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4 bg r ace In th is paper , a nov el l OG H z-range vo ltage-

contro l led di f ferent ial r ing osc i l lator is proposed . l t

consists of a 2-stage d if f erent ial r ing osc i l lator and a

d i f ferent ial am p l i f ier w h ich d i f f erent ial ly am pl i f i es m o

signals n om com m o n-source o f each stage. A signal n om

the com m on-source o f d i f f erent ia l inver ter depends on

both tw o inputs, and therefore. w hen the 2-stage

d i f ferent ial r ing osc i l lator osCi l lates w i th Cs c. the

frequency of the signals at co m mon-source o f each Stages

is exact ly 2fox - B y using th is. a l OG H z-rang e osc i l lator

w as designed w ith O.5pm GaA s M E SFET and its

perform ance w as ev aluated by SPIC E sim ulat io n. From
, - ¢ sim ulat ion resu lts, it w as show n that l OG H z-range

zu¼put signals cou !d be obtained by the proposed V C0

w h ich w ould be very d i f f icu lt obtained w i th convent ional

r ing osci l lator-

W ith th is trend . a novel l oa k -range vo ltage-

contro l led d if ferent ia! r ing osc iHator is proposed in th is

paper® as a pan of im p lem entat ion o f l OG H z-range PL L .

Proposed V C0 is designed w ith O.5pm GaA s M ESFET ®

and its per form ance is evaluated by SPIC E sim u lat ion .

F i g . Fully dif ferent ial PL Ls.

I . INTRODUCTION
I I . CONVENTIONAL RING OSCIL LATOR

The dem and for h igh speed com m un icat ion sy stem s

has increased the need for h igh- f requency phase- lock ed

loops(PL I- - PL L s are general ly used to im p lem ent

f requency synthesizers or c lock/ data recovery c ircu its

included in most h igh-speed data p rocessing sy stem s[ Ï .

Especial ly , as the operat ing f requency o f the sy stem

increases, fu l ly d i f ferent ial PL L s ( F ig . l ) are prefer red

because of their h igh stabi l i- on no ises such as

temperature, process param eters. and pow er supp ly

var iat ions. A s show n 111 ¢ o l a PL L consists o f f i v e£ - ,

m ¦ or block s; phase/ f requency detector- FD ), charge

pum p, loop n iter , vo ltage-cont ro l led osci l lat or{ V CO ), and

Hequem y d iv ider . O f these, V C0 is the cr it ical bu i ld ing

b lock w hich determ ines the output Hequem y o f PL I- -

Therefore, there hav e been m any ef f or ts to increase the

Å Uput * eq uem y o f V C 0 , and present ly , several G H z-
age V CO ±s have been im p lem ented [ l -3] .

A vo ltage-contro l led osci Hator (V CO) outputs a signal

w hose osc i l lat ing * equer- - s are determ ined by the input

cont ro l voltages. A lthough there are m any ty pes o f V C O s-
a d if ferent ial r ing 0 p e is adopted f or OUI- V C 0 because it

can be integrated w ith the overal l sy stem in one ch ip .

Schem at ic d iagram s of conventi onal di f ferent ial r ing

osci l lators are show n in Fi o ô W hen a d i f ferent ial£ - é -

inverter is used as a delay cel l , either cveng e - 2(a)) or

odd( Fig . 2(b)) stages of r ing osc i l lator can be

im plem ented .

The osci l lat ion f requency(L U of a convent ional N -

stage r ing osc i l lator is dg em m ed by Eq . ¢ ) ,

Zx = UNTO-l (l)
w here, N is the num ber o f stages and TD is the.

propagat ion delay t im e for the delay cel l . From Eq . ( l ) , i t

i s c lear that N and TD m ust be m in im ized in order to
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max im ize the osci l lat io n f req uency of a r ing osc i l lator .

H ow ever , N is l im ited to be m ore than 2 by the osci l lat ion

,R Fond it ions and TD is l im ited by the process techno logy . In
¯ xam p le- in order to obtain an osci l lat ion Hequa - y of

l OG H z n om 2-stage r ing osc i Hator , T D of a delay cel l

m ust be at least 25ps, w hich is v ery d i f f icu lt to im plem ent

w it h a convent ional st ructure even though a state-of -the-

an process techno logy such as O.mull G aA s M E SN ET

process is used . M oreov er , since the convent i onal r ing

osci l lator OUtputs a signal d irect ly * om the m ain feedback

b op- an add it ional load capac itance(Cd i s induced in the

loop and th is makes the osc il lat ion * equa - y to be

reduced and var ied w ith the load . Therefore, a novel

structure o f r ing osc i l lator must be needed to so lve these

problem s.

can be expressed as Eq . (2 ) , by assum ing that the output

resistance o f the cu rrent source(J3, R3) is in f in ite and FET

H and J2 operate in the saturat ion reg ion .

l fU O U T 3 ) = % ,, - % Î £ Z - » 3 Si n d ) (2)

V 2 K

w here, V II. and K is the thresho !d vo !tage and the

transconductance factor o f J l and J2 , respect ively , and Io

is the output cur rent On t¤ cur rent source. From Eq . (2), it

can be seen that the w av ef orm of V (O U T 3) is repeated at

every hal f o f the input per iod . So . i f a N -stage r ing

osc i l lator com posed of t he d i f f erent ial inver ters osc i l lates

w ith the f requency of fosc, the f requency of 0 U T 3 signals

of each d i f f erent ial inver ters becom es 2fosc, j ust m ice of

that o f the m ain f eedback loop .

VD D

(a) Even num ber of stages-Z ¬

Fig . 3 Proposed d if ferent ial inver ter and its large-signal

character ist ics .

(b) Odd number of stages.

F ig . 2 Convent ional d if ferent ial r ing osci l l ators.

II I - PROPOSED v c o

F ig . 3 sho w s t h e p ro p o sed G aA s M EE SS;¿F EE ÂT d i f f eren t ia l

i n v er t er . l t co n s ist s o f a d i f f e ren t ia l am p l i f i er an d tw o

so u rc e f o l lo w er s. T h is d i f f er s f r o m a co n v en t io n a l

d i f f e r en t ia l in v ert er in t h at th e p r o p o sed c i r cu i t h as an

ad d i t io n a l o u tp u t p o r t (O U T 3 ) at t h e c o m m o n - so u r c e o f

t h e d i f f eren t ia l am p l i f i er . W h en m o p er io d ic si g n a ls

(V Bms+ A s in ( w 0 . V B. - A sin (w t ) ) ar e d i f f e r en t ia l l y ap p l ied

/ ( t h e inp u t p o r t s( l N l , IN 2 ) , t h e o u t p u t s ig n a l V ( O U T 3 )

H ow ever , those signal s cannot be direct ly used as

outputs because they contain a com ponent w h ich depends

on the com m on var iat ions of the input signals. In other

w ords, i f the b ias level of m o d if ferent ial input signals or
tw o branch cuITents( Ids̄s of H and J2) are com monly

changed by no ises such as tem peratu re, process

pam m eter Ì or pow er supp ly var iat ions. the vo ltage level

of com m on-source nod e of d i f ferent ial inver ter is also

changed to k eep the output cun -- n o f cuITent source

constant . A lso, because the m agn itude of 0 U T 3 signals

are sm al l com pared w ith that of m ain f eedback loop. some

processes m ust be inc luded to remov e the no ise-dependent

com ponents in O U T 3 signals and to am p l i - the

m agn itud e o f 0 U T 3 signals. Th is can be do ne by

d i f f erent ial ly arr. l i× ng m o 0 U T 3 signals w hose phase
d i f ference is l 80 £ as show n in Fig . 4 .

F ig . 4 show s the proposed 2-stage d i ff erent ial r ing
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osc i l lator . A s show n in f l a il-e, the phase d i f ferences o f

each input and output pairs are 90£ SO that the phase

/ ® d if ference of input pairs o f the n rst delay cell and output
¢
pairs of the second delay cel l is to be l 80£. So, the phase

di f f erence o f 0 U T î and O U T L becom es l 80£. and

therefo re, tw o d i f f erent ial outputs w hich have the

f requency o f 2 fosc and are h igh ly stab le on the above

no ises can be obta ined by d i f ferent ial ly aryl p l iO i ts them .

F ig . 5 show s the A C character i st ics o f the d i f f erent ial

inver ter used as a delay cel l in proposed V CO . l n order

that 2-stage d i f ferent ial r ing osc i l lator is in the osc i l lat ion

state- the phase d i f f erence betw een m o inputs and tw o

outputs o f d i f f erent ial inver ter is to be 90£ M d at th is, its

sm al l-signal gain m ust be m ore than l . From Fig . 5, it can

be seen that th is d i f ferent ial inver ter can be used as a

delay cel l o f 2-stage r i ng osc i l lat or , and its osc i l lat ion

f requency w i l l be about 5G H z.

Fig . 4 Proposed 2-stage d if f erent ial r ing osc i l lator .

F ig . 6 O utput w aveform s o f m ain feedback loop .

, R ¬
IV. SIN1ULATI0 N RESULTS

-O 25
The proposed V C0 w as designed w ith O.5pm G aA s

M EN ET and its per fo rm ance w as eval uated by SPIC E

sim ulat ion. To guarantee the rel iab i l ity of sim u lat ion

rea ds - some est im ated parasin c capac itors are inc luded at

each node o f the c ircu it .

-O 30
(µ) moon-- £>

-O 3 5 |

- O . 4 0

-O 4 5

-O 50

(¢ø) OD D-- cm--= -O 55 r .
4 O 4 1 4 2 4 3 4.4 4 5

T i m e (n s )

Fig . 7 Output w avefo rty1S of O U T 3 1 and OU T - -

F ig . 6 show s the output w avef orm s of the m ain

f eedback loop . In th is f igure, so l id l ines and domed l ines

represent m o outputs o f £ e Hrst and second stages.

respect ively . A s show n in th is Gg ure, the osc i l lat ion

* equa lCy of the m ain feedback loop is 5 .O5G H z. A nd®

Fig . 7 show s the output w aveform s o f the com m on-source

node of each di f ferent ial inven erg o U T 3 l and 0 U T 3¹ .

F ig . 5 A C character ist ics o f proposed d i f f erent i a l i nver ter .
/ ( ¢
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From the f igure,. it can be seen that the f requency o f

0 U T 3 l and 0 U T L is l o om H z w h ich is j ust m ice of th at

o f main f eedback loop signin g s 05G H z) and the phase
/ ° ¢ d i f ference betw een - them is { 8O£. H ow ever , T he

m agnitude o f O U T 3 s̄ is about O.2V pp w h ich is sm al l

compared to the m in im um EC L output level . A nd as

m ent ioned above, since they contain comm on no ise

components, it is needed to d i f ferent ial ly am p l i f y them .

Final output w aveforms o f proposed V CO are show n m

Fig . 8. l n th is Hgure, the w ave- n n s at m ini m um , center ,

and max imum f requenc ies are show n together . A s show n

in th is f igure, the m agnitude of V CO output is in the range

of 04 7~O.53V p-p and their com m on -m ode vo ltages v ary

* om - l .36V to - l .2 7V . T h is v ar iat ion o f the output b ias

level w i l l be red uced by increasing C M RR o f d i f f erent ial

am p l in er -

F ig . 9 show s the tun ing sensit iv i ty o f proposed V CO .

A s show n in th is f igure, the output Hequem y of proposed

V C O v ar ies n om 89 5G H z to l O. l 3G H z w hen the contro l

vo l tage var ies n om - l .6V to -O4 V . The tuning sensit iv ity

of p roposed V C 0 is about 980M H µ V . It i s ex pected that

the proposed d i ff erent ial r ing V C0 can be successfu l ly

app l ied to 10G H P rato- PL I- -

V. CONCLUSION

In th is paper , a nov el l 0G H z-range vo ltage-contro l led

d i f ferent ial r ing osc i l lator w as proposed and its

per form ance w as evaluated w ith SPIC E sim ulat ions.

Proposed V C0 consists o f a 2-stage d i ff erent ial r ing

osc i l lator w hich osc i l lates w ith the osc i l lat ion f requency

of fosc and a d i ff erent ial am pl i fi er w h ich d i ff erent ial ly

am p l i f ies tw o com m on-source signals of each stag es

hav ing the osc i l lat ion f requency o f 2fox - T herefo re,

proposed V C 0 can output very high f requency signals as

m ice as the conv ent ional one. W ith SPl C E sim ulat ion, it

w as show n that the output f requency o f proposed V C 0 is

abo ut l OG H z. T h is resu lt show s that the proposed V C 0

can obtain l OG H z-range outputs, w h ich w ou ld be di f f icu lt

w ith the convent ional schemes. M ore detai l speci f icat ions

o f p roposed V C 0 is in tab le l .

-O 8 nInu rn (@V CM=- 1 6V)

- Ma lmum (@ VC¤R ¤ -4V)
µ - 1 .O

m |
@ |
# -1 2
. -
£
µ - ½ 4

~

/ - ¢

~

T ab le l . Spec i f icat ions o f proposed V C0 .

| M axi mum out put f requency l O. l 3GHz

89 5 ~ l O. l 3GHz

- l .6 - -O.4V

Fig . 8 O utput w aveforty1S o f proposed V CO .
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