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PM TRANSMITTER:
JEVIATION MULTIPLICATION PHASE MODULATOR

I. Purpose of this Memorandum:

This Memorandum is prepared for the purpose of reviewing the more conventional.

phase modulator circuité, those generally requiring deviation midtiplicatior and
also some specialized devices., The application of such techniques to the
specific requirements of the R¥ Test (Console is treuted, Identification of
problem areas is made and some candidate systems are analyzed, The aduptability
of the systems to dual P}-FM modes of operation is considered, .

Finally a surmary comparison to the phase-locked modulator technique, pre-
viously reported, is made with conclusions and recormendations for RF Test

Console equipment design. ;

II. General Discussions

A, Specifications and Objectives

T%?e specific requirements for the RF Test Console phase modulator are
given in the JPL Spec No. GP3-15062-DSN, A summary of the pertinent require-
ﬁents was included in a previous report, dated August 25, 196k, covering a
phase locked oscillator phase modulator concept. Rather than repeat the re-
quirements again reference to these documents is suggested.

In the interest of eimplification and economy of circuits an additional
oblective not specifically stated is the desirability of dual mode PM-FM

operational capability of the modulators and :.ystems described below.
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B. A Reviiw of Typical Modulators for Analog Input Signtls
The gererstion of candidste cystems for a PM ‘ransmitter depends tc
: considerable e: tent ‘upon the thysical circuits aveilable to produce phase
moiulasion of & carrier frequency by en analog irput or cormand signal. Ino
. '
this secion Aiscussions of some typiczl wmethods are given, but no claim is

offeredi that taiz review is all-inclusive. Broad classifications of phase

modulat-r circuits incluie the following major concepts: : oE:
1. The Arnsctrong Thase Moduiator:  This methcd was used in the z

. #1 . . . - s 3
2arly FM systens™® where the input signdl was copernted upon by ar integrator =k
vrior to sg;iication to thepiese moculator. If the integrator.is omitted,

vhase medtlation is produced. 4 crystal controlled oscillator source is used

10 provide *twec .arvier signals in quadrature phase relationship, one of

=

. %

which is amplitude modulete! by the signal. The output of the balanced modulator =
is vestoriully sumred with the unmodulated cerrier thereby producing 8 direct - C 3
. - . - ,‘;f
Shase modulaticn of the resultant signal. For ascceptable fidelity the peak 2

deviatior of tue colulasor rust te limited to about [.2 radians.

*¥1 Arasirong, .M., YA Method of reducing Disturbances in Radio Signaling by

i a Systeﬁ of Frequeusy Modulaticn', Proc. IRE, Vol. <%, pp 639-T4C, May 1936. , -
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2. Phase shifters, ard Varjable Tuning of Resonent Cirvcuits: This

¢

-1s a broad clessificacion appropriate for the most zenerally used circuits for
bote FY and FM. €ountless variations of the e.act circuit configuraticn. are
found in the litersture. Trpically most of these circuits reguire a buffer

staga or amplificir to provile isolatior of the basic modulator from the

reference crystul oscilistor to avold eny degradation of carrier stabiliity.

" For this class of modulators the marimum »hase Gavietions schievable with
"agcesvable” linearity is limited to less than (.1 to 0.2 radians.
T 4 \ A ai s S
In the ecarly development - of PM and FM radio systems the reactance
~ -~ .. tube modulator was common. More recently the use of transistors, voltuge-

ariéb{e capécitors, ard .aractoers bas Lecome vide;spread.*}’l" 5,6

.

.. - % Crocby, M.G. "Comminication by Phase Modulation'™, Proc. IRE, vol. 27,
o up. _126-136, Feb. 19339,

. *2 T0dd, A.C., Schuck, R.P., &rd S .chs, H.M., "Using Voltage-Veriable .
LY Capacitors in Modulator Design", Electronics, Vol. 3L, py 56-59, Jan. 20,1961,

"% Thomes, L. D. end Erotherton, C.E., "Modulator Investigation” Westinghouse
-  {Electric Cerp., Elecironies Rept. EE-4416, 4O pps, Dec. 12, 1963.

.

. %2 Fai 1;19;;, D.0., "Oue Circuilt: " Phase Modulatién, Fregquency Multiplicavion”,
" Blectrories, Vol. 37, pp T1-Th, Nov. &, 196k, - . -

R Multiplier-Modulator - X3 and Phase, €5.0 MC/S Schematic _

) . Dizgrem, Jet Propulsion L.boratory drawing J933097C (nlsc Design Specifica-"

- tica DSIF S-Bsnd anc RF Subsystem X3 Frequency Multiplier and Modulgtor, -
66 MC, JFL S ec DOR-2i63-1-DSK-C, il May 196k.) )

3,
;

" . n..ﬁ".n -v'., Py .’ RYTY T :'
|, ke #ﬁ"'ﬁa-?_f&{m‘f LR AT S




HRF oy - s B L.
. ‘e

- . 3
: : o b5 - 335
X e, - L,
hee & .
3., Varisble Delay Lines: If several variable phase shift circuits
are connected in cascade to form an artificial veley line, the phase deviations g
of each circuit due to the modulating voltsges will be additive so that a large
composite deviation may be expected. The modulating voltage msy bLea appliéd
to a Variczp or Varactor in each sectim  produce phase shift. Delay comperr ]
sation is required for the modulating signal so that the carrier and modulating
signal signals arrive at each section of the line at the seme time. #p
analysis included below coes not however confirm that the e:pected large é
phase devietion is in fact ettainable. . ) . .
Small shase deviafion 18y be obtained with the transmission line i
) ) ] o :
terminated in an impedance vwhich is varied by the wodulsting signal.*e The Cz 3
' Coo T %
dutput is taken from the transmission tine a% & point where the incident ?
ani reflected waves combine to produce & resultant vhich varies in phase. - é
- _?:i
3
! - 2
) *  Cveavy, M.G.  ibid, ’ '
- - < %,-
§<: ' )32.
L > v
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4, Pulse Position (and Serrascid) Modulators:*T» & These circusts

are cepable of wide deviation phése moiulation without further mmltiplicatiorn,

at least over a modest rrequency spectrum of the médulating sigrnal. The

. coicept utilizes a carrier signal wmodulat-d in frequency by a periodic saw-

. tooth waveforn. This signal is applied to a gate circuit which is controlled

in time by a pulse generated from the desired modulating signal. The output
is ther filtered to remove harmonics, the resultent signal being phase

modulated with comparatively wide deviations. Basic limitations of the

’system would appear 1o be a limited frequency response imposed by the FM

ramp generator and difficulty in achieving adequate carrier 'stabili';y.

*7° Day, J. R., "“Serrasoid FM Molulator", Electronics, P 72, Oct. 19k,

. *8 Columbtia Univ.,"The Coscade Phase Shift Modulstor Employing Negative -

Feedback", Tech. Rept. T-4/16L, July 1961 RADC-TN-61-187.

-
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5. Special Devices: References found in the literature to

sever_'al special devicees which are capable. of direct wide deviation phase
modulation, For exemple %9, an Archimedian spiral target may be used with
a CRT to obtain several hundred degrees of phase deviation of the Shelby
modulator where an amplitude modulated carrier is applied through quadrature
phase shifters to the orthogonal deflection plates of the CRI.

. Another- special device for direct wile deviation phase modulation
is the Phasitron tube *1C. The tube generates a rotating bezm, shaped much
‘1ike the spokes of a wheel, The rate of rotation is advanced or retarded by
the l‘.'}Odtilj ating signal acting tbroughi an external magnetic field, The author

" clained phase deviations 12 to 16 times conventional modulators,

%G  Hund, A., "Frequency Modulation" pp 190-193, lst. Ed. McGraw Hill,
1942, ) ‘

%1 Adler, R., "A Nev System of Frequency Modulation", Proc. IRE, Vol. 35,
pp 25-3L, Jan, 10k47,

\

7
i
g
P

H




, r"m g e e .
1 j

/
5
& DT g 338
PARe &

7.

6. Differentistor-Freguency Modulator Cascede: - In theory rhase

* modulation may be produced by applying the moduiating signal through a per-
fect dtfferentiator (having a +6 db per octave slope over the signal spectrum

‘. N thence t¢ any linear frequency moduiator. Reference is made to a previous

report®1l for the detatled treatment of the phase-locked phase modulator

which is a speciali zed concept properly classified under this heading.

The more conventional frequency modulators permit a very small

£ it e o
\-'iu‘ e -
R 8
s -‘ﬂ*».
v .
. R

direct wide phasu deviations with minimum degradation of carrier stability.

Another potential method*12 for direct wide phaae deVia.tion lies

in the use of the dual klystron-mixer system where a free running klystron
" is frequency modulated to the full desired deviation whilé the secondary

klystron is controlled by a precision AFC loop to stabilize the difference

e
3

et
S

carrier frequency obtained by mixing the two klystron outmuts. This system

‘4’: . .
T ~ 18 widely used in continental microwave FM comrinicetions and hac also been

used for intercontinental TV via satellite. In addition to the requirement

""preséntly used for AFC does not glve sufiicient carrier stability for phasa

M coherent apylications. ,

hﬁ?‘-‘; . PO ——

M #11 Vaughan, C R., Osborne, E.F., and Entwi-stle, .4.S., "Phase locked
L 03011151:01- Phase Modulatdr Analysis", Westinghouse Electric Corp ,

- ﬁeliminwy Rept. , August 25, 1964 on .Contract: JIL 9501ks.
W12 Giger, A.J., Pardee, S, Jr. and Wickliffe, P.R., Jr., “The Gwound
; | 'Drammimr unC Receiver", Bell Syst. Tech. uour., Vol, 42, Part 1, -
o pp 1063-1107, July 1963. ‘

.
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li:near phase deviation , however the phase-locked phase modulator is capable of

1o s e i 7,_,,..,‘".-

e .. for-a dirferentiai:ing preervhasis networ: required to gen2rate PM, the technique
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. Console

‘the requirenment for high deviation on a 50 me ~arrier results in & large .

medulator. From the stundur: Bessel {functlions one may estimate that for s phase -
" devisticn of & radians and the Lre.mmmsion of all wmponmt* of energy level

_ yreeter than 1% of *hu. unmodaladel ce.r'riar, a. bandwidth is reguired adequate : .

B - e - . .- N ' P . . - - -
-
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c. Identification of (eneral Problem Areas Peculiar to the RF Test

*

[PER SN

Prospective systems for the FM Triusmitter must e evaluated to deters
mine performinee und ‘corpurative udvantages in th: RF Test Console application,

’

In a&'»,iition to the requi::tents for phase ccherence, stability, ond fidelity,

peréen‘tage bandwidth to carrier ratio that is peculiar w0 the RF Test Console. .
(}eneral problem areas encountered in making a decision as‘ to the most ‘
esifable mechanization include the fellovings:
. 1) Asruming that the mere orthodox modulation techmiqued of section = = - T

E (1) and (2} sbove are employed, “keir linear modulation cupability <¢f the

ordar-of 0.1 to 0.2 radians will reqiirelarge frequency multiplications in ¢

the subsequent circuitry 4n order to achieve the desired i.C radians peak

LR B R . PO . o
réquirement, For erampie a mulitiplication factor of 3Z véuld require & lipear ' -

RO

i
byt

modulatior cupebility of C.127 radians peal. . . L

2) In the freguency multiplication chain the percentage bandwidth re- S

quiremsmts do not remain cerstant but become incressingly @fficult {wider)

B i e

as cne peeedes [rom the matiub through each mult.plier stuge toward the phase

o

Rt

..};ﬁ AL
»@MK Y

¥

¥,

3

g

ot

for at least the oth order of o ”f.ll‘. s, It is igpertant to remember tbat

'

we

,;;-‘E‘fzgﬁ P sis‘s‘n ;"’J‘;ﬁ;f
s

all bideoan s are arented in the initial meduwlution, and that frequency I

umltipncation ereuaics no new sidevands but only redlstributea the ene & amom

7

those sidebends already existent. A4 distortion fres f}rste'“ wasl thev'e:t‘ore bave .

ade@ataabsolum bonuwiGth at ol volnts in the system. Thus for a top modu~ ] N “
lating frequency of 1.5 mes the required two sides (of) bardwidth 15 O mes . i
. %
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tor Q devintion of 1 radian, accommodating at least the third order sidebend
et the lower devigtion of the wideband channel,

3) As a conseg:ence of Y) and 2) it 1= otvious 1hat & direct multiplica-
tion of the prase modulator spectrum, by the lurge ratio required to obtain
the specified output devistion, ic incompaiitle with & 5C m# outrut center -
frequercy., Modula®ion methods requiring large irequency rmaltislications must
therefare provide one or —ore :‘requenvj fransiatians bty neterodyne mixing.

. ‘h‘) { phase moduizlor, frequenty multiplier and miver chuin requires

careful spectral analyaie t9 avoid the produciion of barmurics and image

.speciira that mey fall'gdi;!:hx uhe desireé banus., In add:tion te ihe careful

" selectior of nominal center frequercies the insertion of filters o remove

urdesired components cannot be mac2 indiscriminctely but design procedures :
st he sgmplored to ensure o linexr thase response over the fuil aodulation

Jandwidth 8t all center freguencies if delsy distorticn 15 L0 be cvoided.

I, Cerdidute Systens for the #F Tosi Conacle
In}.he se;.ev‘ﬁ‘onlof candidate systems f“of the D trinsmitter portion of
the KF Teat \,onsolc.; , practical fscu.rs 18 well =s potential oerformance capability
mist te consicdered, It is Cecirable to utilize concepts inberently reliable
.a:éi meintenance free, Drefersbly the egalr vve,..,r snoulé he of nodern solid

state desizn in crdzr o .'aini_r'.ize size and welght, a.d nower sapgly regquire-
e, s a 53¢ 4

ments, Since the RF Test Console has a dual mole capabllity of operation w.th
elther P4 or M simicls some economies wisht be achieved if -consideration is

gi.ven to circuit wtilizatior irn both uodes.
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The following candidate systems were chosen for comparison and fur-
ther examination in satisfying the objectives of the PM transmitter. They
ares
1) The phase-locked oscillator rodulater (described in seperate
report, reference 11 above).
2) A deiay line of cesceded phase shift net.works as illustrated
by the Diagram Figure 1,
3) A dual heterodyne nmixer-multiplier chain as skowr in the block
dicgram of Figure 2.
4) A direct multiplier chain with final output heterodyne transla-
tiom to the desired 50 mc center frequency, shown in Figure 3,
.2
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ITI. ABALYSIS OF MODULATOR EFFICIERCY
E,Before proceeding with a conparative evaluation of the candidate
ayste;;-an exarination of deviation vs. fidelity {is made for the basic
modulatnr circuit to shcv more factually the multiplication factor required,
The ve:torial relationships of the Armstrong technique are chosen as being
typlcal ¢f wmost small deviatiun nodulators. This is followed by a similar
examination of the phase shift network taken as an element in the delay
line candidate mo@ulator.
A, Lirearity Computations for the Armstrong Modulator:
First the modulator is examined for phase, then for amplitude
istortion, Reference to the diagram of Fig. La is suggested.

(1) PM Analysis of Armstrong Modulator: - In the dlagrams

the modulating signal, ep, is giver Yy:
en = ko sin Vgt (1)

and the carrier, or reference signal, eq, ia:

ec = E ¢ 8in Wt ()
assuming Zkec =].0 .
The output of the bafancad modulatorMis
e = Egsin (Wy + Wyt + Ey sin (W, - W)t (3)

ATter surming with the quadrature carrier, ez, the instantaneous modulated

*8ignal is obtuined, being:

e, = B, cos Wt + By ain (W, + Wy)t + Ej sin (W, - W)t (&)

Now it is desired to examine this output signel more fully in
terms of 1ts phase sud amplitude variations, The phase angle, §, of the

instantanecus vector, Fig. 4b, is:

o~
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l6.
Pl ,~+ Af(t) = Wct + arctan L 3n afn Wat (5)
Be
Uvder cthe constreint that:
2 Eu ' (6)
. <( A
the ins*tsntaneous phase 1is
¢(t) = ‘dct r & By Bin L . )
Be
consequently the instenaceous vector may be leacrived by amplitude end
phase functions, nampely.
ﬁ " » S;V\w’\‘
- eg =V g2 4 (2Bp, sin Wy t)}° cos (et + 2 By ounipgh) (8)
'LC
baving, 3k phase deviation
ap = &3 ' : 9
_ B .

The peak deviatior that rey te octained with linesrivy Is limdited vy the
condliaion Thek . ’
’ H P = et AP, ‘ (10)

The generation of intermodiiation -ilstortion can be estimated by

’

examining & two~tone wodulation having ihe peak ceviation of eq (9) and
- an instantanso.s devietion aescribed by

45:¢ woeretar ¥, (zin pb 4 sin g t), ) ) (11)

T

aw
E \
(V]

‘where p and Q repres ant mxtwlating frequencies. This function is expanded

in the power series for the arctasgent .

X0 4 wamm

arctan ¥ = X -1 X341 ¥ -
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‘ Upon substitution:

Af = ;3‘13 (sin pt + sin qt) -

Ec

(7.

1 {&n 3 (sin pt + sin qt)3
3 8 -

+1 @}5 {sin pt + sin qt)s -1 {g;;}? (sin pt + sin qt)7+ — (1'3)
5 (& . 7T (E

Obtaining a solution for the first three terms of

the pover series, relative

signal levels for the various frequency terms are as shown in Table I,

TAHLE I. FM SPECTRA FOR AR!BTROE MODULATION

Tomparative Level id dbl

Frgg\x_éncy Terns

Nagnitude of Signal

‘EE7EEW;’.2 Emfnc = .l

[P,Q

. By, 3
" e, 5@

i +20),. (@ £ 20)

{p+ ), (ax kD)
(2p + a), (R +P)

[(ep + 34), (2a #3p)

(up 42), (b +v)

(3p+24q), 3a+2p)

’,

1-3

)

0

0

B
"
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In the data of Table I eveluation st Ep of 0,2 and 0,1 represents

-y
peak poase deviations of 0.4 and 0.2 radians respectively as will be obvious
from eq. (11). On the basic of phase linearity aloue quite acceptable values
are obtained, the most severe intermodulation being the third order component,
The performance of thd Armstrong Modulator must be examined further to deten
mine the effect of the ampiitude function contained within the radical of
eq (8).

(2) AM Analysis of Armstrong Modulator: - Continuing with “he

equal two-tone analysis we have for the amplitude function of eq,(8)
A =vEc2 + Eg? (dn pt + sin qt)2 (1k4)

2
= Ec‘xfl + Em (sin pt + sin qt;)2

Using the binomial seriea,
( )1/2 s .
1+x « 14+ X -~ X + X cemmmen—- (15)
2 g it -

Obtain

AL 2 2 _ L
= 1+ % (2\) (sin pt + sin qt) é(.%‘;. (sin pt + sin qt)j

"‘,i%__ (:f §6 (sin pt + sin qt)6-.--..- , (16)

After expansion and collection of coefficients relative signal
levels for the various frequencies generated because of the amplitude function
are as shown in Table II. The data indicates the presence of relatively

large ond harmonics (of each modulating tone) and 2nd order intermodulation

components.
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'© TARLR XI - AM SFECTRA FOR ARMSTRONG MODULATOR
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1 Comparative Level in dt

Prequency Ternms Magnitude of Signal En/Bc = .2 w .1l

1j(r+ e (%)2 B - %@ EJ 54,2 66
(3?"4 t:é; <3P -.q) | e {{g-)‘* | -80 . | -1‘2!4..
Aj(zg *"‘3_4), (p-30) ér:) -80 124 .
B T(QP Bl 12 &y’ R

e T |
R B i e

kp, lq (_g_

From the data of Tables I and II a composite specbrmn 4is prodm-d

| hav:.ng 0dd order components due to phase distortion plus even order %“erms due

‘to amplitude effect. Since the desired lst order sideband is at a level 23

db below the carrier for By = .1 then a peak phase deviation of about .2

radians is possible within the fidelity requirements of the specificatien,

Thus assuming no other degradation within the transmitter it is seen that

for s peak output deviation of 4,0 redians, the multiplier chain must provide
a factor of at least 20, Admitting that further degredation will occur
uiﬁhin the transmitter it is advisable to provide a larger multiplication
tactor vhich is aclected for circuit conwnionce, as for example a doubler

folloved by two quadruplers giving a total miltiplication of 32 vith the

basie modu).ator ‘grerating at 0,125 radians peak.
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B. Linearity Computations for Delay Liner Fhase 8Spift Section:
(1) General Discussion: A distribtuted phase modulator, which
takes the form of an artificlal delay line vas stown in Figure 1. The
voltage vari:ble capacltors have 2 consceat de-2 blas applied to obtain ;Jpera-
tion oa the iinear portion of the voitage-capscitance curve. The modulating —
rpltage, applizu theough the appropriate capzcitors, is used to bias {he \
.VARISIJ"S and ccuses 2 smell thange in' time and pkase, If each zection of tke .
deldy line Is the same, then the phase Ceviuticn attributed to ore sestion is 7
rultiplied by the mumber of sectious, If the noduiutirg sigoal delay for .
- esch section 18 the same us the delay experienced by the carrier, then a B ¢
. b
grester lixseér yhase deviating can be achieved tasu Ly o conventional phase f
modulator before multiplicsbion. . ‘ - «
Tl‘:‘.e coil Li is a RF choke to grovnd the line to the modulator
. o N
and to U-C,to srevert undesired interaction hetween the diodes {VARICAPS).
The dilTliculties encountered with this wmodulotor ave listed as follows: ‘ . "q
o (1) losses in the lincs . | ‘ R
¢} reflections due to Imrrerer terminations and change of o o ’
line impedence with mcdulstion o
. %
(i) distortion due to uon-linearity in the VARICAFS and inherent i
aictoriion ' v ?
"4) errors in switcaln; delays and variation in delay over the j
pedviating frequency band, ;’
. ) 4
Difricvlty (1) may be overceme by emplifiere, (2) und (3) may be minimized ‘n

s

CS
B

e -

by the small degroc of modwubion i euzh stage, and (4) may be miaimized Sy

S, o g
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the use of & wide btand delay device for the modulaiing sigsa. such as a
coaxial cable. An analysis of the distributed phace moculator follcvs.

(2) Analysis of Delay Lice Modulation: The circuj® paramters

. u' . o’ B “"”"' ™ il

. 7 are definec as:
. §C - change in line cep. due to Varicap
§T - change in line delsy duz to §C

§¢ - change in phase of line signal due 10 §C

A

Gy - total skuri capacitance = C + €o

Nl

L Co ~ consbart cooponert of the varicap -

¢ - I:x2d churt capacitor

)t

| B
N .
.
P
+

Ya - zodulating signai

Coot. e {¥e) . ‘

o7 g7 =YL (9c g - YT ) C8)
2= 2ufo AT (VT 78¢c - V€ ). (29)
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3¢ = K\ 1/2 ¢ -1/8 ghe) + 1/16 - - )
g# = x ey 9 - fio) /16 l’sﬁgf ] (@

B ’hiii .iiJ
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\

vhea£2  is expre:sec as a function of the rodulating signal, distortion
- .
i -

'l S #.ay’ 'bejet;mi:xed

S tr fo = SOM ‘
L = lygh
G = 5 pul (22)
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80 toat Iy = X, = 315 ohms
A varicap was chosen $uch that
Co *(8‘; 6V d-c bias) = 35 yuf (23)
and with a +h volt swing of the modulating signal
Varicap sensitivity = <0.1i6% uu?/volt (2k)
. {tc = 0.6k (¥) = 0.0656 (25)
® \ Cr / max. . L .
cand K = ©xfo 7Y IOy
.- AR YIRS )
= Zx {50 x 10P) (F 10 x 1g-4°
= 0,735 . (26)

Using only the first term of the equatior. (21), the posk phase deviation

for one section it given =y .
é . = 0.793 (¢.0656) (27)4
s - .

= ,0325 radians per “exsy section., To compare
with the devietion expected, using the /rmstrong aodulator, stove, an

output ~avietion of +0. 125 radians vwili =equire .

’ 9,127 ~ b sections (e8)
RN =~ -
G.03cH

.

The aistortics is now calcuinted using / §¢C \veak = Ck with three terms
\¢ /

of the expansion. o modulatirg tones sre useas
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| ].ettibg&%_ - x [linpt+sinqt]

8¢ (¢ K [ X (sinpt +sin qt) = X 2 (s1n®
M ox [ 5
' + 2 sin pt sin qt + 8in? qt)

Lo~

TR G g e

4-,~<~
: -*..uuﬁ»"
. :

+ X3 (sin3 pt + 3 8in® pt sin gt + 3 sin pt sin® gt
T .

.'- - +sin3qt)----] (30)‘

"

"
i '\1:

" As in eq. (25), letting x = 6,56 x 10~2, evaluation of (30) indicates
X the spectrum of Table ITI.

403ty
S .

TABLE III - SPECTRUM FOR A SINGLE DEIAY LINE SECTION

P A
el DR ARE RN
VY SR R L
;o
[ N

11

Freguesnocy —Amplitude ab

P 4 3.32 x 10-2 , 0
4

i e
Y

Q-c 5.38 x 107 -35.8 db
 fep, 29 2.69 x 1074 -41.8 ab
' F.* 9, p-~-4q ‘ ‘ 5u38 X 10-;‘ ‘ "35'8 dab

q+2p, 9 ~ 2p 1.325 x 1072 -68,0 db

+24, p-~24q 1.325 x 10-5 -68,0 db
3p, 34 o k2 x 106 -78.5 db
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The paximun aliovable value of x may be now deteramined (the maxismm
undesired componen: must be < - 50 db)

e (30 #) ..

9 .
X + %3 = 316
xa
K3
9¥ - 252X+ 320
2 . 280.80x +3.55 = O (31)
using the quadratic fmhamlogtableséhemximnlue is found
to be '
Xnax 2o 0.02 ' (32)

if we again choose only the first term of the series

8 max = 0.993 ( Lpas: | .
R , —pex ) (33)
Y ¢mx = 0.01986 radians per section. (38)

The number of sections required for an output deviation of 0,125 radians is

therefore:

0.125 = 6,3, or at least 7 sections, (35)
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. The advantage cited initially for the delay line modilator was its
potential capability of gensrating large phase deviations directly without

& necessityfor subsequent frequency miltiplication. To achieve the full

degired daviation a.pparentl& requires:
b, 0 ~ 200 sectionsd (36)

P~
L ]

This result requires an extremely long delsy line of such complcicity as to
negate 1ts practicality from a mechanization viewpoint.
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IV. EVALUATION OF CANDXDATE SYSTEMS
A. The Delay Line Modulator: ‘

The compu‘i’.atrms presented in the analysis abové, based upon the .
use of a conventional Varicap, have ehown %hut 2 prohibitive number of sections’
are required to achieve even molerate phase deviutions with the dqsi_red lineerity
of modulstion, The:malysig was predicated upon the non-iinearity of one
section and no accuunt was taken of mismatch among sections or imperfections |
in time delay matching of ‘he modulating signals to the carrier channpel.

While it is possible that improvement may be effected Ty a choice
of linesrized characteristics for each Varicap of the delay line, nevertheless
the complexity of the eguipment (-3 the 2iffilculties cited in paragraph
III B {1) above require z conclusion that this ;:oncept is inadequate for the

RF Test Console,

B, Dual Mixer - Multiplier P Transmitter

The dual mixer-tmltiplier transmitter is illustrated by the general
'bloc diagram of Figirc 2a. In the first zultiplication the modulated signal
15 multinlied by the factor N vhile the reference oscillator for the mixer
is muitiplied ty a factor N + 1 so that the phase deviation is multiplied by
the fector N but the mizer ouiput i1s returned to a carriev- frequency of f},
In the final multiplicetion the modulation channel is further multiplied by
a factor P, vhile the reference channel is multiplied by an additional factor
Q. The resulta:t output is taken at the 50 mc output with multiplication of . .

the phase (zevialion hy the full product of NP,

L

)
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The output certer Yrequency 18 specified at 50 mce. The intial
carrier frequency is selected sufficiently high tc be compatible with the
modulating spectrum, deviation, and conseguent required bandwidth., Since
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the bandwidth required at the cutput frequency is also required at any
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. ﬂtiph or sub-multiple frequency, therc will be a lower limit on the
frequency at which phase modulation is initially obtained, From = stand-

o

point of circuit design, it is desired tiat the percentage information
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bandvidth be kept low (i.e. o 20%) where percentage information bvandwidth

15 defined as

- ed Bandwi 1
4 B ' Repurednm dth - x 200% (37)

' In the wide bandwidth case, 8 9 mc information bandwidth is required, This

limits the system carrier frequency to a minimm of approximalely 50 Me.

Altbovgh some other freguency of this order vould be perfectly acceptable,
* for convenience und compatibility of the mechanization it 1s iog,ical to

35,

"operate at the phase modulator with an initial carrier frequency of 50 me,

-
n

~ this being easily obtained by simple synthesis from the frequency standard

oscillator.
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The actual mechanization of the transmitter is much more complicated

- than indicated by the simple diagram of Fig, 2a. Major canpliéation required

¥
4
iy

for an adequate system lies in the necessity in proviiing selective filtering

particularly in the modulation multiplication char-..: vhare constant group
delays are required if distortion is to be avoided in the filterirg. The
£ilter designs must therefore be of the DBessel type with parameters selected




28.
' . go that the total bandwidth of all such filters taken in cascade within the
modulation channel possess a flst delay response over the 9 mc information -
bandwidth, In addition to the basic filtering problem, ;mpliﬁcation will
be required for isolation and for establishing practical operating levels,

With these requirements in mind the more complicated diagram of Fig. 2b . ..
is representative of the RF Tesi Console requirements where the phase devia-
 ton 1s limited to 1/8 radian at the modulator. A total multiplication factor
of 32 provides the desired 4,0 radians deviation at the output S0 mcs terminml.
The frequency multipliers are quite feasible being selected as doublers, triplers,
and quadruplers as shown. . ' ‘

On the modulation-multiplication channel the most critical filter reguire-; ..
ment whic;h appears upon brief study of the system appears to be thlat, of tl;e
. ‘bandpass filter at 100 mes following the first mixer and frequency doudler. A
For example, from the universal data for a six pole Bessel filter included ‘ - -
in Table ‘IV it is estimated that for symnetrical attenustion of 50 db at the |
50 mes input center frequency & group 'delmf variation over the 9 mcs bendwidth
centered at 100 mcs would be less than 3.5 nanoseconds,

In the diagram Fig. 2b it is assumed that a pure harmonic<free reference ‘
signal is asvailable at SO mcs. Should this not be the case then additional . -
riltering would be required prior to phase modulation and prior to multiplice-
tion in the reference ctﬁnnel. Otherwise degradation will ocour, For example

the caﬁ-ier frequency harmonics which could give cross-products falling in e

the information passband are indicated by the simple data of Table IV.
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| ,
3 Notwally, it may be expected that the higher harmonics of the carrier.

- - will converge to relativelysmaull levels, Therefore, as a rule of thumb,

Prs
i)

‘the umwanted component may be neglected if .
M+ n 10 . (38)

- where ) and n are the numders of theimrmonics, Therefore, only tvwo compo-

- Do ety —
X b 1 . ) l
‘o . e -
ae e « .
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' nents of Table IV require attention.

TABLE IV - CARRIER HARMONICS ARD MIXER CROSS-PRODUCTS -

,.,
f"&%'
3

UL,

S Nl ,

S . i_.‘an'ier ) ’ ist M:.Lxer L.0, Modulation
i Parmonic Frequenc; X3 Channel X4
o ) . qusncy S 2
* T 1 50 150 ————-—=200 —> Desired
\ 100 300 ;hoo . passband
rf!:t . / f
%? . = ) . /
-3 150 450« 600
4 200 : 600 800 | Uowented
. / products
Y 5 250 750 1000
,-\&; -6 3w 900 / 1200
7 350 1050 /lhOO/
8 400 1200 / 1600
9 450 _ 1350/ 1800
10 " 500 1500 2000




C. Direct Multiplier Chain (with singie ocutput mixer):

Ag an alternative to the dual mixev-muliiplier tr'.*ansmi_'tter Just
discussed, a simple direct rmitiplication to S5 band with a final oi.ttput
mixer to iranslate the fully deviated signal to th; required 50 mes is con-
sidered. The basiz block diagre 4s giver in Fig, 3a. Except for the
output mixer %yplcul mechenizaticrs for such syctems are seen in references
5 and 6, (Page 3). |

‘ In the erpansion or the elementary alagraw of Fig. 3a in’c‘o‘* 3 — LT

practical mdelj dii‘fic;ifies are encounterec in the choice of satiéfactory .

muitiplication {actors., For exemple for a peak devietion of L radfans

the systems tatulared in Tuble V might be considered, o (e

TAHLE V ~ MULTIPLIER FACTORS

: Relerence Chengel o .

liodulator Multiplier ) - -

- Deviation N N+l N=~1 ;
L1025 M a2~k x 7 29 27 = 3x3x3 i B

' i N

125 32 2 2x 't gl 33=3z 102 31
a1 36 = sx3xb 37 1 35=5x%1 R
0835 Wom 3k Wegxry ¥ b F

Recalling that the ,eak phase deviation for the desired fidelity is
limited 4o about C,125 radians, study of the systems of Table V suggests %
that a suitable compromise would utilize = @tipucatimx factor N = 26, 2
This fequires tvo triplare end s quadrupler in +ha modulat;ion ch.amnel
Fiﬁ. 3b. While 'Lno times ’5 and times 7 multipliers in the reference cMel

are fairly large no modulation need be sustained unu vary narrov bapd filter-

im; iz permitted,
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In the direst multiplication method the problem of spurious
‘ﬁrbdﬁcts of nixing due to harmonics of the reference carrier are avoided since
hé'cbmbinaﬁian of harmonics and sultiplier ratios produce cross-products ,
. falling vithin the output passband. , .
-In either the dusl mixer-miltivlier or direct nultiplier mechaniza-
£ions Eomc distortion will be added by the rmultipliers and mixers in the . 4 :~
Asgstem. The distortion and bandwidth problems increase with large values ‘ ‘
of mnlﬁiplication, but the total multiplication factor shoﬁld be small »
‘enough that adequate bandwidth and negligible distortion can be maint tained,
' » The multiplication process increases pbaae error in the manner ;‘a : ::;ﬂ
abown below! h

Ht.+¢+&: . lel..____,_ Me__,.’sz [ |53 —

{

Fighre 5. Multlplictt¢or of Errors in o multiplier chain,

Ey'= M1 (We+@+0g) +01 (39)
’m‘— My M2 (W + B+ GE) + Mg 9L + G2 ©(0)
M1M2M3(Wt+¢+é +MEM.\(0)+M36 + 8 (41

vhere QE is the origiual phase error and ¢;, @y, O3 are the phase errors
v attributed 1o My, My, and M3, &3, 6o, and €3 can probably he assumed
1‘negligible. If Op is small then the degrading effects of the multipliers
can be ignored.

The distortion cdue to the mixers is assumed negligible vwhen com=-

»

pared o the other zources of error,
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\;. COMPAT. JON OF PHASE LOCKED MCDULATOR AND SMALL DEVIATION MULTIFLIER SYSTEM’-
_The choice of a techhique for developing the required PM output signal
for the RF Test Console has been narrowed to candidate systems including the
phase lodked modulater (ref, 11; and the small deviation multir cier clins =
descrited above, The basic characteristics o ‘these systems are suvmmarjized

as follovs:

* Small Deviations Systews:

Dual Mixer-Multiplier Direct Multiplier

Deviatior at modulator - 125 rad peak <111 rad peak

Multiplication factor —_ 32 ’ 36 FA
Maltipliers ~ X4, X2, Xb X3, X3, X :
Reference Channel Multipliers — X3, X3 i, X7

Numbér of Eeesel Bandpass Filters — 5 L

Highes;, Modulation C‘l:umncl Freguency — 400 ucs 1800 mes

'Highest Reference Fre;;uency — 450 mes 1750 mes

Qscillators — Reference Crystal only

Systen — Bandrass beyond signsl input

 Phase Lockad Mu. .ator:

Deviatior at lfodulator -~ 1,0 rud peak (direct deviation at 50 mcs)
l“ro.-.qu'er:::w maltiplication —- None Required,

mandpase Tiltering —— None Required,

Bandpass Churucteristic ’ —— Shaped by distribution of low Srequency

poles of the loop transfer functior

Feedback Loop —Type T phase locked with (-6 db) ner

octave over bandwidth of modulation spectrum,
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Reference [requency — 12,5 me i
. Os¢{llators — VOO plie reference crystal
Systen — Jow Fase fesdback loop,
e A, Ease of Mechanizatvion:

Of ihe candiéate systems under discussicr the more conventional
- uzporosch cerizinly icliowe the small deviation-frequency mmltiplication
s¢hewes, Duvring the course of this present :investigtion, however, the sur- -

.vey. has not revealed such couvsational eystems thai have demonsirated ver-

formanze scaparatle to P Test Console rejuirenents. Although the systems

.-ai)péaf Eimpie oa superficial examination, the multiplier, mixer, and filter

S s "' Gesigus are quite severe and occe fabricated sre most difficult to modify
or change. ) _
Or. the othier hané the nrplicaiicn of phase lock principles to ) AA ’

=oculation systems i3 4 novel apiroach, This hovever snould not be a deterrent

. ta ite zpplication, for advuncss in thils technoloyy rave accelerated ai
1 - -

“expeaential rates wittan the last decade, particclarly in receiver systems

J:l l A whare ferfonmr.ce Iis complizated ‘:;- the presence of noise. It has heen

§!» . shctm by the study, repertel in reference 11 ubove, thut the full peak

) - i :i!vi,,cior. ;:!m be aschiavei with the desired Srequency respi):se_and fidélity.

’ . _~ The cesign unl 'm;‘hmi':mt:'_c:., while not easy, is clearly pi'acticui u."ith> .

prescot technolozy. It was demcrrstrated that the phase locked modulator is

rexdily adaptalle to various design ovjecilves such a5 maximaliy flat (amplituce

of ‘sodulamticrn) Trequency responss, or meximelly Tlut group delay by simple

adiustnents of the locy: g.in and time consiunts, The uecessity for design.

snd tabrication of camplex Cilters at zarrier irequesncies is wvoided.
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Consldering tie unigue requirements of the RF Test Console tais study
effort has shown that satisfactory systew may be provided with least effort

utilizing the phasé locked modulator approack,

B Dual Mode Fii/PM Utilization:

The RF Test Console requires a FM as well as the PM capability.

It is therefore irportanc to consider vhat econoryy or advantage way be obtaiﬁed
by Jucl mode operation of the transmitters or ite sudcircuits,

A phase odiul.ator moy of course be used for FM provided the input
sigual is Tirst arplied to =n integrstor, or conversely, a freguency
rodulator mey Gcgcratc k¥ I7 proceded by a differentiutor in the -sigral path.

The Test Console specification for FM operation requirés extremely
high modulation indices to .ccommodate o::trémcl;; low gignal frequencies
such «s 3 cps. drus ri Ser osuch a low modulaticon frequency and for a devia-
tion of +50C KC would raquire . phuse ceviation of 1L.67 x 10° radians which
i5 clearly teyond tne czpubility of the contermplated small deviation mxiti-
Yler (X2 or (3t} cauincz,

Similar _Tosiems are encountered with direct operution with the phas)e
loske2 modulutor becs:ist of the limited ¢mamic phase range of its detector,
However the VCO is imhicrently =2 “vequency modulation device , consequently
7the phuase -locked loo. ‘:\mm{idth ray ve constrained to a very small value Lo
provide an AFC for the FM cairier, The details of this concept are ~overed

in a sepurate revort. 7Thus the phase locked moduiator componénts are more

.adaptable: to dual roce MM, FM operation,
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VI. CONCLUSIONS AND RECOMMENDATIORS

Duririg the course of this present investigatior a reviev and classifica-

g " tion of six basic types of phase modulators was made from which the small
” deviation dual mixer-multiplier and direct muitiplier methods are serious
&'

gl T candidate systems for the RF Test Console along with the phase locked

modulator »reviously reported.

o \k:,;:)‘::"l!

Upon consideration of the des:!gﬁ and mechanisation problemé , potential

performance, complexity, and adaptability to dual moce PM/FM operation it is

ST R Y .‘ig;‘p;;»

concluded that the phase locked modulator apprecach offers greater econoriv

_and ease of mechanizetion for the RF Test Console Appliation. It is recommended

_therefore that the rhase locked modulator concept be shoser: for the RF Test

Console equiprment fzorication.
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