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.January 1 967 

E USE OF FREQUENCY SYNTHESIZERS 
FOR- PRECISION MEASUREMENTS 

FREQUENCY ST ABILJTY AND PHASE 
OF 

NOISE* 

1 

Few new instrume nts have been ac
cepted as quickly and as widely as has 
the fre·quency synthesizer, and few have 
prompted so many inquiries about their 
characteristics and capabilities. This month's 
Experimenter r•esponds to the g1rowing 
interest in synthesizers with four articles! 
In the first, Dr. Atherton Noyes, who 
directs GR's synthesizer development, tells 
now synthesizers can be used to measure 
the frequency stability and phase noise of 
other frequency s·ourc·es. This is followed by 
a discussion of the phase noise of the 
synthesizer itself. A new sweep and marker 
gene rotor for the synt-esizer is described 
in the third article. Finallly, the synthesizer 
is seen solving a problem in production1-
Jine testing - the precise, direct measure
ment of the de,lay of a solid ultrasonic 
delay line. 

The 1160-s ric. frcqu n y y.:i h -
iz r iu ddi ion to rving a vers, il 

f qu 1 cy .. ourc·f' ', ean b u · d rack 

and to r ord frequ n · variation m 
oth r fr q n y e-.1 Thi 1 o 
bPcau.0c th frpqu o. the continu-

JU lj adju able d a ( AD) ·an b .. 
·mo hly con roll manuall ar d l 

tric-111. r_ By makinrr U!'.'> apa ilit . 
on can maintain xa quality h -

w� n h frequ n y und r inyP igation 

and a1 lj u ta bl and pr ei. · ly known 

andard. 
Precisi n rn.ea.·tlr m nt of fr �quen 

l .) ·· bh hmen o appro ·ima te ual-
1 r b tw �en an unknown an a fixed 

tanda1· I and ol ,· rvation f variat ion 

in th 1 e fr q ucn y 1 'tw n hem 

hav, he n ommon pra tie 'f ·r man 

ear . l"or hin-h-pr 'C'i ·ion compari n. , 

th b a fr qu nc i usu lly m a ur d 
in <:'rm· of rat. of chanO' of pha M ov r 
1n1nu . or hour·. 

h ta Mk of m a uring pha · drif 

h we n a .fix d-freq u n · andard · nd 
an unknown rc>queney and tran la ing 
i int fr qu 'nc.� err r i· l• b ri u and 

h r "Ult· of n yield onl 
ov r a r lativdv lon(J' tim in r l. 

n he izer, on the thf'r hand. provid s 

highl ' prcc·1s tandard fr quen ·y 
that ca1 be continuoL�ly dju._t cl t 

.. :\!uch of the 1natrrial in hi>1 pa.per was pr 
21 .\nnu l ISA cmference in • ew York on 
191>6. 
'Ath r �n :�yes, Jr . . "Co!leren Oecade •r <111 n<'y 

_.,,ntl1es1ze . , Gener l Ra.cUo Exp rimct1t r, pt nib r 
19 >-l, pa.ge 11. 
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ri 

Fig ure 1. Slm1plifled b l o ck dia
g ra m  o f  a Gen eral R ad i o  

freque n c y  s y nt h esizer 

f c l:D + � 
�-----IO _____ OUTPUT ( TO OUTPU 11 ER, OR ) OTHER FURT.; ER PROCESS I G 

TRAI 0 IDE •r ICAL DIGIT CIRCUITS 

VOL AG 
CON HOL 

OF 

D •DIG T I FOR .IATIO (IN I IDUAL DIGIT) 
I:O=CO.'POSITE DIGIT I FO FRO� .O.C IVE TRAI 

01 D2 
�,on-1 +10n-:t+ _____ Dn 

c .-"CARRIER" FREQUE C 

6 • FREQ NCRE�E T OF CON OSC 

RE UE CY 

(t1•f>-I·'• 

main a1 n exac 
wi h n unkn wrl. 

Li . ajo fi r 

z ro-b 

r m  nu 

n 

math of r olu ti n, 

u l 
illator 

1 

ar 
dir 

nv 

By u.'in 

a1n z r 

i . of r 
ul � t ·ynth iz an 

in h 
uation. • f 
1 n. �I 

r1 � 

mo -
llPrl' • 

a 

iagram 

h digi uni 
hr u h 

due by 
1 n 

he 

of 
11 lil 

nly 

107 
nal 
\ 
hu 

1 

vana 1 n 1n h arln ig-

h 

con 
nl 

ro 

fr m h 
ng 

pr du 
X 1 -7 Hz 

ll 
1nuou, 

if 

on inu r. 
I-Iz in illat r 

a hang f nly 
or 1 microh r z, a 

h yn h iz r I 
i u pu fre-

xa t 

n. 
n unknown \rill 

hang in th on-

www.americanradiohistory.com

www.americanradiohistory.com


IF - = 10 
10- 0 - .0010 z 

:. 0 
T E �t- 1o•c = 1.041- z ( o o·.1 o 

lilC th t t 1 nun ran t 
on inu Lt.' 

i. · alw 

whieh IP d 

im 1 
prop r mt 

rmg h ·on-
r n r n aff ·L d b � 

:2 i:-; a 
r qu n . 

Th unkn \\·n 

h . iz d 

·y1 th ·izPr rain. 
in th 

C D CO TROL 

1 � '() • r m ni
. chang< f 

- - - millih . z) 

0 I U ITS 

in th xa 
ex· mpl 

off t a 

�) 

.January 1967 

fi g ure 2. Block d i a g r a m  
i l l u s  r atin g freq u en c y
t r a c k i n g  s:cli·em,e. � rep·-
r e s e n t s  a n y  s ma l l  fre
q u e n c y  drift of rhe u n 
know n, w hic h i s  m a lc h ed 
a nd c o n ·c e l ed by lh e 

s ervo loop . 

h ng 

for high r 
r f 

s 

av· il 
'lZ r·. 
usl · 

h 

. Pel. 'Th 

I - liu 
up mak 

I l j 

r at manv 

. '() (' l 
m h w 

in 

int rru I 
fr iu ncv 

<lju�tatl 

OPTIO AL 
...-FRE UE CY 

ULTIPLIE S 
( 0 TRA S
LATORS l 

OT -

·aEAT"CH 
10 Hz P - S EP 
OF DI U IT 
AT ACTUAT D 

UTTO 

Fig ure 3 .  Bio c k  d io
g r am iUu s tra t i n g  'fh,e 
u s e  of t h e  i n tern a l  
freq u e n c y  - c om pa r i so·n 

c ir c u i ts_  
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or ed again 
:right-h n 
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this 
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Fi9ure 5. Frequency-comparison .-ecordlngs of two· oscillators relative to a standard used to 
lo.ck the sy"n hesl:z:er. 
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100 MHz 

Fig u r e  6. System-bandwid t h  rec ord i n g, s o w i n g  r e s p o n s e t o  abrupt .freque ncy .step·s of a b out S X 10-10. 
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Figure 7. Re c o rd i n g  s h o w i n g  i·n.st·an
taneous frequency s hi ft s  (a b out 6 
parts in 1010) of a standard-fr equency 
o s c i llat o r  as i t  · s r e p eated l y  r o tated 
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t i o nal field. 
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t - I -i I: I l . 
l - l I I r 

t -15 MIN -· -· 

t � ,.A - 10 10 
l i \ I I I ..... I � i I '\._ l. u 

-- � I I ' 
-

I\_ / .. ..-- !..._.., ! t f 
l \.J f- l 

22� I I I .---- -.- I ,_j 
50 °c I o0c I 22°c -J 50°C 11 i o"c I 
t l r i _ 1' i I - I - --

I 11-.et o ,,, I 

Flgvre 8. Rec ording·s show i n g  t·h e r espo nse o f  a c ryst a l  osc illator as a f u ncti o n  of tem pe·ratu r e. 

Use of the Setup for Phase-Noise Studies 

Thi gen ral tup i u ul f r 

o h rm ftu · ua i 'I h 
h in } i ur :3 wa 

d 

p h loop 

to 

lD 

h h 
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ta i i ·y f b 
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qu n ·y displac m nt n 

lo ·k, in 
fx at � 

SLOPE•� A d6 
o s I rod1on 

BED.T OT 
BETWEE fs A D f, 
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· n  

urc qu n · mul i-

Figure 9. Osc i l l oscope cal i bra
tion f o r  p h ase nois • 
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PHASE NOISE IN 116·0-SERl1ES FREQUENCY 
SYNTHESIZERS 

The quality f a in -wav ignal 
gen rat d b an o · iHa r 1 u ually 
degrad d y the pr nc in h ou pu 
of additiona] frequ ncy omp n nt , 
w ich n be clas ified in he following 
gr up 

( 1 ) Harmonics of he d, ir d fr -

quenc '· 

(2) id band a companyin7 the d -
sired fr qn n y, r at d y m dulat" on 

f h ign al by pow r-lin fr 
ompon n ( Hz, 12 Hz 

(��) th r n nh rm ni all. r 

sideband compon I t . (In fr qu n y 
synth 'iZ r , t ar g n rally du 
to the he . rod nin of hi h- rder har

monic> 
of th rruxer . 

genera d 
i band 

ign .l ' 1 akinb 
from one par of th ir ui t an th r 
o"ving o ground loop or imp rfe t 
shi lding.) 

(-1) idelJands creat d by random.
noi n1odul ion. 

"\ e ha re i 

di u 1 n 

omp n n l� b. cl., 
Th ingl -fr q u n l: harm ni 

n nharm ni· 1 pur ar mo ·t 
mca ur d y m an of a. iarply 

o he 
h 

the 

tive r ceiver. Thi r eiver may b of 
conventional t p , u h as the Ham
m rlund P600; even b t r, it may 
consi t f a wave an lyz r, uch a 

R's '1 YPE 1 00, u�ed as a unabl 
i-f amplifier and output indi ·ator, 
.Ater an xternal mix r. For ta ility, 

he local oscillator of thi compo i c 
receiver hould ea ynth iz· r, pref r

ably vvi h it .• -:\lIIz in rno.l illator 

pha -1 k d to th yn h iz r ing 
te t d. Thi-· t chniqu , mplo ing u h 
a hiO'hly s lectiv receiv r w 11 

o make h inul -fr qu nc mea ure
ment of hrtrmoniC'' pov.rer-lin -related 

id band eomponcnt , and nonharmoni
call r la ed pur ( la e 1 2, and 3 
abov ). p cifica ion' on th have 
alr ady b en publi h d in th n ral 
Tl dio atal· g an in h Exp riment r 
( ept ml r 1'9G-1, ... � v mber-D · ·cmb r 
l 9G.) and S p em r 1966). 

Th TYP.E 1900 ''av An l zer an 
also s rv as a high-ga·n el tiv vol -

A th rton N ye r -
ceiv d bis undergradua.te 
and graduate de•rr 
(AB, A 1, I\ , ' D) al 
Harvard niv rsity. 
From Hl3 7 to 1960 h 
wa: on he engine:.ring 
s aff of Aircrnft Radio 
Corpor· ti on. II has di
re ·t d Gl : fr :iuency
::;ynth izer dev l pment 

�i11ce 1\)60 a.11d he�is curreuLLv th �roup 
l, l r \)f the 'ignal- · n rator Grm1p. 

1 1 
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amplifi. r t \\'• v 
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�\ .. · ·h wn m 
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1 in I p] w) and 

pha.' det t r. \\'h nth 
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ne 
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) ha 
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cl t .dor utpu t n f r nu.rr w-band ph' 

1 <'k f  rcon\' ni nc .1 

n 

d 

ha: jitt 

amp1itud 

p u  . Tlw 
1 •  e ·t·rib ·d mon• full in a companion ar icl , thi i 11e, 
J.IH!!;C::l, "The l"se of l·r �uency yn h izc for Precision 

r\' �le s11r m a of Frn�1uency tahili y nn<l Pha:;e • oisc." 
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of pr n .a 1 n. Th 0-dB 
r f rence I v l u ·cd i · ,h 1 YPE 1900 
indication of he 1 v l of a b a n t 

·lib r< c]y e up b ,,.e n h w 

1 3 
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14 

th [;] p rim nt r 

100- I z fr qu nci b a mall fI t 
off z r f,. ThP - B l v l we •ommonly 
U�e i 250 m \T, rms, rhi h i- W 1 1  "\Vi thin 

th lin ar range of t h0 pha 

In mmary th n, a h pl tt d 

on the cur of Figur 2 i cal u-
fr m: 

1 
b ndwi 
singl id . 
If Jr = .) 
... · + 5 + 

+ fr qll UC' 
corre tion + 

l\IT z, th 

= :37 dB . 
corr c 1 n I 

I ·honl l d that lk 

in 
typi 
that 
amc 

cau 

. . 
r m a unng i · 

n th input t 
m1x r. 

to I 

hat h 

u -dB nm ier 
11 ·:. 

II w vcr, 
fr l 1 
gomg o t ill 

hi h r fr0q u 
11 () , wi h r m 
fr qu nev c m ou 
ah ad. If fr quency 

i o h a cl om l · · noi ·y 

pr �1. 10n mierowav fr qu n y, l 
l I G.... or 1 I();{ wil l  pr clue a �1ightl 

tt r r ·ult provid d he avail bl 

fr q u n ran e i ad quat and h 

can be properly ombining ir uh 
'Ork d out. 

A trikino- fa · 

i tha h 

r 

. Fr m Fi r 

numb r ar : 

oi, Pow r Deri.sity 
ynlhnriz r ai 1-Hz Offs l 

te 
a 

1 

n 

��-t-���������� 
1164 -76 dB 
1163 - 84 dB 

1162 - 8 S d B  

1v n bi numb r, n 
th 

an a ny 

u ra ly 
r vnng 

m ·  urmn 
ar und th av rag 

Note Reg,arding Type l 1 61 

n 

he TYPE 11 '1 are 

·a w h· n ta 

p f 
daa wh,n ob
ame 1 p . and the 
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a 1-Hz int r p 
cally) than h TYPE 
-1 .- B. ( hi i n t , 

value however.) 

For mo - purpo� , noi.· data on the 
1161 are n importan a d ta I r 
th oth r , m u h iniorma ion i 

.Ja11uary 1967 

hi fly of in tere t wher fr quency 
mul iplication of the ou pu ig al i 

plann< cJ. YVe do not e. p many u h 
application f r he 11 l ( r for the 

11 2, f r that matt r) n v· ' of the 

v ilability of the TYPE 11(1:3 and 11 4. 
-

� THERTQ_ - _..,. OYE , JR. 

F i g u re 1. T y p e  1160-P2 Sweep and Marker Generator. 

A SWEEPER FOR GR SYNTHESIZERS 

Th introduction f 1 1  0-P ..... 

w 1 and • larker en era igur 1) 

extend h u f ln - f lr ady 

ver. u il G n ral Radi yn h ._,izer 
by providing a c n Y nien m an of 

varying the rn h �iz r ou put fr -
quency at a ontrolled know rate and 

thr ugh an cur ly knou."'Tl r ng . 

Th in trum n aI�o uppli mark r 

for ea y vi �ual m nitoring f h c n

tinuou a d f fr u n 1 
f a ur ·acilitate 

fr 1u nc -respon ting of ac iv� and 
pa iv n t\'I" rk"l a d frequ n ·-. I 

iv in. rumen .· . Th e inclu e a wide 
ch i e f utoma ic ··w p peed a 

·alibr ted c nt r-frequ n ·y mark r a -
curate adju"tabl id mark r and a 
simple m an of . panding h w p 

cov rag ab ut any able ynth iz d 

n ,r fr q n 
To und r t nd the wa) in which the 

WPC'per op rat,, remember hat the 

on ::imuousl adju�tabl decad ( AD)1 
in GR yn he ·izcr · an h functionally 

ub ·ti tu c for ll cp-digit m ul 

b low a cho� n rank , and that h 
fr iu nc of he can b varie b 
an xt rnal c n trol vol ag of approxi
mat I o.:3 vol p r maJ r 1v1 1 n .. 
In u.eh '11 h .:izer built-in moni or 

eircuit permit calibration of the D 
fr q u nc again t the fr q u n y g n-

ra d b he rep laced digi module . 

In ud iti n, th d viati n of th \.D 
f riu ncy from hat r pre n d b h 

1 .\.th non aye , .Jr., "Cob r nL Decade Frequency 
Synt e izer , " General lVulio Expf'ri.ment r, 'eptember 
HI -1. 

15 

www.americanradiohistory.com

www.americanradiohistory.com


16 

t 

r pl d 

monitored 

t.inu u 
produc· 

d 

ri 

digit dial i nti u u 1 
and i:;; vaila bl a he 

BE.\.T termina l�. Thi' c•on

ep 
� iz 

u: 

b U�ed 

11 ce -

-
1 ted n:i 

rand play 
� -

f h 

tion 
'' 

an 

ag 
and 

th 

tim 
rl I 

n CA R 'Q 
r qurr 

Th 

FREQ EX LR. IO�. 
nized w cp vol ag 
plil d , i availabl for 

ti ·tion of h di pla 

p rm1 

LEVEL 
SENSOR 

ANO 
S WITCH 

on-

.A 

on� .. nt am
horizon al de

vi · . Th 

chang e 
u·ithoat 
icithout 
qu ncy. 
fr 

r 

marker�. 
bra ed I 

:ion-

n r 

op ra 
al" ay, 
maJo 

pr vid a ion 

W t a • Ibtd 

he 

an 

BUFFER 

th r 

n i 
n 

I n1 

ea il 

forward an 
an in oppo i dir e c
in ·id . 

wit h i m the 
n y w p 

ion-\. ol-

al l on troll ed , 
h f 

ial di i
yn he iz r 

en b th 

w p .1 Th 'an
y orr p 

INVERTI G 
AMPLIFIER 

Fig u re 2. Blo c k  d i a g ram o,f sweep-,gen erato r  section. 

CAD SCOPE 
SWEEP SWEEP 

j1160-P2=..!'] 
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ing t a A iv ion on he other 

hand can b ted in cade p 
with t e s nth ... iz r pu hbu on . he 
marker illa or genera e fr qu ncie 
from 10 o 5 k z in -kHz ... teps (each 
corre ponding on minor di i i n of 
the D ial). 'I he marker-o illa or 
ignal i mix d with h T ignal of 

the yn the iz r, and marker o ur 
whenever th EAT and · he m rker 

illa or f . q n ie are eq al. 
lark r app ar a mm · rical pa -

mg ab ve and low the cen er-fr -

quen y marker . The cen r-frcquency 
marker occurs \i h n 1 h BEAT fr qu n y 
it lf i z ro and i d: in uishable by 
it !Jipolar charac er' tic on he d. play. 
It alwa th p01n a 'vhi h 
the s exa 1 

yn th izer digi· 

h ·e function 11 r 
). A th "\ ep rate 

i rai·, ,d, th ide mark r have le 
time for buildup nd gradually d' ap
pear. The marker 
h Id 

n qu n y i 
id mark r can h ked 

or po"i ion by a momen ary redu 10n 
m sw p peed. 

.January 1967 

:\ arker 
the cen 

divi i n. 

anno be pl ced l er o 
r fr quen y than I AD 

uch lo e-in m rker are 

f the x r mely 
g od lin arity f . h "' D w ep bel w 

To ubdi' ide thi fr qu ncy 
n mer ly po ition th 1-divi

mark r at a ui bl line on the 
ill "<'ope graticule (by adju m n of 

o cillo op ho iz ntal gain) and 
th graticule divi ion a vernier 

HOW IT WORKS 

Sweep-Generator Section 

Th w ep-genera r ec ion i h n 
in Figur he ..,: p-voltage ut 
i o in d by in r tion f a of 

ol a e in an opera i l mplifi r wi h 
apacitive feed ack. The diff r ntial

ti n i balan d o gr und o 
i her po i ive or nega iv inputs 

are amplified and integra d with polar
i y r tained. The ou put o th arnpli
fi r ism nitor d by a e el n or which, 

t po i n gati e volta 

rev r e -polarity 

in gra or. ,. p 

rat aria1 i n f input 
' mpli ude and of the in egra ion 
of the mplifi r. The ampli ud of 

r ulting riangular u put-voltage 
wave orm · main ain d con tan y the 
level n or. ub�equ nt buff ring and 
adj u table a tenua i n r ul m con-

roll d-rat vn.riabl -ampli ud p 
Y 1 ag . In a c n ch nn 1 
ing amplifi r i d t o tain a yn

hr niz h riz n al-defl tio weep 
ignal f n ant ampli ud and opp -

polari y. ( nv r ion i reed d be

th � rn h "'izer fr qu n y in-
with negativ w p oltage, ----

*At hie;h w p p t.he enter-fr u ncy marker 
ch&n11;e cha.ract r hut remain symmetrical hat i 
,. nt r 1 ttll well denned and ob\·iou . ' 
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1 8 

t h  rim n te r  

wh · a cill d the righ 

Mo rke r Section 
Th ·i l ia or for h fr -

h 
on 

U pU · 1 
fr m h 

h ive
p he 

all fre-

narr w-band fi l  rmg 
prod harp , a -

mark r . 

arm 
"\\ i n 
o cil la 

of 
in r 

n.p., 
l lal 

n 

en 
h 

of he 

a m
wo par 11 I 

fr1 hunt to 
( 1  k Hz = 

lil 

. 1 - T o  

fr -

-kI I z  

tol ran . The 
fr qu n · i  . · rr . pond to dial 

i v  ion ranging from 1 . 1 -
d ' vi 'ion tep . A nc tiv - m ra ur -

c G 

d u ring 
r nge wh n 

M I X E R  

F R E Q U E N C Y  
S Y  T H ES I Z E R  
B E Ai I P U T 

A P P LICAT I O N S  
n th i z  r d 

OU pU 

F .I LT E R  
A N D  

D E T ECTOR 

F i g u re 3 .  D i a g r a m  o f  m a r k e r - g e n e r a t o r  s e cti o n .  

A R  E R  
O U T P U T  

I / 160 - P2-
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.J anuary 1967 

_J 
0 
ct: 
..._ 
z 
0 
u 
o 
<t 
(..) 

O U T P U T  
F R E Q U E N C Y  f0 + 6f 

S Y  T H E S ! Z E R 
B E AT 

E X T E R N A L  
CAD CO N T RO L  

M A R K E R  OUT 

S C O P E  H O R I Z  
I I 6 0 - P 2 

FR O M  B E A T  

M A R K E R S 

U N K  OW N D E T ECTOR 

S C O P E  

V E R T I CA L  

( 11 60- PZ - 4') 
H O R I ZO N TA L  S W E E P  

F i g u r e  4. B l o c k  d i a g r a m  o f  s w e e p  u n it  and s y nt h e s i z er u s ed a s  a preci s i o n  s w ept s o,u r c e ,  

bandpa of th devi e . � Tarrow we p 
\ -id h ar n c· •s ·ary t k p h -i nal 

within th b· lpa ... � for a r a -onable 

percentage of t h  im a nd t 

yield an xp·  n<l cl di p la r for con-
y nicnt an� Jy i . h l v I n 

con tan � un· imp syn-
the iz r are al · i mp r a f ac r , i n  

achieving f i l  and r l iuhl 
te ing of r · 
and fr q u 1 ct iYc in- t rum n t  · . 

fi g ur e  5 .  R ell p o n s e  o f  5 0 - M H z:  c r y s tal f i he r .  
Hori z: o ntal s c a l e :  2 k H z / c m . C e n ter f r e q u e n c y  

m ar k e r :  50 .00000 M H z . 

Figur the 
\V p tuu and n h :siz r c rnbin d a 

a prec1-1 n .· w p o u r  e .  he r .:pon 

of - - ::\ I H z  cry tal fi1t r i- . h  wn i n  

h 1 - I  

C � D was i n  t h  X 1 -k I z  
h sid 

w 111 

±:..)1 

F i g u re 6 .  R es p o n s e  of G R  1 900 W a  e 
A n a l y z er t u n ed to 1 0  k H z:  a n d  set f o r  l O - H z:  
b an d w i dt h .  H o r i z ontal s c al e :  S H z: / c m . 
C e nter freq u e n c y  m ar k e r :  1 0,000 .00 H z: .  

1 9  
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2 0  

r i  t r 

C O N TR O L  

S I G N A L -T E ST PO I N T  

P R E C I S I O N 
SW E PT 

S O U RC E  R E F  

P H A S E  

D E T EC T OR 
FI LT E R  

O S C I L L AT O R  
( V O LTAG E 

C O N TRO L L E D) 

I 1160 - P.? - 21 

fo 

f i g u r e  7. Set u p  f o r  s w e pt - freq u e n c y  e v a l u ati o n  o f  p h a s e - l o c k ed l o o p .  

mn1 or l \·1s10n • .  r ± _:) z a t  th ut-
p u  frC' I l l  'TH'Y· The . id -m,_ rker t in 
wa 1 maj or l i \·i:-;ion.  �I  a rkC' r� t 

± 2  T z  abo a p p  ·ar ; th ' a re r a d 
bv lw m1. u g f ..: · i d rm nnc·,· 

f h B E .  T an l ma rk r- ·cilla t o r  
:sig11ab. 

�\no th r , p p l i a ti rn i n v  h· . th 

·tudy of a ha:; • - locked os i l l a t o r .  

a <l ,· i l'e often u ·e l  a an U C ' t ini 
ba n I a�: ti l t  r in fr  q u C'lH'Y n1 u l  ip l i r.: 

and pl a ... -le <' k d tdem ry r e n·c•r. · .  

Pro p r p ·rn ior of �u ·h o i l l ·  tors i 
sta bli�hc> l. · · u r  n f \' ral 

inc l nc l i n  l o  k ran . .  p-

rang ' ,  1 and l p ·tabili  y.  Fi u re 
L' a n  elem nt ry b l  C' k d ia ra m of a 
p i le e:::;t · u p  u:-:i1 g h p r  C'i�ion 

req u  lH'Y w I t-. · o u n·e.  rl he ref 'r  n . 
• · i  n · l i.· ' W  p · t a c n r 1 1  ra t an I 
·wid h ,  a 1 H l  h ' •on tr h ·ig1 a l  ) th I c k  

loop i::-<  m n it r d ,  p ro v i  i n  ti.·eful  in
f rmat ion r gar<l ing lo k-1  p perf rm
anc an I · tubil itv .  Th co1 t rol �ignal 

du ri n g  loC' k 1 ,  a rn m p .  \\' lwn t h · 
ref ercne i ni 1 i;- "' \\- p t  ut.:id t h  

1 l\lcAleer, I T .  7'.,  " .\ �cw Look a h Ph e-Locked 
0 ·iUnt.or, " 'J h l'ror lill•ll <>/ Iii IRE, \'ol .t7,  J u ul! H J.:J!I, 
pp 1 1 37- 1 143 .  

t "- en 
o.'ci l l a t  r. Th 

�CC'n i mm l ia t Ply.  

b 

t 
th ._ l Z  r . 

C'Onfi.ned 
nt .;yn

mu ti-

F i g u r e  8 .  O s c i l l o s c o p e  p r e s e nt o f i o n  r e s u l t i n g  
w h e n  5- M H x  p h a '5 e - l o c k e d  o s c i l l a t o r  w a '5  s w e p t  
w i t h  1 63 s y n t h es i z: er (ll n d  1 1 60- ,P l  s w e e p  g e l'll e r a 
t o r .  S w e e p  d i s p l a y  i s  2 5  k H :r: e i t h er s id e  o f  5 M H -z ;  
m ar k er s  a r e  a t  1 0 - k H z:  s p a c i n g .  l o c k  r a n g e  ( e q u a l s  
c a p t u r e  r a n g e )  i s  a p pr o x i m at e l y  ± 1 2 k H z:  a b o u t  

5 - M H z:  c e nter freq u e n c y .  

www.americanradiohistory.com

www.americanradiohistory.com


l 

STA NDARD 
F REQUE CY 

SOU RCE f, 
x n  

F R EQ U E N CY 

MULT I PL I E R  

LOC 

J a 1n u a ry 1 9 67 

V O LTA G E 
CO TROLL E D  
OSCI LLATOR 

CO TROL 
S I G  AL 

T E S  
C I RC U I T A D 

D E T ECTOR 

S E PT-
P H A S E  FR EQUENCY 

D E T E C TO R  f0 - n f1 S Y  T E S I Z ER 

DI S P L AY 

1 1 60 - PZ 
SWEEP 
U IT 

(1160·P2-7j 
F i g u re 9. B ll o c k  d :i a g:ram of a freq 1u e n c y - c o n v ers i o n  ·s y•sl e m .  

pli r or converter can e u ed o 
tran late he fre u nc - �,. p ynthe-
iz r to the uhf ran e wh n r q uir d .  

One m hod of en mg he fr. -
quency coveracre i to multiply be 
o utput fr qu nc of th rn h izer. 
n uch a t m the wep fr quen 

ex ur 1 n D.f, of h yn h 

cour e rncrea cl b he ch 

r (an 1 an pha n i e of 

iz r i al o multipli d) . 
method di gra mmed in 

tr n lat h n .h "'izer 
o anoth r r of the 

p c rum b freq u  nc I n  

uch an arran e m  n w p 
quen y e. cur 1 n i u n  han ged . 

- R. L.  -:\IoYNIH \. 

S P E C I F I C A T I O N S  

A UT O M A T IC S W E E P  

Sweep Vo l tages:. v mme ricru triangular wave
forms centered an·o de. 
T 1i m e  fo r O n e-Way Sweep : 0 . 02 o 60 , utomn.
t.ic, lectable in 9 tep . Sweep -Tim e  A cc u racy : 
± lOo/c.  
O vtpu h :  
from ± l  

± 3  
nonadj t 
10 kn) .  
M A N U A L  S W E E P  

O vtputs : w e  p 
au t., matic 
control . 

M A R K1 E R S  

x c u r  1 011' are the am i n  
w i th co1 i n uou rn- n ual 

l.ocatio n :  Cent r marker OC'C'Ur nt the frequcnc:v 
set on ynthc> iz r digit dial ,�ide marker 
are di placect synun tri c::i.l ly from t he center 
n1ark r b,- he amount et on the .\! AR K.CR 
SP CDW dial . 
S id e  M a rk,er:  • puc i n  from cen r marker can 

b fr m 1 to 5.0 . D divi ion in 0. 1 teps . 
A c curacy : ± 1 r-;; of dial e ting. 
G E N ER A L  

1P o w e r  Req u ire d :  lOO u 1 25 Q r  200 to 250 V, 
50-100 Hz, :nY. 
A m b ie"'' Tempera t u re : 0 t .50" . 
Ac·ces s o r ies Supp l i e d : Two 2-foo (TYPE 1 1 60-
0:�20 ) and wo ·I-foot l l G - :32 1 ) R N' C  c axial 
patch cord , A P- 2 3-wir p wer cord , p are 
fu c .  
Te r m i n a ls :  onnccti on to  yn he i zcr and 
1\f ,\R KlCR OUT a.nd SCOPE HORIZ outputs avail
able fron and r e ·  r .  

for ench 
m uni, ar  in-

Dimensio n s :  B nch m od I - wi  th 1 , h igh 2, 
l pth 1 -J. I '.!  inches {-I .5, 52, '.310 m m ), o e r-al l ·  
a k rnod<>I - wid h I n , h igh I �.L d pth 

h hind panel 1 :� 1 .;  ineh s (-J. 5 -1:3, :}:30 m m ).  
Weight : .:-\('t, 1 2  lb  ( 5 .  k ) ;  hippi ng, ] lb  

{ 7  .5 k<r ). 

Price Catalog 
l'hmiber D ·cripfion in A 

1 1 60-9600 I 1 60- P2 Sw eep a n d  M ·arker G enerator $495 .00 

2 1  
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2 2  

t h  r i n'l. n r 

TH E SYNTH ES I ZER I N  T H E  
TEST I N G  OF PREC IS ION 

PRO D U CTION 
D E LAY LI N ES 

Th nt dev lopm n of 
·n h �iz r h· . . 

ir -r a ing 
ral labora tor 

in e n men-

ra ation of th original hape . \i\Tide 
ban wi h 11 v r l i  t le i per i 11 
mu t hi v . The I.in m u  

ls  rm en t :vi b . 
r gar o punou r pon a n  ta-

bilit . 

i n d i n  a1· i r Exp rim nt r art icle . 
The So l i d  D e l o y  Line 

T h  follo win g i a brief de cript ion of 

h int re tin l'T wa r in which n manu-

fact u r u. e a � ynth iz r to calibrate a,� 
ultra onic delay line . 

Del o y - Line Applic::a,tions 
D la r line ar wi ly u. c ' t prOYl 

ran ient readily acce� ible mem rie 

e i  her a nalo r d i  itaL in comput r 

an l in 'Y · rn for 1 n a  r 

cho ( .g . , Yid 
and m v ino--targe in i a tor ) . 

I n  th e pplica io l i  e 
mu t r pul  e for I n g  t im � ,._ 

r 11 milli e n - wi h v ry li t l  d a-

fi,gure 1 ,  M u lti p l e  refl edions I n  
3 1 - pa s s  quartz d e l a y  l i n e .  

Cou.riesy Bliley Eleciric Company 
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end,  

long delay ; Figur 

it lf 1 u n hou ed, d uring p ro uc i n. 
inpu and o pu ran due r ar pi zo-

lectric quartz cry tal or c ramie waf r 
m nted o he lab. I n  order o u p-

pr p ri u re pons , urf a c '  no 

in th pa h of the ma i1  b am a 
doped \Yith a or lng m rial . 

Delay up 2 µs an b obta i n  d 
with a p cial gla 

t mp rat ure coeffi i n 

longer d lay , h '' ever the high a, cn

uation of th gla prohibi i 
th l i n  mus b mad of f u d 

who t mp rature coeffi ien 

F i g u r e  3 .  E q u i p m e n t  
s et u p  for m e a s ure
m nt o f  d e la y  l i n e .  

l'AEOUENCY 
SYNT.-!ESIZER 

R I'  
OSCll .. LATOA MODU�4TOA 

January 1 967 

F i g u r e  2 .  F u s e d - q u art z: l i n e  d u ri n g  
m a n u f a c t u r e .  

Courtesy ,'-ficroaonica, Inc . 

i - 75 p rt per million p r 
el iu . I n  many ap pli  a ion 

line must b very pr · i  ely t 

u r  - on'  r 11  d t pro id the n 

tabil i y of d lay. 

gr e 

qu r tz 

mpe1·a
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