL,+ joc, ™M (5.48)
I, |L=0 1-O'L,C, +jmc,r,
unuaunsh (5.47) uag (5.48) aaluaums s (5.46) 32 Idmadnsaf]
h, JOM = h, +jOL,- jOC, WM (5.49)
1-®L,C, +joc,, I- OL,C, +j0Cr,
o -
UUAD
O°C Ly, +(OL,C, - Dh, = (5.50)
h,M=L, (1;co’L,c,)+c,r,hic+0)’M2c, (5.51)

wan ldanaunish (5.50) uaz (5.51) szmdousuanms (5.25) az (5.26)
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1NgUN 5.15 92 18N
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1 4 v
3 . . v w P <
WS i, =i, 0, =i =hyi, ATNINMIN (5.52) vz ldisu
(h,+2)i, - Zi,=0

(heZ,-Z) iy + (Z,+ Z,+ Z,)i, = 0 } (5.53)

[ 14 "
mugumsuuez lddmeuidede i # 0 uaz i, # 0 suiumdulssaniameiuus A e
douilu A= o 1iufe
A = (e +Z)Z,+2Z,+2Z)+ Z, (hZ,-2,)

=h, (2,+Z,+Z))+Z, {Zz(l +hy) +Z, } =0 (5.54)

' [ =] a 1
i z,,z, uaz z, Wudueaumudaieuds jx, , X, uaz jX, vnaunsh
(5.54) vefiauiu
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uazmn%"m’m%umn1wuaz§1mu%?wmﬁumsuuﬁw"lﬁ”h
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MruavesdnamTyY I 1INauNISH (5.56) 12 184
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unuumsi (5.57) asluaumsi (5.55) w1l
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y =4 3 d ' ot o w {
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(5.57) uag (5.58) 32149



31

X, (5.59)

Naf«awﬂﬁumsmdﬁﬁqﬂ"l@’fﬁ :
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wi arfun X, tnezidenlfisnnnnh X, 10 84 30.1aue L,/L,=C,/C, 108430n)
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e M Uaned £ vzishy
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L3 Clc2
o C,+C, (5.63)
9 1 4
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] t 4

nngilii 5.19 Sldnszunnaegluguidly i, uos i, v l8aunsfal
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L4
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NANAISN (5.66) i’l’af‘i1'n'umxmmsaaa@ammmudmﬁawmﬂuﬂ?alﬁa A= 0 %31?31‘
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qUN15An D 15

A=r1,2z,+2,+2)+7,{z,1 +g.1,)+2Z, } (5.67)
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1+1 © o (5.70)
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HazNTUMIN (5.70) (5.71) 9213
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6.2 NMI0DNUYVINTY FSK DEMODULATOR
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3 . . 1 4
1ummammuﬁuwwzﬁmﬁmuﬁmmﬁ'ﬂs FUWYBY VCO ﬁ‘]umnau Taoim

o ¢§ d o d"
fmuaidiu 25 MHz Fadigaslumsdunudadl

£f= 1
16R C, (Hz)
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C, siiae

c, = 1

(16*100%25*10%)

= 25pF

¢ ¢ :
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DESCRIPTION

FEATURES

" The NESGA is ite, high freq
Phase Locked Loop designed for

with single SV supply
o TTL Inputs snd outputs

up to SOMHZ, As shown In Lhe block dia

the NESG4 consiata of a VCO, limier, pha

gram,

¢ Oparation to SOMix
+ External loop gala control

p and poat d P * Reduced cacrier feadth
B ‘ ® No elaborate filtering needed in FSK
APPLICATIONS applications

* High speed modems

& FSK recelvers and transmitters
¢ Fraquency synthesizers

* Signal generators *

© Can be used as 8 modulator
¢ Varlable loop gain (Extesnally
Controked)

ABSOLUTE MAXIMUM RATINGS
«  PARAMETER RATING uNIT
V4. Supply voltage v
Pin t 14
Pin 10 (]
fp Power dissipation 400 mw
Ta Operating temparature NE O0to 70 c
Oparaling tempereture SE -8510 +125
tetg Storage temperture =65 to 150 *c
BLOCK DIAGRAM
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i !
! |
2 Lsrren ruast  p——o01 :
[ 7A 1 ¥ LIUL ) ]
1 . AMPLUrER Prsomees 1
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1 * 100— 1
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PIN CONFIGURATION

LN PACKAGE
v [} 14] ™h vaeur
‘m (3 T3] wvrivag sev
vt 10 rrase
Comranaron ] [14] amss0a ourma
oo rures (1] 73] rea sevear

1000 rures (3] [7] e oy e
13] vCO ZRNWT 01

(9 ve

7] veo avrmr m,

PRI s E
ausseron (7]

Laad O

OROER PART NO,
SE/NESSL

FUNCTIONAL DESCRIPTION

The NES5S84 i a monofithic phase tocked
{oop with a poai detnctivn processor, The
use of Schottky clamped translators and op-
timized device geometries erlonds the lre-
Quency of Speration 1o greater than SOMHe
tn addition t0 the ciessicel PLL spplications,
the NES84 can be used a3 8 modulalor with
a ion.

The output voltage of the PLL can be writtes

as shown in the following equation:

vo - U = o) Equation 1
KW.

KycQ = conversion gan of the VCO (see figwe 7}
ha = lrequency of the imput sipnal
lg " * lies cunming traquency of the VCO

The pracess of recovering FSK signale in.’

volves the conversion of the PLL output into
fogic compatible signale. For high dsts
18108, & consideradle amount of cerriar mll
be nt at the output of the PLL dus 1o
the wideband nature of the loop lilter. To
avold the use of complicated filters, s com
Parator with hyste or Schmitt rigger w
roquired. With the conaversion gain of the

. VCO fixed, the output voltape as gives by

Equation 1 vacies according 1o the treques

on of 1iq Irom {,. Since this dittere

m 1o syatem, it is ary that

the hystarlsis ol the Schmitt trigger be ca

pable of being changed, 30 that it can be
iml for a i

P aysiem. Thia u



SE/NES64

plifisr output (pin 14), Thia forms an integre-
tor whose output voltege 13 shown in the
tollowing equation:

s

Voo
A

Vit Equation 3

Om
€2
Om = ransconductance of 1he amphfier

Cy = capscdor at the outpat (pm 14)

Vin = signal vollage al empidiar nput

With proper selection of Ca, the integrator
time constant cen be varied 80 that the ouf-
put voltage is the dc or age value of the
input signal for use in FSX, or as a post
dstection (ilter in finear demodutation.

The comparator with hysierisis is made up
of O49—Qsp with positive tesdback being
provided by Q47—Q4g9. The hysterisis is
varied by changing the current in Qg with a
resulting varistion in the foop gain of the
comparstor. This method of hysterisis con-
1rot, which is & dc controt, provides symmet-
fic vasiation sround the nominal value,

EQUIVALENT SCHEMATIC

Design Formula
The tree running trequency of the VCO is
shown by the loflowing equation:

o= T "z Equation 4
R, = 1001

€ = externsl cop m Inrads

The {oop lilter diugram shown is expisned
by the loflowing eguation:

F(s) = Equation 5

[}
14 8RCy
A = Ryp = Ry3 = 1.3ki1 INTERNAL)

By adding capacitors to pins 4 and 5, two
poles are added 10 the loop transter iunction

1

o= EE;

FM DEMODULATOR

The NESG4 cen be used a3 an FM
The ! tor op. i

SE/NESG4-N!

8t 5V and 12V are shown in figures 2 end }
reapectively. The input signsl is ac couplea
with the output signal being extracted at pin
14, Loop fittering is provided by the capac-
108 at pine 4 and § with additionsl filtering
being provided by the capscitor ai pin 14
Since the conversion gain of the VCO b8 nor
very high, 1o obtain sufficient demodulates
output signal the lrequency deviation in the
input signal should be fairly high (1% o
higher),

MOOULATION TECHNIQUES

The NES84 phase locked loap can be modu
1ated at elther the looo filter porta (ping 4
and 5) or the input pon (pin 8) as shown w
figure 4. The approximste modulation tre
Quency can be determined from the frequea
€y converaion gain curve ahown in figure §
This curve will be appropriate for signan
injecied into pine 4 and S as showa n
figure 4.
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FSK Demodulation

The 564 PLL is particviarly attracti o for
FSK demodutation since it contalns an inter-
sai voltage comparator snd VCO which have oy .
TTL compatible lnputs and outpuls, end it
can operate trom a single 5 voit power sup-

ply. O tated dc volteg iated <
whh the mark snd space frequancies ere

[ vco ouTRT
d with @ single itor in % ’ <
& dc rotriaver withou! utitizing extensive fil- sovt 0—| pis) o6 o

tering networks, An interns! compasrstor, R "
scting e a Schmitt trigger with an adjust- _;_——‘i 4 " —“ro —

able hysteresis, shepes the demodulated T a o =
Eh;vw— . — ¥

SE/NE 564 TEST CIRCUIT

" -

vollapes into compatible TTL output leveia,
The high frequency deslgn of the 564 en-
ables it 10 demodulate FSK at hich data e
raten in exceas of 1.0M baud.

[l o £

Figure 6 shows a high-frequency FSK de-
coder deslgned for input trequency devi-
stions of £ 1.0MHz centered around a free-
tunning lrequency of 10.8MHz. The valve of

Flgure ¢

£ DEMODULATOR AT 5V

40pF. A trimmer capacitor was added to line

tme 15" to 10.8MMz.
& toce nanar aovamment

Figure ® Indicates that the 1.0MHz tre- e
quency devistions will be within the lock
1ange tor input signal levels greatar than ap- - I I = Loos rRTIA
proximately 50mV with zero pin 2 bias cur- oo

rent. While strictly this figure is appropriate -
oaly for SMHz, il can be used as & guide tor
fock range estimates st other [," fre- AL FRTIR v ekl

o ’ ~ .f—e s
quencies. i N " —Wj_—:m eTECTION fuTia
L

The hysterenis was adjusted sxperimentaily 1
vt the 10k(! potentiometer and 2k biss ar- 19 12

t 1o give the hape shown in J ot
bowre 7 for 20K, 500K, 2M baud rates with 1o o sane
square wave FSK modulation. Note the mag- S naEEnCY ALY CAP
situde and phase relationships of the phase
comparators output vollages with reapect 1o
sach other and 10 the FSK outpul. The high o o
Hequency sum camponenfs of the inpul and
VCO trequency also sre vialble as noise on
the phaes comparatore outputs.

113

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

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

NORWALIZED VCO FREQUENCY
AS A FUNCTION OF TEMPERATURE
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Phase Locke Loops

CIRCUIT DESCRIPTION OF

THE 564

The 564 contains the functinnal blocks
shown in Figure 4.15 In addition 10 the
normal PLL tunctions of phase comparaior,
VCO, amptifier and low-pass hitor, the 564
has internat ciecustey (or an input signsl hmit-
o1, a dc relnever, and 8 Schmitt tngger, The
complete circunt for the 564 is shown in Fig-
ure 4.18.

Limiter

The input hmiter funcitons 10 produce a near
consiant ampltude outpul that serves as
the input for the phase comparsior Elmi-
rating amphtude varations in the FM mnput
sgnal improves ihe AM rejection of the
PLL Additional features of the 5645 limifer
are that il is capadle of accept:ag TTL sig-
nals, operaies at high-lrequencies up to
S0MHz, ang remains functionat with variable
supply voltages between S end 12° volis,

BLOCK DIAGRAM OF THE 564

wow ot
uten .

e

P O 100 Crer
comsne | Comrman
©

amu 06
outeut

1
'
veo #O$T OF 11K teOm 1
SnOCE 3300 ) 'l
westeoess H
) . 347 3
Taseds CareCiOn l
Figure 4.15

SCHEMATIC DIAGRAM OF 564
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Phase Locked Loops

Signal limiting is accomplshed in the 564
with a dillerential ampiiier whose output
.. voliaQe 1s chpped by diodes O 1,000 07 (see
, Fipure 4,17). Schotiky diodes are used be-
cause their limiting occurs between 0.3 10
. 0.4 volts instead of the 0.6 to 0.7 volt tor
regular [C diodes. This lowsr limiing levelis
helptul in biasing, especially for 5 volt oper-
ation. Whan limiting, the dc voltage across

R and Ry remains at the Scholtky dode’

Phase Comparator

The phase compsrator saction of the 5641
shown in Figure 4 19 1115 besically the con-

i doubl mixer

ty used in PLL Circuits with & few excep-
tions. The transconduciance, On, lor the
Q13 - Q14 difterential amplitier is directly
proporlionat to the muror current in 015
Thus by externally snking or sourcing cur-
tont al pin 2, oy Can be 1o alter the

cerem

vCO 10 esiablhish s quiescent currenis,
the VCO conversion g (Kg) elso depends
upon the biss . arrent &l pin 2,

veo

The VCO is of the basic smitter-coupled as-
{abie type with aeveral modifications includ
ed 10 echieve the high ifrequency, TIL

voitage. Good high-t,
tor O2 and Q3 is achieved with current lav-
ols in the low mA range. Current-source
bissing is established vis the current mircor
ol Dg 80d Q4 (See Figure 4.16).

" Bsue blasing for Q3 is of

phase ] s conversion gsin, Kg.
The nommat curren injected into this node
by the internal current soutce 18 0.75mA for
S voft operation. # this current 18 externatly
samoved by gating, the phase comparator
can be disabled sad the VCO witl opsrate et

of the nature of the input signal which can
;b- either a TTL dighisl aignat of 0 to 5 volts
- i or & low-t , 8¢ ted anslog
signal. Compatidduy for either type is
schieved by moditying the fimiter of Figure
4.17 with the addition of the verticat
Schettky PNP translstors Qt and QS shown
in Figure 4,18, The lnput signal voltage ap-
pears as & coflecior-base voltage for Q1
which presents no problems for either high
TTL levsl inputs of low-levsel analog inputs.
QS5 is in turn diode bissed by D3 and D4
(see Figure 4,18) which places the beee
voitages of Q1 and QS at approximatety 1.0
volt. Thia same biasing network estsblishes

. & 1,3 voll blas at the base of Q13 for bias-

ing the'phase comparator section. A ditter-
ential output signal from the input limiter is

© applied to one input of the phase compars-

tor (Q9 thwough Q12) stter buffering the
level shifting though the Q7 - Q8 smitter {ol-
lowera,

*When aperating sbove SVEC, & bmitling 1eeeior muel be

T wned wem Vi 13 pen 10 6l the 864

its 1

The varistion of K4 with bias current at pin 2
ia shown in the expenmenial resulls of Fig-
ure 4,20, Note the inherent $0° pha. 110t
in the loop produces an approximate zero
comparator output voltage. For any
panicular bias cuirent, the slopae ol the line
is tha K4 conversion gawn.for the phase
comparator. Numerically the data of Figure
4.20 can be expressed sy

volts -d
Kgar0.4¢ Y28 47 3210

volly
180 5 uA

xIBIAS
{4.3)
whore Igiag is in uA. Equation 4.3 is vald
for bias current lass than BOOA where
saturation occurs within the phase compe-
retor.
The current level established in Q15 of Fig-
we 4.18 alt other q cutr-

while ining low
frequency drift with tempaerature chang
The basic osciltator in Figure 4.21 con
of Q18, Q20. Q21, snd Q23 with current
sinks of Q25 and O28. The master current
sink of Q28 keeps the totsl current consfant
by altenng the ralio of currents in Q25 - Q26
and the dummy current sink of Q27,

The input drive vottage for the VCO Is made
up of de and ditle
components from the phase comparator
Ahier buflering the level shifting throwgh
Q17 - Q18 and Ryg - R 5. the VCO control
voltage is applied dilterentislly to the bate
of Q27 and 1o the common bases of 023
and Q26

The VCO control voltages lrom the phase
comparaior are the pin 4 and pin S voltages
or

Va=Vco = Vaie = YCMm '-}Vou (LK)

1
Vs = Vg2 = VB17 = Vou =3 Vom (4§

wheare Vo snd Vo are the respective
de and the

tonts in the phase comparator {O9 through
Q14) Courrents through R (2 and fl (3 set the
common-mode output voltage from the
phase comparator (pins 4 and 5} Since this
common-made voltage 15 applied 1o the

Emitier followers Q17 and O18 ctonaven
theae control voltages into control currents
through Dg and D7 of the torm

. BASIC LIMITER STAGE

STAGE WITH INPUT BUFFERING

' ! LIMITER
. .
evee
" >y
N ' "
. B .
. a 3
: b4l " " o
ve
Va Qr L) .y
[T
[y s

Figure 4.17

E3

Flgure 4,18




Phase Locked Loops

1
6= g [ch - -} Vom — 2 VBE] (4.6)

1 1
7= mgivem t y Vou -3 Vae] .

Theae individs are dinDg
and bacome with Ryg =~ R;g = R.

tg=t=lg+i7 = F-(vcu - 3 vagd (4 8)

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

v,
6= 50~ 2 (a9
Vi
|7-—5~(|0-‘%‘-‘) {4.10)
Now conai variations in lg and Iy

while | romeing constant.

Let x indichle the current imbalance such
that

lgati-nie 0= way

v
PR O (4.42)
where 0 < x < 1, Thus x is defined 10 be
Vi
5 eg (14 g2 (4.13)
Cutrents lg and 1y esteblish proportional
currants in 028, Q28, and Q27 in a manner
similar 10 the analysia above since the cur-
tent in O28 is 8 constant, o
lo =1C20 = lg25 +lg26 +lg27A +
le278

Gibert(10) has shown that the Dy - Dg di-
ode peit witl cause identicat ditferential cur-
renls 10 be reflected m both the Q25 - 026
and the O27A - Q278 difts: ential amplitiar
peirs. Conaequently the constant current of
iy iointly shared by the differeatial amplitier
patrs will divide in each pair with the same x
factor imbalance as in Equation 4.13.

lg25 + g2 = o (.10

25 = 1E28 ~ T lo (.19

Ig27A + IE278 = (1 — x) 1o (4.16)

€27 = te2re =56 (4.17)
How i placing & cap. b

the coltectors of Q25 and 026 (pins 12 and
12). Osciltation wiil occur with the capacilor
aternately being charged by Q21 snd 023
and constantly discharged by Q25 and
Q26 When the Q21 and Q22 par conducts,
Q23 and Q24 wifl be off causng a negalive
tamp voliage 10 sppear af pin 13 and » con-
stant voltage 8t pin 12 3a shown m Figure
4.22. Dunng the neal halt-wycle, the transis-
1% roles and voitages are reversod. Ca-
pacuor discharge i3 via Q25 and Q26 which
act 33 constant-cuneni sinks with current
ampitudes as n Equation 4.15,

PHASE COMPARATOR SECTION

. .
ve o [

24 g
;- v e

I

Figure 4.18

VARIATION OF THE PHASE COMPARATOA'S
OUTPUT VOLTAGE VERSUS PHASE ERROR
AND BIAS CURRENT

o mate CHwatery
At vk vass = o

-
PR
g 2 woa
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- gt
-
-
-

Flgure 4,20




VCO SECTION OF 564
e

0 Gt
o

i

o

VCO WAVESHAPES

oafom
£

‘-.

[

Flgure 4.21

Flgure 4.22

Ouring esch half-cycte, the capacitor volt-
age changes linearity by 2AV volis in AT
seconds where '
AV = 2R20 lo ( 5+ 57 )= Ryp 19 (¢.18)
and
23V |
AT = T3s (4.19)
Comblning these two equationa with
. quﬂkw 4.15 glvas & halt perioa of
&
s1w €B2 (4.20)
U!Iyizluo €quation 4.13 with the AT eapres-
sion gives the desired VCO frequancy ex-
presaon of

o' (1 + 1,
to= o’ 'W' I=to [’ﬁVcwWasi]
(4.21)
where 1’ is (he VCOs free-running fraquen-
cy o!v!n by
fo' = ToA20C (4.22)

Equation 4.21 shows that the oscillator fre-
quency is a linear function of the diftareatiat
voliage from the phase comparator. Reaia-
tors R3g and Rag function 1o insure that an
initial current imbalance exists betwean the
Q25 - Q26 transistor pair end the dummy
Q27. Thia imbaiance insures that tha oscil-
fator is self-starting when power is |
plied to 1he circult.

The VCO converaion qnln 18 detarminad as

a, .
'V-°M - Tl Hzrvolt (4.22)
which is valid as long 83 the transislors
Vag changes are small with respect 10 the
common-made vollage. Both 1, and Kq sre
inversely proportional 10 R which has a

atrong p An
internal current g havlno an equal and op-
posita ney 11, | is

inserted into the VCO as shawn in Figure
4.21,

Experimental determination of Ky can be
found from the data of Figura 4 23 where Ko
s the slope of ether line. Numerically these
results are lor igjas = O,

Ko =095 g9 108
and for lgms = B00uA
Ko = 1.7 ¥HE 2 10.45 0 108 Y (a.28)

#t must be noted that the spacific values ob-
tained tor Kg in the manner above are valid
only for the |.OMz {r. unning frequency
where the data was taken, Howe:

VO" GCG irsec (424

Ko
Kotnorm) = ;3= 69 vt ¢ Ugias = 0

a 1048 & Upias = 800uA) {478

Qll
The K eatimate for any bias then can e
obt d by mulliplying the normahized cos
version gain by the desired free-runmng i's
qQuuncy, or

Ko (any 19) = Ko(norm) fo’
The additional VCO circudry of 025 theo. p
Q36 (Figure 4.16) tunctions 1o produce *e
TTL and ECL compatible Outputs at p ¢
and 11, '

“zn

Amplifier

Yhe difference-mode voltage liom e
phase com; arator 13 extracted and ar
fied by the amplifier in Figure 4.16. The v»
gle-endad output from this amplilier setee
a3 input signals lor both the Schmitt Trg v
and & second ditferential amplher L
paas filtering with a large capacitance ¢
pin 14 produces a stable d¢ reference leve
23 the second input ty the Schmitl Trgye
When the PLL 13 locked, the voltage &' 3»
14 is directly proportionat 10 the didtersxy

estimates lor Kg st other lrge-ruaning fre-
quencies cun be oblained by finearly acal-
ing Ko 10 the deswed Iy’
sometimes convenient to def
12ed Kg as

. 0ood bt the input tr and f' "
P 14 provides the demodulated outpu w ‘
a FM input signat, 1



Phase Locked Loops

Schmitt Trigger

In FSK apphications the pin 14 voltage will
assume two dilterent voitage levels corre-
3ponding 10 the mark snd space input ire-
quencies. A voltage comperator could be
used to sense and convert these two volt-
agpe levels to logic compatible levels. How-
aver st high date rates, Vs witl contain e
considerable amount of carrier signal which
can be removed by extensive filiering. Nor-
malty thes complea filtering roquires Quite &
tew components, mast all of which ure ex-
terna! 10 1he monotithic PLL Also since the
control vollage for the comparaior dependa
wpon Ko and the davistions of the mark and
space frequencies from 1y, the tdiering has
10 be optimized tor esch different system
viiized. However the necessary dc refer-
ance tevel for the comparator is present in
the PLL but buried in Carrer frequency
feedihrough which appears as noise in the
system. A Schmut ingger with vanabte hys-
tarisis can be used successiully to decode
1heFSK data without the need for extensive
tiltening,

Consider the system shown in Figure 4.24
whare the input signal ia the single-ended
output derived lrom the amplifier section of
the 564. The dc retriever functions 10 estad-
fish a dc releronce voliage lor the Schmitt
trigger. The uppe: and lower tngger points
e adjustable externally sround the refer-
snce voltage iving the vartable hysteresis.
Fot vary low data rates, carrier feedthiough
will ba neptigible and the ideal situation de-

VCO OUTPUT FREQUENCY AS A FUNCTION OF
INPUT-VYOLYAGE AND BIAS CURRENT
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Flgure £.23

picted in Figure 4,25 resulia. I d
date rate prod the cariter

shown in the (b) figure whers falas FSK out-
puls rasult becauze the feedthrough ampli-
tude exceeds the hysleresis voltage.
Having the capability to increase the hys-
terasis as in (c) produces the desired FSK
output in the presence of carrier fead-
through.

Ancther mportant tactor 10 be considered
w the teniparature drift of the g’ in the VCO,
Smafl changes in lo’ will change the dc level
of the input veltage 10 the Schmitt trigger.
This de voltage shifl would produce errors
= the FSK outpul In narrow-band sy

POST DETECTION PROCESSOR FOR FSK
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Flgure 4,24

where the mark and apace devistiona in fiy
w10 less than the 1y’ change with tempe
Iwe, However this sffect can de eliminaied
A the dc or aversge value of the amplifier
signal ie relrieved snd used as the refer-
ance voliege for the Schmift triggar. In this
manner, varistions in the 1y’ with lempera-
twre do not atfect the FSK output.




WAVESHAPES FOR FSK DECODING IN THE
POST DETECTION PROCESSOR

(A} LOW DATA RATES WITH NEGLIGIBLE CARRIER FEECTHROUG
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(B) FALSE FSX OUTPUTS DUE TO FEEDTHROUGH AND LOW HYSTERESIS
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(C) INCREASED HYSTERESIS RESTORES PROPER FSK
OUTPUT IN THE PRESENCE OF FEEDTHROUGH
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ELECTRICAL CHARACTERISTICS
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Vi = SV, Ty = 25°C. fo = 5MHz, ig = ~200uA unlesa otharwise specitied.

Test Circuit, Figure t
. SES64 NES64
PARAMETER TEST CONDITIONS ain Tve Max Min o Max uNIT
Maxitnum VCO Irequency 50 65 45 €0 MHz
Lock range input = 200mVrms, Ta = 25°C 60 80 60 90 % of fo
= 125°C 30 50
= -55°C 120 150
=0'C 100 120
=70°C 50 70
Capture range Inpul 2 200mVYrms, R2 = 270 25 as 25 as % of fo
= 1000 as $0 35 S0
VCO trequency drift with {o = SMHz, Tp = =55°C 10 125°C 400 | 1000 PPMIC
temperature =0°Cto720°C 400 | 1250
o = SO0kHz, T4 = —55°C to $125°C 250 500
=0°Cto 70°C 400 850
VCO Hrequency change with |\, | 4 gy 10 5.5v ale 3 | 6 |morto
supply voltage
Domodulated output voltage Modulation freqlency: 1kHz, fo = SMHz
nput devistion: 10%, ¥ = 25°C 120 140 120 140 mVims
Po1%, T w 25°C 12 14 12 14 mVems
T=0°C " 13 mVims
= ~55°C 8 12 mVems
= 70°C 13 15 mVems
= 125°C 14 16 mVems
Linaerity Deviation: 1% 1o 8% 1 3 1 3 %
Signal to noise ratio 40 40 a8
AM rejection 3s 35 ‘a8
Supply current V¢ = 5v as 50 35 50 mA
Leakage current Pin 9 1 10 1 10 nA
Qutput current 6 6 mA
Supply voltage i 4.5 12 4.5 12 v
Pin 10 45 55 4.5 55 v

accomplished in the 584 by varying the volt-
a0e al pin 15 which results in 8 change of
the hystaetiais ol the Schmitt trigger.

‘For FSK signals, an Imporiant tactor to be
considered Is the drift in the lree running
#requency of the VCQO itaelf. If this changes
dve tO p . ing to E ion 1
f will lead to a change in Ihe dc levels of the
AL output, sad consequently to errors in
the digital output signal. This is especiatlly
itve lof narrow band signals whera the devi-
ation in i itsall may be less than the
change in g due to tempaeratura. This ettact
i d if the dc or averaga value
retrieved and used as the
of. In this manner,
ssnstions in the dc levets of the PLL output
30 not aifect the FSK output.

YCO Section

Ove 10 its inherent high fraquency perform-
#aca, an emitter couplod oscillator is used in
e VCO. In the Circuit, shown in the equi-

vafent schematic, transisiors Oy and Qp3
with current sovrces Qz5—Qog form the ba-
sic oscillator. The free running frequoncy of
the oscillator is shown in the following equa-
tion:

1o _—wnc ' Equation 2

A = Ag = Ryg = 1001 (INTERNAL)
Cy = externsl iresquency setting capacior

of Vy (phase output volt-
age) changes the frequency of the oscitia.
tor. As indi by € ion 2, the Ireq;
cy ot the oscillstor has & aegative
temperature coefficient due to the positive
temp: jent of the [
sistor, To compensate (or this, & current in
with i i is in-
troduced 10 achisve & low lrequency dritt
with temperature.

Phase Comparator Section
The phase comparator consists of a double

1o improve AM rejection. Schotiky clamped
vertical PNPs are usad to obtain TTL level
inpuis. The toop gein can be varied by
changing the current in Qg and Q5 which
stfectivaly changes the gain of tha differan-
tial T3t This can be d by
introducing a current at pin 2.

Post Detection Processor

Section

The posl detection processor conaists ol a
unity gein tranaconductance amplifier and
comparstos, The amplilier Can be used as a
dc retriaver for demodutation of FSK sig-
nals, and as a post detection filter for linear
FM demodulstion. The comparator has ad-
justable hysteriais 30 that phase jitter in the
oulput signal can be aliminated.

As shown in the equivalent schematic, the
dc retriever Is tormed by the transductance
amplifier Qq2—Q¢3 together with an exler:

with a limiter

aal which is d st the am-
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