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Introduction
Parametric characterization
requires both current-voltage
(IV) and capacitance-voltage
(CV) measurements. Recent
developments in process tech-
nology typically require accu-
rate IV and CV measurements
be made with a single pass of
the devices on the wafer. The
Agilent B1500A Semiconductor
Device Analyzer supports single-
pass IV and CV measurements
within the same mainframe
using a new, single-slot multi-
frequency capacitance measure-
ment unit (MFCMU) and two
SMUs.

Performing both IV and CV
measurements on a single probe
station is not easy. SMU-based
IV measurements use triaxial
connectors, while CMU-based
CV measurements use BNC
connectors. Switching between
these two measurements can be
confusing and time-consuming
and can often cause measure-
ment errors. An example would
be where the measurement
cables are manually switched,
while keeping the probing
needle on the wafer. In this case,
the electrical charge generated

by friction when the cables are
switched may damage the device.
In addition to cable connection
issues, an error compensation
parameter associated with the
capacitance measurements must
be set correctly in order to ob-
tain accurate results.

The B1500A’s SMU CMU Unify
Unit (SCUU) solves these mea-
surement problems. The SCUU
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enables accurate and effortless
switching between IV and CV
measurement without the com-
plexity and expense of an ex-
ternal switching matrix.

This application note illustrates
how you can easily configure an
accurate IV and CV measure-
ment system using the B1500A.



Figure 1 shows a basic cable
configuration diagram for making
CV measurements on a wafer.
First, the four terminal pair
(4TP) extension test cable is
connected to the measurement
terminals of the B1500A’s
MFCMU. The 4TP configuration
is similar to a Kelvin connec-
tion in IV measurements, and it
can minimize errors caused by
measurement cable parasitics. It
also provides the best accuracy
when extending the test cable.

To obtain the best accuracy, the
4TP extension should be routed
as closely as possible to the
device under test (DUT). Then
the shielded two terminal (2T)
cable or three terminal (3T)
cable should be connected to
the probing manipulator. The
path to the probing needle is
basically a 3T configuration.

Figure 2 illustrates the differ-
ence between the shielded 2T
configuration and the 3T con-
figuration. In the shielded 2T
configuration, the measurement
cable guard shields are connec-
ted together at the end of the
measurement cable. In the 3T
configuration, the guard shields
are not connected together at
the end of the measurement
cable. The shielded 2T configu-
ration produces more stable
measurements and better
accuracy than the 3T configura-
tion. This is because the resid-
ual inductance in the shielded
2T configuration is a fixed value
determined by the construction
of the cable.
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Figure 2. Differences between the shielded 2T and the 3T cable configurations.

Residual inductance
is a fixed value

Residual inductance
varies depending on
the arrangement of
the cables.

Figure 1. Basic cable configuration for manipulator connection.



The residual inductance does
not change, even if you move
the cables going to the DUT,
thus providing stable and
accurate results.

The residual inductance in the
shielded 2T configuration is fixed
because an induced current flows
in the guard shield that is of
the same magnitude but in the
opposite direction as the current
flowing in the center conductor.
This induced current helps to
seal the magnetic flux created
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There are three basic steps you
must take in order to get accu-
rate capacitance measurements:
first, minimize errors caused by
parasitics; second, stabilize the
errors; and, third, effectively
compensate for the errors. Fig-
ure 3 illustrates that using a
shielded 2T configuration pro -
duces a relatively short  path to
the tip of the probe needle. The
shorter the path to the probe
tip, the less chance there is for
parasitics to cause errors (a
typical error would be residual
inductance in the measurement
cable). By using a shielded 2T
configuration all the way to the
probe tips, you minimize the
length of the shielded 3T cable.
This minimizes the length of
the unstable portion of the mea-
surement setup, and makes it
easier to compensate for mea-
surement error using compensa-
tion techniques.

by the measurement current,
thereby keeping the residual
cable inductance to a small and
fixed value. In contrast, there
is no return current path gener-
ated in the 3T configuration. In
this configuration, residual in-
ductance is determined by the
random arrangement of the
cables. Since the configuration
of the cables varies in an un-
controlled fashion, it is difficult
to keep the residual inductance
constant and stable. Vibration
in the test environment changes

the residual inductance of the
measurement cable, making it
unstable. This makes it difficult
to compensate for the residual
inductance of the measurement
cables in the 3T configuration.
This is sometimes referred to as
the "return path issue," which
arises when the guard shields
at the end of cable in the 3T
configuration are not shorted
together. You can solve this
problem by connecting guard
shields as shown in Figure 2.

Figure 3. The residual inductance of the positioners does not significantly impact measurement accuracy.
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Considerations when Automating IV and CV Measurements

As previously described in this
application note, making a
simple, accurate CV measure-
ment is accomplished relatively
easily. However, it is not so easy
in an automated test environ-
ment when you want to accu-
rately measure both IV and CV.

Figure 4 shows an ideal preci-
sion, low-current IV measure-
ment setup where the triaxial
cable from an SMU connects to
the input terminal of the wafer
prober manipulator. The mea-
surement center conductor and
guard shield are routed to the
DUT via the shielded probe
needle.

A contrasting yet similar setup
for a precision CV measurement
is shown in Figure 5. The cable
routing after the 4TP- to-shielded-
2T conversion looks similar to
the IV setup, but there are two
major differences. First, where
triaxial cable is used in the IV
measurement setup, coaxial
cable is used in the CV setup.
Second, there is a guard con-
nection wire in between the
measurement cable and the
manipulator needle in the CV
setup, where there is none in
the IV setup.

Although the cabling configura-
tions for making separate CV
and IV measurements, as shown
in Figures 4 and 5, are similar,
the differences pose a signifi -
cant challenge in constructing a
single configuration that allows
you to switch between IV and
CV measurements in an auto -
mated test environment. The
following section in this appli-
cation note shows how you can
use the B1500A to make both
IV and CV measurements using
a single cabling configuration,
without degrading measurement
accuracy, and without any
special knowledge regarding
making CV measurements.

Figure 4. Illustration of an ideal (non-Kelvin) on-wafer IV measurement setup.

Figure 5. Illustration of an ideal on-wafer CV measurement setup.

Differences in
DC and CV
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Figure 6 shows the basic cable
configuration for the B1500A
when it is used for switching
between IV and CV measure-
ments. The B1500A’s SCUU can
switch between IV and CV mea-
surements without degrading
measurement accuracy, and both
1.5 m and 3.0 m cables are
available to enable the SCUU to
mount on the wafer prober. The
measurement cables from the
SCUU are extended to the
wafer prober manipulator using
two triaxial cables or two pairs
of Kelvin (force and sense)
triaxial cables that satisfy the
requirements of both IV and CV
measurements. For both IV and
CV measurements, the center
signal line of the triaxial cable
connects to the center conduc-
tor of the measurement needle,
and the driven guard of the
triaxial cable connects to the
outer shield of the measure-
ment needle. Tying the outer
shield to the guard of the
measurement needle protects
against outside noise.

Just as is shown in Figure 5,
the guard of the CH and CL
measurement terminals of the
prober manipulator are shorted
together at the end of each
coaxial measurement cable in
order to establish an accurate
CV measurement system. The
B1500A’s guard switch unit
(GSWU) is used to short the
guard of the measurement cable
while CV measurements are
performed. The GSWU switch

opens automatically during IV
measurements to prevent poten-
tial SMU damage, since other-
wise the guards of the two SMUs
(which are presumably at differ-
ent potentials) would be shorted
together.

Even if you implement a Kelvin
triaxial connection between the
SCUU and the prober manipu-
lator, it will not affect the mea-
surement accuracy if the cable
is not too long. All you have to
do is establish this simple con-
nection system as well as collect
and save the residual error com-
ponents data using the open/
short and (optional) load com-
pensation routines built into the
B1500A’s EasyEXPERT software.

Agilent B1500A  IV/CV Solutions

The EasyEXPERT software han-
dles all IV-CV switching and
error compensation and, by
controlling the GWSU, also
handles capacitance measure-
ment current return path
issues. The EasyEXPERT soft -
ware provides more than 100 IV
and CV application tests. You
simply select a CV algorithm,
and push a button to begin
making accurate CV measure-
ments. If you use the SCUU, you
can extend the DC bias voltage
of CV measurements to ±100 V,
well beyond the inherent ±25 V
capability of the MFCMU. In the
case of the SCUU, the ±100 V
of DC bias is automatically pro -
vided by the SMUs connected to
the SCUU.

Figure 6: B1500A implementation of on-wafer CV measurement using the SCUU and GSWU.
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Figure 7 shows how the
B1500A’s MFCMU and HRSMUs
are connected to the SCUU
using a 3 m SCUU cable adap-
ter. The GSWU is connected to
the SCUU control terminal,
which allows the GSWU switch
to be controlled automatically.

Figure 8 shows the cabling
from the SCUU and GSWU to
the wafer prober manipulator.
The GSWU is connected to the
guard of the wafer prober
manipulator needle near the
base of the  manipulator needle
holder. This connection creates
a return path  when CV mea-
surements are performed, thus
ensuring accurate and stable
measurements.

Figure 7.  B1500A’s MFCMU and HRSMUs connected to the SCUU using an SCUU cable adapter

Figure 8.   SCUU and GSWU cabling to the  wafer prober manipulator

Agilent B1500A  IV/CV Solutions (continued)
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The Agilent B1500A, in combi-
nation with it’s MFCMU, SMUs,
SCUU and GSWU, provides an
accurate and effortless system
for switching between IV and
CV measurements.

The B1500A’s EasyEXPERT soft-
ware handles of all of the IV- CV
switching and error compensa-
tion. You have only to select an
IV or CV algorithm and push a
button in order to begin making
accurate measurements.

Conclusion
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