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Introduction
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 There is a demand for large signal RF stress tests to

 check gate oxide TDDB (“Time Dependent Dielectric Breakdown”) under AC conditions with  
VRF,max > VDCmax.

 investigate HBT aging under RF stress conditions .

 Here, some investigations with a simple setup using a wave generator (max. frequency 
15MHz) as RF source are shown.

 Advantages of this approach:

 Only short stress time at room temperature necessary.

 In the HBT case: installation of a complex load-pull configuration can be avoided,

 Disadvantages:

 No GHz and not exactly the situation in a real circuit.

 To be shown:

 Impact of stress frequency and voltage swing on device lifetime and/or aging behavior.
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Test Set Up: AC Stress
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Tools:

 Agilent 33120A 100µHz…15MHz Function/Arbitrary Waveform Generator

 HP 34401A Multimeter

BNC cable

 DC stress tests either with usual setup or setting 
frequency to minimum of 100µHz.
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Part 1

Gate Oxide Leakage under RF Stress 



www.ihp-microelectronics.com  © IHP all rights reserved

Previous Studies on Gate Oxide Lifetime under Pulsed Stress 
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 Reliability textbook “Reliability Wearout Mechanisms in Advanced CMOS Technologies” 
(A.W. Strong et al., Wiley, 2009) only mentions:
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Usual TDDB Tests of IHP MOSFET Devices
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 Gate length 0.13µm and gate oxide thickness ca. 2.4nm

 IHP qualification results are:
Breakdown criterion 10x increase of leakage current

Maximum recommended operating voltage for 0.13µm 
MOS arrays at 125°C vs. circuit gate area (1FIT in 10 years)

Breakdown not absolute like in thick oxides (tox≳ 5nm) where Ig

increases immediately by orders of magnitude but stepwise. This 
is expected for thin oxides.
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Gate Oxide Test Structure
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 Arrays of nMOSFET structures (S/D shorted):

 DC pre-stress characteristics:

DUT Lg [µm] Wg [µm] Ndevice Aox [µm²] P [µm] P/A [µm-1]

LVN013 0.13 10 9600 12480 194496 15.6

 Only gate and drain-source pads contacted. Body 
floating.

 Higher leakage current under inversion  stress 
tests will be performed with Vgds>0.
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Leakage Current Behavior I
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 Example: Pulsed stress on DUT LVN013 (LG = 0.13µm, Aox = 12480µm²)

 Stress always in inversion mode (VDC > 0V or VDC,offset > 0V).

 Up to Vmax = 3.125V within 100s only gradual increase of gate oxide leakage (1-2% ). 
 For Vmax = 3.25V current leaps observed within the first seconds of stress. 
 Time of breakdown (tBD) is defined as time when Ig has increased by more than 10% – usually obtained with the first leap!
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Leakage Current Behavior II
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Goal: get a DC stress condition so that at least 90% of DUTs fail within 100s.

 Breakdown criterion: 10% increase of leakage current

 VDC = +3.17V Test Series on 30 dies from different 
wafers/lots.
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Leakage Current Behavior III
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Characteristic lifetime determination from Weibull cumulative distribution 

function (CDF): 𝐹 𝑡 = 1 − exp −  𝑡 𝜂
𝛽

Further on a minimum of 10 DUT for a 
reasonable Weibull analysis is set.

β: shape factor 
η: characteristic lifetime (63.2% failure) 
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Definition of AC (“DC Offset + Sinus Wave”) Test Series

11

 AC test series are based on DC (Vgds = 3.17V) results.

 Wave generator generates only DC offset + sinus wave with peak-to-peak voltage swing 

𝑉𝑝𝑝 ≥  𝑉
𝐷𝐶𝑜𝑓𝑓

2
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Lifetime as Function of Vgds,max
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 Comparison of DC stress with 1kHz “offset + sinus wave” stress

 10% increase of VAC,max to 3.49V leads to significant reduction 
of MTTF – even compared to the DC stress case.

Test Vgds,off Vpp Vgds,max Vgds,min Vgds,rms

B 2.50 1.34 3.17 1.83 2.54

D 2.50 1.96 3.48 1.52 2.59
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Leakage Current Behavior as Function of Frequency
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 Increase of characteristic lifetime with frequency.
 Weibull  failure distribution shows increase of MTTF with frequency increasing from 1kH to 1MHz.
 In both cases tBD has a minimum around 2 … 5MHz and increases again with higher frequencies.

G1
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Leakage Current Behavior as Function of Frequency
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 Because of early destruction at 5MHz the frequency behavior early Ig measured as 
function of frequency

 Leakage current Ig remains constant up the 
1MHz range.

 Resonant behavior around 5 MHz.
 Leakage currents beyond the “resonance” 

frequency are an order of magnitude lower 
than below! 

G1
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Breakdown Behavior at f=10MHz
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 Beyond resonance frequency no failure observed for stress condition “G1” (VAC,max = 3.49V) within 10000s. 
 stress conditions changed to “G2”  tBD in 5 to 10 ks range
 further stress intensifying to “H”  tBD ≈20s

Test Vgds,off Vpp Vgds,max Vgds,min Vgds,rms

G1 1.86 3.26 3.49 0.23 2.19

G2 2.42 4.24 4.54 0.30 2.85

H 2.70 4.73 5.07 0.34 3.18
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Part 2

HBT Aging under RF Stress 
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Base Current Degradation under DC REV Stress
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 Reverse biased EB diode stress is well-known to lead to faster degradation than mixed-mode (MM) stress.
 E.g., to get ∆IB@0.7V≈100% with MM stress it would take around 1h.

 VEB,stress = 3.0V chosen  ∆IB@0.7V around 100%-200% after 100s stress time.
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RF Stress Tests, f=100µHz … 10 MHz
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 During stress only tunneling current can be sampled. ∆IB measured only pre/post stress.
 Minimum f=100µHz of wave generator chosen to check aging behavior of setup compared to usual DC stress results. 
 Tunneling stress currents sampled every two seconds  At f=1Hz variation of Itun with time visible. For higher frequencies sampled Itun is constant.
 Pre/post forward Gummel characteristics show that DC-like stress degradation with VEB,offset=3.0V is significantly stronger than RF stress with 

VEB,max=3.0V.  
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RF Stress Aging Function of Frequency
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 With f=100µHz only the lower DC offset voltage of 2.4V acts on the DUT  almost no base current degradation.
 For frequencies ≥0.1Hz degradation is between 40%  … 120%  significantly less than with the DC-like stress.
 No frequency dependence can be observed.
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RF Stress Aging Function of VEB,max
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 Aging increases with VEB,max according to power function law with exponent α=12.73. This corresponds to the results from usual DC stress tests.
 Therefore, one can assume that for a given max. VEB DC aging is around 4x RF aging.

α≈12
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Summary
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 A simple setup with a 15MHz wave generator was used to investigate

 gate oxide leakage current

 SiGe HBT base current degradation

under RF stress conditions.

 Results indicate that

 leakage current is a function of Vgds,max. Frequency dependence shows a resonance behavior 
with maximum degradation around 5 MHz but significantly less degradation at frequencies 
around 10MHz.

 HBT aging shows no frequency dependence in the given frequency range. Its dependence on 
VEBmax is according to a power function with exponent around 12.

 Further plans:

 Use of wave generator with frequencies up to 100MHz.

 Investigate mixed-mode stress with oscillating VCB. 


