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Legacy FPGA Designs Gan Be Migrated
to Achieve Better Performance

Common migration obstacles can be overcome through careful planning,
examination of both source code and constraints, lP substations, and more.

uch attention is paid to advanced field-programmable-

gate-array (FPGA) design methods, As a result, it's easy

to overlook the engineedng ptojects that involve the maintenance,

upgrade, or migration of existing legacy FPGA designs to

a modern FPGA device, One of the key reasons to retarget a

legacy silicon solution to a modern FPGA is to achieve better

qualiry of results (QoR)--namd increased throughput speed.

The curent mainstream ptocess technology-130 nm--will

provide high-performance solutions with internal frequencies

of up to 200 MHz. Within a 90-nm device, 500-MHz internal

frequencies are possible.

The availabiliry of new advanced, nonvolatile technology also is

causing designers to consider FPGA devices that offer instant-

on capabilities via on-chip Flash and SRAM. Such devices also

provide both security and reprogrammability. Of course, it can

be expensive to maintain and replace legacy devices with the

same-generation process technology as the original. Low-cost

FPGA devices, which are designed speciFcally to address higher-

volume product applications, ate often a superior alternative'

The efficienry ofmodern FPGA solutions also is very attractive

to system engineers. Some of the atributes that have made it

easier to migrate and retarget to FPGAs include smaller die

size, embedded application-speci6c-integrated-circuit (ASIC)

blocks, and system security. For example, shrinking die size helps

to significantly decrease overall system size. Second-generation

130-nm devices can be as much as 83% smaller than the previous

180-nm device family.

Embedded ASIC blocks, such as DSP, PLL/DLL, and rhel/O

interfaces ofan FPGA, provide high-perfotmance solutions. At

the same time, they leave plenty ofgeneric programmable fabric

for custom functionaliry, The DSP blocks within FPGAs enable

the parallel ptocessing of common operations like multiplies,

accumulates, or multiply/accumulate algorithms. These

operations would otherwise requite multiple serial instructions

executed by ageneral-purpose DSP device. Specialized hardware

functions, such as PLLs/DLLs, DDRI/O interfaces, embedded

memory, and multi-standard I/O buffers, ease the design-in of

critical system features,

In addidon, security is emerging as a key system consideration

to prevent hardware IP from being copied and thwart reverse-

engineering attempts. Modern FPGAs provide on-chip,

nonvolatile key storage to support the decryption of encrypted

bit streams.

Finally, end-of-life conditions may force a designer to consider

replacement hardware. Modern FPGAs are often ideal

replacements for end-oflife FPGAs, CPLDs, and ASSPs like

PCI controllers and physicalJayer interfaces, A single-chip

FPGA solution on the printed-circuit board is attractive, as

it eliminates the need for an additional confrguration device.

Another issue is the European Uniont Restdction ofHazardous

Substances (RoHS) directive, which is forcing system engineers

to adopt modetn lead-free devices.

CASE STUDY
Modern FPGA-device fearures make migrarion very anracrive.

After all, a tich variety offuncdonaliry is integrated on one device.

Modern FPGA architectures are a hybrid of programmable

elements, as shown in the simplified block diagram of a

LatticeECP2 FPGA (see Figure 1).

The bulk of an FPGA fabric is comprised of programmable

function units (PFUs). These units consist of lookup tables

(LUTs)and registers, PFUs can be programmed to tepresentany

multi-input function and-optionally--synchronous behavior,

They also can act as RAM or ROM mode memories. From a

design-migration perspective, the functionaliry that occupied

this portion of the legacy device usually originates as logic

synthesized from RTL. This logic is the most straightforward

to migrate.

Surrounding the central FPGA progamming fabtic is a

ptogrammable I/O ring. This ring commonly suppotts a variety

of popular signal-interfacing standards including SSTL, PCI,

and LVDS. From a migration point of view, re-implementing

these bufers may require some amount ofconstraint substirudon

and I/O planning in order to account for the target device's

buffer rine,
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Modern FPGA Architecture (LatticeEGP2)

Figure 1: This gtaphic depicts a modem FPGA architecture.

A common characrerisric of most rnodern FPGA architectures
is the rows of embedded, high-performance specialty functions
for memory or DSP applications. The embedded-RAM rows
are comprised of pre-engineered high-performance blocks rhat
can be configured in a variety of modes from ROMs to FIFOs.
Typically, migrating embedded blocks will entail substituting
macro-level components. Those componenrs are produced by a
module or core generator utility, which is provided in the FPGA
design software.

To provide a high-performance clocking solution for the FPGA
device, many devices include PLLs ot DLLs. They can create
clock dividers or multipliers and even tune I/O timing. Usually,
rhe migration of these embedded blocks will require careful
substitution using similar library elemenrs and options of the
tatget FPGA device.

It's likely thar FPGA vendors will continue ro pack a lor
of specialized silicon feaures in and around the generic
programmable LUT and tegister logiq which is traditionally
considered the centerpiece of an FPGA. The conversion
guidelines that follow detail the major considerarions related to
design migration into a modern FPGA device. Three classes of
conversion guidelines ate examined:

1. Mapping design constraints

2, Converting device-specilic modules or IP cores
including vendor library elements

3. HDL coding style for FPGAs

Fitst, consider the issues involved in mapping design consttaints.
After RTL coding style, rhe biggest infuence on the size and
performance of an FPGA ot ASIC is probably user-defined
design constraints, The examples that follow may need to be

accounted for when moving between FPGA vendors or from an
ASIC to an FPGA.

Ptoject-wide constraints may de6ne dming exceptions, which
cause timing.driven place-and-route and static-timing analysis
(STA) to block or exclude cerrain signals. Some common cases
include asynchronous parhs, reser parhs, read.during-write
paths of RAMs, and interclock domain paths.

In addition, design component or signal-specific design
constraints are common. They should be examined to determine
if they would be bene6cial in rhe new device implementation.
For example, synthesis-optimization directives mighr be written
into RTL source to direct rhe encoding of state machines or
hietarchy directives, They could then flatten or retain branches
ofthe design. Often, there will be equivalent directives if one is
using a new synthesis rool for an FPGA project. For example,
the Synopsys DC command 

'iet_flatten' 
can be applied to a

block to control rhe output hierarchy. In Synpliciry Synplift the
anribute'!yn_hier" is the equivalent conrrol.

Timing constraints are commonlycaptured as pan ofa consttaint
or script frle that directs place and route and static riming
analysis, Clock frequency objectives, clock relationships, and I/
O timing like setup and hold are de6ned as well. These rypes of
constraints are so commonplace that all modern vendot sysrems
will provide a syntax !o declare rhese attributes, Recently, the
Synopsys Design Constraints (SDC) format has emerged in the
FPGA industry as a de-facro standard to describe'ilesign intent"
for synthesis, clocking, timing power, resr, and environmental
and operating condirions.

Out of necessity, a legacy design nay have timing and location
conslraints relative to names derived by logic synthesis or
physical elements, such as LUTs. Those consrraints simply wonr
exist in the new target design. The reason for them should be
understood and accounted for by the new design constraints,

Signal placement is an important consideration for the sake of
both the PCB layout and the signal flow atound the FPGA. As
a result, I/O planning is an important task in the new device
design. The designer should andcipate the organization and
signal standards supported by the targer device. Modern FPGAs
commonly provide both single-ended and diferenrial interface
standards. But rhey may require that cerrain signals be placed
into a particular set of package banks. Fortunately, auromaric
placement options within FPGA design sofrware allow design
rules to be placed and checked quickly--often before rhe internal
logic details are fully de6ned.
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Ifpossible, false paths wrirten at the tegister transfet level should

certainly be btought forward into the new design. Unfornrnatelp

most false paths are identifred much later in the design flow.

They turn up as par. of the routine of examining Post-route
critical paths to determine if they are truly bottlenecks. Timing

exceptions ate written in terms of gate-level physical elements

that may not exist when the design is re-implemented. For

best results, designers must recognize the logical paths in the

RTL source and de6ne them for synthesis in the new design.

The automatic extraction of false paths from RTL is a powerful

analysis capability thati available from some EDA tools.

C0l{VERTll{G ftlElVl0RlES
Memory functions can be implemented into FPGAs in a

distributed style acoss multiple PFUs. They also may talget

higher-performance embedded memoty blocks' As a result,

designers should consider the followingwhen migrating memory

blocks:

. What is the capacity and organization ofthe original

functionf Can it be represented in the target devicei

. What modes and featutes of the palticular memoly

function are requiredf Will additional LUT logic be

required for decoding ot to produce status flagsf

. If the otiginal memory block was a comPonent instance,

what port connections were used? Is the function

ofeach pott equivalent to the target devicei Subtle

differences between memoty blocks, such as the polarity

ofcontrol signals, could lead to bugs in the design'

Fortunarely, all major FPGA vendors provide some type of

module or core genefator GUI to ease the con6guration and

cr€ation of new memory blocks,

coilvERflilG Ptts
It has become commonplace to have PLL and DLL firnctionality

integrated into FPGAs. This functionality also provides key

features for clock generation. When migrating PLL blocks

from one vendor to another, the designer should consider the

following:

. What ate the specifications for the PLLI Common

attribures will include operating frequency, phase

control, and the duty cycle ofthe output.

. How many PLLs are available in the arget devicef

. What vendor-specific blocks are available I For example,

the PLL functionality in many Xilinx FPGAs is

provided by a DCM/DLL instead ofa true analog PLL.

By Troy Scott

As with memory blocks, a module or core generator GUI will

typically be providedwith the FPGA design software to ease the

configuration and creation of replacement PLL blocks.

CllI{VERTIlIG U() BUFFERS
Inpur/ourpur (I/O) buffers are an important characteristic

of FPGA design, They define the inputs and outputs of

the design logic as well as the signal-standard support and

electrical charactedstics like drive strength, slew rate, and bus

maintenance.

When migrating between FPGA vendors, designers may

encounter vendor-specifi c buFer component instances embedded

in the source code, Depending on the target, they'll need to

replace or remove them from the code before logic synthesis. In

legacy Xilinx designs, for example, it's not unusual to 6nd bufler

rypes to identi!, inputs, outputs, bidirectional, and global clocks

[author's claim]. In general, Altera and Lanice dont require

buffer components in source code' Itt common to rely on logic

synthesis to infet them. Any desired global signals and buFer

configurations can be identified with signal attributes within

source code or a separate prefetence 61e.

Bank and I/O planning is an important consideration when

migrating to an FPGA, Modern FPGAs group I/Os into

banks thar support certain signal standards--for example, those

that provide nine syslO buffer banks. Each has its own suPPly

voltage and two voltage references, allowing each bank to be

completely independent. Top and bottom banks provide buffer

pairs of single-ended ourputs only. In contrast, bufer pairs on

the left and right banks of the device suppott both diferential

and single-ended outputs. Those outPuts are impotant for

LVDS inrerfaces. To mimic the original pad/signal placement of

the legacy package designets need to anticipate signal-srandard

support by location.

c0l{vERTrr{G 0sP Bt(lcl$
DSP functionality, such as multiplp accumulate, MACs, and

any related pipelining could use general LUT-based logic'

Depending on the architectural features, they also could use a

combination of LUTs and embedded DSP functions within

an FPGA. Fortunately, most of the legacy FPGAs that include

limited DSP capabilities based on simple multiplier/adder

modules will benefir from the industry trend toward DSP blocks

with more fu nctionality.

To migrate an embedded DSP block, the designer must be aware

that fearure support can vary from vendor to vendor' He or she

must understand what functions are avilable and whether

additional LUT logic will be required. For example, the Xilinx
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Spartan-3 and Virtex devices provide an embedded mulriplier
block for muldplication functions only.In conrrast, other FPGA
devices support multiply accumulate, multiply add/subract, and
multiply addlsubract sum as well as pipeline options.

HDL C00il{0-sTYr.E c0ilstDERAT|0ils
The migrarion of HDL designs--especially rhose wtitten for an
ASIC device--requires some arrenrion to ensure that rhe RTL
is as FPGA-friendly as possible. Firsr of all, one must avoid
asynchronous designs. Synchronous designs can be transfetred
far more reliably into an FPGA,given the high-fanout,low-skew
clocking structures that are common in most devices. Keep clock
skew to a minimum by using the FPGAs dedicated global clock
lines for timing signals. This approach becomes parricularly
important when clock fan-out is high.

Secondlp avoid using logical signals to drive set/reset inpurs,
Doing so will make a simultaneous set/ieser of all registers
difficult. Instead, use the global set/reset rouring piovided by
most FPGAS. Similarly, the global rri-state net--not generic
routing-should be used for global three-state.

Exercise caution when ransfetting data between clock domains.
When going from an ASIC ro an FPGA, the minimum skew
that's needed berween rwo clocks (so that data can be re-
synchronized from one to the othet) may change, Also, avoid
adding delay to signal paths by inserting gates, bufers, or other
logic. The associated propagarion delays depend on rhe silicon's
physical properties, They can vary signi6cantly once a design is
rransrerreo ffom AJILS to iruAs.

The designer also must consider the benefrrs ofthe Case versus
If-Then-Else style of sequential logic, If-Then-Else constructs
can infer a priority tree and make a design more complex than
necessary. For best i/O timing characteristics, such as clock-
to-output, designs should target FPGA I/O registers insread
of general-purpose PFU regisrers. Gated clocks are generally
bad in FPGA designs, Typically, they're used as a power-saving
measure in an ASIC design, If possible, use secondary clock
structures to pattition synchronous logic.

In addirion, it's bestto usethe srare-machine design andencoding
sryles thar are recommended by FPGA-synthesis-tool style
guides. They will produce the most reliable and best-performing
state machines. Finally, examine the clock organization of the
talget FPGA device, as it will likely be more restricrive than that
of an ASIC. Compared to an ASIC, high-petfotmance designs
may require additional pipelining in an FPGA.

OESI6 EXAMPI.E
As a working example, consider a recent conversion performed
by Lattice applications personnel. Their goal was to compare the
performance bene6t of a modern FPGA device over one from
an eatlier generarion. The LarticeECP2 FPGA device features
an embedded DSP block with rich functionality. The schematic
illustrates an 80 TAP, 14-bit FIR design (see Figure 2). Ourlines
indicate multiply and adder functions that will be targeted to the
embedded DSP block.

FIR Filter Example

Figure 2: Here is the schematic for an 80-TAE l4-bit FtR design.

The design was originally implemented into the Sparran-
3 XC3S2000 device which features 5120 CLBs. For the
migration, a device of comparable capacity was chosen--the
ECP2-50, It provides abour 6000 PFUs. When performing a
migrarion, the designer can usually scan the resource summaries
near the beginning of each vendor's datasheet to find a match.
Many times, a vendor also will publish tecommendations per a
comPetitive vendor.

To illuscate rhe area bene6t of migraring ro the new device, rhe
design summary reporred by the Spartan's design mapper report
was compared to that ofthe LatticeECP2,Just over 1660 slices
are required by the XC3S2000 to accommodate the synthesized
logic. In conrrast, 1496 slices are required by the ECP2-5O,,
abour 11% fewer rhan the XC3S1000. In this case, many adders
have been absorbed by the sysDSP blocks and freed general
LUT logic within slices.

To illustrate the performance benefit of migrating to the new
ASIC plarform, the fMAX results reported by the Spatan's
static-timing-analysis report were compared to the results for
rhe LaniceECP2. Given this parricular FIR-6lter design, a 117%
performance gain was demonstrated over rhe legacy device (see
Figures 3 and 4).
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Figurc 3: The benefits of migrating to a new platform can be seen in this
sLl C E uti I izatian comparison.
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Figue 4: This peftamance comparison shows morc benefits of migrating to

There are many compelling reasons to replace legacy

programmable or ASIC devices in systems' Benefits include

better silicon availabiliry, lower cost, better performance, and

more efficient device utilization. Given the function-speciEc

hardware in many modern FPGAs, such as embedded DSB

memories, and PLL/DLLs, the performance of a legacy system

can be signi6candy upgraded. Finally, sysrem securiry is emerging

more and more as anecessary requitemenr. The ability to prevent

snooping ofbit streams is therefore an attractive feafltre'

To avoid obstacles when tackling a migration project, both

source code and constrainrs should be examined. In some cases,

they should be translated to the new envitonment. Vendor-

specific blocks like embedded RAM and DSP or PLLs and

DLLs will require substitution, Synthesis and place-and-route

constraints will need to be ranslated,In most cases, thele will be

equivalents actoss FPGA vendors and even between ASIC and

FPGA synthesis tools. Coding style might be worth revisiting

in a legacy design--especially ifthe design originally targeted an
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What is the Right Kind of MPSoC?
The last few years has seen a considerable increase in the

use of processors in embedded systems design' It seems

that every interesting SoC has at least one embedded

processor on it, and more and more of them are embedding

multiple control and data.plane processors to handle a

growing number of functions that once were implemented

in hardware. On the desktop and in large servers, we have

seen the processor trains that seeked to offet increased

performance by inceasing dock fiequency be derailed

in the last couple of years, having hit brick walls of heat,

power dissipation and technology complexiry, to be replaced

by rnulticore architecrures, It's clear that multicore and

multiptocessor architectures are becoming ubiquitous.

This of course begs the question - what kind of MPSoC

architecture is besti Like any good question, there are

multiple answers - and the right answer depends on

the application, Many deeply embedded applications

in consumer products can best utilize multiprocessor

technology with an asymmetric multiprocessing (AMP)

approach. In this approach, tasks or their key functions are

known in advance, processors can be configured and extended

to match, For more genera.l purpose computing at the high

end desktop and server, where new applications cannot be

predicted in advance and tasks may need to migtate from

processor to plocessot symmetric multiptocessing (SMP)

sharing a large coherent rnemory may be a better approach'

No matter what the application and architecture, DAC

2006 in San Francisco can help designers and managers

make the right choices, Running fiom J'Jy24to28,DAC
is of,ering sevetal interesting sessions dealing with MPSoC

and processor-centric design and verifrcation, including

ones on processor and communication centtic SoC design,

MPSoC design methodologies and applications, advanced

topics in processor and system verification, and a special

session on MPSoC design tools. In addition, the DAC

exhibit foot will show offerings from several IP companies,

and a host ofnew and old, large and small EDA companies

who have tools that can help in MPSoC desigo integration

and veri6cation. A visit to DAC will be worthwhile for

everyone involved in MPSoC.

Grott Mortir, Chief Sciextist, Tensilica brc.
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