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Multi-frequency C-V Measurements of

Semiconductors

Introduction

Parameters such as the
capacitance of the oxide layer
(Cox) and the density of substrate
impurities (Nsub) that are
required in the evaluation of the
manufacturing process of MOS
type semiconductors can be
derived by using measured C-V
characteristics. To make an
accurate evaluation of these
processes. precise C-V
measurements are required. Such
measurements entail the following
difficulties.

Difficulties

1. There is no single instrument
that can make C-V
measurements from low to high
frequencies.

2. It is difficult to compensate for
the additional errors that occur
when cable extensions or a
prober are used.

3. The accuracy and reliability of
the DC bias voltage are not
sufficient to perform repeatable
C-V measurements.

In the following discussion we will
show how C-V measurements are
performed with the HP 4284A
solving these problems.

HP 4284A
Precision LCR Meter

Application Note 369-5

Solutions Offered by
HP 4284A

1. Wide Frequency Range

Measurements from

20 Hz - 1 MHz.

The program listing shown in
appendix was used to measure the
C-V characteristics at 10 kHz,
100 kHz and 1 MHz of the MOS

device whose characteristics are
shown in Figure 1. Thus the
HP 4284A can single handedly
perform C-V measurements in
both the low and high frequency
ranges. This allows it to measure
high-loss devices (semiconductors
on large diameter wafers, etc.),
which are difficult to measure at
1 MHz, at low frequencies (10 kHz,
100 kHz, etc.).

Figure 1.  Multi-Frequency C-V Characteristics of a Semiconductor
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2. Compensation Functions

for Cable Extensions and

Probers.

In order to test semiconductor
devices on a wafer, an extension
cable and a prober are required.
(See Figure 2) The extension
cable and the prober cause
additional errors that greatly
influence the test value. The
HP 4284A’s 2m/4m Cable Length
Operation function (opt.006 with
HP 16048D/E Test Leads)
minimizes additional errors
caused by using 2m/4m extension
cables. The HP 4284A’s OPEN/
SHORT/LOAD compensation
functions minimize errors caused
by a prober. This powerful
compensation function ensures
highly accurate C-V measurements
even when a prober is used.

3. Highly Accurate Internal

Bias

Insuddicient accuracy and
stability of the bias voltage
applied to a device prevent
accurate C-V measurements. The
HP 4284A ensures the application
of a stable bias voltage with a
maximum accuracy of 0.1% +
1 mV. (Opt.001) This minimizes
measurement errors due to bias
voltage errors.

Figure2.  Extension Cable and Prober

Conclusion

The HP 4284A features a wide
frequency range, powerful
compensation functions and
highly accurate bias
characteristics. This versatility of
the meter guarantees highly
accurate C-V measurements, and
higher efficiency in the evaluation
of semiconductor processes.
Since the HP 4284 can perform all
of the low and high frequency C-V
measurements singlehandedly, it
will greatly contribute to the
lowering of capital costs.

Range Resolution Accuracy*

±(0.000 to   4.000)V   1mV ±(0.1% +   1mV)

±(4.002 to   8.000)V   2mV ±(0.1% +   2mV)

±(8.005 to 20.000)V   5mV ±(0.1% +   5mV)

±(20.01 to 40.000)V 10mV ±(0.1% + 10mV)

*This can only be used when the test signal level is < 2 Vrms.

Table 1. HP 4284A Opt.001 DC Bias Capability
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 Appendix. Sample Program



4

For more information about
Hewlett-Packard Test and Measurement
products, applications, services, and for a
current sales office listing, visit our web
site, http://www.hp.com/go/tmdir. You can
also contact one of the following centers
and ask for a test and measurement sales
representative.

United States:

Hewlett-Packard Company
Test and Measurement Call Center
P.O. Box 4026
Englewood, CO 80155-4026
1 800 452 4844

Canada:

Hewlett-Packard Canada Ltd.
5150 Spectrum Way
Mississauga, Ontario
L4 W 5G1
(905) 206 4725

Europe:

Hewlett-Packard
European Marketing Center
P.O. Box 999
1180 AZ Amstelveen
The Netherlands
(31 20) 547 9900

Japan:

Hewlett-Packard Japan Ltd.
Measurement Assistance Center
9-1, Takakura-Cho, Hachioji-Shi,
Tokyo 192, Japan
Tel: (81-426) 56-7832
Fax: (81-426) 56-7840

Latin America:

Hewlett-Packard
Latin American Region Headquarters
5200 Blue Lagoon Drive
9th Floor
Miami, Florida 33126
U.S.A.
(305) 267 4245/4220

Australia/New Zealand:

Hewlett-Packard Australia Ltd.
31-41 Joseph Street
Blackburn, Victoria 3130
Australia
1 800 629 485

Asia Pacific:

Hewlett-Packard Asia Pacific Ltd
17-21/F Shell Tower, Times Square,
1 Matheson Street, Causeway Bay,
Hong Kong
Tel: (852) 2599 7777
Fax: (852) 2506 9285
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