
Author: Yoshiyuki Yanagimoto, 
Keysight Technologies

Keysight Technologies
Integrated, Turnkey Modeling and  
Measurement Systems
Article Reprint

This article first appeared in the March 2016 
edition of Microwave Journal. Reprinted with  
kind permission from Microwave Journal.



Integrated, Turnkey 
Modeling and Measurement 
Systems

Turnkey Solutions for Semiconductor 
On-Wafer Measurements

Yoshiyuki Yanagimoto,  
Keysight Technologies, Santa Rosa, Calif.

As semiconductor technology continues to 
evolve, time-to-market cycles are shrinking 
and the need for even greater accuracy is in-
creasing. Unfortunately, those trends often run 
counter to the need to properly characterize 
semiconductor components and devices during 
their development and manufacture. One issue 
is the time that is required to configure and as-
semble a measurement system to handle this 
task. In a typical wafer-level measurement sys-
tem for mmWave measurements, for example, 
over 25 to 30 cables must be properly config-
ured and assembled. The semiconductor test 
engineer may spend several months evaluating, 
ordering, assembling and verifying that system. 
And because it is so complex, there is a greater 

likelihood that a cable, connector or mechani-
cal component will be missed, further delaying 
its commissioning.

The software used in the measurement sys-
tem can also create challenges for the engineer. 
Such systems, which typically include a probe 
station, measurement instruments and calibra-
tion, are generally controlled by multiple piec-
es of software. That means that the engineer 
is forced to deal with different user interfaces 
just to operate one system. Even highly skilled 
engineers have to spend months or even years 
working to establish measurement automation. 
According to one recent customer survey, the 
need for a software solution capable of effi-
ciently controlling both the prober and instru-
ments, while maintaining the necessary flex-
ibility to address diverse measurement needs, 
was identified as a “top three” priority.

These challenges demand an integrated, 
turnkey system that can quickly and accu-
rately perform advanced DC, RF/microwave/
mmWave, high power and flicker noise mea-
surements on semiconductor components and 
devices. Keysight Technologies and Cascade 
Microtech set out to deliver this type of system 
in June 2014 and launched wafer-level mea-
surement solutions (WMS). WMS provides 
fully configured and validated RF measure-
ment solutions to satisfy the ever increasing 
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demands, both technically and vol-
ume-wise, of on-wafer measurements 
(see Figure 1). To date, over 80 
configurations have been tested and 
over 1,800 calibrations performed. 
Since WMS was first announced, an 
increasing number of semiconductor 
test engineers developing and manu-
facturing semiconductor components 
and devices are asking for a complete 
solution, rather than a collection of in-
dividual parts from various suppliers.

INTEGRATED, TURNKEY 
SOLUTION

Providing an answer to that demand 
for a “solution,” the WMS program de-
livers a turnkey solution for on-wafer 
measurements through three key de-
liverables: guaranteed configuration, 
guaranteed installation/verification and 
guaranteed support. These deliver-
ables are critical to ensuring the mea-
surement system is not only turnkey, 
but can quickly and accurately make 
the measurements today’s semicon-
ductor test engineers demand.

With guaranteed configuration, 
Keysight and Cascade Microtech 
also guarantee that if there is a miss-
ing piece in the delivered system, it 
will be provided free of charge. One 
way they ensure a complete system 
is delivered is through a three-way 
joint meeting; essentially a Keysight/
Cascade Microtech sales team meet-
ing that takes place with the engineer 
at the beginning of any new engage-
ment. The three-way joint meeting 
eliminates the need for the engineer 
to meet with the sales teams from each 
company separately. This is not only a 
much more efficient use of time, but 
makes sure that the end system will 

satisfy the engineer’s 
needs with the most 
reasonable and reli-
able configuration. 
It also helps ensure 
that there are no 
missing compo-
nents in the system 
or careless mistakes 
made; something 
which can easily oc-
cur when different 
parties are involved 
in separate meet-
ings.

Guaranteed in-
stallation allows en-
gineers to request 
a variety of services 
at purchase, such as 
installation service, 
on-site functional 
qualification, mea-
surement consul-
tation, application 
training, and complete system verifica-
tion and performance — all provided 
by application experts. These services 
eliminate the headaches and worries 
an engineer normally faces when in-
stalling a measurement system and 
drastically shortens the time-to-first 
measurement. Keysight’s WaferPro 
Express software was specifically de-
signed to enable engineers to quickly 
setup and execute automated mea-
surements, as well as the system per-
formance verification. The WMS pro-
gram’s guaranteed support means that 
engineers gain a single point of contact 
for support, rather than having to won-
der which company to contact when a 
system level issue is encountered.

PRE-CONFIGURED SYSTEM 
OPTION

To further simplify the process of 
making on-wafer measurements and 
speed the actual time-to-first mea-
surement, the companies spent a 
tremendous amount of time evaluat-
ing commonly used combinations of 
measurement instruments, including 
Keysight’s B1500A Semiconductor 
Device Parameter Analyzer, N6705B 
DC Power Analyzer, PNA and PNA-
X Network Analyzers and mmWave 
Extenders, and Cascade Microtech’s 
multiple probe stations (e.g., the  
SummitTM/Elite300TM/CM300 series 
probe stations) and probes (e.g., Infini-
ty® probes). As a result of these efforts, 

a number of pre-configured systems 
are now available with guaranteed per-
formance. When one of these systems 
is purchased, the companies provide a 
system specification that serves as an 
acceptance criteria at installation.

ENABLING SYSTEM 
PERFORMANCE VERIFICATION

A key benefit of the WMS pro-
gram is that the complete on-wafer 
measurement system performance is 
not only specified, but verified during 
installation. As an example, the WMS 
program verifies the DC leakage and 
noise of the entire system. Previously, 
DC leakage and noise could only be 
specified separately at the front con-
nectors of the Keysight B1500A Semi-
conductor Device Parameter Analyzer 
by itself and at a stand-alone Cascade 
Microtech probe station.

For RF measurements, an applica-
tion expert performs S-parameter veri-
fication at the tips of the probes using 
a newly developed Keysight verifica-
tion substrate (KVS) up to 110 GHz.  
The KVS contains multiple devices, such 
as a  mismatch line (Beatty Standard) and 
25 and 100 ohm series resistors, as well 
as the open, short, load and line standard 
to more confidently verify S-parameter 
measurements (see Figure 2).

One reason KVS is able to produce 
a more confident verification is that its 
verification standards cover a wider 
area of the Smith Chart. In contrast, 
traditional verification uses the open, 

s Fig. 1  Typical WMS configuration with 
Keysight measurement instruments and 
Cascade Microtech probe station.

s Fig. 2  The Keysight Verification Substrate verifies a system with a 
higher coverage of the Smith Chart.
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short, load and line standard, which 
only runs on the outer circle of the 
Smith Chart or stays at the center 
dot, making it much more limited. By 
verifying the complete measurement 
system using KVS and via DC leakage 
and noise, engineers gain greater con-
fidence in the overall performance of 
their measurement system.

REDUCING MEASUREMENT 
SETUP COMPLEXITY

Keysight and Cascade Microtech 
jointly developed a software platform 
that interfaces with all the needed 
pieces of an on-wafer measurement 
system. Called WaferPro Express, the 
platform enables automated charac-
terization of wafer-level devices and 
circuit components (see Figure 3). It 
features over 50 measurement turn-
key drivers and many test examples 
so that an engineer can immediately 
perform the needed measurements. 
Engineers can start an operation and 
write an automation program without 
having to waste time learning mul-
tiple pieces of software. By efficiently 
controlling all of the components in a 
wafer-level measurement system—in-
struments and wafer probers—Wafer-
Pro Express is able to reduce the en-
gineer’s measurement setup complex-
ity and provide a unified platform for 
efficient automated measurement and 
data management.

With its guaranteed configuration, 
installation/verification and support, 
KVS-enabled verification and WaferPro 
Express software, the WMS program 
offers a compelling turnkey solution for 

on-wafer measurement needs; whether 
being performed on the semiconductor 
factory floor or by R&D teams mea-
suring high-volume data for applica-
tions such as device modeling, process 
monitoring, reliability and component 
characterization. Engineers perform-
ing such tasks can no longer afford the 
time it would normally take to evaluate, 
order, assemble and verify a traditional 
measurement system. For today’s semi-
conductor test engineers, the benefits 
of the WMS program are accurate and 
repeatable testing, faster time-to-first 
measurement, and assured data correla-
tion between multiple locations—all of 
which are essential to allowing today’s 
semiconductor test engineers to per-
form accurate and fast advanced DC 
and RF measurements on both compo-
nents and devices to get their products 
to market on time.
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Fig. 3  WaferPro Express software enables turnkey automated measurements as well as full customization.
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