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INTER-TERMINAL CAPACITANCE 
MEASUREMENT METHOD FOR 
THREE-TERMINAL DEVICE AND 
APPARATUS FOR THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority under 35 
U.S.C. S 119(e) from Japanese Patent Application No. 2014 
090325 filed on Apr. 24, 2014 naming Koji Tokuno, et al. as 
inventors. The entire disclosure of Japanese Patent Applica 
tion No. 2014-090325 is specifically incorporated herein by 
reference. 

BACKGROUND 

0002 Inter-terminal capacitances of a three-terminal 
semiconductor device such as a transistor, an FET, a power 
MOSFET, and an IGBT are represented, for example, as Cgs, 
Cds, and Cgd for the case of the FET and described on a 
datasheet of the device, and can be represented as a delta 
connection circuit (delta circuit) including three terminals 
(refer to FIG.9 to be described later). 
0003. On the other hand, generally, electrostatic capaci 
tances of a semiconductor device and the like can be mea 
Sured through use of an LCR meter, which is also known as an 
impedance meter. The LCR meter generally measures an AC 
signal between two terminals, and when the three-terminal 
Semiconductor device including three capacitances con 
nected as the delta configuration is measured, as illustrated in 
FIGS. 5-29(a) and 5-29(b) of Agilent Impedance Measure 
ment Handbook, A guide to measurement technology and 
techniques, 4th Edition’. Agilent Technologies, Inc., Sep. 10, 
2013, it is known that high-side and low-side measurement 
terminals of the LCR meter are connected to two terminals 
out of the three terminals of the semiconductor device, and an 
AC guard of the LCR meter is connected to the remaining one 
terminal for measurement. It should be noted that the AC 
guard connection is briefly described in Section 2.4.7 on page 
2-14 in Agilent Impedance Measurement Handbook, A 
guide to measurement technology and techniques, 4th Edi 
tion. 

0004 FIG. 9 illustrates a measurement circuit when a 
measurement circuit using an LCR meter of four-terminal 
connection illustrated in FIG.5-29(b) of Agilent Impedance 
Measurement Handbook, A guide to measurement technol 
ogy and techniques 4th Edition' is applied to a case in which 
an LCR meter of two-terminal connection is used for mea 
suring a MOSFET. 
0005. In FIG.9, in a measurement circuit 900, as a device 
under test (DUT), a MOSFET 106 including three terminals 
of a drain (D), a gate (G), and a source (S) is illustrated. A 
high-side terminal H of an LCR meter 102 of three-terminal 
connection is connected to the terminal D of the DUT via a 
cable 902, a low-side terminal L of the LCR meter 102 is 
connected to the terminal G via a cable 904, and a guard 
terminal GD of the LCR meter 102 is connected to the termi 
nal S via a cable 906. A voltage between both ends of a 
capacitance Cgd is measured as a Voltage Vm by a Voltmeter 
110, and a current flowing through the capacitance Cgd is 
measured as a current Im by an ammeter 114. A current Ie 
flowing through a capacitance Cds does not flow through the 
ammeter 114 due to the use of the terminal GD, and the 
current and the Voltage relating to the capacitance Cgd can 
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thus be precisely measured. It should be noted that, as illus 
trated in FIG. 9, the LCR meter 102 includes a signal source 
108 and a ground point 112. Moreover, the virtual capaci 
tances Cgs, Cds, and Cgdare connected in a delta configura 
tion, and exist among the terminals of the DUT 106. 
0006 For an apparatus manufacturer which designs a cir 
cuit having a three-terminal device built therein, it is impor 
tant to measure the inter-terminal capacitances of this device 
on an actual device, and to compare the measured capaci 
tances with parameters on a datasheet, thereby evaluating a 
performance of the device. 
0007 Incidentally, for the measurement of the inter-termi 
nal capacitances of the three-terminal device, as power 
devices and the like such as a power MOSFET, an IGBT, and 
the like have developed in recent years, bias voltages to be 
applied to the respective terminals increase regarding the 
inter-terminal capacitances. Thus, Such an inconvenience that 
those bias voltages cannot be covered by bias voltages of the 
related-art LCR meter occurs, and hence there are increasing 
numbers of cases in which the measurement cannot be easily 
carried out. 

SUMMARY 

0008. The present invention has an object to provide a 
measurement apparatus and a measurement method capable 
of measuring inter-terminal capacitances of a three-terminal 
device with high accuracy while reproducibility is high and 
influences of residual inductances are cancelled. 
0009. According to one embodiment of the present inven 
tion, there is provided a method of measuring an inter-termi 
nal capacitance of a device having three terminals under test, 
including: a route selector including a first terminal con 
nected to a high-side terminal of an LCR meter, a second 
terminal connected to a low-side terminal of the LCR meter, 
a third terminal connected to a guard terminal of the LCR 
meter, a fourth terminal for connecting to a first terminal of 
the device under test, a fifth terminal for connecting to a 
second terminal of the device under test, and a sixth terminal 
for connecting to a third terminal of the device under test, the 
fourth terminal to the sixth terminal being configured to con 
nect to any of the first terminal to the third terminal; a first 
cable connected to the fourth terminal of the route selector, a 
second cable connected to the fifth terminal; and a third cable 
connected to the sixth terminal, the method including: carry 
ing out, in order to acquire error impedances for routes to the 
respective terminals of the device under test, measurement for 
three connections of the route selector: carrying out, in order 
to acquire impedances of respective inter-terminal capaci 
tances including errors of residual inductances for the device 
under test, measurement for the three connections of the route 
selector, and acquiring the respective inter-terminal capaci 
tances of the device under test for which influences of the 
residual inductances are cancelled from measurement results 
obtained in the carrying out of the measurement in order to 
acquire the error impedances and in the carrying out of the 
measurement in order to acquire the impedances of the 
respective inter-terminal capacitances. 
0010. In this case, the method includes the following 
aspect. Specifically, the carrying out of the measurement in 
order to acquire the error impedances includes: short-circuit 
ing terminals of the first cable, the second cable, and the third 
cable which are not connected to the route selector with one 
another, and connecting the first terminal and the second 
terminal of the route selector respectively to the fifth terminal 
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and the sixth terminal, to thereby measure a first Voltage and 
a first current by using the LCR meter, connecting the first 
terminal and the second terminal of the route selector respec 
tively to the fourth terminal and the sixth terminal, to thereby 
measure a second Voltage and a second current by using the 
LCR meter, and connecting the first terminal and the second 
terminal of the route selector respectively to the fourth termi 
nal and the fifth terminal, to thereby measure a third voltage 
and a third current by using the LCR meter, the carrying out 
of the measurement in order to acquire the impedances of the 
respective inter-terminal capacitances includes: connecting 
the terminals of the first cable, the second cable, and the third 
cable which are not connected to the route selector respec 
tively to the first terminal, the second terminal, and the third 
terminal of the device under test; and configuring the route 
selector so that the first terminal of the route selector is con 
nected to the fifth terminal, the second terminal of the route 
selector is connected to the sixth terminal, and the third ter 
minal of the route selector is connected to the fourth terminal, 
to thereby measure a fourth voltage and a fourth current by 
using the LCR meter, configuring the route selector so that the 
first terminal of the route selector is connected to the fourth 
terminal, the second terminal of the route selector is con 
nected to the sixth terminal, and the third terminal of the route 
selector is connected to the fifth terminal, to thereby measure 
a fifth voltage and a fifth current by using the LCR meter, and 
configuring the route selector so that the first terminal of the 
route selector is connected to the fourth terminal, the second 
terminal of the route selector is connected to the fifth termi 
nal, and the third terminal of the route selector is connected to 
the sixth terminal, to thereby measure a sixth Voltage and a 
sixth current by using the LCR meter; and the acquiring of the 
respective inter-terminal capacitances of the device under test 
includes: acquiring a first impedance from the first Voltage 
and the first current, acquiring a second impedance from the 
second Voltage and the second current, and acquiring a third 
impedance from the third voltage and the third current; 
acquiring an impedance of the first cable, an impedance of the 
second cable, and an impedance of the third cable from the 
first impedance to the third impedance: acquiring a fourth 
impedance from the first terminal of the route selector via the 
fifth terminal to an end of the second cable, a fifth impedance 
from the second terminal of the route selector via the sixth 
terminal to an end of the third cable, a sixth impedance from 
the third terminal of the route selector via the fourth terminal 
to an end of the first cable, a seventh impedance from the first 
terminal of the route selector via the fourth terminal to the end 
of the first cable, an eighth impedance from the third terminal 
of the route selector via the fifth terminal to the end of the 
second cable, a ninth impedance from the second terminal of 
the route selector via the fifth terminal to the end of the second 
cable, and a tenth impedance from the third terminal of the 
route selector via the sixth terminal to the end of the third 
cable; acquiring an eleventh impedance from the fourth Volt 
age and the fourth current, acquiring a twelfth impedance 
from the fifth Voltage and the fifth current, and acquiring a 
thirteenth impedance from the sixth voltage and the sixth 
current; and assigning the fourth impedance to the thirteenth 
impedance to three simultaneous equations based on Kirch 
hoff's laws relating to a circuit for measuring the fourth 
voltage to the sixth voltage and the fourth current to the sixth 
current, thereby acquiring a fourteenth impedance, a fifteenth 
impedance, and a sixteenth impedance representing the 
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respective inter-terminal capacitances of the three terminals 
of the device under test through a numerical analysis method. 
0011 Furthermore, the method includes: an aspect in 
which the route selector Superimposes a seventh Voltage, an 
eighth Voltage, and a ninth Voltage respectively on signals 
connected to the fourth terminal to the sixth terminal; an 
aspect in which the acquiring of the fourteenth impedance, 
the fifteenth impedance, and the sixteenth impedance 
includes using a simplex method for the numerical analysis 
method; and an aspect in which the first terminal of the route 
selector is connected to a high-side current terminal and a 
high-side voltage terminal of the LCR meter, and the second 
terminal of the route selector is connected to a low-side cur 
rent terminal and a low-side voltage terminal of the LCR 
meter. 

0012. According to one embodiment of the present inven 
tion, there is provided a route selector, including: a first ter 
minal; a second terminal; a third terminal; a fourth terminal; 
a fifth terminal; and a sixth terminal, in which the fourth 
terminal to the sixth terminal are configured to connect to any 
of the first terminal to the third terminal. 

0013. In this case, the route selector includes: an aspect in 
which the route selector is configured to Superimpose a sev 
enth Voltage, an eighth Voltage, and a ninth Voltage on signals 
connected from any of the first terminal to the third terminal 
to the fourth terminal to the sixth terminal; and an aspect in 
which the configuration of the route selector capable of super 
imposing the seventh Voltage, the eighth Voltage, and the 
ninth Voltage includes a first bias tee, a second bias tee, and a 
third bias tee corresponding to signal lines respectively con 
nected to the fourth terminal to the sixth terminal, and a 
seventh terminal, an eighth terminal, and a ninth terminal 
connected to the first bias teeto the third bias tee, and the route 
selector is configured to Superimpose Voltages applied to the 
seventh terminal to the ninth terminal on the signal lines 
respectively connected to the fourth terminal to the sixth 
terminal. 
0014 Furthermore, the route selector includes an aspect in 
which the route selector includes a tenth terminal and an 
eleventh terminal, the tenth terminal is connected to the first 
terminal, and the eleventh terminal is connected to the second 
terminal. 
0015. Furthermore, according to one embodiment of the 
present invention, there is provided a measurement apparatus, 
including: a first route selector that is the above-mentioned 
route selector; an LCR meter; a device under test, which is a 
three-terminal device; a first cable, a second cable, and a third 
cable for respectively connecting the fourth terminal to the 
sixth terminal of the first route selector and a first terminal, a 
second terminal, and a third terminal of the device under test 
to each other, and a fourth cable, a fifth cable, and a sixth cable 
for respectively connecting the first terminal to the third ter 
minal of the first route selector and a first terminal, a second 
terminal, and a third terminal of the LCR meter to each other. 
0016. Here, the measurement apparatus includes: an 
aspect of executing the method of claim 1; an aspect in which 
the first terminal of the LCR meter is a high-side terminal, the 
second terminal of the LCR meter is a low-side terminal, and 
the third terminal of the LCR meter is a guard terminal; and an 
aspect in which the LCR meter is capable of Superimposing 
voltages respectively on the first terminal to the third termi 
nal. 
0017. Furthermore, the measurement apparatus includes: 
an aspect in which: the first route selector includes a tenth 
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terminal and an eleventh terminal; the tenth terminal of the 
first route selector is connected to the first terminal; the elev 
enth terminal of the first route selector is connected to the 
second terminal; the LCR meter includes a fourth terminal 
and a fifth terminal; the first terminal and the fourth terminal 
of the LCR meterare high-side terminals; the second terminal 
and the fifth terminal of the LCR meter are low-side termi 
nals; the third terminal of the LCR meter is a guard terminal; 
the fourth terminal of the LCR meter is connected to the tenth 
terminal of the first route selector via a seventh cable; and the 
fifth terminal of the LCR meter is connected to the eleventh 
terminal of the first route selector via an eighth cable; and an 
aspect in which the LCR meter is capable of Superimposing 
voltages respectively on the first terminal to the fifth terminal. 
0018. Furthermore, the measurement apparatus includes 
an aspect in which the measurement apparatus further 
includes: a DC measurement apparatus for Supplying a DC 
Voltage of at least one channel; a second route selector 
capable of connecting any of the at least one channel of the 
DC measurement apparatus to a first terminal, a second ter 
minal, and a third terminal of the second route selector, and a 
third route selector including the first route selector and the 
second route selector, capable of connecting one of the fourth 
terminal of the first route selector and the first terminal of the 
second router selector to a first terminal, capable of connect 
ing one of the fifth terminal of the first route selector and the 
second terminal of the second router selector to a second 
terminal, and capable of connecting one of the sixth terminal 
of the first route selector and the third terminal of the second 
router selector to a third terminal, in which the first cable, the 
second cable, and the third cable connected to the first termi 
nal, the second terminal, and the third terminal of the device 
under test are respectively connected to the first terminal, the 
second terminal, and the third terminal of the third route 
selector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a block diagram illustrating a measurement 
apparatus according to a first embodiment of the present 
invention. 
0020 FIG. 2 is a diagram illustrating an equivalent circuit 
in an example of measurement on the apparatus of FIG. 1. 
0021 FIG. 3A is a diagram illustrating an equivalent cir 
cuit when a route selector 104 is in a first route connection in 
FIG 1. 

0022 FIG. 3B is a diagram illustrating an equivalent cir 
cuit when the route selector 104 is in a second route connec 
tion in FIG. 1. 

0023 FIG. 3C is a diagram illustrating an equivalent cir 
cuit when the route selector 104 is in a third route connection 
in FIG. 1. 

0024 FIG. 4 is a flowchart illustrating a measurement 
method using the apparatus of FIG. 1. 
0025 FIG. 5A is a diagram illustrating an equivalent cir 
cuit in the first route connection in Step 304 of the flowchart 
of FIG. 4. 

0026 FIG.SB is a diagram illustrating an equivalent cir 
cuit in the second route connection in Step 304 of the flow 
chart of FIG. 4. 

0027 FIG. 5C is a diagram illustrating an equivalent cir 
cuit in the third route connection in Step 304 of the flowchart 
of FIG. 4. 
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0028 FIG. 6 is a graph showing an example of an effect 
when the measurement method of FIG. 4 is carried out on an 
actual device. 
0029 FIG. 7 is a block diagram illustrating a measurement 
apparatus according to a second embodiment of the present 
invention. 
0030 FIG. 8 is a block diagram illustrating a measurement 
apparatus according to a third embodiment of the present 
invention. 
0031 FIG. 9 is a block diagram illustrating a capacitance 
measurement apparatus for an FET using an AC guard 
according to related art. 
0032 FIG. 10 is a flowchartillustrating Step 302 of FIG.4. 
0033 FIG. 11 is a flowchartillustrating Step 304 of FIG.4. 
0034 FIG. 12 is a flowchartillustrating Step 306 of FIG.4. 

DETAILED DESCRIPTION 

0035. The inventors of the present invention considered 
the above-mentioned problem, and discovered the following. 
Specifically, a measurement apparatus and a measurement 
method capable of highly precisely acquiring three inter 
terminal capacitances can be provided by providing a route 
selector capable of Superimposing DC voltages between an 
LCR meter and a DUT in order to apply high voltages on 
respective terminals, which is difficult for related art, to mea 
Sure the inter-terminal capacitances of a three-terminal device 
in a reproducible manner, thereby enabling connections via 
various routes between respective terminals of the LCR meter 
and the DUT without a manual operation, and moreover by 
enabling the Superimposition of DC voltages higher than 
related-art Voltages, and by devising a measurement method 
in order to cancel inductance components on routes to the 
DUT, namely, residual inductances, which become apparent 
when the route selector is interposed. This knowledge has led 
the inventors of the present invention to devise the present 
invention. 
0036 FIG. 1 illustrates a measurement apparatus 100 
according to a first embodiment of the present invention. It 
should be noted that, in the following description of the draw 
ings, the same reference numerals are assigned to the same 
components as those already described. 
0037. In FIG. 1, an LCR meter 102 and a DUT 106, which 

is a three-terminal device exemplified as an FET, are the same 
as those of FIG. 9, and a description thereof is therefore 
omitted. In a route selector 104, terminals OUT1, OUT2, and 
OUT3 representing core cables of coaxial connectors can be 
connected to any of terminals IN1, IN2, and IN3 representing 
core cables of coaxial connectors by relays 122, 124, and 126 
of the route selector 104. 

0038. Between the relays 122 to 126 and the terminal 
OUT1, a bias tee 134 and a bypass relay 128 thereof are 
provided, and a Voltage of a DC power Supply 144 connected 
to a terminal B1 can be Superimposed as a bias Voltage on the 
terminal OUT1 by opening the bypass relay 128 and closing 
a DC separation relay 164. Moreover, the Superimposition of 
the bias voltage of the DC power supply 144 on the terminal 
OUT 1 is disabled by closing the bypass relay 128 and open 
ing the DC separation relay 164. 
0039. The same configuration is provided as a bias tee 136 
and a bypass relay 130 thereof between the relays 122 to 126 
and the terminal OUT2, further, as a DC separation relay 162 
provided between the bias tee 136 and a terminal B2, and as 
a DC power supply 142 connected to the terminal B2. 
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0040. Furthermore, the same configuration is provided as 
a bias tee 138 and a bypass relay 132 thereof between the 
relays 122 to 126 and the terminal OUT3, further, as a DC 
separation relay 160 provided between the bias tee 138 and a 
terminal B3, and as a DC power supply 140 connected to the 
terminal B3. 

0041. A high-side terminal H of the LCR meter and the 
terminal IN1 of the route selector are connected to each other 
via a coaxial cable 116, a low-side terminal Land the terminal 
IN2 of the route selector are connected to each other via a 
coaxial cable 118, and a guard terminal GD and the terminal 
IN3 of the route selector are connected to each other via a 
coaxial cable 120. 

0042. Furthermore, the terminal OUT1 of the route selec 
tor and a D terminal of the DUT 106 are connected to each 
other via a cable 150, and the terminal OUT2 and a G terminal 
are connected to each other via a cable 152, and the terminal 
OUT3 and an S terminal are connected to each other via a 
cable 154. 

0043. Furthermore, the measurement apparatus 100 
includes a controller 170 incorporating a processor 172 and a 
memory 174 connected to the processor 172. The controller 
170 controls the LCR meter 102, the route selector 104, and 
the DC power supplies 140, 142, and 144. 
0044. On this occasion, a controller on which Agilent 
B1505A is installed can be used as the controller 170. More 
over, the controller 170 can be a computer on which a Win 
dows (registered trademark)-based OS from Microsoft Cor 
poration is installed, a computer on which another type of OS 
is installed, or a controller constructed by a dedicated IC, such 
as an ASIC or an FPGA, or a general-purpose IC. 
0045. On this occasion, for the processor 172, a commer 
cially available microprocessor, an embedded processor, an 
application specific integrated circuit (ASIC), a program 
mable logic device (PLD), or a field-programmable gate array 
(FPGA) can be used, but the processor 172 is not limited 
thereto. The memory 174 may include a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM), an electrically erasable programmable read-only 
memory (EEPROM), a random access memory (RAM), a 
flash memory, and other nonvolatile memories or volatile 
memories, but is not limited thereto. The memory 174 may be 
further configured to include a hard disk drive, or an optical 
drive using an optical medium such as a CD or DVD. The 
memory 174 can store computer programs executed by the 
processor 172 and data used by the programs, and any of 
methods described herein can be executed by the processor 
172. 

0046. Thus, when measurement is carried out on the LCR 
meter 102, the measurement apparatus 100 can Superimpose 
voltages applied to the DC power supplies 140, 142, and 144 
on the terminals OUT1 to OUT3 as bias voltages. It should be 
noted that, in the measurement apparatus 100, when the bias 
Voltages are Superimposed, bias power Supplies (not shown) 
built into the LCR meter 102 can be used in addition to the DC 
power supplies 140 to 144. 
0047. As the LCR meter 102, for example, a commercially 
available LCR meter such as 4294A or E4980A from Agilent 
Technologies, Inc. can be used. 
0048 Referring to FIG. 2, a description is now given of an 
equivalent circuit of FIG. 1 as an example of the connection to 
the DUT by using the apparatus of FIG. 1. 
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0049. It should be noted that in FIGS. 2, 4, and 5, connec 
tions relating to the controller 170 and outer conductors of the 
coaxial cables 116, 118, and 120 are omitted from the illus 
tration for the sake of simplicity of the illustration. Circuit 
symbols of the DUT 106 are not shown in FIG. 2 and there 
after, and in FIGS. 3A to 3C, illustrations of the inter-terminal 
capacitances of the DUT 106 are also omitted. 
0050. Incidentally, in FIG.9, if the cables 902 to 906 are so 
short that the inductances of the respective cables can be 
neglected, the capacitance Cgd can be precisely measured 
from the measurement values of the ammeter 114 and the 

voltmeter 110. However, as illustrated in FIG. 1, if the auto 
mated route selector 104 is provided between the LCR meter 
102 and the DUT 106, the route lengths increase. As a result, 
the inductances on the routes cannot be neglected any longer, 
and the inter-terminal capacitances cannot be accurately mea 
Sured unless influences of the inductances are taken into 

account. Thus, in the following, the equivalent circuit of the 
apparatus of FIG. 1 is considered while the impedances of the 
routes are taken into account. 

0051 FIG. 2 illustrates an equivalent circuit for a case in 
which, in FIG. 1, the terminal IN1 of the route selector is 
connected to the terminal G of the DUT 106, the terminal IN2 
is connected to the terminal S, and the terminal IN3 is con 
nected to the terminal D. On this occasion, the route imped 
ance from the terminal IN1 of the route selector to the termi 
nal G of the DUT 106 is denoted by Z1a, the route impedance 
from the terminal IN2 to the terminal S is denoted by Z2a, and 
the mute impedance from the terminal IN3 to the terminal D 
is denoted by Z3a. In this case, an impedance Zima viewed 
from the LCR meter can be acquired as: 

Zma=Vma/Ima (1) 

where Vma is the measurement value of the voltmeter 110 of 
the LCR meter 102, and Ima is the measurement value of the 
ammeter. 

0052 Similarly, in FIG. 1, when the terminal IN1 of the 
route selector is connected to the terminal D of the DUT 106, 
the terminal IN2 is connected to the terminal S, and the 
terminal IN3 is connected to the terminal G, an impedance 
Zimb viewed from the LCR meter can be acquired by: 

where Z1b is a route impedance from the terminal IN1 to the 
terminal D, Z2b is a route impedance from the terminal IN2 to 
the terminal S. Z3b is a route impedance from the terminal 
IN3 to the terminal G, Vmb is a measurement value of the 
voltmeter 110 of the LCR meter 102, and Imb is a measure 
ment value of the ammeter. 

0053 Similarly, in FIG. 1, when the terminal IN1 of the 
route selector is connected to the terminal D of the DUT 106, 
the terminal N2 is connected to the terminal G, and the ter 
minal IN3 is connected to the terminal S, an impedance Zmc 
viewed from the LCR meter can be acquired by: 

Znc=VnC/Inc (3) 

where Z1c is a route impedance from the terminal IN1 to the 
terminal D, Z2c is a route impedance from the terminal TN2 
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to the terminal G, Z3c is a route impedance from the terminal 
IN3 to the terminal S, Vmc is a measurement value of the 
voltmeter 110 of the LCR meter 102, and Imc is a measure 
ment value of the ammeter. 

0054 Furthermore, a relationship between the three inter 
terminal capacitances Cgs, Cds, and Cgd of the DUT 106 and 
the corresponding impedances Zgs, Zds, and Zgd can be 
represented by a set of equations of Equation (4). 

0055 Referring to FIGS. 3A to 3C, a more detailed 
description is now given of the three connections described 
with reference to FIG. 2 as the example. First, in FIG.3A, the 
impedances Z1a, Z2a, and Z3a of FIG.2 are decomposed into 
impedances from the terminals H, Land GD of the LCR meter 
to the terminals OUT1, OUT2, and OUT3 of the route selec 
tor, and impedances from the terminals OUT1, OUT2, and 
OUT3 of the route selector to the DUT. Furthermore, in FIG. 
3B, the impedances Z1b, Z2b, and Z3b of FIG. 2 are decom 
posed into impedances from the terminals H. L., and GD of the 
LCR meter to the terminals OUT1, OUT2, and OUT3 of the 
route selector, and impedances from the terminals OUT1, 
OUT2, and OUT3 of the route selector to the DUT. Further 
more, in FIG. 3C, the impedances Z1c, Z2c, and Z3c of FIG. 
2 are decomposed into impedances from the terminals H. L. 
and GD of the LCR meter to the terminals OUT1, OUT2, and 
OUT3 of the route selector, and impedances from the termi 
nals OUT1, OUT2, and OUT3 of the route selector to the 
DUT. Thus, the above-mentioned impedances Z1a to Z1c. 
Z2a to Z2c, and Z3a to Z3c of FIGS. 3A to 3C can be 
represented as three sets of equations expressed by Equations 
(5) to (7). 
0056. In other words, in FIG. 3A, 

in FIG. 3B, 

and in FIG. 3C, 

0058 

Z3c=Zgs--Zs (7). 

0059. Three simultaneous equations expressed by Equa 
tion (8) can be acquired by applying the Kirchhoff's laws to 
the three connections in FIGS. 3A to 3C. 
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0060. From the above-mentioned consideration, the 
inventors of the present invention acquired the following 
knowledge. Specifically, in the circuit of FIG. 1, when the 
LCR meter is used to measure the inter-terminal capacitances 
of a three-terminal device, such an operation that two termi 
nals for which the capacitance needs to be measured out of the 
three terminals of the device are connected to the high-side 
and low-side terminals of the LCR meter, and the remaining 
one terminal is connected to the guard terminal, to thereby 
measure the capacitance, needs to be carried out for the three 
sets of connections for the three terminals of the device. 
Furthermore, those three sets of connections are three sets of 
connections that are the same in the topology and different 
only in the connected terminals, and hence the respective 
inter-terminal capacitances without the influences of the 
residual inductance components can be acquired by Solving 
the simultaneous equations expressed by Equation (8) relat 
ing to the three sets of connections to combine the measure 
ment results for the three sets of connections without directly 
and individually measuring the residual inductances for 
respective sections in the respective routes. Based on this 
knowledge, the inventors of the present invention came to 
devise a measurement method represented by the flowchart 
3OO. 

0061 FIG. 4 illustrates the flowchart 300 of the measure 
ment method for acquiring the three inter-terminal capaci 
tances by using the measurement apparatus 100 of FIG. 1 
while the residual inductances are cancelled. 

0062. In the flowchart 300, first, in Step 302, in the mea 
surement apparatus 100 of FIG. 1, the measurement is carried 
out for the three connections in order to acquire the error 
impedances for the routes to the three terminals of the DUT 
106. 

0063. Then, in Step 304, the measurement apparatus 100 
of FIG. 1 is used to carry out the measurement for the three 
connections with respect to the DUT 106 in order to acquire 
the impedances of the respective inter-terminal capacitances 
including the errors of the residual inductances. 
0064. Furthermore, in Step 306, the respective inter-ter 
minal capacitances of the DUT 106 for which the influences 
of the residual inductances are cancelled are acquired from 
the measurement results in Steps 302 and 304. 
0065. As a result, the inter-terminal capacitances for 
which the residual inductances of the routes from the DUT to 
the respective terminals are canceled can be acquired. 
0066. It should be noted that Steps 302 and 304 can be 
carried out in a reversed order. Furthermore, when a plurality 
of DUTs exist, Steps 304 and 306 can be repeated by a 
plurality of times. 
0067. Now, referring to FIG. 10, a detailed description is 
given of Step 302, referring to FIG. 11, a detailed description 
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is given of Step 304, and, referring to FIG. 12, a detailed 
description is given of Step 306. 
0068. In FIG. 10, Step 302 is carried out as Steps 312 and 
314. 

0069 First, in Step 312, in the connection of FIG. 1, the 
terminals of the cables 150, 152, and 154 that are not con 
nected to the route selector 104 are short-circuited to one 
another. A point of the short circuit is denoted as a point p (for 
example, refer to FIG. 5A). In other words, in the connection 
of FIG. 1, the DUT 106 is removed, and the terminals of the 
respective cables are short-circuited. 
0070. Then, in Step 314, the connection of FIG. 5A is 
formed, and a Voltage Vina and a current Ina are measured by 
the voltmeter 110 and the ammeter 114. Then, a connection of 
FIG. SB is formed, and a voltage Vnb and a current Inb are 
measured in the same way. Then, a connection of FIG. 5C is 
formed, and a Voltage Vinc and a current Inc are measured in 
the same way. 
(0071. Then, in FIG. 11, Step 304 is carried out as Steps 
322 and 324. 

0072 First, in Step 322, the terminals of the cables 150 to 
154that are not connected to the route selector 104 are respec 
tively fixed to the terminals D, G, and S of the DUT. 
0073. Then, in Step 324, the connection of FIG. 3A is 
formed, and in the LCR meter 102, a voltage Vma and a 
current Imaare measured by the voltmeter 110 and the amme 
ter 114. Then, a connection of FIG. 3B is formed, and a 
Voltage Vmb and a current Imb are measured in the same way. 
Then, a connection of FIG.3C is formed, and a voltage Vmc 
and a current Imc are measured in the same way. 
0074 Then, in FIG. 12, Step 306 is carried out as Steps 
332, 334, 336,338, and 340. 
0075 First, in Step 332, the impedances Zna, Znb, and 
Zinc are acquired by using the set of equations expressed by 
Equation (9) from the measurement result in Step 314. 

Znic-Vic/Inc (9). 

0076. On this occasion, based on FIGS. 5A to 5C, the 
above-mentioned impedances Zna to Zinc can be represented 
by a set of equations expressed by Equation (10). 

0077. It should be noted that, in Equation (10), the imped 
ances Zhg, Zls, Zhd, and Zlg of the routes in the route selector 
are known values that are measured inadvance or available as 
design values. 
0078 Thus, a set of equations expressed by Equation (11) 
can be acquired by assigning Equation (10) to Equation (9), 
and solving in terms of Zd, Zg, and Zs. 

007.9 Thus, in Step 334, the impedances Zd, Zg, and Zs of 
the cables 150 to 154 are acquired based on Equation (11). 
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0080. Furthermore, in Step 336, the impedances Z1a to 
Z1c, Z2a to Z2c, and Z3a to Z3c are acquired based on 
Equations (5) to (7). 
I0081. Then, in Step 338, the impedances Zma to Zmic are 
acquired from the measurement result in Step 324 based on 
Equations (1) to (3). It should be noted that Zma to Zmic are 
impedances for which the inductances of the routes are not 
canceled, and which thus include the errors. 
I0082 Furthermore, in Step 340, the above-mentioned 
parameters areassigned to Equation (8) to acquire the imped 
ances Zgs, Zds, and Zgd through the numerical analysis 
method, and the three inter-terminal capacitances Cgs, Cds, 
and Cgd of the DUT 106 are acquired based on Equation (4). 
I0083. As a result of the processing described above, the 
three inter-terminal capacitances Cgs, Cds, and Cgd of the 
DUT 106 are acquired while the inductances of the routes are 
cancelled by following the flowchart 300. 
I0084. It should be noted that, as the numerical analysis 
method in Step 340, various analysis methods such as the 
simplex method of linear programming may be used. 
I0085. As an example of the effect of cancelling the 
residual inductances according to the first embodiment of the 
present invention, FIG. 6 shows the inter-terminal capaci 
tances Cgs. Cds, and Cgd that were acquired by connecting a 
power MOSFET, IPW60R199CP from Infineon technolo 
gies AG as the DUT 106, and following the measurement 
method according to the first embodiment. FIG. 6 also shows 
a result of a case in which the connections in FIGS. 3A to 3C 
were formed to simply measure the capacitances Cgs, Cds, 
and Cgd by the LCR meter 102. In FIG. 6, a line A represents 
Cgs after the residual inductances are cancelled, a line B 
represents Cds after the residual inductances are cancelled, a 
line C represents Cgd after the residual inductances are can 
celled, a line D represents Cgs when the residual inductances 
are not cancelled, a line E represents Cds when the residual 
inductances are not cancelled, and a line F represents Cgd 
when the residual inductances are not cancelled. It should be 
noted that, as the LCR meter 102, B1502A MFCMU on 
which B1505A from Agilent Technology, Inc. is installed was 
used. 
I0086. As shown in the graph of FIG. 6, for the capacitance 
Cgd, the effect of the cancel according to the present inven 
tion appears at a frequency equal to or more than 44 kHz. It 
should be noted that the effect of the cancel appears at a 
frequency equal to or more than 453 kHz for the capacitance 
Cds, and the effect of the cancel appears at a frequency equal 
to or more than 563 kHz for the capacitance Cgs, which are 
difficult to appreciate from the graph. 
I0087. Referring to FIG. 7, a description is now given of a 
measurement apparatus 700 according to a second embodi 
ment of the present invention. The measurement apparatus 
700 is different from that of the first embodiment of FIG. 1 in 
that an LCR meter of four-terminal connection is used for the 
LCR meter 702, a route selector 704 incorporating the route 
selector 104 according to the first embodiment and including 
a connection connector adapted to the LCR meter 702 is used 
as the route selector, and further, a controller 730 is a control 
ler adapted to the LCR meter 702 and the route selector 704. 
0088. The LCR meter 702 includes an oscillator 706, a 
voltmeter 708, an ammeter 710, a ground point 712, a high 
side current terminal He, a high-side Voltage terminal Hip, a 
low-side Voltage terminal Lp, a low-side current terminal Lc, 
and a guard terminal GD for outer conductors of coaxial 
connectors for those terminals. 
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0089. The route selector 704 includes a terminal IN-A 
corresponding to the terminal He of the LCR meter, and a 
terminal IN-B corresponding to the terminal Hip, and the 
terminals IN-A and IN-B are connected to the terminal IN1 of 
the built-in route selector 104 via a cable 722. Furthermore, 
the route selector 704 includes a terminal IN-C corresponding 
to the terminal Lp of the LCR meter, and a terminal IN-D 
corresponding to the terminal Lc, and the terminals IN-C and 
IN-D are connected to the terminal IN2 of the built-in route 
selector 104 via a cable 724. Furthermore, the route selector 
704 includes a terminal IN-E corresponding to the terminal 
GD of the LCR meter as the outer conductors of the coaxial 
connectors for the terminals IN-A to IN-D, and the terminal 
IN-E is connected to the terminal IN3 of the built-in route 
selector 104. 
0090. The terminal He of the LCR meter and the terminal 
IN-A of the route selector 704 are connected to each other via 
a coaxial cable 714. Similarly, the terminal Hp and the termi 
nal IN-B are connected to each other via a coaxial cable 716, 
the terminal Lp and the terminal IN-C are connected to each 
other via a coaxial cable 718, the terminal Lc and the terminal 
IN-Dare connected to each other via a coaxial cable 720, and 
the terminal GD and the terminal IN-E are connected to each 
other via the outer conductors of the coaxial cables 714 to 
720. 
0091. The DC power supplies 144, 142, and 140 are con 
nected from the outside of the route selector to the terminals 
B1, B2, and B3 of the route selector 104 built into the route 
Selector 704. 

0092. The controller 730 includes a processor 732 and a 
memory 734 connected to the processor 732. The controller 
730 controls the LCR meter 702, the route selector 704, and 
the built-in route selector 104, and further controls the DC 
power supplies 140 to 144. Configurations of the controller 
730, the processor 732, and the memory 734 are the same as 
those in the description of the first embodiment. 
0093. The terminals OUT1 to OUT3 of the route selector 
104 built into the route selector 704 are connected to the 
respective terminals of the DUT 106 via the cables 150 to 154, 
and those connections are the same as those of the first 
embodiment. 

0094. The route selector 704 of the second embodiment 
incorporates the route selector of the first embodiment, and is 
further the same in the connection to the DUT 106 as the first 
embodiment. Thus, when the LCR meter 702 and the route 
selector 704 are connected to each other as illustrated in FIG. 
7, the connections between the built-in route selector 104 and 
the DUT 106 are the same as those of FIG. 1, and the con 
nections of FIGS. 2, 3A to 3C, and 5A to 5C, and the methods 
illustrated in the flowcharts of FIGS. 4, and 10 to 12 can be 
carried out in the same way by considering the measurement 
values of the voltage and the current of the voltmeter and the 
ammeter of the LCR meter 102 according to the first embodi 
ment as the measurement values of the Voltage and the current 
of the voltmeter and the ammeter of the LCR meter 702 
according to the second embodiment. Thus, also in the second 
embodiment, the inter-terminal capacitances for which the 
residual inductances are cancelled can be acquired as in the 
first embodiment. 
0.095 As described above, the second embodiment can 
provide the measurement apparatus and the measurement 
method for acquiring the inter-terminal capacitances for 
which the residual inductances are cancelled by using the 
LCR meter of the four-terminal connection. 
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0096 Referring to FIG. 8, a description is now given of a 
measurement apparatus 800 according to a third embodiment 
of the present invention. The measurement apparatus 800 
includes the LCR meter 102 of the three-terminal connection, 
a DC measurement apparatus 802, a route selector 804, and a 
DC route selector 806, and the route selector 804 is connected 
to the DUT 106. 

0097. The route selector 804 includes the route selector 
104 according to the first embodiment, and the DC route 
selector 806 for the DC measurement apparatus 802, and 
includes such a configuration that one of the terminal OUT1 
of the route selector 104 and a terminal DCOUT1 of the DC 
route selector can be connected to a terminal O1 via relays 
826 and 832. The route selector 804 further includes such a 
configuration that one of the terminal OUT2 of the route 
Selector 104 and a terminal DCOUT2 of the DC route selector 
can be connected to an terminal O2 via relays 828 and 834, 
and such a configuration that one of the terminal OUT3 of the 
route selector 104 and a terminal DCOUT3 of the DC route 
selector can be connected to a terminal O3 via relays 830 and 
836. The terminals IN1, IN2, and IN3 of the route selector 104 
in the route selector 804 are connected via the coaxial cables 
116, 118, and 120 to the terminals H, L, and GD of the LCR 
meter 102 as in the first embodiment. The terminals B1 to B3 
of the route selector 104, and the DC power supplies 144 to 
140 are the same as those of the first embodiment. The LCR 
meter 102 is the same as that of the first embodiment. 

0098. The DC measurement apparatus 802 includes a plu 
rality of channels of DC power supply modules 808 and 810, 
and as illustrated in the DC power supply module 808, applies 
a voltage from a DC voltage source 812 and includes a current 
measurement function using an ammeter 816 and a Voltage 
measurement function using a voltmeter 818. The DC mea 
surement apparatus 802 includes a plurality of terminals 
DC1, DC2, ... corresponding to the plurality of built-in DC 
power supply modules 808 and 810, and a coaxial connector 
terminal DCG connected to the ground point 112. It should be 
noted that an outer conductor of the coaxial connector termi 
nal DCG is used as a terminal for the DC guard connection. 
The DC route selector 806 includes a plurality of terminals 
DCIN1, DCIN2, ..., DCING corresponding to the terminals 
DC1, DC2, ..., DCG of the DC measurement apparatus 802. 
and are connected to the DC measurement apparatus 802 via 
the coaxial cables 820, 822, ..., 824. It should be noted that 
the number of the plurality of terminals DC1, DC2, ..., and 
the number of the plurality of terminals DCIN1, DCIN2, ... 
do not always need to be limited to the same number. The DC 
route selector 806 includes a function of connecting any one 
of the terminals DCIN1, DCIN2, ..., DCING to the terminals 
DCOUT1, DCOUT2,..., DCOUT3, and thus can have such 
a performance that even when a signal of a large current or a 
high Voltage or a signal of a microcurrent or a microVoltage is 
Supplied from the DC measurement apparatus, a problem 
Such as a loss in terms of the measurement is not caused. 

0099. The terminals O1, O2, and O3 of the route selector 
804 are connected to the terminals D, G, and Softhe DUT 106 
via the cables 150, 152, and 154. 
0100. The controller 840 includes a processor 842 and a 
memory 844 connected to the processor 842. The controller 
840 controls the LCR meter 102, the DC measurement appa 
ratus 802, and the route selector 804. It should be noted that 
the control of the route selector 804 includes control of the 
route selector 104, the DC route selector 806, and the DC 
power supplies 140 to 144. Configurations of the controller 
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840, the processor 842, and the memory 844 are the same as 
those in the description of the first embodiment. 
0101 The measurement apparatus 800 includes the con 
figuration of the measurement apparatus 100, and the meth 
ods illustrated in FIGS. 1 to 5, and 10 to 12 canthus be carried 
out by the measurement apparatus 800. Thus, as in the first 
embodiment, the residual inductances can also be cancelled 
in the inter-terminal capacitance measurement for the three 
terminal device in the third embodiment, and the inter-termi 
nal capacitances can thus be acquired highly precisely. 
0102. In addition, according to the third embodiment, a 
DC voltage-capacitance characteristics for freely selected 
terminals including the inter-terminal capacitance measure 
ment for a three-terminal device as described above can be 
measured, and furthermore, a DC measurement including 
measurement of a current-Voltage characteristic of the three 
terminal device by the DC measurement apparatus 802 can be 
carried out by using the DC route selector 806 as well. Thus, 
according to the third embodiment, the DC Voltage-capaci 
tance characteristic and the Voltage-current characteristic of 
the three-terminal device can be measured highly precisely 
through the automatic connection. Therefore, Such an effect 
that a test for evaluation of a three-terminal device and par 
ticularly for evaluation of a three-terminal power device can 
be carried out very efficiently and highly precisely can be 
provided. 
0103) Furthermore, a measurement apparatus acquired by 
replacing the LCR meter 102, the route selector 104, and the 
cables 116 to 120 according to the third embodiment by the 
LCR meter 702, the router selector 704 and the cables 714 to 
720 according to the second embodiment can be a measure 
ment apparatus according to a fourth embodiment of the 
present invention. 
0104. In the above description, the FET is exemplified as 
the DUT, which is the three-terminal device, but the present 
invention can be easily applied to other three-terminal devices 
such as a transistor, a power MOSFET, and an IGBT. In this 
case, the present invention can be applied by considering the 
terminal names as corresponding terminal names of a device 
used as the DUT. 
0105. Furthermore, the bias tees 134 to 138 in FIG. 1 can 
be replaced by other circuits capable of Superimposing the 
bias Voltages. 
0106. As described above, a description has been given of 
the methods and the measurement apparatus according to the 
present invention by following the embodiments of the 
present invention, but one skilled in the art would understand 
that the above description is intended for the exemplification, 
various modifications and replacements can thus be made 
without departing from an idea thereof, and Such a scope is 
also encompassed in the present invention. 
What is claimed is: 
1. A method of measuring an inter-terminal capacitance of 

a device under test including three terminals, having: a route 
selector including a first terminal connected to a high-side 
terminal of an LCR meter, a second terminal connected to a 
low-side terminal of the LCR meter, a third terminal con 
nected to a guard terminal of the LCR meter, a fourth terminal 
for connecting to a first terminal of the device under test, a 
fifth terminal for connecting to a second terminal of the 
device under test, and a sixth terminal for connecting to a third 
terminal of the device under test, the fourth terminal to the 
sixth terminal being configured to connect to any of the first 
terminal to the third terminal; a first cable connected to the 
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fourth terminal of the route selector; a second cable con 
nected to the fifth terminal; and a third cable connected to the 
sixth terminal, 

the method comprising: 
carrying out, in order to acquire error impedances for 

routes to the respective terminals of the device under 
test, measurement for three connections of the route 
Selector, 

carrying out, in order to acquire impedances of respective 
inter-terminal capacitances including errors of residual 
inductances for the device under test, measurement for 
the three connections of the route selector; and 

acquiring the respective inter-terminal capacitances of the 
device under test for which influences of the residual 
inductances are cancelled from measurement results 
obtained in the carrying out of the measurement in order 
to acquire the error impedances and in the carrying out of 
the measurement in order to acquire the impedances of 
the respective inter-terminal capacitances. 

2. A method according to claim 1, wherein: 
the carrying out of the measurement in order to acquire the 

error impedances comprises: 
short-circuiting terminals of the first cable, the second 

cable, and the third cable which are not connected to 
the route selector with one another; and 

connecting the first terminal and the second terminal of 
the route selector respectively to the fifth terminal and 
the sixth terminal, to thereby measure a first voltage 
and a first current by using the LCR meter, connecting 
the first terminal and the second terminal of the route 
selector respectively to the fourth terminal and the 
sixth terminal, to thereby measure a second Voltage 
and a second current by using the LCR meter, and 
connecting the first terminal and the second terminal 
of the route selector respectively to the fourth terminal 
and the fifth terminal, to thereby measure a third volt 
age and a third current by using the LCR meter, 

the carrying out of the measurement in order to acquire the 
impedances of the respective inter-terminal capaci 
tances comprises: 
connecting the terminals of the first cable, the second 

cable, and the third cable which are not connected to 
the route selector respectively to the first terminal, the 
second terminal, and the third terminal of the device 
under test; and 

configuring the route selector so that the first terminal of 
the route selector is connected to the fifth terminal, the 
second terminal of the route selector is connected to 
the sixth terminal, and the third terminal of the route 
selector is connected to the fourth terminal, to thereby 
measure a fourth Voltage and a fourth current by using 
the LCR meter, configuring the route selector so that 
the first terminal of the route selector is connected to 
the fourth terminal, the second terminal of the route 
selector is connected to the sixth terminal, and the 
third terminal of the route selector is connected to the 
fifth terminal, to thereby measure a fifth voltage and a 
fifth current by using the LCR meter, and configuring 
the route selector so that the first terminal of the route 
selector is connected to the fourth terminal, the sec 
ond terminal of the route selector is connected to the 
fifth terminal, and the third terminal of the route selec 
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tor is connected to the sixth terminal, to thereby mea 
Sure a sixth Voltage and a sixth current by using the 
LCR meter; and 

the acquiring of the respective inter-terminal capacitances 
of the device under test comprises: 
acquiring a first impedance from the first Voltage and the 

first current, acquiring a second impedance from the 
second Voltage and the second current, and acquiring 
a third impedance from the third voltage and the third 
current; 

acquiring an impedance of the first cable, an impedance 
of the second cable, and an impedance of the third 
cable from the first impedance to the third impedance; 

acquiring a fourth impedance from the first terminal of 
the route selector via the fifth terminal to an end of the 
second cable, a fifth impedance from the second ter 
minal of the route selector via the sixth terminal to an 
end of the third cable, a sixth impedance from the 
third terminal of the route selector via the fourth ter 
minal to an end of the first cable, a seventh impedance 
from the first terminal of the route selector via the 
fourth terminal to the end of the first cable, an eighth 
impedance from the third terminal of the route selec 
tor via the fifth terminal to the end of the second cable, 
a ninth impedance from the second terminal of the 
route selector via the fifth terminal to the end of the 
second cable, and a tenth impedance from the third 
terminal of the route selector via the sixth terminal to 
the end of the third cable; 

acquiring an eleventh impedance from the fourth Voltage 
and the fourth current, acquiring a twelfth impedance 
from the fifth voltage and the fifth current, and acquir 
ing a thirteenth impedance from the sixth Voltage and 
the sixth current; and 

assigning the fourth impedance to the thirteenth imped 
ance to three simultaneous equations based on Kirch 
hoff's laws relating to a circuit for measuring the 
fourth voltage to the sixth voltage and the fourth cur 
rent to the sixth current, thereby acquiring a four 
teenth impedance, a fifteenth impedance, and a six 
teenth impedance representing the respective inter 
terminal capacitances of the three terminals of the 
device under test through a numerical analysis 
method. 

3. A method according to claim 2, wherein the route selec 
tor Superimposes a seventh Voltage, an eighth Voltage, and a 
ninth Voltage respectively on signals connected to the fourth 
terminal to the sixth terminal. 

4. A method according to claim 1, wherein the acquiring of 
the fourteenth impedance, the fifteenth impedance, and the 
sixteenth impedance comprises using a simplex method for 
the numerical analysis method. 

5. A method according to claim 1, wherein: 
the first terminal of the route selector is connected to a 

high-side current terminal and a high-side Voltage ter 
minal of the LCR meter; and 

the second terminal of the route selector is connected to a 
low-side current terminal and a low-side Voltage termi 
nal of the LCR meter. 

6. A route selector, comprising: 
a first terminal; 
a second terminal; 
a third terminal; 
a fourth terminal; 
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a fifth terminal; and 
a sixth terminal, wherein the fourth terminal to the sixth 

terminal are configured to connect to any of the first 
terminal to the third terminal. 

7. A route selector according to claim 6, wherein the route 
selector is configured to Superimpose a seventh Voltage, an 
eighth Voltage, and a ninth Voltage on signals connected from 
any of the first terminal to the third terminal to the fourth 
terminal to the sixth terminal. 

8. A route selector according to claim 7, wherein the con 
figuration of the route selector capable of Superimposing the 
seventh Voltage, the eighth Voltage, and the ninth Voltage 
comprises a first bias tee, a second bias tee, and a third bias tee 
corresponding to signal lines respectively connected to the 
fourth terminal to the sixth terminal, and a seventh terminal, 
an eighth terminal, and a ninth terminal connected to the first 
bias tee to the third bias tee, and the route selector is config 
ured to Superimpose Voltages applied to the seventh terminal 
to the ninth terminal on the signal lines respectively con 
nected to the fourth terminal to the sixth terminal. 

9. A route selector according to claim 6, wherein: 
the route selector comprises a tenth terminal and an elev 

enth terminal; 
the tenth terminal is connected to the first terminal; and 
the eleventh terminal is connected to the second terminal. 
10. A measurement apparatus, comprising: 
a first route selector that is the route selector of claim 6: 
an LCR meter; 
a device under test, which is a three-terminal device; 
a first cable, a second cable, and a third cable for respec 

tively connecting the fourth terminal to the sixth termi 
nal of the first route selector and a first terminal, a second 
terminal, and a third terminal of the device under test to 
each other; and 

a fourth cable, a fifth cable, and a sixth cable for respec 
tively connecting the first terminal to the third terminal 
of the first route selector and a first terminal, a second 
terminal, and a third terminal of the LCR meter to each 
other. 

11. A measurement apparatus according to claim 10, 
wherein: 

the first terminal of the LCR meter comprises a high-side 
terminal; 

the second terminal of the LCR meter comprises a low-side 
terminal; and 

the third terminal of the LCR meter comprises a guard 
terminal. 

12. A measurement apparatus according to claim 10, 
wherein the LCR meter is capable of Superimposing Voltages 
respectively on the first terminal to the third terminal. 

13. A measurement apparatus according to claim 10, 
wherein: 

the first route selector comprises a tenth terminal and an 
eleventh terminal; 

the tenth terminal of the first route selector is connected to 
the first terminal; 

the eleventh terminal of the first route selector is connected 
to the second terminal; 

the LCR meter comprises a fourth terminal and a fifth 
terminal; 

the first terminal and the fourth terminal of the LCR meter 
comprise high-side terminals; 

the second terminal and the fifth terminal of the LCR meter 
comprise low-side terminals; 
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the third terminal of the LCR meter comprises a guard 
terminal; 

the fourth terminal of the LCR meter is connected to the 
tenth terminal of the first route selector via a seventh 
cable; and 

the fifth terminal of the LCR meter is connected to the 
eleventh terminal of the first route selector via an eighth 
cable. 

14. A measurement apparatus according to claim 13, 
wherein the LCR meter is capable of Superimposing Voltages 
respectively on the first terminal to the fifth terminal. 

15. A measurement apparatus according to claim 10, fur 
ther comprising: 

a DC measurement apparatus for Supplying a DC voltage 
of at least one channel; 

a second route selector capable of connecting any of the at 
least one channel of the DC measurement apparatus to a 
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first terminal, a second terminal, and a third terminal of 
the second route selector; and 

a third route selector including the first route selector and 
the second route selector, capable of connecting one of 
the fourth terminal of the first route selector and the first 
terminal of the second router selector to a first terminal, 
capable of connecting one of the fifth terminal of the first 
route selector and the second terminal of the second 
router selector to a second terminal, and capable of 
connecting one of the sixth terminal of the first route 
selector and the third terminal of the second router selec 
tor to a third terminal, 

wherein the first cable, the second cable, and the third cable 
connected to the first terminal, the second terminal, and 
the third terminal of the device under test are respec 
tively connected to the first terminal, the second termi 
nal, and the third terminal of the third route selector. 
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