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Design of M onol i t hic 3G H z-Range PL L Using O.5um G aA s N4E SFE T Pr ocess

A b s t r a ct The remainder of this paper is organized as fol lows.

Section I l describes a new type of wide-tuning range V C0

and demonstrates its characterist ics by HSPICE

simulation results and experimental results. Section IH

explains a new ly proposed charge pump circuit having

improved output hold characteristics. The experimental

results of the PL L which has the proposed VC0 and the

charge pump arc discussed in Section l V, and Section V

gives the conclusions.

A l . 8 ~ 3 . 2 G H z ¥ l l y d i f f b r o m a l p h a s e - l o c k e d l o o p

( P L L ) i s r e a l i z e d f o r A T M c l o c k g e n e r a t i o n a p p l i c a t i o n s .

T h e P L L i n c l u d e s a n e w d i f f e r e n t i a l v o l t a g e - c o n t r o l l e d

o s c U l a t o r ( V C O ) w i t h t h c w i d e t u n i n g r a n g e o f l . 7 4 ~

3 4 0 G H z a n d a n e w d£ iH{nYÃ¢¢ rÄea tnm1Hmtni×a÷ l c h a r g e p u m p w i t h

i±m¼nm1n1£p rmoU NV c d h o l d c h a r a c t e r i s t i c s . T h e P L L i s i m p l e m e n t e d

w i t h O S t u n G a A s M E S F E T p r o c e s s . T h e e x p e r i m e n t a l

r e s u l t s s h o w t h a t t h e P L L h a s t h e l o c k - r a n g e o f l . 8 ~

3 . 2 G H z a n d i t s o u t p u t R M S j i t t e r i s a t m o s t S Op s

( O .Ì 5 U l ) a t 3 . 2 G H z .

H . V o l t a g e- C o n t r o l l ed O sc i l l a t o r

A r ing osc i l lat or -O pe V C0 is w idely used f or PL L s

fbr sy stem c lock generat i on app l i cat ions si nce i t requ ires a

v ery sm al l chip area and H can produce h igh frequency

signals w ith large m agni tudes su i tab le f or d igi tal sy stem s.

F igure l show s t he b lock d iagram o f a new V C 0

structure ¼ Ì rea l i zed in th is pap er. I t has tw o id en ti cal

loops, each o f w h ich consists o f one A M U X and sev eral

inv er ter- Tw o loop s ar e com b ined by A M U X s. A ssum ing

that the A M U X ou tput V zl and V z2 are l inear - contro l l ed

by V C and t he p rop agati on d elay s o f A M U X s and

inv erter s are h , the f o l low ing rel at ionsh ips can be der iv ed :

î = b - O î +CÄ eM (l-a)

% = [(l - o x - c Ï eM (l-b)

I . I n t r o d u c t i o n
, - ® In mu l t i -l i nk sy stem s such as AT M , i t i s cost -eff ect iv e

¢ , , to integrate sev eral l i nk s into one hi gh -speed ser ial l i nk

reduc ing t he sy stem com p lex i- - T h i s requ i res h igh- speed

PL L s w hich prov ide the sy stem c lock f or data

ser ial izan on and d e-ser ial i zan on . T her e hav e been

intensive research ef fo rt s to i ncrease the PL L op erat ing

Hequa lcy and the operat ing r ange, and reduce output j in er

[ l -4 ] . Since the m ax im um operat ing f requency and the

operat ing range o f the PL L are determ ined b y V C O and

the j it ter character ist i cs are in fh enced by V CO and the

charge pump, mo st research eff or ts f or h igh -speed PL L

are fba s ed on V C O and the charge pump . O ur goal i s

real i zing a hi gh-speed PL L w ith a w ide lock -range and

low j i tter char acter ist i cs for AT M app l icat ions. I n order to

achieve t in s goal, w e com e up w ith ncw c i rcu i t ideas fo r

V C0 and thc d n rge pum p.

Y = - 4 2e - ,-29 ̧  ,
. . .

( 2 -a )

¶ = J Ã ¹¤28Ñ 2
( 2 -b )

I n thc abov c equat io ns, A is t he sm a!l signal gain o f the

inv er ter at the f requency o f fosc , and 9 i s t he output phase

This w ork w as suppor ted by the B rain K orea 2 l PM ed .
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delay produced by the invertcr and A M UX . From Eq. ( l )

and (2), the relationship between V n and Vu is obtained

a s :

± - (1- C )» 2eº 38 V
r z1- 1+ P̄c» 2eu-- ¯ z2 ( 3 - a )

i s cx act1y n/ 2 , ba a- c V y is a dc lay cd signal o f V . by 3t£

a d V . i s an o sc il lat ing signal w In ch has a pa id o f 12td¤

In case of A M U X 2, the phase d iHcrem e betw a t½ V x and

- V y i s a1so ex act l y n/ 2 , bea usc m e phase d io c- - c

betw een - V y and V y is m.

I n ord¤ to ca nna- the tm ing scnsUin ty o f the

pr oposed V C0 , L sc at v ar ious V C is Incan -- d n om thc

fabr i catcd V CO . A s can bc sccn in F e u- 2 , V CO tuni ng

range is 1.74 ~ 3 .4OG H z and i t can be accur ately f in d by

Eq . ( 7) by u sin g %= 5Ops-

± ( 1- Û ) A 2g- ¹ 38
Y . = - c ¤ æn ¤Z , . ( 3 - b )
° l + Û 4 v ¦ - -

By summing Eq. (3-a) and (3-b), the fol low ing equa lorts

arc obtained.

~

(1- Û ) » 2e- j 38
l + Û J Y ,-38

~

( 4 - a )

I I I - C h a r g e P u m p

A di g . ent ia1 charge pum p is general l y used f or h igh -

speed PL L appl i cat ion s because it sw itches only the

cur ren t paths w h i le leav ing the Ct-Hent sour ces and sink s

al w ay s tur ned on .

F igur e 3 show s the schem at ic d iagram fo r OW new

ch arge pum p [7] . h order to incr ease the output resistance

o f al l the CUR etH sources and sink s, they are Im p lem en ted

w i th thc cascode m uch - using onc G aA s M E SFE T and

onc resi stor . Six enh anc- - nt m odc G aA s M R H ET¤

d iodcs ar c p laced in cach Cuma n path to pro em the

chars cs in the 1oop 6 l ter capaci tors n om f1ow ing to thc

cu r rent sink s dur in g the hol d state. I n o rder to block £ e

leak age cu- ens Rom Iun and 1uP2 to C P and CN, thc

c- r ent sink contro l M ock s, F 1 and F2 , are im p lem en ted

w h ich r esp ect iv ely m ak e 1DN1 and I DN2 to be cqual to or

largo £ m IuP1 and I u- - T h is schem e d in - s n om thc

curren t sink con tro l m ethod used in [ 8] in that IDNl and

I DNz do no t hav e to be ex act ly m atched to I un and IuP2¤T he

on ly r equ irem ent in OW Scho nc is I DNl 2 IuPl and IDN2 2

IuP2, a m uch casicr cond it ion to san sà .

( 4 - b )

(1- C )4 2e- j39
C 9 fúÅ = ¾j

1+ å Aze- -

/ ( ¢

Since thc leR side o f Eq . (4-b) rep- - nt s the phase de1ay

bctw ecn V u and V z2 , ° H ± in the r igh t sidc is rna m e less-

T hcrefor e, e± ± can be ex pr essed as

e æ 38 = - Ò ´ , . ( 5)
ÅZ £ - C )+j Û j

h add it ion , 8 can be cxPR s¤ d by T og and td as

7 m -
8 = = = ¤ - (6)

r a se

B y C0In u rnng Eq . ( 5) and (6) , L sc cm bc cx prcsscd by as

Ú + tm¤| ¹ L |
2 l 1- % } 1

& = ® ¯ - - ( 7)

2 ï 3 fd

From E q . (7) , i t can be seen that the ncw V C0 has thc

tun ing range of l / ( l 2U - l / (6U , w h ic h lS W|dcr than thc

conv ent i onal V C0 sV uCRI- -

T he adv antage o f the new V C 0 is t hat the A M U X

input phase d i f f e et- e is f i x ed at n/ 2 ln thc w hole m n ing

range. A s show n in Figu re l , tw o inputs o f A M U X 1 and

A M U X 2 are V . and V y, and - V y and V x, rcspcCUR ly- l n

case o f A M U X l , the phase d i g a - - c bctw ccn V y and V .

I X E x p er i m en t al R esu l t s

A PL L that has newly proposcd VCO and the charge

pump was implemented w ith 0.5pm GaA s ME N ET
/ é ¢ ¬
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process. Figure 4 show s the lay ou t o f the ch ip w h ich

melude three PL L s w ith sl ight m od i fi cat ions {b r the

measurem ent p urp ose. T he c l¤- s1Ze is 350014111 ¿ 3500p m

and the pow er d issipat ion o f the PL L core is about

N Orr1W w i th +3 .3V / -2 .OV pow er sup pl ies. T he PL L uses

a gener ic PFD imp lem ented w it h n ine SCF L 2- input O R

gates and tw o SC FL 3- inp ut O R gates, Hequa - y d i v iders

{d iv ide by 2O) im p lem ented w i th SCFL D -O pe f l ip -n op ,

and on-chip second or der loop f i l ters. T he l oop f i l ter

parameters ( l 800Q , 4OpF, 4p F) w ere chosen to m ak e

damp ing & ctor (9 o f the c losed- loop t ransfer f unct ion to

be O.70 7, w h ich co r¤ sponds to loop bandw idth d

6.45M Hz.

T he fabr icated PL L w as f u l l y f unct ional w i th the lock -

range o f l .8 ~ 3.2G H z w i th the input refercnce SIgnal

ranging Rom 90 to l 60 M H z . Fi - re 5 show s the

lIl eaSHred RM S j i t ters f o r t he en t i re lock ranges. T he

j uter ranges Rom O.OO9 U l at about the center osc i l lat ion

PIq uet- y to O.Ol 5U l at the hi ghest osc i l lat ion Hequency.

H gure 6 show s the m easured j i t ter h istogram S On t. v c o

kNltput w hen the PL L w as lock ed at i ts m in i m um , centcr,

and max im um * equency. T he RM S h n a s f or the V C 0

output are 6 .2ps (O.Ol l U l ) at {vco= l .8G H z , 3.9ps

(O.Ì OU I ) at tw o- -6G H z, and S Op s (O.Ì 5U I ) at

lR £= 3.20G H z.

/ Â ® ¬

V) C on c l u si o n s

A l .8 ~ 3.2GHz ¥ l ly di fferential on-chip PLL w ith

low j itter character istics was successfully realized w ith

O.5pm GaAs M ESFE r - The experimental results show

that the PLL has the lock-range of l .8 - 3.2GHz and the

maximum VC0 RM S j itter of S Ops (O.Ol 5Ul ) at 3.2GHz.
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Figure 1 B lock diagram of the proposed V C0
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Fe u- 3 Schemat ic diagram of thc proposed
charge pump

Figure 6 M easured j itter histograms of V CO OU I-

(a) {vco= l .8GHz

(b) fvco=2.6GHz

(c) L co=32 GHz

F ig- e 4 L ay out o f PL L .

(3 PL L c ircu i ts are inch»dcd)
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