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SUMMARY:

I. Quick MC2-Technologies Introduction

II. OMMIC GaNprocesses

III. 20W Ku-Band HPA Example

IV. 0.5W W-Band PA Example
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MC2-Technologies Figures

ÅMicrowaveCharacterizationCenter (MC2)

ÅSpinofffrom IEMN laboratory, Lille-métropole

ÅCreatedin 2004 by: 
Å Nicolas Vellas, Ph.D(CEO)

Å Christophe Gaquière, Pr. (CTO)

Å> 50 employees

Å Involvedin severalEuropeanR&D projects:
Å H2020 Spiders

Å H2020 ALADIN

Å H2020 GRACE

Å¢ǳǊƴƻǾŜǊ нлмфΥ уaϵ

Engineers & 
Technicians

90%

Maintenance
3%

Administration
7% ÅNew facilitiesin 2020 !
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MC2-Technologies Activities

Security Products

MM-Imager

UAV Scrambler

Microwave 
shield meter

Microwave Products

Amplifiers

TR modules
mmW

Pulsed IV 
system 

1000V/20A

Efuse, Bias tee, 
Kit SMM

Services

Design MMIC 
Hybrid & antenna

Prototyping

Characterization

Reliability tests

Permanent R&D Program on products and services (H2020, ANR)

Å GaAsand GaNMMIC 

όt!Σ [b!Σ aƛȄŜǊǎΧύ

Å OMMIC, UMS, WIN 

processes
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OMMIC GaNProcesses

OMMIC GaNon Si 
Process D01GH

Å D01GH

Å 100nm gatelength

Å Ft/Fmax= 110/160GHz

Å 3300mW/mm power density

Å D006GH

Å 60nm gatelength

Å Ft/Fmax= 170/250GHz

Å 2000mW/mm power density

Å Higher VDS and IDSS -> Higher power density 
than GaAs for similar frequency of operation

Å Also more power to dissipateÛ
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20W Ku-Band HPA Example 
-

Process D01GH

ÅBiaspoint and transistor performances
ÅPA topology
ÅZoom on output combining
ÅStability
ÅMeasurementresults

Targeted Ku-Band PA performances
- Freq= 15-18GHz 
- Psatҗ поŘ.Ƴ όнл²ύ ŦƻǊ пȄнΦуƳƳч t! 
- t!9 җ ол҈
- tƻǿŜǊ Dŀƛƴ җ нлŘ.
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Ku-Band PA ςTransistor bias voltage

Å Drain bias voltage is VD = 12V (recommended)

Å Gate bias voltage is VG = -1.4V, 

Å AB class, usual trade-off between gain and efficiency

VG is swept from -2 to +0.5, step 0.05V
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Ku-Band PA ςTransistor performances

This project has received funding from the Clean Sky 2 Joint Undertaking under the European 
¦ƴƛƻƴΩǎ  IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǳƴŘŜǊ ƎǊŀƴǘ ŀƎǊŜŜƳŜƴǘ bƻ унмнтл

36.5dBm (single transistor Pout after trade-off) +9dB (combining per 8) -

1dB (combining losses) -> Pout > 44dBm is expected

Load-Pull simulation @4dB compression, 8x150um

Å F=16GHz

Å Pout step=0.5dB

Å PAE step=4%

Optimum Load for 

Pout/PAE trade-off

Å 8x150um transistor 

alone

Å 8x150um transistor 

with gate RC circuit

Å Max gain is 10dB

RC circuit ensures K>1 

at lower frequencies
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Ku-Band PA - Topology

RFin RFout

VG1 VD1

6x100

8x150

8x150 4x8x150

4x8x150

VG2

nc

VD2

nc

VG3

nc

VD3

nc

Å VD=12 V

Å VG=-1.4V (150mA/mm)

Å 3 stages needed for power gain > 20dB

Å Input transistor has smaller size (6x100um) to improve

gain 
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Ku-Band PA ςPower Combiner Zoom

ZL1

ZL2

ZL3

ZL4

Load-Pull simulation @4dB compression, 8x150um and 

actual load impedances of output transistors

Impedances are in 

the desired area

50Ý

Bias line must be

wide enough to 

handle DC current

Series MIM 

capacitors to handle

RF voltage swing

Balancing resistors

to avoid odd mode 

oscillation
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Real part

Ku-Band PA ςStability

Å Stabilityanalysisismandatoryfor amplifiers, up to Ft
Å Differentanalysisare recommended: Rollet factor (K factor) for eachstage, Transient, 

Pole/ZeroanalysisΧ 

Å Poleswith

positive real part 

meanunstability

Å Oscilation

frequencyis

givenby 

imaginarypart

Å Input power can 

be swept(large 

signal analysis)

Example K analysisfor PA stage 2, VG sweep

Example Poles/Zerosanalysisfor PA
Å Small signal 

analysis

Å K shouldbe >1 

for unconditional

stability


