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Modeling activities within the RF department

X-FAB Group 4

RF modeling activities
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• 4 main modeling activities within 

the RF team
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Modeling Extraction flow

X-FAB Group 6

Step 1: Modeling preparation work.
• Device layout list.
• Modeling structures/Testchip.
• PCM data analysis/sigma analysis.
• Golden wafer definition. 

Step 2: Measurements.
• DC/leakage/CV/Temp/Noise/RF Measurements.

Step 3: Modeling extraction.
• Target compact model. 
• Model extraction (IV/CV/Temp/leakage/NF) @nominal temperature.
• Temperature modeling.
• Model centering to specs.
• Statistical model Extraction (Matching/Corners/MC/leakage).
• RF characteristics verification.

Step 4: Documentation/release.
• Device Characteristics Documentation (DCD).
• GSA checklist.
• Package (GSA+DCD) to release to my XFAB.
• Model file to DB.



Company Confidential

Step 1: Modelling preparation work

X-FAB Group 7

Spice 

model 

selection

Define 

layout 

modeling 

structures

Request 

modeling 

layout

Request 

sigma 

analysis

Golden 

wafer 

definition

The road to find the golden wafer:

A rough definition :

• This wafer is chosen to represent the nominal process 

for selected primitives. For parameters defined as 

relevant for modelling for each primitive device, the 

mean value of the measured parameters should lie 

within 1 sigma of the Process Specification Typical 

value.

Golden wafer

Within the RF team, the RF 

modeling engineer can be asked to 

do the layout.

Requested from the YE team after 

measurements performed by the 

PCM team
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Device layout list example.

X-FAB Group 8

Device layout list
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Step 2: Measurements

X-FAB Group 9

•IDVD/IDVG.

•Pulsed IV characterstics.

•Leakage IGS-VGS.
DC

•Cgg-VGS.

•Ccg-VGS.CV

•All DC/CV characteristics for different 

temperatures points.Temperature

•Flicker for low frequencies.

•Thermal for high frequencies.Noise 

• S-parameters (for different bias point).

• Minimum noise figure (NFmin).

RF – Small 

signal

•Linearity (Pout/Pin).

•Harmonics (H2/H3).

RF – Large 

signal

•Matching (1 lot)

•Inter-DIE variations (20 lots/6months)

Device 

statistics

ONE wafer 

(preferred the golden one)

Measurements performed by the RF 

characterization engineer

Measurement flow for MOSFET

Many wafers/lots 

Measurements performed by the PCM 

team and data analyzed by YE team
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Step 2: Measurements type

X-FAB Group 10

Measurements type Switch LNA
Capacitor

(Varactor, MIMCAP, fringecap)
Inductance Resistors Transmission lines

DC: (Current vs voltage) X X X X

CV: (Capacitor vs voltage) X X X

Leakages current X X X

S-param:

• S21

• S11/S22

• S12

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Passive

• ESR

• Quality factor

X(only for MIMCAP/fringecap)

X(only for MIMCAP/fringecap)

X

X

Extracted from S-param:

(CGS/CGD/CDS)

FT/FMAX

X

X

X

X

Large signal:

Linearity (Pout/Pin)

Harmonics (H2/H3)     

X

X

Temperature: (-40 to 125) X X X X X X

Noise: Flicker (low frequencies)

RF noise(Thermal)

X

X

X

X

X
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Step 3: Modelling extraction.

X-FAB Group 11

Parameters to extract

Parameters to extract

Parameters to extract

Parameters to extract

Behavior to check

Behavior to check

Parameters to extract

•IDVD/IDVG.

•Pulsed IV characterstics.

•Leakage IGS-VGS.
DC

•Cgg-VGS.

•Ccg-VGS.CV

•All DC/CV characteristics for different 

temperatures points.Temperature

•Flicker for low frequencies.

•Thermal for high frequencies.Noise 

• S-parameters (for different bias point).

• Minimum noise figure (NFmin).

RF – Small 

signal

•Linearity (Pout/Pin).

•Harmonics (H2/H3).

RF – Large 

signal

•Matching (1 lot)

•Inter-DIE variations (20 lots/6months)

Device 

statistics
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ASM-HEMT model overview

12

GaN HEMT modeling
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GaN HEMT modeling

HEMT Modeling and especially GaN is a 

challenging step for these reasons:

Could you please 

provide a model 

in 2 days ?

RF Designer
Modeling Engineer

Yes, with pleasure !!

• Model the device in normal operation conditions:
➢ A more complex structure than MOSFET (2DEG confinement, Complex Field Plates,.. )

• Model the instability of the device :

➢ Trapping, self-heating, mobility degradation,..

➢ These instabilities are temperature dependent.

➢ These instabilities are bias dependent.

• Model specific phenomena:
➢ DIBL, CLM, ..

We need:

13
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Available GaN models

Table from Keysight presentation comparing the existing model for GaN.

Slides presented on 2021.04.08

CMC available models:
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ASM-HEMT model overview

Figure from 32nd AK-Bipolar Workshop, slides presented on Nov. 14/15, 2019

Model features:
• Gate current.

• Mobility field dependence.

• Drain-induced barrier lowering.

• Subthreshold-slope degradation.

• Non-linear series resistance.

• Channel-length modulation.

• Velocity saturation effect.

• Self-heating effect.

• Temperature dependence.

• Trapping (by RC network sub-circuits).

• Flicker and thermal noise.

Core channel 

charge 

model

Core terminal 

current 

model

Models for 

real device 

effects

ASM-HEMT model composition:
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Small signal topology

• Kondoh is the small signal topology used in ASM-HEMT. 

Cgdp, Cgsp, Cdsp, Lg, Ld, Ls are theoretically removed after de-embed. 

• This is proven to be accurate enough until W-Band
• Large signal estimations do not require any fitting 

Circuit topology from Keysight presentation comparing the existing model for GaN.

Slides presented on 2021.04.08
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Small signal topology

• R/C extraction form S-parameters

Equations from Keysight presentation comparing the existing model for GaN.

Slides presented on 2021.04.08
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ASM-HEMT model overview

• The model seems to be good … is there something missing ?

Yes, an accurate scaling modeling

At the industrial level, geometrical scaling is a very 

important step in modeling :

The model must accurately predicts the device behavior with 

length/width scaling.
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First Experience with GaN modeling

19

GaN ASM-HEMT model Extraction 
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Device description

Device advantages :

• AlN-GaN-AlGaN Double Heterostructure Field Effect

Transistor (DHFET) active layer.

• High resistivity silicon substrate and associated epitaxial

buffer layer.

• Transistors in depletion mode.

• Fine in-situ passivation for low drain and low gate delay.

• Bonded non-alloy ohmic contacts for ultra-low resistance.

n++ GaN

GaN layer

AlGaN buffer layer

HR Si
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1. Fitting the linear VD condition parameters:

› Extract the parameters such: Cut-off Voltage, Sub-VOFF Slope parameters, low-field mobility and mobility 

vertical field dependence parameters.

21

Extraction procedure
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2.   Checking gm and gm2:

22

Extraction procedure

• Verification of the series resistance parameters by fitting these parameters to reasonable values.
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DC extraction results

Measurement conditions :

• VGS range = −4 < 𝑉𝐺𝑆 < 1
• VDS values = 50,100,150 𝑚𝑉

Observation :

• A very good agreement was 

obtained with id-vg/gm1 

and gm2.

Linear drain-current ID−V G 

characteristics :
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3. Fitting the saturation VD condition parameters:

The sub-threshold slope/cut-off voltage degrades for high VD conditions, and this can be modeled with DIBL 

scaling parameters.

24

Extraction procedure
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DC extraction results

Measurement conditions:

❑ ID − VGS
• VGS range = −5 < 𝑉𝐺𝑆 < 1
• VDS values = 0,1,2,3,4,5 𝑉

❑ IDS − VDS
• VDS range = 0 < 𝑉𝐷𝑆 < 4
• VDS values = −3 < 𝑉𝐺𝑆 < 1

Observation :

• A fairly agreement was 

obtained with ID-VGS and 

ID-VDS characteristics

Saturation drain-current

characteristics:
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CV extraction results

CGS/CGD/CDS :

• The model already predicts the intrinsic region device capacitances via its core formulation

Measurement conditions:

❑ S − parammeasurements:
• VGS value = −0.5 𝑉
• VDS value = 2V
• Frequency range = 100M < 𝑓 < 67𝐺

Observation :

• A fairly agreement was 

obtained up to 20GHz.
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S-param extraction results

S11/S21/S12/S22:

• Extracted from Y-parameters

Measurement conditions:

❑ S − parammeasurements:
• VGS value = −0.5 𝑉
• VDS value = 2V
• Frequency range = 100M < 𝑓 < 67𝐺

Observation :

• A deviation observed at higher frequencies.
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DC Geometry Scaling development
First results with DC Geometry scaling
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μeff =
𝐔𝟎 𝑇

1 + 𝐔𝐀. 𝐸𝑦,𝑒𝑓𝑓 + 𝐔𝐁. 𝐸𝑦,𝑒𝑓𝑓
2

Low field mobility (geometry independent) 

• Defect Scattering (Defect/impurity/alloys) are not taking into account.
• Lattice scattering (acoustic /optical phonon) are not taking into account.

• Limitations :

Electric field effect is only considered in 
the mobility degradation.

𝐸𝑦,𝑒𝑓𝑓 is the effective vertical electric field 

calculated using Gauss's law.

Fitted model parameters

• ASM mobility model :

Key parameters for scaling
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IDSclm = 𝐼𝐷𝑆 1 + 𝜆. (𝑉𝑑𝑠𝑥 − 𝑉𝑑𝑒𝑓𝑓)

- CLM coefficient/VSAT could be a width dependent due to inhomogeneity of doping, electric field and potential with width increases.

• Limitations :

• Channel length modulation

Key parameters for scaling

Channel length modulation coefficient

μeff,sat =
μeff

1 +
μeff

𝑉𝑆𝐴𝑇. 𝐸𝑥

• Velocity saturation
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Scaling rules development

𝜇𝑒𝑓𝑓 =
𝑈0𝑠 𝑇

1 + 𝑈𝐴𝑠. 𝐸𝑦,𝑒𝑓𝑓 + 𝑈𝐵𝑠. 𝐸𝑦,𝑒𝑓𝑓
2

• Scaling rules development example :

𝑈0𝑠 =𝑈0 𝑇 .

𝑊𝐸𝑁

𝑊𝐸

𝑈0𝑉𝐴𝐿𝐸𝑋𝑃

Geometry independent part –
temperature dependent

Scaling rule N0:1

Geometry dependent exponent (width part)

Scaling rule N0:2

𝑈𝐴𝑠 =𝑈𝐴.

𝑊𝐸𝑁

𝑊𝐸

𝑈𝐴𝑉𝐴𝐿𝐸𝑋𝑃

Scaling rule N0:3

𝑈𝐵𝑠 =𝑈𝐵.

𝑊𝐸𝑁

𝑊𝐸

𝑈𝐵𝑉𝐴𝐿𝐸𝑋𝑃
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Results

ID − VGS characteristics :
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Results

Before DC Geometry 
scaling implementation 

After DC Geometry 
scaling implementation 

By scaling rules 
implementation

• 𝑉𝑆𝐴𝑇𝑠 Scaling rule example : 

Example:

𝑉𝑆𝐴𝑇𝑠 = 𝑉𝑆𝐴𝑇.
WEN

WE

𝑉𝑆𝐴𝑇VALEXP

Initial fit for L100 W25 NF2  W Scale for L100 W35 NF2  W Scale for L100 W18 NF2  

Initial fit for L100 W25 NF2  W Scale for L100 W18 NF2  W Scale for L100 W35 NF2  

Sim Vs measurements for DC characterisitics- after scaling

μeff,sat =
μeff

1 +
μeff

𝑉𝑆𝐴𝑇𝑠. 𝐸𝑥

ID − VDS characteristics : W Scale to 35u 
RMS Err = 10.31%

W Scale to 18u 
RMS Err = 7.511%

W Scale to 25u 
RMS Err = 3. 35%

W Scale to 35u 
RMS Err = 3.6%

W Scale to 18u 
RMS Err = 4.418%

W Scale to 25u 
RMS Err = 3. 35%
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Conclusion
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➢ Geometrical scaling is a very important step in modeling for industrial scope.

➢ Modeling environment has been prepared and the DC scaling rules have been implemented at the Verilog-A 

level of the ASM-HEMT CMC model.

➢ Primary results of width scaling validation were obtained while using DC measurements.

➢ As next steps:

Large GaN/Si width variation structures.

CV/RF characteristics will be tested and verified.

35

Conclusion
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Thank you.

www.xfab.com

https://www.xfab.com/
https://www.facebook.com/xfab.corporate/
https://www.instagram.com/xfabulous_foundry/
https://www.linkedin.com/company/x-fab/
https://www.twitter.com/XFAB_FOUNDRY
https://mp.weixin.qq.com/s/cjO1t-2Y_k3WTwsQv5HoYA
https://youtube.com/channel/UCZVqNluNp8W0Ni9CQ0PTvyQ

