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Q-plot vs ground patch area

Ground Patch (LGPxWGP)
a: 600x100 um (worst)
b: 600x300 um
c: 600x600 um
d: 1200x1200 um (best)
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DUT and Pads/Probes in Series

� Small probe separation case

� Pads/probes parasitics appear in 
net Z 12 only

� Z11-Z12 and Z22-Z12 terms are clean
� Low impedance ground patch 
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Improved Q plot after de-embed



Company Confidential

Overview - Why Multi-contact Probes?

� With this initiative, Cascade offers our customers fu ll probing 
solutions – probes, cal substrates, software and stati ons - from 
R&D to Production

R&D
EPD Engineering 
Characterization 

Probes

Production
PPD Production 

Probes

Multi-contact 
probes for 

Engineering 
functional 

test
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Background - Definition
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RF sometimes w/ Bias

RF, DC, Logic, Power, Ground
RF sometimes w/ Bias

Circuits
Discrete 
Devices

Multi-contact probes are used for testing circuits,  rather than discrete devices
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Functional Circuit Testing Needs: 

Evaluate Circuits for 

� Design evaluation
� Detailed specification verification 

� Design debug

� Failure analysis

Product Requirements include…

� Number of contacts: 3 to 20+
� Signal Frequency: <20 GHz to 110 GHz

� Signal integrity: “Reasonably good” to metrology grade.

� Power integrity: Resonant free, low impedance power bypass
� Contact life requirement: 1K to production (0.5 million and up)

� Calibration: None to “full” calibration with Wincal

Measurement Challenge – Nearly infinite number of configurations!
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Unity Product Features

Design Rules:
� Any pad may be DC, Power, 
Logic or RF to 20 GHz

� Collinear pads, up to 12
� Constant pitch (with “null 
contact” allowed)

� Available pitches: 100, 125, 150, 
200, & 250 microns (other 
available for modest NRE)

� At least 1 ground adjacent to 
signal lines to obtain specified RF 
performance (for a maximum of 8 
RF signals)

� Eye-Pass power bypass, low 
impedance andresonant free to 
>40 GHzPhase 1: 12 Contacts, 20 GHz
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Unity Product Specifications

“Typical” results for GSG 100

“Typical” results for GSG 100
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Online Design Capture, continued
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A Commercial 
Multi-Line TRL Calibration
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On-Wafer Calibration using TRL

� Minimal knowledge of standards
� Uniform transmission lines of various lengths 

� Equal reflect 

� Line Z o can be an issue
� Needs to be determined…

- Easy for low-loss case
- Hard for lossy substrate

� …and corrected
- Otherwise S-parameters

with complex Zo
(bad)

Reflect

Thru

Lines

Reflect

Thru

Lines
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Example TRL Measurement: Load
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What is Multi-line TRL?

� Uses all lines at all frequencies
� not banded

� Optimally weights data from line pairs according to ho w 
distinguishable they are

� 90 degree differences maximally weighted

� 0 or 180 degree differences minimally weighted

� No data discontinuities due to band breaks

� Provides the ability to: 
� Position the reference plane locations to a specific physical offset distance 

from the center of the thru

� Renormalize the reference impedance to 50 ohms
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WinCal MLTRL Implementation

� TRL calibration standards are defined by 
physical dimensions

� The Location Manager tool provides a way to conveni ently record a set 
of device locations including moves with probe posi tion changes
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Example: Comparison Study

� Agilent 8364A PNA
0.2-40 GHz, 200pts, 100Hz IF BW

� Cascade Microtech Summit 
12861B probe station

200mm wafer chuck

Aux chuck for off-wafer stds

MS-1 programmable positioner

Infinity i40A-GSG-150 RF Probes

101-190C Imp. Standard Substrate

� Reference Automated MLTRL
� One-button Cal! = Fast

� Very repeatable

� SOLT Inaccuracy
� Ref Plane error?

SOLT

Manual 
MLTRL

Auto MLTRL

<2 minutesAuto MLTRL

>10 minutesManual 
MLTRL

1.25 minutesSOLT

TimeCal Method


