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WPAN Application

• By the year 2010, a data speed of 10 Gbit/s is 
expected, driven by the increasing memory capacity 
in mobile devices. 

• WPAN – Wireless  Personal Area Network

• First application : Fast Data Synchronisation 
– One application is the “immediate” synchronization of a 

mobile terminal or iPod”
– 10Gbit/s and short range of up to 1 meter

• Second application : Wireless Entertainment and 
Displays
– High-definition displays (High-Definition Multi-media 

Interface/HDMI 1080p HD)
– 5 Gbit/s and a coverage range of up to 10 m.
– Uncompressed video transmission



WPAN Application

• Typical Residential Application of WPAN



60 GHz for WPAN Application 

• 7 GHz unlicensed bandwidth around 60GHz 
worldwide
– Australia 59.4-62.9 GHz
– Canada & USA 57-64 GHz
– Japan 59-66 GHz
– Europe 57-66 GHz

• Few regulatory specifications
• Simple modulation scheme for Giga-Bit data 

rates
• Compact Antennas enable an integrated 

antenna solution



CMOS SOI 65nm for MMIC Design

• SOI Silicon On Insulator
• Benefits

– Low cost and integration in advanced baseband processing 
compared to other technologies such as GaAs, InP, SiGe
BiCMOS

– Low substrate coupling compared to CMOS Bulk
– Lower Losses for CPW on SOI

• 0.6dB/mm @60GHz  HR SOI substrate (1-3 k� .cm

• 2.5dB/mm @60GHz CMOS  grade substrate (15� .cm) 

• Drawbacks
– More expensive than bulk CMOS
– Lack of accurate models, design kits etc



MMWave design challenges 

• 60 GHz is challenging for CMOS Device Performance
– As freq � Available Gain and Power� , NF �

• Accurate interconnect and passive device models 
required to characterise loss, Q...

• Unexpected parasitic effects e.g. cross-talk through 
substrate.

• Chip interconnect issues – flip chip, bond wire etc
• Packaging
• Measurement!
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CPW for interconnection

• Coplanar Waveguide (CPW) can be realised on HR 
Silicon substrates to make standard passive RF building 
blocks such as couplers, filters etc

• CPW Advantages:
– uniplanar, low dispersion, high isolation
– Zo controlled by W/G – optimize for loss, application etc

• CPW Disadvantages:
– Typically less compact than Microstrip
– Requires underpass connections at discontinuities to suppress

parasitic slot mode.
– Fewer Design Kits available



Passive Modeling



Passive Component Library Building Flow

• 3D EM modeling and validation
• Electrical model creation

• Building model card in Spectre format
• Passive component creation for Nexxim

– Cadence ADE
– Ansoft Designer with HFSS Dynamiclink

• Passive component library validation
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3D EM modeling
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CPW transmission lines 3D EM modeling

GND

GND WG M1-M6+Al

Full 3D Simulation in HFSS as a function of W, G, stackup and 
frequency (1GHz to 110 GHz)

Zc (Re & Im)
Propagation constant � (Re & Im)

As a function of
• W
• G
• Frequency

Extraction of

M6+Al



CPW Performance vs Geometry
• HFSS can be used to extract CPW performance as a function of various 

parameters such as line width, gap, stackup arrangement etc.
• Enables the circuit designer to quickly identify suitable line geometries.

• Examples below of loss and Zc as function of stackup and line geometry. 
• M1-M6Al = Full stackup for CPW central line, M6-Al = only M6-Al for CPW Central Line

Zc vs Gap (um)

W=5µm

W=12µm M1-M6-Al

W=12µm M6-Al

W=5µm

W=12µm M1-M6-Al

W=12µm M6-Al

CPW Loss (dB/mm) vs Zc



CPW Modeling
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CPW electrical modelling for CAD tools

3D EM simulations
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Classical structure

Optimized structure
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3D EM Optimization using DSO

• Width of underpass (Wu) and central line (W2) swept from to 2-6um and 
4.4-12um respectively.

• Distributed Solve Option (DSO) run on seven separate computers
• 1h57min with DSO compared to 11h47min on a single computer



Optimized Under-pass Simulation

• HFSS Model of four underpass elements in series

• Zc extracted using TRL technique, 

• Perturbation due to the under-pass is minimized by reducing the 
overlap area of the underpass with the central signal line. 

Underpasses
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900 Bend Model
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CPW Model Validation
• CPW Line Model in HFSS
• W=12um, Gap =12.2um
• Comparison of Models and Measured response
• Zo extracted from measured data using TRL method

Zo
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CPW Model Validation
• CPW Line W=12um, Gap =12.2um, Length 

= 600um

• Comparison of HFSS Model and Design Kit 
Model.

• HFSS models can be used directly in circuit 
schematic using the Multiple 
Representations and Co-simulation in 
Nexxim
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CPW_Line

L=600um
W=12um
S=12.2um
Stack=1

Port1

Port2

0

 0.00 20.00 40.00 60.00 80.00 100.00 120.00
F [GHz]

-60.00

-50.00

-40.00

-30.00

-20.00
S11 in dB

Curve Info

Circuit Model

HFSS Model

 0.00 20.00 40.00 60.00 80.00 100.00 120.00
F [GHz]

-0.60

-0.50

-0.40

-0.30

-0.20

-0.10

0.00

-200.00

-150.00

-100.00

-50.00

 0.00
S21 Module and Phase

Curve Info

s21dB - Circuit Model

s21 dB - HFSS Model

S21 Phase - Circuit Model

S21 Phase - HFSS Model



900 Bend Model validation
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• Meander structure to test Bend Model
• Modelled using Design Kit extracted 

models and using HFSS dynamically 
linked projects for each component

• Comparison of Models and Measured 
response

Design Kit Model

HFSS Model

 0.00 20.00 40.00 60.00 80.00 100.00 120.00
F [GHz]

-60.00

-50.00

-40.00

-30.00

-20.00

-10.00
s11 in dB - Measurements vs Models

Curve Info

Circuit Model

HFSS Model

Measurements

 0.00 20.00 40.00 60.00 80.00 100.00 120.00
F [GHz]

-2.00

-1.50

-1.00

-0.50

0.00
s21 in dB - Measurements vs Models

Curve Info

Circuit Model

HFSS Model

Measurements



0

Port1 Port2

C
P

W
_Line

W
=

12um
L=

(597+
3.35) um

S
tack=

0
K

a=
1

T
em

pK
=

290

S
=

7.4um

CPW_T_Junction
W1=12um
W2=12um
W3=12um
S1=7.4um
S2=7.4um
S3=7.4um
TempK=290

CPW_Line

W=12um
L=308.8um

Stack=0
Ka=1

TempK=290

S=7.4um

CPW_Line

W=12um
L=308.8um

Stack=0
Ka=1

TempK=290

S=7.4um

Port1 Port2

U1
Pad_Access_50ohm

0

Port1 Port2

U7
Pad_Access_50ohm

Tee Junction validation
• Shunt stub structure to test Tee Model
• Modelled using Design Kit extracted 

models and using HFSS dynamically 
linked projects.

• Comparison of Models and Measured 
response
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Tee validation with State-Space Method
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• State-Space and frequency data 
simulation shows very good agreement

• CPW model can be used seamlessly in 
linear, harmonic balance and transient 
simulation
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Model Validation with State-Space method
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• CPW line and discontinuities models can be 
used seamlessly in  frequency and time domain 
simulation

• State Space method is used for time domain 
simulation (here transient simulation of stub 
filter)

• State Space method accurately fits frequency 
domain data as shown on smith chart

Frequency Domain Data
State Space Model



Active Modelling



• Standard BSIM Model
– Not available for high frequency.
– BSIM model extraction requires many 

measurements and test patterns : 
time and Silicon area consumption.

• LETI’s SILICA Model
– Fast to extract. Limited number of test patterns 

required.
– Accurate from dc to 110 GHz.

Non-linear Model for SOI MOSFET
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• Model shows good agreement with measurements
• Model works both in transient and harmonic 

balance

Non-linear Model for SOI MOSFET
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Spectre Format Model Card Sharing
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Topology of the receiver



60 GHz WPAN in CMOS SOI 65nm technology
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Building Blocks
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60 GHZ LNA 

• Multiple stages, each stage is a cascode amplifier

• Benefits of cascode stage over a single common source 
one:
– More gain
– Unconditional Stability at 60GHz
– Increased isolation which allows simultaneous matching of input 

and output more easily

• Drawbacks:
– Increase of noise figure (~ +1dB)
– Increase of supply voltage

• Good candidate to evaluate mmW performances of an 
emerging technology (SOI)



LNA Topology
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LNA
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VCO

Varactor

Transistor

0.61 mm

0.53 mm



VCO Topology

Vg

VddCvar

Vvar

50 �

ZNL ZL

Re(ZNL+ZL) < 0
Im(ZNL+ZL) = 0

@ f0

Condition of oscillations :

• A single transistor is destabilized by transmission line on the 
gate and source

• Oscillation frequency is set by CPW on G, S, Cgs, Cgd and 
varactor capacitance on the source



VCO Schematic



VCO Simulation results
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Variation of 8 GHz

• Tuning range: 55.5->63.8GHz (14%)
• Output power for the entire tuning 

range is between 2.3 and 4.4 dBm



VCO Simulation results
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Divider by 2



Divider by 2 Topology

Vg2

Vg1

Vdd

l /4 @ fin

l /4 @ f0

Out
In

Input Matching

Drain Biasing

Filter fin

Divider by 2
Fin=60GHz
F0=30GHz

Harmonic Injection Locked Frequency 
Divider (HILFD)



Divider by 2



Divider : Free Oscillating Frequency
• No RF Source at input

• Resonance frequency define division = 30.5GHz

• Input frequency = 60Ghz => divide by 2
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Output waveform at Fin = 59GHz
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Divider Sensitivity Check
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Divider Sensitivity and VCO output Power
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Divider Sensitivity

• Divider sensitivity will not allow 
division over the whole tuning 
range of the VCO 

• Buffer circuit is needed at input 
of divider



Further work

• Design Buffer to increase sensitivity of the 
divider

• Design Mixer

• VCO-Buffer-Divider co-design
• LNA-VCO-Mixer co-design



Conclusion

• 65nm SOI CMOS technology has demonstrated 
promising  performance at 60GHz for upcoming 
WPAN chip sets.

• HFSS 3D EM solver enables accurate MMWave
modeling minimizing resources and time

• Availability of models for time and frequency 
domain ensure full block simulation

• Accurate modeling up to 110 GHz combined 
with state of the art circuit simulator enables first 
pass system success


