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Abstract—Tightly coupled embedded system processors and
accelerator IPs with memories, such as DRAM or NVM, using
3D integration technology based on TSVs (Through Silicon Vias)
offer high bandwidth memory access at low energy consumption.
However, those memories, especially DRAMs, are very sensitive
to temperature changes since they use capacitors as volatile bit
storage elements. The 3D stacking of these layers increases the
challenges, such as high power densities and thermal dissipation.
It also has a much stronger impact on the retention time of
3D stacked WIDE I/O DRAMs that are mostly placed on top
of the heterogeneous embedded processing system (MPSoC).
Consequently, it is very important to study the temperature
and retention behavior of WIDE I/O DRAMs. Furthermore,
there is the need to explore on high-level with advanced holostic
modeling how reducing or omitting the refresh in the DRAM
influences executed applications. Additionally, it is beneficial to
quantify these effects and impact on standard FPGA platforms
using commodity DDR3 SO-DIMMs. The outcomes of these
investigations permit the transfer of properties and parameters
to more advanced 3D stacked systems.

In this work, we demonstrate the impact of cross-layer DRAM
refresh policies on three selected applications ranging from image
processing on FPGA, baseband wireless processing with a LDPC-
decoder, to a big data application using co-occurrence processing
for large graphs. Our results highlight the inherent application
resilience wrt. DRAM retention time errors (bit flips) for these
very diverging applications.

I. INTRODUCTION

The increased power density and thermal dissipation of
today’s processing and memory systems restrict application
performance on smartphones as well as on high-end servers.
Advanced fabrication processes that use 3D packaging based
on TSV technology enable even tighter integration of systems
in a small form factor. These 3D systems start to break down
the memory and bandwidth walls. However, this increases
largely the power density and reduces the heat dissipation
properties of the aggressively thinned dies to enable reliable
TSV production. In fact, a 3D stacked SoC aggravates the
thermal crisis, which can provoke errors in circuits. This is
especially important for DRAMs as they are highly sensitive
to temperature changes, and have to be refreshed regularly due
to their charge-based bit storage property (capacitor). Thus,
advanced error and thermal modeling together with high-level
simulators, such as gem5 [1] and DRAMSys [2], are required
to investigate current or future processing and main memory
systems (based on DDR3 or WIDE I/O DRAMs).

Furthermore, the retention time of a DRAM cell is defined
as the amount of time that a DRAM cell can safely retain data
without being refreshed [3]. This DRAM refresh operation
must be issued periodically, and causes both performance
degradation and increased energy consumption (almost 50%
of future DRAMs total energy), both of which are expected
to worsen as the DRAM density increases [4]. Not all DRAM

cells behave in the same leaky way, due to process variations.
Many prior studies assume that it is possible to keep track of
relatively few weak DRAM cells (low retention time) [5], [6]
and therefore reducing the impact of refreshing by avoiding
the usage of these cells. However, the effects of data pattern
dependence and variable retention time (VRT), which we
also observed during measurements, inhibit the application of
DRAM retention time profiling mechanisms.

Nonetheless, Liu et al. proposed in [7] an unreliable and a
reliable region in the DRAM and refreshed them at different
rates. In contrast to [7] we exploit in our work the feasibility
of using a no refresh policy on three dedicated applications.
These three applications are as follows:

• First, we demonstrate the influence of disabling the
refresh completely for an image processing task on a
XILINX FPGA rotating the image in the DRAM (ap-
plication specific memory controller).

• Second, we present the input data resilience of a LDPC
decoder IP for wireless baseband applications.

• Third and finally, we show for a big data application,
namely the co-occurrence calculation based on large data
graphs (recommendations for social networks, netflix and
more), the impact of the no refresh policy on the quality
of the prediction.

The results of this work clearly highlight the feasibility
of using a no refresh policy on selected applications that can
tolerate a certain level of bit error probability (bit flips based on
retention time errors in the DRAM). Exploiting this possibility
is a viable path for achieving less power consumption and
higher available memory bandwidth in a given embedded
computing system. The presented investigations are work-in-
progress and the results are currently not published.
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