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(7) ABSTRACT

A capacitance detecting circuit of a capacitive sensor having
a plurality of column lines and a row line intersecting the
column lines detects a change in capacitance at an intersec-
tion of a column line and a row line. The circuit includes a
PN code generating unit for generating a code having
orthogonality in time sequence to output the generated code
as a column drive signal, a column line drive unit for driving
a predetermined one of the column lines which are selected
in response to the code, a capacitance detecting unit, con-
nected to the row line, for detecting a voltage by converting
a total sum of changes in capacitance at intersections of the
selected column lines into the voltage to output the detected
voltage, and a decode processing unit for performing a
predetermined calculation on the detected voltage output
from the capacitance detecting unit and the code to deter-
mine a voltage value responsive to the capacitance change at
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CAPACITANCE DETECTOR CIRCUIT,
CAPACITANCE DETECTION METHOD, AND
FINGERPRINT SENSOR USING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a circuit and a
method for detecting a low capacitance and a fingerprint
sensor using the circuit.

[0003] 2. Description of the Related Art

[0004] Pressure sensitive capacitive sensors have been
developed as a fingerprint sensor that is considered as the
most promising technique in biometrics. The pressure sen-
sitive capacitive sensor includes one film bearing column
lines spaced at predetermined intervals on the surface
thereof and the other film bearing row lines spaced at
predetermined intervals on the surface thereof. The two
films are arranged to face each other with an insulator
interposed therebetween to allow a predetermined separa-
tion therebetween. The films of the pressure sensitive
capacitive sensor are deformed in response to the roughness
of the fingerprint when a finger is placed onto the sensor. The
separation between the column line and the row line changes
depending on location, and the shape of the fingerprint is
detected as a capacitance at the intersection of the lines. One
of the techniques available to detect a capacitance less than
several hundreds of fF (femto farads) is a detector circuit
that converts a capacitance into an electrical signal using a
switched capacitor circuit. In the detector circuit, a common
switched capacitor circuit is connected to a sensor capaci-
tance element, driven by a first drive signal, for detecting a
target capacitance, and a reference capacitance element,
driven by a second drive signal and serving as a detector
circuit reference capacitance. First and second sample-and-
hold units, which alternately functions, sample the respec-
tive output signals, and determine a difference between the
sample results to result in a detected signal.

[0005] The common capacitor switched circuit in the
detector reliably detects a signal proportional to a capaci-
tance value Cs as a target and inversely proportional to a
feedback capacitance Cf. Although a charge Qd are stored in
a parasitic capacitance between the gate electrode of a reset
switch (feedback control switch) and another electrode in
the switched capacitor circuit, the effect of leakage (field
through) of the charge to the other electrode is cancelled. As
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 8-145717, it is also expected that low-frequency
noise contained in an offset component at a reference voltage
in the switched capacitor circuit and an input signal is
removed to some degree by determining a difference
between the two sample results.

[0006] High sensitivity is required of the capacitance
detector circuit such as the fingerprint sensor because of a
small capacitance change, while the detector must be robust
against noise coming in from the human body (including
high-frequency components) and noise derived from elec-
trical circuits.

[0007] The detector must also be free from the effect of
crosstalk noise from adjacent lines among column lines and
row lines that detect a change in capacitance.

Apr. 7, 2005

[0008] One contemplated capacitance detector circuit
detects a charge voltage corresponding to a charge stored in
a capacitance at an intersection of a column line and a row
line when the column line rises in a voltage level, and a
discharge voltage corresponding to a charge discharged from
the capacitance at the intersection when the column line falls
in voltage. The detector circuit thus detects a change in
capacitance using the charge voltage and the discharge
voltage.

[0009] More specifically, the capacitance detector circuit
determines a difference between the charge voltage and the
discharge voltage, and regards the difference voltage as a
voltage corresponding to a change in capacitance. The
detector circuit thus removes a voltage offset arising from
the effect of field through at the same electrodes in an
amplifier circuit, and an offset component taking place in
other circuits, thereby eliminating noise sufficiently low in
frequency in comparison with a sampling frequency.

[0010] When a change in capacitance of each sensor
element of a capacitive sensor is detected, typical detector
circuits including a capacitance detector circuit drives a
single column line only, thereby detecting a change in a
capacitance value Cs at each of intersections (sensor cle-
ments) of a plurality of row lines, serving detecting lines,
and the column line.

[0011] As previously discussed, a change in capacitance
per sensor element (single intersection) is as small as several
hundreds of fF.

[0012] Known capacitance detector circuits are still sub-
ject to the effect of noise occurring in the capacitive sensor
even if the offset component taking place in circuits con-
taining an amplifier is removed.

[0013] In other words, the capacitance detector circuit is
unable to precisely detect a capacitance change because of
disturbing noise when power supply noise and conductive
noise transferred to a capacitive sensor via the human body
are superimposed on a signal of the column line and the row
line.

[0014] Widely available inverter type fluorescent lamps
generating high-frequency through semiconductors become
a noise source having a fundamental frequency of several
tens of kHz.

[0015] When the difference between the charge voltage
and the discharge voltage is detected in the capacitance
detector circuit, the sampling frequency of the capacitance
change becomes close to the fundamental frequency of the
noise source.

[0016] When the capacitance detector circuit determines
the difference between the charge voltage and the discharge
voltage, a beat due to the difference remains. Such a beam
is generated when two waves having slightly different
frequencies are superimposed. Thus, it is difficult to com-
pletely remove disturbing noise components.

[0017] When a user uses a fingerprint sensor, an apparatus
having a noise source of a frequency component close to the
sample frequency of the capacitance detector circuit may be
located close to the body of the user. For example, an
inverter type fluorescent lamp may be used, or an apparatus
having an inverter circuit used to backlight a liquid-crystal
display may be connected to the sensor. The disturbance
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noise due to the beat cannot be fully eliminated. The signal
to noise ratio S/N of s signal for detecting a capacitance
change is degraded, and the fingerprint of a user cannot be
precisely read.

SUMMARY OF THE INVENTION

[0018] Accordingly, it is an object of the present invention
to provide a capacitance detector circuit, a capacitance
detection method, and a fingerprint sensor for detecting a
small capacitance Cs at an intersection of a column line and
a row line and a capacitance change ACs in the capacitance
Cs with the effect of disturbance noise reduced and an S/N
ratio heightened.

[0019] A circuit of a capacitive sensor having a matrix of
intersections of a plurality of column lines and a plurality of
row lines intersecting the column lines, for detecting a
change at each intersection, includes a code generating unit
for generating a code having orthogonality in time sequence
to output the generated code as a column drive signal, a
column line drive unit for driving a plurality of column lines,
from among the column lines, which are selected in response
to the code, a capacitance detecting unit, connected to the
row line, for detecting a voltage by converting a total sum
of changes in capacitance at intersections of the selected
column lines into the voltage to output the detected voltage,
and a decode processing unit for performing a predeter-
mined calculation on the detected voltage output from the
capacitance detecting unit and the code to determine a
voltage value responsive to the capacitance change at the
intersection.

[0020] With this arrangement, the capacitance detector
circuit concurrently drives a plurality of column lines inter-
secting the row line in accordance with the code such as a
pseudo-random noise (PN) code having orthogonality, in
other words, concurrently drives a plurality of sensor ele-
ments on a per row line basis, and multiplexes capacitance
values Cs and capacitance change values ACs to increase the
capacitance value and capacitance change value to NCs and
NACs. Here, N is the number of column lines concurrently
driven, namely, the number of intersections multiplexed.
The detector circuit then converts capacitance to voltage,
thereby outputting a detected signal. In this arrangement, a
significantly large capacitance and a significantly large
capacitance change are measured, and disturbance noise
such as beat is relatively reduced, and the S/N ratio is
heightened. The use of an M sequence PN code providing
excellent autocorrelation eliminates the effect of crosstalk in
the column lines.

[0021] Using the same code that has been used in the
multiplex operation, the capacitance detector circuit per-
forms a predetermined calculation on the detected signal
which is multiplexed in time by the decode processing unit.
Since the multiplexed detected value is thus decoded as the
capacitance value Cs and capacitance change ACs for each
of the sensor elements, the detected result provides the same
resolution as when a single column line is driven.

[0022] The code generating unit generates and outputs a
PN code with the phase thereof varied in time sequence as
a column drive signal. The generation of a single PN code
easily results in the detected signal multiplexed by the
number of bits of the PN code, required in the multiplication
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and summing operation in a decode process, without the
need for the generation of different PN codes.

[0023] If the decode process is performed in a personal
computer, the capacitance detector circuit is freed from
transmitting fingerprint data in the decoded state thereof.
Multiplexed fingerprint data heightens the level of data
security.

[0024] 1In apreferred embodiment of the present invention,
the code generating unit outputs the PN code with the phase
thereof shifted by a random number of bits in time sequence
(with the phase hopped). The generation of a single PN code
easily results in the detected signal multiplexed by the
number of bits of the PN code, required in the multiplication
and summing operation in a decode process, without the
need for the generation of different PN codes. The effect of
disturbance noise is spread over a set of detected signals
having different phases (the detected signals of the number
of bits of the PN code) after being subjected to the multi-
plication and summing operation and shifting operation. A
flattening process through a filtering operation is thus facili-
tated.

[0025] The code generating unit repeats by a plurality of
times a cycle within which the phase of the PN code is varied
by a number of bits equal to the number of bits of the PN
code, and the decode processing unit determines a voltage
responsive to a change in capacitance at the intersection on
a per cycle basis, sums the voltage for a plurality of cycles,
and outputs the summed result as the detected voltage. The
disturbance noise contained in the detected voltage is thus
averaged, the effect of the disturbance noise is reduced, and
the precision of the detected result is heightened.

[0026] In apreferred embodiment of the present invention,
the code generating unit generates a plurality of PN codes,
and switches the PN code from one PN code to a different
PN code every cycle. In comparison with the case in which
the same PN code is repeated over a plurality of cycles, the
effect of periodicity is excluded, and the S/N ratio is
heightened.

[0027] Inapreferred embodiment of the present invention,
the PN code includes an M sequence. The PN code thus
provides high autocorrelation. With the PN code shifted,
changes at intersections are multiplexed, and during decod-
ing, the detected signal is decoded with the phase of the
same PN code associated therewith. This arrangement con-
trols of the generation of crosstalk between the column lines,
and the capacitance change at the intersection is thus
detected at a high precision.

[0028] The code generating unit preferably generates a
Walsh code having bit strings varying in time sequence, and
outputs the Walsh code as the code thereof.

[0029] In the capacitance detector circuit, the number of
drives of each column line becomes half the number of
detections. The effect of crosstalk between the column lines
is reduced, and the capacitance at the intersection is thus
precisely detected.

[0030] Inapreferred embodiment of the present invention,
the decode processing unit performs a decode process by
multiplying and summing a data string of the detected
voltage that is output in accordance with the code in time
sequence. To this end, a plurality of column lines are
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concurrently driven to detect a change in capacitance at each
of the intersections (sensor elements) of the column lines
and the row lines. The capacitance of the sensor elements of
the driven column lines is converted into voltage. The level
of the detected signal is thus substantially heightened, and
the effect of the disturbance noise is lowered.

[0031] Inapreferred embodiment of the present invention,
a capacitance at an intersection is detected in an area type
capacitive sensor which includes a matrix of intersections of
a plurality of column lines and a plurality of row lines. With
the capacitive sensor incorporated as a fingerprint sensor,
more precise determination results are obtained.

[0032] Inapreferred embodiment of the present invention,
a capacitance at an intersection is detected in a line type
capacitive sensor which includes a single row line and a
plurality of column lines intersecting the row line.

[0033] Inapreferred embodiment of the present invention,
a fingerprint sensor includes the capacitance detector circuit,
and detects a fingerprint at a high precision.

[0034] According to one aspect of the present invention, a
method for detecting a change in capacitance at an intersec-
tion of a column line and a row line in a capacitive sensor
that includes a plurality of column lines and a plurality of
row lines, includes the steps of generating a code with the
phase thereof varied in time sequence to output the code as
a column drive signal, driving a plurality of column lines,
from among the column lines, selected in response to the
code, detecting a voltage by converting a total sum of
changes in capacitance at intersections of the selected col-
umn line into the voltage to output the voltage as a detected
voltage, and decoding a data string of the detected voltage
output in the detecting step in accordance with the code in
a predetermined calculation to determine a voltage value
responsive to the capacitance change at the intersection.

[0035] When a row voltage output unit drives a column
line at a first voltage with a column line drive unit outputting
a signal for causing the column line to rise to a first voltage,
a third voltage corresponding to a current for charging
capacitances at a plurality of intersections is output. When
the column line is driven by a second voltage, a fourth
voltage corresponding to a current for discharging the
capacitances of the plurality of intersections is output. A
change in the capacitance at the intersection is thus deter-
mined.

[0036] The capacitance detection method of the preferred
embodiments of the present invention takes advantage of a
difference between an output voltage during discharging and
an output voltage during charging. The effect of the dis-
charge current due to field through superimposed in a
constant direction of a charge current to and a discharge
current from the capacitance at the intersection cancels the
effect of the discharge current due to field through in an
amplifier in the charge amplifier circuit. The change in the
capacitance at the intersection is thus detected with a high
precision.

[0037] According to another aspect of the present inven-
tion, a circuit for detecting a change in capacitance at an
intersection of a column line and a row line in a capacitive
sensor that includes a plurality of column lines and a row
line intersecting the column lines, includes a code generat-
ing unit for generating a code having orthogonality in time
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sequence, a column line group selecting unit for dividing the
plurality of column lines into groups, each group including
a predetermine number of column lines, and for selecting a
group of column lines to be measured, a column line drive
unit for driving the plurality of column lines in each of the
successively selected column line groups in response to the
code, a capacitance detecting unit, connected to the row line,
for converting a total sum of changes in capacitance at
intersections of the selected column line into a voltage
signal, and outputting the voltage signal as a detected
voltage, and a decode processing unit for performing a
predetermined calculation on the measured voltage and the
code on a per column line group basis, and for determining
a voltage value responsive to the capacitance change at each
intersection.

[0038] With this arrangement, the capacitance detector
circuit concurrently drives a plurality of column lines inter-
secting the row line in accordance with the code such as a
pseudo-random noise (PN) code having orthogonality, in
other words, concurrently drives a plurality of sensor ele-
ments on a per row line basis, and multiplexes capacitance
value Cs and capacitance change value ACs to increase the
capacitance value and capacitance change value to NCs and
NACs. Here, N is the number of column lines concurrently
driven, namely, the number of intersections multiplexed.
The detector circuit then converts capacitance to voltage,
thereby outputting a detected signal. In this arrangement, a
significantly large capacitance and a significantly large
capacitance change are measured, and disturbance noise
such as beat is relatively reduced, and the S/N ratio is
heightened. The use of an M sequence PN code providing
excellent autocorrelation eliminates the effect of crosstalk in
the column lines.

[0039] Using the same PN code that has been used in the
multiplex operation, the capacitance detector circuit-per-
forms a predetermined calculation (multiplication and sum-
ming operation) on the detected signal which is multiplexed
in time by the decode processing unit. Since the multiplexed
detected value is thus decoded as the capacitance value Cs
and capacitance change ACs (determined if the capacitance
value Cs is determined) for each of the sensor elements, the
detected result provides the same resolution as when a single
column line is driven.

[0040] In apreferred embodiment of the present invention,
the column line group includes a predetermined number of
adjacent column lines.

[0041] Since any number of column lines to be subjected
to the multiplication and summing operation is set to adjust
the burden in calculation, processing taking into consider-
ation the throughput of a system in use may be performed.

[0042] The column line group preferably includes column
lines spaced at predetermined intervals.

[0043] The capacitance detector circuit generally detects
the capacitance of an entire area of the matrix on a per
column line group basis. In this method, variations in the
detected value become small in comparison with the case in
which measurement is performed in a localized area. The
setting of sensitivity in measurement is easily performed.

[0044] According to yet another aspect of the present
invention, a method for detecting, as a voltage, a change in
capacitance at an intersection of each of a plurality of
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column lines and a row line intersecting the column lines,
includes a code generating step for generating a code having
orthogonality in time sequence, a column line group select-
ing step for selecting a group of column lines to be mea-
sured, the plurality of column lines being divided into the
groups of column lines, each group including a predetermine
number of column lines, a column line drive step for driving
the plurality of column lines in each of the successively
selected column line groups in response to the code, a
capacitance measuring step for measuring capacitance by
outputting, as a measured voltage, a total sum of currents
responsive to capacitances at intersections of the row line
and the plurality of driven column lines, and a decode
processing step for performing a predetermined calculation
on the measured voltage and the code on a per column group
basis and for determining a voltage value responsive to the
capacitance at each intersection.

[0045] As described above, the capacitance detector cir-
cuit of the preferred embodiments of the present invention
multiplexes the capacitances in accordance with the code
having orthogonality to drive a plurality of column lines at
a time, and sums changes in capacitance at a plurality of
intersections to detect the capacitance. The effect of distur-
bance noise added to the column lines is relatively reduced.
The gain of detection is heightened. The PN code used in the
multiplex operation is used in decoding the detection result
to determine change in capacitance at each intersection. The
change in capacitance at each intersection is detected at a
resolution comparable to the resolution at which a capaci-
tance change is detected with a single column line driven.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a block diagram illustrating the structure
of a fingerprint sensor using a capacitance detector circuit in
accordance with a first preferred embodiment of the present
invention;

[0047] FIGS. 2A and 2B illustrate the structure of the
sensor of FIG. 1;

[0048] FIG. 3 is a view illustrating the sensor of FIG. 1
for use in measurement of fingerprint;

[0049] FIG. 4 illustrates the structure of sensor elements
formed at intersections of column lines in a column line
array and row lines in a row line array in an area type sensor;

[0050] FIG. 5 is a block diagram illustrating the structure
of the sensor and charge amplifier of FIG. 1;

[0051] FIGS. 6A and 6B illustrate the structure of a code
generator circuit in a code generator of FIG. 1;

[0052] FIGS. 7A and 7B illustrate autocorrelation of
every cycle of bit trains in phase change due to the bit shift
of bit train of the PN code;

[0053] FIG. 8 is a conceptual block diagram illustrating
the operation of the first preferred embodiment of the
present invention wherein the PN code drives the column
lines to multiplex the capacitances of sensor elements;

[0054] FIG. 9 is a conceptual block diagram illustrating
the operation of the first preferred embodiment of the
present invention wherein the PN code drives the column
lines to multiplex the capacitances of sensor elements;
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[0055] FIG. 10 is a timechart illustrating the detected
signal and the operation of the charge amplifier in accor-
dance with the first preferred embodiment of the present
invention;

[0056] FIG. 11 is a timechart illustrating the control
process of a selector and the column lines in accordance with
the first preferred embodiment of the present invention;

[0057] FIGS. 12A and 12B illustrate the structure of a PN
code generator circuit for generating the PN code for 255
column lines;

[0058] FIG. 13 is a block diagram illustrating the structure
of a line sensor incorporating the first preferred embodiment
of the present invention;

[0059] FIGS. 14A and 14B explain that measurement of
a plurality of cycles leading to improvement in spread gain
in accordance with a second preferred embodiment of the
present invention;

[0060] FIG. 15 illustrates a measurement method in which
the shifting of the bit train of the PN code is repeated for a
plurality of cycles to multiplex voltage data of each sensor
to determine measurement data;

[0061] FIG. 16 illustrates the concept of a decode process
of a decode processing circuit that decodes the measurement
data multiplexed by measuring data for a plurality of cycles
into voltage data of each sensor;

[0062] FIG. 17 illustrates the concept of a code generator
in accordance with a third preferred embodiment of the
present invention;

[0063] FIGS. 18A and 18B illustrate the concept of a PN
code generator circuit for generating a PN code in accor-
dance with the third preferred embodiment of the present
invention;

[0064] FIG. 19 illustrates a measurement method of the
third preferred embodiment in which voltage data of each
sensor is multiplexed to measure data while the bit train of
the PN code is shifted at the same time;

[0065] FIG. 20 illustrates the concept of a decode process
of a decode processing circuit that decodes the measurement
data, multiplexed by measuring data for a plurality of cycles,
into voltage data of each sensor in accordance with the third
preferred embodiment of the present invention;

[0066] FIG. 21 illustrates the concept of a hopping pro-
cess in which phase is changed in a random fashion in
accordance with a fourth preferred embodiment of the
present invention;

[0067] FIG. 22 is a block diagram illustrating the structure
of a PN code generator in accordance with the fourth
preferred embodiment of the present invention;

[0068] FIG. 23 is a table that lists data of each of the bit
train of the PN code that is output by a storage shift register
at the shifting of each bit;

[0069] FIG. 24 is a table that lists the output of a code
selector that selects between the bit train of a latch register
and the bit train on which an exclusive OR register has
performed a hopping process;
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[0070] FIG. 25 illustrates the structure of an active matrix
type sensor in accordance with a fifth preferred embodiment
of the present invention;

[0071] FIG. 26 is a block diagram illustrating the structure
of a charge amplifier of the fifth preferred embodiment of the
present invention;

[0072] FIG. 27 is a block diagram illustrating the structure
of a fingerprint sensor incorporating a capacitance detector
circuit of a sixth preferred embodiment of the present
invention;

[0073] FIG. 28 illustrates the operation of a column line
selector of FIG. 27 for selecting a group of column lines
from among a plurality of groups into which a column line
array is divided;

[0074] FIG. 29 illustrates the operation of the column line
selector that selects a predetermined group of column lines
and multiplexes the column lines contained the selected
group for capacitance measurement;

[0075] FIG. 30 illustrates the operation of a capacitance
detector circuit that divides a column line array into a
plurality of groups, and determines the measurement order
of each line in each group;

[0076] FIG. 31 is a timechart illustrating the detected
signal and the operation of a charge amplifier in accordance
with the sixth preferred embodiment of the present inven-
tion;

[0077] FIG. 32 is a timechart illustrating the control
process of the selector and the column lines in accordance
with the first preferred embodiment of the present invention;

[0078] FIG. 33 illustrates the operation of the column line
selector of FIG. 28 which selects a predetermined column
line group and multiplexes the column lines contained in the
selected group for capacitance measurement;

[0079] FIG. 34 is a table listing data stored in a storage
shift register at each time;

[0080] FIG. 35 illustrates the operation of the column line
selector of FIG. 28 which selects a predetermined column
line group and multiplexes the column lines contained in the
selected group for capacitance measurement;

[0081] FIG. 36 is a block diagram illustrating the structure
of a line sensor incorporating the sixth through ninth pre-
ferred embodiments of the present invention;

[0082] FIG. 37 illustrates a combination of column lines
in the division of a column line array into column line
groups;

[0083] FIG. 38 illustrates the operation of a column line
selector of the eighth preferred embodiment of the present
invention, in which the column lines are driven in a column
line group in accordance with the PN code (or quadrature
code):

[0084] FIG. 39 illustrates the driving operation of the
column lines in which the column lines contained in the
column line group selected by the column line selector in
accordance with the quadrature code are multiplexed;

[0085] FIG. 40 illustrates the procedure of generating a
Walsh code as a quadrature code in accordance with the
ninth preferred embodiment of the present invention; and
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[0086] FIG. 41 is a table illustrating the Walsh code stored
in a code memory of FIG. 39.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0087] First Preferred Embodiment

[0088] A capacitance detector circuit of preferred embodi-
ments of the present invention is for use in a matrix
capacitive sensor having a plurality of column lines and a
row line intersecting the column lines and detects a change
in capacitance at an intersection of a column line and a row
line. The capacitance detector circuit includes a code gen-
erating unit for generating a code having orthogonality in
time sequence to output the generated code as a column
drive signal, a column line drive unit for concurrently
driving a predetermined column lines which are selected in
response to the code, a capacitance detecting unit, connected
to the row line, for detecting a voltage by converting a total
sum of changes in capacitance at intersections of the
selected column lines into the voltage to output the detected
voltage, and a decode processing unit for performing a
predetermined calculation on a data string of the detected
voltage output in time sequence on a per row line basis every
cycle of the phase change of a PN code in a decode process
to determine a voltage value responsive to the capacitance
change at the intersection.

[0089] The capacitance detector circuit 1 of a first pre-
ferred embodiment of the present invention is described
below with reference to FIG. 1. FIG. 1 is a block diagram
illustrating the structure the capacitance detector circuit 1 in
accordance with the first preferred embodiment of the
present invention.

[0090] The capacitance detector circuit 1 generates a PN
code used to generate a column drive signal for driving each
column line in a column line array 2 of a sensor 4. The PN
code is an M sequence PN code having high autocorrelation.
The sensor 4 includes column lines of the column line array
2 and row lines of a row line array 3, and each intersection
of a column line and a row line forms a sensor element
(sensor element 55 of FIG. 4).

[0091] FIG. 2A is a plan view of the sensor 4, and FIG.
2B is a cross-sectional view of the sensor 4. As shown in
FIG. 2A, the column lines in the column line array 2 are
arranged with a pitch of 50 um and the row lines in the row
line array 3 arranged with a pitch of 50 um. The column lines
and the row lines intersect each other. As shown in FIG. 2B,
a plurality of row lines of the row line array 3 are arranged
on a substrate 50, an insulator 51 is deposited on the row line
array 3, and a film 54 is arranged with a gap 52 allowed
between the surface of the insulator 51 and the film 54. A
plurality of column lines in the column line array 2 are
arranged on the underside of the film 54. Arranged at the
intersections of the column lines in the column line array 2
and the row lines in the row line array 3 are respective sensor
elements as capacitance elements, each having a predeter-
mined capacitance across the gap 52 and the insulator 51
between the respective column and row lines.

[0092] When a finger 56 touches the top of the sensor 4,
the irregularity of the finger 56 causes the film 54 and the
column lines in the column line array 2 to be deformed as
shown in FIG. 3, thereby-changing the gap 52, and leading

Shenzhen Huiding Tech. Co., Ltd. - Exhibit 1012



US 2005/0073324 Al

to a change in the capacitance of the substrate 50 formed at
the intersections between the column line array 2 and the
row line array 3.

[0093] FIG. 4 illustrates a matrix of capacitance elements
(sensor elements) between the column lines and the row
lines in the sensor 4. The sensor 4 includes a matrix of sensor
elements 55, and is connected to a column line driver 5 and
a capacitance detector circuit 100. The column line driver §
outputs a drive pulse train to the column line array 2 in
accordance with a bit train of a pseudo-random noise (PN)
code, in other words, outputs predetermined drive pulses
(drive signals) to the column lines in the column line array
2 of the sensor 4 in parallel. The pattern of the drive pulse
in the drive pulse train (of whether or not to drive the column
lines) is generated based on the PN code. A plurality of
column lines in the column line array 2 are driven (activated)
in accordance with the data of the bit train of the PN code.
Changes in capacitances at the intersections (sensor ele-
ments) formed by the driven column lines and a row line are
multiplexed. The capacitance detector circuit 100 includes
charge amplifiers 6, sample-and-hold circuits 7, a selector 8,
an A/D converter 9, a decode processing circuit 10, and a
timing control circuit 11.

[0094] The charge amplifier 6, arranged at each of the row
lines in the row line array 3 in the sensor 4, detects a small
amount of charge (a current responsive to a change in
capacitance) input or output in response to the capacitance
of the intersection (sensor element) based on a charge and a
discharge current, amplifies the current, and converts the
current into a voltage, and outputs the voltage as a measured
signal. The sample-and-hold circuit 7, arranged at each
charge amplifier 6, samples the detected signal in accor-
dance with an input sample-and-hold signal, and temporarily
holds the sampled signal. The selector 8 switches voltage
information held by the sample-and-hold circuits 7 in the
order of the arrangement of the row line array, and outputs
the voltage information to the A/D converter 9.

[0095] The A/D converter 9 converts the measured voltage
as analog voltage information input in time sequence into
digital measured data at the timing of an A/D clock input
from the decode processing circuit 10, and outputs the
digital data to the decode processing circuit 10.

[0096] For high-speed processing, the A/D converter 9 is
arranged in each sample-and-hold circuit 7 to convert the
analog measured data into the digital measured data.

[0097] The decode processing circuit 10 performs a cal-
culation operation for removing an offset component due to
field through by determining a difference between measure-
ment data during charging of the sensor element at the
intersection and measurement data during discharging. The
decode processing circuit 10 also decodes the signal multi-
plexed with the PN code by performing a multiplication and
summing process on the multiplexed signal using the same
PN code that has been used in the multiplexing operation.
The signal is separated into voltage data components indi-
cating the capacitances of the respective sensor elements.

[0098] Upon receiving a start signal for starting capaci-
tance detection from the decode processing circuit 10, the
timing control circuit 11 outputs a clock and a control signal
to a PN code generator, the column line driver 5, the charge
amplifiers 6, the sample-and-hold circuits 7, and the selector
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8, thereby controlling the operation timing of the entire
capacitance detector circuit 100.

[0099] The charge amplifier 6 will now be discussed with
reference to FIG. 5. FIG. 5 illustrates the structure of the
charge amplifier 6. As shown, the charge amplifier 6
includes an operational amplifier 121, a feedback capaci-
tance Cf connected between an inverting input terminal and
an output terminal of the operational amplifier 121, and an
analog switch 124 for discharging a charge in the feedback
capacitance Cf. A non-inverting input terminal of the opera-
tional amplifier 121 is connected to a reference voltage. Also
shown are a parasitic capacitance Cp of the operational
amplifier 121, etc, a capacitance Cs at the intersection (sum
of the capacitance of multiplexed sensor elements), and an
overall capacitance Cy with respect to the other column lines
than a target column line.

[0100] The operation of the capacitance detector circuit
100 thus constructed in accordance with the first preferred
embodiment of the present invention will now be discussed
with reference to FIG. 1. To simplify explanation, a PN code
having a 15 bit length generated by a PN code generator
circuit 20 is described below.

[0101] The decode processing circuit 10 receives a start
signal for starting capacitance detection from the outside,
namely, a signal for collecting a fingerprint on a fingerprint
sensor 4.

[0102] In response, the decode processing circuit 10 out-
puts, to the timing control circuit 11, a start command signal
for starting capacitance detection. The timing control circuit
11 in turn outputs a clock signal and a reset signal to the code
generator 1.

[0103] In response to the reset signal, the code generator
1 initializes a linear feedback shift register (LFSR) having
four internal stages, thereby generating M sequence PN code
in synchronization with the clock signal, and successively
outputting the PN code.

[0104] The code generator 1, including the PN code gen-
erator circuit 20 shown in FIG. 6A, outputs the M sequence
PN code in synchronization with the clock. The PN code
generator circuit 20 (referred to as LFSR) generates the M
sequence 15 bit PN code, and includes a 4-bit shift register
21 and an exclusive OR (EXOR) gate 22. The EXOR gate
22 is connected to the output of tap 1 of the shift register 21
(the output of a first bit of the shift register 21) and the output
of tap 4 (the output of a fourth bit of the shift register 21).
The EXOR gate 22 exclusive OR gates the input signals, and
outputs the exclusive OR gated output to the input of the
shift register 21. The PN code generator circuit 20 shifts the
data of each bit of the shift register 21 in synchronization
with the clock signal, thereby successively generating data
of a bit train of the PN code in synchronization with the
clock signal in sequence. As shown in FIG. 6B, the PN code
generator circuit 20 writes the data of the bit train (1 (least
significant bit (LSB)), 1,1,1,01,0,1,1,0,0, 1,0, 0, 0 (most
significant bit (MSB)) with time advancing from left to right
as shown in FIG. 6B) in an internal shift register 23 (to be
discussed later) in time sequence in synchronization with the
clock signal. The PN code generator circuit 20 outputs the
PN code in sequence in the order of the LSB bit to the MSB
bit.

[0105] Referring to FIG. 7A, one cycle is now 15 bits, in
other words, the bit train of the PN code is formed of 15 bits.
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With one bit successively shifted, the number of autocorre-
lated bits is maximized (to +15) each time the same bit
arrangement (in phase state) appears, and in the middle of
the cycle, the number of autocorrelated bits is minimized to
-1. As shown in FIG. 7A, the ordinate represents autocor-
relation (the number of coincident bits), and the abscissa
represents the number of bits to be shifted (a shift of 15 bits
is one cycle). Phase shifting refers to bit shifting to the initial
bit arrangement of the PN code with data of the bits
unchanged.

[0106] Referring to FIG. 7B, the PN code has the follow-
ing feature: the PN code is compared with the PN code
having the same but cycled bit train. If the PN codes match
in phase, the bits coincide with each other, and the multi-
plication and summing result is maximized to +15. If the PN
codes fail to match, the number of coincident bits is less than
the number of noncoincident bits by 1 bit, and the multipli-
cation and summing result is averaged resulting in a mini-
mum of —1. Multiplexed information is thus separated using
the multiplication and summing operation. This process is
similar to the principle of multiplexing and separation of
code division multiple access (CDMA) of cellular phones.

[0107] As shown in FIGS. 8 and 9, the column line driver
5 concurrently drives a plurality of column lines in the
column line array 2 in response to the PN code output from
the code generator 1. More specifically, if the PN code has
15bitsof {1,1,1,1,0,1,0,1,1,0,0, 1, 0, 0, 0} as shown
in FIG. 8, one cycle corresponding to a bit train of the PN
code is a constant duration of time from t; through t,5, at
intervals of which the bits are shifted in sequence. The bit
train of {1, 1,1,1,0,1,0,1,1,0,0, 1, 0, 0, 0} of the PN
code generated by the PN code generator circuit 20 is
successively shifted in the storage shift register 23. The
storage shift register 23 includes 15 register stages of a
register stage 23, through a register stage 23,5. Data is
shifted from left to right (from the register stage 23, toward
the register stage 23,5). At time t;, “1” of the first bit of the
PN code is input to the leftmost register stage 23, of the
storage shift register 23. At time t,,, “1” of the first bit of the
PN code, stored in the register stage 23,, is shifted to the
register stage 23,, while “1” of the second bit of the bit train
of the PN code is input to the register stage 23,.

[0108] The above-referenced shifting operation is per-
formed at times ty, t,, ts, t,, ts, tg, 5, te, to, Ty, Lo Tins tys,
t,4, and t,s, thereby inputting the data {1, 1,1, 1,0, 1,0, 1,
1,0,0, 1,0, 0, 0} of the bit train of the PN code to register
stages 23,5, 23, 23,5, 23,,, 23,,, 23, 23,, 23, 23, 23,
23,,23,, 23,, 23,, and 23, respectively. The data stored in
the register stages 23,5, 23,,, 23,5, 23,,, 23,,, 23, 23,
23,,23,23,,235,23,, 23, 23, and 23, of the storage shift
register 23 are supplied to driver circuits 15,5, 5,,, 5,5, 5,5,
5115 5105 505 5g, 54, 56, 55, 54, 55, 55, and §, in the column
line driver 5, respectively. When the period of t, through t, 5
has elapsed, the bit train {1,1,1,1,0,1,0,1,1,0,0, 1, 0,
0, 0} of the PN code is already fed to the driver circuits 5,5,
514> 3135 512> 5115 5105 505 S5 57, 56, 555 54, 55, 55, and 5, in
the column line driver 5, respectively. The operation during
the one period of from time t, through time t, 5 is one cycle
for the fingerprint capturing process in accordance with the
present invention.

[0109] The operation of the storage shift register 23 is
described below. When a signal for starting fingerprint

Apr. 7, 2005

capturing is input, 15 clocks of a clock signal are input to the
storage shift register 23 from the timing control circuit 11.
The register stages 23,5, 23,,, . . ., 23, are set to {1, 1, 1,
1,0,1,0,1,1,0,0, 1, 0, 0, 0} at the default state thereof.
At the first time t; of the one cycle of the fingerprint
capturing process, a clock is input from the timing control
circuit 11 to the storage shift register 23. In response to the
input clock, the register stages 23,5, 23,,, . . ., 23, in the
storage shift register 23 shifts the data thereof by one bit,
thereby having {1,1,1,0,1,0,1,1,0,0,1,0,0,0, 1} (sce
FIG. 8). In response to the clock signal output from the
timing control circuit 11, the driver circuits 5,5, 5,4, 5,3, 515,
5,1, 5,05 50, 55, 55, 55, 55, 5,, 55, 5,, and 5, in the column
line driver 5 drive corresponding column lines C, 5, C, 4, Cy5,
Cis, Cis, Cyg, Gy, Cg, C,, Cg, Cs, C,y, Cs, C,, and C; with
a drive pulse train of drive pulses, each pulse having a
predetermined pulse width (see FIGS. 10(c) and 11(f)). In
the case of a drive pulse train P1 corresponding to the bit
train of the PN code, the column line driver 5 outputs a drive
pulse having a predetermined voltage in response to “1” of
the data of the bit, and does not output the drive pulse in
response to “0” of the data of the bit. The column line driver
5 thus outputs the ground voltage to column lines other than
the column lines receiving the drive pulse. At time t;, in
response to the drive pulse of the drive pulse train P1,
column lines C,, Cs, Cq, Cg, Cyy, Cy3, Cyy, and C,5 are
driven. A sum of capacitances of capacitive sensors formed
of the plurality of driven column lines and each of the row
lines R, R,, R, . . ., namely, a capacitance value multi-
plexed in accordance with the bit arrangement of the PN
code is connected to each of the row lines R;, R, R, . . .

[0110] As shown in FIGS. 10(b) and 11(a), the timing
control circuit 11 outputs a reset signal to the charge
amplifier 6 slightly prior to the rising edge of the drive pulse
of the drive pulse train for driving the column line and
slightly prior to the falling edge of the drive pulse. As shown
in FIGS. 10(d) and 11(b), the timing control circuit 11
outputs a sample-and-hold signal to the sample-and-hold
circuit 7 slightly prior to the reset signal.

[0111] The timing control circuit 11 outputs N switching
signals (N is the number of sample-and-hold circuits 7) to
the selector 8 within the intervals of the inputting of the
sample-and-hold signals. As shown in FIG. 11(c), the sig-
nals held by the sample-and-hold circuits 7 in response to a
single sample-and-hold signal are successively fed to the
A/D converter 9 through the selector 8 until a next sample-
and-hold signal. At the timing of an analog-to-digital (A/D)
clock input from the decode processing circuit 10, the A/D
converter 9 converts measurement voltage in response to a
detection signal for each row line into digital data, thereby
outputting the digital data as measurement data d1 to the
decode processing circuit 10. The decode processing circuit
10 writes, onto an internal memory on a per row line basis,
data strings of measurement data successively input.

[0112] The operation of the charge amplifier 6 will now be
discussed. When the timing control circuit 11 outputs the
reset signal at time td; slightly prior to time t, of FIG. 10,
the analog switch 124, as a metal-oxide semiconductor
(MOS) transistor shown in FIG. 5, is turned on. The
feedback capacitance Cf is discharged, causing the output
OUT of the operational amplifier 121 to be short-circuited to
the inverting input terminal of the operational amplifier 121.
The output OUT is set to the reference voltage, and the row
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line connected to the inverting input terminal of the opera-
tional amplifier 121 is also set to the reference voltage.

[0113] When the reset signal is transitioned to an off level,
field through due to the parasitic capacitance of the gate of
the analog switch 124 causes the output voltage of the
operational amplifier 121 to slightly rise (see label Fd
subsequent to time td; in FIG. 10(a)).

[0114] When a predetermined drive pulse of the bit pattern
of the PN code in the drive pulse train (drive pulse train P1
shown in FIG. 11()) rises at time t,, the drive pulse is fed
to the inverting input terminal of the operational amplifier
121 through the sensor element (capacitance Cs) at the
intersection of the column line and the row line. A current
flowing in response to the voltage value of the drive pulse
causes the output OUT of the operational amplifier 121 to
gradually drop as shown in FIG. 10(a).

[0115] At time td,, the timing control circuit 11 outputs a
sample-and-hold signal (S/H) signal to the sample-and-hold
circuit 7. Upon receiving the sample-and-hold signal, the
sample-and-hold circuit 7 holds the measurement voltage Va
output from the output OUT of the operational amplifier 121
in the charge amplifier 6.

[0116] At time tds, the timing control circuit 11 outputs a
reset signal to the charge amplifier 6 again. In response, the
output OUT of the operational amplifier 121 is short-
circuited to the inverting input terminal thereof, the feedback
capacitance Cf is discharged, and the output OUT of the
operational amplifier 121 is returned to the reference volt-
age. With the reset signal transitioned to off, field through of
the gate parasitic capacitance of the analog switch 124
causes the output voltage of the operational amplifier 121 to
slightly rise (see label Fd subsequent to time td, of FIG.

10(a)).

[0117] At time td,, the drive pulse of the drive pulse train
P1 falls. The sensor element (capacitance Cs) at the inter-
section of the column line driven by drive pulse and the row
line is discharged in response to a current based on the
voltage of the drive pulse. In response, the output OUT of
the operational amplifier 121 gradually rises in a voltage
level.

[0118] At time tds, the timing control circuit 11 outputs a
sample-and-hold signal to the sample-and-hold circuit 7.
The sample-and-hold circuit 7 holds a measurement voltage
Vb of the output OUT of the operational amplifier 121 at the
timing of the input of the sample-and-hold signal.

[0119] At time td,, the timing control circuit 11 outputs a
reset signal to the charge amplifier 6. The output OUT of the
operational amplifier 121 in the charge amplifier 6 is thus
short-circuited to the inverting input terminal thereof, the
feedback capacitance Cf is discharged, and the output OUT
of the operational amplifier 121 returns to the reference
voltage. The above-referenced operation is repeated.

[0120] Inthe above-referenced measurement operation, an
offset Vk due to the field through current of the analog
switch 124 is generated in a positive direction regardless of
whether the output OUT rises or falls with respect to the
reference voltage. In this preferred embodiment, the offset
due to the field through is not negligible when the capaci-
tance Cs to be measured falls within a range of several tens
of fF to several hundreds of fF. In the above measurement,
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-VaO (=-Va+VKk) is a voltage proportional to the target
capacitance Cs. The voltage to be measured is Va, and
contains an error Vk due to offset as follows:

Va=VaO+Vk

[0121] In this preferred embodiment, a voltage Vb during
discharging of the target capacitance Cs is also measured. A
voltage VbO is expressed as follows:

VbO=Vb-Vk

[0122] Here, VDO is proportional to the capacitance Cs,
and the voltage Vb to be measured is expressed as follows:

Vb=VbO+Vk

[0123] The measurement voltages Va and Vb are succes-
sively held by the sample-and-hold circuits 7, and the held
voltages are analog-to-digital converted by the A/D con-
verter 9 on a per Va and Vb basis, and the resulting digital
data is stored in the memory of the decode processing circuit
10. The decode processing circuit 10 performs a calculation
operation in accordance with the following equation:

A=Vb-Va=(VbO+VEk)-(Vk+VaO)=VbO-VaO

[0124] In this way, measurement data d corresponding to
multiplexed capacitance values, free from an offset error, is
obtained.

[0125] The decode processing circuit 10 thus determines a
difference between the output signals of the charge amplifier
6 in response to the rising of the voltage at the column line
and the falling of the voltage of the column line when the
predetermined drive pulse in the drive pulse train rises and
falls. The decode processing circuit 10 thus determines the
capacitance value of the sensor element in a state free from
the effect of field through. With the selector used, the
time-consuming measurements of the column lines of the
charge amplifiers 6 are performed in parallel. A high-speed
measurement of the entire sensor is thus achieved.

[0126] At time t, (prior to the rising of a drive pulse P2
shown in FIG. 11(f) subsequent to one bit shift), the timing
control circuit 11 outputs a clock to the code generator 1.
The shift register 21 in the code generator 1 generates “1”
with one bit shifted, and outputs the shifted data to the
storage shift register 23. In synchronization with the clock,
the storage shift register 23 shifts the bits of {1, 1, 1, 0, 1,
0,1,1,0,0,1,0,0,0, 1} of the stored PN code by one bit,
while writing data “1” input from the shift register 21 onto
the register stage 23,. In this way, data “1” stored in the
register stage 23,5 is pushed out of the storage shift register
23, and disappears. Data “1” stored in the register stage 23, ,
is newly written onto the register stage 23, .

[0127] As shown in FIG. 9, the data stored in the register
stages 23,23, ,,23,5,23,,,23,,,23,,, 23, 23,,23, 23,
23,,23,,23,,23,, and 23, of the storage shift register 23 are
the bit train {1, 1,0,1,0,1,1,0,0,1,0,0,0, 1, 1}. The
outputs of the register stages of the storage shift register 23
are thus fed to the driver circuits 5,5, 5,4, 513, 515, 5115 5105
5, 54,5, 54, 55,5,, 55,55, and 5, in the column line driver
5, respectively. At the end of time t,, namely, when of the
capacitance values of the plurality of sensor elements in
response to the drive pulse train P1 are multiplexed, the bit
train of the PN code {1,1,0,1,0,1,1,0,0,1,0,0,0, 1,
1} are the PN code with the bit arrangement (phase) thereof
shifted by one bit, and are fed to the driver circuits 5,5, 5,4,
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513> 512> 511> 510> 59> 58> 57> 56> 55> 54> 53> 52> and 51 il’l the
column line driver 5, respectively.

[0128] At time t, in response to the clock signal output
from the timing control circuit 11, the driver circuits 5,5, 5,4,
5.5 510, 511, 5105 565 54, 55, 56, 55, 5,4, 55, 55, and 5, in the
column line driver 5 drive corresponding column lines C, 5,
Ci4 Ci, Cra, Cyy, Chp, Gy, G, €5, Cg, Cs, €y, G5, Cy, and
C, with a drive pulse train (drive pulse train P2 subsequent
to one bit shifting) of drive pulses, each pulse having a
predetermined pulse width. See FIGS. 10(c) and 11(f). At
time t,, column lines C,, C,, C,, C,, C,4, C5, C,,, and Cy 5
are driven (see FIG. 9). The state at time t, all corresponds
to the state at time t, already discussed.

[0129] At or in the vicinity of t,, the operation from td; to
time tds, already discussed with reference to FIG. 10, is
repeated. When the bit train of the PN code is shifted by one
bit, the plurality of column lines are driven, the capacitance
values of the plurality of sensor elements are multiplexed,
and the multiplexed capacitances are then converted to a
voltage value. Thus, the measurement voltage is obtained.

[0130] The process discussed with reference to time t; and
time t,, namely, the process performed from time td, to time
td as shown in FIG. 10 is repeated at each timing of time
t; through time t,5. FIG. 23 shows the bit trains of the PN
code of the storage shift register 23 at each time. The bit
shifting of the PN code, the driving of the column lines, and
the voltage measurement are repeated for one cycle to
perform fingerprint capturing.

[0131] In response to the drive pulse train of the drive
pulses P1-P185, the capacitance detector circuit 100 drives a
plurality of column lines in the column line array 2, and
performs the measurement process each time the 15 bit PN
code is successively shifted by one bit. The measurement
voltages Vd with the phase thereof shifted by one bit are
obtained from the row lines, respectively. The measurement
voltages of Vd are converted to digital data. A data string
{d1, a2, . . ., d15} multiplexed by the PN code is thus
obtained.

[0132] The following measurement data of the row lines
with the phase of the PN code shifted by one bit is stored in
the memory of the decode processing circuit 10:

dl = Vsl +Vs5+ Vs8+ Vs9+ Vsl +VsI3+ Vsl4d+ Vsi5
d2=Vsl+Vs2+Vs6+ Vs9+ VslO+ Vsi2+ Vsi4+ Vsi5
d3=Vsl+Vs2+Vs3+ Vs7+ VslO+ Vsl +VsI3+Vsl5

a4 =Vsl+Vs2+Vs3+ Vs4d+ Vs8+ Vsl +VsI2+ Vsi4

dl5=Vsd+ Vs7+ Vs8+ VsIO+ VsI2+ VsI3+ VsI4+ Vsi5

[0133] where Vs represents the voltage digital data into
which the capacitance at each sensor element at the inter-
section of the driven column lines and the row line is
converted. The measurement data d is multiplexed in
response to the capacitance of the sensor element corre-
sponding to the column line driven by the PN code.
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[0134] The measurement data d in a general form is
expressed by the following equation (1):

y N (PN(i—j-1)xVs()) Q=) )
l_;{PN(i—j+1+N)><Vs(j) (i<

[0135] Since about half the column line array 2 (eight
lines) is driven concurrently in accordance with the PN code,
the measurement data di is determined by summing the
products of the PN code and the voltage data Vsj corre-
sponding to the capacitance Csj of half the sensor elements.
Here, “j” represents a line number of the column line C, and
is1,2,3,...,N, and “1” represents a measurement data
number (corresponding to the order of phase shifting), and
is1,2,3,...,N.

[0136] The decode processing circuit 10 determines the
voltage data Vs of each sensor element based on the mul-
tiplexed measurement data and the PN code used in the
multiplexing operation in accordance with equation (2):

. N CPNs(j—i+ 1) xd(j) (=i @
l_;{PNs(j—i+1+N)><d(j) (j<b

[0137] As already discussed, the measurement data d in
time sequence that is determined by successively shifting the
PN code bit by bit is separated into voltage data ds, namely,
voltage data Vs corresponding to the capacitance of the
sensor element at the intersection of the row line and the
driven column line by performing the multiplication and
summing operation on the PN code and the measurement
data d as represented by equation (2).

[0138] In equation (2), a coefficient PNs(i)=+1 when the
data of the bit of the PN code is PNi=1, and a coefficient
PNs(i)=—1 when PNi=0. The decode processing circuit 10
performs a separation process (namely, a decode process)
from the measurement data d to the voltage data ds using
equation (2).

[0139] A data string of the measurement data {d1, d2, . .
., d14, d15} has been determined by multiplexing the
voltage data ds and the PN code on a per row line basis. To
determine the voltage data ds of each sensor element,
namely, the voltage data {ds1, ds2, ds3, . . . , dsl4, ds15),
each measurement data dj is multiplied by a coefficient
corresponding to the data PNi of each bit of the bit train of
the PN code {1 (LSB), 1,1,1,0,1,0,1,1,0,0,1,0,0,0
(MSB)}. When the drive signal is applied to the column line
in response to the predetermined PN code during measure-
ment, the order of the bit train corresponds to the order of the
column lines. For example, the LSB bit corresponds to the
column line C,, and the MSB bit corresponds to a column
line C;5. The voltage data dS1 at the intersection of the
column line C, is determined by multiplying a coefficient
PNs(i) corresponding to the data PNi of each bit of the bit
train of {1 (LSB), 1,1,1,0,1,0,1,1,0,0, 1, 0,0, 0 (MSB)}
by the measurement data dj and summing the products
throughout one cycle. More specifically, the column line C;
is driven by the data of the LSB bit of the PN code at time
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t, of FIG. 23, driven by the data of the second bit at t,, . .
. , and driven by the data of the MSB bit at time t,5. In the
multiplication and summing operation, the data are multi-
plied by the coefficient corresponding to the data of the
respective bits of the PN code and the products are then
summed.

[0140] The column line C, is driven by the bit train of the
PN code one bit shifted (rightward circulated) as in the data
of the second bit of the PN code at each time as shown in
FIG. 23. The voltage data dS2 at the intersection of the
column line C, is determined by multiplying a coefficient
PNs(i) corresponding to the data PNi of each bit of the bit
train of 0 (LSB), 1,1, 1,1,0,1,0,1,1,0,0, 1,0, 0 (MSB)}
by the measurement data dj and summing the products
throughout one cycle. This process is the multiplication and
summing process of the PN code. As shown below, the
voltage data dSi at each intersection is determined by
performing the multiplication and summing operation on the
data of the bit train of the PN code shifted by a predeter-
mined number of bits. In the multiplication and summing
operation during decoding, the default PN code is used for
the column line R, and the PN codes successively one bit
shifted for the respective column lines in the order of
measurement are used.

[0141] In the multiplication and summing operation dur-
ing decoding, for data measured at each time, the column
number of the intersection to be determined, and the data of
the bit of the order number of the bit arrangement of the PN
code used at that time are multiplied, and then the resulting
products are summed. In other words, at each time during
measurement, the data of the bit of the PN code that has been
used to drive the corresponding column line and the coef-
ficient corresponding to the same data are multiplied.

[0142] In accordance with equation (2), the decode pro-
cessing circuit 10 performs the following calculation process
based on the bit train of the PN code {1, 1,1, 1,0, 1,0, 1,
1, 0,0, 1, 0, 0, 0} for the 15 column lines:

dSl=+dl+d2+d3+d4—-d5+d6 —d7 +d8+d9—di0—dIl]l +
di2—di3-di4-diI5

dS2=—-dl+d2+d3+d4+d5-d6+d7 —d8+d9+dI10—-dll -
di2+di3-di4-diI5

dS3=—-dl-d2+d3+d4+d5+d6—d7+d8—-d9+dI0+dl] -
di2—-di3+di4-di5

dS4=—-dl-d2-d3+dd+d5+d6+d7 —d8+d9—-dI0+dIl]+
di2-di3-di4+dil5

dSI5=+dl+d2+d3-d4+d5—-d6+d7 +d8 —d9—d10+dl] -
di2-di3-di4+dI5

[0143] The decode processing circuit 10 thus separates the
data string of the measurement data di into the voltage data
dsi corresponding to the capacitance value of each sensor.

[0144] In accordance with the first preferred embodiment,
a plurality of column lines are driven in response to the PN
code, and the phase of the PN code is changed at the next
timing. This process is repeated. The multiplication and
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summing process is performed on the PN code and the data
that has been acquired in time sequence by the detector side.
The effect of the capacitance at the intersection of the other
column line is significantly averaged while only information
of charge stored and discharged at the intersection (capaci-
tive sensor) of the target column line is extracted.

[0145] In accordance with the first preferred embodiment,
the M sequence from among other sequences is used as the
PN code. The M sequence, having excellent autocorrelation,
averages the effect of the adjacent column lines on the
detector during the decode process, thereby minimizing the
effect of crosstalk between the column lines.

[0146] The length of the M sequence depends on the
number of column lines. For example, if the number of
column lines is 255, the LFSR 120 generating the M
sequence has eight stages as shown in FIG. 12, and the
length of one cycle is 255 bits (here the unit of length is bit
although the unit of length is chip in the CDMA commu-
nication).

[0147] FIG. 13 is a block diagram illustrating the structure
of a line sensor 4B in accordance with the first preferred
embodiment of the present invention.

[0148] The line sensor 4B has a plurality of column lines
and only a single row line.

[0149] The capacitance detector circuit is identical in
structure to the area sensor except that the selector 8 is not
included. Like elements are designated with like reference
numerals, and the discussion thereof is omitted here.

[0150] In comparison with the area type sensor, the line
type sensor is small in the scale of circuit, leading to lower
power consumption and low cost design.

[0151] To use the line type sensor as a fingerprint sensor,
a finger is swept across the sensor in a direction substantially
perpendicular to the direction of the row line. The timing
control circuit 11 outputs required signals with a predeter-
mined period for measurement, and the decode processing
circuit 10 thus obtain two-dimensional fingerprint data by
concatenating measurement data that is input on a per row
line basis every predetermined period.

[0152] Second Preferred Embodiment

[0153] A second preferred embodiment of the present
invention is described below with reference to FIG. 1. The
discussion of the elements and operation identical to those of
the first preferred embodiment is omitted here. In the capaci-
tance detector circuit of the second preferred embodiment,
the PN code generator 1 circulates the generated PN code for
a plurality of cycles, and the column line driver 5 outputs the
drive pulse train for the plurality of cycles to the column line
array 2 to acquire measurement data for the plurality of
cycles. In response to the PN code, the decode processing
circuit 10 performs the multiplication and summing process
on the acquired measurement data, thereby obtaining volt-
age data corresponding to the capacitance of each sensor
element.

[0154] Referring to FIG. 14A, a spread gain is obtained.
More specifically, in spread spectrum communication,
spread gain GP is determined if transmission bandwidth BT
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is large with respect to bandwidth Bi of information as in the
following equation:

GP=BT/Bi=Ti/Tc

[0155] 1If the transmission bandwidth BT is four times the
information bandwidth Bi, the spread gain GP is quadrupled
to 6 dB. Here, Ti represents the period of information bit,
and TC represents the period of the chip of a spread code.

[0156] The capacitance detector circuit of the second
preferred embodiment performs a process by a plurality of
times by shifting the bit train of the PN code, and multi-
plexing the measurement capacitances. The number of mea-
surements at the sensor element of a single intersection is
increased. If a noise component is superimposed during PN
spreading, a decode process spreads the noise component as
shown in FIG. 4B. The S/N ratio is even further improved
in comparison with the first preferred embodiment. Ele-
ments identical to those of the first preferred embodiment
are designated with the same reference numerals.

[0157] As shown in FIG. 15, the decode processing circuit
10 successively measures the data string {d1, . . ., d15} of
the measurement data in time sequence for a first cycle in the
same manner as the first preferred embodiment.

[0158] In accordance with the first preferred embodiment,
the multiplication and summing process is performed on the
measurement data collected for the first cycle in accordance
with the PN code, and calculates the measurement data
corresponding to the capacitance of each sensor element.
Unlike the first preferred embodiment, the capacitance
detector circuit of the second preferred embodiment per-
forms measurements by four cycles, for example. A data
string {d16, d17, . . . , d30} of the measurement data is
determined for a second cycle, a data string {d31, d32, . . .
, d45} of the measurement data is determined for a third
cycle, and a data string {d46, d47, . . . , d60} of the
measurement data is determined for a fourth cycle, succes-
sively. The decode processing circuit 10 stores the data
strings on a per row line basis in a memory of the row line
array 3. The measurement data di in time sequence in each
cycle is expressed using equation (1).

[0159] The decode processing circuit 10 performs the
multiplication and summing process on the measurement
data di in time sequence in each cycle in accordance with the
PN code using the following equation (3):

NM{PNS(((j—i)modN)+1)><d(j) (=i 3

dsz.:; PNs(j—i+1+N)xd(j) (j<d

[0160] to separate the voltage data dSi corresponding to
the capacitance of each sensor element, namely, the voltage
data Vs.

[0161] In equation (3), “mod” represents a remainder
operation, M represents the number of repetition of multi-
plexing process of the PN code, namely, the number of
measurement cycles using the PN code, and MN thus
represents the product of M and N. To obtain the voltage
data of each sensor element, the data string of the measure-
ment data di multiplexed by the PN code is decoded using
the PN code. The PN code used to obtained the measurement
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data for use in the multiplication and summing process is
circulated by one bit by one bit in phase up until one cycle
is completed. The cycle is identical to the cycle in the first
preferred embodiment. As in equation (2), PNs(i)=+1 when
the data of the bit of PN code is PNi=1, and PNs(i)=-1 when
PNI=0 in equation (3).

[0162] In accordance with equation (3), the decode pro-
cessing circuit 10 separates the data string of the measure-
ment data di in time sequence for a plurality of cycles into
the voltage data ds of each sensor element on a per row line
basis (see FIG. 16).

[0163] Third Preferred Embodiment

[0164] Referring to FIG. 17, a capacitance detector circuit
of a third preferred embodiment of the present invention is
described below. FIG. 17 is a block diagram illustrating the
structure of a code generator 1B and a column line driver §
in accordance with the third preferred embodiment of the
present invention. Elements in the third preferred embodi-
ment identical to those discussed with reference to the
second preferred embodiment are designated with the same
reference numerals.

[0165] As in the second preferred embodiment, a mea-
surement operation of shifting the bit train of the PN code
and multiplexing the capacitance of the sensor elements on
a per row line basis is performed for a plurality of cycles.
The difference of the third preferred embodiment from the
second preferred embodiment is that the multiplexing opera-
tion is performed using a different PN code for each cycle.
More specifically, two types of PN codes are generated, and
each time one cycle is completed, the detector switches
between one PN code and the other PN code.

[0166] The code generator 1B of FIG. 17 uses two PN
codes A and B. The code generator 1B includes a PN code
generator circuit 40, a storage shift register 43, and a code
selector 44 in addition to the PN code generator circuit 20
and the storage shift register 23 of the first and second
preferred embodiments. In accordance with the third pre-
ferred embodiment of the present invention, a plurality of
column lines of the column line array 2 are driven with the
two types of PN codes A and B alternately generated, each
type for twice.

[0167] The structure of the PN code generator circuit 40 is
described below with reference to FIGS. 18A and 18B. The
PN code generator circuit 40 shown in FIG. 18A outputs an
M sequence PN code in synchronization with the clock. The
PN code generator circuit 40, generating an M sequence 15
bit PN code, includes a 4-bit shift register 41 and an
exclusive OR (EXOR) gate 42. The shift register 41 is
connected to the EXOR gate 42.

[0168] The EXOR gate 42 exclusive OR gates a tap 3 of
the shift register 41 (the output of the third bit of the shift
register 41) and a tap 4 of the shift register 41 (the output of
the fourth bit of the shift register 41), and inputs an exclusive
OR gated output to the input of the shift register 41. The PN
code generator circuit 40 shifts the data of the bits of the shift
register 41 in synchronization with the clock signal, thereby
successively generating the data of the bit train of the PN
code B in synchronization with the clock signal. The PN
code generator circuit 40 writes the data of the bit train (one
cycle of 15 bits (chips)) in the internal shift register 43 of
FIG. 17 in time sequence in the order of {1 (LSB), 1, 1, 1,
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0,0,0,1,0,0,1,1,0,1, 0 (MSB)} from left to right as
shown in FIG. 8B in synchronization with the clock signal.

[0169] Returning to FIG. 17, the code selector 44 receives
the data of the bit trains of the PN codes A and B stored in
the storage shift register 23 and the storage shift register 43,
respectively, and switches between the PN code A and the
PN code B.

[0170] The code selector 44 receives a switching signal
every cycle. The code selector 44 selects and outputs the bit
train of the PN code A stored in the storage shift register 23
for first and third cycles, and selects and outputs the bit train
of the PN code B stored in the storage shift register 43 for
second and fourth cycles.

[0171] Register stages 23, 23,, 23;, 23, 23, 23, 23,
27¢,23,,23,,,23,,,23,,,23,5,23,,, and 23 ; in the storage
shift register 23 are connected to selectors 44,, 44, 44, 44,
44,,44,,44,,44,,44,,44,,44,,,44,,, 44,44, and 44 5
in the code selector 44, respectively. Register stages 43,
43,,43;,43,,43,,43,,43,,43,,43,,43,,,43,,,43,,,43 5,
43, ,, and 43, in the storage shift register 43 are connected
to the selectors 44,, 44, 44, 44,, 44, 44, 44, 44, 44,
44,,,44,,,44,,,44,;, 44, ,, and 44, in the code selector 44,
respectively.

[0172] As shown in FIG. 19, the code selector 44 switches
the storage shift register outputting the data every cycle. The
data of the bit train of the PN code A stored in the storage
shift register 23 is used for the data string {d1, d2, d15} of
the measurement data for the first cycle. The data of the bit
train of the PN code B stored in the storage shift register 43
is used for the data string {d16, d17, . . ., d30} of the
measurement data for the second cycle. The data of the bit
train of the PN code A stored in the storage shift register 23
is used for the data string {d31, d32, . . ., d45) of the
measurement data for the third cycle. The data of the bit train
of the PN code B stored in the storage shift register 43 is
used for the data string {d46, d47, . . . , d60} of the
measurement data for the fourth cycle. The measurement
process of the measurement data other than the switching
between the PN code A and the PN code B every cycle is
identical to the data measurement through multiplexing by a
plurality of cycles in accordance with the second preferred
embodiment of the present invention.

[0173] The measurement data from the first cycle to the
fourth cycle every row line is stored in the internal memory
of the decode processing circuit 10.

[0174] In the decode process for determining the voltage
data dSi corresponding to the capacitance of each sensor
element in the sensor 4 from the multiplexed measurement
data, the decode processing circuit 10 determines the voltage
data dSi-n (n is a cycle number) corresponding to the
column line using equation (2), and sums the dSi-n deter-
mined for the column lines in each cycle, thereby determin-
ing the dSi of each sensor from the data string of the
multiplexed measurement data di.

[0175] A signal component (voltage data) of the capaci-
tance of the sensor element at the intersection is thus
extracted, by performing a total of four cycles of multipli-
cation and summing operations, two cycles for the PN code
A and two cycles for the PN code B. The voltage data dSi
is thus calculated every row line in the same manner as in the
first and second preferred embodiments of the present inven-
tion.
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[0176] Fourth Preferred Embodiment

[0177] In each of the preceding preferred embodiments of
the present invention, the phase of the PN code is shifted bit
by bit in the multiplexing process. In accordance with a
fourth preferred embodiment of the present invention, a PN
code generator varies the phase of the PN code by hopping,
namely, by shifting the PN code by a random number of bits
(scrambling the phase). Since the voltage data at each sensor
element must be multiplexed on a per row line basis, 15 PN
bit trains different in phase are generated with none of the bit
trains having the same phase.

[0178] In accordance with the fourth preferred embodi-
ment of the present invention, a detection signal that is
multiplexed in accordance with the number of bits of the PN
code required in the multiplication and summing operation
is easily obtained without generating different PC codes
while the PN code is circulated by one cycle. The effect of
disturbance noise is distributed among a set of detection
signals different in phase, namely, the data string of {d1, d2,
d14, d15} of the measurement data, resulted from the
multiplication and summing process and the shifting opera-
tion. As a result, the flattening effect of a filtering process is
easily achieved.

[0179] The fourth preferred embodiment is described
below. Elements identical those discussed in connection
with the first, second, and third preferred embodiments are
designated with the same reference numerals, and the dis-
cussion thereof is omitted here.

[0180] FIG. 21 illustrates the concept of the hopping
process for changing phase in a random fashion. In the M
sequence PN code, the data of each bit of an initial bit
arrangement and the data of a bit, at the corresponding
position, of a bit arrangement with the phase thereof shifted
are exclusively OR gated so that the phase only is randomly
varied without varying the data arrangement of the bit train
of the PN code as consecutive data string circulated (delay-
and-add feature).

[0181] APN code generator 60 scrambles the phase of the
bit train of the PN code in a hopping process as described
above, and supplies the scrambled PN code to the column
line driver 5. The operation of the PN code generator is
described below.

[0182] FIG. 22 is a block diagram of the PN code gen-
erator 60 which scrambles the phase of the PN code in the
hopping process, and supplies the column line driver 5§ with
the scrambled bit train of the PN code.

[0183] As shown, in the same process as the one previ-
ously discussed in connection with the first preferred
embodiment of the present invention, the PN code generator
circuit 20 generates the PN code inputs the PN code to the
storage shift register 23, which in turn shifts the bit train of
the PN code.

[0184] A latch register 61 stores the same bit train of {1
(MSB), 1,1,0,1,0,1,1,0,0,1,0,0,0,1 (LSB)} as the PN
code prior to phase shifting, namely, a default bit train as in
the first preferred embodiment. The bit train remains
unchanged in the subsequent process. Upon receiving the
data of the bit trains from the storage shift register 23 and the
latch register 61, an exclusive OR register 62 exclusive OR
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gates the bits in the order of the bit train, and stores the
exclusive OR gated result in an internal shift register.

[0185] A code selector 63 selects between the data of the
bit train stored in the latch register 61 and the data of the bit
train stored in the exclusive OR register 62, and outputs the
selected data to the column line driver 5.

[0186] The operation of the PN code generator 60 of the
fourth preferred embodiment of the present invention will
now be discussed with reference to FIGS. 21-24. FIG. 23 is
a table listing the data of each bit of the bit train of the PN
code output by the storage shift register 23 at each one bit
shifting. FIG. 24 is a table listing the data output by the code
selector 63. The code selector 63 selects between the bit train
of the latch register 61 and the phase-hopped bit train the
storage shift register 23 outputs in response to the bit train
from the storage shift register 23, and outputs the phase-
hopped bit train.

[0187] To simplify explanation, the following discussion
focuses the operation of the PN code generator 60 only. The
multiplication operation, which is performed in response to
the bit train of the PN code output from the code selector 63,
remains unchanged from that previously discussed.

[0188] As shown in FIGS. 23 and 24, the time sequence
order {t,, t,, ..., t;5, t,,} indicating the order of shifting is
listed on a leftmost column.

[0189] As shown in FIG. 23, the bit train at time t, is the
bit train applied to the column lines for the first time
subsequent one bit shifting. In succession, the PN code is
successively shifted by one bit at each of time t,, . . ., t,,,
and t,s. The outputs of the storage shift register 23 for 14
shifts, through which the data of the bit arrangement is
circulated one cycle, are thus listed in the table. The amount
of shift is listed at the rightmost column with the amount of
shift at time t1 as a default value. At each time, one bit shift
is performed. In each of FIGS. 23 and 24, the topmost row
of the table lists the bit number of the bit train with “15”
being the most significant bit (MSB), and “1” being the least
significant bit (LSB).

[0190] FIG. 24 shows that the code selector 63 selects the
output of the latch register 61 as the bit train at time t1. In
succession, the code selector 63 selects and outputs the
output of the exclusive OR register 62 in response to the
storage shift register 23 at time t,, t5, . . ., t;5, t;,, and t;.
The amount of shift at the rightmost column, which is
calculated with respect to the bit arrangement at time t, as a
default value, fails to correspond to the order of shift. The
amount of shift at the right most column is a random amount
for shifting the PN code at random, but the bit data arrange-
ment of the PN code remains unchanged. None of the shift
orders have the same phase in the bit train. As shown in FIG.
8, the storage shift register 23 varies phase by bit shifting,
and the data of the bit train of the PN code successively input
from the PN code generator circuit 20 is identical to the data
shifted out of the register stage 23,5 and deleted. When the
storage shift register 23 performs bit shifting, the bit train is
practically circulated, and the data arrangement of the bit
train remains unchanged.

[0191] As described above, the code selector 63 selects the
output of the latch register 61 at time t1 as the bit train of the
PN code in the multiplexing operation of the capacitance
measurement of the sensor element at each row line only
when the data string dl of the measurement data is mea-
sured. In the multiplexing operation in the measurement of
the measurement data d2 thereafter, the code selector 63
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selects and outputs the output of the exclusive OR register
62. The exclusive OR register 62 outputs the bit train of the
output of the latch register 61 with the phase thereof
scrambled. The code selector 63 then outputs the scrambled
bit train to the column line driver 5.

[0192] In the decode process for decoding the data string
of the multiplexed measurement data into the voltage data
ds, the decode processing circuit 10 performs the same
process as that of the PN code generator 60, thereby gen-
erating the bit train of the PN code required for decoding.

[0193] In the same manner as in the preceding embodi-
ments, the decode processing circuit 10 successively mul-
tiplies the multiplexed measurement data d by the bit data of
the bit train that has been used in the multiplexing operation
during measurement, and sums the measurement data mul-
tiplied by the bit number of the bit train for each column line,
thereby determining the voltage data ds at each sensor
element on a per row line basis.

[0194] Fifth Preferred Embodiment

[0195] With reference to FIG. 4, the capacitances of the
sensor elements formed at the column lines and the row lines
are multiplexed in the capacitance measurement operation in
accordance with the first through fourth preferred embodi-
ments. In a fifth preferred embodiment of the present inven-
tion, however, capacitance measurement is performed on a
sensor 4C in an active matrix type sensor shown in FIG. 25.

[0196] The code generator 1 (or 60) supplies the column
line driver 5 with the bit train of the PN code, and the
column line driver 5 in turn drives a plurality of column lines
in the column line array 2 to multiplex the capacitances of
unit capacitance cells (sensor elements) 70 on a per row line
basis. In this respect, the fifth preferred embodiment is
identical to the first through fourth preferred embodiments.
The capacitance detector circuit 200 is identical in structure
and operation to the capacitance detector circuit 100 of the
first through fourth preferred embodiments, except that the
charge amplifier 6 is replaced with a charge amplifier 72 of
FIG. 26.

[0197] Elements in the charge amplifier 72 of FIG. 26
identical to those of the charge amplifier 6 are designated
with the same reference numerals. Since the measurement of
the active matrix sensor is slightly different, the charge
amplifier 72 is different from the charge amplifier 6 accord-
ingly. Only a difference in the measurement operation is
described below.

[0198] With a switch 73 in an off state, and with a switch
47, a switch 124, and cell selection switches 71 connected to
a plurality of column lines corresponding to bit 1 all in an on
state prior to the measurement of fingerprint data, the unit
capacitance cell 70 (capacitance Cs) and parasitic capaci-
tance Cp are charged up to voltage Vc, and all switches are
thus turned off.

[0199] In the measurement of the fingerprint data, the
switch 74 and the cell selection switch 71 are concurrently
turned on with the switch 74 and the switch 124 remaining
off. When a finger is placed on the sensor 4C, the capaci-
tance Cs of the unit capacitance cell 70 changes. A voltage
corresponding to the sum of charge caused by a difference
between the voltage Vc and a reference voltage Vref is
provided on an output terminal of the operational amplifier
121. The output voltage as measurement data d is thus stored
in the internal memory of the decode processing circuit 10.
Multiplexed measurement data di is obtained by repeating a
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sequence of charge storage and measurement of the voltage.
By performing the previously discussed decode process, the
decode processing circuit 10 provides the voltage data ds
corresponding to the capacitance Cs of each unit capacitance
-cell 70 from the data string of the measurement data d
stored in the internal memory.

[0200] Sixth Preferred Embodiment

[0201] A capacitance detector circuit of a sixth preferred
embodiment of the present invention is described below
with reference to FIG. 27. FIG. 27 is a block diagram
illustrating the structure of the capacitance detector circuit of
the sixth preferred embodiment. Elements identical to those-
discussed in connection with the first through fifth preferred
embodiments are designated with the same reference numer-
als and the discussion thereof is omitted here.

[0202] The sixth preferred embodiment relates to the
capacitance detector circuit for detecting a change in capaci-
tance at an intersection (sensor element) of a column line
and a row line in a matrix type capacitive sensor having a
plurality of column lines and a row line intersecting the
column lines. A code generator generates a code having
orthogonality in time sequence, and divides the plurality of
column lines into groups, each group including a predeter-
mine number of column lines. A column line group selector
circuit selects a group of column lines to be measured. A
column line drive circuit drives the plurality of column lines
in each of the successively selected column line groups in
response to the code. A capacitance detector circuit outputs,
as a measurement voltage, a total sum of currents corre-
sponding to the capacitances at intersections of the plurality
of driven column line and the row line, and a decode
processing circuit performs a multiplication and summing
operation on the measured voltage and the code on a per
column line group basis, and for extracting a voltage value
responsive to the capacitance at each intersection.

[0203] As shown in FIG. 27, the difference of the sixth
preferred embodiment of the present invention from the first
through fifth preferred embodiments is that a column line
selector 13 is added between the code generator 1 and the
column line driver 5 in the arrangement of the first through
fifth preferred embodiments.

[0204] The column line selector 13 divides the column
lines in the column line array 2 into column line groups of
a predetermined number. A drive signal based on the PN
code from the code generator 1 is output to the column lines
on a per column line group basis.

[0205] FIG. 28 illustrates the column line selector (group
selector) 13 for selecting a column line group from among
the column lines of the entire sensor. In the sixth preferred
embodiment of the present invention, consecutively adjacent
column lines are arranged in a group. For example, when the
PN code having a 15-bit length (N=15) is used, 255 column
lines are divided into 17 groups, each group containing 15
consecutive column lines.

[0206] In accordance with the sixth preferred embodiment
of the present invention, the column line selector 13 does not
change the selection of the column line group until the PN
code is circulated by one cycle. Upon circulating one cycle
of the PN code, the column line selector 13 changes to
another column line group in response to a control signal
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from the timing control circuit 11. Every cycle of the PN
code, the column line group is switched.

[0207] As shown in FIG. 28, the column line driver 5
divides the column line array 2 into a plurality of groups, for
example, M column line groups 4,-4,,, and outputs the
output signal from the storage shift register 23 to succes-
sively selected one of the column line groups. The number
of column lines in each column line group equals the number
of bits of the bit train of the PN code generated by the PN
code generator circuit 20. If the number of bits of the PN
code is 15 in the example of the sixth preferred embodiment,
the number of column lines in each of the column line
groups 4,-4,, is also 15.

[0208] When the capacitance measurement at the inter-
sections of the column lines in one group and the row line
is completed for one cycle as shown in FIG. 30, a next
column line group is selected in succession. The order of
selection of the column line group may be in the order of 4,
through 4,,, or may be selected in a random fashion rather
than in the order of position.

[0209] The capacitance measurement of the capacitance at
the intersections in each column line group will now be
discussed.

[0210] As shown in FIG. 29, a predetermined column line
group of the column line array 2, such as a plurality of
column lines in the column line group 4, are concurrently
driven by a drive signal train input through the column line
selector 13 in response to the PN code output from the code
generator 1. If the PN code includes 15 bits of {1 (MSB), 1,
1,1,0,1,0,1,1,0,0, 1, 0, 0, 0 (LSB)}, one cycle for
generating the bit train of the PN code is formed of a
constant duration of time from time t, to time t, 5 throughout
which the bits are successively shifted in time sequence. The
bit train {1 (MSB), 1,1,1,0,1,0,1,1,0,0,1,0, 0,0 (LSB)}
of the PN code generated by the PN code generator circuit
20 is thus successively shifted by the storage shift register
23. The storage shift register 23 includes 15 register stages
of a register stage 23, through a register stage 23,5. Data is
shifted from left to right (from the register stage 23, toward
the register stage 23,5). At time t;, “1” of the first bit of the
PN code is input to the leftmost register stage 23, of the
storage shift register 23. At time t,, “1” of the first bit of the
PN code, stored in the register stage 23,, is shifted to the
register stage 23,, while “1” of the second bit of the bit train
of the PN code is input to the register stage 23,.

[0211] The above-referenced shifting operation is per-
formed at times t;, t,, ts, ty, ts, te, U7, gy Loy t1gs L1y L13s Lias
and t,5, thereby inputting the data {1 (MSB), 1,1, 1,0, 1, 0,
1,1,0,0,1,0,0,0 (LSB)} of the bit train of the PN code
to register stages 235,23, ,,23,5,23,,,23,,,23,,, 23,, 23,
23,23, 235,23, 23,,23,, and 23, respectively. The data
stored in the register stages 23,5, 23, ,,23,5,23,,,23,,23 ,
23,,23.,23, 23, 235,23,,23,,23,, and 23, of the storage
shift register 23 are supplied to driver circuits 5,5, 5,,, 5,5,
515551155105 505 55, 54, 56, 55, 5.4, 55, 5, and 5, in the column
line driver 5, respectively. When the period of t, through t,
has elapsed, the bit train {1,1,1,1,0,1,0,1,1,0,0, 1, 0,
0, 0} of the PN code is already fed to the driver circuits 5,5,
514> 3135 512> 5115 5105 505 555 57, 565 555 54, 55, 55, and 5, in
the column line driver 5, respectively. The operation during
the one period of from time t, through time t, 5 is one cycle
for the fingerprint capturing process in accordance with the
preferred embodiments of the present invention.
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[0212] The operation of the storage shift register 23 is
described below. When a signal for starting fingerprint
capturing is input, 15 clocks of a clock signal are input to the
storage shift register 23 from the timing control circuit 11.
The register stages 23,5, 23,,, . . ., 23; are set to {1, 1, 1,
1,0,1,0,1,1,0,0,1, 0,0, 0} at a default state. At the first
time t, of the one cycle of the fingerprint capturing process,
a clock is input from the timing control circuit 11 to the
storage shift register 23. In response to the input clock, the
register stages 23,5, 23,,, . . ., 23, in the storage shift
register 23 shifts the data thereof by one bit, thereby having
{1,1,1,0,1,0,1,1,0,0, 1, 0, 0, 0, 1} (see FIG. 29). In
response to the clock signal output from the timing control
circuit 11, the driver circuits 5,5, 5,4, 515, 515, 5115 5105 S0»
5¢, 55, 56, 55, 54, 55, 5,5, and §, in the column line driver §
drive corresponding column lines C,5, C,,, C,5, C,s, C,y,
Ci0, Co, Cg, C, Cg, Cs, C,, C5, C,, and C, with a drive pulse
train of drive pulses, each pulse having a predetermined
pulse width (see FIGS. 31(c) and 32(f)).

[0213] In the case of a drive pulse train P1 corresponding
to the bit train of the PN code, the column line driver 5
outputs a drive pulse having a predetermined voltage in
response to “1” of the data of the bit, and doest not output
the drive pulse in response to “0” of the data of the bit. The
column line driver 5 thus outputs the ground voltage to
column lines other than the column lines receiving the drive
pulse. At time t,, in response to the drive pulse of the drive
pulse train P1, column lines C,, Cs, Cg, C,, Cy;, Cy5, Cyy,
and C, 5 are driven as shown in FIG. 32. A sum of capaci-
tances of capacitive sensors formed of the plurality of driven
column lines and each of the row lines R;, R,, R, . . .
namely, a capacitance value multiplexed in accordance with
the bit arrangement of the PN code is connected to each of
the row lines R, R,, R, . ..

[0214] As shown in FIGS. 31(b) and 32(a), the timing
control circuit 11 outputs a reset signal to the charge
amplifier 6 slightly prior to the rising edge of the drive pulse
of the drive pulse train for driving the column lines and
slightly prior to the falling edge of the drive pulse. As shown
in FIGS. 31(d) and 32(b), the timing control circuit 11
outputs a sample-and-hold signal to the sample-and-hold
circuit 7 slightly prior to the reset signal.

[0215] The timing control circuit 11 outputs N switching
signals (N is the number of sample-and-hold circuits 7) to
the selector 8 within the intervals of the inputting of the
sample-and-hold signals. As shown in FIG. 32(c), the sig-
nals held by the sample-and-hold circuits 7 in response to a
single sample-and-hold signal are successively fed to the
A/D converter 9 through the selector 8 until a next sample-
and-hold signal is supplied. At the timing of an analog-to-
digital (A/D) clock (in synchronization with the above-
mentioned switching signal) input from the decode
processing circuit 10, the A/D converter 9 converts mea-
surement voltage in response to a detection signal for each
row line into digital data, thereby outputting the digital data
as measurement data d1 to the decode processing circuit 10.
The decode processing circuit 10 writes, onto an internal
memory on a per row line basis, the data string of measure-
ment data successively input.

[0216] The operation of the charge amplifier 6 will now be
discussed. When the timing control circuit 11 outputs the
reset signal at time td, slightly prior to time t, of FIG. 31,
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the analog switch 124, as a metal-oxide semiconductor
(MOS) transistor shown in FIG. 5, is turned on. The
feedback capacitance Cf is discharged, causing the output
OUT of the operational amplifier 121 to be short-circuited to
the inverting input terminal of the operational amplifier 121.
The output OUT is set to the reference voltage, and the row
line connected to the inverting input terminal of the opera-
tional amplifier 121 is also set to the reference voltage.

[0217] When the reset signal is transitioned to an off level,
field through due to the parasitic capacitance of the gate of
the analog switch 124 causes the output voltage of the
operational amplifier 121 to slightly rise (see label Fd
subsequent to time td; in FIG. 31(a)).

[0218] When a predetermined drive pulse of the bit pattern
of the PN code in the drive pulse train (drive pulse train P1
shown in FIG. 32(f) rises at time t,, the drive pulse is fed to
the inverting input terminal of the operational amplifier 121
through the sensor element (capacitance Cs) at the intersec-
tion of the column line and the row line. A current flowing
in response to the voltage value of the drive pulse causes the
output OUT of the operational amplifier 121 to gradually
drop as shown in FIG. 31(a).

[0219] At time td,, the timing control circuit 11 outputs a
sample-and-hold signal (S/H) signal to the sample-and-hold
circuit 7. Upon receiving the sample-and-hold signal, the
sample-and-hold circuit 7 holds the measurement voltage Va
output from the output OUT of the operational amplifier 121
in the charge amplifier 6.

[0220] At time tds, the timing control circuit 11 outputs a
reset signal to the charge amplifier 6 again. In response, the
output OUT of the operational amplifier 121 is short-
circuited to the inverting input terminal thereof, the feedback
capacitance Cf is discharged, and the output OUT of the
operational amplifier 121 is returned to the reference volt-
age. With the reset signal transitioned to off, field through of
the gate parasitic capacitance of the analog switch 124
causes the output voltage of the operational amplifier 121 to
slightly rise (see label Fd subsequent to time td; of FIG.

31(a)).

[0221] At time td,, the drive pulse of the drive pulse train
P1 falls. The sensor element (capacitance Cs) at the inter-
section of the column line driven by the drive pulse and the
row line is discharged in response to a current based on the
voltage of the drive pulse. In response, the output OUT of
the operational amplifier 121 gradually rises in a voltage
level.

[0222] At time tds, the timing control circuit 11 outputs a
sample-and-hold signal to the sample-and-hold circuit 7.
The sample-and-hold circuit 7 holds a measurement voltage
Vb of the output OUT of the operational amplifier 121 at the
timing of the input of the sample-and-hold signal.

[0223] At time tdg (corresponding to td; at next time t,),
the timing control circuit 11 outputs a reset signal to the
charge amplifier 6. The output OUT of the operational
amplifier 121 in the charge amplifier 6 is thus short-circuited
to the inverting input terminal thereof, the feedback capaci-
tance Cf is discharged, and the output OUT of the opera-
tional amplifier 121 returns to the reference voltage. The
above-referenced operation is repeated (see FIGS. 31(@) and
31(b)).
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[0224] Inthe above-referenced measurement operation, an
offset Vk due to the field through current of the analog
switch 124 is generated in a positive direction regardless of
whether the output OUT rises or falls with respect to the
reference voltage. In this preferred embodiment, the offset
due to the field through is not negligible when the capaci-
tance Cs to be measured falls within a range of several tens
of fF to several hundreds of fF. In the above measurement,
-VaO(=-Va+Vk) is a voltage proportional to the target
capacitance Cs. The voltage to be measured is Va, and
contains an error Vk due to offset as follows:

Va=VaO+Vk

[0225] In this preferred embodiment, a voltage Vb during
discharging of the target capacitance Cs is also measured. A
voltage VbO is expressed as follows:

VbO=Vb-Vk

[0226] Here, VbO is proportional to the capacitance Cs,
and the voltage Vb to be measured is expressed as follows:

Vb=VbO+Vk

[0227] The measurement voltages Va and Vb are succes-
sively held by the sample-and-hold circuits 7, and the held
voltages are analog-to-digital converted by the A/D con-
verter 9 on a per Va and Vb basis, and the resulting digital
data is stored in the memory of the decode processing circuit
10. The decode processing circuit 10 performs a calculation
operation in accordance with the following equation:

d=Vb-Va=(VbO+Vk)-(Vk+VaO)=VbO-VaO

[0228] 1In this way, measurement data d corresponding to
multiplexed capacitance values, free from an offset error, is
obtained.

[0229] The decode processing circuit 10 thus determines a
difference between the output signals of the charge amplifier
6 in response to the rising of the voltage at the column line
and the falling of the voltage of the column line when the
predetermined drive pulse in the drive pulse train rises and
falls. The decode processing circuit 10 thus determines the
capacitance value of the sensor element in a state free from
the effect of field through. With the selector used, the
time-consuming measurements of the column lines of the
charge amplifiers 6 are performed in parallel. A high-speed
measurement of the entire sensor is thus achieved.

[0230] At time t, (prior to the rising of a drive pulse P2
shown in FIG. 32(f) subsequent to one bit shift), the timing
control circuit 11 outputs a clock to the code generator 1.
The shift register 21 in the code generator 1 generates “1”
with one bit shifted, and outputs the shifted data to the
storage shift register 23. In synchronization with the clock,
the storage shift register 23 shifts the bits of {1, 1, 1, 0, 1,
0,1,1,0,0,1,0,0,0, 1} of the stored PN code by one bit,
while writing data “1” input from the shift register 21 onto
the register stage 23,. In this way, data “1” stored in the
register stage 23,5 is pushed out of the storage shift register
23, and disappears. Data “1” stored in the register stage 23, ,
is newly written onto the register stage 23, 5.

[0231] As shown in FIG. 33, the data stored in the register
stages 23,23, ,,23,5,23,,,23,,,23,,,23,, 23,,23, 23,
23,,23,,23,, 23, and 23, of the storage shift register 23 are
the bit train {1, 1,0,1,0,1,1,0,0,1,0,0,0, 1, 1}. The
outputs of the register stages of the storage shift register 23
are thus fed to the driver circuits 5,5, 5,4, 5,5, 5,5, 5,1, 510,
5q, S, 57, 56, 55, 5.4, 55, 5,5, and 5, in the column line driver
5, respectively. At the end of t,, namely, when of the
capacitance values of the plurality of sensor elements in
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response to the drive pulse train P1 are multiplexed, the bit
train of the PN code {1 (MSB), 1,0, 1,0, 1,1, 0,0, 1, 0, 0,
0, 1, 1 (LSB)} is the PN code with the bit arrangement
(phase) thereof shifted by one bit, and is fed to the driver
circuits 515> 514> 513> 512> 511> 510> 59> 58> 57> 56> 55> 54> 53>
5,, and 5, in the column line driver 5, respectively.

[0232] At time t, in response to the clock signal output
from the timing control circuit 11, the driver circuits 5,5, 5,
513> 512> 511> 510> 59> 58> 57> 56> 55> 54> 53> 52> and 51 in the
column line driver § drive corresponding column lines C, 5,
Cis> Cus, Cop, Gy, Cog, G, G, G5, G, G5, €y, G5, €, and
C, with a drive pulse train (drive pulse train P2 subsequent
to one bit shifting) of drive pulses, each pulse having a
predetermined pulse width. See FIGS. 31(d) and 32(f). At
time t,, in response to the drive pulse of the drive pulse train
P1, column lines C,, C,, C,, Cq, C,q, C,5, Cy,, and C, 5 are
driven (see FIG. 33). The state at time t, all corresponds the
state to time t,; already discussed.

[0233] At or in the vicinity of t,, the operation from td, to
time tds, already discussed with reference to FIG. 31, is
repeated. When the bit train of the PN code is shifted by one
bit, the plurality of column lines are driven, the capacitance
values of the plurality of sensor elements are multiplexed,
and the multiplexed capacitances are then converted to a
voltage value. Thus, the measurement voltage is obtained.

[0234] The process discussed with reference to time t; and
time t,, namely, the process performed from time td, to time
td5 as shown in FIG. 31 is repeated at each timing of time
t, through time t, 5. FIG. 34 shows the bit arrangement of the
PN code of the storage shift register 23 at each time. The bit
shifting of the PN code, the driving of the column lines, and
the voltage measurement are repeated for one cycle to
perform fingerprint capturing.

[0235] In response to the drive pulse train of the drive
pulses P1-P185, the capacitance detector circuit 100 drives a
plurality of column lines in the column line array 2, and
performs the measurement process each time the 15 bit PN
code is successively shifted by one bit. The measurement
voltages Vd with the phase thereof shifted by one bit are
obtained from the row lines, respectively. The measurement
voltages of Vd are converted to digital data. A data string
{d1, a2, . . ., d15} multiplexed by the PN code is thus
obtained.

[0236] The following measurement data of the row lines
different from each other in the phase of the PN code by one
bit is stored in the memory of the decode processing-circuit
10:

dl = Vsl +Vs5+Vs8+ Vs9+ Vsl +VsI3+ Vsl4d+ Vsl5
d2 =Vsl+Vs2+Vs6+Vs9+ VslO+ VsI2+ Vsi4d+ Vsi5
d3=Vsl+Vs2+Vs3+Vs7+ VslO+ Vsl + VsI3+ Vsi5

dd =Vsl+Vs2+Vs3+ Vsd+ Vs8+ Vsl +VsI2+ Vsi4

dl5=Vsd+Vs7+ Vs8+ Vs10+ VsI2+ Vsi3+ Vsi4 + Vsi5

[0237] where Vs represents the voltage digital data into
which the capacitance at each sensor element at the inter-
section of the driven column lines and the row line is
converted. The measurement data d is multiplexed in
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response to the capacitance of the sensor element corre-
sponding to the column line driven by the PN code.

[0238] The measurement data d in a general form is
expressed by the following equation:

s S [PU==DxVsG) =) W
l_;{PN(i—j+1+N)><Vs(j) (i<j)

[0239] Since about half the column line array 2 (eight
lines) is driven concurrently in accordance with the PN code,
the measurement data di is determined by summing the
products of the PN code and the voltage data Vsj corre-
sponding to the capacitance Csj of half the sensor elements.
Here, “”, representing a line number of the column line C,
is1,2,3,...,N, and “i”, representing a measurement data
number (corresponding to the order of phase shifting), is 1,
2,3, ...,N

[0240] The decode processing circuit 10 determines the
voltage data Vs of each sensor element based on the mul-
tiplexed measurement data and the PN code used in the
multiplexing operation in accordance with equation (2):

N {PNs(j—i+1)><d(j) Gz 2

dSi:; PNs(j—i+1+N)xd(j) (j<i)

[0241] As already discussed, the measurement data d in
time sequence that is determined by successively shifting the
PN code bit by bit is separated into voltage data ds, namely,
voltage data Vs corresponding to the capacitance of the
sensor element at the intersection of the row line and the
driven column line, by performing the multiplication and
summing operation on the PN code and the measurement
data d as represented by equation (2).

[0242] Inequation (2), a polarity sign PNs(i)=+1 when the
data of the bit of the PN code is PNi=1, and a polarity sign
PNs(i)=—1 when PNi=0. The decode processing circuit 10
performs a separation process (namely, a decode process)
from the measurement data d to the voltage data ds using
equation (2).

[0243] A data string of the measurement data {d15, d14, .
.., d2, d1} has been obtained by multiplexing the voltage
data ds and the PN code on a per row line basis. To
determine the voltage data ds of each sensor element,
namely, the voltage data {ds15, ds14, ds13, . . ., ds2, dsl},
a polarity sign corresponding to the data PNi of each bit of
the bit train of the PN code {1 (MSB) 1,1,1,0,1,0, 1, 1,
0,0, 1,0,0,0(LSB)} is multiplied by measurement data dj.
When the drive signal is applied to the column lines in
response to the predetermined PN code during measure-
ment, the order of the bit train corresponds to the order of the
column lines. For example, the LSB bit corresponds to the
column line C,, and the MSB bit corresponds to a column
line C;5. The voltage data dS1 at the intersection of the
column line C; is determined by multiplying a polarity sign
PNs(i) corresponding to the data PNi of each bit of the bit
train of {1 (MSB), 1,1,1,0,1,0,1,1,0,0,1,0,0,0 (LSB)}
by the measurement data dj and summing the products
throughout one cycle. More specifically, the column line C,
is driven by the data of the LSB bit of the PN code at time
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t, of FIG. 34, driven by the data of the second bit at t,, . .
., and driven by the data of the MSB bit at time t,5. In the
multiplication and summing operation, the data are multi-
plied by the polarity sign corresponding to the data of the
respective bits of the PN code and the products are then
summed.

[0244] The column line C, is driven by the bit train of the
PN code one bit shifted (rightward circulated) as in the data
of the second bit of the PN code at each time as listed in the
table shown in FIG. 34. The voltage data dS2 at the
intersection of the column line C, is determined by multi-
plying a coefficient PNi corresponding to the data PNi of
each bit of the bit train of {0 (LSB), 1,1,1,1,0,1,0, 1, 1,
0, 0, 1, 0, 0 (MSB)} by the measurement data dj and
summing the products throughout one cycle. This process is
the multiplication and summing process of the PN code. As
shown below, the voltage data dSj at each intersection is
determined by performing the multiplication and summing
operation on the data of the bit train of the PN code shifted
by a predetermined number of bits. As will be discussed
below, the voltage data dsj at each intersection is determined
by performing the multiplication and summing operation on
the measurement data di and the polarity sign corresponding
to the data PNi of the bit train of the PN code that has been
shifted by predetermined bits.

[0245] In the multiplication and summing operation dur-
ing decoding, the default PN code is used for the column line
R, and the PN codes successively one bit shifted for the
respective column lines in the order of measurement are
used.

[0246] In the multiplication and summing operation dur-
ing decoding, for data measured at each time, the column
number of the intersection to be determined, and the data of
the bit of the order number of the bit arrangement of the PN
code used at that time are multiplied, and then the resulting
products are summed. In other words, at each time during
measurement, the data of the bit of the PN code that has been
used to drive the corresponding column line and the coef-
ficient corresponding to the same data are multiplied.

[0247] In accordance with equation (2), the decode pro-
cessing circuit 10 performs the following calculation process
based on the bit train of the PN code {1, 1,1, 1,0, 1,0, 1,
1,0, 0, 1, 0, 0, 0} for the 15 column lines:

dSl=+dl+d2+d3+d4—-d5+d6 —d7 +d8+d9 —d10—dill +
di2—di3-di4-di5

dS2=—-dl+d2+d3+d4+d5-d6+d7 —d8+d9+d10—-dl] -
di2+di3-di4-di5

dS3=—-dl-d2+d3+dd4+d5+d6—d7+d8—-d9+dI10+dl] -
di2—-di3+di4-di5

dS4=—-dl -d2-d3+dd+d5+d6+d7 —d8+d9—dI0+dl]l +
di2-di3-di4+dil5

dSI5=+dl +d2+d3-d4+d5-d6+d7+d8 —d9—dI0+dl] -
di2-di3-di4+di5

[0248] The decode processing circuit 10 thus separates the
data string of the measurement data di into the voltage data
dsi corresponding to the capacitance value of each sensor.
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[0249] In accordance with the sixth preferred embodi-
ment, the column line array 2 is divided into the plurality of
column line groups, each group including adjacent column
lines. On a per group basis, the column lines are multiplexed
for measurement with the PN code shifted in phase at each
of times t, through t, . This process is repeated for each
column line group to perform capacitance measurement on
all column lines. The time series data on the detector and the
PN code are subjected to the multiplication and summing
process. The effect from the intersections of other column
lines is averaged while information of the charge stored and
discharged at the sensor elements (capacitive sensors) at the
intersections of the target column lines only is extracted.

[0250] In accordance with the sixth preferred embodiment
of the present invention, among other PN codes, the M
sequence providing excellent autocorrelation makes the
effect of the adjacent column lines uniform during the
decoding operation of the detector. The effect of crosstalk
among the column lines is thus minimized. The M sequence
may be an 11 bit Barker sequence {1,0,1,1,0,1,1, 1,0,
0, 0}.

[0251] The capacitance detector circuit of the sixth pre-
ferred embodiment of the present invention determines
whether the measurement voltage multiplexed at time t1 is
above a preset reference voltage when the decode processing
circuit 10 performs the multiplexing process for measure-
ment on the column lines on a per column line group basis.
If it is determined that the measurement voltage is above the
preset reference voltage, the measurement of the column line
group is continuously performed. If it is determined that the
measurement voltage is below the preset reference voltage,
the measurement of the column line group is suspended, and
the measurement data d1-d15 are set to be “0”, and the
measurement of a next column line group resumes. In this
arrangement, unnecessary measurement is not performed on
a column line group that requires no measurement because
no finger touches that column line group. The entire process
of measurement becomes efficient, and the workload
involved in the capacitance detection process is reduced.

[0252] Concerning the switching timing, as soon as one
cycle of time t, through time t, 5 is completed on one column
line group, the measurement operation starts on a next
column line group.

[0253] As shown in FIG. 35, however, the column line
group 4, through the column line group 4,, are successively
switched in accordance with the bit arrangement of the PN
code at time t,. After the switching of the column line group
is cycled through, the phase of the bit arrangement of the PN
code is changed, and then the column line group 4, through
the column line group 4, are successively switched. In this
way, capacitance measurement is performed on each of the
column line groups.

[0254] The decode processing circuit 10 determines the
voltage data dSj of each capacitance from the measurement
data of each column line group in a process identical to the
previously discussed decode process.

[0255] FIG. 36 is a block diagram illustrating the structure
of a line type sensor 4B in accordance with the sixth
preferred embodiment of the present invention.

[0256] The line sensor 4B has a plurality of column lines
and only a single row line.
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[0257] The capacitance detector circuit is identical in
structure to the area sensor except that the selector 8 is not
included. Like elements are designated with like reference
numerals, and the discussion thereof is omitted here.

[0258] In comparison with the area type sensor, the line
type sensor is small in the scale of circuit, leading to lower
power consumption and low cost design.

[0259] To use the line type sensor as a fingerprint sensor,
a finger is swept across the sensor in a direction substantially
perpendicular to the direction of the row line. The timing
control circuit 11 outputs required signals with a, predeter-
mined period for measurement, and the decode processing
circuit 10 thus obtain two-dimensional fingerprint data by
concatenating measurement data that is input on a per row
line basis every predetermined period.

[0260] Seventh Preferred Embodiment

[0261] A capacitance detector circuit of a seventh pre-
ferred embodiment of the present invention is described
below with reference to FIG. 27.

[0262] The capacitance detector circuit of the seventh
preferred embodiment is identical in structure to the capaci-
tance detector circuit of the sixth preferred embodiment of
the present invention. The difference of the capacitance
detector circuit of the seventh preferred embodiment is that
when the column line array 2 is divided into a plurality of
groups, such as 4, through 4,, each group includes column
lines spaced by predetermined intervals (including one every
predetermined number of column lines) as shown in FIG.
37.

[0263] Forexample, when the column line array 2, includ-
ing 255 column lines, is divided into 15 groups, each group
containing 17 column lines, each of the groups includes one
line every 15 column lines.

[0264] The seventh preferred embodiment is identical to
the sixth preferred embodiment in the measurement process
of the measurement data performed on each column line
group and the advantages thereof.

[0265] Eighth Preferred Embodiment

[0266] A capacitance detector circuit of an eighth pre-
ferred embodiment of the present invention is described
below with reference to FIG. 27.

[0267] The capacitance detector circuit of the eighth pre-
ferred embodiment is identical in structure to the capaci-
tance detector circuit of the seventh preferred embodiment
of the present invention. As shown in FIG. 38, the difference
of the capacitance detector circuit of the eighth preferred
embodiment from that of the seventh preferred embodiment
is that a code generator 1A includes a pulse generator circuit
30 substituted for the storage shift register 23 of the code
generator 1 and that a column line selector 13 A is substituted
for the column line selector 13.

[0268] When a column line array 2 includes 255 column
lines with a PN code of 15 bits, the number of column lines
per group is 15. The pulse generator circuit 30 receives the
bit train {1 (MSB), 1,1,1,0,1,0,1,1,0,0,1,0, 0,0 (LSB)}
of the PN code generated by the PN code generator circuit
20. The pulse generator circuit 30 outputs a drive bit train {1,
<0’s of 16 bits>, 1, <0’s of 16 bits>, 1, <0’s of 16 bits>, 1,
<0’s of 16 bits>, 0, <0’s of 16 bits>, 1, <0’s of 16 bits>, 0,
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<0’s of 16 bits>, 1, <0’s of 16 bits>, 1, <0’s of 16 bits>, 0,
<0’s of 16 bits>, 0, <0’s of 16 bits>, 1, <0’s of 16 bits>, 0,
<0’s of 16 bits>, 0, <0’s of 16 bits>, 0, <0’s of 16 bits>} for
driving each column line group. Here, <0’s of 16 bits>
represents data “0” of 16 consecutive bits, namely, a bit train
0f {0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0}

[0269] More specifically, the pulse generator circuit 30
interposes <0’s of 16 bits> between any two adjacent bits of
the bit train of the PN code so that one every 17 column lines
is driven, and outputs the resulting code bit by bit at each
multiplexing measurement.

[0270] The column line selector 13A is a shift register
corresponding to the column lines C;-C,55 of the column
line array 2, and shifts the data thereof by one bit in the
direction represented by the arrow mark (in the rightward
direction in FIG. 38) each time the drive bit train with the
data “0” interposed therewithin is input bit by bit.

[0271] In response to the data output from each register
stage, the column line selector 13A drives a predetermined
number of column lines through buffers 5,-5,55 in the
column line driver on a per column line group basis. The
column line group is formed of column lines, spaced from
each other by a predetermined number of lines, for example,
each selected every 17 column lines.

[0272] Ninth Preferred Embodiment

[0273] A capacitance detector circuit 100 in accordance
with a ninth preferred embodiment of the present invention
is described below with reference to FIG. 27. The ninth
preferred embodiment is identical to the sixth and seventh
preferred-embodiments except that the ninth preferred
embodiment employs a quadrature code rather than the PN
code in the sixth and seventh preferred embodiments. To
simplify explanation, only the difference of the ninth pre-
ferred embodiment from the sixth preferred embodiment is
discussed particularly with reference to a 15-bit length
quadrature code output by a quadrature code reading circuit
220.

[0274] The decode processing circuit 10 receives a start
signal for starting capacitance detection from the outside,
namely, a signal for collecting a fingerprint on a fingerprint
sensor 4.

[0275] In response, the decode processing circuit 10 out-
puts, to the timing control circuit 11, a start command signal
for starting capacitance detection. The timing control circuit
11 in turn outputs a clock signal and a reset signal to the code
generator 1B.

[0276] In response to the reset signal, the code generator
1B initializes an internal address counter 222 and each
register stage of the quadrature code reading circuit 220 (see
FIG. 39) for synchronization with the clock signal, and
successively reads the quadrature code from a code memory
221 to output the quadrature code.

[0277] The code generator 1B stores in the code memory
221 the quadrature code produced beforehand, and succes-
sively outputs a data string having orthogonality to the
column line driver § each time the clock signal is input.

[0278] A Walsh code as a typical quadrature code is
generated in a sequence shown in FIG. 40. In a basic
structure, the Walsh code has a basic unit of 2 rows by 2
columns, and bits at the top right corner, the top left corner,
and the bottom left corner are equal to each other and the bit
at the bottom right corner is inverted.
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[0279] The basic unit of 2x2 is synthesized into a bit
arrangement of 4 rows by 4 columns as four blocks on the
top right, the top left, the bottom right and the bottom left
corners. In each block, the bottom right bit is opposite.
Similarly, the number of bits in the bit train of the code
(corresponding to the number of columns) and the number
of codes (corresponding to the number of rows) are thus
arranged as a bit arrangement of 8x8, and a bit arrangement
of 16x16.

[0280] Inthe ninth preferred embodiment, the first column
having all logical 0’s and the first row having all logical 0'
are excluded from the codes because none of the columns is
driven in the multiplexing of the measurement data. As
shown in FIG. 40, the quadrature code is 15 rows by 15
columns of bits.

[0281] As discussed above, the Walsh code is applicable
as a long length code. The Walsh code thus generated is used
in the multiplexing of capacitance measurement.

[0282] In accordance with the ninth preferred embodi-
ment, the column line array 2 includes 15 columns of
C,;-C,5. The code represented in the 15 rows by 15 columns
of bits is used for multiplexing the capacitance measure-
ment.

[0283] The data of the quadrature code represented in the
15 rows by 15 columns is stored in the code memory 221 of
the code generator 1B of FIG. 39 in the data format listed
in the table of FIG. 41. Each row is arranged in the order
corresponding to the addresses t, through t,5.

[0284] The Walsh code in the address t; is {1 (LSB) 0, 1,
0,1,0,1,0,1,0,1,0,1,0, 1 (MSB)}. The Walsh code in
the address t,5 is {1 (LSB), 1,0, 1,0,0,1,1,0,0, 1,0, 1,
1,0 (MSB)}.

[0285] Upon receiving the start signal, the timing control
circuit 11 outputs a measurement start signal to the code
generator 1B.

[0286] As shown in FIG. 39, the quadrature code reading
circuit 220 resets the address counter 222 and the storage
shift register 23 in response to the measurement start signal,
thereby setting the count of the address counter 222 to “0”.

[0287] At the above default state, the quadrature code
reading circuit 220 outputs a count signal to the address
counter 222 each time the quadrature code reading circuit
220 receives a clock from the timing control circuit 11
during the measurement of the capacitance at the intersec-
tion.

[0288] The address counter 222 counts the input count
signal, and outputs addresses t;, t,, . . . , t; 5 responsive to the
count to the code memory 221.

[0289] The code memory 221 outputs, to the quadrature
code reading circuit 220, the data (the bit arrangement at a
row) of the quadrature code corresponding to the input
addresses t;, t,, . . ., t;s.

[0290] In response to the clock from the timing control
circuit 11, the quadrature code reading circuit 220 writes the
bit arrangement from the LSB to the MSB of the bit train of
the quadrature code to register stages 223, through 223, 5 of
a storage register 223.

[0291] When the storage register 223 receives the quadra-
ture code, the data arrangement of {1 (LSB), 0, 1,0, 1,0, 1,
0,1,0,1,0,1,0, 1 (MSB)} is set in the register stages 223,
223,, . ..,223 . in the storage register 223, respectively.
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[0292] Inthe same manner as in the first preferred embodi-
ment, the column line driver 5 drives the column lines in the
column line group selected by the column line selector 13
with the data of the bit train of the input quadrature code.

[0293] As previously discussed in connection with the
capacitance measurement of the sixth preferred embodi-
ment, the process from td; to time tdg shown in FIG. 31 is
repeated at each of time t;, through time t,5. FIG. 41
illustrates the bit arrangement of the quadrature code of the
storage register 223 at each time. During one cycle from
memory address t, through t, 5, the quadrature code is read
from the code memory 221, the column lines are driven, and
the measurement voltage is acquired to collect fingerprint
data.

[0294] In response to each drive pulse P, the capacitance
detector circuit 100 successively reads the 15 bit quadrature
code for the measurement process from the code memory
221. The column line driver § drives the predetermined
column lines in response to the quadrature code in the
column line group.

[0295] The capacitance detector circuit 100 obtains, on a
per row line basis, 15 time sequence measurement voltages
Vd different from address to address within a range from
address t; through address t;5. The measurement voltages
Vd are converted into the measurement data d in time
sequence by the A/D converter 9. A data string {d1, d2, . .
., d15} multiplexed by the quadrature code is thus obtained.

[0296] The following measurement data different from
each other depending on each of the 15 quadrature codes
(measured using the quadrature code in the table of FIG. 41)
is stored in the memory of the decode processing circuit 10:

dl = Vsl +Vs5+ Vs8+ Vs9+ Vsl +VsI3+ Vsl4d+ Vsi5
d2=Vsl+Vs2+Vs6+ Vs9+ VslO+ Vsi2+ Vsi4+ Vsi5
d3=Vsl+Vs2+Vs3+ Vs7+ VslO+ Vsl +VsI3+Vsl5

a4 =Vsl+Vs2+Vs3+ Vs4d+ Vs8+ Vsl +VsI2+ Vsi4

dl5=Vsd+ Vs7+ Vs8+ VsIO+ VsI2+ VsI3+ VsI4+ Vsi5

[0297] where Vs represents the voltage digital data into
which the capacitance at each sensor element at the inter-
section of the driven column lines and the row line is
converted. The measurement data d is multiplexed in
response to the capacitance of the sensor element corre-
sponding to the column line driven by the quadrature code.

[0298] The measurement data d in a general form is
expressed by the following equation (3):

N 3)
di= Z CD(, j)x Vs(j)
1

[0299] Since about half the column line array 2 (eight
lines) is driven concurrently in accordance with the quadra-
ture code as in equation (3), the measurement data di is
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determined by summing the products of the quadrature code
and the voltage data Vsj corresponding to the capacitance
Csj of half the sensor elements. Here, “;”is 1, 2,3, ..., N
and a line number of the column line C, and “i” is 1, 2, 3,
..., N and represents a measurement data number (corre-
sponding to the order number of address ti). The code CD(j,
j) in equation (3) represents a j-th element code at an i-th
code used at time ti.

[0300] The decode processing circuit 10 determines the
voltage data Vs of each sensor element based on the mul-
tiplexed measurement data and the quadrature code used in
the multiplexing operation in accordance with equation (4):

N )
dsj = Z CDs(i, xd(i)
=1

[0301] As already discussed, the time-sequence measure-
ment data d that has determined with the quadrature code
successively read from the code memory 221 is subjected to
the multiplication and summing process in accordance with
equation (4). The voltage data ds, namely, the voltage data
Vs corresponding to the capacitance of the sensor element at
the intersection of the driven column line and the row line
is thus separated.

[0302] In equation (4), a polarity sign CDs(i, j)=+1 when
the data of the bit of the PN code is CD(i, j)=1, and a polarity
sign CDs(i, j)=—1 when CD(j, j)=0.

[0303] The decode processing circuit 10 performs the
separation process from the measurement data d to the
voltage data ds using equation (4).

[0304] Adata string of the measurement data {d1, d2, d14,
d15} has been determined by multiplexing the voltage data
ds and the quadrature code on a per row line basis. To
determine the voltage data ds of each sensor element,
namely, the voltage data {dsl, ds2, ds3, . . ., dsl4, ds15},
measurement data di is multiplied by a polarity sign corre-
sponding to the data CD(i, j) of each bit of the bit train of
the quadrature code {1 (LSB), 0,1,0,1,0,1,0, 1,0, 1, 0,
1, 0, 1 (MSB)} and the resulting produces are summed
throughout one cycle.

[0305] The order of the bit train corresponds to the order
of the column lines in each column line group. For example,
the LSB bit corresponds to the column line C,, and the MSB
bit corresponds to a column line C,5. The voltage data dS1
at the intersection of the column line C, is determined by
multiplying a polarity sign corresponding to the data CD(j,
j) of each bit of the LSB bit train of (1 (t;), 0 (t,), 1 (t;) O
(1) 1 (15,0 (1), 1 (1), 0 (s 1 (1) 0 (o), 1(5,,) 0 (1),
1 (ty3), 0(t,,), 1 (t;5)} of each quadrature code of addresses
t,-t,5 by the measurement data di and summing the products
throughout one cycle.

[0306] More specifically, the column line C; is driven by
the data of the LSB bit of the quadrature code at address t,
at time t,, driven by the LSB data of the quadrature code at
address t, at time t,, . . ., and driven by the LSB data of the
quadrature code at address t, 5 at time t, . In the multiplica-
tion and summing operation, the data are multiplied by the
polarity sign corresponding to the data of the respective bits
of the quadrature code and the products are then summed.
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[0307] Similarly, the column line C, is driven by the data
of the second bit of the quadrature code at address t, at time
t,, driven by the data of the second bit of the quadrature code
at address t, at time t,, . . . , driven by the data of the second
bit of the quadrature code at address t,s at time t,5. The
voltage data dS2 at the intersection of the column line C, is
determined by multiplying the measurement data by a
polarity sign corresponding to the data of the bit of the
quadrature code. In other words, the voltage data dS2 at the
intersection of the column line C, is determined by multi-
plying a polarity sign corresponding to the data CD(j, j) of
a second bit of the LSB bit train of {0 (t,), 1 (t,), 1 (t5), 0
(1), 0 (1), 1 (1), 1 (1), 0. (1), 0 (1) 1 (1300 1 (1) O (),
0 (t15), 1 (t1.), 1 (t;5)} of each quadrature code of addresses
t;-t,5 by the measurement data di and summing the products
throughout one cycle.

[0308] As described above, the voltage corresponding to
the capacitance at each intersection is determined by mul-
tiplying a polarity sign corresponding to the data CD(i, j) of
each bit of the bit train corresponding to the data applied to
the corresponding column lines at time t, to time t,5 by the
measurement data di, and summing the resulting products
through one cycle. This process is the multiplication and
summing process of the quadrature code. As described
below, the voltage data dsj at each intersection is determined
by performing the multiplication and summing operation on
the measurement data di and the polarity sign corresponding
to the data of each bit train of the quadrature code stored in
the code memory 221.

[0309] In the multiplication and summing operation dur-
ing decoding, for data measured at each time, the measure-
ment data at the column line number of a target intersection,
and the polarity sign corresponding to the data of the bit of
the order number in the bit train of the quadrature code
corresponding to that column line number at that time are
multiplied, and the resulting products are summed. In other
words, at each measurement time, the data of the bit of the
quadrature code used to drive the corresponding column
lines and the polarity sign corresponding to the data are
multiplied.

[0310] In accordance with equation (4), the decode pro-
cessing circuit 10 performs the following calculation process
based on the bit train of the quadrature code of FIG. 41
stored in the code memory 221, at addresses t, through t,:

dS1l=+dl —-d2+d3-d4+d5-d6+d7—-d8+d9—dl0+
dll-d12+ d13-d14 +d15

ds2 =-dl +d2+d3-d4-d5+d6+d7-d8-d9+d10+
dll - dl12—-d13+d14+d15

ds3=+dl+d2-d3-d4+d5+d6—-d7-d8+d9+d10+
dll-dl2—-d13+d14-d15

dsd=—-dl —-d2-d3+d4+d5+d6+d7-d8-d9—-dl10-

dll+d12+ d13+d14 +d15

dsl5=+dl+d2-d3+d4—-d5—-d6+d7+d8-d9—-d10+

dll-d12+ d13+d14 - d15

Apr. 7, 2005

[0311] The decode processing circuit 10 thus separates the
data string of the measurement data di into the voltage data
dsj corresponding to the capacitance value of each sensor.

[0312] In accordance with the ninth preferred embodi-
ment, the quadrature code such as a Walsh code is used
instead of the PN code of the sixth preferred embodiment of
the present invention. The column line array 2 is divided into
the plurality of column line groups. On a per group basis, the
column lines corresponding to the data of the bits of the
quadrature code are driven, and the measurement values of
the column line group are multiplexed to result in the
measurement data. At a next timing, the quadrature code at
the address corresponding to the time is read from the code
memory 221 to repeat the above-referenced measurement
operation. On the detector side, the obtained time-sequence
measurement data and the quadrature code are subjected to
the multiplication and summing operation. The effect from
the intersections of other column lines is averaged while
information of the charge stored and discharged at the sensor
elements (capacitive sensors) at the intersections of the
target column lines only is extracted. In the ninth preferred
embodiment, the Walsh code is used instead of the PN code.
In the first through fifth preferred embodiments, the Walsh
code may be substituted for the PN code.

[0313] The decode process of the decode processing cir-
cuit 10 may be performed on the sensor side or may be
performed on a host computer after the measurement data is
sent to the host computer in the sixth through ninth preferred
embodiments.

[0314] Not only capacitance but also other physical quan-
tities such as resistance may be measured in accordance with
the preferred embodiments of the present invention.

[0315] In accordance with the sixth to ninth preferred
embodiments of the present invention, the drive lines are the
column lines and detecting lines are the row lines. The
present invention is equally applicable to drive and detection
methods, e.g., a method in which a column line serves as a
detecting line and a row line serves as a drive line.

[0316] Tenth Preferred Embodiment

[0317] With reference to FIG. 4, the capacitances of the
sensor elements formed at the column lines and the row lines
are multiplexed in the capacitance measurement operation in
accordance with the sixth through ninth preferred embodi-
ments. In a tenth preferred embodiment of the present
invention, however, capacitance measurement is performed
on a sensor 4C in an active matrix type sensor shown in FIG.
25.

[0318] The code generator 1 supplies the column line
driver § with the bit train of the PN code. The column line
array 2 is divided into a plurality of column line groups
(4,-4,,). A plurality of column lines are driven on a per
group basis. The capacitances of the unit capacitance cells
(sensor elements) 70 are multiplexed on a per row line basis.
In this respect, the tenth preferred embodiment is identical
to the sixth through ninth preferred embodiments. The
capacitance detector circuit 200 is identical in structure and
operation to the capacitance detector circuit 100 of the first
through fourth preferred embodiments, except that the
charge amplifier 6 is replaced with a charge amplifier 72 of
FIG. 26.
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[0319] Elements in the charge amplifier 72 of FIG. 26
identical to those of the charge amplifier 6 are designated
with the same reference numerals. Since the measurement of
the active matrix sensor is slightly different, the charge
amplifier 72 is different from the charge amplifier 6 accord-
ingly. Only a difference in the measurement operation is
described below.

[0320] With a switch 73 in an off state, and with a switch
47, a switch 124, and cell selection switches 71 connected to
a plurality of column lines corresponding to bits 1 all in an
on state prior to the measurement of fingerprint data, the unit
capacitance cell 70 (capacitance Cs) and parasitic capaci-
tance Cp are charged up to voltage Vc, and all switches are
thus turned off.

[0321] In the measurement of the fingerprint data, the
switch 73 and the cell selection switch 71 are turned on with
the switch 74 and the switch 124 remaining off. When a
finger is placed on the sensor 4C, the capacitance Cs of the
unit capacitance cell 70 changes. A voltage corresponding to
the sum of charge caused by a difference between the
voltage Vc and a reference voltage Vref is provided on an
output terminal of the operational amplifier 121. The output
voltage as measurement data d is thus stored in the internal
memory of the decode processing circuit 10. Multiplexed
measurement data di is obtained by repeating a sequence of
charge storage and measurement of the voltage. By perform-
ing the previously discussed decode process, the decode
processing circuit 10 provides the voltage data ds corre-
sponding to the capacitance Cs of each unit capacitance cell
70 from the data string of the measurement data d stored in
the internal memory.

[0322] In each of the first through tenth preferred embodi-
ments of the present invention, a computer program for
performing the function of the decode processing circuit 10
shown in FIGS. 1 and 27 may be stored in computer
readable storage media, a computer system may read the
computer program from the storage medium, and may
execute the computer program to perform a process for
decoding a data string of the multiplexed measurement data
di to the voltage data dsi corresponding to the capacitance at
the sensor element. The “computer system” here includes an
operating system (OS), and hardware such as peripheral
devices. The “computer system” also includes a WWW
system that features a homepage providing environment (or
display environment). The “computer readable storage
media” include portable media, such as a flexible disk, a
magneto-optical disk, a read-only memory (ROM), and a
compact disk read-only memory (CD-ROM), and a storage
device, such as a hard disk device, built in the computer
system. The “computer system” also includes a volatile
memory, such as a random-access memory (RAM), for
temporarily storing programs, in a computer system that
functions as a server or a client when a program is trans-
mitted via a communication line including a network such as
the internet.

[0323] The computer program may be transmitted from
the computer system having the storage device therewithin
to another computer system via a transmission medium or
via a transmission wave in a transmission medium. The
“transmission medium” includes a communication network,
such as the internet, and a communication line, such as a
telephone line, for transmitting information. The computer

Apr. 7, 2005

program may partially perform the above-referenced func-
tion. The computer program may be in the form of a
differential file that is executed in combination with a
program already recorded in the computer system.

What is claimed is:

1. A circuit of a capacitive sensor having a plurality of
column lines and a row line intersecting the column lines,
for detecting a change in capacitance at an intersection of a
column line and a row line, the circuit comprising:

code generating means for generating a code having
orthogonality in time sequence to output the generated
code as a column drive signal;

column line drive means for driving a plurality of column
lines, from among the column lines that are selected in
response to the code;

capacitance detecting means, connected to the row line,
for detecting a voltage by converting a total sum of
changes in capacitance at intersections of the selected
column lines into the voltage to output the detected
voltage; and

decode processing means for performing a predetermined
calculation on the detected voltage output from the
capacitance detecting means and the code to determine
a voltage value responsive to the capacitance change at
the intersection.

2. A circuit according to claim 1, wherein the code
generating means generates a PN code, and outputs the PN
code with the phase thereof varied in time sequence.

3. A circuit according to claim 2, wherein the code
generating means outputs the PN code with the phase
thereof shifted bit by bit in time sequence.

4. A circuit according to claim 2, wherein the code
generating means outputs the PN code with the phase
thereof shifted by a random number of bits in time sequence.

5. A circuit according to claim 2, wherein the code
generating means repeats by a plurality of times a cycle
within which the phase of the PN code is varied by a number
of bits equal to the number of bits of the PN code, and
wherein the decode processing means determines a voltage
responsive to a change in capacitance at the intersection on
a per cycle basis, sums the voltage for a plurality of cycles,
and outputs the summed result as the detected voltage.

6. A circuit according to claim 5, wherein the code
generating means generates a plurality of PN codes, and
switches the PN code from one PN code to a different PN
code every cycle.

7. A circuit according to claim 2, wherein the PN code
comprises an M sequence.

8. A circuit according to claim 1, wherein the code
generating means generates a Walsh code having bit strings
varying in time sequence, and outputs the Walsh code as the
code thereof.

9. A circuit according to claim 1, wherein the decode
processing means performs a decode process by multiplying
and summing a data string of the detected voltage that is
output in accordance with the code in time sequence.

10. A circuit according to claim 1, wherein a capacitance
at an intersection is detected in an area type capacitive
sensor which includes a matrix of intersections of a plurality
of column lines and a plurality of row lines.

11. A circuit according to claim 1, wherein a capacitance
at an intersection is detected in a line type capacitive sensor
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which includes a single row line and a plurality of column
lines intersecting the row line.

12. A fingerprint sensor comprising a circuit according to
claim 1.

13. A method for detecting a change in capacitance at an
intersection of a column line and a row line in a capacitive
sensor that includes a plurality of column lines and a
plurality of row lines, the method comprising the steps of:

generating a code with the phase thereof varied in time
sequence to output the code as a column drive signal;

driving a plurality of column lines, from among the
column lines, selected in response to the code;

detecting a voltage by converting a total sum of changes
in capacitance at intersections of the selected column
lines into the voltage to output the voltage as a detected
voltage; and

decoding a data string of the detected voltage output in the
detecting step in accordance with the code in a prede-
termined calculation to determine a voltage value
responsive to the capacitance change at the intersec-
tion.

14. A circuit for detecting a change in capacitance at an
intersection of a column line and a row line in a capacitive
sensor that includes a plurality of column lines and a row
line intersecting the column lines, the circuit comprising:

code generating means for generating a code having
orthogonality in time sequence;

column line group selecting means for dividing the plu-
rality of column lines into groups, each group including
a predetermine number of column lines, and for select-
ing a group of column lines to be measured;

column line drive means for driving the plurality of
column lines in each of the successively selected col-
umn line groups in response to the code;

capacitance detecting means, connected to the row line,
for converting a total sum of changes in capacitance at
intersections of the selected column lines into a voltage
signal, and outputting the voltage signal as a detected
voltage; and

decode processing means for performing a predetermined
calculation on the measured voltage and the code on a
per column line group basis, and for determining a
voltage value responsive to the capacitance change at
each intersection.

15. A circuit according to claim 14, wherein the column
line group comprises a predetermined number of adjacent
column lines.

16. A circuit according to claim 14, wherein the column
line group comprises column lines spaced at predetermined
intervals.

17. A circuit according to claim 14, wherein the code
generating means generates a PN code, and outputs the PN
code with the phase thereof varied in time sequence.
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18. A circuit according to claim 17, wherein the code
generating means outputs the PN code with the phase
thereof shifted bit by bit in time sequence.

19. A circuit according to claim 17, wherein the code
generating means outputs the PN code with the phase
thereof shifted by a random number of bits in time sequence.

20. A circuit according to claim 17, wherein the code
generating means repeats by a plurality of times a cycle
within which the phase of the PN code is varied by a number
of bits equal to the number of bits of the PN code, and
wherein the decode processing means determines a voltage
responsive to a change in capacitance at the intersection on
a per cycle basis, sums the voltage for a plurality of cycles,
and outputs the summed result as the detected voltage.

21. A circuit according to claim 20, wherein the code
generating means generates a plurality of PN codes, and
switches the PN code from one PN code to a different PN
code every cycle.

22. A circuit according to claim 17, wherein the PN code
comprises an M sequence.

23. A circuit according to claim 17, wherein the code
generating means generates a Walsh code having bit strings
varying in time sequence, and outputs the Walsh code as the
code thereof.

24. A fingerprint sensor comprising a capacitance detec-
tion circuit according to claim 14.

25. A method for detecting, as a voltage, a change in
capacitance at an intersection of each of a plurality of
column lines and a row line intersecting the column lines,
the method comprising:

a code generating step for generating a code having
orthogonality in time sequence;

a column line group selecting step for selecting a group of
column lines to be measured, wherein the plurality of
column lines are divided into the groups of column
lines, each group including a predetermine number of
column lines;

a column line drive step for driving the plurality of
column lines in each of the successively selected col-
umn line groups in response to the code;

a capacitance measuring step for measuring capacitance
by outputting, as a measured voltage, a total sum of
currents responsive to capacitances at intersections of
the row line and the plurality of driven column lines;
and

a decode processing step for performing a predetermined
calculation on the measured voltage and the code on a
per column group basis and for determining a voltage
value responsive to the capacitance at each intersection.
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