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Abstract—In this work we demonstrate a novel method of
accelerating FPGA aging by configuring the FPGA to implement
thousands of short circuits, resulting in high on-chip currents and
temperatures. Three ring oscillators are placed across the chip
and are used to characterize the operating frequency of the FPGA
fabric. Over the course of several weeks of running the short
circuits, with daily characterization of the FPGA performance,
we measured a decrease in FPGA frequency greater than 5%.
After aging, the FPGA part was repeatedly characterized during
a two week idle period. Results indicated that the slowdown did
not change, and the aging appeared to be permanent.

In addition, we demonstrated that this aging could be induced
in a non-uniform manner. In our experiments, the short circuits
were all placed in the lower two-thirds of the chip, and one of
the characterization ring oscillators was placed at the top of the
chip, outside of the region with the short circuits. The fabric at
this location exhibited a 1.36% slowdown, only one-quarter the
slowdown measured in the targeted region.

I. INTRODUCTION

Through normal operation of semiconductor devices, the
performance characteristics of transistors gradually decline,
resulting in decreased maximum clock speeds. This perfor-
mance degradation, referred to as transistor aging, is the result
of several physical mechanisms (negative bias temperature
instability (NBTI), electromigration (EM), and more), and is
generally a greater concern when scaling to smaller technology
nodes [1]. Field-programmable gate arrays (FPGAs) are not
immune to this effect, and several studies have measured how
FPGA performance is affected by transistor aging [2]–[4].

Understanding FPGA aging is critical. Of highest impor-
tance, FPGA design tools must account for aging mechanisms,
to ensure the reported fmax is achievable over the entire
lifetime of a part. However, aging also plays a role in other
aspects of FPGA tools. In [4], Dogan et. al. show that FPGA
aging models can be used as an effective predictor of recycled
parts, and in [5], Maiti et al. demonstrate how aging disrupts
the reliability of physical unclonable functions (PUFs). Several
works have shown how aging can be rapidly induced, inflicting
years of wear-out on parts in a short time period [2], [5]. This
is typically accomplished by raising the supply voltage above
normal levels, and baking the part in high temperatures.

In this work we induce accelerated FPGA aging by loading
an FPGA with a bitstream containing thousands of short-
circuits. Once loaded, the FPGA device sinks current in excess
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of 7.9 A and self-heats to temperatures over 170 ◦C. During
typical experiments, the FPGA is left in this stressed state for
a period of 24 hours. Afterwards, a characterization bitstream
is loaded onto the FPGA to determine how much additional
delay has been induced by the excessive heat and current.
The characterization bitstream uses ring oscillators (ROs) to
measure relative increases in delay induced by the accelerated
aging process. Aging experiments repetitively load the shorting
and characterization bitstreams to measure the accelerated
aging process over time. Over the course of several weeks
of these aging experiments, we are able to increase circuit
delay by over 5%. In addition, the impact appears permanent;
after a 16 day idle period, the fabric was still operating up to
5% slower than before the induced aging process.

Our approach is unique in that it does not require mod-
ifications to the supply voltage or an external heat source.
Potentially, this technique could be used to perform aging
remotely, without physical control of the FPGA; however, this
would require that the system be equipped with a relatively
high-amperage power supply. Of perhaps more interest, our
technique can apply aging non-uniformly across the die, some-
thing that is not possible with previously published techniques.
For example, our experiments demonstrated that the fabric
outside of the region targeted with short circuits experienced
only one-fourth the slowdown compared to the targeted region.
To our knowledge this is the first work that has demonstrated
targeted, nonuniform aging on any commodity semiconductor
device, not just FPGAs. We believe that as FPGAs continue
to be used in more applications, including safety critical IoT
devices, and environments where users can deploy FPGA
bitstreams on remote machines (Amazon EC3), understanding
and planning for these aging techniques is of high importance.

The main contributions and novelty of this work are:

• Demonstrating how FPGA bitstreams containing short-
circuits can induce accelerated FPGA aging.

• A high precision experiment that demonstrates up to a
5% slowdown of the FPGA fabric, even after a 16 day
recovery period.

• The first work to demonstrate significant non-uniformity
in aging; FPGA fabric outside of the targeted region
exhibited only one-fourth the slowdown.

In this paper, Section II discusses background material, Sec-
tion III presents our techniques to induce and measure aging,
and Section IV presents our experimental results. Section V



discusses conclusions and future work.

II. BACKGROUND

A. Aging mechanisms

Prior work has established several aging mechanisms perti-
nent to VLSI technologies: hot carrier injection (HCI), elec-
tromigration (EM), and Negative Bias Temperature Instability
(NBTI) [6]–[10]. As further explained in Section IV-F, only
two of these aging mechanisms are relevant in this study.

NBTI is a common problem in MOSFET technology,
and has become prevalent as technology nodes have gotten
smaller [1]. As an electric field is applied across the gate
oxide of a MOSFET, the threshold voltage will increase
slowly overtime, although more so in pMOS than nMOS.
As the threshold voltage increases, the switching speed of
the transistors decrease. This effect is more pronounced with
higher temperatures and higher voltages [6], [8]–[10].

Electromigration (EM) is the gradual migration of metal
atoms over time due to electric currents. As this migration
occurs, the metal atoms will slowly accumulate at one end
of the channel, thus narrowing the channel or wire. This
results in slower transistor switching speeds due to increased
resistances. EM is accelerated by both high DC current and
high temperatures [6]–[10], both of which are the primary
stressors introduced by our aging technique.

B. Related Work

Our work is not the first to introduce short circuits in the
FPGA bitstream, nor is it the first to induce FPGA aging;
however, it is the first published work to combine the two
ideas, resulting in the ability to perform localized aging via
configuration.

Beckhoff et al. demonstrate how early partial reconfigura-
tion tools could result in short circuits that increase current
and power consumption [11]. Hadzid et al. discuss how short
circuits in FPGAs could cause them to operate in an unsafe
operating region, potentially exceeding the power supply ca-
pability and disrupting operation, or perhaps even damaging
the part, though actual damage was not shown [12]. Hutchings
et al. show that short circuits can intentionally be inserted into
FPGAs and that the relationship between the the number of
short-circuits and power consumption is highly linear [13].

Previous aging studies have primarily used a combination
of over-voltage and high temperatures to induce NBTI and
HCI and accelerate aging [5], [10], [14]. Stott et al. raise the
voltage and temperature by 83% and 120% of their nominal
values respectively to accelerate aging on an Altera Cyclone
III device. They observe a 15% slowdown over 75 days with
this method [10]. Maiti et al. demonstrate a slowdown on a
Xilinx Spartan 3e device using two stress phases. The first
increases voltage and temperature by 25% and 180% respec-
tively, producing a slowdown of approximately 5.0% after
200 hours. The second increases the voltage and temperature
by 50% and 220% over nominal respectively, resulting in
a total slowdown of approximately 6.7% after an additional
200 hours. In between phases they have a day long recovery

period where the slowdown recovers 0.5%, from 5.0% to 4.5%
[5]. Slimani et al. demonstrate aging on a Xilinx Artix-7
part. This is the same FPGA that we use in our experiment.
They were able to achieve a 1.8% slowdown by increasing
the temperature by 400% of the nominal value for 14 days.
They have an eight day recovery period where the slowdown
recovers 1.0%, from 1.8% to 0.8%. [14].

As far as we are aware, only one other previous work
has discussed using configuration to produce a slowdown.
Chakraborty et al. discuss the idea of using ring oscillators to
heat up the board and cause a slowdown, but do not validate
their model through experimentation [15].

III. INDUCED AGING TECHNIQUE

In the next section we describe our experimental aging pro-
cess, which consists of performing an initial characterization
of the device using ring oscillators, then repeatedly stressing
the chip with short circuits, stopping for a short period to
re-characterize the device, and repeating. In this section we
describe the system infrastructure and CAD flow that enables
this experiment.

A. Short Circuits

We accelerate the aging of FPGAs by introducing short
circuits into the FPGA fabric. A short circuit, in the context
of FPGA designs, is when the output of an FPGA primitive
(LUT or FF) driving a logic-1 is connected to the output
of a primitive driving a logic-0. Two primitives are selected
that connect to the same routing multiplexer, and the two
multiplexer inputs are both activated (in legal circuits only
one input to a routing mux would ever be active at a time).

In each short circuit of our experiment, we connect a
LUT to it’s associated FF, as our testing indicated that this
combination of primitives created the highest current draw.
We configure the LUT as logic-0, and FF as logic-1, although
we have determined the reverse produces the same current
draw. For each LUT-FF pair, there are several neighboring
routing multiplexers that could be used to complete the short
circuit; we tested each and chose the one that produced the
largest current draw. This configuration results in 380 µA per
short. Within a slice (four LUTs, eight FFs), we implement
four shorts, each on an associated LUT/FF pair. A diagram
of our short circuit is shown in an inset diagram in Figure 1.
This circuit is then replicated in as many different tiles as
desired. We used a configuration containing 20,798 shorts for
the experiments in this paper.

Implementing thousands of short circuits simultaneously in
the FPGA fabric causes high current flow, which in turn causes
temperatures to rise well past safe thresholds.

B. Ring Oscillators

We used ring oscillators (ROs) to test the intrinsic speed of
the FPGA fabric, and measure the effect of these short circuits
in causing device degradation. ROs are purely combinational
circuits that are built using a ring of an odd number of
inverters, causing a pulse to travel around the ring at the




