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Research Motivation
lMost chips need to be packaged and then 

surface-mounted onto PCB for practical use.
l The packaged chips operate at higher 

frequency suffer more from package and PCB 
effects.
l A complete procedure for codesign of RFIC, 

package, and PCB was seldom reported.

4This research aims to propose a general co-
simulation procedure for RFICs including the 
package and PCB effects.
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W-CDMA Upconverter RFIC Design
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EM Simulation for Package and PCB
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Chip-Package-Board Co-Simulation
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from  package and PCB interconnects
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Conversion-Gain Reduction 
in the Mixer Stage

l Conversion-gain reduction factor
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OIP3  Derivation in the Mixer Stage
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and PCB interconnects
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IM3 Analysis in the Balun Stage
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Gain Reduction and OIP3
in the Balun Stage

l Gain reduction factor
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W-CDMA Upconverter Module 
Implementation

 
Chip photo
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Comparison of Final Results
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W-CDMA Quadrature
Modulator RFIC Design
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EM Simulation for Package and PCB
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Chip-Package-Board Co-Simulation
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New 90-degrees Phase Shifter
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Amplitude and Phase Imbalances

lAmplitude imbalance 

lPhase imbalance

lDesign values for L and C
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Analysis of 90o Phase Shifter
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Analysis of Double-Balanced Mixer
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Analysis of Differential to Single-
Ended Converter
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Analysis of Output Buffer 
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W-CDMA Modulator Module 
Implementation

Chip photo

Packaging

On board test
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Comparison of Final Results
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Conclusions
lPractical chip-package-board codesign

examples are demonstrated in implementing 
the W-CDMA RF component modules.
lThe package and PCB interconnects are 

transformed into the equivalent circuit 
elements using Q3D extractor for co-
simulation with RFICs in Nexxim simulator.
lFor both realized modules, the co-simulation 

results agree quite well with our theoretical 
predictions as well as the final measurements. 


