
A Discrete Time Oscillator
for a DSP based Radio

Clay S. Turner

TGA Systems, Inc.

3 1 0 0 M e d lo ck B rid g e , S u ite 1 5 0
N o rc ro ss, G A 3 0 0 7 1

(7 7 0 ) 4 4 1 -2 1 0 0

1 I n t r o d u c t io n 2 O s c illa t o r s

T h e c la ssic a l a p p ro a ch to o sc illa to r d e sig n u se s a nW ith th e p ro life ra tio n o f d ig ita l sig n a l p ro c e sso rs,
a m p lī e r w h o se o u tp u t is fe d b a ck to its in p u t v iaD S P s, a n d th e e v e r in c re a sin g n e e d fo r h ig h e r d a ta
a g a in re d u c in g a n d p h a se sh iftin g n e tw o rk . T h era te s o v e r ra d io ch a n n e ls, it is n o su rp rise th a t
B a rk h a u se n c rite rio n fo r a n o sc illa to r re q u ire s th eD S P s a re b e c o m in g in te g ra l p a rts o f m o d e rn ra -
fo rw a rd g a in tim e s th e re v e rse g a in to e q u a l 1 a n dd io s. S o m e o f th e e a rly u se s w e re fo r p e rfo rm in g
th a t th e p h a se sh ift m u st b e a m u ltip le o f 2 ¼ . T h issp e c tra l a n d d e la y e q u a liz a tio n ta sk s a n d stra ig h t-
is e a sily d o n e w ith a D S P v ia m u ltip lie s a n d d e la y s.e n in g o u t th e n o n -lin e a ritie s o f th e m ix e rs a n d a m -

p lī e rs. N o w th e y a re a lso b e in g u se d fo r p e rfo rm in g
th e m o d u la tio n / d e m o d u la tio n ta sk s. N o t o n ly d o e s

2 .1 T a b le L o o k U p
th is e n h a n c e th e ra d io 's p e rfo rm a n c e , b u t a lso it
p u ts m o re o f th e ra d io u n d e r so ftw a re c o n tro l w h ich A sim p le , y e t fre q u e n c y lim ite d , w a y to g e n e ra te
sim p lī e s th e c o n ¯ g u ra tio n ta sk o f m u ltifu n c tio n ra - sin u so id s is b y ta b le lo o k u p . T h e sin u so id is e v a lu -
d io s. In th e c o n te x t o f th e p a p e r, th e te rm ra d io a te d a n d sto re d in a ta b le . T o g e n e ra te th e sin u so id ,
re fe rs to b o th tra n sm itte rs a n d re c e iv e rs. th e ta b le 's v a lu e s a re re a d o ® in su c c e ssio n w ith ta -

H ig h d a ta ra te m o d u la tio n m e th o d s u tiliz e o p - b le w ra p a ro u n d . T h is is e a sily d o n e w ith a p o in te r
tim a l ¯ lte rs, p re c ise p h a se a n d fre q u e n c y sh ifte rs, u sin g m o d u lo a rith m e tic . S in c e a p h a se c o n tin u o u s
a n d h a rm o n ic a lly p u re n u m e ric a lly c o n tro lle d o sc il- sin u so id is d e sire d , th e ta b le n e e d s to h o ld a n in te -
la to rs. T h e re is a lo t o f in fo rm a tio n in th e lite ra tu re g ra l n u m b e r o f p e rio d s. D e sp ite th e sim p lic ity o f th e
a b o u t th e d e sig n o f su ch m o d u la to rs a n d d e m o d u - ta b le m e th o d , it d o e s p o sse ss tw o m a jo r p ro b le m s.
la to rs a lo n g w ith m o st o f th e ir c o m p o n e n ts. B u t T h e ¯ rst is th e re q u ire m e n t th a t th e fre q u e n c y m u st
th e re is re la tiv e ly little a b o u t d isc re te tim e o sc illa - d iv id e e v e n ly in to so m e in te g ra l m u ltip le o f th e sa m -
to rs. T h is p a p e r p re se n ts a n o sc illa to r d e sig n th a t p lin g ra te . T h is c a n re su lt in le n g th y ta b le s. A lso
c a n b e u se d in a lm o st a n y m o d u la to r to p o lo g y . if q u a d ra tu re o u tp u ts a re n e e d e d , th e n th e ta b le 's

±le n g th m u st b e a m u ltip le o f 4 , so a n e x a c t 9 0 p h a seT h e o sc illa to r fe a tu re s a sta b iliz e d a m p litu d e
re la tio n is m a in ta in e d . T h e se c o n d d ra w b a ck is th ew ith q u a d ra tu re o u tp u ts, a n d it m a y b e sm o o th ly
q u e stio n o f sm o o th fre q u e n c y a d ju stm e n t.tu n e d . T h e a u th o r h a s im p le m e n te d th e a lg o rith m

in a M o to ro la D S P 5 6 0 0 2 . T h e su b ro u tin e c o n sists S o m e d e a l w ith th e se p ro b le m s b y u sin g sh o rte r
o f 2 3 in stru c tio n s a n d c o n su m e s ju st 4 6 p ro c e sso r ta b le s a n d a c c e p tin g th e h a rm o n ic d isto rtio n c a u se d
c lo ck c y c le s p e r o sc illa to r o u tp u t. T h is in c lu d e s b y th e p h a se d isc o n tin u itie s w h ile n o n u n ifo rm ly
fre q u e n c y tu n in g a n d b o th th e I a n d Q o u tp u ts. ste p p in g th ro u g h th e ta b le . H o w e v e r, so m e a p p li-
If tu n in g is n o t re q u ire d , th e n o n ly 2 8 c y c le s a re c a tio n s re q u ire h a rm o n ic a lly p u re w a v e s a n d ¯ n d
n e e d e d . th is m e th o d u n su ita b le . A d d itio n a lly , fo r q u a d ra -



tu re o u tp u ts, th is m e th o d h a s a p h a se , b e tw e e n th e T h is re la tio n sa y s th a t w ith tw o sta rtin g v a lu e s
c a rrie rs, n o ise c o m p o n e n t. a n d tw o fe e d b a ck v a lu e s, o n e c a n re c u rsiv e ly g e n -

T h e ta b le lo o k u p m e th o d 's h a rm o n ic d isto rtio n e ra te a sin e w a v e . O n e o f th e fe e d b a ck v a lu e s is
a n d p h a se n o ise c a n b e re d u c e d b y u sin g in te rp o - th e c o n sta n t,¡ 1 . S in c e th e v a lu e o f a in th e trig
la tio n , b u t th e n th e to ta l c o m p u ta tio n a l e ® o rt e x - th e o re m is a rb itra ry , th e re c u rsio n is p h a se in v a ri-
c e e d s th a t o f th e re c u rsiv e o sc illa to rs. W h e n p u re a n t. It is th e sta rtin g v a lu e s th a t a llo w fo r b o th
sin u so id s a re n e e d e d , th e re c u rsiv e o sc illa to rs b e - a m p litu d e a n d p h a se d e te rm in a tio n . T h e fre q u e n c y
c o m e th e m e th o d o f ch o ic e . e n te rs in to b o th th e sta rtin g v a lu e s a n d o n e o f th e

fe e d b a ck v a lu e s.
F o r e x a m p le , th e in itia l v a lu e s c o u ld b e se t to 0³ ´2 .2 R e c u r r e n c e R e la t io n s

2 ¼ fa n d A sin to m a k e a sin u so id w ith fre q u e n c yf s
S in c e c la ssic a l o sc illa to rs fu n c tio n b y fe e d in g th e ir f a n d a m p litu d e A . N o tic e th a t th e ¯ lte r's ¯ rst³ ´

2 ¼ fo u tp u t b a ck in to th e ir in p u t w ith a n a p p ro p ria te d e - o u tp u t is A sin 2 .
f s

la y , it is d e sira b le to ¯ n d a sim ila r re la tio n sh ip th a t
is o p e ra b le w ith a d isc re te tim e sy ste m . T h is d is-
c re te tim e re la tio n is c a lle d a \ re c u rre n c e re la tio n ."

........ ... .. .. .. .. .. ..¡ .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..........................................................................................................................................................................................................................................................T h e re c u rre n c e re la tio n sta te s th a t w h e n g iv e n n . . .. . .. .. . .. . . .. . .. .. .. .. cos(a + b n ).. .. .. . .. §. . .. . .. .. . .. . .. .. .. .. ... .. .. . ... . .. . .... . ... .. . . . .. .. .. . . .. . .. ......... . .. . ... ... . ... ... . ... ... ... . ... ... .... ... ... . ... ... . .. . ... .c o n se c u tiv e v a lu e s, th e n e x t v a lu e c a n b e c a lc u la te d . .. . ... . .. . ... ... +. ... ... ... . ... ... . .. . ... ... . ... ... . ... ... . ... ... . .. . .... ... .. . .. . ... .. . .. . ... .. . .. . ... .. . .. . ... .. . .. .If th e re c u rre n c e is su ch th a t th e n e x t v a lu e c a n b e ... .. . .. . .... .. .... .. .... .. .. .. .. .. .. .. .. .. .. .. .. . ¡ 1. .. .. .. .. .. .. .. .. .. . z. .. .. .w ritte n a s a lin e a r c o m b in a tio n o f th e p a st n v a lu e s, . .. .. .. .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .th e re c u rre n c e re la tio n re p re se n ts a n n th o rd e r a ll . . .. . .. . .. . .. . .. . .. . .. . .. . 2 cos(b ) .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. ... . ... .. . ... .. .. .. .. .. . . .. .. . . .. ... . ... .. .. .. .. .. .. .. . .... . . .. ..p o le ¯ lte r. A n a ll p o le ¯ lte r h a s a fe e d b a ck o n ly . . .. .. .. . ... .. . . .. .. . .. .... .... .. .. .. .. . .. ... . .. .. ................................................................................................................... ... .. ... .. ... .. ... .. ... .. ... .. . ... .. ... .. . .. .. . ... .. ... .. ... .. ... .. . .. .. . .. .. . ... .. ... .. ... .. .... .. .. .. .. .. .. .. .. .. .. ..to p o lo g y . .. .. .. .. .. .. .. .. .. .. .. .. .. ... ... ... ... ... .... .. .... .. .... .. .... .. .... .. .A n o sc illa to r th a t g e n e ra te s a sin g le sin u so id is ... .. .... .. .... .. .... .. .................... ¡ 1.....c a lle d a sim p le h a rm o n ic o sc illa to r, S H O . F ro m th e ..... z........ .. ... .... .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .th e o ry o f d i® e re n c e e q u a tio n s, it c a n b e sh o w n th a t . .. .. .. .. .. .. .. .. .. .. .. .. .. .. ................................................................................................................................................................................................

a d isc re te tim e sin u so id h a s a tw o te rm re c u rre n c e
w h e re th e c o e ± c ie n ts a re re a l v a lu e d . T h is tw o te rm

F ig u re 1 : S im p le H a rm o n ic O sc illa to rre c u rre n c e tu rn s o u t to b e a c la ssic a l trig o n o m e tric
th e o re m . It is:

2 .3 Q u a d r a t u r e O s c illa t o r ssin (a + b ) = 2 c o s(b ) sin (a ) ¡ sin (a ¡ b ) (1 )

P re v io u sly , a tw o te rm re c u rre n c e (2 n d o rd e r) re la -T o in te rp re t th is th e o re m a s a n o sc illa to r re c u r-
2 ¼ f 2 ¼ f tio n w a s u se d to m a k e a S H O . N o w tw o c o u p le dsio n ite ra tio n , le t a = n a n d b = , w h e re f isf fs s sin g le te rm (1 st o rd e r) re c u rre n c e re la tio n s w ill b eth e o sc illa to r fre q u e n c y , f is th e sa m p lin g ra te , a n ds

u se d to m a k e a n o sc illa to r th a t h a s tw o o u tp u tsn is th e sa m p le n u m b e r. T h e n th e th e o re m b e c o m e s ±w h e re o n e is 9 0 o u t o f p h a se w ith re sp e c t to th e
Ã ! Ã ! Ã ! o th e r. T o c o n stru c t su ch a n o sc illa to r re q u ire s tw o

2 ¼ f 2 ¼ f 2 ¼ f
c la ssic a l trig o n o m e tric th e o re m s. T h e y a re :sin (n + 1 ) = 2 c o s sin n

f f fs s sÃ !
2 ¼ f sin (a + b ) = sin (a ) c o s(b ) + c o s(a ) sin (b ) (4 )¡ sin (n ¡ 1 ) (2 )

f c o s(a + b ) = c o s(a ) c o s(b ) ¡ sin (a ) sin (b ) (5 )s

W ritte n in th is w a y , th e re c u rre n c e is fo u n d to b e
S u b stitu tin g th e sa m e v a lu e s fo r a a n d b a s b e fo re ,

Ã ! th e p re sc rip tio n fo r a q u a d ra tu re o sc illa to r is:
2 ¼ f Ã !N e x tS in = 2 c o s P re se n tS in

f 2 ¼ fs
N e x tS in = c o s C u rre n tS in +¡ L a stS in (3 ) f s



Ã !
2 ¼ f 2 .4 A m p lit u d e S t a b iliz e d O s c illa -

sin C u rre n tC o s (6 )
f s t o r sÃ !

2 ¼ f
N e x tC o s = c o s C u rre n tC o s ¡ S o fa r th e d e sc rib e d o sc illa to rs a re b a llistic in th e

f s se n se th a t th e y a re lo a d e d w ith so m e p re se t v a lu e sÃ !
2 ¼ f a n d a llo w e d to fre e ru n . S in c e th e ¯ lte r's c o e ± c ie n tssin C u rre n tS in (7 )

f a n d d a ta m u st b e q u a n tiz e d to b e p ra c tic a l, a D S Ps

im p le m e n ta tio n m a y y ie ld a n o sc illa to r w h o se a m -
F ig u re 2 sh o w s th e n e tw o rk fo rm o f th e q u a d ra - p litu d e w ill ch a n g e w ith tim e . If th e w o rd siz e o f th e

tu re o sc illa to r. D S P is la rg e , i.e ., 2 4 b its, th e o sc illa to r c a n o p e ra te
L ik e b e fo re , th e re a re tw o d e la y e le m e n ts; h o w - fo r a la rg e n u m b e r o f ite ra tio n s b e fo re th e a m p li-

e v e r, th e in itia l v a lu e s a re d i® e re n t. W ith th e tu d e ch a n g e b e c o m e s sig n ī c a n t. S o m e n u m e ric a l
S H O c a se , th e y a re tw o c o n se c u tiv e sa m p le s o f a e x p e rim e n ts h a v e d e m o n stra te d o v e r a m illio n it-
sin u so id | In th is c a se , th e y a re sa m p le s o f a sin u - e ra tio n s a re n e e d e d b e fo re th e a m p litu d e ch a n g e s

±so id 9 0 a p a rt. T h is la st fa c t m a k e s th e q u a d ra tu re m o re th a n 1 0 p e rc e n t. S o b a llistic o sc illa to rs fu n c -
o sc illa to r e a sy to c o n tro l. tio n v e ry w e ll fo r sh o rt d u ra tio n to n e b u rsts. H o w -

e v e r, if o n e n e e d s to g e n e ra te a c a rrie r, w h ich c a nT h e u se fu ln e ss o f th e q u a d ra tu re o sc illa to r h a s its
o p e ra te in d e ¯ n ite ly , a b a llistic o sc illa to r w o n 't d o .ro o ts in F o u rie r tra n sfo rm th e o ry . M o st im p o rta n t

T o sta b iliz e th e a m p litu d e , o n e m e a su re s th e o s-is th e fre q u e n c y sh iftin g th e o re m w h ich sa y s fo r th e
c illa to r's a m p litu d e a n d c o m p a re s it w ith th e se t-fo u rie r tra n sfo rm p a ir:
p o in t (d e sire d ) a m p litu d e a n d a d ju sts th e fe e d b a ck
a c c o rd in g ly . T h e q u a d ra tu re o sc illa to r a llo w s fo rx (t) , X (! ) (8 )
triv ia l, n o n -fre q u e n c y d e p e n d e n t, a m p litu d e m e a -
su re m e n t. B y d e n o tin g th e o u tp u ts I a n d Q . T h eth a t p

2 2i¢ ! t a m p litu d e , A is ju st I + Q . If th e se tp o in t a m -ox (t)e , X (! ¡ ¢ ! ) (9 )
p litu d e is d e n o te d A , th e n th e sta b iliz a tio n g a in Gs

isT h e q u a d ra tu re o sc illa to r g e n e ra te s th e c o m p o n e n ts
Ai¢ ! t so f e . T h u s th e q u a d ra tu re o sc illa to r is a k e y pG = (1 0 )

2 2I + Qc o m p o n e n t o f th e fre q u e n c y sh iftin g p ro c e ss.
T h e fa c to r G is u se d in th e fe e d b a ck lo o p s.

If th e in sta n ta n e o u s e rro r c o rre c tio n re q u ire m e n t
.............................................................................................................................................................................................................................................................................................................. .. .. .... .. .... ... ... ... ... ... .. .. .. .. .. is re la x e d , th e c o stly d iv isio n a n d sq u a re ro o t fu n c -.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ................. tio n s c a n b e a v o id e d . T h is is d o n e b y ¯ n d in g th e 1 st....¡ 1 ..........z .......... .. .. .. .. .. .. .. .. .. .. .. .. .. o rd e r T a y lo r's se rie s e x p a n sio n o f G a b o u t A . T h is.. .. .. cos(b ) .. .. s.. ....... ..... .... .... .... .. ... .... .. ... .. .... .. . ... .. .. . ... .. . .. .. . ... .. .... .. .. ... .. .. ..... .. .. ... .. .. ... .... ... .. .. .+ .. .. .. ... .. .. ... .. .. .. ... .. . .... .. . .... .. . .. .... . ... ......................................... ............................................................................................................................................ ......................................................................................................................... .. . ... .. .. . ... . . . ... . . ... .. . .. ... . .. cos( a + b n )... . .. ... . .. ... .. . § ... .. . .. a p p ro x im a tio n h a s th e p ro p e rty o f b e c o m in g m o re. .. .. . ... .. . . ... . . . ... .. .. . .... .. ... ... .. .. . ... . .... . .. . .. ... . . .. .. . . .. . ... . . .. ..... ....... .. .. ... .. ... .. ... .. .. ... .. .. ... . ¡. ... .. ... .. ... .. ........................................... .. .. .. .. .. .. a c c u ra te a s A a p p ro a ch e s A . T h is a p p ro x im a tio n.. .. .. .. o s.. .. .. .. .. .sin(b ). .. .. .. .. ..... .... . .... . .... . . ... . . ... . . .... . . ... . . ... . .. ... . .... . .... .. ... . . ... . . ... . .. ... . . ... . .. .. . .. ... . ............................................. ......................................... .. .. . .. .. .. .. . . is:. .. . .. .. .. .. .. . .. .. . .. .. .. . .. .. . .. .. . ... . .... . .. .. . .. ... . .... . .. .. . .. .... ..... . .... . .... ... .. .. .. . 3 1. .. .. .. .. .. .. .. . ¡ 2 2 2. .. .. .. .. .. .. .. .. .... .. ... G ¼ ¡ A (I + Q ) (1 1 ). .. .... . s. .... .. .... .. .. .. .. ............................................................................................................................................................................................................................................................................................................... .. .. .. .. .. .. . .. . .. .. .. . 2 2. . .. . .. .. . .. . . .. ... .. . .. . . .. ... .. . .. . . .. .. .. . . .. . . .. .. .. . . .. . . .. .. .. . . .. . . .. .. .. . . .. . . .. .. .. . . ... . .. .. .. . . ... . ... . ... . ... . ... . ... . ... . .. . ... S in c e th e a m p litu d e v a ria tio n s, w ith o u t sta b iliz a -.. . .. . ... .. . .. . ... .. . .. . ... .. . .. . ... .. . .. . ... .. . .. . ... .¡ 1 . . .. . ... .. . .. . ... .. . .. . .. . ... .z . . .. . ... .. . .. . ... .. . .. . tio n , a re v e ry sm a ll, th e ¯ rst o rd e r c o rre c tio n w o rk s... .. ................................................................................... ... . . .. . . .. .. ... . . .. . . ... . . .. . . ... . . .. . . .. .. ... . . .. .. .. .. . .. . . .. .. ... cos(b ) . . .. . . ... . ... . . ....... . ..... . .... .... .. .. . ... . ... .... .. . . ... .. . .... . .. . . ... .. . .. .. ... .. .. . .. ... . ... . .. .+ ... .. . .. ... .. . .. ..... . .. .. ... . .. .. ... .. . .. ... .. . .. ... .. . .. ... .. .. . . v e ry w e ll... .. .. . .. ... .. .. .... .. .. ... ... .. .. .... .. ... ......................................... ............................................................................................................................................ ......................................................................................................................... .. . . ... .. . .. . ... .. . . ... . . . ... .. . . .. ... .. .. sin( a + b n )... . . .. ... . . .. ... . .. . § ... .. . . ... .. . .. . ... . .. . . ... .. . .+ ... .. . .. . ... . .. .. ... . . .. . ... .. ... .. . .. . ... . .. .. . . .. . ... . .. ..... . ........ .. .. .. .. .. .. .. .. .. .. .. W ith th e c o n sid e ra tio n o f a ¯ x e d p o in t D S P in.. .. .. .. .. .. .. . p. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .sin(b ) 2. .. .. .. .. ..... .... ..... . .... .. ... .. ... . . .... .. ... . m in d , it b e c o m e s c o n v e n ie n t to le t A = . A lso ,. ... . .. ... .. ... .. ... .. . s.. .. ... .. ... ... ... .. ... ... .. .. 2. ... .. ............................................ .................................................................................. ... .... ... ... .... ... ... ... ... .... ... ... .... ... ... .............. 1if G is u se d a n d th e c o rre c te d v a lu e s a re sc a le d u p

2

b y 2 , th e n a ll o f th e v a lu e s a re in [¡ 1 ; 1 ).
T h u s,F ig u re 2 : Q u a d ra tu re O sc illa to r

3 1 2 2
1G = ¡ (I + Q ) (1 2 )
2 4 2



T h e n e tw o rk fo r th e a m p litu d e sta b iliz e d o sc il- c illa to r is c a lle d a n u m e ric a lly c o n tro lle d o sc illa to r,
la to r is sh o w n in ¯ g u re 3 . T h e c irc le s w ith th e N C O .
¦ s in th e m re p re se n t m u ltip lic a tio n b y a v a ria b le , T h is m a k e s th e N C O id e a l fo r u se a s a fre q u e n c y
w h e re a s, th e tria n g le s re p re se n t m u ltip lic a tio n b y a sh ift k e y in g , F S K , m o d u la to r. A d d itio n a lly , if th e
c o n sta n ts. T h is fo rm o f th e o sc illa to r w h e n u se d in N C O 's, in p u t is ¯ rst d i® e re n tia te d , th e n o n e h a s a
c o n ju n c tio n w ith a d e la y lin e , a n d a H ilb e rt tra n s- p h a se sh ift k e y in g , P S K , m o d u la to r.
fo rm e r, m a y b e u se d fo r sin g le sid e b a n d a m p litu d e T h e a m p litu d e in d e p e n d e n c e d u rin g tu n in g a rise s
m o d u ltio n , S S B A M . L ik e w ise , th is o sc illa to r m a y fro m th e fa c t th a t th e tw o sto re d v a lu e s a re a lw a y s

±b e u se d to im p le m e n t b o th q u a d ra tu re a m p litu d e 9 0 a p a rt. T h is is n o t tru e w ith th e S H O . F o r
m o d u la tio n , Q A M , a n d q u a d ra tu re a m p litu d e d e - a tw o o r fo u r le v e l F S K sy ste m , th e c o s(b ) a n d
m o d u la tio n , Q A D . sin (b ) te rm s fo r e a ch fre q u e n c y a re p re c a lc u la te d

a n d sto re d in a ta b le .

F o r a c o n tin u o u sly v a ria b le fre q u e n c y m o d u la -
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d e v ia tio n s a re c o m m o n in F M sy ste m s, a lo w o rd e r
a p p ro x im a tio n c a n b e u se d . S in c e o rd e r o f k ilo h e rtz

F ig u re 3 : A m p litu d e S ta b iliz e d Q u a d ra tu re O sc il- d e v ia tio n s a re p e rfo rm e d o n o rd e r o f 1 0 0 m e g a h e rtz
la to r c a rrie rs, it is e a sy to se e th a t th e re la tiv e fre q u e n c y

sh ift, h , is a tin y n u m b e r.

If b is th e c e n te r fre q u e n c y , th e fo llo w in g 2 n d o r-
d e r T a y lo r's a p p ro x im a tio n s a re fo u n d :2 .5 F r e q u e n c y T u n in g

Ã !
2hA s m e n tio n e d e a rlie r, th e q u a d ra tu re o sc illa to r h a s c o s(b + h ) ¼ 1 ¡ c o s(b ) ¡ h sin (b ) (1 3 )

2m a n y m e rits. N o t o n ly is it e a sy to sta b iliz e its a m - Ã !
2p litu d e , b u t it is a lso e a sy to a d ju st its fre q u e n c y h

sin (b + h ) ¼ 1 ¡ sin (b ) + h c o s(b ) (1 4 )w h ile in o p e ra tio n . S in c e th e tw o te rm re c u rsiv e 2
o sc illa to r h a s o n ly o n e fre q u e n c y d e p e n d e n t c o e ± -
c ie n t, if it is a d ju ste d w h ile th e o sc illa to r is ru n - w h e re h is a sm a ll fre q u e n c y d e v ia tio n .
n in g , th e o sc illa to r w ill ch a n g e a m p litu d e in a d d i- A sim ila r fu n c tio n a l fo rm a rise s fo r th e C h e b y -
tio n to ch a n g in g fre q u e n c y . H o w e v e r, th e q u a d ra - sh e v e x p a n sio n s.
tu re o sc illa to r w ith its tw o fre q u e n c y d e p e n d e n t c o -

c o s(b + h ) ¼ C (h ) c o s(b ) ¡ S (h ) sin (b ) (1 5 )e ± c ie n ts w ill n o t ch a n g e a m p litu d e w h e n th e fre -
q u e n c y is ch a n g e d . T h e re su ltin g sin u so id is c o n - sin (b + h ) ¼ C (h ) sin (b ) + S (h ) c o s(b ) (1 6 )
tin u o u s. T h u s, th e tu n a b le o sc illa to r fu n c tio n s lik e
a v o lta g e c o n tro lle d o sc illa to r, V C O , in a p h a se H e re C (h ) a n d S (h ) a re lo w o rd e r p o ly n o m ia l e x -
lo ck e d lo o p , P L L . T h is d isc re te tim e tu n a b le o s- p a n sio n s o f c o s(h ) a n d sin (h ) a b o u t 0 re p e c tiv e ly .



T h is fo rm u la tio n fo r b o th th e T a y lo r a n d C h e b y sh e v m o v e b , y : ( r \ r e g ) -

e x p a n sio n s u se s a n o rth o g o n a l tra n sfo rm a tio n fro m E N D M

th e c e n te r fre q u e n c y b to th e o rig in . T h e o rth o g o -
n a l tra n sfo rm a tio n 's a d v a n ta g e is th a t th e p o ly n o - ; a m p l i t u d e s t a b i l i z e d q u a d r a t u r e
m ia l a p p ro x im a tio n e rro rs a re n o t m a g n ī e d b y th e ; o s c i l l a t o r i t e r a t i o n ( C S T )
tra n sfo rm a tio n p ro c e ss. T h is a llo w s fo r lo w e r o rd e r ; 1 4 i n s t r u c t i o n s - - 2 8 c y c l e s
p o ly n o m ia l a p p ro x im a tio n s a n d sm a lle r m a g n itu d e s ; 4 2 4 n S e c @ 6 6 M H z
fo r th e p o ly n o m ia l's c o e ± c ie n ts.

A Q _ O S C M A C R O r e g

m o v e L : ( r \ r e g ) + , x
3 D S P C o d e m p y x 0 , x 1 , a L : ( r \ r e g ) - , y

m a c - y 0 , y 1 , a
T h is se c tio n sh o w s th re e u se fu l o sc illa to r m a c ro s, m p y x 1 , y 0 , b
w ritte n in M o to ro la D S P 5 6 0 0 2 , d e m o n stra tin g v a r- m a c x 0 , y 1 , b a , x 0
io u s fo rm s o f th e a lg o rith m 's im p le m e n ta tio n . T h e m p y - x 0 , x 0 , a b , y 0
¯ rst is th e b a llistic fo rm o f th e o sc illa to r. T h e se c - m a c - y 0 , y 0 , a # 0 . 7 5 , b
o n d is a n a m p litu d e sta b iliz e d q u a d ra tu re o sc illa to r, a d d r b , a
a n d th e th ird is a sm o o th ly tu n a b le sta b iliz e d o sc il- m o v e a , x 1
la to r. E a ch u se s tw o lo n g m e m o ry lo c a tio n s. O n e n - m p y x 1 , x 0 , a
try a n d e x it r \ r e g p o in ts to th e ¯ rst o f th e m e m o ry³ ´ a s l a

2 ¼ flo c a tio n s. T h e ¯ rst lo n g a d d re ss c o n ta in s c o s m p y x 1 , y 0 , b a , y : ( r \ r e g ) +f s

in x sp a c e a n d h a s th e c o sin e o u tp u t in th e y sp a c e .p a s l b
2T h e c o sin e o u tp u t is in itia liz e d to . T h e se c o n d m o v e b , y : ( r \ r e g ) -2³ ´

2 ¼ flo n g a d d re ss c o n ta in s sin in x sp a c e a n d h a s E N D Mf s

th e sin e o u tp u t in th e y sp a c e . T h e sin e o u tp u t is
in itia liz e d to 0 :0 . S in c e th e m a c ro s m a k e e x te n siv e ; C o n t i n u o u s l y t u n a b l e ,
u se o f th e p ro c e sso r's p a ra lle lism , th e lo n g m e m o ry ; s t a b i l i z e d q u a d r a t u r e o s c i l l a t o r ( C S T )
d a ta sh o u ld b e p la c e d in in te rn a l D S P ra m to a v o id ; U s e s 2 n d o r d e r T a y l o r ' s s e r i e s .
w a it sta te s. ; 2 3 i n s t r u c t i o n s - - 4 6 c y c l e s

T h e m a c ro s m a y e a sily b e m o d ī e d to p ro v id e ; 6 9 7 n S e c @ 6 6 M H z
sta ck a b le o sc illa to rs b y ch a n g in g th e a u to d e c re m e n t
p a rt o f th e e a ch m a c ro 's la st in stru c tio n to a n a u - A F Q _ O S C M A C R O r e g
to in c re m e n t. T h e p o in te r w o u ld a lso n e e d to b e m o v e a , y 0 # 0 . 5 , b ; a h a s d e l t a f r e q .
c o n ¯ g u re d to b e m o d u lo 2 tim e s th e n u m b e r o f o s- a s l b L : ( r \ r e g ) + , x
c illa to rs. L ik e w ise , th e m e m o ry lo c a tio n s w ill n e e d a s l b
to b e a t th e p ro p e r ty p e o f m o d u lo a d d re ss. m a c - y 0 , y 0 , b L : ( r \ r e g ) , y

a s r b a , y 0

; b a l l i s t i c q u a d r a t u r e m p y - y 1 , y 0 , a b , x 0

; o s c i l l a t o r i t e r a t i o n ( C S T ) m p y x 1 , y 0 , b

; 6 i n s t r u c t i o n s - - 1 2 c y c l e s m a c y 1 , x 0 , b L : ( r \ r e g ) - , y

; 1 8 2 n S e c @ 6 6 M H z m a c x 1 , x 0 , a L : ( r \ r e g ) , x

m o v e a , x 1

Q _ O S C M A C R O r e g m p y x 0 , x 1 , a b , y 1

m o v e L : ( r \ r e g ) + , x m a c - y 0 , y 1 , a

m p y x 0 , x 1 , a L : ( r \ r e g ) - , y m p y x 1 , y 0 , b

m a c - y 0 , y 1 , a m a c x 0 , y 1 , b a , x 0

m p y x 1 , y 0 , b m p y - x 0 , x 0 , a b , y 0

m a c x 0 , y 1 , b a , y : ( r \ r e g ) + m a c - y 0 , y 0 , a # 0 . 7 5 , b



a d d r b , a

m o v e a , x 1

m p y x 1 , x 0 , a

a s l a

m p y x 1 , y 0 , b a , y : ( r \ r e g ) +

a s l b

m o v e b , y : ( r \ r e g ) -

E N D M

4 C o n c lu s io n

S e v e ra l o sc illa to r fo rm s h a v e b e e n d e sc rib e d a lo n g
w ith sa m p le c o d e a n d a c o n tin u o u sly v a ria b le fre -
q u e n c y , a m p litu d e sta b iliz e d q u a d ra tu re o sc illa to r
is d e v e lo p e d . W h ile th is la st fo rm se e m s to b e a
b it c o n v o lu te d , its e x e c u tio n is stra ig h t fo rw a rd . It
n e e d s o n ly fo u r m e m o ry lo c a tio n s| tw o fo r th e o u t-
p u ts a n d tw o fo r th e fe e d b a ck v a lu e s. T h e se fo u r
lo c a tio n s m a y b e c o m b in e d in to tw o lo n g m e m o ry
lo c a tio n s a s is d o n e in th e sa m p le m a c ro s.

T h e q u a d ra tu re o sc illa to r is n o t o n ly e x tre m e ly
° e x ib le in th a t it ¯ n d s n u m e ro u s u se s in m o d u la to rs
a n d d e m o d u la to rs, b u t th is im p le m e n ta tio n a lso a l-
lo w s fo r e a sy c o n tro l. A lso , T h e e ± c ie n c y o f th e
o sc illa to rs a llo w s o n e to d e sig n a ra d io w ith a g e n -
e ra l p u rp o se D S P w ith a n IF in th e 1 0 0 k H z ra n g e .
A n A S IC c o u ld e x e c u te th e a lg o rith m a t a m u ch
h ig h e r ra te .


