Harmonic Reject Filter

Miniature low pass filter
PD technology

Passes GSM 880-960MHz band
Rejects 2,3,4 harmonics




Filter specifications

Typical application :
— Passes GSM low band (880-960MHz)
— Rejects harmonics (n=2,3,4)
Low Insertion Loss
— IL<0.7dB @ 800 -1000MHz
High Rejection of 2,3,4 Harmonics
— Rejection > 40dB @ 1760-38400MHz
50 Ohm Input Output Impedance Filter Spec

— Return Loss <-17dB @ 880-960MHz 0
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Design steps 1,2,3,4

1. Build a parameterized component library
e Simulate the Inductor and capacitor components using Momentum 2.5D simulator
o o o —) } D-300 ym with respect to the object’s geometry (Width, Diameter, Number of turns, ...)
e - Optional :Extract Equivalent Model parameters for each geometry
Build a Parameterized Simulation model based on individual geometries

Ideal Filter Response

Choose a filter topology (Chebyshev for ex) with ideal lumped components.
- Optimize L,C components values to match specifications
e > Save Ideal S-parameter filter response

o
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4 3. Generate the target schematics
\ - with the parameterized library component based on the filter topology

EESS Pamans) - Tune / Optimize the objects dimensions to match ideal S parameter response
> Save Target S-parameter filter response

Preliminary layout / Fast Iterative process / Final Layout
- Generate a preliminary layout and Simulate (Momentum)
- Optimize the component dimensions in order to match the Target response.
Final momentum simulations
- Gerber files generation

Momentum Filter response




Step 1 : Parameterized Components 1/2

Spiral Inductors

Diameter =350, 450, 550um
Width =40 pum

Diameter =350, 450, 550um
Width =20 pum

The components geometry is chosen,
having in mind what the complete layout
will look like

» Automatized process

Parameterized Black Box Model

Perform Momentum simulations of

inductors and capacitors for a set of
geometries covering the target component

values.

Merge the corresponding momentum

simulation results in a single file

» Ready for Fast interpolated

DAC

J

DataAccessComponent
Parameterized_with_comp_geometry
File="ind_Model.ds"

iVal2=Width

iVal3=Diameter

simulations.

DataAccessComponent
SingleMomentumSimulation
iVal2=40pm

iVal3=350pm



Step 1 : Parameterized Components 2/2
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C=CO0 pF

Fitted lumped element model
— Fit model to momentum simulation results
— Get extracted parameters for each

geometry

* Main parameter LO
e Second order : RO, CO

» |PD technology : small parasitics

Main Model parameters : LO

Fitted Inductance LO vs W (X)
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Use a second order model (RO,C0O) next time
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Step 2,3 Schematics

|deal Model : Lossless Lumped Components
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Target model : Geometrically Modeled Components
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Step 2,3 : Build Ideal and Target

Target Filter Response
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Step 4 : Initial layout
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Step 4 : Fast Iterative Process

Since building a fully parameterized
momentum model would be time
consuming , quick Black Box Models
optimizations are run to estimate the initial

component model inaccuracy and

compensate foritin an iterative process
manner.

1. Start from overall Momentum
simulations MO computed with the
reference set of geometrical
parameters X0

2. Use the simulator optimizer to find the
deviation from initial parameters which
would have given this inaccurate result :
S1=5(81)=M0

3. Compensate the geometrical
parameters for a second momentum
simulation : M1=M(-81)

4. Iterate this procedure as necessary to
reach the target with the desired
accuracy.

5. Record the optimized geometrical

parameters Xn

Circuit
S parameters

M
------- S
S1
M2=S0=Target [&----g-------
(D3,W3,%3) (DOWO,X0)  Set of
geometrical

Small inaccuracy to be Dimensions
compensated for

M : Momentum Overall Circuit Simulation
Time consuming and partly manual simulations

S : Individual Component Model
Fast automated simulations using Parameterized Black Box Models

ﬂl NB : Convergence can be improved by slowing down steps such as : X1=X0 -0.8 *61 instead of X1=X0 - 61




target

Steps 4 : Momentum Simulations reach Target

. Filter Losses
Filter response
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Step 4 : Intermediate Results

Filter Response
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Final Layout / Results

Filter Response
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Filter Design Conclusion

e GSM harmonics filter designed in IPD technology
— Small overall dimensions
e 1.6mmx1.1mm=1.76mm?

— Performances meet specification
o <0.7dB insertion loss,
e >50dB rejection (2" Harmonic)
e >40dB rejection (3 and 4t Harmonics)
e <-20dB return loss.

« Simple and Powerful Design methodology.
— From schematics to layout in small reversible steps

— Geometry optimization through a Fast Iterative Process using a small
number of intermediate momentum simulations.



