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Abstract 
 Reliability of the passive components used in the 
fabrication of MMICs remains a key limiting factor in 
the overall reliability of these integrated circuits.  While 
the reliability of the active components have established 
methods for characterization, passive components are 
typically characterized under DC conditions, due to the 
difficulty of applying RF stress to these components.  
This paper describes a technique designed to apply 
known RF voltage and current under typical operating 
conditions in order to determine RF limits on these 
components. In particular, RF driven reliability of MIM 
capacitors is investigated. 
 
INTRODUCTION 
 

The reliability and overall robustness of high power 
MMICs depend not only on the capabilities of active 
components, but also on the limitations of passive 
components used in the integrated matching and bypassing 
circuitry. While there are well established methods for 
determining DC reliability and peak parametric limitations, 
such as electromigration and capacitor breakdown, 
determining RF limits for these passive devices is more 
difficult to achieve. Establishing the power, voltage and 
current handling limits of many passive structures is 
complicated by the fact that the impedance of many passive 
components is either too high or too low to work effectively 
in a typical 50 ohm RF environment. Achieving meaningful 
RF voltages and/or currents on such devices requires 
prohibitively large power levels, and is not practical. 
 

In this paper, we discuss a simple method that allows 
appreciable amounts of RF voltage and/or current to be 
delivered to passive structures using a reasonable amount of 
RF power. By using a tuned, impedance matched resonator, 
one can transform the impedance of a series LC circuit such 
that the RF power is delivered completely to the resonator at 
a given frequency. Furthermore, by properly selecting the 
inductance and capacitance, one can change the peak voltage 
and current seen at the capacitor. In this way, one can 
correlate the RF voltage and capacitance to the RF input 
power. By driving the resonator to failure and analyzing the 
failure mode and conditions, one can establish RF voltage 
and current limits on the passive structures. 

 
DESIGN OF THE RESONATING STRUCTURE 
 

The resonator structure consists of a simple series 
resonator, tuned at the RF input port by a second shunt 
capacitor. The structure is shown in Figure 1. Inductor L1 
and capacitor C1 are tuned to create a series resonance at a 
desired frequency, one that is easily testable to high power.  
Capacitor C2 is then used to tune the resonance to 50 ohms.  
 

 
 
Figure 1. Resonator structure used to provide RF power to a MIM 
capacitor 

 
 
The inductor can be realized in practice as either a spiral 

inductor or as a transmission line. In either case, some loss 
will be present in the series resonant circuit and must be 
accounted for in order to achieve a suitable match. It was 
found that the minimal loss of either such inductor could be 
included to achieve a good match to 50 Ω. Probes to monitor 
RF voltage and current during simulation are placed at the 
input of the component under test, allowing one to correlate 
input drive power to the magnitude of the RF voltage and 
current at the point of interest.  
 

When functional, RF power delivered to the structure at 
the resonant frequency should be dissipated in the structure, 
showing little power being reflected at the input. When the 
reflected power is low compared to the incident power, the 
device is functional.  When a component in the resonator 
fails, the structure becomes either a short or an open 
depending on the failure, resulting in a high input reflection 
coefficient. Reflected power will then increase to a power 
close to the input power. Thus by monitoring reflected 
power, one can determine when failure occurs. The RF 
voltage, current, and power at failure can then be determined 
as described above. 
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Simulated performance of a test resonator is shown 
below. The resonator was designed with a 0.9 pF MIM 
capacitor as the test component. A 72 um wide microstrip 
line and a second, larger shunt MIM capacitor at the input 
are used to provide a resonance at 3.62 GHz, as seen in 
Figure 2. 

 
Figure 2. Input return loss of a 3.62 GHz resonator test structure 
 

Input power is then swept at the resonant frequency in 
order to produce large peak RF voltage and current at the 
MIM capacitor. The results of this power sweep are shown 
in Figure 3. As can be seen, very large peak RF values for 
both voltage and current can be achieved, the values of 
which can be set by adjusting the input power driven into the 
resonator.  

 
Figure 3. Peak RF voltage and RF current at the MIM capacitor 

under test as a function of input power 

DETERMINING CRITICAL FAILURE LIMITS 
 
In order to determine the initial failure mode and limits for 
the MIM capacitor, on-wafer power sweeps were conducted. 
A population of resonators was swept at resonance over a 
number of conditions. The layout of the resonator is shown 
in Figure 4, and is representative of the resonator design 
described above. 
 

 
Figure 4. Layout of the 3.62 GHz resonator 
 
 

S11 of the resonator was first measured to determine the 
actual resonant frequency of the fabricated part. As can be 
seen in Figure 5, there is some sensitivity of resonator to 
process variation, particularly MIM capacitance. However, 
the average resonant frequency was 3.62 GHz, as predicted 
by simulation. 

 
 

 
Figure 5.  Distribution of the input return loss for the 3.62 GHz 

resonator measured over three wafers 
 
 
Initial power sweeps were then taken under CW 

conditions, sweeping from 16 dBm up to 46 dBm (40 mW to 
40 W) over a controlled 10 sec sweep. Measured reflected 
power for the population of parts is shown in Figure 6. By 
examining the reflected power at low drive levels and 
comparing to the input power, it can be seen that the 
measured resonators typically have 15 dB return loss, 
consistent with the measured S11. It can also be seen that 



one resonator, which is showing high reflection equal to the 
input power even at low power, was already failed prior to 
testing. The remaining devices failed at powers ranging from 
40 to 42 dBm, with a typical value of 41 dBm, or 12.5 
Watts. Comparing this to the plot in Figure 3 we find a peak 
voltage at failure of 175 V, and a peak current of 3.9 A. 
These results can be used to set an upper limit on the input 
power for accelerated lifetime testing, as they represent very 
short time span failures. 

 
 

 
Figure 6. Measured reflected power vs. input power measured on-

wafer for a distribution of 3.62 GHz resonators 
 
 

In order to determine whether the failures are voltage or 
current driven, similar measurements need to be made on 
different resonators designed to produce different voltage 
and currents at the MIM cap. In particular, the relationship 
between voltage and current relative to input power should 
be such that the ratio of Vpeak/Pin and Ipeak/Pin are 
significantly different between the two, such that in one 
resonator the voltage limit would be reached first, and in the 
second the current limit would be reached first. This can be 
accomplished by using the same capacitor in two different 
resonators, tuned to different frequencies. Additionally, a 
different size capacitor can be tuned to the same frequency 
using a different inductive element to determine if there is a 
dependence on geometry, i.e. area or periphery. 
 

Two other resonators were fabricated and tested as 
described above in order to determine the failure mechanism 
and geometric dependency of the MIM capacitor. The 
second resonator was tuned to a frequency similar to the 
original resonator, but used a 0.4 pF MIM capacitor instead 
of a 0.9 pF capacitor. The third resonator used the same 0.9 
pF MIM capacitor as the original resonator, but was tuned to 
approximately 10 GHz, resulting in a much higher RF 
current and lower RF voltage relative to the input power 
than seen above. 

Critical failure results for these resonators are 
summarized in Table I. From these results, it appears there 
are two possible failure modes. First, by examining 
Resonator 1 and Resonator 2, it can be seen that both fail at 
Peak RF voltage of approximately 175 V. This does not 
appear to be dependent on geometry, as Resonator 1 has 
roughly twice the area and 50% more periphery than 
Resonator 2. Alternatively, there could be a peak RF current 
density limit, but the survival of Resonator 3 to much higher 
current despite having exactly the same capacitor geometry 
as Resonator 1 would indicate that any current related 
failures should occur at higher current levels, and that 
current is not likely the failure mechanism in Resonator 1.  

 
 

TABLE  I 
CRITICAL FAILURE RESULTS OF VARIOUS RESONATORS 
 Resonator 1 Resonator 2 Resonator 3 

Frequency 3.62 GHz 3.80 GHz 9.80 GHz 

Capacitance 0.9 pF 0.4 pF 0.9 pF 

Area 5184 um2 2304 um2 5184 um2 

Periphery 288 um 192 um 288 um 

Failure Current 3.9 A 1.9 A 6.9 A 

Failure Voltage 175 V 179 V 92 V 

 
  

Alternatively, Resonator 3 fails at a much lower voltage 
than Resonators 1 and 2.  However, as mentioned, the RF 
current density is much higher in Resonator 3, indicating a 
possible peak RF current limit.  Since there is no other 
resonator with a different capacitor geometry failing at 
similar current levels, we cannot determine from this data 
what type of geometry dependence the peak RF current 
limitation may have, if any at all. New resonators with 
varying geometry and resonance would need to be fabricated 
to address this concern. 
 
DETERMINING MIM CAP LIFETIME UNDER RF STRESS 
 

Lifetime under high peak RF voltage and current 
conditions was examined using a standard accelerated 
lifetime methodology. Devices were packaged and tested 
under fixed RF drive. Each device was tested at the 
frequency which produced the optimal match for that given 
device. Because of minor part-to-part variations, as well as 
small shifts in resonance due to packaging, there was a 
spread in the resonance frequency distribution of 50 MHz. 
Because of the high Q-factor for these resonators, it is 
critical to deliver RF power at the optimal frequency in order 
to achieve the highest voltage and current stress condition at 
the lowest input power. 
 

Initial testing of the capacitors was done at a drive power 
backed off by 1 dB from the critical limit found on wafer. 
This was done to ensure an appreciable time under stress 



before failure in order to reduce uncertainty in the 
measurement. Devices were then measured over a range of 
powers in order to determine a lifetime under RF stress. To 
determine the actual voltage and current provided at the 
MIM capacitor, the reflected power was used to evaluate 
how well the device was matched to 50 ohms, and what the 
effective Q of the resonator was. Results of the lifetime 
testing are shown in Figure 7. 

 

 
 
Figure 7. Exponential lifetime versus current density for MIM 

capacitors under RF current stress 
 

The peak RF current at the MIM capacitor was plotted 
versus the time to fail for the measured resonators. The 
lifetimes display a strong dependence on current density 

even though there is an appreciable distribution width for a 
given current density. The data has been modeled by a 
exponential lifetime versus current density fit. There is no 
physics-of-failure-based theoretical basis for this model. It is 
merely put forth as a possible empirically determined trend. 
This empirical model predicts a 1% time to failure of 1e6 
hours at a peak RF current density of 0.35 mA/um2. 
 
CONCLUSIONS 
 

We have developed a methodology for determining 
critical failure limits and predicting lifetime for passive 
structures under RF stress.  By using a matched resonator 
circuit comprising inductive and capacitive elements, one of 
which is a component to be evaluated, we are able to apply 
RF power in a 50 ohm system and induce failures in a 
controlled manner.  These failures were then correlated to 
peak RF voltages and currents present at the DUT, allowing 
absolute limits on peak RF voltage and current to be 
determined. Lifetime testing of packaged structures was 
modeled using an exponential lifetime versus current density 
fit, leading to lifetime predictions under RF stress. 
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ACRONYMS 
 
MIM: Metal-Insulator-Metal  
MMIC: Microwave Monolithic Integrated Circuit 
DUT: Device Under Test

 


