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Abstract: Recently, Field Programmable Gate Arrays (FP-
GAs) 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 programmable 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 as a new 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
a flexible 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 as a new Programmable Logic Device (PLD)
architecture, introducing MLUT instead of the conventional
LUT and switch matrix[1][2]. MLUT realized the functions
as logic, memory and switch matrix. Merits of MPLD are the
following.

• 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 is cheaper than the con-
ventional FPGA because of less number of metal lay-
ers.

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

• Partial reconfiguration is easy and fast because the

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

• MPLD can be reconfigured while acting as a logic 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 is required to have the following functions.

• LUT
• Switch Matrix
• Memory for Configuration

Figure 1. Basic Structure of MPLD

2.1. Structure of 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, this means functions as 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 port1 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 is to pair LAD
and LDATA as Figure 3. In Figure 3, each bit of LAD and
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LDATA are grouped as Address Data pairs, such as a pair of
LAD1 and LDATA1, a pair of LAD2 and LDATA2,… and a
pair of LADN and LDATAN. Each Address Data pair works
as a I/O port for the MLUT. Figure 4 is an example of MLUT
with 4 Address Data pairs. Figure 5 shows the basic struc-
ture of MPLD which consists of MLUTs with 4 Address Data
pairs. In Figure 5, each Address Data pair is connected to the
MLUTs at the upper, lower, right and left respectively.

Figure 2. 2-port Memory

Figure 3. Address Data Pair

Figure 4. MLUT with 4 Address Data Pairs

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

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 is provided as the truth table like the conventional
LUT.

Figure 6. I/O to Configure MLUT

• Behavior as logic circuit
Let us assume the MLUT behaves as a logic 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 bit 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.

Figure 7. Logic Circuit

Table 1. Truth Table Written in MLUT for Logic Circuit
Input Output

LAD0 LAD1 LAD2 LAD3 LDATA0 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 9 is expressed as the
truth table. The truth table of this switch matrix is shown
in Table 2. In Table 2, Input LAD0, LAD1, LAD2 and
LAD3 are corresponded to Output LDATA1, LDATA2,
LDATA3 and LDATA0. Configuring this truth table into
the MLUT, the MLUT works as shown in Figure 10.

Figure 9. Switch Matrix

Table 2. Truth Table Written in MLUT for Switch Matrix
Input Output

LAD0 LAD1 LAD2 LAD3 LDATA0 LDATA1 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 MLUTs ar-
ray, decoders for configuration and D-FFs for making MPLD
possible to behave as the sequential circuit. Each MLUT

Figure 10. Behavior as Switch Matrix in MLUT

which is neighboring the D-FF has its output connected to
the D-FF, and also 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 pairs[2].
Figure 12 shows the MLUT with six address data pairs. In the
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 needs 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. As seen in
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 this MLUT is twice of the single cycle dynamic context
switch.

Figure 11. Structure of Prototype MPLD
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Figure 12. MLUT with 6 Address Data Pairs

Figure 13. Connection of MLUTs with 6 Address Data Pairs

4. Evaluation
We implemented a prototype MPLD to confirm its function
by using five metal layers ROHM 0.18μm CMOS technology,
and confirmed its functions as memory and PLD by configur-
ing it as a 32bit counter as an example application. Evaluation
results are shown in Figure 15 and Table 3. As results, mem-
ory capacity of the prototype MPLD was 49152bit, and the
core area was 1767.54×1690.96μm2 and the number of metal
layers used for wiring was three. From evaluation results,
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 6.6μsec for whole
prototype MPLD.

Table 3. Evaluation Results
Behavior Latency

Read 16.4nsec
Write 12.8nsec
32bit Counter 9.35nsec

5. Conclusions and Future Works
In this paper, we presented MPLD architecture as the 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 14. Structure of MLUT with 6 Address Data Pairs

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.

Acknowledgement
The VLSI chip in this study has been fabricated in the

chip fabrication program of VLSI Design and Education Cen-
ter(VDEC), the University of Tokyo in collaboration with
Rohm Corporation and Toppan Printing Corporation.

References

[1] Masayuki Sato and Hiroki Wakamatsu”A logic design
technique using SRAM blocks”IEICE Technical Report
RECONF2006-23 (in Japanese)，pp.17-22, 2006.

[2] Masanori Yoshihara，Naoki Hirakawa, Kazuya Tani-
gawa, Tetsuo Hironaka and Masayuki Sato，”Imple-
mentation of Memory(MPLD) with the Ability to Work
as a Reconfigurable Device”IEICE Technical Report
RECONF2007-16 (in Japanese)，pp.7-12, 2007.

560



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


