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Abstract: Recently, Field Programmable Gate Arrays (FP-
GASs) have been used for implementing various types of logic
functions. But the conventional FPGAS have the following
problems. The conventional FPGAs include switch matrixes
for programmabl e connection, but the switch matrix occupies
a significantly large area of the FPGA. As another problem,
the configuration speed is slow because of the serial con-
figuration method. To resolve these problems, we proposed
MPLD asanew Programmable Logic Device (PLD) architec-
ture which introduce MLUT instead of the conventional LUT.
In MPLD each MLUT can be used as a combination logic,
memory and switch matrix, on the demand of the mapped cir-
cuit. The merits of MPLD are the following. 1) MPLD can
behave as both the reconfigurable device and the conventional
parallel memory. 2) Implementing cost of MPLD is cheaper
than the conventional FPGAS, because MPLD does not need
switch matrixes as the conventional FPGA does. 3) The con-
figuration speed is fast and partial configuration is easy be-
cause configuration method of MPLD is same as write access
of the conventional parallel memory. In this paper, we present
the MPLD architecture and its evaluation results of the proto-
type MPLD chip.

1. Introduction

Field Programmable Gate Arrays (FPGAS) have been used for
implementing various types of logic functions. The FPGA is
aflexible device, so we can configure various circuits for var-
ious applications. As problems of the conventional FPGAS,
the switch matrix occupies a significantly large area, and the
configuration speed is slow. To resolve these problems, we
proposed MPLD asanew Programmable Logic Device (PLD)
architecture, introducing MLUT instead of the conventional
LUT and switch matrix[1][2]. MLUT realized the functions
aslogic, memory and switch matrix. Merits of MPLD arethe
following.

o Switch matrix is not necessary.
— Implementation of MPLD requires less number of

metal layers for wiring than the conventional FPGA

because of absent of switch matrix.
— Cost for implementing MPLD ischeaper than the con-

ventional FPGA because of less number of metal lay-
ers.

o Configuration speed is fast because configuration
method of MPLD is same as write access of the con-
ventional parallel memory.

o Partial reconfiguration is easy and fast because the

method of configuration is same as write access of the
conventional parallel memory.

« MPLD can bereconfigured while acting asalogic circuit
because MPLD is based om 2-port memory.

« MPLD can behave as the conventional parallel memory
because of the structure of MPLD.

In this paper, we describe the structure and the behavior
of MLUT which is a fundamental component of MPLD, and
then present how MPLD is constructed by the MLUT. After
that, we present the evaluation results of the prototype MPLD
chip and then conclude and describe the future works.

2. MPLD Architecture

In this section, MPLD Architecture is described. Figure
1 shows basic structure of MPLD. In Figure 1, MLUT is
the fundamental component which construct the MPLD. So,
MLUT isrequired to have the following functions.

o LUT

o Switch Matrix

« Memory for Configuration
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Figure 1. Basic Structure of MPLD

2.1. Structureof MLUT

Here, the structure of MLUT is explained. To meet the
requirements, the basic design of MLUT is based on 2-port
memory. Since 2-port memory is possible to read and write
simultaneously, thismeansfunctionsas LUT and memory can
be realized simultaneously. Figure 2 shows the conventional
2-port memory. In Figure 2, let us assume that input LAD and
output LDATA of portl are used for logic, and input MAD
and MDATA of port2 are used for memory access. The key
idea to achieve the requirements of the MLUT isto pair LAD
and LDATA as Figure 3. In Figure 3, each hit of LAD and
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LDATA are grouped as Address Data pairs, such as a pair of
LAD1 and LDATA1, apair of LAD2 and LDATAZ2,... and a
pair of LADN and LDATAN. Each Address Data pair works
asal/O port for the MLUT. Figure 4 isan example of MLUT
with 4 Address Data pairs. Figure 5 shows the basic struc-
ture of MPLD which consists of MLUTswith 4 Address Data
pairs. In Figure 5, each Address Data pair is connected to the
MLUTSs at the upper, lower, right and |eft respectively.
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Figure 2. 2-port Memory
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Figure 3. Address Data Pair
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Figure 4. MLUT with 4 Address Data Pairs
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Figure 5. Basic Structure of MPLD

2.2. Behavior of MLUT

To explain the behavior of MLUT, the MLUT with 4 ad-
dress data pairs shown in Figure 4 is used as an example.
« Configuration
Figure 6 shows wires for configuration in MLUT. Since
method of configuration is same as write access of the
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conventional parallel memory, MAD can be used to se-
lect the MLUT to reconfigure, with the data provided
from MDATA in memory access. Configuration of the
MLUT isprovided asthetruth tablelike the conventional
LUT.

LAD1 LDATA1

Y §
v
LOATAO«---- €+ LAD2
MLUT
LADQs===+ > P DATA2

A
v ¥y

LDATA3 LAD3

MAD MDATA

Figure 6. 1/0 to Configure MLUT

« Behavior aslogic circuit

Let us assume the MLUT behaves as alogic circuit like
Figure 7. The logic circuit in Figure 7 is expressed as
the truth table. The truth table of this logic circuit is
shown in Table 1. In Table 1, each Input and Output
are correspond to each hit of the address and data port
of the conventional parallel memory. On configuration
this truth table is written to the MLUT, then the MLUT
works as the logic circuit as shown in Figure 7. Figure
8 shows the MLUT after configuration. In the Figure,
LAD works as the input of the truth table, and LDATA
works as the output of the truth table.

A0
Al

A2 —

)—YO
A3 —

Figure 7. Logic Circuit

Table 1. Truth Table Written in MLUT for Logic Circuit

Input Output
LADO | LAD1 | LAD2 | LAD3 || LDATAO | LDATA1 | LDATA2 | LDATA3
0 0 0 0 0 * 0 0
0 0 0 1 0 * * *
0 0 1 0 0 * * *
0 0 1 1 0 * * *
0 1 0 0 0 * * *
0 1 0 1 0 * * *
0 1 1 0 0 * * *
0 1 1 1 0 * * *
1 0 0 0 0 * * *
1 0 0 1 0 * * *
1 0 1 0 0 * * *
1 0 1 1 1 * * *
1 1 0 0 0 * * *
1 1 0 1 0 * * *
1 1 1 0 0 * * *
1 1 1 1 1 * * *
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Figure 8. Behavior as Logic Circuit

« Switch Matrix

Assuming the MLUT behaves as the switch matrix like
Figure 9, the switch matrix in Figure 9isexpressed asthe
truth table. Thetruth table of this switch matrix is shown
in Table 2. In Table 2, Input LADO, LAD1, LAD2 and
LAD3 are corresponded to Output LDATAL, LDATA2,
LDATA3 and LDATAO. Configuring this truth table into
the MLUT, the MLUT works as shown in Figure 10.

LDatal LAd1
4]

Switch Matrix

4
LAd3 LData3

Figure 9. Switch Matrix
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Table 2. Truth Table Written in MLUT for Switch Matrix
Input Output
LADO | LAD1 | LAD2 | LAD3 || LDATAO | LDATAL1 | LDATA2 | LDATA3
0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 0
0 0 1 0 0 0 0 1
0 0 1 1 1 0 0 1
0 1 0 0 0 0 1 0
0 1 0 1 1 0 1 0
0 1 1 0 0 0 1 1
0 1 1 1 1 0 1 1
1 0 0 0 0 1 0 0
1 0 0 1 1 1 0 0
1 0 1 0 0 1 0 1
1 0 1 1 1 1 0 1
1 1 0 0 0 1 1 0
1 1 0 1 1 1 1 0
1 1 1 0 0 1 1 1
1 1 1 1 1 1 1 1

3. Design of Prototype MPLD

To evaluate the MPLD architecture, prototype MPLD is de-
signed. Figure 11 shows the structure of prototype MPLD. In
Figure 11, prototype MPLD consists of the 16x4 MLUTSs ar-
ray, decoders for configuration and D-FFs for making MPLD
possible to behave as the sequentia circuit. Each MLUT
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Figure 10. Behavior as Switch Matrix in MLUT

which is neighboring the D-FF has its output connected to
the D-FF, and aso has its input connected to output of the
D-FF, so the MLUT can feedback its output to itself. Each
MLUT of the prototype MPLD has six address data pairg[2].
Figure 12 showsthe MLUT with six address data pairs. Inthe
Figure, SEL is 1bit input for single cycle full context switch
and prototype MLUT can update 48bit of configuration data
by one memory write access. So it heeds sixteen times mem-
ory access to reconfigure the whole MLUT except for single
cycle context. The six address data pairs of each MLUTs are
connected to each other as seen in Figure 13 Figure 14 shows
the structure of MLUT with six address data pairs. Asseenin
Figure 14, the MLUT with six address data pairs consists of
six 2-port memory blocks, decoder for logic and MUX. Each
memory block is implemented as a 16x8 bit 2-port memory.
This means that the prototype MPLD has extra memory ca-
pacity for single cycle dynamic context switch. So, the capac-
ity of thisMLUT istwice of the single cycle dynamic context
switch.

Prototype MPLD
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MLUT Array
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Figure 11. Structure of Prototype MPLD
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Figure 13. Connection of MLUTswith 6 Address Data Pairs

4. Evaluation

We implemented a prototype MPLD to confirm its function
by using five metal layers ROHM 0.18um CM OS technol ogy,
and confirmed its functions as memory and PLD by configur-
ing it asa32hit counter as an example application. Evaluation
results are shown in Figure 15 and Table 3. Asresults, mem-
ory capacity of the prototype MPLD was 49152bit, and the
coreareawas 1767.54x 1690.96,:m? and the number of metal
layers used for wiring was three. From evaluation resullts,
latency of memory write access was 12.8nsec. This means
that the configuration speed of MPLD is about 78.1 MHz be-
cause it depends on memory write access speed. Since con-
figuration on each MLUT requires sixteen times of memory
write accesses and prototype MPLD consists of 64 MLUTS,
the achieved configuration time is about 6.6usec for whole
prototype MPLD.

Table 3. Evaluation Results

Behavior Latency
Read 16.4nsec
Write 12.8nsec
32hbit Counter | 9.35nsec

5. Conclusions and Future Works

In this paper, we presented MPLD architecture asthe low cost
PLD with high speed partial reconfiguration. MPLD does not
use switch matrix, which means it can be implemented with
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Figure 15. Prototype MPLD

low cost. Since method of configuration is same as write ac-
cess of the conventional parallel memory, configuration speed
is faster than that of the conventional FPGA and on the same
time fine grain partial reconfiguration is possible too.

In the future, we plan to improve the structure of MPLD
from the results of prototype MPLD chip and also develop
the compiler of the MPLD for practical use.
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