
Test Insights from Lab to Fab: 
Creating the Future of the Connected World

October 14-16 in Portland, Oregon

compass.formfactor.com/2018

Register today for COMPASS 2018, FormFactor’s sixth annual users’ conference. Industry leaders and 

subject experts will share their experiences using FormFactor’s products, and perspectives on addressing 

emerging technology challenges. Topics will focus on the following applications: silicon photonics, RF/mmW 

measurement and calibration, high-power device, production probing, and reliability test. COMPASS 2018 also 

provides excellent networking opportunities with the industry peers, as well as FormFactor’s management 

teams, technical experts and solution partners. 

Conference, Sponsor Expo, Equipment Demo  

and Networking Events

Portland, Oregon, October 14-16  
Hilton Portland Executive Tower

Location: Hilton Portland Executive Tower (921 SW 6th Ave, 
Portland, OR 97204)

Registration Link: www.regonline.com/compass-2018pdx

Registration Fee: $250*

Where to Stay: Duniway By Hilton (545 SW Taylor St, 
Portland, OR 97204)

Hotel Reservation Link (Available till Sept.21):  
book.passkey.com/e/49641518

* Discount available for a group of more than three people.

http://compass.formfactor.com/2018
http://www.regonline.com/compass-2018pdx
http://book.passkey.com/e/49641518
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SUNDAY, OCTOBER 14

18:00–19:30 Welcome Reception (Downtown Portland)

MONDAY, OCTOBER 15

08:00–08:30 Registration/ Networking Breakfast/ Sponsor Expo

08:30–08:50 Welcome and Day 1 Agenda Review

08:50–09:40 Keynote: Technology Trends and the New Economy (Keysight Technologies)

09:40–10:15 Technical Session 1-1: Comparative Analysis of Practical Threshold Voltage Extraction Techniques for CMOS and LDMOS  
Devices in 180 nm Technology (ON Semiconductor)

10:20–10:55 Technical Session 1-2: Modulated Scatter Array Measurements and Signal Processing from UHF to THz (Portland State University)

11:15–11:50 Technical Session 1-3: Optimized Test Sequence Methodology for Minimal Test Time and Maximal Throughput (Columbia University)

11:55–12:30 Technical Session 1-4: High-voltage, High-power Testing in Engineering and Production - A Survey (T.I.P.S. Messtechnik)

12:30–13:15 Roundtable lunch

13:15–13:50 Technical Session 1-5: Automated Characterization of Silicon Photonics and Electronic Devices at Wafer–level (IHP Solutions)

13:55–14:30 Technical Session 1-6: Autonomous RF Measurement and Calibration (FormFactor)

14:45–15:20 Technical Session 1-7: 15-Term Self-Calibration without An Ideal THRU- or LINE-Standard (Augsburg University of Applied Sciences)

15:25–16:00 Technical Session 1-8: Testing of Chips Used for Artificial Intelligence (Keystone Microtech and FormFactor)

16:05–16:40 Technical Session 1-9: Device interface Challenges of the Next Decade (Teradyne)

16:40–16:55 Day 1 Closing and Day 2 Review

17:30–20:00 Group Dinner (Downtown Portland)

TUESDAY, OCTOBER 16

08:00–08:30 Registration/ Networking Breakfast/ Sponsor Expo

08:30–08:45 Welcome and Day 2 Agenda Review

08:45–09:35 Keynote: Technology Innovations Driving Future Growth for the Semiconductor Industry (Frost & Sullivan)

09:40–10:15 Technical Session 2-1: Silicon Photonics Reliability and Qualification Testing (Macom)

10:20–10:55 Technical Session 2-2: Techniques for the Efficient Characterization of Wide Bandgap Power Devices (Keysight Technologies)

11:10–11:45 Technical Session 2-3: Probe Card Crosstalk: How to Control the RF Fields (Qorvo)

11:50–12:25 Technical Session 2-4: Evaluation of Constant Power Electromigration for Si Photonics Heaters Applications (imec)

12:25–13:25 Lunch and Shuttle Bus to FormFactor Beaverton Factory

13:30–16:30 Live Equipment Demo

16:30–17:30 Shuttle Bus to Hilton Portland

17:30–18:30 Happy Hour/ Networking Reception (Downtown Portland)

Preliminary Program Overview 
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October 15, Monday

Technology Trends and the  
New Economy

Marie Hattar 
Senior VP, Chief Marketing Officer, 
Keysight Technologies

Major technology trends are fueling a new economy 
that is driving the realignment of, and new investments 
in technology, business models, and processes. 
It is dependent on services and information, with 
benefits well beyond knowledge workers, ultimately 
transforming every aspect of our lives.  Artificial 
intelligence (AI) and machine learning are already 
optimizing and providing insights into customer behavior, 
buying patterns and how we look at data today. And 
the combination of Big Data, AI, and the disaggregation 
of information is already enabling transformations in 
delivering consumer content, IoT, autonomous vehicles, 
smart cities, and more. The pace will only accelerate. 
From Hyperloop development and driverless cars, to 
space exploration and the end of fossil fuel usage, the 
current pace of technology advances is outflanking 
even the ability of futurists to predict the future. 
However, realizing the world’s next fantastic innovations 
will require major shifts in technology along with the 
underlying IC and semiconductor evolution. And it will 
have major implications for how we test and ensure the 
reliability and safety of new inventions – requiring a 
quantum leap in scalability, distributed measurements, 
functionality at the edge, and visibility into all 
communication layers. It will push for revolutionary 
innovations in test speed, frequency, bandwidth, 
and uncompromising precision.  Most importantly, 
it will require a transformation in how we integrate 
and manage the product development lifecycle 
process. This presentation looks at these trends, their 
implications and how Keysight Technologies is helping 
innovators get ahead of the curve of testing what’s next.

October 16, Tuesday

Technology Innovations Driving Future 
Growth for the Semiconductor Industry

Dilip Sarangan 
Global Research Director, IoT and Digital 
Transformation, Frost & Sullivan

5G, Artificial Intelligence, IoT and autonomous driving 
are some of the technologies that are expected to 
drive growth in the semiconductor industry for the 
next decade. As organizations look to evolve from 
connecting devices to integration and increasing 
autonomy and automation, the role of data analytics 
and IoT shifts from “reacting to exceptions” to “predicting 
and preventing exceptions” using AI, AR and Distributed 
Computing. IoT is the gateway to digital transformation 
and successful transition from an analog world to 
a digital world is critical for organizations looking 
for new ways to deliver products and services to 
their customers. 

In this session, Dilip will discuss the impact of these 
technologies and provide insight on applications and 
markets where semiconductor companies should focus 
in the near and long term to generate sustainable 
growth. From fixed assets to mobile to consumers, 
the use of sensors in every aspect of life will continue 
to grow exponentially and provide opportunities 
for companies that manufacture and consume 
semiconductors. IoT is a complex ecosystem that 
integrates Information technology (IT) with operations 
technology (OT) to generate data that can be analyzed 
to increase revenues and improve business productivity. 
From big data and analytics to ubiquitous connectivity 
to artificial intelligence and computing, IoT touches 
every technology and industry. Survival and growth 
in this digital world is only possible with strategic 
partnerships and collaboration.

Keynote Sessions
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Technical Session Descriptions
OCTOBER 15, MONDAY

1-1: Comparative Analysis of Practical Threshold Voltage Extraction Techniques for CMOS and 
LDMOS Devices in 180 nm Technology 

Yu-Hsing Cheng, Staff Engineer, Corporate Research and Development, ON Semiconductor

Threshold voltage VT is a fundamental parameter in MOSFET device characterization and modeling. Yet there is no single 
and clear definition for threshold voltage VT, as the transition from weak inversion to moderate and strong inversion is 
very gradual. The classical definition of energy band bending for VT, while conceptually easy to understand, cannot be 
implemented in everyday measurements. For this reason, many methods have been developed to extract this important 
electrical parameter for MOSFET and other novel devices, and comparison is made for the techniques that are tester-
friendly in this work. 

The extraction methods for VT presented in this study include: extrapolation from point of maximum slope in Id-Vg curve, 
extrapolation of Id/√gm-Vg curve in the linear region, extrapolation of subthreshold slope and pre-defined current, gm/
Id method with its maximum derivative to Vg, and gm/Id method with the equality of diffusion current and drift current. The 
extraction results are compared for CMOS and LDMOS devices in 180 nm technology node to see if they agree with each 
other. The goal is to recommend an extraction method that reports threshold voltage faithfully while taking the least amount 
of time.

1-2: Modulated Scatter Array Measurements and Signal Processing from UHF to THz 

Richard Campbell, Professor, Portland State University

We have been exploring theory and measurements at UHF through Microwaves using arrays of modulated scattering 
elements. The illuminating signal arrives at an array of elements in space, and various signal processing products are 
then scattered in different directions.  The reflection coefficients of the scattering elements are modulated at a low 
baseband frequency, but the modulation products are near the illumination frequency.  Since the reflection coefficients 
change very slowly relative to the illumination frequency, we achieve high frequency signal processing using slow 
electronics. The incoming and outgoing signals are in the space-angle domain, which avoids the frequency limitations 
and losses of waveguide, coax, and connectors. The basic technique may be scaled from VHF to THz.  Array dimensions 
are on the order of several wavelengths, which makes this technique particularly attractive at sub-mm wavelengths. Our 
initial measurements at 70 cm wavelength used a 2-element array to suppress one modulation sideband. Follow-on 
measurements using more elements and shorter wavelengths demonstrate our ability to suppress higher order distortion 
products. The unwanted products are not attenuated, they simply radiate from the array at different angles.
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1-3: Optimized Test Sequence Methodology for Minimal Test Time and Maximal Throughput 

Richard Dai, Ph.D. Candidate, Columbia University

As silicon photonics moves out of research and development, and into mass production, there is a need to streamline the 
testing process in order to reduce overall manufacturing costs. Currently, when equipment, facilities, and staff costs are 
factored into account, the price of testing is revealed to be on par with the price of the photonic chip itself. While the tests 
to be run on optical chips are similar to the ones used to evaluate electronic ICs, the procedures to perform these tests 
are different, as one needs to account for interactions on the optical domain. These considerations greatly increase test 
time, and thus production cost, which makes the need for test optimization much more significant. To address this, we have 
developed an algorithm which can optimally minimize the total duration for a sequence of tests, given the average runtime 
and historical yield of each test. In doing so, we have shown an average of 40% decrease in total test time, when comparing 
our algorithm to other methods of test time reduction.

1-4: High-voltage, High-power Testing in Engineering and Production - A Survey

Georg Franz, CTO, T.I.P.S. Messtechnik

"Power" devices require high voltages and high currents in wafer testing with the risk of unwanted discharges. A simple and 
effective method to suppress arcing is testing under higher than atmospheric pressure. This method is realized by using a 
chip-scale pressure chamber integrated into the probe card, pressurized by compressed air.

In this presentation the basic scheme of the electrical test of power devices is explained as well as the physics behind 
arcing. Then the whole range of probe cards with chip-scale pressure chambers are presented. Specific designs which 
contact the wafer cover the test requirements for engineering and chip development. 

The standard range of non-contact pressure chambers are for production wafer test. Recent technological advances extend 
the application to even higher test temperatures. This requires the use of hot compressed air in the chamber, and such a 
probe card with tailored compressed air heating device is also presented.

1-5: Automated Characterization of Silicon Photonics and Electronic Devices at Wafer–level

Anna Pęczek, Characterization Engineer, IHP Solutions 

IHP photonics BiCMOS platform offers high-performance electronic and photonic circuit design capability of industrial level. 
However, a stable and standardized silicon photonics technology platform for commercial applications requires continuous 
testing with high reproducibility at high measurement speed. The first and most important requirement is to establish 
reliable process control techniques. To support process control, a new semi-automated 200 mm wafer-level opto-electronic 
characterization and testing system was built. The testing system is based on Cascade wafer prober CM300xi, PI (Physik 
Instrumente) controllers and SiPh-Tools which interfaces with third-party probe control software to accurately place the 
optical fibers with sub-micron level accuracy. There are various methods of fiber to grating coupler alignment. Fiberoptic 
instruments can be controlled via proprietary software solutions. According to customer testing requirements, the optical 
and electro-optical measurements can be based on standard fibers, fiber arrays, electrical DC or RF probes. Functional 
tests are enabled by full compatibility with electro-optic probe cards. The measurement system allows for characterization 
in the O-, C- and L- band. The presentation will show performance evaluation results of the automated wafer-level photonic 
testing and characterization system of IHP, addressing functionality, optional features and reproducibility. Characterization 
results of basic photonic devices such as photodiodes or waveguides will be presented.
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1-6: Autonomous RF Measurement and Calibration

Gavin Fisher, Customer Applications and Product Solutions, FormFactor 

RF device overtemperature characteristics are generally a core requirement for all accurate semiconductor device models. 
On-wafer over temperature test is highly advantageous in terms of time and cost reduction, but can be a time consuming 
and frustrating business. During temperature transitions the RF characteristics of the probes and cables vary, necessitating 
recalibration at different temperatures. In addition, the wafer probe, positioning hardware, prober and the wafer itself all vary 
in geometry, sometimes very slowly which can cause mechanical misalignments during a test sequence. Calibration is done 
typically with ambient temperature substrates and the time taken to calibrate means the probes can cool during calibration 
affecting accuracy, so very fast work is required. Until now this all involved highly skilled users that can operate wafer 
probers quickly, efficiently and in many cases frequently attending to the prober during a test sequence. To address this 
issue, we developed our Autonomous RF measurement assistant. The Autonomous RF measurement assistant is a complete 
system that fully automates the process of over temperature RF testing with the very minimum of additional code for test 
executive. Once a 10-minute training process is completed by the user the system is capable of :

• Transitioning to new temperatures keeping the probes at a constant separation distance from the wafer and maintaining 
probe XY spacing

• Wafer and die soaks that are done with probes only just above the wafer at align height to get the probes quickly to 
consistent operating temperature

• Automatically calibrating without user input, as fast as is possible with dynamically adjusted probe placement to get 
accurate probe-to-probe X separation and scrub

• Automatically carrying out wafer and die thermal soaking and then positioning probes to suit the DUT

• Adjusting to multiple probe to named probe spacings for different device geometries

• Monitoring calibration drift and recalibrating on the fly when required

In this presentation, we will talk in detail about the entire system and show the methodologies used to qualify operation. 
Videos of actual operation and some scripting will be shown to highlight how simple the tool is to use. We will also touch on 
the approaches that are taken for RF test cells in general to minimize the issues associated with over temperature testing.

1-7: 15-term Self-calibration without An Ideal THRU- or LINE-Standard 

Sebastian Wagner, Research Associate, Augsburg University of Applied Sciences

New solutions for the self-calibration of a 2-port VNA with a leaky error-model will be presented. These solutions allow the 
characterization of the measurement setup with 15-term error-networks without an ideal THRU- or LINE-connection. As a 
consequence of self-calibration, unknown parameters in the calibration standards are allowed. The first procedure named 
NMRG2 requires the same calibration standards as the well-known TMRG procedure, with the exception of the THRU, which 
can be replaced by a known network standard. The second self-calibration procedure named MONS5 applies an unknown 
NETWORK, an asymmetric 2-port reflection and a MATCH, whereas two other known reflection standards are required.
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1-8: Testing of Chips Used for Artificial Intelligence 

PH Chen, Keystone Microtech and Alan Liao, FormFactor

After decades of promise, Artificial Intelligence (AI) or Machine Learning is finally at an inflection point. After being 
delegated to labs and selective applications, we are now seeing the beginning of the early stage of wide-spread adoption 
from medicine, and self-driving cars, to how factories are run, and to personal digital assistants such as Siri, Alexa and 
Google Assistant. The advent of power Graphical Processing Units (GPUs) and multi-core specialized computing chips 
have enabled the reality of commercially viable AI platforms. Many companies are developing their own version of high-
performance AI chips, now also begin referred to as IPU or Intelligent Processing Units. These are high-performance chips 
that draw high current and consume a lot of power. Most of these are fabricated on the leading-edge semiconductor 
technology node. The advanced nodes are also typically low-voltage nodes and hence for a certain amount of wattage, 
the current consumption becomes much higher. Formfactor has been working with the leading-edge companies world-wide 
to develop probe cards that are highly optimized to test these IPU chips. This paper is written in collaboration between 
Keystone and Formfactor. The paper will provide an overview of the AI chip market and the key challenges to test AI chips. 
There will be a description of the solution to meet key testing requirements followed by analysis of data taken at customer 
site and a preview of future work.

1-9: Device interface Challenges of the Next Decade 

Steve Ledford, General Manager, Device Interface Solutions, Teradyne

Consumable cost continues to increase and is now a larger percent of spend industry than ATE and materials handling 
equipment. Increasing device complexity is a major cause of this increase. However, device interface is becoming a bottle 
neck in the ability to fulfill the product test requirements. This session will describe the key drivers over the next decade that 
will increase device interface complexity, the technical challenges, and provide a quantitative view of key attributes. Taking 
those factors together, it is proposed that a new paradigm of device interface at sub-micron scale is beginning and what is 
needed by the industry to meet these challenges.
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2-1: Silicon Photonics Reliability and Qualification Testing 

Angelo Miele, Manager, Photonics Reliability, Macom

In recent years, the optics data communications industry has leveraged mature IC CMOS tools and processes to produce 
Silicon Photonics (SiPh) devices. However, unlike the IC industry where multiple end-users design circuits from a common 
foundry defined electrical design kit following well defined design rules, no such common PDK (Process Design Kit) exists 
to date, for SiPh. Each individual end-user designs optical circuits using their own internally designed optical components 
(modulator diode, capacitor, Ge PD, waveguide, coupler) and lay-out design rules. This leads to a unique situation where 
the CMOS foundry no longer owns the reliability obligations of the components or lay-out of design. The onus for reliability 
and qualification now falls to the end-user, in our case MACOM. We will present how we planned our reliability testing and 
determined lifetime predictions of our SiPh optical components using FormFactor’s 1164 Reliability Test System.

2-2: Techniques for the Efficient Characterization of Wide Bandgap Power Devices 

Joshua Sarris, Application Engineer, Keysight Technologies

Wide band gap power devices offer significant benefits over power devices fabricated from silicon. The key advantages of 
wide bandgap power devices include: higher operating temperature, higher operating voltage, higher operating frequencies 
and lower power loss (lower on resistance). However, while wide bandgap devices offer many performance benefits they 
also present many characterization challenges including:   

• Accurate sub-milliohm on resistance measurement at hundreds of amps of current

• Junction capacitance measurement at thousands of volts of DC bias

• Gate charge characterization at thousands of volts and hundreds of amps

• Effective characterization of gate/base resistance

This presentation will focus on the measurement theory necessary to characterize these parameters and also on how to use 
this information to calculate power loss. It will cover both the testing of packaged as well as on-wafer devices. 

2-3: Probe Card Crosstalk: How to Control the RF Fields 

Ebenezer Odu, RF Test Engineer, Qorvo

In testing RF devices at frequencies above 1 GHz, the RF crosstalk is important to control properly.  This is especially 
important when measuring RF Front-End devices that require good signal integrity and tight tolerances in order to continue 
to increase the spectral efficiency. By keeping crosstalk below a certain level, accurate measurements in a production test 
environment with a low rate of false rejects and false accepts will be maintained. A few different designs in the Pyramid 
Probe were made to investigate which features provide the best RF crosstalk.

Technical Session Descriptions
OCTOBER 16, TUESDAY
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2-4: Evaluation of Constant Power Electromigration for Si Photonics Heaters Applications 

Kristof Croes, Group Leader, imec

To allow operation at constant temperatures, on-chip heaters are essential structures for Si Photonics devices. As these 
structures are operated by high currents, electromigration is a key reliability concern. Classical electromigration tests, where 
a constant current is send through the device and where the resistance is monitored as a function of time, might be an over-
pessimistic methodology for this application: during operation, to maintain a constant temperature, the current is lowered 
once the device starts to degrade. For classical tests, this lowering is not considered and thus the devices as stressed too 
much once degradation is initiated. In this work, we evaluated the electromigration method where, instead of a constant 
current, a constant power is send through the device and the potential gain in lifetime is assessed. This work was done using 
imec test structures and the FormFactor’s 1164 reliability test system with electromigration modules.

Equipment Demo Sessions (FormFactor Beaverton Facility)
OCTOBER 16, TUESDAY

• Measurement Automation 

• Silicon Photonics Testing

• Autonomous RF Measurement and Calibration

• Wafer-level Reliability Test
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COMPASS 2018 Sponsors 

COMPASS 2018 in Munich (November 15)

Location: Hilton Munich Airport (Located in Munich 
International Airport  |   Terminalstraße Mitte 20, 85356 
München-Flughafen, Germany)

Registration Link:  
www.regonline.com/compass-2018munich

Registration Fee: €180*

*Discount available for a group more than three people.

COMPASS in Munich, Germany
November 15

9:00–09:30 Registration and Networking Breakfast

9:30–10:00 Welcome and Agenda Overview

10:00–10:35 Technical Session 1: Automated Characterization of Silicon Photonics and Electronic Devices at Wafer–level (IHP Solutions)

10:40–11:15 Technical Session 2: Millimeter-wave Antenna Measurement Facility for Antenna-in-package and Antenna-on-chip Characterization 
(Eindhoven University of Technology)

11:20–11:55 Technical Session 3: 15-term Self-calibration without An Ideal THRU- or LINE-Standard (Augsburg University of Applied Sciences)

11:55–12:50 Roundtable lunch

12:50–13:25 Technical Session 4: High-voltage, High-power Testing in Engineering and Production - A Survey (T.I.P.S. Messtechnik)

13:30–14:05 Technical Session 5: Autonomous RF/mmW Measurement and Calibration (FormFactor)

14:05–14:20 Break

14:20–14:55 Technical Session 6: High Forward Current Characterization Tests at Wafer Level on Vertical Discrete Power Technology 
(STMicroelectronics)

15:00–15:35 Technical Session 7: Dual-band Probes with Broadband Diplexers for 2-port Measurements up to 170 GHz  
(Karlsruhe Institute of Technology)

15:40–16:15 Technical Session 8:  Evaluation of Constant Power Electromigration for Si Photonics Heaters Applications (imec)

16:15–16:30 Closing

16:30–17:30 Networking Reception

http://www.regonline.com/compass-2018munich

