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h highs - cd VCRO, however, too large VCRO

ga n is m dcsUable siru c PLL a ¤ m. is
im et-Ä ly proPomonal Ä VCRO ga n [2] . H us is

espcd ally thc c- e with hE SFET- - e VCR0 Ä

the available control Volt- c mnge is only * out

one volt . So, wc ca ne up with a ncw V CR0

a ma u- £ ä hÄ * £ut 2.7 GHz ccntcr

oscUlaUon Gequa - y with ga n of only 540

hHk /V Ä red iÄ a vcry high-- ced, yet hÒhly

s a le monolithic PLL m m GaAs bE SFET fbr
high-speed clock a d * u ÄÄ veU U N ica m - -
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I nt r oduction

Eva - - rcasing sp ed of presentd ay

ca nnum- anon nctworks requires &ster a d

& d er electronic circui- £ a make up

Ä mmm 1cm on syste m - One ir-- oru nt cleft- nt

of such sys- - IS B Phased - ckcd Loop @LL)

£ ì is widely uscd fbr data recovery .

Ca s q ueInly, it is vcry important U design a d

implement high-meed, hip p er* rm¤ - c PLL . h

Hus paper, we p- sent a ncw WP of monolid c

Volu gec on¤OIled Ring OscUla or W CRO),

which is m ix-- Ora nt pa t of PLL a h

da m nincs d1e maximum oba in- lc specd of

PLL [ 1] . In gene al . me hi- er operaUng

6equa - y of VCR0 is, thc lag cr VCR0 ga n,
denned a ¥ e ®change m oscUlaUon Oeo - - y

per m 1t control volu ge, bccorr¤ s duc Ä £ C
sMUttar- of M g oscil la- t- ¥ X makes up VCRO.

VCRO with Analog M ixer

Our VCRO is based on previously reportcd

VCR0 wid1 a g og mixcr [3] whose scha nat¤

is mown m Fip - 1. Th e Beg - ncy u nite m

this VCRO is ach- - d with £ C a g og mixer

which mixes si- a s oscUlaUng m £ c &st loop

(two Mvenc¤ ) a d slow loop (b ur invemcs ).

D C Output of a - log mixer, Vz is given a
C*Vy + ( 1-C)*Vx [3] , WIte- Vx a d Vy X e

two inn - to £ e mixer a d C is the mixing

ratio a s ing nom O Ä 1 detent1incd by £ C

control voltage. M C highest oscUlaUon nce - ncy

is oba il- d whcn C = 1, or sign- s p upaga e

only M £ c &d loop, a d ¥ e lowest whcn C =

O, or signals propa- - on1y M d1c slow loop.

Im ut- dia e 6 cquer- - s a e obtaincd fbr O < C

< l whcn sip - s m £ e &g loop a d ¥ C slow

loop a mixcd by thc mixer . U wc a su nc * r
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Figu- 1 SCharta - diag ¤ n of a m m onal
VCRO

Figure 2. SCha rtaDc diagram of new VCR0

H r æn ¹ 4E ¸H
î J ag u - - :simplicity ma d l £ c gatcs including thc a g og

mixer have dclay Ume of D, then the h e ed

oscillation pM od is 10D a d thc smallcst 6D.

n e idea noting di- ru ns & r d1CS two Ä Ä s
Ä wcll a * r C = O.5 wi£ ¥ C delay U111c of

8D m shown m Figu- 3(a). Note ¥ at £ e

widths of bo£ £ GH a d LOW pul- s cha s e

with thc Ä ntml vol- - h m 6D to 10D.
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Figure 3. Timing di- mm for

(¯ convention- v CRO

@) new VCR0

New V CRO ar chitecture

Our new VCRO is bascd on a sift- lc idca

£ ¬ V CR0 u nits rangc, thus V CRO ga n, can

be reduced if the width of either logic t nGH or

LOW, but not both, is controled by £ e Ä nuol

volu ge a illus- a d m Figure 3(b). n e

ÇStut- - oscil lation pend is ¥ cn ma m - n 9D

a d the minimum 7D, a d Hus ted- Uon m

m ge of oscUlaUon period is directly Hars h - d

Ä £ e VCRO ga n reducOon- Such wave- nns a

shown m Figure 3£ ) a n k impla tten- d by

addition of m N OR gaË to £ e VCRO with

m alog mixer a shown M Fis t- 2 [4] . h

ordcr Ä understand ¥ C mle of added N0 R ga c,

consider thc case when C = 1 which sc- Vz =

Vy. Assuming g a n £ a d l £ c ga cs havc £ C

sa ne dclay Oft¤ of D, Hand Uon Born 1HGH u

L0 W a Vnor â e output of NOR ga°

Vd (input to NOR gaX) aRcr 3D a d Vz

0£ er input Ë NOR g* ) aRcr 2D.

switches back u m GH n om LOW aRcr

both inputs Ä N0 R ga- havc Ä bc

ord¤ ¤ make is out fUGH- L­ cwiÄ ,

n om L OW Ä f HGH a Vnor rea k s Vd

3D a d V z a& r 2D, BuL Vnor switches

Ä L0 W 6001 M GH a& r 3D a only onc

Ä NOR ga- ha Ä k fHGH Ä ma c iB

LOW - As a result, d1e w idth of M GH

3D a d ma of L0 W pd Ä 4D making

oscUla- n pend 7D . When C = 0 wi¥ Vz
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Vx it Ca be casi ly a - ted ma me width of m -

M GH pulse is 4D a d ma of L0 W pulsc 5D,
O.4

m ak i n g t h c o sc U l a U n g p e r i o d 9 D . T h a i s ,

transiUon f rom M GH b LOW a Vnor Äachcs o.2

Vd d er 3D a d Vz m er 4D. Vnor w itches ² O-O

back Ä 1HGH Born LOW aRcr 5D a both

inputs u N OR g * have to k LOW M ord¤

to make is out 1UGH - Likcwise, Vam inon Holt1

L0 W to M GH a Vnor Ä aches Vd a& r 3D
a d Vz aRcr 4D, BuL Vnor- switchcs back to

LOW Hoot H1GH aRcr 4D a only one input b

NOR ga c hÄ Ä be fHGH Ä m* e iB out Figure

LOW - For O < C < 1, oscUlaUng periods

ranging from 9D to 7D cm k Oba - - d whcre

only LOW pulse width is changed Ì r O < C <

05 , a d only H IGH pulsc width is cha s ed fbr

05 ´ C ´ 1. h short, the addiUon of NOR

ga e Ä duÄ S ¥ c tuning mnge of oscUlaUon =

period h m 4D of com m ona1 VCR0 Ä 2D of £ 3O

new V CRO a d ¥ is & d or of two red. uon is ×
5Z8

diÄct ly v - g la- d b & cMr of m o ÄducUon M f

VCRO ga n.
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Sigrad atim- Rs ults

In order b ven- thc ab£vc idea wc

ped onned SPICE simulation with 1 zm hE SFET

Ëchnology - For ¥ C Sund aUon, d l £ e ga s
wcre imple- - rued with GaAs Source-Couplcd

FET Logic which ha a widcr a low- lc

tlueshold voltage mnge, a beau fm - ut

Ä pa in- , a Stru ng input capacitance a wel l Ä

a versaUliu * r £ e apP ia non £ a ¥ e od1cr

MESFET logics [5] . Both V CR0 conn- m oons

shown m Fip - l a d 2 were Sund a- d * r

comparison where ¥ e mart- - of oscUlaUon

sa ge was sd ec¤ d Ä ¥ a me cen- r oscUlaUon

a q ua - y of ab ut 3 GHz cm k achieved. n e

Ä mlM g oscUlaUng wave- rms for me Ä Ä s of
C = O, O.5 a d 1 a d own M Figu- 4 m m

Ä lid, dashcd a d bold & shed lines, Ä specu- - -

These wave- rms are da wn Gum a inver- -
output buffo - a d, conscquem y, me polari- is

Figure 5. SPICE s® £¢ on Äsult fbr tuning

characteristics of co m m on- a d
new VCROs.

~

rever- d nom £ e idea M ing diagram shown M

Figure 3. Figu- 4 ch ar1y d ows ¥ a Ä ymrna -

Ä nVol of M GH a d LOW pulse widths is

ach e- d. n e di& rencc M pd Ä shm e bctweet1

pulse M GH a d pulse LOW B due to various

cm au n- components M £ e MESFET circuit a

wcll Ä digerent gaË dclay Un¤ s. Figu- 5

shows ¥ C sMtd aË d dcpcndem e of oscmanor1

m o tet- y on control v£lu ge * r ¥ e Ä m entional

a d our new V CROs. For £ e simulation, thc

Com ol voltage was cha ged M sËps of O.O5V .

As can be s en 6 001 £ e Ggure, £ C
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conventional V CR0 has gain of l 2 4 GHVV for

£ C @1ge of 2.3l Ä 35 5 GHz. h comparison,

our new V CRO has ga n of 540 bHÒ¹ b r £ e

mnge of 24 7 Ä 3.Ol GHz.

~

Conclusion
A ncw VCRO arch ¤ cMI-c bascd on Ga s

M EIN ET is prop scd. It hÄ a advmtage £ a

V CRO ga n is reduced by &c- r of two WInk

high oscUlaUon Oequa - y is maintained.

Simulation results show ¥ at new VCRO ha

ga n of 540 hHÒ¹ , mo- tha t & ctor of two

improvement over conventional VCRO with

m alog mix - It B bClio cd ma dHs ncw VCRO

Ä n bc VC. usend fbr Ä d Z Mg h P ly a - le
GHz-range PLL bascd on GaAs hE SFE r -

a 8 J ¤3 3

~
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