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linear gradicnt crror in thc E)AC.This correspOnds to a lllldrange

crror of O.4シ6 Finitc(54dB)1)C gain br all opamps and ran‐

dody mdsmatchcd capacitors(珈 ith O.1%standal・d de宙ation)、vere

assullled in all circuits.OSR=4 wasuscd A O.45V pcak midband

two‐tonc input signal″l was applied to DSl,and a sccond‐ordcr

single―bit ΔΣ ADC Кaliscd D島.TO dCmonstratc the high linea五け
achicvablc、vith thc proposcd correction,DSl was clnbcddcd in a

2‐O MASH containing a 10 bit ADC asits sccond Stagc.The lllls―

match bctwccn thc MASII stagcs、 vas not considered;it can also

bc corrected by dijtal mcthods[9]

norma‖sed frequency lf/fsI norma‖sed frequency lf/fs]

d

77612

用,bλβ協:sギ
′″″αげ″yにο″″′グンJ″g6イ×αピ彎′グFFA

α Forideal DAC
わFor nonlinear DAC without correction
ι For nonlincar DAC with proposed correction
グ Vヽith corrcction,but using ttLス =)=-1
-― ―Jら=/ノ 8,inband limit for OSR=4

ne computcd spcctrum of thc systeln operating with an idcal

DAC but with nonideal opamps and capacitors(desc五 bed above)

is shown in Fig. 力.Fig. 2ι sho、vs thc spcctrum using thc nonlin―

ear DAC without crror corα 3tion.Large hannonics arc gcncratcd

and thc spur―free dynamc rangc(SFDR)is ottly 52dB Fig 2`

shows thc rcsult whcn using the digltal corrcction dcsc五bed in this
Lcttcr:an SFDR> 100dB was achicvcd.To obtain suf「 ldcntly

a∝untc cstllnatcs of′D nccdcd for such a higll SFDR,D&prOC―
csscd 218 samplcs for cach lcvcl of thc DAC(a complctc back‐

ground calibration cycle then nccds about 4s if D52 iS C10ckcd

Withノζ=5MHz)Finally,Fig 2 shows the detimcntal cffcct of

using力 Zflz)=-1(aS Car五 cd out in carlier work[1,3]),thC drOp

in thc SFDR bcing from 101 to 60dB

Gο776Ms′ο″s An on― linc digital corrcction method was proposcd

for ΔΣ AE》Cs with multibit intcmal quantiscrs lt is applicable

cvcn for ADCs with vew low ovcrSampling ratios,where the com‐

monly used nlismatch‐ shaping tcchniques bccomc lcss cffcc・tive.
Sinlulations indicate that cxccllcnt lincanty can be obtaincd using

the proposcd proccss.

ИcたIο″Icを開4/1′SI This rcscarch was suppOrtcd by thc NSF

Center for Dcslgn of Analog― Di」tal lntcgatcd Circuits Uscful

discussions with G Cau、vcnbcrghs of Johns Hopkins Umvcrsity

and T.Kttita Of Orcgon Statc Univcrsity arc ratcfl11ly acknowl―
cdgcd
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Reconfigurable phase… locked ioops on FPGA
utiiising intrinsic synchronisabi:ity

H.Tanaka,A.Hascgawa and S.Haruyama

Anぃv di」tal phase_locked loop(PLL),utiliSing the hthnst
synchronisability of electHcal oscillators,on a flcld‐progranlmable

gate anay has been developed By interconnecting such PLLs,a

dynanlicaly reconflgurable clock network was fonncd,whcll has

bccn diFlcult nith conventional PLL tcЮhniques

177″οttαわ″ Digltal LSIs havc gcncnlly bccn based on a syncllro―

nous scheme in whlch a global clock slgllal is dist五 butcd through‐

out thc chip Howcvcr, circuit sレ c and clock frequencies arc

increasing, therefore it is harder to distributc thc clock signal

(hCrCaftcr`thc clock')within an allowablc phasc delay Asynchro―

nous circuit dcsign or locally synchronous circuits is a rcasonablc

way to avoid this difflculty.Clock net、 vorks ushg dist五 butcd volt―

agc―controled osc11lators[1, 2]can alSO bC uscd. In contrast to

thcsc dcsigns,wc havc dcvclopcd a new di」tal phasc‐lockcd loop
(PLL)whn waS tested on a icld‐ progranlmable gate array

(FPGA).ThiS PLL utiliscs intHnsic sy■ lchronisability of clcct五cal

oscllators,and it can be smaply implcmcntcd on an FPGA.It can

providc dynamicalけrccOnflgllrable clock nctworks,whch havc
not been realised by conventional PLL tcchniqucs.
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Fig.1物 ″お′g′″ι鵞″Йg PLtt rIPLニ ソ″′ル siηgル ″ ′rα″″ο′″″r

ル7″おag′″ι″′74g IりLι rIP」 Lノr Expcrimental rcsults on the dis‐

tributcd clock oscllators for high―perforlllancc circuits sho、v thcy

havc some advantages over convcntional(H― trcc likc)clock nct_

works[1,コ  SuCh distributed oscillators arc based on thc convcn‐
tional PLLs and require analoguc clemcnts in the drcuits We
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havc dcveloped a ncw,reconflgurable PLL dr鼠  (on an FPGA)
、vhch providcs intemal clock synchl・ onisation. Fig. l shows the

sh■,lcst conflguration of this IPLL for a singlc input and output.
(For rnultiplc inputs and outputs,the salnc circuit call be obtaincd

slnply by adding thc input ports.)The extemal clock is supplied

at thc input nodc The intcmal clock is gcneratcd in the loop of

the invcrtcr array and the C)R‐gate.Thc input port consists of a

phasc colmparison pan(EXOR― gatc)alld a pulsc gcnerator(PG:

invertcr and AND‐gato.ThS drcuit does not rcquire an analoguc
elcmcnt(suCh as`control voltar')and can be easily IInplementcd

on an FPGA

output signal  inieCted puise

pulse timing,ns

C                

□

Fig.2sソ 77`/2rο″おα′わ77′″Oε′SS

α Forward shift
b Backward shift
a ISF

おn訪″ο″″αι訪ッ
`ノ
sЙg″ 」PLι :It is known that the intHnsic

nonlincar naturc of electHcal oscillators provides a robust oま』1la‐

tion i n  t h c  w a v e f o r l n  a n d  f r e q u e n c yけhth iS  u s c f u l  f o r  c l o c k  g c n―

eration)ThiS nOnlineanty,on the othcr hand,produccs a phasc

shift(which iS Sensitivc to the ti血ng of the pcrturbation)in the

oscillation. This t面ng sensitivc phase shift can be charactcHsed

as an血 pulse scnsitive function(ISF)[3],whiCh deflncs the phasc

shi as a function of thc timing of thc illpulse inicctiOn tO thc cir‐

cuit.T h c I S F  w a s  o H」nally d C宙Scd fo r j i t t c r  a n a l y s i s , b u t  h e r e  w c

use it for the synchroisability analysis of thc IPLL as follows.

In thc IPLL,if thc input signal and output signal arc syn力 ro‐

niscd(with n0 1ag),the pulse gellerator(PG)outputS nO mpulsc

and thc oscillation in the loop is not pcrturbcd. Convcrscly, r

therc is a phase diffcrcnce bctwcen the input and output signals,

thc PG is actlvatcd by thc signal from thc EXOR‐ gatc The t血 ng

of the mpulse gencration depcnds on the phasc ofthe input(、 Vith

respcct to the Output phasc)Figs. 2α  and b show thc advanccd

and retardcd input phase,respcctivcly ln both cases,thc output

phasc is entraincd to thc input phasc(after a few cycles)In thS

p a r t i c u l a r  I P L L , t l l e  s t t  o f t h e  L t t u l s e ( f r o m  t h C  P G ) i s  f l X C d , b u t

the tmllng tan bc va五 ed.Thc ISF can thus be dir∝ tly measurcd

by i●eCung this(flXed sセc)impulsc cxtemally at the node of the

(diSabled)PG output,with the mput nOde behg connected to the

output node ln this way,thc ISF is obtaincd as in Fig. 2ι for onc

cyclc of the oscillation.It is clear that the output signal phasc is

shifted backward(fow/ard)if thC impulse is applied aftcr the fall―

hg cdg e ( b c f O r e  t h e五sing c d g e ) o f  t h C  O u t p u t  s i g n a l ( s e e  F i g s . 2α

and b)Thus,thc only sttblc state is thc synchroniscd stateけ ith

n01a9,WhiCh is blocked宙 th thc forwal・d shi■ alld backward

sli乱rcglons in the ISF.The fast acquisition shown h Figs.2α

and b is considered to be due to the dtt phase shift which does

not requlrc the control voltage in∞ nventional PLLs.Wc have

thercfore shown how a singlc IPLL uttscs the intrinsic synchro‐

nisabilty in electncal oscillators that comes from thdr analogue

naturc. Next, wc study the mutual synchronisation of intercon‐

nected IPLLs

lme,ns 125ns/diV)
037/3

凱 ′が 解 雌 ″ ,雅務
″励 κα°ツ あの グ ル″ι IPL島

"Й

M′
`閉
′ッ″

““
κ加
`わ
′グ腱聰 「We Vemed the mutual synchro―

dsation ablity of networks of IPLLs in the smplcst conflgura‐

tion,i.e.threc IPLLs hterconnectcd in a tumdirectory)Singlc loop

wherc c¨ h IPLL outputs to the input port of the ncxt IPLL and

no cxtemal clock is requrcd.Fig.3 shows the output waveform

from each IPLL(OSCl,OSC2,and OSC3ゝ the五 Sing and falling

edgcs are sharp and the mutud synchro面 sadon is robust(with

small phasc lago.From simulations with HSPICE,we found ths

small phase lag is an efFect from the intcmal delay of each IPLL

rather than from thc sig7.lal delay bctween IPLLs.Largcr networks

of t五angl■ar or square la■ices宙th IPLLs●ach haⅥng two
mputs and two outputo were also studicd with HSPICE and
robust synchrodsadon was observed. IIowever, in non― Ш」Forln

large networks on an FPGA a long signal dclay between some

attaCent IPLLs makcs the systcm beyond thc synchronisability of

cach IPLL.Thus,a unfbHn layout of IPLLs that avoids a long

signal dclay is rcquired for large networks. Largcr networks of

IPLLs arc currendy bchg developcd.
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