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gooooooaod
0000000 Test system and method
oooooo
googoooad
The present invention generally relate to electrical test system and method, in
particular, to interconnection system and method between an electrical test inst
rument and a device under test (DUT).
gooooao
ooooooao
It has become common to perform multiple tests in multiple regimes on semiconduc
tor devices on a wafer, as well as at later points in a device' s life, includin
g in its final product. Examples of common tests are current-voltage (1V), capac
itance-voltage (CV), general radio frequency (RF), and vector network analysis (
VNA) tests. Some types of testing, such as CV, RF, and VNA testing benefit from
having a control impedance between the test instrument and the DUT. Other types
of tests however, such as 1V tests, do not require such a control impedance. Thi
s can be problematic when both types of tests need to be performed.
goooooad
In IV testing, it is common to use two pairs of triaxial cables (each cable havi
ng an outer, intermediate and center connector) between the test instrument and
two pins at the DUT. At the DUT (distal) end, the center conductors of a First p
air of cables are connected to one pin and the center conductors of a second pai
r of cables is connected to the second pin. The two intermediate conductors of e
ach pair are typically also connected together at the distal end. In operation,
the intermediate conductors are typically supplied with a guard voltage that cor
responds to the voltage on the respective center conductors. The outer conductor
s of the triaxial cables are typically connected to a protective ground, since t
he iIntermediate and center conductor voltages may be at a high potential.
gogooboad
In CV testing, it Is common to use two pairs of two-conductor coaxial cables bet
ween the test instrument and two pins at the DUT. At the distal end, the center
conductors of the first pair of cables are connected to one pin, and the center
conductors of the second pair of cables is connected to the second pin. The oute
r conductors of the cables are typically connected to an instrument ground.
goooooad
AC tests, such as RF and VNA tests, typically require a transmission line betwee
n the instrument and the DUT. Prior systems use the space between the triaxial c
able’ s center conductor and intermediate conductor as the transmission line for
these tests. In order to establish this transmission line, a user must short th
e intermediate conductors together at the DUT. This short must then be removed b
efore DC tests, such as IV testing, can be performed. It is inconvenient (if not
outright burdensome) for the user to change connections at the DUT, particularl
y when performing a significant amount of both AC and DC testing. In addition, m
any similar connection systems may be converging into a very restricted space at
the DUT, making it even more difficult and time-consuming to change the DUT con
nections.
ooooooao
Previous four-cable connection systems have been devised to allow a single DUT c
onnection to be used for multiple tests. But no similar system has been devised
for two-cable connection systems, even though two-cable systems are more desirab
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le in some situations. Four-cable systems are only necessary when the cable resi
stance would affect the measurement. When the cable resistance would have a mini
mal effect on the measurementd for example, when performing high-voltage testing
0 a two-cable connection system may be more desirable. Two-cable connection syst
ems typically cost less and take up less space than four-cable systems, which ca

n be particularly important when there is limited space at the DUT.
OoDoooooao

Oooooo

ooooooao

Oo0DO0o00oo0ooDoDOoooDoooooDoooDoood

000000 oDo0DoDoDooDoDooDoooDoooo

ooooooao

OoOoooDooooDooooo

Ooooooao

U.S. Patent No. 7,388,366 (corresponding to Japanese patent 4,624,974) describes

a four-cable connection system that can use a single connection at the DUT to p
erform multiple tests. As described in the patent, the four-cable system can als
0 be used to perform two-cable tests. But, this solution requires all four cable
s to be used, which eliminates the advantages of a two-cable connection system.
In addition, many instruments do not natively support four-cable connections. Ad
apters would allow the four-cable connection system to be used with these instru
ments, but at the cost of increased expense and complexity. Adapters also length
en the connection between the instrument and the DUT, which reduces performance
at higher frequencies.
goooooad
One solution for two-cable connection systems is to use a switching device that
changes connections at the DUT. This allows the instrument to use a single cable

configuration when connecting to the switching device. But the switching device

itself adds cost and complexity to the connection system. Manual switching devi
ces require the user to switch between each set of DUT connections, which adds t
ime between tests. Automated switching devices may use a processor to automatica

11y change the DUT connections. But this adds further complexity and cost, and r
equires a power source for the processor.
goooooad
Thus, there is a need for improved two-cable interconnection systems between tes
t instrument and devices under test (DUTS).
gooooooooan
goooooad
000000 FIGURE 1 depicts an exemplary embodiment of a two-cable non-Kelvin
connection system for performing an 1V measurement in accordance with certain as
pects of the present invention.

000000 FIGURE 2 depicts an exemplary embodiment of a two-cable connection

system for performing a CV measurement in accordance with certain aspects of the
present invention.

000000 FIGURE 3 depicts an exemplary embodiment of a two-cable connection

system for performing VNA testing in accordance with certain aspects of the pres

ent invention.

gooooooooooooan

goooooad

Embodiments of the present invention are generally directed to interconnection s
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ystems that include a single pair of triaxial cables between a test instrument a
nd a device under test (DUT). The triaxial cables may support low current IV mea
surements (a DC test). For AC testing (e.g., CV or VNA testing), the intermediat
e conductor may be allowed to floatl at least at higher frequenciesl such that a
transmission line may be established between the center conductor and the outer
conductor (shield). The intermediate conductor needs to be allowed to float for
signals that have a wavelength much greater than 1/4 of the cable length. Other
wise, measurements will become distorted as the test signal wavelengths approach
one-fourth of the cable’ s length. Typically, the intermediate conductor is all
owed to float for wavelengths that are a factor of 10 or 20 times longer than th
e cable length. The exact factor in each case is based on the desired measuremen
t precision, with higher factors (i.e., allowing the intermediate conductor to F
loat for longer wavelengths) giving more precision.
goooooad
A connection system for connecting test instrument to a DUT according to embodim
ents of the present invention generally includes first and second triaxial cable
s, each having a desired characteristic impedance, the proximal ends of the cabl
es being located at the test instrument and the distal ends of the cables being
located at the DUT.
ooooooao
Figure 1 depicts an exemplary embodiment of a two-cable non-Kelvin connection sy
stem 105 for performing an IV measurement in accordance with certain aspects the
present invention. A First triaxial cable 110 and second triaxial cable 120 con
nect a DUT 130 to a test instrument 100 which is configured to perform an IV tes
t on the DUT. Each triaxial cable has a center conductor (110c, 120c), an interm
ediate conductor (110b, 120b), and an outer conductor (110a, 120a). The distal e
nds of the cables are located near the DUT 130 and the proximal ends are located
at the test instrument 100. The cables may each have a characteristic impedance
. For example, 50 ohms. This may be important when attaching the cables to instr
ument that requires a matched impedance to function properly. In one embodiment,
cables 110 and 120 are equal lengths.
goooooad
In the embodiment shown in Figure 1, outer conductors 110a and 120a are connecte
d together at the distal end of the cables (i.e., the end near the DUT 130). Int
ermediate conductors 110b and 120b are not connected to anything at the distal e
nd, and are left free to float. Center connectors 110c and 120c are connected to
the DUT 130 at the distal ends of the cables.
goooooad
At the proximal end (nhear instrument 100), the cables are connected in a manner
suitable for an 1V test. In this example, outer conductors 110a and 120a are con
nected to ground. Center connectors 110c and 120c are connected to the force ter
minals, while intermediate conductors 110b and 120b are connected to respective
guard terminals on the instrument. As shown in Figures 2 and 3, the same connect
ion system 105 can be used to perform other types of tests without changing the
connections to DUT 130.
ooooooao
Figure 2 depicts a second exemplary embodiment of a two-cable connection system
configured to perform a CV measurement (a type of AC test) in accordance with ce
rtain aspects of the present invention. In the example, the same connection syst
em 105 as in Figure 1 is used, and retains the same connections to the DUT 130.
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But, the proximal end of each intermediate conductor 110b and 120b is allowed to
float (at least at higher frequencies) such that a transmission line is establi
shed between each center conductor (110c, 120c) and its respective outer conduct
or (110a, 120a). Note that Figures 1-3 show exemplary circuitry within instrumen
ts 100, 200, and 300 to illustrate some possible differences between the instrum
ents that perform each type of test. This circuitry is not intended to represent
all of the circuitry in each instrument, or even all of the circuitry needed to
perform each test. Furthermore, in some embodiments two or more of instruments

100, 200, and 300 may be implemented within a single device.
ooooooad
Figure 3 depicts another exemplary embodiment of a two-cable connection system c
onfigured to perform VNA testing (a type of AC testing) in accordance with certa
in aspects of the present invention. Connection system 105 and its connections t
o DUT 130 remain the same as in Figures 1 and 2. As shown in Figure 3, however,
outer conductors 110a and 120a are connected to an internal ground within instru
ment 300 and are not independently grounded.
goooooad
Prior systems require a user to short the intermediate conductors at the DUT for
CV testing and disconnect them for 1V testing. In contrast, implementations of
the present invention advantageously allow a user to quickly and easily switch b
etween different types of testing (e.g., 1V testing and CV testing) without chan
ging the connection at the distal ends of the cable (e.g., at the DUT). Prior sy
stems did not provide a means to switch from IV testing (as shown in Fig. 1) to
AC testing (as shown in Figs. 2 and 3).
goooooad
As shown in Figures 2 and 3, the intermediate conductors are normally not connec
ted to anything at either the proximal or distal ends of the cables. This establ
ishes a transmission path between the center and outer conductors. Some users, h
owever, may be uncomfortable with allowing the intermediate conductors to float.
Thus, in other embodiments the intermediate conductors may be connected to an e
lectrical signal (e.g., a terminal on the instrument, ground, or some other sign
al), through a large impedance. This impedance must be much greater than the cab
le’ s characteristic impedance between the center and intermediate conductors, t
o avoid interfering with the transmission path in the cable. Typically, the impe
dance is at least ten times greater than the cable’ s characteristic impedance.
This may degrade the cable’ s performance by roughly ten percent. When greater p
erformance is desired, even larger impedances may be used. For example, using an
impedance one hundred times larger than the cable’ s characteristic impedance m
ay only have a 1% impact on the cable’ s performance.
ooooooao
Having described and illustrated the principles of the invention with reference
to illustrated embodiments, it will be recognized that the illustrated embodimen
ts may be modified in arrangement and detail without departing from such princip
les, and may be combined in any desired manner. And although the foregoing discu
ssion has focused on particular embodiments, other configurations are contemplat
according to an embodiment
of the invention” or the like are used herein, these phrases are meant to gener

“

ed. In particular, even though expressions such as

ally reference embodiment possibilities, and are not intended to limit the inven
tion to particular embodiment configurations. As used herein, these terms may re
ference the same or different embodiments that are combinable into other embodim
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ents.

ooooooao

Consequently, in view of the wide variety of permutations to the embodiments des
cribed herein, this detailed description and accompanying material is intended t
o be illustrative only, and should not be taken as limiting the scope of the inv
ention. For example, various concepts of the preset invention may be described
as below.

goooooad

0 That is, the concept 1 of the present invention is a system configured to perf
orm at least two different types of tests on a device under test (DUT) without c
hanging connections at the DUT, wherein a first type of test benefits from havin
g a control impedance between a test instrument and the DUT and a second type of
test does not benefit from having a control impedance between a test instrument
and the DUT, the system comprising:

0 a test instrument;

0 a device under test (DUT); and

O two or more triaxial cables with a distal end located near the DUT and a proxi
mal end located near the test instrument, each cable having a center conductor,
an intermediate conductor, and an outer conductor, wherein;

O the center conductors are connected to the DUT at the distal end of each cable
and to the test instrument at the proximal end of each cable;

0 the outer conductors are connected to each other at both the distal and proxim
al ends of the cables; and

0 the outer conductors are connected to a ground that is shared with the test iIn
strument at the proximal ends of the cables; and

0 wherein the system is configured to perform the first type of test when the iIn
termediate conductors are not connected to each other at the proximal ends of th
e cables and are not connected to the test instrument.

gogooboad

0 The concept 2 of the present invention is the system of the concept 1, wherein
the test instrument comprises a first set of terminals and a second set of term
inals that is different from the first set; and

0 the system is further configured to perform the First type of test when the ca
bles are connected to the first set of terminals; and

0 the system is further configured to perform the second type of test when the c
ables are connected to the second set of terminals.

ooooooad

O The concept 3 of the present invention is the system of the concept 1, wherein
one or more of the intermediate conductors are further connected to an electric
al signal or ground through an impedance that is at least ten times larger than
the control impedance.

goooooad

0 The concept 4 of the present invention is the system of the concept 1, wherein
the ground is an internal ground of the iInstrument.

goooooad

0 The concept 5 of the present invention is the system of the concept 1, wherein
at least one of the outer conductor connections at the distal ends of the cable
s is made on a DUT carrier.

goooooad

0 The concept 6 of the present invention is the system of the concept 1, wherein
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each cable has a desired characteristic impedance of 50 ohms between the center
conductor and the outer conductor.

ooooooao

O The concept 7 of the present invention is the system of the concept 1, wherein
the test instrument requires that the cables have a matched impedance.
ooooooao

0 The concept 8 of the present invention is a system configured to perform at le
ast two different types of tests on a device under test (DUT) without changing c
onnections at the DUT, wherein a first type of test benefits from having a contr
ol impedance between a test instrument and the DUT and a second type of test doe
s not, the system comprising:

0 a first test instrument for performing the first type of test;

0 a second test instrument for performing the second type of test;

0 a device under test (DUT); and

0 two or more triaxial cables with a distal end located near the DUT and a proxi
mal end located near one of the test instruments, each cable having a center con
ductor, an intermediate conductor, and an outer conductor, wherein;

0 the center conductors are connected to the DUT at the distal end of each cable

0 the outer conductors are connected to each other at both the distal and proxim

al ends of the cables; and

0 the outer conductors are connected to a ground that is shared with at least on

e of the test instruments at the proximal ends of the cables; and

0 wherein the system is configured to perform the first type of test when;

the center conductors are connected to the First test instrument at the proximal
ends of the cables;

O the intermediate conductors are not connected to each other at the proximal en
ds of the cables; and

O the iIntermediate conductors are not connected to either of the first or second
test instruments; and

O wherein the system is configured to perform the second type of test when the c
enter conductors are connected to the second test instrument at the proximal end
s of the cables.

goooooad

0 The concept 9 of the present invention is the system of the concept 8, wherein
one or more of the intermediate conductors are further connected to an electric
al signal or ground through an impedance that is at least ten times larger than
the control impedance.

goooooad

0 The concept 10 of the present invention is the system of the concept 8, wherei
n the ground is an internal ground of the first or second instrument.
goooooad

0 The concept 11 of the present invention is the system of the concept 8, wherei
n at least one of the outer conductor connections at the distal ends of the cabl
es is made on a DUT carrier.

ooooooao

0 The concept 12 of the present invention is the system of the concept 8, wherei
n each cable has a desired characteristic impedance of 50 ohms between the cente
r conductor and the outer conductor.

ooooooao
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O The concept 13 of the present invention is the system of the concept 8, wherei

n at least one of the test instruments requires that the cables have a matched 1

mpedance.

googoooad

0 The concept 14 of the present invention is a method of performing two or more

different types of tests on a device under test (DUT) with test instrument witho

ut changing connections at the DUT, where at least one type of test benefits fro

m having a control impedance between the test instrument and the DUT, the method
comprising:

O connecting the DUT to two or more triaxial cables, wherein each cable has a di

stal and proximal end, each cable comprising a center conductor, and intermediat

e conductor, and an outer conductor, the step of connecting the DUT comprising:

0 connecting the center conductors to the DUT at the distal end of the cables;

O connecting the outer conductors to each other at the distal ends of the cables
; and

0 leaving the intermediate conductors disconnected at the distal end of the cabl

es;

configuring the proximal ends of the cables to perform a first type of test with

out changing the connections at the distal ends of the cables; wherein

0 the first type of test benefits from having a control impedance between the te

st instrument and the DUT; and

0 the step of configuring comprises;

0 connecting the outer conductors to each other and to a ground that is shared w
ith the test instrument at the proximal ends of the cables;

0 connecting the center conductors to the test instrument at the proximal ends o

T the cables; and

O leaving the intermediate conductors disconnected from each other and from the

DUT; and

0 configuring the proximal ends of the cables to perform a second type of test w
ithout changing the connections at the distal ends of the cables; wherein

0 the second type of test does not benefit from having a control impedance betwe

en the test instrument and the DUT; and

0 the step of configuring comprises;

O connecting the center conductors to the test instrument at the proximal ends o

f the cables; and

0 connecting the outer conductors to each other and to a ground that is shared w
ith the test instrument at the proximal ends of the cables.

goooooad

0 The concept 15 of the present invention is the method of the concept 14, where
in the test instrument comprises a single test instrument.

goooooad

0 The concept 16 of the present invention is the method of the concept 14, where
in the test instrument comprises a First test instrument for performing the firs

t type of test and a second test instrument for performing the second type of te

st, and the method further comprises connecting the cables to the respective fir

st or second test instrument when configuring the proximal ends of the cables to
perform a first or second type of test.

goooooad

0 The concept 17 of the present invention is the method of the concept 14, furth

er comprising;
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connecting at least one intermediate conductor to an electrical signal or ground
through an impedance that is at least ten times larger than a characteristic iIm
pedance between the center conductor and the outer conductor of that cable.
googoooad

0 The concept 18 of the present invention is the method of the concept 14, where
in the ground is an internal ground of the test instrument.

goooooad

0 The concept 19 of the present invention is the method of the concept 14, where
in the step of connecting the outer conductors to each other at the distal ends
of the cables comprises making at least one connection through a DUT carrier.
goooooad

0 The concept 20 of the present invention is the method of the concept 14, where
in each cable has a desired characteristic impedance of 50 ohms between the cent
er conductor and the outer conductor.

gooobooad

ooooooao

1000 Test instrument

1050 Two-cable non-Kelvin connection system

1100 First triaxial cable

110al outer conductor

110b0 intermediate conductor

110cO center conductor

1200 Second triaxial cable

120all outer conductor

120b00 intermediate conductor

120cO center conductor

1300 DUT (Device under test)

2000 Test instrument

3000 Test instrument

oooooo

O A test system configured to perform at least two different types of tests on a
device under test (DUT) without changing connections at the DUT, wherein a firs
t type of test benefits from having a control impedance between a test instrumen
t and the DUT and a second type of test does not benefit from having a control 1
mpedance between a test instrument and the DUT, the test system comprising:

0 a test instrument;

0 a device under test (DUT); and

0 two or more triaxial cables with a distal end located near the DUT and a proxi
mal end located near the test instrument, each cable having a center conductor,
an intermediate conductor, and an outer conductor, wherein;

0 the center conductors are connected to the DUT at the distal end of each cable
and to the test instrument at the proximal end of each cable;

0 the outer conductors are connected to each other at both the distal and proxim
al ends of the cables; and

0 the outer conductors are connected to a ground that is shared with the test in
strument at the proximal ends of the cables; and

0 wherein the test system is configured to perform the Ffirst type of test when t
he iIntermediate conductors are not connected to each other at the proximal ends
of the cables and are not connected to the test instrument.

OoDoooo
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0O A test system configured to perform at least two different types of tests on a
device under test (DUT) without changing connections at the DUT, wherein a firs
t type of test benefits from having a control impedance between a test instrumen
t and the DUT and a second type of test does not, the test system comprising:

0 a first test instrument for performing the first type of test;

0 a second test instrument for performing the second type of test;

0 a device under test (DUT); and

0 two or more triaxial cables with a distal end located near the DUT and a proxi
mal end located near one of the test instruments, each cable having a center con
ductor, an intermediate conductor, and an outer conductor, wherein;

O the center conductors are connected to the DUT at the distal end of each cable

0 the outer conductors are connected to each other at both the distal and proxim
al ends of the cables; and

0 the outer conductors are connected to a ground that is shared with at least on
e of the test instruments at the proximal ends of the cables; and

0 wherein the test system is configured to perform the First type of test when;
the center conductors are connected to the First test instrument at the proximal
ends of the cables;

0 the intermediate conductors are not connected to each other at the proximal en
ds of the cables; and

0 the intermediate conductors are not connected to either of the Ffirst or second
test instruments; and

0 wherein the test system is configured to perform the second type of test when
the center conductors are connected to the second test instrument at the proxima
I ends of the cables.

gooooao

O A test method of performing two or more different types of tests on a device u
nder test (DUT) with test instrument without changing connections at the DUT, wh
ere at least one type of test benefits from having a control impedance between t
he test instrument and the DUT, the test method comprising:

0 connecting the DUT to two or more triaxial cables, wherein each cable has a di
stal and proximal end, each cable comprising a center conductor, and intermediat
e conductor, and an outer conductor, the step of connecting the DUT comprising:
0 connecting the center conductors to the DUT at the distal end of the cables;

0 connecting the outer conductors to each other at the distal ends of the cables
; and

O leaving the intermediate conductors disconnected at the distal end of the cabl
es;

configuring the proximal ends of the cables to perform a first type of test with
out changing the connections at the distal ends of the cables; wherein

0 the first type of test benefits from having a control impedance between the te
st instrument and the DUT; and

0 the step of configuring comprises;

O connecting the outer conductors to each other and to a ground that is shared w
ith the test instrument at the proximal ends of the cables;

0 connecting the center conductors to the test instrument at the proximal ends o

T the cables; and

0 leaving the intermediate conductors disconnected from each other and from the
DUT; and
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O configuring the proximal ends of the cables to perform a second type of test w
ithout changing the connections at the distal ends of the cables; wherein

0 the second type of test does not benefit from having a control impedance betwe
en the test instrument and the DUT; and

0 the step of configuring comprises;

0 connecting the center conductors to the test instrument at the proximal ends o
T the cables; and

0 connecting the outer conductors to each other and to a ground that is shared w
ith the test instrument at the proximal ends of the cables.

ooogn

0000 Improve a two-cable interconnection system between a test instrument an
d a DUT.

000000 Each of a pair of equal-length triaxial cables 110 and 120 has a de
sired characteristic impedance. Each cable has a center connecter, intermediate
conductor, and outer conductor. The proximal end of each cable is connected to t
he test instrument 100, and the distal ends are located at the DUT 130. At the d
istal end, the center conductors are connected to the DUT 130, the intermediate
conductors are allowed to float, and the outer conductors are connected to each
other. The proximal end of each cable is connected to the instrument 100 using a
n appropriate connection for the test that will be performed. This allows the te
st instrument 100 to perform different types of tests without changing connectio
ns to the DUT 130.
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