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A novel 2G H a rar- e full y d iHa em al pIta - locked loop (PL L ) is designed for d ock gener at ion
appl icat ions. T he PL L includes a d iHa em al - cont rolled vol t age-cont rolled oscil l at or (V CO) wit h a

t uning range of 17 4~ 34 0 GH z and a d iHerent ial charge pum p wi t h improved hold chara t er ist ics.
T he P L L is implemented w it h V it esse O.5-pm GaA s M E SFET (met . -semiconductor Held-eHect

t ram ist or ) process. T he exper iment - result s show th at t he propÄ ed PL L ha a lock r a ge of
17 4~ 34 0 GH z and a maximum V C0 root -mean-square j i t t er of 9.O ps (O.O31 UI )

I . INTRODUCTION

I n m u l t i - l i n k sy s t e m s s u c h Ä as y n c h r o n o u s t r a n s f e r

m o d e ( M M ) , i t i s m OÆrM e cÄOÄ sd±tb¼-e H¢ e. cdd tn¶ i±¦ vÁ e t o i n t e g r a t e s e v -

e r g l i n k s i n t o o n e h i g h - s p e e d s e r i a l l i n k b e c a u se i t c a n

r e d u c e t h e sy s t e m c o m p l e x i t y . T h i s r e q u i r e s h i g h - s p e e d

p h as e - l o c k e d l o o p s ( P L L s ) w h i c h p r o v i d e t h e s y n t h e s i z e d

sy s t e m c l o c k f o r d a t a se r i a l i z a n o n a n d d e - se r i a ,n a t i o n -

T h e r e h a v e b e e n m a n y r s e a r c h e H o r t s t o i n c r e a s e t h e

m ax i m u m P L L o p e r a t i n g f r e q u e n c y a n d o p e r a t i n g r a n g e

a n d t o r e d u c e t h e v o l t a g - c o n t r o l l e d o s c i l l a t o r ( V C O )

o u t p u t j i t t e r H a l . S i n c e t h e m ax i m u m o p e r a t i n g * e

q u e m y a n d o p e r a t i n g r a n g e o f a P L L a r e d e t e r m i n e d b y

t h e V C 0 a n d s i n c e t h e j i t t e r c h a r a c t e r i s t i c s a r e i n th -

e n c e d b y t h e V C 0 a n d t h e c h a r g e p u m p c h a r a c t e r i s t i c s ,

m o s t r e se a r c h e H o r t s f o r h i g h - s p e e d P L L h a v e f o c u s e d

o n t h e V C O a n d t h e c h a r g e p u m p . O u r g o a l i s r e a l i z i n g

a h i g h - s p - d P L L w i t h a w i d e l o c k - r a n g e a n d l o w j i t t e r

c h a r a c t e r i s t i c s , a n d i n OM e r t o a c h i e v e t h i s g o a l , w e c o m e

u p w i t h n e w c i r c u i t i d e as f o r t h e V C O a n d t h e c h a r g e

p u t t o -

.

needs a very small chip area and i t can produce high-
* equo - y signals wit h large magnit udes suit able for dig-
it al syst em appl icat ions. T here w e many met hods too
cont rol t he osci l lat ion frequency of the r ing osci l lat or-
type V C0 , such Ä RC delay cont rol Þ , pul l-down cur-

rent cont rol Ò , and fÄ dback loop coupl ing ¹ . A mong
t hese, t he feedback loop coupl ing met hod is t he most
suit able for high-sped PLL appl icat ion because it hÄ
no osci l lat ion frequency degradat ion due to t he out put
loading capacit ance.

Figure 1 shows a block diagram of a convent ional VC0
using t he feedback loop coupling met hod. T he V CO os-

ci l lat ion frequency ¥ o sc ) is t uned by the cont rol signal
(É ) of t - analog m du plex- (A M UX ) wh ch combines
two loops hav ing dig¤ - 1t loop delays. I f i t is Ä stuned
t hat t he A M UX out put % is l inear-- cont rol led by Vb

and t hat VC var ies from O t o 1, t he A M UX out put %
can be ex pressed Ä

% = - [(1 - % )% + Vc % ] ( 1 )

H. VOLTAGE-CONTROLLED OSCILLATOR

1. Convent ional VC0

A r ing oscil lat or-type V C0 is widely used for imPIe-
ment ing PL Ls for system clock generat ion because it

F ig. 1. Block d iagram of a convent iona1 V CO using t he
feedback loop coupl ing met hod -
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A lso , t h e V C 0 t u ni ng r ange can b e ex p ressed Ä

- ¾- å fosc < ½¹ - (2)2N d d - 2N H d

w here N S and N F are t h e nu m b er s of st ages of t he -slow
loop and t he fa t loop , r espect i vel y , and t d i s t he p r op a-

gat ion del ay of t he inver t er s and A M U X . W it h E q . (2) ,
t he V C O t un in g r an ge show n in F ig . 1 can be det er m ined
Ä 1/ ( 1O¾ ~ 1A m u - T his t y p e of V C O h a sem r al ad -

vant ages. I t b ea y t o det er m i ne t he V C O t un in g r an ge
and t o design w i t h a ¥ lb d ig er ent - l st r uct ur e- M o-re
over , i f t he V C O out pu t p or t i s p l aced on t he slow loop ,
Ä show n i n t he G. u -e, t he m ax im um f o s c is n ot low er ed

by t h e ou t p u t load ing capaci t ance.
H owever , t here is a l im i t at i on on incr ea m g i t s t un -

ing r an ge b ecause of t he unst ab i l it y of t he A M U X . I n
F ig . 1, t he del ay di g a - - e betw een t he t w o A M U X in -

pu t si gn als is 2% . W hen t he V C O osci l l at es w i t h i t s
m i n im um f o s c , i t s osci l l at i on per i od (To sc ) b ecom es
1Oú and t h e p hase d iHer a - e bet w een t he t wo A M U X
in put s becom es 2w/ 5. I n t h e sam e w ay , w h en t h e V C 0

osci l l at es w i t h i t s m a im u tt- f o .- , To s C b ecom es 6% ,
and t he PIta e d i ga -- 1ce bet w een t he t wo A M U X in put s

becom es 2w/ 3 . R om t h is, t he pha e d i Her e- e b et ween
t wo A M U X inp ut sign als is in t h e r an ge of 2w/ 5~ 2m/ 3 .

T his can m ake t h e loop gai n of t he V C O ver y sm al l an d
t he osci l l at i on cea ed b ecause a t he A M U X inp ut p h age

d iga - - e i ncr eases, t he m agn i t ud e of t he A M U X out put
da rea s [7].

(c)

z , £
.
.
Z n z
£
µ

O 6

TIm¤ m n
F ig . 3 . T h e p h ase r elat ionsh ip g b et ween t he t wo A M U X

in p u t s w hen (a ) % = O, (b ) % = O.5 , an d (c ) % = 1.

% = A2e- j 29%2

I n t he above equat ions, A is t he sm al l sign al gai n of an

i nver t er at a f requ ency of f o s c , and O is t he out pu t p hase
delay of an i nver t er and A M U X t o i t s i nput sign al . B y

usi ng E q . (3 ) a d Eq . (4 ) , we can ob t ain t he rel at ionsh ip

bet ween % 1 and % 2 Ä

( 1 - Yo r e- j 38
% = ( 1 + % )A 2c - j 36 % 2y 1, æ )

( 5 b )

2. Proposed V C0
By summing Eq.
fol low ing equat ions:

(5-a) and Eq. (5-b), We ,obt ain t he

( 6 a )-
-

-

.

, ®
± ¢® ,

( 6 b )

I n E q . (6- b ) , since t he lea t er m is t he p hase del ay of % 1
on % 2 g sh ow n in E q . (L b ) , ° + j ± i n t he r ight t er n1 is

m ea-ni ngless. T her efor e, P can be ex p ressed in t erm s of
A and Lb Ä

¤Figure 2 shows a block diagram of a new V C0 st ruc-

t ure [7,÷ . I t ha two ident ical loops, each of which con-
sist s of one A M UX and several inver ters. T wo loops are
combined With each ot her by the A M UX s. By g a n ning
that t he AM UX out put signals % 1 and % 2 are linear-
cont rol led by VC and t hat m e propagat ion delays of t he
A M U- and t he invert ers have t he same value ³ , t he
follow ing relat ionships can be obt ained: .

% 1 = [(1 - ± )% + ± ì ¤eÌ 9, Q (3a)

± )Ò + VC%] ¤e- j 8
% 2

¢ ¤¤w R
( 3 b )

A 2 e - j 29 % 1 , - ¹ 39 ,% = ( 4 a ) ( 7 )
4 ± Ý

- J
± ) ¶®³ %

~



Journal of t he K orean Physical Society, Vol - 37, No. 6, D- ember 20008 1 8 -

3 U l

N 2 R |
ï |
£ |

8 2 0 |
£ |

O OO 0 25 0 50 0 75 , ££
v c

Fig. 6. Corr. a isort of tuning sensit ivity of the proposed
v c o simulated by HSPICE with the result cd onated using
Eq. (9).

and % , rÄ pecOve- - I n t he case of A M UX 1, t he phÄ e
diga - - e between % and % is exact ly m/ 2 because %
is t he signal % delayed by 3%, a d % is an oscillat ing
signal which has a period of 12%. I n case of A M UX 2,
t he phase diga -- ®ce bet ween % and - % is also exa d y
m/ 2 because t he phase diga - - e between - % a d I. is

õ .
F i g u r e 3 s h o w s t h e s i m u l a t i o n r e s u l t s f o r t h e p r o p o s e d

V C 0 M e v a l u a t e t h e p h a s e r e l a t i o n s h i p s o f % , % , a n d

- % a t ± = O , 0 . 5 , a n d l . A s s h o w n i n t h e H g t ¤ e , t h e

p h a s e d i g a - - e s b e t w e e n % a n d % a n d b e t w e e n % a n d

- % a r e e x a c t l y # / 2 w e r t h e e n t i r e t u n i n g r a n g e . T h i s

g u a r a n t e s a s t a b l e o p e r a t i o n o f t h e A M U X s .

F i g u r e 4 a n d F i g u r e 5 s h o w t h e s c h e m a t i c d i a g r a m

o f t h e S$ CÆ FFH ®®LuIL ¹J ( sÄm oÌm tumW½Hu¿ IrÅ.ÉcÄ ea cÄ oÌÌ uÔ1 pM lhed d H* ed luÕd+ -e H& ea Cd t t r a n s i s t o r l o g i c )

i n v e r t e r a n d S C F L A M U X u s e d i n t h e p r o p o s e d V C O .

F i g u r e 6 s h o w s b o t h t h e H S P I C E p o s t - l a y o u t s i m u l a t i o n

r e s u l t s t o e v a l u a t e t h e t u n i n g s e n s i t i v i t y o f t h e p r o p o s e d

V C O a n d t h e r e s u l t s c a l c u l a t e d u s i n g E q . ( 9 ) w i t h v a r -

i o u s v a l u e s o f % . T h e s i m u l a t i o n w a s p e r f o r m e d a t a

t e m p e r a t u r e o f 8 0 £ C . R o m t h i s , i t c a n b e s e e n t h a t t h e

s i m u l a t e d r -S U I t s a r e b Ä t H t t e d f o r % = 6 O p s a n d t h a t

t h e V C 0 t u n i n g r a n g e i s 1 4 8 ~ 2 . 8 4 G H z .

F i g .

p l e x - -.

5 .

VTT VTT

S c h e m a t i c d i a g r a m o f t h e S C F L a n a l o g m u l t i -
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F ig. 10. Comparison of out put hold char a t er ist ics of t he
proposed m a ge pump w it h t he convent ional one shown in
F ig. 7.

I I I - CH A RGE PU M P

1. Convent ional Charge Pump

have HIn t e ou t p ut r esist ances and I u P 1 and I u P2 are
p ropor t ion al t o t he ch arge pum p ou t p u t vo lt ages V c p
and V c N , r espect ivel y . Si nce t here is no p -t y pe F E T in

t h e G a s M E SF E T p rocess, it i s ver y d iÅ cul t t o ds ign
pr op er cu r rent sour ces. C onsequent ly , t h is pr oblem is

m or e ser ious t h an i t is w it h t he C M 0 S pr oces -
I n Ref . 9 , a d iHere nt ial ch arge pu m p w as p roposed

t o m i n i m ize t h is p rob lem by cont ro l l i ng I DN 1 and I DN2
w i t h t h e ch ar ge p um p out pu t s. H owever , t he above p rob
len t cannot be solved com plet ely, b ecause i t is very d im -

cu lt t o m at ch I D N 1 and I DN 2 t o I u P 1 and I u P2 ex act l y .

2. Proposed Charge Pump

A d ig a mm a char ge p u m p is gener al ly used for U gh-
speed P L L app l icat ions b ecau se i t sw i t ches on ly t he CW -
rent pat . w h i le t he cu r r ent sou r-Cs and sin ks are al -

w ays t u rned on . F igu re 7 sh ow s a schem at ic d i agr am
of a convent ional d iHerent i al char ge p um p Ì . I n t h is
Hgt¤ e, U P P, U P N , D N P, and D N N ar e t he d i g a - -

t ial out pu t s of p ha e/ * q uem y d iv ider (P F D ) . W hen
t he char ge p um p is i n t he hold st at e (U P = D N = °O±) ,

I u P 1 How s t o I DN 1 and I u P2 Row s t o I D N2. I f t he cu r -

rent s I UP 1 an d I DN 1, and I u P2 and I DN 2 ar e ex act ly
t he sam e, t he char ge p u m p ou t pu t s V c p an d V c N ar e

not ch anged . W hen t he ch ar ge pum p i s i n t he up st at e
(U P = ° 1±, D N = °O±) , I u P2 How s t o I DUN- I u P1 How s t o

t he l oop Glt ¤ cap aci t or C P m ak i ng V c p in creased , and
I DN 1 How s * om t he loop Gl t ¤ - cap aci t or C N decreas ing

V c N . I n t h e sam e w ay, w h en t he ch ar ge pu m p i s i n t he
dow n st at e (U P = °Oõ D N = ° 1±) , V c p is decreased and

V c N is i ncreased .
H owever , 8 t he char ge p um p out p ut level is ch anged

from i t s in i t i al b i g level , it t ends m conv er ge t o it s in i-

t ial st at e b ecause t he cu r r ent sou r ces I u P 1 and I u P2

Figure 8 shows a schemat ic diagram of t he proposed
charge pump Pol . In order t o increase t he out put re
sist ance of all current sour-Cs and sinks, we implement

t hem by a cascode st ruct ure using one GaA s M ESFET
and one resist or . SU enhancement mode GaAs M ESFET
diodes are pla ed in al l t he cur rent pat h t o prevent t he
charges in t he loop Glt ¤ capacit ors,from Howing to t he
current sinks I DN1 and I DN2 at t he hold st ate. A lso,
t he la b . current s n om t he cur rent sources Iu n and
I m 2 t o CP and CN can be blocked by t he current sink
cont rol blocks F1 and F2 which are used to make t he
current s I DN1 and IDN2 equal t o or larger t han t hose of
I u n a d I m 2, respect ively. A lt hough t he current sink
cont rol met hod has already been proposed in ¹ , our
scheme diHers-in t hat it does not nÄ d t o mat ch I DN1

and I DN2 to Im 1 and I uP2 ex act ly, but only needs to
san s. I DN1Z t UP1 and I DN2ï I UP2¤

Figure 9 m ows t he simulat ion result s for t he depen-
der¤ e of t he Cur rent source Iu p and t he current sink
I DN on t he charge pump out put volt age L± . As shown
in t he Gg re, t he cur rent I up is l i t-ear ly proport ional t o
VC wit h t he slope of - 84 PA N - On t he ot her hand, t he

current I DN is l inearly proport ional t o t he current sink
cont rol volt age V F, wit-h t he slope of 168 pA / V , but it
is nearly independent of Vc . B om t his, it can be 8een
t hat t he current-sink cont rol block F1 and F2 must have
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Fig. 11. Layout On t¤ proposed PLL (* types of PLh are
included in the chip).

~

a volt age gain, dV ³ dV c , larger t han O.5 t o san s. t he
relat ionship I DNï I t- - T herefore, a source fol lower wit h
t he smal l signal gain of 1 can be U- d for F 1 and F2.

Figure 10 shows t he simulat ion resul ts for t he out put
hold charact erist ics of t he proposed charge pump and

Fig. 13. htea t- ed j it t er h istogr am of t he V CO out put
w hen t he PL L is locked at (a) 17 4 GHz, (b) 2.60 GHZ and
(c) 34 0 GH z.

t he convent ional one. T he convent ional charge pump
t ends t o converge t o i t s init ial st at e a t he out put level
goes up from it s init ial biÄ level . On t he ot her hand ,
t he proposed charge pump s̄ out put level st ays at t he

hold st at e. T he max imum relat ive error of t he proposed
charge pump out put is O.14 % dur ing 500 ns, showing
out put hold charact er ist ics which are superior t o t hose
of the convent ional charge pump .

I V . EX PER I M EN TA L RESU LT S

T he p rop osed P L L w as im plem ent ed w i t h a V it esse
OD-- m G aA s M E SF E T pr ocess. F igur e 11 show s t h e

l ap t1t of t he ch i p . T he ch ip h a t h r ee t y p es of P L L
cir cui t s. and i t s si ze is 3500 ¿ 3500 p m . T he p ower d is-

si pat ion of t he P L L cor e w as Ä t i m at ed t o be 380 m W
w hen + 3 .3 V / - 2.0 V p ow er sup pl ies w er e used .

T he p roposed P L L uss a convent ion al P F D im p .
1n ent ed by n i ne SC F L 2- inp ut O R gat es and t wo SC F L
3-in pu t O R gat es, f req uency d i v i ders im p lem ent ed by
SC F L D - t y p e Hi p Hop [11] , and on-ch i p second-or der

loop Hh er s- T he loop Glt ¤ par am et ers ( 1800 O , 4O pF ,
and 4 pF ) w er e ch osen t o m ake t he dam p i ng fact or (ð
of t he closed- loop t r ansfer fun ct ion O.707 , w h ich cor re-

F ig. 12. Waveforms of t he input reference signals and V C0
out puts when t he proposed PL L is locked at (a) 17 4 GHz,
(b ) 2 60 GHz and (c) 34 0 G Hz.




