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ContextContext ofof this studythis study

Reliability improvementReliability improvement of amplifier stages for Sof amplifier stages for S BandBand
radar (2radar (2--44 GHzGHz))
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Objectives (1)Objectives (1)Objectives (1)

�� Characterization andCharacterization and modelingmodeling for reliability issuesfor reliability issues

�� Obtaining a set of significant parametersObtaining a set of significant parameters

such assuch as ttransconductanceransconductance (G(GMM)), threshold voltage, threshold voltage (V(VTHTH)),, OOnn--

state resistancestate resistance (R(RONON)) and capacitancesand capacitances (C(CRSSRSS, C, COSSOSS,,……).).

�� Correlation between RF LDMOS electrical parameter driftsCorrelation between RF LDMOS electrical parameter drifts

and any kind of degradation phenomenon, after RF Lifeand any kind of degradation phenomenon, after RF Life--teststests

((SS bandband radar operating conditions).radar operating conditions).

Electro-thermal modeling as a tool for RF LDMOS
reliability study
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Objectives (2)Objectives (2)

What is theWhat is the FailureFailure
mechanismmechanism involvedinvolved??

InnovativeInnovative
ReliabilityReliability

benchbench

II--V and CV and C--VV
characterizationcharacterization

II--V and CV and C--VV
characterizationcharacterization

ModeModellinging afterafter
RF LifeRF Life--teststests

RF performancesRF performances
trackingtracking

ModelingModeling beforebefore
RF LifeRF Life--teststests

A set of significantA set of significant
parametersparameters



7

Presentation outlinePresentation outline

►► ContextContext ofof this studythis study

►► ObjectivesObjectives

►► Innovative reliabilityInnovative reliability benchbench

►► DC and CV characterizationDC and CV characterization

►► RF LDMOSRF LDMOS modelingmodeling

►► Conclusion & prospectsConclusion & prospects



8

Computer+BILT

PREF

Tuner
40 dB

attenuator

DUT

POUT

Att

X 8

Switchs RF 8 > 1

20dB attenuator
30 dB coupler

Switchs RF 8 > 1

80 W amplifier

Modulator

RF Source Peak power
meter

Circulator

Average
Power Meter

PIN

Innovative reliabilityInnovative reliability bench (1)bench (1)



9

Innovative reliability bench (2)Innovative reliabilityInnovative reliability bench (2)bench (2)
�� AA microwavemicrowave partpart

�� A control/command partA control/command part pilotedpiloted by aby a dedicateddedicated softwaresoftware
�� Thermal module forThermal module for each deviceseach devices
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DCDC CharacterizationCharacterization (1)(1)
DCDC mesurement setupmesurement setup

BILT

ICCAP

Peltier module
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MeasuredMeasured IIDSDS--VVDSDS characteristicscharacteristics MeasuredMeasured IIDSDS--VVGSGS characteristicscharacteristics

Data managementData management ExtraplatedExtraplated IIDSDS--VVGSGS characteristicscharacteristics

ConsistencyConsistency
of Dataof Data

MeasuredMeasured (symbols)(symbols) andand extrapolextrapolatedated
((continuous linescontinuous lines)) outputoutput characteristicscharacteristics

MeasuredMeasured (symbols)(symbols) and extrapolatedand extrapolated
((continuous linescontinuous lines)) transfer characteristicstransfer characteristics

VVDSDS=0=0……26 V26 V withwith aa stepstep ofof 520 mV520 mV
VVGSGS=3.5=3.5……5.8 V5.8 V withwith aa stepstep ofof 383 mV383 mV

VVDSDS=0=0……26 V26 V withwith aa stepstep ofof 4.33 V4.33 V
VVGSGS=3.5=3.5……5.8 V5.8 V withwith aa stepstep ofof 45 mV45 mV

DCDC CharacterizationCharacterization (2)(2)
RResultsesults && Measurement consistencyMeasurement consistency
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RF LDMOSRF LDMOS devicedevice crosscross--sectionsection with itswith its
intrinsicintrinsic capacitancescapacitances

CVCV CharacterizatioCharacterization (1)n (1)
localizationlocalization of capacitancesof capacitances
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MeasuredMeasured CCRSSRSS, C, CISSISS andand CCOSSOSS ,, FrFreeq=1MHzq=1MHz andand
VVDSDS=[0V, 30V]=[0V, 30V] atat roomroom temperaturetemperature

CCVV CharacterizationCharacterization (2)(2)
PrimaryPrimary capacitancecapacitance measurementsmeasurements
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MeasuredMeasured CCGSGS vs.vs.VVGSGS profileprofile (V(VDSDS= 0V= 0V andand
FrFreeq.=1 MHz)q.=1 MHz) atat roomroom temperaturetemperature..

CVCV CharacterizationCharacterization (3)(3)
IntrinsicIntrinsic capacitancecapacitance measurementsmeasurements
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�� AnAn empiricalempirical large signal nonlarge signal non--linearlinear model.model.

�� AnAn electroelectro thermal modelthermal model including static and dynamicincluding static and dynamic thermalthermal

dependenciesdependencies..

�� AnAn electroelectro thermal model,thermal model, taking into accounttaking into account selfself heatingheating

effects and temperatureeffects and temperature influence on LDMOSinfluence on LDMOS electricelectric behaviour.behaviour.

RF LDMOSRF LDMOS modelingmodeling
ImprovedImproved MET LDMOSMET LDMOS ModelModel overviewoverview
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RF LDMOSRF LDMOS modelingmodeling
ImprovedImproved MET LDMOS modelMET LDMOS model overviewoverview (thermal aspects)(thermal aspects)
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�� An ADS "SDD" (An ADS "SDD" (Symbolic defined deviceSymbolic defined device)) was developedwas developed..

�� TheThe SDDSDD is a feature in ADS, which allows the user to specifyis a feature in ADS, which allows the user to specify
a reala real--time model description, without compilation.time model description, without compilation.

�� The developedThe developed SDDSDD covers the transistor DCcovers the transistor DC forwardforward currentcurrent
id=f(id=f(vGSvGS,,vDSvDS), the series resistors RG, RS and RD, as well as the), the series resistors RG, RS and RD, as well as the
chargescharges qGSqGS,, qGDqGD andand qDSqDS..

�� The thermal network is implemented taking into considerationThe thermal network is implemented taking into consideration
the temperature dependence of the parameters.the temperature dependence of the parameters.

RF LDMOSRF LDMOS modelingmodeling
Implementing the model equations into ICImplementing the model equations into IC--CAP’sCAP’s ADSADS

circuit pagecircuit page
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RF LDMOSRF LDMOS modelingmodeling
MainMain parametersparameters ofof thethe modelmodel
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MeasuredMeasured transfertransfer characteristicscharacteristics (log((log(IIDSDS )) vs.Vvs.VGGSS))
with thewith the influence of few MET LDMOS modelinfluence of few MET LDMOS model

parametersparameters

MeasuredMeasured ((symbolssymbols)) and modelledand modelled ((continuous linescontinuous lines))
transfer characteristicstransfer characteristics,, withwith VVGSGS=3.8=3.8--5.8 V5.8 V
((stepstep=56 mV)=56 mV) andand VVDSDS=5.2 V, 17.68 V=5.2 V, 17.68 V && 26 V26 V

RF LDMOSRF LDMOS modelingmodeling
SubSub--threshold modelingthreshold modeling :: log(Ilog(IDSDS) vs. V) vs. VGSGS
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RF LDMOSRF LDMOS modelingmodeling
Transfer characterictics modelingTransfer characterictics modeling (I(IDSDS vs. Vvs. VGSGS))

MeasuredMeasured ((symbolssymbols)) and modelledand modelled ((continuouscontinuous
lineslines)) transfertransfer characteristicscharacteristics,,

withwith VVGSGS=3.8 V=3.8 V--5.8 V (5.8 V (stepstep=56 mV)=56 mV)
andand VVDSDS=5.2 V, 17.68 V=5.2 V, 17.68 V && 26 V.26 V.
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MeasuredMeasured ((symbolssymbols)) and modelledand modelled
((continuous linescontinuous lines) output) output characteristicscharacteristics

withwith VVDSDS=0=0--26 V (26 V (stepstep==520 mV)520 mV)
andand VVGSGS=4.45 V, 4.9 V, 5.35 V=4.45 V, 4.9 V, 5.35 V && 5.8 V5.8 V

0 5 10 15 20 25
0

100

200

300

400

500

600
measured IDS vs. VDS
modelled IDS vs. VDS

I D
S [

m
A

]

VDS [V]
0 5 10 15 20 25

0

100

200

300

400

500

I D
S

[m
A

]

VDS [V]

ALPHA, RD

GAMMA

VBR, K1, K2LAMBDA
BETA=GM

RF LDMOSRF LDMOS modelingmodeling
OutputOutput characteristics modelingcharacteristics modeling :: IIDSDS vs. Vvs. VDSDS

MeasuredMeasured outputoutput characteristicscharacteristics ((IIDSDS vs. Vvs. VDSDS))
with thewith the influence of few MET LDMOS modelinfluence of few MET LDMOS model

parametersparameters
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SummarySummary of few DCof few DC significant parameters extrapolatedsignificant parameters extrapolated byby modelingmodeling

RF LDMOSRF LDMOS modelingmodeling
ModelModel parameterparameter extractionextraction
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CGS1CGS1

CGS2*(1+CGS2*(1+tanhtanh(CGS6*((CGS6*(vGSvGS+CGS3)))+CGS3)))CGS4*(1CGS4*(1--tanhtanh((vGSvGS*CGS5))*CGS5))

CGS1+CGS2*(1+CGS1+CGS2*(1+tanhtanh(CGS6*((CGS6*(vGSvGS+CGS3)))+CGS4*(1+CGS3)))+CGS4*(1--tanhtanh((vGSvGS*CGS5))*CGS5))

RF LDMOSRF LDMOS modelingmodeling
CCGGSS capacitancecapacitance modelingmodeling
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MeasuredMeasured ((symbolssymbols)) and modelledand modelled ((continuous linescontinuous lines))
CCGSGS capacitance,capacitance, VVGSGS= [= [--5 V,7 V]5 V,7 V] andand VVDSDS= 0 V,= 0 V,

with Freqwith Freq==1 MHz.1 MHz.

MeasuredMeasured ((symbolssymbols)) and modelledand modelled ((continuouscontinuous
lineslines)) CCISSISS, C, COSSOSS && CCRSSRSS capacitances,capacitances,

VVDSDS=[0 V,26 V]=[0 V,26 V],, VVGSGS=0V,=0V, and Freqand Freq==1 MHz.1 MHz.
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RF LDMOSRF LDMOS modelingmodeling
Thermal simulationThermal simulation resultsresults
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ConclusionConclusion

�� AnAn improvedimproved MET LDMOS model (MET LDMOS model (threethree thermalthermal cellscells),), takingtaking
into accountinto account selfself--heating effects and the temperatureheating effects and the temperature influenceinfluence
was developpedwas developped..

�� TheThe DCDC andand CVCV modelingmodeling results fitted well with those obtainedresults fitted well with those obtained
from the measurementsfrom the measurements

�� A set ofA set of significant parameterssignificant parameters has beenhas been extrapolatedextrapolated byby
modeling and usedmodeling and used to helpto help identifyingidentifying aa degradationdegradation phenomenonphenomenon
afterafter RF lifeRF life--tests.tests.
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ProspectsProspects

�� SS parameter measurements andparameter measurements and simulations are insimulations are in progressprogress, to, to
getget aa completecomplete compact modelcompact model andand have a largehave a large significantsignificant
parameterparameter set.set.

�� Simulation inSimulation in HarmonicHarmonic Balance (PBalance (POUTOUT vs. Pvs. PININ, IMD,, IMD, ……) for RF) for RF
LDMOS performanceLDMOS performance predictions afterpredictions after RF lifeRF life--tests.tests.

�� ChannelChannel temperature measurementtemperature measurement inin orderorder toto confirm theconfirm the
thermal model.thermal model.
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QuestionsQuestions
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RF LifeRF Life--test conditions (1)test conditions (1)

�� DCDC VVDSDS=44 V,=44 V,
VVGSGS=3,79 V=3,79 V withwith IIDQDQ=3mA=3mA atat 25°C.25°C.

FréqFréq= 2,9= 2,9 GHzGHz..
PulsePulse lengthlength//dutyduty cycle=500 µs/50%.cycle=500 µs/50%.
PPININ=30,5 dBm, P=30,5 dBm, POUTOUT=43=43--44 dBm.44 dBm.

�� RFRF

�� ThermalThermal T (°C) = 10, 80,110 et 150°C.T (°C) = 10, 80,110 et 150°C.
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RF LifeRF Life--test conditionstest conditions (2)(2)
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Results obtained afterResults obtained after RF LifeRF Life--testtest

RFRF saturatedsaturated output poweroutput power evolution overevolution over
ageingageing time (1500h) fortime (1500h) for variousvarious

temperaturetemperature conditions.conditions.

Drain sourceDrain source current evolution over ageingcurrent evolution over ageing
time (1500h) fortime (1500h) for various temperaturevarious temperature

conditions.conditions.
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RF LDMOSRF LDMOS modelingmodeling
Thermal aspectsThermal aspects
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