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Would it be useful for your next design to be up to
50% smaller without significantly changing the ways
you do things now? In these cost-sensitive days, you
have to respond “yes”. This white paper describes a
rarely noticed design technique that can make a
difference in the size and the performance of your
FPGA design. 

The ideas contained in this white paper might not
yield the full 50% savings potential in your design,
but should save a significant amount. A 20%
reduction in size can mean your design fits into a
smaller device. The smaller size also helps those
designers who are looking for higher performance
by potentially saving a speed grade. 

This white paper provides some simple VHDL and
Verilog examples to explain key points. More VHDL
code examples are used due to the author’s
preference.
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Single-Level Logic
Simple logic is implemented in a Xilinx FPGA using the look-up tables (LUTs) and 
flip-flops inside the logic “slices” that are contained in the configurable logic blocks 
(CLBs). Even a small device such as the XC3S50 has over 1,500 LUT and flip-flop pairs, 
so they can be thought of as free. However, the saying look after the pennies and the 
pounds will look after themselves is all too true when it comes to using these pairs in a real 
design. 

The LUT can implement any function of four inputs regardless of how many gates are 
needed to describe it. The output of the LUT then feeds directly into the D input of the 
flip-flop (see Figure 1). Designs that pack together this well will be small and high-
performance.

Whether you describe this implementation in VHDL or Verilog, the result should be 
the same. In the examples below, a simple AND gate has been used to represent the 
four-input logic function.

VHDL Example

Verilog Example

Although some programmable interconnect is used to connect to the LUT inputs, the 
function itself can be considered to be part of the setup time of the flip-flop, which is 
certainly less than 1 ns. Therefore, this is the ideal case to always aim to achieve.

X-Ref Target - Figure 1

Figure 1: Simple Logic Using a LUT and a Flip-Flop
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process (clk)
begin
if clk’event and clk=’1’ then
data_out <= a and b and c and d;

end if; 
end process;

always @(posedge clk) begin
data_out <= a & b & c & d;

end
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      Two-Level Logic
As soon as a function has more than four inputs, the synthesis tools have no choice but 
to split the logic between two or more LUTs in some way. Figure 2 shows the most 
likely way a six-input AND gate is implemented regardless of language or synthesis 
tool.

Notice how this function is twice the cost of the single-level logic. Because of the 
granularity of the FPGA, there is no way that the function can be just 5% bigger. As 
soon as the function cannot fit into one LUT, two LUTs must be used. We can also see 
a significant impact on performance. Although the delay through the additional LUT 
is also less than 1 ns, the “net″  to join the functions adds yet more delay, and the 
overall impact on setup time can be significant. Of course, this is where time 
specifications and the place-and-route (PAR) tools play their part in keeping the net 
delays within limits; however, avoiding this situation obviously makes a design faster 
as well as smaller.

      Adding a Reset
When adding controls to their designs, designers often include a global reset. This 
reset is especially liked for simulation. However, because a Xilinx FPGA already starts 
up in a known state following configuration, the global reset is really not necessary. 
The following VHDL and Verilog examples show how the global reset is 
implemented. 

VHDL Example

X-Ref Target - Figure 2

Figure 2: Two-Level Logic
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process (clk, reset)
begin
if reset=‘1’ then
data_out <= ‘0’;

elsif clk’event and clk=’1’ then
data_out <= a and b and c and d;

end if; 
end process;
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Verilog Example

Each flip-flop has a set of dedicated control inputs to support set, reset, and clock enable 
controls. Clearly, the synthesis tool should be sensible enough to use these inputs 
when it can, meaning that the LUT is reserved for the actual functions we are trying to 
control. As shown in Figure 3, the asynchronous clear (CLR) input to the flip-flop has 
been used, which means that there is still an optimum single level of logic.

Adding More Controls
This section shows some additional controls similar to what must be included in real 
designs. The code below has the same four-input function, but the flip-flop needs 
reset, set, and clock-enable controls. The remaining examples use VHDL only. The 
examples are simple and build on the same function used in the previous example. 

X-Ref Target - Figure 3

Figure 3: Addition of Reset

always @(posedge clk or posedge reset) begin
if (reset) begin
data_out <= 1’b0;

end
else begin
data_out <= a & b & c & d;

end
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process (clk,reset)
begin
if reset=’1’ then

data_out <= ’0’; 
elsif clk’event and clk=’1’ then
if enable=’1’ then 
if force_high=’1’ then 

data_out <= ’1’;
else
data_out <= a and b and c and d;

end if; 
end if;

end if;
end process;
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Look at what the Xilinx Synthesis Tool (XST) does with this code (Figure 4). Why has 
it failed to use the control directly on the flip-flop, which causes our single-level logic 
to become two-level logic at twice the cost and at lower performance? 

The synthesis tool has done the best that it possibly can. The cause of the problem is 
the code, which describes something that is not natural to implement directly in the 
logic slices. The code might have described what the designer wanted it to do, but the 
synthesis tool was forced to emulate that functionality using the resources available to 
it. Rather like using a knife blade to tighten a loose screw: it might get the job done, but 
the screw and the knife will get damaged—and performing the operation is not 
without a element of danger for the person doing it!

Do Not Mix your Drinks
The flip-flops can support both asynchronous and synchronous reset and set controls. 
However, they cannot support a mixture of asynchronous and synchronous controls 
on the same flip-flop. The synthesis tool must therefore choose between a synchronous 
flip-flop with SET and RST controls or an asynchronous flip-flop with PRE and CLR 
controls (see Figure 5). An asynchronous reset always takes priority and forces the 
selection. 

X-Ref Target - Figure 4

Figure 4: Additional Controls
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X-Ref Target - Figure 5

Figure 5: Asynchronous versus Synchronous Controls
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The asynchronous reset returns us to the problem with having a global reset. All too 
often that global reset is defined as being asynchronous. Look at your code and verify 
that it is asynchronous. The previous example used both set and reset controls, which 
might not be so common; however, there are also cases in which there are two reset 
conditions for the same flip-flop. One is the global reset, which you have by default in 
the coding style, and the second is a local reset required for operational purposes (i.e., 
a BCD counter that must roll over to 0 following a 9). 

If the global reset is asynchronous, the local synchronous reset must be emulated 
using the LUT, with the potential to force two levels of logic at twice the cost and at 
lower performance.

Synchronous Design
If you still insist on having a global reset (unless the reasons against it above 
convinced you otherwise), try the same example using a synchronous reset to see if it 
makes things better.

Figure 6 shows what XST does with the synchronous code. Again, it looks like the tool 
has wasted the dedicated SET control on the flip-flop and implemented this control in 
logic. The result is once again two-level logic at twice the cost and with lower 
performance. 
X-Ref Target - Figure 6

Figure 6: XST Synchronous Implementation

process (clk)
begin
if clk’event and clk=’1’ then
if reset=’1’ then

data_out <= ’0’; 
else
if enable=’1’ then 
if force_high=’1’ then 

data_out <= ’1’;
else
data_out <= a and b and c and d;

end if; 
end if;

end if;
end if;

end process;
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Again, XST has done the best that it possibly can. The code asked the synthesis tool to 
implement something that is not natural, and XST was forced to emulate what was 
described.

Get your Priorities Right
The key to a successful implementation is to understand the ways the flip-flops can 
work. Although the FPGA as a whole is programmable, each low-level feature is 
actually fixed. The programmability comes in the ability to decide if the feature is used 
or not. 

Imagine you are going to use a discrete device. Before using it, you would have to 
study the data sheet to see the connections and how the controls work. Study Table 1 
for a short while. Whatever this device is, its inputs and outputs are consistent with a 
flip-flop.

Table 1 shows that the R input, which has the highest priority, will reset the Q output 
on the rising edge of C. Only if the R input is Low can anything else happen. Observe 
that S has the next highest priority, forcing the Q output High. Finally, the CE input 
must be High for the Q output to follow the D input. Not exactly rocket science, but 
the following information might come as a bit of a shock. 

Table 1 was taken from the online Libraries Guide, which is provided with the ISE™ 
software tools, from the page describing a flip-flop known as an FDRSE. This name 
makes more sense when read from left to right (see Figure 7).

All flip-flops inside the FPGA have these same controls, although the asynchronous 
flip-flop is called an FDCPE to reflect the asynchronous clear and preset controls. 
When more than one control is used, each follows the priority it has been assigned. 

In the VHDL code example in “Synchronous Design”, the enable had a higher priority 
than the set, which did not conform with the order supported by the dedicated 

Table  1:  Example Discrete Device Characteristics

Inputs Outputs

R S CE D C Q

1 X X X ↑ 0

0 1 X X ↑ 1

0 0 0 X X No Change

0 0 1 1 ↑ 1

0 0 1 0 ↑ 0

X-Ref Target - Figure 7

Figure 7: FDRSE Definition
WP275_07_091307FDRSE

Clock Enable has lowest priority
D-type

Synchronous Reset has highest priority

Synchronous Set has second priority
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controls. The synthesis tool worked around this issue by using a combination of the 
dedicated controls, which were in the correct order, and some LUT logic to emulate the 
rest of the flip-flop that was being described.

Writing Sympathetic Code
We are all very aware of controls and their priorities when we connect external 
components. Schematic designers are also very aware of the control priorities of flip-
flops inside an FPGA, simply because they select the flip-flops manually from the 
library and then must follow the priority rules to make the components work in their 
circuits. These aspects are all too easy to ignore when writing HDL code at a higher 
level of abstraction. Fortunately, since all flip-flop components are the same, once we 
know their simple rules, it becomes relatively easy to write generic code that is 
sympathetic to the way in which they work as shown in the following code.

With the code now correctly describing what can be achieved naturally, XST is able to 
implement the single-level logic we had been expecting all along—a small and high-
performance implementation (see Figure 8).
X-Ref Target - Figure 8

Figure 8: Smaller, Higher Performance Implementation

process (clk)
begin
if clk’event and clk=’1’ then
if reset=’1’ then

data_out <= ’0’; 
else
if force_high=’1’ then 

data_out <= ’1’;
else
if  enable=’1’ then 

data_out <= a and b and c and d;
end if; 

end if;
end if;

end if;
end process;
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The Challenge
Look at the HDL code that you have been writing for your most recent design and 
observe whether or not you get your priorities right. How many times do you have an 
asynchronous reset that prevents any subsequent synchronous reset or set from being 
implemented directly at the flip-flop? How many times do you see an enable with 
higher priority than a synchronous reset? Not all of these issues force another level of 
logic, but the potential certainly exists. 

If your design is working, do not change it! Remember the phrase if it isn’t broken, don’t 
fix it. For your next design, just think about how you write the code, and you will find 
many ways to both reduce the size and speed up your design.

Summary
There are always cases that require the priority rules to be broken—this is what 
programmable logic is all about. However, if you can learn to treat these cases as 
exceptions and write code that is sympathetic to the priorities, the results will be 
rewarding. If you remove that unnecessary global asynchronous reset, there is one less 
priority to worry about every single time you design.

To provide feedback on this White Paper, refer to the Xilinx Forums at 
http://forums.xilinx.com/.

Revision History
The following table shows the revision history for this document:

Notice of Disclaimer
The information disclosed to you hereunder (the “Information”) is provided “AS-IS” with no warranty of
any kind, express or implied. Xilinx does not assume any liability arising from your use of the
Information. You are responsible for obtaining any rights you may require for your use of this
Information. Xilinx reserves the right to make changes, at any time, to the Information without notice and
at its sole discretion. Xilinx assumes no obligation to correct any errors contained in the Information or to
advise you of any corrections or updates. Xilinx expressly disclaims any liability in connection with
technical support or assistance that may be provided to you in connection with the Information. XILINX
MAKES NO OTHER WARRANTIES, WHETHER EXPRESS, IMPLIED, OR STATUTORY, REGARDING
THE INFORMATION, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NONINFRINGEMENT OF THIRD-PARTY RIGHTS.

Date Version Description of Revisions

09/21/07 1.0 Initial Xilinx release. Some content taken from previous web 
postings as a TechXclusive. 

10/22/07 1.0.1 Corrected comments next to code following “Adding More 
Controls”.

http://www.xilinx.com
http://forums.xilinx.com/

	Get your Priorities Right - Make your Design Up to 50% Smaller
	Single-Level Logic
	Two-Level Logic
	Adding a Reset
	Adding More Controls
	Do Not Mix your Drinks
	Synchronous Design
	Get your Priorities Right
	Writing Sympathetic Code
	The Challenge
	Summary
	Revision History
	Notice of Disclaimer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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.)
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


