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Abstract

A dynamically reconfigurable non-volatile mul-
ti-context FPGA was realized using programmable
routing switches constructed using a 1.0-pm crystalline
OS FET/0.5-pm CMOS FET hybrid process. The pro-
grammable routing switch exhibits improved switching
characteristics because of capacitive coupling at its
floating node memory and enables the FPGA to safely
implement dynamic reconfiguration without the inter-
ruption of its execution.

1. Introduction

A common implementation in field-programmable-gate
array (FPGA) devices is the use of SRAM to store config-
urations. However, because SRAM-based designs are vola-
tile, require a large area, and consume a large amount of
power, techniques beyond the realm of CMOS have been
emerging in recent years [1-4]. A hybrid process between
the crystalline oxide semiconductor (0S)
c-axis-aligned-crystalline In-Ga-Zn oxide (CAAC-IGZO)
and CMOS can be used to decrease chip area with
CAAC-IGZO FETs stacked on the top of the CMOS FETs.
In previous studies, memories using this technology have
been demonstrated to have several advantages, such as
non-volatility, high-speed switching, and reduced retention
power, compared to SRAM [2].

The CAAC-IGZO FET-based programmable routing
switch (RS) in [2] stores configurations in a capacitance
memory, thereby creating a floating node similar to that in
FLASH devices. The memory node was boosted via capac-
itive coupling between the floating node and the source of a
pass-gate transistor, a property that resulted in better
switching capability. It is also a property that sets the
CAAC-IGZO FET-based RS apart from other stackable
non-volatile RSs such as MRAM [3] and RRAM [4].

In this paper, we propose a dynamically reconfigurable
non-volatile FPGA that performs dynamic reconfiguration
(DR) without interrupting the FPGA’s execution (Fig. 1),
by modifying the RS in [2]. The RS in [2] cannot correctly
handle DR because its configuration memories are differ-
ently affected by boosting effects depending on the compu-
tations executed during DR. In contrast, the modified RS in
this paper can eliminate such differences using a
“pull-down” node on its input to create an even environ-
ment during DR, independent of the FPGA’s active task.

2. The Modified Programmable Routing Switch
Reverse-boosting in the Reference Switch

The reference RS (Fig. 2) in [2] causes the FPGA be-
have unevenly when used for DR because the RSs in the
FPGA routing can be affected by both boosting and reverse
boosting effects caused by parasitic capacitances (C, in Fig.
3). As visualized in Figs. 3a-b, boosting will occur only
after DR has been executed on a low input on IN to M].
After M0 has been turned off (thereby making N0 a floating
node), the voltage on N0 will increase with AV for a high
input (Fig. 3a) and remain unchanged for a low input (Fig.
3b). However, if DR is executed when the input is high, the
voltage on N0 will be unaffected for a high input on IN (Fig.
3¢) and decrease with AV for a low input (Fig. 3d) (reverse
boosting) after M0 is turned off.

The simplest solution to this problem would be to set
IN low during DR to constantly achieve boosting. However,
without alteration of the RS design, the FPGA’s execution
will be interrupted because the contexts that store configu-
ration data all use the same input.
Design of the Modified Programmable Routing Switch

Considering the abovementioned reasons, we propose a
modified RS (simulated with 1.0-um CAAC-IGZO FETs
and 0.5-um CMOS FETs), to preserve the low-leakage
ability of the previous design, to utilize the enhanced
switching resulting from the boosting, and to avoid reverse
boosting effects and interruption of the FPGA’s execution
(Fig. 4). In the modified RS, a node N/ is created on the
input of the reference via the addition of transistors M3 and
M4. When WLO is set high, M4 and M0 will be turned on,
which will pull N/ to ground and enable any content on the
bit line (BL) to be written to the memory without interfer-
ing with the active context. Unnecessary leakage to ground
is maintained extremely low because transistor M4 is a
CAAC-IGZO FET.

The gates of the NMOS pass-transistors M2 and M3 are
connected to the context selector (context 0) and will be
turned off as long as another context is used. When con-
text 0 is in use, WLO is always maintained low and con-
nections between elements, such as programmable logic
elements (PLE) and I/Os, will be decided depending on
what has been written to the memory.
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3. Performance and Area Usage for the Modified

Programmable Routing Switch
Setup of Dynamic Reconfiguration Simulation

To show that DR is successful when using the modified
RS in the routing of the MC-FPGA in [2] and to investigate
how boosting effects influence its behavior, we simulated
the MC-FPGA with two contexts (the PLE context switches
were maintained as in [2]). The initial configuration of the
FPGA is a shifter (Fig. 5a) held in context O that either
shifts a single pulse (Fig. 5c¢) or a step signal (Fig. 5d).
Context 1 is dynamically reconfigured to realize a ring os-
cillator (RO) (Fig. 5b) while the shifter is in use. The pulse
shifter will generate a low input to the RSs during DR
while the step shifter generates a high input.
Simulation Results

In Fig. 6, the voltage levels on N0 are shown during the
execution of the FPGA using either the reference or the
modified RS. The results in Fig. 6a, clearly demonstrate
how the voltage level on NO differs for the reference RS
depending on whether the shifter used a pulse or a step
signal during DR. The lowered voltage level on NO results
in degraded switching properties for the RS, which causes a
slower output frequency from the RO. However, for the
modified RS (Fig. 6b), NO appears unchanged, irrespective
of the shifter’s input signal; this result indicates that the
modified RS, in contrast to the reference, can handle DR
without being influenced by the active context’s execution.
Design Trade-offs and Layout

The addition of another pass gate to the RS increases
the propagation delay and adds another voltage drop to the
circuit. To overcome these drawbacks, we can overdrive
the context signal to improve the strength of the output

modified RS when the context signal is overdriven in a
five-stage RO, in which multiplexers have been placed be-
fore the RSs to create a low/high signal during DR of con-
text 1. As evident from the figure, the modified RS have a
longer period than that of the reference when DR occurs
during low input but a much shorter period than that of the
reference when DR occurs during high input.

Furthermore, the addition of transistors to a design usu-
ally leads to larger area usage; however, the modified RS
required no more area than that required for the reference
RS because it could efficiently utilize the CAAC-IGZO
layers in combination with the CMOS layers. Fig. 8 shows
the layout for (a) all layers stacked, (b) the silicon gate and
source layers, (¢) the CAAC-IGZO layers, and (d) the sup-
ply lines. The modified RS uses the same signals as the
reference and do not add new interconnects to the FPGA
routing.

3. Conclusions

We designed a non-volatile MC-FPGA that performs DR.
The FPGA uses a new RS based on a crystalline oxide
semiconductor FET/CMOS FET hybrid technology to en-
sure uniform performance without interrupting the execu-
tion of the FPGA. The RS creates a low-input environment
during DR to achieve boosting on its memory that im-
proves its switching capability.
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