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 UMS Introduction. 

 Foundry Offer: GaAs and GaN processes. 

 Why good models & Design Kits are needed ? 

 NL modeling for GaAs and GaN. 

 Electro-thermal modeling for GaN. 

 Noise and linearity modeling and validation.  

 Stack for E/M. 

 Other topics and coming improvements. 

Presentation outline 
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UMS at a glance 

 
 European source of RF MMIC solutions, GaAs and GaN foundry services 

 Industrial facilities in: 

 Ulm (Germany): GaAs & GaN technology development and production 

 Villebon (France):  product development, back-end production and support 

 

 

 

 

 

 

 Long heritage of supplying to most demanding applications 
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Our Markets  

 Phased Array Radar  

 Electronic Warfare  

 Communications 

 Communications 

 Earth Observation 

 Scientific Missions 

 Long Range Radar  

 Short Range Radar  

 Industrial Sensors 

 Point to Point  

 VSAT Terminal  

 Base Stations 

Defence  

& Security 

Space Automotive 

ISM 

Telecom 
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Product offer 
From DC up to 110GHz 

 

 
 Power Amplifiers up to 200W 

 Very Low Noise Amplifiers 

 Mixed signal functions 

 Multichip modules 

 

Catalogue  Asic 

GaAs GaN SiGe Plastic & Hermetic packages 

Technology Platform 

~ 200 Products  20 RF designers  

5 



All information contained in this document remains the sole and exclusive property of UNITED MONOLITHIC SEMICONDUCTORS and shall not be disclosed by the recipient to third party without the prior consent of UNITED MONOLITHIC SEMICONDUCTORS 

Date / Ref doc 

 pHEMT and HBT GaAs 

 HEMT GaN 

 Schottky 

 MESFET 

 

Technology 

 Tools (PDK) and support 

 Foundry training 

 Multi Project Wafers 

 Early access mode 

 

Design 

 Wafer and die  

 On wafer test 

 Known Good Die 

 Packaging 

Services 

Foundry & Services Offer 
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Comprehensive support 



All information contained in this document remains the sole and exclusive property of UNITED MONOLITHIC SEMICONDUCTORS and shall not be disclosed by the recipient to third party without the prior consent of UNITED MONOLITHIC SEMICONDUCTORS 

Date / Ref doc 

 

 

Open processes 
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Foundry Offer 
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 Fully scalable and accurate models  First pass success 

 

 
 Passive devices : 

 Inductor, capacitor, resistor, line.  

 

 Active devices : 
 FETs : linear, non-linear and noise, 

 Parallel and series switches. 

 Schottky diodes and varactors. 

 

 Data available for spread analysis. 

 

 Accurate models => no need for FET sampling 
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PDK: UMS added values 
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 Schematic and layout library (auto-layout capability) 

 Stack definition for E/M simulations 

 Design Rule Check capability 

 

 

 

 

 

With Keysight ADS 2012-2016 
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UMS PDK added values 
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FET NL modeling 
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Technical measurement of pulsed I-V & S-Parameters for nonlinear modelling 

2 to 40 GHz 

2 to 40 GHz 

 A fast pulse with a low duty cycle is used to move gate and drain biases from a chosen 

steady quiescent bias to another point on the I-V plane 

 S-parameters measurements are performed in pulses 

 It is closer to the operational behavior. 

 The thermal and traps conditions are set by the 

quiescent biasing condition. 
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NL Model 
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𝑖  
𝑃2

−𝐴 ∙ 𝑔 𝑉𝐺𝑆
𝑖     with  2 ≤ 𝑃2 < 3   

 

 

 Gate capacitances are described by gate charges 

 

 Thermal effects controlled by Vth (for GaN) 

   (dVth = Kth∙[(TB-TB
*)+Rth(TB)∙PD-Rth(TB

*)∙PD
*]) 

 

 Drain lag or traps taken into account  

 

 

 

 

[1] C.Chang and al. Nonlinear Transistor Modeling for industrial 0.25µm AlGaN-GaN HEMTs 

EuMW  2013 
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Temperature evaluation techniques for Rth validation   

Source Drain 
G 

GaN 

IR measured 

temperature 

Thermoreflectance 

measured temperature 

Simulated maximum peak 

junction temperature 

Raman measured 

temperature 

Technique 
GH25 - 8 x 125 µm 

Tb = 130 °C / Pdiss = 4 W/mm 

PPH25X - 10 x 55 µm 
Tb = 95 °C / Pdiss = 1 W/mm 

IR microscopy 10 °C/W 89 °C/W 

Thermoreflectance  11 °C/W 96 °C/W 

Raman spectroscopy 12.5 °C/W 118 °C/W 

3D Thermal simulation 17.5 °C/W 149 °C/W 

Thermal measurements  Thermal model validation 3D  Tj evaluation Rth (Tc) 

≈ + 70 % 

GH25 8x125µm 

Tb = 130 °C / Pdiss = 4 W/mm 
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GaN GH25 lag or traps effect  

[1] O. Jardel, F. De Groote, T. Reveyrand, J.C. Jacquet, C. Charbonniaud, J.P. Teyssier, D. Floriot and R. Quéré, “An Electrothermal Model for AlGaN/GaN 
Power HEMTs Including Trapping Effects to Improve Large-Signal Simulation Results on High VSWR”, IEEE Trans. on Microwave Theory and Tech., 
Vol. 55, N. 12, 2007, pp. 2660-2669 

 Asymmetrical time constant for emission and capture are 

taken into account through the filter structure below 

implemented in the model. 

 

 Constants may be adjusted to fit with observation of the 

Drain lag.  

 

 Gate lag less pronounced is not taken into account. 
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 Gate Charges described by equations and validation. 
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NL Model Cgs and Cgd 
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 Power load pull simulation / measurements 
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Validation of the NL models 
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Load pull – 8x75µm / 10GHz / 30V@100mA/mm 

Measurements versus model simulations under same input and output load conditions. 

At MMIC level. On a X band PA. 
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Plextek - Keysight - UMS partnership 
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 E band design requires noise model 

 E-band measurements of 4 noise parameters is challenging.  

-> Extrapolation from 2-40GHz may be preferred !  

 

 

 

 

 

 

 

 

 

 

 

 

=>The model has been validated  

through up to E-Band MMIC  

design. 
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GaAs – PH10 – for E band  
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GaAs Modeling: PPH15X-20. Power comparison 

2-port Nonlinear hot model vs power measurements(TV110840)               

                Vds=6V – Ids=60mA  

Zload=Zopt Pout 

 

Freq=9GHz 
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GaAs modeling PPH15X-20: linearity  

Linearity comparison for Zload=Zopt IMR3 @low level 
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2-port Non linear hot model  
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 UMS designed a 8W 6-8GHz PA using the  

NL model and targeting linearity optimization. 

 Signal pre-distorsion increases significantly  

The linearity, but a good linearity is also  

reached without the DPD. 

 

 5.5-7.5GHz, 25V 340mA 

 Psat > 39dBm 

 Gain 18dB 

 C/I3 = 34dBc à 10dB back-off 

 MSE woDPD =-27dB @30dBm 

 MSE withDPD< -50dB @30dBm 

 QFN molded package 
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Linearity: use of GaN (GH25) for Telecom 
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 Stack for Momentum or 3D EM simulations 

 Cases analysed with Keysight R&D Support (special thanks to 

Vincent Poisson ! :) 

 

 Inductors, device which includes an air-bridge.  

 

 Via-holes. 

 

 Capacitors, investigation around edge effect. 
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EM Simulations 
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Air bridge – Momentum EM model 

air bridge 
Thanks to DPC overlap with EL 

Very accurate modeling of the inductance! 

No layout manipulations to get the physical  

3D EM air bridge modeling ! 
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Via hole – real 3D model (automatically generated for EM) 

CAPACITOR 
VIA 

to 

GND 

No layout manipulations 

to get the physical VIA HOLE  

3D EM modeling ! 

 

-> reduction of port number for  

EM simulation 
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MIMCAP – DRM and MICRO PHOTO 

(3) 

• The following pictures (from the left to the right) highlight the DRM process description and 

the cross section photo particulat of a MIMCAP. 

 

• Since the Momentum estimation seems to be lower than the measurements, first idea was 

try to estimate the parasitic capacitance of the crossing PO (red ellipse) to be added in the 

substrate model.  
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MIMCAP – SIMULATIONS AFTER THE 

MODIFICATIONS 

(6) 

• 5% to 8% of mismatch between the test structure measurements and the 

simulations. 

 

• Even after the addition of the calculated parasitics, the model seems to be 

not enough accurate. Other contributors have to be considered. 
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 PARASITIC ESTIMATION ON 400fF MIMCAP 

(8) 

• Since the PO is build on PI by 

deposition, it is reasonable to 

consider that the parasitics 

estimation  has to be 

considered in addition to other 

parasitics hanged to the other 

three sides of the top plate. 

 

• Under this assumption we can 

try to guess the following: 

 

  

Cpar1 
Cpar2 

Ctot=Cteor+Cpar1+3Cpar2=325.6fF 
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MIMCAP - 4pF TEST STRUCTURE 

CHECK 

(9) 
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 DRC as Design Rule Check:  
 Possibility for the designer to  

check and correct layout violations. 

 Gain of time. 

 Co-simulation … 
 Possibility to mix processes at the  

same elevation. 

 

 

 

 

 

 Next steps: 

 Electro-thermal capabilities of ADS Eth: alignment with UMS electro- thermal data in progress.  

 Maximum ratings: calculation by designers. Verification of maximum ratings by designers may take a 
long time. Hot spot identification by simulation investigated. 
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Other important topics 

GH25 8x8x275µm  

Vds= 30V 
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Thank you for your attention ! 

? 
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Questions ? 


