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Motivation

New market:

q LMDS (26 – 28 GHz)
q RF-Links (28 / 35 GHz)
q Various automotive applications: radar, pre-crash sensors,

surface detection (20 – 40 GHz)
q Linear PA (1 – 20 GHz)
q Low-noise amplifier (DC – 40 GHz)

Precise models up to 2 x operating frequency

Standard technique is limited to f < 40 GHz

Standard models limited

New measurement, extraction methods required 
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Standard On-Wafer Layout

Intrinsic device

q Parasitic environment caused by coplanar pads,
substrate influence and crosstalk

q Additional structures needed to determine the
parasitic environment

intrinsic device

parasitic      environment
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Standard De-embedding Technique
q Π-structure (OPEN)
q Determination of parasitic parallel

resistances and capacitances

q T-structure (SHORT)
q Determination of parasitic series

resistances and inductances
SHORT

parasitic      environment

OPEN

parasitic      environment
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Standard De-embedding Procedure
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New De-embedding Technique / Principle

ACTIVE

SHORT

DUT

Demands

Advantages

q 50 Ω coplanar transmission line
q Low-loss CPW
q Pads designed for 100 µm and 150 µm pitch

q Electrical length approx. 1 up to 1.5 ps

q Exactly defined reference position
q Easy de-embedding during the measurement 
q Compatible to coplanar circuit technology
q Device behavior in defined environment

measured
q No misunderstanding due to further

de-embedding structures (OPEN- and 
SHORT-structures)
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Low resistivity Silicon
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Transmission Lines
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Measured CPW Characteristics
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Resonances caused by 
parasitic pads
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Transistor Layout (Cadence)

High-Speed
SiGe(C)-HBT

Signal Ground
Metal 4

Metal 2

Via’s

Input Port Metal 2/4
Base-Contact

Output Port Metal 2/4
Collector-Contact

Signal Ground
Metal 4

Emitter-Contact
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New De-embedding Technique / Model

intrinsic device

parasitic      environment

q Device embedded into a 50 Ω coplanar
environment

q Use of distributed transmission line model
for the de-embedding



R. Reuter / Nov. 2002
Bipolar User Meeting 2002, Rev. 1.0, 12

Motorola, the Stylized M, and all other trademarks indicated as such herein are trademarks of Motorola, Inc.  ® Reg. U.S. Pat. & Tm. Off. 
All other product or service names are the property of their respective owners.  © Motorola, Inc. 2001.  All rights reserved.

Coplanar Short

SHORT

parasitic      environment

q T-structure (SHORT)
q Lossy Transmission Line
q Phase Shift and Magnitude Offset
q Only one de-embedding structure needed

Coplanar
Transmission
Line

Short replacing
the intrinsic
device
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Measured Coplanar Short

DC
Short

frequency

s11, s22

 f = 0.5 GHz - 119.5 GHz

Attenuation
of the Coplanar
Transmission Line
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Magnitude Offset

 

DC
Short  f = 0.5 GHz - 119.5 GHz

s11, s22

frequency

Attenuation eliminated
by the a magnitude
offset during the
measurement!
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Magnitude Offset & Port Extension

 

DC
Short

frequency

s11, s22

 f = 0.5 GHz - 119.5 GHz

Phase shift eliminated
by a correction of the
reference plane!
(port extension)



R. Reuter / Nov. 2002
Bipolar User Meeting 2002, Rev. 1.0, 16

Motorola, the Stylized M, and all other trademarks indicated as such herein are trademarks of Motorola, Inc.  ® Reg. U.S. Pat. & Tm. Off. 
All other product or service names are the property of their respective owners.  © Motorola, Inc. 2001.  All rights reserved.

New De-embedding Procedure
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Coplanar Short Eliminate transmission
line attenuation
(magnitude offset)

Adjust reference position
by eliminating the phase
shift (port extension)

Contact active device

Active Device
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Small-Signal Equivalent Circuit

Base Collector

EmitterEmitter
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R<C> L<C>

R<jc>

C<je> R<je>
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Measured and Modeled S-Parameters

Frequency range:
0.5 – 119.5 GHz

High-speed
SiGe(C)-HBT

Motorola/IHP
Technology

measured
modeled

s22
s11

s21

s12

Max. s21 = 18.0 Max. s12 = 0.25
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Summary

Introduced new transistor layout

Based on coplanar transmission lines

New simplified and enhanced de-embedding technique,
using the distributed wave characteristics of the 50 Ω coplanar
transmission line

Robust mathematical procedure, less time consuming

Method proved up to 120 GHz! by small-signal modeling

No external calculations needed, see de-embedded
characteristics directly live


