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Footprints of CMOS Technology Innovation [1]
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RF Circuit Designers’ Nightmare
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the more pain designers feel.
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Why designer claim SPICE model is inaccurate ? 

Similar to Uncertainty principle. 
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？

No way to know the typical transistor performance by the snapshot.  
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Solutions to Support RF circuit production chain.Compact Modeling Society can offer 3 key technologies.  
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fMAX optimization of RF-NMOSFETs 

Reduction of overlap capacitance (CGD) 

can make 40nm CMOS widely available 

for IoT applications.  
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01
High Volume measurement
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Issues of high volume millimeter-wave measurement. 

It is possible thanks to hardware development.
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– Precise Probe skating

– Precise Wafer alignment 

– Hardware Drift

• Mandatory frequent de-embedding
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[1]
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Comparison of de-embedding method. 

New Hard ware unveil real fMAX value of MOSFETs
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02
Test structure design for 

high volume measurement.

[4]
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Design of scribe-type GSG test structure.

Compatibility kept upto 35GHz.  Needs improvement.
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Optimized layout has been determined by SOLT de-

embedding with simulated data of SHORT,OPEN and DUT 

patterns. 
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03
Fab-linked compact model.

- How is the typical model specs ?

- Linking MC model and In-line data.

- How to corporate with factory for high yield.  
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Existing modeling technology is good for IOT applications.
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110GHz S-parameter model vs measurement.

Existing modeling technology is applicable up to 110GHz
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Continuous fight with parasitic incorporation.
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Cold measurement helps to extract layout parasitic. [1]

Values depends on the target application.

Good indicator of transistor monitoring.
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𝑪𝑭𝑮𝑫 =
−𝒊𝒎𝒂𝒈 𝒚𝟏𝟐
𝟐𝝅 ∙ 𝒇𝒓𝒆𝒒

𝑪𝑩𝑫 =
𝒊𝒎𝒂𝒈 𝒚𝟐𝟐 + 𝒚𝟏𝟐

𝟐𝝅 ∙ 𝒇𝒓𝒆𝒒
𝑪𝑮𝑩 =

𝒊𝒎𝒂𝒈 𝒚𝟏𝟏 + 𝒚𝟏𝟐
𝟐𝝅 ∙ 𝒇𝒓𝒆𝒒

𝑪𝒐𝒙 =
𝒊𝒎𝒂𝒈 𝒚𝟏𝟏 − 𝒚𝟏𝟐

𝟐𝝅 ∙ 𝒇𝒓𝒆𝒒

𝑹𝒅𝒔𝒃 = 𝑹𝒆
𝟏
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𝑹𝑫 = 𝑹𝒆 𝒛𝟏𝟏

𝑹𝑺 = 𝑹𝒆 𝒛𝟏𝟐 − 𝑹𝒅𝒔𝒃

Source and Back-gate grounded
VG=VDD, VD=low, VS=VB=0

Source and Back-gate grounded
VG=VD=VS=VB=0
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How quickly to track Si and feedback to RF-models ?

Keywords

(1) Fab-link SPICE models.

(2) Fast model update loop.
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Fab-link model parameters vs In-line data. 
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How Process function looks like ?

Establish direct link of li-line data with compact 

model.
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statistics {

process {

vary Ndep dist=gauss std=XX 

percent=yes
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Fab-link model vs. measurement at 60GHz. [1]
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Fab-link model vs. measurement at 60GHz correlation. [1]
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4
Summary and future outlook
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Summary.
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Past Now Future
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Solutions to Support RF circuit production chain.

How to link them → New subject to compact modeling  society. 
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