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Figure 3 (Prior Art)
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CURRENT-TO-VOLTAGE CONVERTING
APPARATUS AND IMPEDANCE MEASURING
APPARATUS

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

0002] The present invention pertains to an impedance
measuring apparatus and in particular, relates to an 1mped-
ance measuring apparatus with which high-speed measure-
ment 1S possible.

10003] 2. Background of the Art

10004] Impedance measuring apparatuses that operate by
the automatic balanced-bridge method are an example of the
prior art of impedance measuring apparatuses. Impedance
measuring apparatuses that operate by the automatic bal-
anced-bridge method are characterized 1n that they cover a
broad measurement frequency range and their measurement
accuracy 15 good within a broad impedance measurement
range.

[0005] The internal structure and operation of an imped-
ance apparatus that operates by the automatic balanced-
bridge method are described below. FIG. 1 1s a drawing
showing the internal structure of an impedance measuring
apparatus that operates by the automatic balanced-bridge
method. Impedance measuring apparatus 10 i FIG. 1
comprises signal source 200, current-to-voltage converting
apparatus 300, and vector voltmeter 400 for determining the
impedance of device under test 100. The entire impedance
measuring apparatus 10 1s operated under the control of an

operation control device CTRL, (not illustrated), such as a
CPU.

[0006] Device under test 100 is an element or a circuit
having two terminals. Device under test 100 should have at
least two terminals and also, 1t can be an element or a circuit
with three or more terminals. In this case, two of the three
or more terminals are used for the measurements. Device

under test 100 1s represented by “DUT” 1n FIG. 1. The point
where device under test 100, cable 510, and cable 520 are
connected 1n FIG. 1 1s referred to as the High terminal.
Moreover, the point where device under test 100, cable 530,
and cable 540 are connected 1s referred to as the Low
terminal.

[0007] Signal source 200 i1s the signal source that is
connected to a first terminal of the device under test 100 by
cable 510 and generates measurement signals that are
applied to device under test 100. Moreover, signal source
200 15 also connected to vector voltmeter 400 by cable 510,
cable 520, and buffer 550 and feeds measurement signals to
vector voltmeter 400. The measurement signals are single
sine-wave signals. However, the measurement signals are
not limited to single sine-wave signals and can also be
signals that comprise several sine waves.

[0008] Current-to-voltage converting apparatus 300 con-
verts the current that flows to device under test 100 and
outputs voltage signals to buffer 560. Current-to-voltage
converting apparatus 300 comprises a null detector 310, a

narrow-band amplifier 600, a butfer 320, and a range resistor
330. Cable 530, null detector 310, narrow-band amplifier
600, buffer 320, range resistor 330, and cable 540 form a

negative feedback loop 340.
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[0009] Null detector 310 balances the current that flows to
range resistor 330 and the current that flows to device under
test 100 and outputs signals to narrow-band amplifier 600
such that the current that flows into the input terminals of
null detector 310 through cable 530 will be brought to zero.
When the current that flows to range resistor 330 and the
current that lows to device under test 100 are balanced, the
current at the Low terminal 1s kept at virtual ground.

10010] FIG. 2 is a drawing showing the internal structure
of narrow-band amplifier 600. Narrow-band amplifier 600
comprises a phase sensitive detector 610, a filter 620 and a
filter 630, as well as a vector modulator 640, and amplifiers
and amplifies the output signals of null detector 310 and
outputs them to buffer 320. Narrow-band amplifier 600
resolves the output signals of null detector 310 into an
in-phase component and an quadrature-phase component
using phase sensitive detector 610, filters the 1n-phase com-
ponent and quadrature-phase component using filter 620 and
filter 630, modulates the filtered in-phase component and
quadrature-phase component using vector modulator 640,
and feeds the vector-modulated voltage signals to buffer

320.

[0011] Phase sensitive detector 610 is a quadrature detec-
tor and comprises a mixer 611, a mixer 612, a signal source
613, and a signal source 614. Signal source 613 generates
sine-wave signals and feeds them to mixer 611. Moreover,
signal source 614 generates cosine-wave signals and feeds
them to mixer 612. The sine-wave signals output by signal
source 613 and the cosine signals output by signal source
614 have the same frequency as the measurement signals
and they are orthogonal to each other. Consequently, mixer
611 and mixer 612 can orthogonally resolve the output
signal of null detector 310 1nto an in-phase component and
an quadrature-phase component.

[0012] Filter 620 is an integrator that comprises a resistor
621, an amplifier 622, and a capacitor 623, and integrates the
output signals of mixer 611. Filter 630 1s an integrator
comprising a resistor 631, an amplifier 632, and a capacitor
633, and integrates the output signals of mixer 612.

[0013] Vector modulator 640 comprises a mixer 641, a
mixer 642, a signal source 643, a signal source 644, and an
adder 645. Signal source 643 generates sine-wave signals
and feeds them to mixer 641. Moreover, signal source 644
generates cosine signals and feeds them to mixer 642. The
sine-wave signals output by signal source 643 and the
cosine-wave signals output by signal source 644 have the
same Irequency as the measurement signals, and they are
orthogonal to each other. Mixer 641 modulates the sine-
wave signals that are output from signal source 643 with the
output signals of filter 620 and outputs the modulated sine
signal. Mixer 642 modulates the cosine-wave signals output
from signal source 644 with the output signals of filter 630
and outputs the modulated cosine signal. The voltage signals

output from mixer 641 and the voltage signals output from
mixer 642 are added by adder 645 and output to buifer 320.

[0014] Vector voltmeter 400 of FIG. 1 measures output
signal E, . of buffer 550 and output signal E__of buffer 560.
Control device CTRL, calculates the vector ratlo of signal
E andsignal E,, that have been measured and calculates the
impedance of dewce under test 100 from the calculated
vector ratio and the resistance of range resistor 330.

[0015] Measurement of the gate oxide film is one impor-
tant measurement 1n the production of MOS devices. The
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cgate oxide film thickness 1s an i1mportant parameter in
determining the operating threshold of MOS-type devices.
The gate oxide film thickness 1s measured by measuring the
impedance of an MOS device, calculating the capacitance
from the impedance measurement, and converting this cal-
culated capacitance to the equivalent oxide film thickness
using the dielectric constant.

[0016] When an MOS device on a semiconductor wafer is
tested using a conventional impedance measuring apparatus
10, a wafer interface device comprising a switch matrix, a
chuck, a probe card, and the like 1s added between the
impedance measuring apparatus 10 and device under test
100. The wafer interface device has a larger ground capaci-
tance than device under test 100. Moreover, cable 510, cable
520, cable 530, and cable 540 that are connected between
this waler interface device and impedance measuring appa-

ratus 10 are relatively long and also have a large ground
capacitance. Cable 510, cable 520, cable 530, and cable 540
are called cable 510, etc., hereafter. F1G. 3 1s a drawing 1n
which the above-mentioned ground capacitance has been
added to FIG. 1. C_,, 1n FIG. 3 1s the total ground
capacitance of cable 510, etc. Moreover, C_ . -1s the ground
capacitance ol the waler interface device. The ground
capacitance of the wafer interface device comprises the
oround capacitance of the switch matrix, the ground capaci-
tance of the chuck, and the ground capacitance of the probe
card.

[0017] Conventional impedance measuring apparatus has
two problems with high-speed measurements. The {irst
problem 1s that when a large ground capacitance 1s applied
to the Low terminal, the current-to-voltage converting appa-
ratus 300 takes a long time to settle. If the time to settling
of the current-to-voltage converting apparatus 300 1s long,
the time until the current that flows to range resistor 330 and
the current that flows to the device under test are balanced
1s also long and the wait time until measurements begin 1s
increased. When the capacitance of an MOS device on a
semiconductor wafer 1s measured, this problem 1s exacer-
bated by a wafer interface device and cable 510, ctc., with
a large ground capacitance, as described above.

[0018] The second problem is that when the capacitance of
an MOS device on a semiconductor wafer 1s measured, the
oround capacitance of the water interface device and cable
510, etc. 1s not constant. There are many types of wafer
interface devices and cable 510, etc. depending on the
device under test and the user’s selection. Consequently, the
oround capacitance of the water interface device and cable
510, etc. 1s not constant. Unless the ground capacitance on
the wafer interface device and cable 510, etc. 1s constant, it
will be very difficult to keep the ground capacitance from
affecting the measurement results as planned.

[0019] There has been considerable progress in microfab-
rication technology for semiconductors in recent years, with
a huge number of elements or circuits being formed on one
wafer. While there has been an obvious increase 1n the
number of elements that serve as the device under test, a
corresponding increase in measurement time 1s not allowed.
Moreover, sacrifice of measurement precision for high-
speed measurement 1s not acceptable. The realization of
high-speed, high-precision impedance measurement 1s a
very important problem 1n the semiconductor industry today.
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SUMMARY OF THE INVENTION

[0020] The present invention provides a novel apparatus
with which impedance can be measured at high speed and
high precision 1 order to solve the above-mentioned prob-
lems.

[0021] The present invention was created in order to
realize the above-mentioned object. The present invention 1s
characterized 1n that 1t 1s a current-to-voltage converting
apparatus connected to an element or a circuit having a first
terminal connected to a signal source comprising a feedback
amplifier, which 1s connected to a second terminal of this
clement or this circuit and keeps this second terminal at
virtual ground, and converts current signals that flow to this
clement or this circuit to voltage signals and outputs these
signals; means for opening the feedback loop of this feed-
back amplifier and measuring the open-loop loss of this
feedback loop; and a compensating amplifier, which com-
pensates for this open-loop loss.

[0022] Moreover, the present invention also provides an
impedance measuring apparatus characterized in that it
comprises a signal source connected to a first terminal of a
device under test; a feedback amplifier, which 1s connected
to a second terminal of this device under test and keeps this
second terminal at virtual ground, and converts to voltage
signals and outputs the current signals that flow to this
device under test; means for opening the feedback loop of
this feedback amplifier and measuring the open-loop loss of
this feedback loop; a compensating amplifier, which com-
pensates this open-loop loss; and means for measuring the
vector voltage ratio between the voltage signals between this
first terminal and this second terminal and the output signals
of this feedback amplifier; and 1t measures the impedance of
this device under test from this vector voltage ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

10023] FIG. 1 is a drawing showing the internal structure
of an 1impedance measuring apparatus of the prior art.

10024] FIG. 2 is a drawing showing the internal structure
of a narrow-band amplifier of an 1mpedance measuring
apparatus of the prior art.

[10025] FIG. 3 is a drawing showing an impedance mea-
suring apparatus of the prior art to which a wafer interface
apparatus has been added.

10026] FIG. 4 is a drawing showing the internal structure
of the impedance measuring apparatus of the present inven-
tion.

10027] FIG. 5 is a drawing showing the internal structure
of the narrow-band amplifier of the impedance measuring
apparatus of the present invention.

[10028] FIG. 6 is a flow chart showing the operation of the
impedance measuring apparatus of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[10029] The present invention will now be described based
on the preferred embodiments shown 1n the appended draw-
ings. The first embodiment of the present invention 1s an
impedance measuring apparatus that operates by the auto-
matic balanced-bridge method, and 1its internal structure is
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shown 1n FIG. 4. The same reference symbols are used in
FIGS. 1 and 4 for structural elements having the equivalent
function and properties.

[0030] An impedance measuring apparatus 20 in FIG. 4
comprises a signal source 200, a current-to-voltage convert-
ing apparatus 800, and a vector voltmeter 400 for measuring
the 1mpedance of device under test 100. Impedance mea-
suring apparatus 20 operates under the control of computer
device CTRL, (not illustrated) that executes the programs.

[0031] Device under test 100 comprises multiple MOS
devices on a semiconductor wafer. For convenience, the
device under test 1s represented 1n the drawing as only one
“DUT.” The MOS capacitance of the MOS device 1s mea-
sured 1n the present embodiment and therefore, device under
test 100 1s a capacitor with a first terminal and a second
terminal. Device under test 100 1s connected to 1impedance
measuring apparatus 20 through a wafer interface device
700. Although not illustrated, wafer interface device 700
comprises a switch matrix, a chuck, a probe card, and the
like. The point where water interface device 700 and a cable
510 and a cable 520 are connected 1s referred to as the High
terminal. Moreover, the point where wafer interface device
700 and cable 530 and a cable 540 are connected 1s referred
to as the Low terminal. Device under test 100 should have
at least two terminals and also can be an element or circuit
with three or more terminals, such as a transistor. In this
case, two of the three or more terminals are used 1n the
measurements.

[0032] Signal source 200 1s the signal source that is
connected to the first terminal of device under test 100 via
cable 510 and wafer interface device 700 and generates the
measurement signals that will be applied to device under test
100. Moreover, signal source 200 1s the signal source that 1s
connected to vector voltmeter 400 through cable 510, cable
520, and buifer 550 and feeds the measurement signals to
vector voltmeter 400. The measurement signals are single
sine-wave signals. However, the measurement signals are
not limited to single sine-wave signals and can also be
signals that comprise multiple sine waves.

[0033] A current-to-voltage converting apparatus 800 con-
verts current flowing to device under test 100 and outputs
voltage signals to buffer 560. Current-to-voltage converting,
apparatus 800 comprises a null detector 310, a narrow-band
amplifier 900, a buffer 320, and a range resistor 330. Cable
530, null detector 310, narrow-band amplifier 900, buifer
320, range resistor 330, and cable 540 form a negative

feedback loop 810.

[0034] Null detector 310 balances the current that flows to
range resistor 330 and the current that flows to device under
test 100 and outputs signals to narrow-band amplifier 900 so
that the current that flows through cable 530 to the input
terminal of null detector 310 1s brought to zero. When the
current that flows to range resistor 330 and the current that
flows to device under test 100 are balanced, the voltage of
the Low terminal 1s kept at virtual ground.

10035] FIG. 5 is a drawing showing the internal structure
of narrow-band amplifier 900. Narrow-band amplifier 900
comprises a phase sensitive detector 910, filters 920 and
930, a variable gain amplifier 941, a variable gain amplifier
942, a switch 951, a switch 952, a constant voltage source
961, a constant voltage source 962, a vector modulator 970,
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a switch 980, and a switch 990, and amplifies the output
signals of null detector 310 and outputs them to buifer 320.

[0036] Phase sensitive detector 910 is quadrature detector
and comprises a mixer 911, a mixer 912, a signal source 913,
and a signal source 914. Signal source 913 generates sine-
wave signals and feeds them to mixer 911. Moreover, signal
source 914 generates cosine signals and feeds them to mixer
912. The sine-wave signals output by signal source 913 and
the cosine-wave signals output by signal source 914 have the
same Irequency as the measurement signals and the signals
are orthogonal to each other. Consequently, mixer 911 and
mixer 912 orthogonally resolve the output signal of null
detector 310 1nto an in-phase component and an quadrature-
phase component and output the signals to filter 920 and
filter 930. The output signal of signal source 913 and the
output signal of signal source 914 should be signals that
have the same frequency as the measurement signal and are
orthogonal to each other, and they can be a rectangular-wave
signal rather than a sine-wave signal.

[0037] Filter 920 is an integrator comprising a resistor
921, an amplifier 922, and a capacitor 923, and integrates the
output signals of mixer 911. Moreover, filter 930 1s an
integrator comprising a resistor 931, an amplifier 932, and a
capacitor 933, and integrates the output signals of mixer

912.

|0038] Variable gain amplifier 941 amplifies the output
signals of filter 920 and outputs them to switch 951. More-
over, variable gain amplifier 942 amplifies the output signals
of filter 930 and outputs them to switch 952. The gain of
variable gain amplifier 941 and that of variable gain ampli-
fier 942 are the same and the gain i1s changed by computer

control CTRL,.

[0039] Switch 951 seclects either the output signals of
variable gain amplifier 941 or the output signals of constant
voltage source 961 and outputs these to vector modulator
970. Moreover, switch 952 selects either the output signals
of variable gain amplifier 942 or the output signals of

constant voltage source 962 and outputs them to vector
modulator 970.

[0040] Vector modulator 970 comprises a mixer 971, a
mixer 972, a signal source 973, a signal source 974, and an
adder 975. Signal source 973 generates sine-wave signals
and feeds them to mixer 971. Moreover, signal source 974
generates cosine-wave signals and feeds them to mixer 972.
The simne-wave signals output by signal source 973 and the
cosine-wave signals output by signal source 974 have the
same frequency as the measurement signals and are orthogo-
nal to each other. Mixer 971 modulates the sine-wave signals
output from signal source 973 with the output signals of
switch 951 and outputs the modulated sine signal. Mixer 972
modulates the cosine-wave signals output from signal source
974 with the output signals of switch 952 and outputs the
modulated cosine signal. The voltage signals that are output
from mixer 971 and the voltage signals that are output from
mixer 972 are added by adder 975 and output to butfer 320.
The output signals of signal source 973 and the output
signals of signal source 974 should be signals having the
same frequency as the measurement signals and that are
orthogonal one another. They are not limited to sine-wave
signals or cosine-wave signal. For instance, rectangular-
wave signals can be used in place of these signals.

[0041] Switch 980 feeds the signals that will be input to
phase sensifive detector 910 to vector voltmeter 400 as
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necessary. Moreover, switch 990 feeds the output signals of
mixer 971 to vector voltmeter 400 as necessary.

10042] Vector voltmeter 400 of FIG. 4 measures output
signal E . of buffer §50 and output signal E_ of buffer 560.
Control device CTRL, calculates the vector ratio of mea-
sured signal E, . and signal E_ and further, calculates the
impedance of device under test 100 from the calculated
vector ratio and the resistance of range resistor 330.
Although not illustrated, range resistor 330 comprises mul-
tiple resistors with different resistances and seclects the
resistor as needed 1n accordance with the impedance of
device under test 100 that 1s to be measured. Impedance
measuring apparatus 20 thereby can measure the impedance
from a wide range of values.

[0043] Next, the operating procedure of impedance mea-
suring apparatus 20 will be described. As previously
explained, impedance measuring apparatus 20 1s operated
under the-control of computer device CTRL, that executes
the programs. Consequently, the following operating proce-
dure describes the tflow of the program executed by com-
puter device CTRL,. The flow chart that shows the operating,
procedure of impedance measuring apparatus 20 1s shown in

FIG. 6.

10044] First, at step 10, impedance measuring apparatus
20 mitializes the entire device. For instance, it performs
voltage offset adjustment within the apparatus, and the like.

[0045] Next, at step 20, negative feedback loop 810 is
opened, the adjustment signals for measuring the open-loop
loss and the open-loop phase shift of the negative feedback
loop are output and the adjustment signals (original signals)
are measured. The open-loop loss and open-loop phase shift
are the loss and the phase of the one-loop transmission
function. Specifically, the output signals of signal source 200
become zero or direct current signals constant-voltage
source 961 and mixer 971 are conducted with switch 951 as
the A side and constant voltage source 962 and mixer 972 are
conducted with switch 952 as the A side. When signal source
200 becomes either zero or a direct-current signal, the High
terminal 1s grounded. Sine-wave signals are output from
signal source 973. Zero or direct current signals are output
from signal sources 974. The output signals of mixer 971 are
used as the adjustment signals for this condition. Further-
more, switch 990 is turned on and the vector voltage of the
adjustment signals 1s measured by vector voltmeter 400.

[0046] Next, in step 30, the signals for adjustment that
have gone through one negative feedback loop are measured
with negative feedback loop 810 left open. Specifically,
switch 990 1s turned off and switch 980 1s turned on.
Moreover, the vector voltage of the signals for adjustment
that have gone through one negative feedback loop 1is
measured by vector voltmeter 400.

[0047] Next, at step 40, the open-loop loss and the open-
loop phase shift are calculated, the open-loop loss 1s com-
pensated, and the open-loop phase shift 1s brought to the
pre-determined value. Specifically, the ratio of the amplitude
of the vector voltage and the difference in the phase angles
of the vector voltage are found by comparing the vector
voltage measured at step 20 and the vector voltage measured
at step 30. The ratio of the amplitude of the vector voltage
1s the open-loop loss and the difference in the phase angles
of the vector voltage 1s the open-loop phase shift. In order
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to compensate for the open-loop loss, the gain of the variable
cgain amplifier 941 and the gain of variable gain amplifier
942 are set by being multiplied by the inverse of the
open-loop loss. Moreover, the phase of the output signals of
signal source 913 and the phase of the output signals of
signal source 914 are controlled in order to keep the open-
loop phase shift at a pre-determined value. Negative feed-
back loop 810 settles most rapidly when the open-loop phase
shift 1s 180°. In other words, the time up to when measure-
ments start 1s shortened. Consequently, the phase of the
output signals of signal source 913 and the phase of the
output signals of signal source 914 are controlled so that the
value obtained by subtracting 180° from the open-loop
phase shift 1s desired open-loop phase shift ¢. By compen-
sating for open-loop loss and controlling the open-loop
phase shift as described above, the settling time of negative
feedback loop 810 1s uniform and can be universally short-
ened at all of the measurement signal frequencies, regardless
of the impedance of device under test 100 that 1s connected,
the ground capacitance of wafer interface device 700, the
total ground capacitance of cable 510, and the frequency of
the measurement signals, and therefore the output signal of
current-to-voltage converting apparatus 800 settles rapidly.
As above mentioned, control of the open-loop phase shitt 1s
performed by controlling the phase of the-output signals of
signal source 913 and the phase of the output signals of
signal source 914. Control of the open-loop phase shift can
also be performed by controlling the phase of the output
signals of signal source 973 and the phase of the output
signals of signal source 974.

[0048] Next, at step 50, negative feedback loop 810 is
closed and the impedance of device under test 100 1is
measured. Specifically, switches 951 and 952 are brought to
the T side and variable gain amplifier 941 and mixer 971 are
connected and variable gain amplifier 942 and mixer 972 are
connected, respectively. Cosine signals are output from
signal source 974. Switch 980 and switch 990 are both
turned off. The output signal E, . of buffer 550 and the
output signal E_ of buffer 560 are measured by vector
voltmeter 400. Furthermore, the vector ratio of the measured
signal E, . and the signal E__ 1s calculated and the impedance
of device under test 100 1s calculated from the calculated
vector ratio and the resistance of range resistor 330.

[0049] Next, at step 60, the calculated impedance 1s output
to the display screen (not illustrated), or is output to the
printer (not illustrated) that i1s connected to impedance
measuring apparatus 20 or the like.

[0050] The above-mentioned embodiment of the present
invention 1s only one embodiment that explains the present
invention according to the Scope of the Patent Claim, and 1t
1s clear to experts 1n the field that a variety of modifications
are possible within the claimed scope of the Scope of the
Patent Claim. Finally, several embodiments of the present
invention are given below, underscoring the possibility of
broad application of the present invention.

[0051] A current-to-voltage converting apparatus charac-
terized 1n that 1t 1s a current-to-voltage converting apparatus
connected to an element or a circuit having a first terminal
connected to a signal source, with this current-to-voltage
converting apparatus comprising: a feedback amplifier,
which 1s connected to a second terminal of this element or
this circuit and keeps this second terminal at virtual ground,
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and which converts the current signals that flow to this
clement or this circuit to voltage signals and outputs these
signals, means for opening the feedback loop of this feed-
back amplifier and measuring the open-loop loss of this
feedback loop, and a compensating amplifier, which com-
pensates for this open-loop loss.

[0052] The current-to-voltage converting apparatus as dis-
cussed above, characterized in that it further comprises:
means for measuring the open-loop phase shift of this
feedback loop when this feedback loop 1s open; and control
means for keeping this open-loop phase shift at a pre-
determined value.

[0053] When this feedback loop is open or the open-loop
loss of this feedback loop i1s measured, the output of this
signal source 1s controlled so that 1t becomes zero or a
direct-current signal.

[0054] The feedback amplifier preferably comprises a
modulation-type narrow-band amplifier, and this narrow-
band amplifier comprises a phase sensitive detector, filters,
and a vector modulator.

[0055] The compensating amplifier is placed in between
the phase sensitive detector and the vector modulator.

[0056] The control means controls the phase difference
between the signal that 1s applied to the phase sensitive
detector and the signal that 1s applied to the vector modu-
lator.

[0057] The feedback loop is opened by being opened in
between the phase sensitive detector and the vector modu-
lator.

|0058] The feedback amplifier further comprises a null
detector and a feedback circuit, the null detector 1s con-
nected to the second terminal and the signals that are 1input
to the null detector are converted to voltage signals by the
null detector, the narrow-band amplifier resolves this con-
verted voltage signal mto an in-phase component and an
quadrature-phase component using the phase sensitive
detector, filters this in-phase component and this quadrature-
phase component using these respective filters, vector
modulates this filtered in-phase component and this filtered
quadrature-phase component using this vector modulator,
and outputs the vector voltage signals and the feedback
circuit inputs these vector signals to the null detector.

[0059] The element or circuit is a capacitive element or
capacifive circuit.

[0060] An impedance measuring apparatus which com-
prises: a signal source connected to a first terminal of a
device under test, a feedback amplifier, which 1s connected
to a second terminal of the device under test and keeps the
second terminal at virtual ground, and which converts cur-
rent signals that flow to this device under test to voltage
signals and outputs these signals, means for opening the
feedback loop of this feedback amplifier and measuring the
open-loop loss of this feedback loop, a compensating ampli-
fier, which compensates this open-loop loss, and means for
measuring the vector voltage ratio between the voltage
signals between the first terminal and the second terminal
and the output signals of the feedback amplifier, wherein 1t
measures the impedance of the device under test from this
vector voltage ratio.
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[0061] The impedance measuring apparatus further com-
prising: means for measuring the open-loop phase shift of
the feedback loop when this feedback loop 1s open; and
control means for keeping the open-loop phase shift at a
pre-determined value.

[0062] The feedback loop is open or the open-loop loss of
this feedback loop 1s measured, the output of the signal
source 1s controlled so that it becomes zero or a direct-

current signal.

[0063] The feedback amplifier comprises a modulation-
type narrow-band amplifier, and this narrow-band amplifier

comprises a phase sensitive detector, filters, and a vector
modulator.

[0064] The compensating amplifier 1s placed in between
the phase sensitive detector and the vector modulator.

[0065] The control means controls the phase difference
between the signal that 1s applied to the phase sensitive
detector and the signal that 1s applied to the vector modu-
lator.

[0066] The feedback loop 1s opened by being opened in
between the phase sensitive detector and the vector modu-
lator.

[0067] The feedback amplifier further comprises a null

detector and a feedback circuit, this null detector 1s con-
nected to the second terminal and the signals that are input
to the null detector are converted to voltage signals by the
null detector, the narrow-band amplifier resolves this con-
verted voltage signal into an in-phase component and an
quadrature-phase component using the phase sensitive-de-
tector, filters this in-phase component and this quadrature-
phase component using these respective filters, vector
modulates this filtered in-phase component and this filtered
quadrature-phase component using the vector modulator,
and outputs the vector voltage signals, and the feedback
circuit mputs these vector signals to the null detector.

[0068] The element or the circuit is a capacitive element or
capacifive circuit.

[0069] As previously described in detail, a current-to-
voltage converting apparatus connected to an element or a
circuit having a first terminal connected to a signal source
comprises a feedback amplifier, which 1s connected to a
second terminal of this element or this circuit and keeps the
second terminal at virtual ground, and which converts the
current signals that flow to this element or this circuit to
voltage signals and outputs these signals; means for opening
the feedback loop of this feedback amplifier and measuring
the open-loop loss of this feedback loop; and a compensat-
ing amplifier, which compensates for this open-loop loss,
and therefore, the settling time of this feedback loop 1s
shortened.

[0070] In addition, it comprises means for measuring the
open-loop phase shift of the feedback loop when this feed-
back loop 1s open and control means for keeping this
open-loop phase shift at a pre-determined value, and there-
fore, the setthing time of this feedback loop i1s further
shortened.

[0071] The result of shortening the settling time of this
feedback loop 1s similarly obtained with the impedance
measuring apparatus comprising the above-mentioned cur-
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rent-to-voltage converting apparatus. That 1s, the impedance
measuring apparatus comprises a signal source connected to
a first terminal of a device under test; a feedback amplifier,
which 1s connected to a second terminal of this device under
test and keeps the second terminal at virtual ground, and
which converts current signals that flow to this device under
test to voltage signals and outputs these signals; means for
opening the feedback loop of this feedback amplifier and
measuring the open-loop loss of this feedback loop; a
compensating amplifier, which compensates this open-loop
loss; and means for measuring the vector voltage ratio
between the voltage signals between the first terminal and
the second terminal and the output signals of this feedback
amplifier. Therefore, the settling time of this feedback loop
can be shortened and high-speed measurement 1s possible.

[0072] Moreover, the vector measuring apparatus com-
prises means for measuring the open-loop phase shift of this
feedback loop when this feedback loop 1s open and control
means for keeping this open-loop phase shift at a pre-
determined value. Therefore, the settling time of this feed-
back loop 1s further shortened and measurements can be
conducted more rapidly.

[0073] For instance, when the device under test is a
capacitor of 10 pF and the ground capacitance of the wafer
interface device 1s 1,000 pF or higher and the impedance of
the device under test 1s measured at a measurement signal of
100 kHz, the measurement time of the impedance measuring
apparatus of the present invention proceeds at least three
fimes more rapidly than that of a conventional apparatus.

1-9. (canceled)
10. An impedance measuring apparatus which comprises:

a signal source connected to a first terminal of a device
under test, a feedback amplifier, which 1s connected to
a second terminal of said device under test and keeps
said second terminal at virtual ground, and which
converts current signals that flow to said device under
test to voltage signals and outputs these signals,

means for opening the feedback loop of said feedback
amplifier and measuring the open-loop loss of said
feedback loop,

a compensating amplifier, which compensates said open-
loop loss, and

means for measuring the vector voltage ratio between the
voltage signals between said first terminal and said
second terminal and the output signals of said feedback
amplifier,

whereby 1t measures the impedance of said device under
test from said vector voltage ratio.
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11. The mmpedance measuring apparatus according to
claim 10, further comprising:

means for measuring the open-loop phase shift of said
feedback loop when said feedback loop 1s open; and

control means for keeping said open-loop phase shiit at a

pre-determined value.

12. The impedance measuring apparatus according to
claim 10, wherein said feedback loop 1s open or the open-
loop loss of said feedback loop 1s measured, the output of
said signal source 1s controlled so that i1t becomes zero or a
direct-current signal.

13. The impedance measuring apparatus according to
claim 10, wherein said feedback amplifier comprises a
modulation-type narrow-band amplifier, and

said narrow-band amplifier comprises a quadrature detec-

tor, filters, and a vector modulator.

14. The impedance measuring apparatus according to
claim 13, wherein said compensating amplifier 1s in between
said quadrature detector and said vector modulator.

15. The impedance measuring apparatus according to
claim 13, wherein said control means controls the phase
difference between the signal that 1s applied to said quadra-
ture detector and the signal that 1s applied to said vector
modulator

16. The impedance measuring apparatus according to
claim 13, wherem said feedback loop 1s opened by being
opened 1n between said quadrature detector and said vector
modulator.

17. The impedance measuring apparatus according to
claim 13, wherein said feedback amplifier also comprises a
null detector and feedback circuit,

said null detector 1s connected to said second terminal and
the signals that are input to the null detector are
converted to voltage signals by the null detector,

said narrow-band amplifier resolves said converted volt-
age signal mto an 1m-phase component and an quadra-
ture-phase component using said quadrature detector,
filters said 1n-phase component and said quadrature-
phase component using said respective filters, vector
modulates said filtered 1n-phase component and said
filtered quadrature-phase component using said vector
modulator, and outputs the vector voltage signals, and

said feedback circuit mnputs said vector signals to said null
detector.
18. The impedance measuring apparatus in claim 10,
wherein said element or said circuit 1s a capacitive element
Or capacitive circuit.



	Front Page
	Drawings
	Specification
	Claims

