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ABSTRACT
Integrated flow cell array (FCA) is an emerging technology, targeting the cooling and power delivery challenges of modern 2D/3D
Multi-Processor Systems-on-Chip (MPSoCs). In FCA, electrolytic
solutions are pumped through microchannels etched in the silicon
of the chips, removing heat from the system, while, at the same
time, generating power on-chip. In this work, we explore the impact
of FCA system design on various 3D architectures and propose a
methodology to optimize a 3D MPSoC with integrated FCA to run a
given workload in the most energy-efficient way. Our results show
that an optimized configuration can save up to 50% energy with
respect to sub-optimal 3D MPSoC configurations.
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INTRODUCTION

The growing demand for computing power imposes many challenges in the design and energy-efficient operation of current and
future processors. 3D Multi-Processor Systems-on-Chip (3D MPSoCs) have been proposed (e.g., [9]) to reduce communication latency, achieve higher bandwidth, and increase the overall system
performance and efficiency. However, the benefits of 3D MPSoCs
are hindered by the heat removal problem (due to the difficulty
of removing high heat fluxes from intermediate layers) and the
complicated tradeoff between power delivery and communication
bandwidth due to the limited number of Through Silicon Vias (TSVs)
available in the 3D MPSoC.
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Figure 1: Concept of 3D MPSoC with integrated FCA
Integrated microfluidic reduction-oxidation ("redox") flow cell
array (FCA) technology has been recently proposed to overcome
these challenges in 3D MPSoCs [15]. This technology provides the
ability to simultaneously remove heat via inter-layer liquid cooling
and generate power on-chip through an electrochemical reaction
in the liquid. In a system with integrated FCAs, microchannels are
etched between the stacked layers and an electrolytic solution is
pumped through the channels, as illustrated in Figure 1. While
flowing through the microchannels, fuel and oxidant solutions engage in electrochemical reactions, producing electrical power, while
simultaneously acting as a microfluidic cooling layer. One of the
main benefits of the FCA technology is that it can be manufactured
in the same way as microchannel-based liquid cooling systems [16].
Our previous work [2] has shown the benefits of FCA technology
for a high-performance processor by using PowerCool [16], a compact simulator able to estimate the FCA power generation through
coupled thermal and electrochemical modeling of the 3D MPSoCs
with FCA. However, our previous work was limited to the study of
the benefits of integrating FCAs with a 3D MPSoC for one particular
architecture running a workload that fully stressed the system in
terms of power consumption (with power density up to 95 W /cm2 ).
On the target 3D MPSoC, we demonstrated the tradeoffs between
power generation, leakage and cooling [2]. However, other important factors impacting FCA power generation, such as footprint
area and power density, have not been investigated. Therefore, the
analysis of the capabilities of FCA technology implemented on a
variety of chip architectures running realistic workloads remains
an open challenge.
In this work, we optimize the design of 3D MPSoCs with integrated FCAs. To do so, we first analyze the effect of die size and
power density on the FCA power generation and cooling efficiency.
Then, we consider the computational performance of the studied
architectures and derive a design space exploration strategy that
selects the best FCA-enabled 3D MPSoC configurations in terms

