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The Basics of Probe
Measurements on Wafers
and Other Substrates

By Gary Breed
Editorial Director

Here is an introduction to
the applications and tech-
nical issues for microwave

probe measurements of
various circuit types

icrowave mea-
surements often
require that a

probe (Fig. 1) be used to
contact the circuit con-
ductors on the substrate

upon which the circuit is
constructed: typically a semiconductor wafer,
ceramic substrate or microwave laminate
material. This tutorial reviews some of the
applications for these measurements, and pre-
sents the key issues affecting measurement
accuracy and repeatability.

Common Probe Measurements

On-wafer testing—Production testing of
semiconductor die is often performed after dic-
ing and packaging, but a sample must be test-
ed for two main reasons: verification that fab-
rication was completed satisfactorily, and for
characterization of the bare die before packag-
ing. Device characterization at the die level is
essential, since packaging necessarily affects
performance. Knowing the device performance
before packaging allows the test engineer to
determine how various packaging options
affect device performance.

Developmental on-wafer circuits—It is com-
mon practice to use sections of production
wafers for fabrication of test die for devices in
development. The ability to do on-wafer testing
eliminates the need for packaging the devices,
or mounting them to some other test fixture.

Characterization of passive components—
Individual circuit elements are combined for
any practical RF/microwave/high speed func-
tion. With the present strong reliance on mod-
eling and simulation prior to actual fabrica-
tion and prototyping, accurate characteriza-
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Probes for microwave device
mounted in adjustable

Figure 1
measurements,
probe holders (1).

tion of capacitors, inductors, resistors and
transmission lines are needed to develop the
necessary mathematical models for inclusion
in the software tools. The components may be
segments of a monolithic circuit or separate
discrete devices.

Package characterization—Not can indi-
vidual devices be characterized, but packages
can be tested to determine their specific per-
formance-modifying effects. Figure 2 shows
two types of packages that might be used with
single transistors or multi-function ICs.

Non-monolithic integrated circuits—
Whether integrated on ceramic, microwave
laminate, or other substrate, microwave cir-
cuits require testing. Today, very small-size
assemblies are common, with miniature dis-
crete components and thick film fabrication
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techniques. These circuits are often
tested using probing techniques
rather than the connectorized fix-
tures that were used in the past.

Any of the above measurements
may be use for either R&D or quanti-
ty production.

Key Issues for Probe
Measurements
1. Probe performance

Whether the chosen probe is coax-
ial or coplanar in structure, the fol-
lowing issues must be considered.

Contact pressure—The probe
must have sufficient force to make
reliable electrical contact, but must
not deform either the probe structure
or the DUT contact point. Commer-
cial probes are built with these factor
in mind, and the manufacturers pro-
vide data on setup and maintenance.

Repeatability—The probe charac-
teristics should remain constant over
a significant number of placements
and measurements.

RF performance—The probe must
have known RF characteristics, with
constant impedance (minimal discon-
tinuities) from the probe tip to the
instrumentation connector.

Calibration procedures—This is
the most-referenced issue with probe
measurements. Like all microwave
measurements, instrument intercon-
nections can have a large effect.
Standard TRL (Termination, Reflec-
tion and thru-Line) calibration meth-
ods are more difficult to make at the
probe tip than with connectors. The
choice of termination, short circuit
and line section must match the
intended use of the probe. See
References [3, 4] to begin your in-
depth study of probe calibration.

2. Fixture performance

Reference plane de-embedding—
With the DUT mounted on a carrier
substrate or clamped fixture, the cal-
ibration of the probe must be extend-
ed to the actual DUT connection. This
may be done with TRL calibration,
but matching DUT connection points
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Figure 2
microwave probe testing (1).

may be difficult. Calibration may be
simplest using probes to measure the
characteristics of the segment from
the probe contact to the DUT place-
ment point.

Parasitics—Any fixture must
have the best possible impedance
match, low inductance and low stray
capacitance. A fixture should be
designed for low radiation loss as
well, especially at the higher
microwave frequencies.

Device mounting—The method
placing the DUT into the fixture by
clamping or soldering should not
modify the electrical characteristics.
Otherwise, the measurements cannot
be trusted. This is a minor issue with
a well-designed commercial fixture,
but must be addressed thoughtfully
with in-house fabricated fixtures and
adapters.

3. System factors

Probe mounting—Probes must be
securely fixed in position. The probe
station or probe card must also have
flexible mounting options, to accom-
modate the range of devices to be
tested.

Connection to instruments—High
quality connectors and support for
interconnecting cables, with mini-
mum bending, are essential for any
probe measurement system. This is
good practice for all microwave mea-
surements, not just with probes.

DUT mounting—As noted above,
the DUT must be reliably mounted.
In automated production test sys-

Two types of packages that can be characterized using

tems, accurate positioning is essen-
tial since there are multiple connec-
tions that must be maintained during
the series of tests.

Summary

Probe testing of microwave
devices and circuits is a big part of
both development and production. In
development, it is the means for
obtaining good models for simulation,
and for verifying performance of pro-
totypes and pre-production samples.
In production, accurate probe mea-
surements are needed to verify pro-
cess yield and consistent perfor-
mance from one batch to the next.
Accuracy, reliability and repeatabili-
ty require knowledge and attention
to the performance factors described
in this note.
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