
1 OMHz, due to tlic negitive lketlhiick ~ncchatiism. The higli-pceci- 
sion CCII consuiiies only 3.7XmW, inclicaiing the promising 
potenliiil of the proposcd tcchriiquc. 
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Cuncli.nriora: Based 011 the application of local iieg~itivc fccdhack 
to reduce the voltagc varktions of ~ h c  nodes afTectiiig voltage 
tr;lnsfer accuracy, high precision in voltage lracking and very-low 
m"I-signal rcsistunce nl' the X lcrminal cnn bc obtained siniiilki- 
neously. Adtlitioually, Iiigli precision in current miisfcr can be 
easily amomplished by using high-swing ciiscorle current mirrors. 

'.TIE proposed kwhniquc liiis been ctY'cctirvIy applied to tiic CMOS 
~ralis;i~ion of A ctirrcnt convcyor i i i  ordcr to enhance ~ l i c  pcrrnrru- 
m c c  to ii level comp;inihlc to th;il ruhicli cnii be achieved using 
RJT vcrsions withoul the piialiy ot' powcr consuiiip~ioii. 

Rcfcrcnces 

Oscillator circuit configuration for quartz- 
crystal-resonator sensors subject to heavy 
acoustic load 

V. Fermi,  D. Marioli 21nd A,  Taroiii 

An oscillator ciccnit conliguintioir is p~cscntcd to track accurately 
tlic i-csonaiit frcquciicy fiiiil LO ilicrcase h e  ulxrntitig rmgc of 
qua1 wcIysI:i I- woixi to r sc nsun subjcct TO 1 ~ n v y  KO ii St ic I oadi ti g. 
Thc c i r c d  is hascd 011 a block Ibr thc ache ciiiicc1l:rrion of ttic 
ctyrtal clwlriail c:il,ntiliiiic'e, inscrtcd in a phiisclockcd loop 
wiI1:itnr. I~xpxiiiimt:iI ~UEUILC confirrning the suuxssfd 
;ipplicarioii or ihe priiiciplc arc qrortcd.  

Iniroiiuctiun: Thc cIcctl.icaI impcd~ince oT (1 tiii rtz-crys~al-iesou~1or 
scnsors based on AT-cut c r y s l ~ l s  vibrating in Ihickncss-slicar 
uiode (TSIt) varies around ilic crystal iesoilaiim~ whet1 a n  RCOIIS- 
tic load is applictl in coii~~ici with thc scnsor surfrice. Mass inicro- 
baliinccs, i i l in-~hickncss ttioiiitors, ;md gravirnetric chctnical 
seiisors in air and iii liquid ;ire known ;tpplications or this pririci- 
ple. 1'0 inc:isurc ihe cryslal rcsonant rrqtlcncy that i t  is dircctly 
rclatctl tn llie propcrtics of rlic load, the cryshl is most frequently 
inscrlcd :is the  T~qllcncy-cnIlt~ollilig clcnierit or a kcdbiick oscilla- 
lor circuit. Ideally, Ilic circuit oscillation ~rcqucncy should be 
exactly cgual to Ihc scnsor r'esonanl rrcqiiciicy under cvary lnad 
cnndilion. I n  practice, this Iitippcpcns only for ~nodernte In;~ds with 
negligible losscs, such as Tor thin aird rigid films in in-air opcrii- 
tion. On 111e contriiry, uncler heavy loading such as ciicouiitereil 
wih thick viscoelastic C0;ititig films o r  in-liquid operation, signifi- 
cant losses ni-c introduced distorting the serisor imlxcdaiicc around 
rcsoniitice [ I ,  21. In such ciicuinstanccs, a conventional oscillalnr 
can ~ i u s e  high inaccuracics dctetmincil by ttic coinhinatiori of its 
p1i;ise i~espoiist iind tlint or the sciisor. The Iiittcr, in turn, is w 
rtlnction of the load arid tllei-cclorc c;innot be cclrrectcd for as a 
systcinatic e k 1 .  I n  the w r s l  cnsc, thc circuit cvcntually stops 
oscillxtiiig arid the sensor op ra i ing  ~"gc is liniited. Impcd;incc 
spectral wndysis can circumvcvt this problcin 12, 31, hut il iciirls to 
he costly rind more suitsihlc to Iaboratory eiiviroiitiiciit tlrm sensor 
~pplicatioiis. In h i s  Lertcr, we propose a circuii configuration 
which rctaiiw the simplicity arid r c d y  applicwbilily of oscillators, 
wliifc at thc same tinic ovcrcco~ni~ig tlic iibovc limitations. 

Lo&d pwtz-re,vmrr ror x w m r :  The lu m pxl-clcin ent niotlcl of 
IGg. la aplmxiin:ite.~ the clcol.ric~l itnpednnicc of it loaded quiiriz 
xnsor around the rcson;itit frequency relative to a givcii mode 
riumher [ I ,  4, 51. The crystal is rcpresenlcd by the clectrical cipiiu- 
itniice CO aiid the equivalciit iiiotianal elemcnts O,'), Lr and RI. The 
sudkce Iond is rcprcscnted hy its equivalent impcdancc Z&. 'I'hc 
addcrl capxitimix C',, accounts Tur the wiinwlions, pilckaging 
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linear ;isyinprotic approxiniarioii for thc pl~tiw, thc ininimurii 
rcquircd Erctluericy spiicirig is (1; ,L)o: = d2Q. 

Thc phace lockcd loop for constantly trackingJ; is inadc using it 
sinusoidal vnltirgccoii~i'nlled-oseillatcrr (VCO). a 30"-phase shiI"(~r 
(tiuilt around A3), +in analuguc inultiplicr, aiid B loop filter wiiii a 
pole in thc origiii (built arouiid A4) 10 niaintiiili B m o  Etatic piiasc 
crror. Tlic fdlowiag iiiilinl prnccdurc i s  used to adjust thc circuit 
l'or B virtuidly ;.cm crror. if tlic approxirixitc value of .L: is 
known, U is clioscn ;ind is triiiinied in order 10 oblwiii the 
requircd viiluc of Cr. IJiidcr unkiiown loading conditions, C, 
shodd bc gfiidmiliy incirsscd starting from approxiinwtely CO 
until l l i e  oscillulion fi'cqucncy ,fiJ,r asymptotically approaclics ii 
constant v;iluc, wliich i s  cxptcted to tq~iaI,i;. 

For ;I siiiiplc ~iiass Inad, i.c. purcly gravimctric regimc. %$ is 
irrdiictive, It.,. = fll rtild C,(. = C , .  Thcrcrorc, chic (a tlic liigli initin- 
sic Q of quartz, dl(1;) = 0 wnd @(f) is very stccp arountl,fF, By coil- 
trast, hewy loads incrwse lo~.scs; leading t u  K F  > XI and lowcriiig 
Q. Additionally, cs~~ccia l ly  for in-liquid opci'ation, <>: niay dsn 
significaiitly iricrcasc due to R rise in C,,, Tlic typical situalioti 
coniprisiiig hnlh cffccts is s h w n  in rig. 16, shuwiiig tlic meiisurcd 
admilhiice circlcs for ii IOMHz qiisrtz i n  uir atid in ilift'ercnt 
liqiiiiis. Tlic circle tii:inidcrs i i rc proportioniil io Q, wli i lc tlic ccn- 
IIC ordintiles cquid 27cji C,*. As t11uJ ;c 0 :iiid/,i sigiiificaiitly rliNerr 
froin the zero-pliasc frcqiiciicy .fr. .I; CRII no longer hc associated 
with a n y  constant and load-jiidcpcndelit voluc of the scnsor p h ; ~  

Oscilliitoi. d d g m  Thc proposed dcsigii is birscd on forcing the scn- 
SOT l i t iasc a1.L lo always he zero irrespcclivc oC the lo;id, and then 
trackA nccuratcly iisiiig ii phnse lockcd Imp oscillalor which coii- 
sfantly inaiiitains @ = 0 across t l ic sciisor. Thc first condition ciin 
bc obtained by cancelling rhe ovcr:ill parallcl c~tpncita~ice C': of 
tkc quartz sciisor. In f;ic.i, il' ct; is niade zcro, the pliasc <14/;) van- 
ishes for any iIIiIOUlIt of losscs which solcly dctcrininea thc phase 
slopc. 'Hiis is cqiiivalcnt to tlispkiciiig the adiniliaticc cii.clcs of 
Fig. I l i  dnwiirvwi.d w t i l  the centre orrliiifltc is >.cIo. Thcn, irrcspcc- 
tive of thc vdrie of Q, hciice of the loading,  lie scrics resonant Fre- 
quency f l  and thc zero-phasc fi'equciicy j ;  coincide H S  [or an 
uiipxturbcrl cryslal. 

A block diagram or the oscillator circuil i s  shown in Fig, 2. Tl ic  
canccllalion o f  thc msor  parallel capacitaiice is accomplished hy 
{lie active stage built around the high-rrequcncy opcralional 
amplifiers AI and A2. AI ancl R cffcctively foimi an arlniittancc- 
to-voltage convcrter, whilc A2, L', I<, and X,? gcrieratc NI equiva- 
h i t  negative capacitancc Cc = -L'R,,/R,., in paralicl wiih tho 
q~riirtz crystul. It' Ce is tuned to equal U;, tlic total caprcitance 
RCI'OSS the quartz becni~ics zero mid d){fJ = 0. hi thc saine way, 
thc pwinllcl rcsoiuuit frcqiiency /;, = I:(2~'[Li,C%'C,;(C~~ + C,[)]) 
cqutils intinily uiid thc frcqnenccy rcsponsc runctiou f',>/f< of the 
uctivc qiiartz stagc, ;!part from ii sign inversion, is reduced to hat  
of ;t pure ficrics resonant circuit wilh losses. Even if C,: and I?,* arc 
not exactly equal, thc method is sti l l  cxpccted to be eftbctive as 
laiig 8 5  J, is puslicd to B sufficiaitly high hp icncy  to ; I ~ V  a 
coiiipletc 180" rotation of tho sensor phase around ,LT. Assiiiiiiiig a 

lablc I :  Expcrimental rcsults for ii  IOMHz cryslal illilncrscrl in 
lrichloroclh&nc iind the oscilliitoi~ coniiccied to il 
without (NC) m d  with (C) the parallcl capacitance 
coni pensarion 

l'aratiictcr 
crystal"( [ I  1x1 9994040 + io 
crystal./; [l-Iz] 9995280 ? IO 

9994 150 i 3 
1410 * I I 

* 100 samples ;it iiieasuring t i ine = 0.2s 

Rcswils: Thc iictivcly-compens;i~cd stage  as conncctcd la ii 
IOM Hz quartz fully iininerd in rrichiorocihyletie and first tcstcil 
scpai'atcly from the oscillntor. by nicasuriiig its rrcq ueiicy rcponsc 
function I;v = v, /v, 'Ihc followiiig iinpcdance pilralncters wcrc 
mcasurcd for the 1o;idctl quartz: I , .I .  = O.IXinll, CT = 27.65iF, R.,. 
= 5504 and C,* = 7.6XpP. 'I'he adopted coinpnrml values werc 
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R = 27Q I<,., = R(y2 = I kQ iiiid C = 6.RpF. Fig. 3 coir\l>iIrcs Ihc 
rrcqucncy rcspnnscs obtained with ;wd witlioiit thc capacitnncc 
comiiciisatioii, showing that [ l ie crii~ccllatiori or tlic cffcct of C; is 
succcsrrid ovcr tlic freqmwy rcgioii of iiitcrcst. The wholc oscilla- 
lor ciiuiil wiis ihcn tested with tlic quiirtz in tricliioltoelliylciic. 
Thc frcqiicncy error caused by thc oscillator can be tlcfiiicd ;isj$,/ 
- ,A,, wticre J;,,! i u  tlic circiiir oscilla~iori keqiienq and is [ l ie 
series resonance rlcrivcd by tlic itnpctlancc iizetisiircinetits Iwevi- 
o~s ly  iniidc 011 tlie qt iar lz :+lone. AY shown iii Tilble I ,  the MI\- 
coiiipcns;ited frequeiicy crror was 14101-Iz, equd io -25% of tlie 
shift from ttic unloaded coiidihti. 111 tlic conipeiisated c m ,  [tic 
frcqtiency accu~icy succcsshilly iinproves by inorc thiun an orticr 
of magnitu(le. 'l'lic residual ccrw is due to minor noli-idciilitics in 
the ovcriill ciiouil phtisc rcspnnac. Assuming i i  pcrkctly i t leal 
phase rcsponsc, the oscillator frequeiicy c r m  iii the abscrice or' 
compeiiswtion corresponds to the fiequciicy ditytrencc tiJ sliown iii 
Fig. 3. Talk I ;ilso reports a mc:isui,ed rcductioti iii die frc- 
queiicy j imr  fiI for thc uompctisa"td oscilltitor h i t  ciiii hc ascribed 
to the incwise in tlic phasc slope obscrvalde in Fig. 3 cornpared 
the iiiicomliciwtcd casc. 7'11~ correct circuit opcratiori MUS :ilso 
vcrificd with lhc quartz irimcrscd both in eibmml ;ind iii wiltcr. I n  
thc latter citsc, its showin in I:ig. UJ, (Iic high :icoustic and tliclcc- 
lric loading picvciit the sctns~r p1i;isc fmni rc;iching the 7.1'0 CI'OSS- 

itig, wliicli in t u r n  prevented thc circuit honi oscillating williout 
comyiisation. Ilcspitc this, llic compcrisatetl coiifigtirahm wc-  
cccded in kecpiiig thc cryski1 resoniitiiig. Tlie oscillator can be 
improved by autniii;iiiiig ihc coriipciisating capacit;iiicc tuning 
procedure, ;ind by iticliitliiig ii rcctiiicr mid i i i i  iii~toinatic-gaiii-con- 
trol stagc to alsu iiimsurc tho tlcgrcc of damping of the sensor. 

Capacity of various exponential bidirectional 
associative memories 

Tae-Dok nom, Choon-Young LCC ;ind Su-.lang Lce 

1 lic cqmcities uf various cxpoiieiili>il hidiirctioiiiil iissociatiw 
iiicnioric~ (cllAMs) iirc dcrivcd ni id  comp:ircd. 

Itrtin~lirciiun~ Mircctional ;issocktivc riieiwry Iiw heen widcly 
tiscd to solvc cl;issiiication problcnis sucli iiy piittcrii recognition 
\citc(UAM}, d l t i 1  compression [I], ctc. Sincc Jcng e/ rrl. [2J pro- 
posed c M M ,  which hiis D high s l ~ m g c  c;ip;iriIy and cr ro r -cwee 
lion capability well as  being simple to iniplciiient, w g l a d  deal 
of research Iins golie into ftirtlm iinploviiig its pcr~ormrincc. The 
iiiotlified eBAM (McBAM) proposcil hy Wan& iinci Lcc [3] intro- 

i&4M: Tlie bidirccliond rccall process of llze c13AM in nile cycle 
is 
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