10MHz, due Lo the negative feedback mechanism, The high-preci-
sion CCII consumes only 3.78mW, indicating the promising
potential of the propesed technique,
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Conehusions: Based on the application of local negative feedback
to recduce the voltage variations of the nodes affecting voltage
transfer accuracy, high precision in voltage racking and very-low
small-signal resistance of the X terminal can be obtained simulia-
neously. Additionally, high precision in current tramsfer can be
easily accomplished by using hiph-swing cascode curfent mirrors,

“The proposed technique has been chtectively applied o the CMOS
realisation of a curtent conveyor in order to enhancs the perform-
ance to a level comparable to thal which can be achieved using
RIT versions withoul the penalty of power constimption.
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Oscillator circuit configuration for quartz-
crystal-resonator sensors subject to heavy
acoustic load

V. Ferrari, D, Marioli and A, Taroni

An oseillator cicenil configuration is presented to track accurately
the resonant frequency and to increase the operating range of
quartz-crystal-resonator sensers subjeet to heavy acoustic loading.
The circmt is based on a block for the aclive cancellation of the
crystal clectrical capacilance, inseried in a4 phasclocked loop
oscilltor,  Pxpenmental  results  confirming  the  successful
upplication ol the principle are reported.

Tniroduction. The clectrical impedance of quartz-crystal-resonailor
sensors based on AT-cut cryslals vibrating in 1hickness-shear
mode (TSR} varies around the crystal resonances when an acous-
tic load is applied in contact with the senser surface. Mass micro-
balances, film-thickness monitors, and gravimelric chemical
sensors it air and in liquid are known applications of Lhis princi-
ple. Ta measure the cryslal resonant frequency that it is dircctly
related to the properties of the load, the crysial is most frequently
inserted as the frequency-controlling clement of a [eedback oscilla-
lor circuit. Tdeally, the circuit oscillstion lrequency should be
exaclly equal to the sensor resonant [requeney under every load
condition. In practice, this happens only for moderate loads with
nepligible losses, such as for thin and rigid films in {n-air opera-
tion. On the conlrary, under heavy loading such as cncountered
with thick viscoelastic coating films or in-liquid operalion, signifi-
cant losses are introduced distorting the sensor impedance around
resonance [1, 2] In such circumstances, a conventional oscillator
cam cause high inaccuracies determined by the combination of its
phase response and that of the sensor. The latter, in turn, is a
function of the load and therclore cannot be corrected for as a
systematic effect. In the worsl case, the cireuit cventually stops
oscillating and the sensor operating range s limited, Tmpedance
spectral analysis can circumyent this problem |2, 3], but il tends to
be cosily and more suitable to laboratory environment than sensor
applications. 1n Lhis Letter, we propose a cireuil configuration
which retains the simplicity and ready applicability of oscillasors,
while at the same time: overcoming the above limitations.

Loaded quiartz-resonator sensor: The lumped-clement model of
lig. la approximates the clectrical impedance of a loaded quartz
sensor arcund the resonant frequency relative 1o a given mode
number [1, 4, 5], The crystal is represenicd by the clectrical capac-
itance ( and the equivalent motional elements ¢, Z; and R|. The
surface load is represented by its cquivalent impedance 2%, The
added capacitance €, accounts for the connections, packaging
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and, where applicable, the diclectric influence of the load. The
series resonant frequency 7, = V2mVLy Cp), with Ly and Cy being
the total motional inductance and capacilance, is typically the
quantity lo be measured, as it is rclated to (he encrgy-storage
properties of the lead and is not affecled by the parasilic capaci-
tance Cp. The dissipative effects accounted in the (otal resistance
Ry influence the quality facior @ = 21/, L/ Ry = L2xf, CrRy The
setisor admittance phase at £, is given by ©(f)) = arclan[2rf, R, (']
= aretan] CGy/QC), where (" = Gy + Cp,
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For a simple mass load, i.e. purely gravimetric regime, /i, is
induclive, Ry = R and Cp = ). Therelore, due Lo the high intrin-
sic @ of quartz, Of)) == 0 and D) is very steep around f,, By con-
trast, heavy leads increase losses, leading to Br > Ry and lowering
Q. Additionally, espeeially for in-liquid operation, €' may also
significantly increase due to a risc in Cp. The typical situation
comprising both cffects is shown in Fig. 15, showing the measured
admitiance circles [or a 10MHz quartz in air and in different
liquids. The circle diameters arc proportional (o 2, while the cen-
tre ordinales equal 2nf; Gy’ As @) = 0 and f; significantly dilfers
from the zero-phase frequency f. f, can no longer be associated
with any constant and load-independent value of the sensor phase,

Oseifltor design: The proposed design is based on forcing the sen-
sor phase at £, 10 always be zero irrespective of the load, and then
track f; accurately using a phase locked loop osciltalor which con-
stantly maintains @ = { seross the sensor, The first condition can
be obtained by cancelling the overal] parallel cupacitance ¥ of
the quartz sensor, In fact, if " is made zere, the phase d(f) van-
ishes for any amount of losses which solely determines the phase
slope. This is equivalent to displacing the admittance circles of
[qg. 16 downward until the centre ordmate s vero, Then, irtespec-
live of the value of 0, henee of the loading, he series resonant fre-
quency f; and the zero-phase frequency /, coincide as for an
unperturbed crystal,

A block diagram ol the oscillator circuil is shown in Fig. 2. The
cancellalion of the sensor parallel capacitance is accomplished hy
the active stage built around the high-frequency opecrational
amplifiers 41 and 42, Al and R cffectively form an admittance-
to-voliage converter, while A2, € R, and R.; generate an equiva-
lent negative capacitance €, = —-CR3/R,, m parallel with the
quartz crystal, It C, is luned to equal ¢, the total capacitance
across the quartz becomes zero and @) = 0. [n the same way,
the parallel resonant frequency f, = VR Gy CoACy + G
equals infinity and the frequency response [unction ¥, /¥ of the
active quarlz stage, apart front a sign inversion, is reduced to that
of & pure sevies resonant circuit with losses. Even if C, and &' are
not exactly cqual, the method is still expected lo be effective as
lang as £, is pushed to a sufficiently high frequency to allow a
complete 180° rotation of the senser phase around fi. Assuming a

linear asympiotic approximation for the phase, the minimum
required frequency spacing is (7, /4, = 20,

Las fnu!

- —r: analogue
—l" multiplier {

I—W] o

EIEY

Fig. 2 dilock diegram of oscillator circuit

The phase locked loop for consiantly tracking /; is made using o
sinusoidal voltagecontrolled-oscillator (VCO), a 90°-phase shiller
(buill around A3}, an analogue multiplier, and a loop flter wiih a
pole in the origin (built around A44) to maintain a zevo static phase
crror, The following initial procedure is used to adjust the circuit
for a virtually zero error, B the approximate value of €' is
known, Cis chosen and &, is immed in order to ablain the
required value of . Under unknown loading conditions, C,
should be gradualiy increased statting from approximalely ¢
until the oscillation frequency fi,, asymplotically approaches a
constant value, which is expected to cqual f,.
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Table 1: Experimental results for a 10MHz crysial inunersed in
trichlorocthylene and the oscillator connected to it
withoul (NC) and with (C) the parallel capacitance

compensation
Parameter | NC I C
crystal £ [112) 9994040 + 10
crystal f, {Hz] 9995280 £ 10
So [H2Z) 9095450 + 5 9094150 = 3
Jour - £y [Hz] 1410 2 (1 110+ 10
o, [[] 09 0.6

* = 100 samples al measuring Gime = 0.25

Resufis: The actively-compensated stage wus connected to a
10MHz quartz fully immersed in trichiorocthylene and [irst tested
separately from the oseillator by measuring its frequency response
function Gy = ¥, /. The following impedance paramcters were
measured for the loaded quartz: £ = 9. 18ml, Cp = 27.651F, R,
= 550Q, and " = 7.68pk. ‘Ihe adopted component values were
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R=27Q, R, = Ry = lkQ and € = 6.&pF. Fig. 3 compares the
frequency responses obtained with and without the capacilance
compensation, showing that the eancellation of the offect of G is
sticcesstul over the frequency region of interest, The whole oscilla-
tor circuit was then tested with the quarlz in trichioroethylene,
The frequency error caused by Lhe oscillator can be defined as £,
— fu where f,, 15 the circuit oseillation frequency and f, is the
seties resonance derived by the impedance measurcments previ-
cusly made on the quariz alone. As shown in Table [, the non-
compensated frequency error was 1410Hz, equal 1o ~25% of the
shift from the unloaded condition. In the compensated ease, the
frequency accuracy successfully improves by more than an order
of mapnitade. The residual crror is due 10 miner non-idealitics in
the overall circuil phuse response. Assuming a perfectly ideal
phase response, the oscillator frequency error in the abscnce of
compensalion carresponds to the frequency difference 8, shown in
Fig 3. Table 1 also reports a measwred reduction in the fre-
quency jitter d, far the compensated oscillator that can be ascribed
Lo the fncrease in the phase slope observable in Fig. 3 compared
the uncompensated case. The correel circuit operation was also
verified with the quartz inmersed both in ethanol and in waler. In
the Jatter case, as shown in Fig. 14, the high acoustic and diclec-
tric loading prevent the sensor phase from reaching the zero cross-
ing, whicl in turn prevented the circuit from oscillating without
compensation. Despite this, the compensated configuration sue-
ceeded in keeping the crystal resomating, The oscillator can be
improved by automaling ihe compensating capacilance tuning
procedure, and by including a rectifier and an automatic-gain-con-
ol stage to also measure the degree of dJamping of the sensor.
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Capacity of various exponential bidirectional
associative memories

Tae-Dok Lom, Choon-Young Lee and Ju-Tang Tee

The capucities of various oxponential bidirectional ussociative
memorics {eBAMs) are derived and compared.

futroduetion: Bidirectional associative memory has been widely
used to solve classification problems such as pattern recognition
‘eite{ BAM}, data compression [1], ete. Since Jeng er af. [2] pro-
posed ¢BAM, which has a high slorage capacity and error-correc-
tion capability as well as being simple to implement, a great deal
ol research has gone inlo further improving its performance. The
modified eRAM (MeBAM) proposed by Wang and Lec [3] intro-

duced intracomnections in the eBAM to remove the additional
encading problem and continuily assumption. Chen e of [4]
peinted out that there was hardly any improvement in (the storage
capacity and ervor-correction capability of ithe MeBAM comprared
with that of the ¢BAM, and proposed an improved eBAM
(leBAM). Apart [rom proving that Wang’s capacity rosult [1], in
which the probability disiribution does nol total one, is erroncous,
these eBAM models do not involve rigorous analysis. In this Let-
ter, we use computer simulations to show the improved perform-
ance of those models.

In the following capacity analysis, we assume there are p stored
paltern pairs (&', ¥, where x e {-1, 13" and ¥ € {-1, 1}™.
Fach bipolar element of the patlerns is vandomly gencrated with
equal probuability. Further, we assume » = ay to show the capitcity
differcnce of the various eBAM models.

eBAM: The bidirectional recall process of the eBAM in one cycle
is

¥ = f(x) = sgn (ZY‘V“T") (1)

i=l

»
x' = g(y) = s (Z Y 5’) {2

i=1

where b > | and sgn{e) = Fit w20 and sgn@) = -1 otherwisc.

Cansidering the forward nssociation eqn. 1, yf () should be
grealer than zere for Wh and V& given an atrraction radivg r, ie.
the Hamming distance between X and x*, dj;(%, %), is ». Accord-
ing to eqn. 1

R .
ghys osen [ 7R ket Y ) >0 (3)
it hy

We define v = y'y, b*'*, which gives

Pufo = -+0% %) = Pr{yhyl = 1) Pe(dn (x, x) = )

1 1 El i noR " 1 ] N
2 (3) () e-(3) @

1 nebl
P]‘{'U! s 'bﬂ_zsj — (6) C_r:a

Using this synunctric probability distribution, we can easily oblain

H¥] =0 and

. T n4-1
LUSED D G) cy (4)
a2l -

RS w3 o
— (91_) Eh -'ls]nfs(__v: - (%) {1+b 'l)n, (5)

s=f]

Since the overall noisc v is the sum of {p — 1) identical random
variables, vis, 62 = (p — DAL Flenecforth, the crror of the
recall process occurs when v < 5% in cqn. 3. Based on the cen-
tral limit theorem which holds as #, 7 = eo, the bit ereor probabil-
ity P, is as [ollows:

, hn--Qr
0= Prle < —h ) = Q(—-)—) (63
T
where O(w) = LR ¢ @2 dt,

We now amalyse the capacity. U'or numbers of noisy pallerns to
be directly attracted to the stored patterns, the cxpected number
of error hits afler @ one-slep update has to be less tihan one, i.e.
the condition nE(L) < 1 has o be satisfied, where the expression
[or Uis seen in eqn. 6. Using the approximation (L)) = W@ e
U2 we cun obtain the sironger condition —L32 + logw = 0, taking
the most dominani terms into account. Replacing this inequality
condition by an equalily, we obtain the eritical condilion for the
capacity

1 o0 g- 1
AN T ———— — 7
Pena Zlogn {14-6-4)n (")
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