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Abstract

Logic cell architecture on NanoBridge-based FPGA
has been investigated in terms of cell area and signal
delay. Area-delay product is minimized when the cluster
size is 4 and the segment length is 4, because of small
area and small capacitance of configuration switch (here
we use NanoBridge or NB). 1.34x logic density improve-
ment and 15% energy saving, compared to the conven-
tional NB-FPGA with cluster size=2, are demonstrated
by implementing an application of a lightweight block
cipher.

1. Introduction

Large area, delay and power consumption of FPGA limit
their integrations into battery-powered applications. To
overcome these issues, NB-FPGA has been proposed and
exhibited 30% dynamic power saving and x2.5 faster opera-
tion compared to a commercial SRAM-FPGA (Table 1) [1].

In this paper, we investigate the architecture of NB-FPGA
for better performances. FPGAs have a high energy-
efficiency for highly parallel applications such as image
processing, cryptography. Therefore, we implement a light-
weight block cipher [2] in NB-FPGAs to compare the dif-
ference of the architectures since it is suitable for small IoT
devices.

2. Architecture of NB-FPGA and its optimization

NB, which is fabricated between M4 and M5 layers, is a
non-volatile resistive-change switch with a very high
OFF/ON resistance ratio (Fig. 1). Two serially connected
NBs contribute to low programming voltage and high
off-state reliability [3]. In a conventional SRAM-FPGA,
CMOS switch composed of an SRAM cell and a pass tran-
sistor is used for programmable data routing (Fig. 2). The
volatile SRAM cell (typically 6 transistors) causes large
static power, standby power and area. The pass transistor
with relatively large capacitance causes large dynamic pow-
er and delay. In the NB-FPGA, we use the NB as a switch to
replace the CMOS switch, resulting in low static power,
standby power and area. Smaller capacitance of NB (1/10 of
CMOS) leads to low dynamic power and small delay.

Figure 3 shows the architecture of NB-FPGA. Each cell is
composed of a logic element (LE), an input multiplexer
(IMUX) and a switch multiplexer (SMUX) [1]. Each LE
consists of look-up tables (LUTs) and flip-flops. The cluster
size (CS) refers to how many LUTs in each LE [4]. The LEs
are connected with each other by routing wires, IMUXs and
SMUXs. The segment length (SL) refers to how many LEs a
routing wire spans before terminating [4]. The IMUX and
SMUX are constructed by the NB crossbar switch.

The data-transfer path in NB-FPGA is characterized with a
model shown in Fig. 4. Various paths are calculated based
on HSPICE simulation of a 65nm CMOS process and path
delays are pre-characterized (Table 2). We use 20 largest
MCNC benchmark circuits to investigate the effect of the
CS and SL on area-delay product, as area can often be trad-
ed for delay [5]. Figure 5 shows the area-delay product de-
pendence on CS and SL. The CS is optimized to be 4, which
is smaller than that in the conventional SRAM-FPGA [5],
whereas the SL is optimized to be 4, which is the same as
that of the conventional SRAM-FPGA [4].

3. Performance evaluation

Figure 6 shows a die photo of the NB-FPGA with optimal
CS and SL. Layouts of logic cells in Fig. 7 show that logic
density is improved by 1.34 times. A lightweight block ci-
pher, which fits extremely-small hardware and provides
notable performance on embedded software [2], is imple-
mented on the NB-FPGA for performance comparison.
Shmoo plot for the optimized NB-FPGA shows a wide op-
eration region (Fig. 8). Figure 9 demonstrates that both the
delay and power consumption are reduced by employing the
optimal CS. Especially, the power-delay product (or energy)
of both the NB-FPGAs with non-optimal CS (= 2) and op-
timal CS (= 4) is minimum when the supply voltage (Vpp) is
0.8V (Fig. 9(c)).

Table 3 summaries the properties of NB-FPGAs. The count
of used clusters in the optimized NB-FPGA is almost half of
that in the non-optimized one [1], showing that the light-
weight block cipher is efficiently mapped on the optimized
one. Thus, the area of the optimized NB-FPGA is reduced
by 25% in comparison with that in the non-optimized NB-
FPGA. The delay, power consumption, and energy are re-
duced by 7%, 9% and 15% for Vpp of 0.8V, respectively.

4. Conclusions
Architecture of NanoBridge-based FPGA is optimized to
minimum energy-delay performance. Both high logic den-
sity (1.34x) and high energy efficiency (1.18x) are achieved
with slightly delay reduction.
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Table 1 30% dynamic power saving and x2.5
faster operation in the low-voltage region has
been achieved in a NB-FPGA with non-optimal
in comparison with a com-
mercial SRAM-FPGA. (Application: ALU)

cluster size=2 [1]
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Fig.3 Basic architecture of NB-FPGA.
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Table 3 Summary of performance comparison
(Application: lightweight block cipher).
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