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The Need for RF-PASS

• RFIC Passive Integration Continuously Increasing

 A challenge for radio IC development

 Smaller, more features, time-to-market demands

• New RFIC Technologies

 Six or more metal layers means many more options available

 Enables new approaches to passive component design

• Libraries of Pre-Characterized Parts are Inadequate

 Large lag time for developing and characterization

 Exact component desired often not found in library

 No guarantee of any optimized components in library



Design Aids Generates  

Complex Inductors, 

Transformers, Baluns, 

Capacitors and 

Resistors

Full 3D seamless field solution 

for the highest accuracy-yet 

runs in seconds

Includes non-uniform current  

distribution due to skin and

proximity effects

Detailed model of substrate 

includes losses due to eddy 

currents and displacement 

current

Generates S, Y, or Z-Parameters

Generates fully coupled and 

distributed RCLK Spice sub-circuits 

Generates equivalent circuit model

RF-PASS Features



Using the RF IC Passive 
Component Builder

• Design
– Using a few 

parameters

• Extract
– Complex frequency 

dependent RCLK

• Model
– Create S, Y, Z 

Parameters and

Compact Model

• Optimize
– Through iteration



Additional RF-PASS Features

• Fast Run time (typically seconds)

• Input is GDSII layout for layout tools or simple ASCII control file 

for automated builders

• Automated builders generate cells for layout in GDSII format

 Choices include Spirals, Helices, Transformers, Symmetrics, Baluns or

Any Combination of Above Structures

 Add to or Modify Layouts Before Modeling

 Model various substrate shielding techniques

 Model location, shape and size of ground contacts

 Model pad parasitics (alternative for de-embedding)

 Arrays of minimum sized vias

 Snaps vertices to selected grid size

• OEA Optimizer included for max, min or best fit of user defined 

compact model

• Compatible with SpectreRF, HSPICE, SmartSPICE, ADS, etc. 

through industry standard output formats



Jaguar

Cougar

RF-PASS 

Solver 

Technologies

 3D frequency domain field solver

 Extracts frequency dependent RCLM models

 Accurate skin and substrate eddy-current effects

Panther

 Frequency 
domain
SPICE 
solver for
S-Parameter 
Generation and Fitting

 Frequency 
domain
SPICE 
solver for
S-Parameter            
Generation and Fitting



C = Q / V

(V) = 

E = -V

D = E

Q = d =  D  ds

                 

R = V / I
 J = 0
J = s E
E = - V
 (s V) = 0
I =   J  ds

s

L(H) = 0.002l {ln [2l / (w + t)] + 0.5 -

k} 

R() = l / (w t)   

Z( j )= R + j L

Where k = f (w t )
 = 2 f 

0 < k < 0.0025

Full 3D Field Solutions
Industry’s defacto Accuracy Standard



Z

X

Y

L2

L3

L4L1

L5

L6

L

Inductance Modeling Approach
Partial Equivalent Element Method (PEEM)

Six Self Inductances: L1, L2, L3, L4, L5, L6

L1 is coupled to L2, L3, L4, L5, L6

L2 is coupled to L1, L3, L4, L5, L6

...

eff

Thirty Mutual Inductances: Leff



Z

X

Neumann Formulation of 
Mutual Inductance

YA

B

C

D

r

L i, j = 
s´= C s = A

B
u  

r d    ds s´

r =  ( x - x´ )  + ( y - y´ )  + ( z - z´ )
2 2 2



u        unit vector along AB


 unit vector along CD


D



Geometric Distance Between Objects

X

gd 

l l 

r =  (x - x´)  + ( y - y´)2 2

gd =             ln ( r )d  d ´

´ 

y2´ x2

gd = 

y´= y1´

y2
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x2´

x´= x1´ x = x1
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Examples of 

Inductive Components



Symmetric Inductors



Differential and Single Ended 

Example LRQ – Mag(Z) Plots
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S(2,2)
symmetric_rfp_panther_Sout



Paired Inductors

Cross-coupling of inductors should be analyzed!



Example Report File

Effective inductance
given for each DC path 
node pair

Coupling between the inductors
is also computed



Example of Touchstone 

4-port S-Parameters
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4-port S-parameters 
in Touchstone format

Input impedance over 
frequency

of both inductors 
plotted on a Smith Chart



Helical 

Inductors

Helical series inductors
have the advantage of having 
higher inductance per unit area.



Example of LRQ Plots –

Smith Chart Output
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Transformers and Baluns



Example of Report File 

Showing Insertion Loss
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Effective inductance of the
primary and the secondary with 

coupling coefficient (K).



Transformer from 
Two Concentric Helices



Transformer with 
Helix on Spiral

Single Helix Double Helix



Coupled Resonant Circuits

Capability to analyze innovative 
passive RFIC structures



Example of Report File 

and Smith Chart
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Verifying the symmetry by 
Overlaying the input impedance 

Of the two inductors

Effective DC Inductance
And Series DC resistance
Given for both Devices



Lets talk 

Capacitive Components



Capacitive Components

MIM Capacitors (Not as Simple as they Look)

 Large Devices with Distributed Resistance and Capacitance

 Could Include Significant Substrate Effects

 Asymmetry Could Cause Noise Pickup from Substrate

TOP PLATE

BOTTOM PLATE

OXIDE

Silicon

VSS



Pos

Neg

Capacitive Components

• Multi-layer Interdigitated Structures
 Patented structure (owned by LoneStar Inventions)

 Maximize Capacitance per unit area (4X standard parallel plate)

 Symmetric relative to substrate (minimize noise pickup from substrate)

 RF-PASS Modeling will include skin and proximity effects

• RF-PASS can help optimize this type of design 

 Control undesired RL effects

 Helps easily customize to fits in oddly 

shaped regions

 Optimize selection and usage of metals

 Optimize finger width and spacing

 Optimize placement of metal straps

 Optimize Q



Example of 

Interdigitated Capacitor*

3-D ImageGDS2 View
* Patent: LoneStar Inventions



Example Capacitor Report File and Plots
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Inter-digitated caps provide
more capacitance per volume
by taking advantage of 
fringing effects.



Lets Talk

Resistive Components



Resistive Components

Thin Film Resistors (Not as Simple as they Look)

 Large Devices with Distributed Resistance and Capacitance

 Could Include Significant Substrate Effects

 Asymmetry Could Cause Noise Pickup from Substrate

Resistor

OXIDE

Silicon

VSS



Thin Film Serpentine Resistor

• What is the coupling across segments?

• What is the coupling through the substrate? 



Serpentine Resistor

Coupling to other nets 
and LC effects on resistors 
should be included!



Example Resistor Report File

Coupling coefficient (K)
Between the resistor and 
the net

Capacitance to GND



Summary

Full 3D Field Solver with Frequency 

Effects with Fast Run Times

• S, Y, Z-Parameter and Compact Model 

Output

• GDSII Input or Automatic Creation of 

Structures.  

• Useful for all RF Passive structures


