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A Novel Charge-Transfer Matching Cell for
High-Precision Correlation and Low-Power
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Abstract: A novel matching cell-circuitry using charge-transfer circuit technique for high-precision correlation cal-

culation is presented. T he cell calculates the absolute value of the difference between two analog input voltages and

amplifies the result. Amplification gain can be designed by the capacitance size in the cell and threshold voltage mis—

match can be canceled automatically, thus high—precision operation of the circuit is achieved. The circuit can be op—

erated with low power dissipation of about 12p¢W at a frequency of 50M Hz. Because of its simple structure and

small silicon area, the matching cell is suitable to realize the correlation dealing with many template vectors that

have many elements in a chip.
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1 Introduction

Correlation calculation is one of the fundamen—
tal functions for intelligent information processing
that has been widely used, such as vector quantiza—
tion and motion compensation of image compres—
sion, image or speech recognition, ete. In the circuit
of the correlation calculation, the distance between
template vector and input vector is computed and
the resultant dissimilarity metric is used to search
the most similar case. The so-called winner-take-
all (WTA) circuit, which has been reported by

-4 . .
! searches the most similar

many researchers''
case. A matching cell is important to calculate the

metric used for WT A searching operation. T here
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are several metrics for correlation calculation. Due
to the application or circuit configuration, another
matching cell is used in calculating similarity met-
ric such as template vector and input vector are
matched closely. In the digital approach, matching
operation is carried out by MPU. Multiple adders
are sequentially used and the calculation results
can be obtained as an output representing Manhat-
tan distance. The computation power for calcula-
tion of the metric, however, is very expensive be-
cause of its iteration full nature. Aiming application
in which the real4ime response of a system is ex-—
tremely important, it is useless for realizing corre—
lation function. Alternatively, parallel architecture
was also proposed, but hardware cost becomes

large. In the analog approach, matching operation
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can be implemented in a small circuit cell and its
full parallel processing nature enables a system to
produce a realtime response. Two-valuation func-
tion is mainly used in real applications'™®. They
are Manhattan distance and Euclidean distance
computations. Employing the squaredaw of MOS-
FET, the computation of Euclidean distance is real-
ized for two analog inputs. T he circuit in the Refer—
ence| 6] realizes the M anhattan distance calculation
by using a unique sequence. Therefore, maximum
and minimum values are calculated firstly and the
subtraction of the minimum value from maximum
gives an output representing the Manhattan dis—
tance. How ever, these circuits are current-mode cir—
cuits. The performance of the circuits is restricted
by passing current. In this respect, Ref. [ 6] might
give an opportunity for low power circuit operation
owing to its subthreshold region operation. On the
other hand, purely voltage-mode circuit gives an—
other opportunity for low power operation. The
voltage-mode matching cell that realized by using a
neuron M OS has been pruposedI " In neuron MOS
matching cell, however, there is a big problem with
the output voltage signal attenuation. The resul-
tant output must be amplified for WT A stage to
execute a high accuracy operation. Inserting ampli-
fier for each cell increases hardware cost. General-
ly, amplification accuracy is affected by parameter
fluctuation and hence it imposes a limit on the pre-
cision of the total system. As a strategy for ampli—
fying the signal with low -power, high-accuracy op—-
eration, charge-transfer type circuit has been re-
ported in several articles'™” . The circuit technique
is utilized as a preamplifier in a DRAM sense am-
plifier and CM OS configuration circuit for building
the low—power, high-accuracy comparator in ana-
log-to-digital converter ( ADC). In this paper, a
matching cell was developed for low—power high-
precision correlation calculation employing the
charge-transfer circuit technology. The circuit is
not only with small silicon area but also with an

amplification technique. It is robust to threshold

voltage fluctuation.

2 Circuit configuration of charge-
transfer matching cell

Figure 1(a) shows the circuit configuration of
charge-transfer matching cell. It consists of two n-
type floating-gate MOS (FGM OS for short) whose
drain electrodes are both connected to the output
node and source electrodes are connected to the
transfer capacitance Ct through CMOS switches.
Analog input voltages Vi and Vi applied to the in-
put gates of the FGM OS through CM OS switches.
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Fig. 1

Circuit configuration of charge-transfer

matching cell

The expected relation of the input and output
is shown as following.
Voo - G| Va- Vi
Vo

|V..\ - an < 0
|V.-\ - Vl:l > 0

This is illustrated in Fig. 1(b). The circuit

an"[‘ =

produces higher voltage when | Va— Vi| becomes
smaller and lower voltage when | Va= V| becomes
bigger, which represents degree of matching, i. e.
similarity metric.

Figure 2 explains how the circuit works to cal-

culate a degree of matching. The circuit operation
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consists of three phases, namely, (1) reset phase,
(2) pre-charge phase, and (3) amplified phase. In
reset phase, the floating gates of the FGMOS are
connected to the reset voltage ( Vi) with two ana-
log voltages, Vi and Vi being applied to the respec—
tive input gates. At the same time, the switches
SWi and SWi reset the source nodes of two FG—

M OS to be grounded with switch SW2 being turned
Reset —rym
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Fig. 2 Circuit operates to calculated a degree of

matching

off. Then, in pre-charge phase, the switches SWi
and SWi

turned on. The source follower action of each FG-

are turned off and the switch SW: is

M OS is activated to pre—charge the source node e—

qual to be (Vuiss— Vr). At the same time, the out—

put terminal is reset to Von. Then the switch SW2is
turned off again and the pre-charge phase is termi-
nated. Finally, in amplified phase, the switches SW3
and SW3 are turned off and the floating gates are
made electrically separating from reset voltages.
Then, two input voltage are exchanged. It is as—
sumed that Vi is greater than Ve. The FGMOS T:
is not activated, but the FGMOS T is activated as
source follower because the gate voltage increases
from Veto Va,that is AV.Then the source node of
FGMOS T is charged up to (Vi — Vi+ AV).
T herefore, the charge AQ= CrAV. Here, Co is de-
fined as the next input capacitance. So it can be
mentioned that the gain G is described as Cr/Co. It
should also be noted that the threshold voltage
mismatch of the FGMOS does not affect the accu-
racy of circuit output because it is canceled out by
charging of the source nodes to (V= Vi) in pre—

charge phase.

3 Circuit operation analysis

[n order to evaluate the basic performance of
charge-transfer matching cell, the circuit operations
were simulated by SPICE. At first, the input and
output signal waveforms of the circuit as well as
floating voltage waveforms are shown in Fig. 3(a) .
The operation frequency is set to S0MHz. Circuit
operations have three phases, reset, pre—charge, and
amplified. The capacitance ratio Cr/Co is designed
to be 10, and the parameter ( Vii:— Vi) is 0. The
difference of the input voltage AV (| Va— Vi|) is
changed to be 250, 500, and 750mV. It is evident
from the figure that the output is amplified for
each AV and output voltage at the end of amplified
phase decreases corresponding to the increase of
AV.

Figure 3(b) shows the output voltage of the
circuit as a function of (Va— Vi), namely AV, at
the floating gate terminal. T he values of the capaci-
tances Cr are designed 10 times that of Co( Here, Co
is 3SfF). The correct amplified output can be ob—

tained in region where the difference of the inputs
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is smaller than 1V. However, the output voltage is
amplified by only about 3 times though C1/Co is
designed as 10. The gain reduction is due to the
parasitic capacitances. Moreover, the output volt—
age is saturated at 1.5V (V.) in the region where
the difference of the inputs is greater than 1V. This
is because discharging process automatically
stopped when the output voltage meets the source

voltage of the activated FGMOS.

V,\-¥a=250mV| ¥, Vg=500mV| Vy-Vg=750mV,
e i
L] AnpEfy Resct
= 2.0 —
S LBE y =
3,%1.50- ~v,
1.25 12
} okttt o £
§220 _‘|*V>n
1.5 i
i 1.0} — V<0
0.5} -
v
5 y
4 |k\‘
3 1
2 ! ~y
1 i
¥ '
0 20 40 60 80 100 120 140 160 180
t/n8
(a)

Fig. 3 Results of the circuit by HSPICE output

characteristic of the circuit

Here, we calculate the output characteristic of
the circuit from Fig. 4. Therefore, the major param-
eters such as the gain G and the saturated output

voltage Vo are described by only two designed pa-

rameters of the circuit, namely the transfer capaci-
tance ratio C1/Co and the Cr pre—charge voltage
(Vo= Vi). In the following calculation, the float—
ing gate gain Y is assumed to be unity for simplicity
and the voltage AV is regarded to be equal to
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Fig.4 Device model of charge-transfer matching cell

AVin= 3’1 Va= V.-;l

T he output voltage saturation occurs when the
voltage on the capacitor Cr and Co reach to be the
same voltage level. Moreover, the output voltage
saturates in the region that AV is greater than or e-
qual to 6(6 is the voltage at which output satu-
rates. See Fig. 2).So Ver and Vew are equal to Vi
when AV is equal to the value of . Finally, we can

determine the major parameters as follows.

._ Cr
€= ¢
Vi = Vi = Vo
0= 1+ G
1 G . .
Viea = 1+ GV})]) + |+ G( Viiee = V)

It can be seen from the formula for V.. that
the first term can be determined automatically by
the gain G and supply voltage Vo, but the second

term can be removed by designing the parameter
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( Viiss— V1) to be zero volts. It also can be seen that
when the gain G increased, the first term get close
to zero and G/1+ G in the second term gets close to
I.1f the voltage (V= V1) is designed to be close-
ly 0, the second term becomes 0 no matter how
large gain G is.

Figure 5 shows the calculation method for
matching degree. The output voltage of matching
cell of the charge-transfer type is determined by
the value that is extracted from output node.
Therefore, the summation result of the multiple
outputs can be easily obtained by connecting their
output nodes. The capacitance Cr can be designed
to be small by minimizing the capacitance at the
output Co(including parasitic capacitances). Here,
it is assumed that only the upper cell MCi is ac-
tive. In other words, the input voltage difference
AV occurs only in MCiand O for the others. T here-
fore, the output voltage becomes the value, which is

C1/Co designed in the single cell.

Fig.5 Calculation method for matching degree

Figure 6(a) shows the photographs of the
charge-transfer type matching cell test circuit. T he
circuit is designed by using 1. Sum double—polysili-
con double-metal CMOS process. The capacitance
size ratio C1/Co is designed as 10. The area for the
circuit is only about 277um X 142um. Therefore, it
is suitable to realize the correlate dealing with
many template vectors that have many elements in
a chip because of its simple structure and small sili-
con area. Results of the test chip are shown in the
Fig. 6(b). Test data are the same with HSPICE
simulation, namely phase period is 20ns, the param—
eter (Viiw— V1) is 0, and the difference of the input
voltage AV is changed to be 250, 500, 750mV. From

Fig. 3 and Fig. 6(b), we can see the measurement
results closely reproduce the behavior obtained by
simulation. In this case, the circuit power is about

124W.
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Fig. 6  Photographs of the charge-transfer type
matching cell test circuit and results of the test

chip

4 Conclusions

The charge-transfer matching cell for high-
precision correlation calculation has been pro-
posed. An amplified absolute value of difference be—
tween two analog input voltages can be obtained as
the output and amplification gain can be designed
by the capacitance size in the cell that is the value
of the C1/Co, which include parasitic capacitance.
The threshold voltage mismatch of the floating—
gate MOS can also be canceled automatically by its
source follower operation. It realizes the high—pre-
cision operation of total system. The circuit can be
operated with low power dissipation of about 12uW

at a frequency of S0MHz. The matching cells are
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suitable to realize the correlator dealing with many
template vectors that have many elements in a chip
because of its simple structure and small silicon

area. It is essential for realizing intfﬂhg&nt informa- [ 5] Tyson Tuttle G, Fallahi S, Abidi A A. An 8b CMOS vector

ing Systems 7, The MIT Press Cambridge, Massachuselts

London, England, 1996: 685

tion processing system. A/D converter. ISSCC Dig T echnical Papers, 1993: 38
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