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Introduction

Engineers often use a flexible, reprogrammable Stratix® Il FPGA for prototyping a
project, and then transfer the design to a faster, more economical HardCopy® II ASIC
for mass production. This application note describes some possible design
considerations and solutions for fitting a Stratix Il FPGA design into a HardCopy II
ASIC.

HardCopy II ASICs are low-cost, high-performance 1.2-V, 90-nm ASICs with pinouts,
densities, and architectures that complement Stratix II FPGAs. HardCopy II ASIC
features, such as phase-locked loops (PLLs), memory, and I/O elements (IOEs), are
functionally and electrically equivalent to the Stratix II FPGA features. The
combination of Stratix I FPGAs for in-system prototype and design verification,
HardCopy II ASICs for high-volume production, and the Quartus® II design software,
provides a complete, low-risk ASIC solution.

HardCopy Il ASIC Compatibility with Stratix Il FPGA Prototypes

For the HC210(W), HC220, and HC230 devices, there are three possible Stratix II
FPGAs you can choose as the companion FPGA prototyping devices. For example,
you can prototype an HC230 design using EP2590, EP25130, or EP25180, depending
on the design requirements for logic gates, memory, and digital signal processing
(DSP) functions. You prototype the HC240 using an EP25180.

Table 1 shows Stratix II FPGA to Hard Copy II ASIC compatibility.

Table 1. Stratix Il FPGA to HardCopy Il ASIC Footprint Compatibility

Stratix Il Devices

HardCopy Il ASICs Packages EP2S30 EP2S60 EP2590 EP25130 EP25180
HC210W 484-pin FineLine BGA (1) v v v (2) — —
HC210 484-pin FineLine BGA v v v (2) — —
HC220 672-pin FineLine BGA — v — — —
HC220 780-pin FineLine BGA — — v v (2) —
HC230 1,020-pin FineLine BGA — — v v v (2)
HC240 1,020-pin FineLine BGA — — — — v
HC240 1,508-pin FineLine BGA — — — — v

Notes to Table 1:

(1) The HC210W device uses a wire-bond package; the Stratix Il FPGA prototype device uses a pin-compatible flip chip package.

(2) Depending on design-specific resource use, this very aggressive die-shrink might be possible. Be sure to confirm whether or not your design
is a potential candidate for such an aggressive shrink by fitting it with the Quartus |1 software and/or consulting an Altera® Applications

Engineer.
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Indications Fitting Might be a Problem

Each path from a Stratix Il FPGA to a HardCopy II ASIC represents a very significant
physical die area reduction. The bigger the FPGA you choose as the prototype, the
greater the die area reduction. This die area reduction is made possible by the
combination of fine-grained logic fabric and the removal of programmability in logic
and routing.

Due to this aggressive die reduction and the difference in cell and interconnect
architectures between HardCopy II and Stratix II devices, it is important that you fit
the design in both HardCopy II and Stratix II revisions in the Quartus II software
during the front-end design flow phase. To ensure that the design can map between
Stratix II and HardCopy II devices, it is necessary to get a successful compile in both
revisions. A successful compile is defined as a compiled design project in the
Quartus Il software that has been successfully placed and routed, has achieved timing
closure, and has passed revision comparison between the two revisions.

In most cases, the HardCopy II ASIC compiles without changes after compiling the
Stratix II FPGA. For cases where the logic from the Stratix Il FPGA does not fit in the
HardCopy II ASIC, this document provides an extensive guide to HardCopy Il device
fitting techniques.

For more information, refer to the Area and Timing Optimization chapter in volume 2 of
the Quartus I Handbook.

Indications Fitting Might be a Problem

By default, the Quartus II software tries to fit three times. If it does not fit on the first
try, it might fit on a subsequent attempt. Requiring more than one attempt to fit is an
indication that fitting might be a problem. If the peak interconnect use is over 100%, or
if the average interconnect use is over 45%, it might not fit. HardCopy II ASICs are
routed with two custom metal layers. The peak interconnect use number indicates
what percentage of routing resources are used in the most congested area. The design
will not fit if more resources are needed than are available.

Factors Affecting Fit

As a designer, you need to consider factors that affect the fit of your prototype
Stratix II FPGA onto a Hardcopy II ASIC. These factors include high HCell use, high
DSP use, design architecture, and high RAM use.

High HCell Use (Post Synthesis, Including DSP)

Over 75% HCell use is very problematic and at risk of not fitting in the HardCopy II
ASIC. You will find HCell use in the Summary section of the Fitter report. HCell use
cannot be accurately estimated based on the FPGA compile because the HCell and
adaptive logic module (ALM) ratio is a function of the design and depends on how
much of the FPGA ALM hardware is being used. An ALM in an FPGA is either used
or not used. For a HardCopy II revision, an ALM that is using most of its logic will
translate into more HCells than one that is using little of its logic.
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High DSP Use

HardCopy II DSPs are built out of HCell fabric using large contiguous areas. Designs
with high DSP use might use a majority of the routing resources in an area and cause
significant routing blockage.

Design Architecture

High RAM Use

Certain topologies are intrinsically routing intensive; for example, large cross-bar
switches. High fan-out nets can cause routing congestion if they are distributed in the
HardCopy II custom layers rather than the global routing resources, which are built
into the base layers.

RAM blocks are highly optimized and tightly packed. RAM blocks might restrict the
use of some routing channels in the area in which they reside.

Techniques to Reduce Congestion and Improve Fitting

There are a variety of techniques that you can employ in your design to reduce
congestion and improve the fit of your prototype device. If you are able to use some or
all of these techniques, you can make your end-product more efficient and
cost-effective.

Promote High Fan-Out Nets to Global Resources

In Stratix Il FPGAs and HardCopy II ASICs, there are global and regional resources
typically used for clocks, but also used for high fan-out signals. These global resources
are pre-built and do not take up regular programmable routing resources. There are
16 global clocks and 32 regional clocks (8 regional clocks per device quadrant).

While compiling the Stratix II FPGA, the Quartus II software promotes signals to use
global resources, as needed, based on the FPGA floorplan. When the HardCopy II
companion device is compiled, the Quartus II software uses the same global resources
as it did during the FPGA compile because the global resource usage must match (for
revision comparison purposes). This does not take into account the HardCopy I
floorplan and its routing congestion.

In the Resource section of the Fitter report, you can see if there are high fan-out nets
that are not assigned to global resources. If there are global resources available, you
can assign the high fan-out nets to the global resources. This needs to be done in both
the FPGA and HardCopy Il revisions. If the assignment is made to the FPGA revision
first, after the FPGA revision is compiled and migrated, the HardCopy II revision
assumes these assignments.

An example of a high fan-out net is a reset that goes to 10,000 registers. The
reassignments to global or regional resources can be done using the

set _i nst ance_assi gnment command with the Tool Control Language (Tcl)
console, or added in the Quartus II settings file (.qsf).
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To assign a signal to a global resource, use the assignment:

set _i nstance_assi gnment -name GLOBAL_SIGNAL "GLOBAL CLOCK' -to
<si gnal _name>

To assign a signal to a regional clock, use the assignment:
set _i nstance_assi gnment -name GLOBAL_SI GNAL " FAST_REQ ONAL CLOCK"
-to <signal _name>

& Besure to check that the regional clock covers the area needed for both the FPGA and
HardCopy II designs.

Figure 1 shows a case where the Quartus II software has promoted low fan-out
signals to the global clocks. If there are higher fan-out signals, assign them to global

clocks or regional clocks.

Figure 1. Example of Low Fan-Out Promotion to the Global Clock

[+ 3B Analysis & Syrthesis _:I obal & Other Fa gna
=& Fitter : Global Resource
B sunmary Name Lacation FanOut [ oq
BB Settings 1 | PLLO:inst23altplk altpl_companent|_clkd PLL_12 71509 Global clock
BB HardCopy II Device Resource Guid 2 | inst2 |LEFF_»100_Y50_N25| 70834 Global clock
& Pin-Out File 3 | CPU_WR_n PIN_AT7 30 Global clack
& &5 Resource Section 4 | TOPLinsthd123_TOP1:AaD:0:U_1IMACHINET_TOPT:I3PAGET:I1Ib4BBI3WR_B  |LCFF_xB4_Y12_N7 [|2 Global clock
§§ ?:’&“;F:sume Sanmay 5 | TOP1:instM123_TOP1:\gO:0:U_TIMACHINET_TOPTI3PAGETIIWRITE_&4_BB  |LCFF_117_v38_N1j[2 Global clock
p= oftput'% B | TOPT:instiM123_TOPT:\D:0.U_1IMACHINE1_TOPT.I3PAGEZIMICPU_AB_WR_s |LCFF_%32 Y46 N17 [2 | Glabal clock
ZHEE bidr Pins 7 | TOPT:instiM123_TOPT:Aal:D:U_1IMACHINE1_TOP1-I3PAGE 2 14WRITE_AB LCFF_X88_Y26_N7| |2 Global clock
EHER 1/0 Bark Usage 8 | TOP1:instiM123_TOP1:\a0:10:U_1MACHINE1_TOP1:I3PAGET:11IA4BB:I3M/A_B |LCFF_x3 Y54 NS | |2 Global clock
SHEE Al Package Pins 9 | TOPT:instiM123_TOPT:Ag0:10:_IMACHINET_TOP1-I3PAGE 1 IWRITE_&4_BE |LCFF_B1_Y83_N1f |2 Global clock
EHEE Migration Devices 10| TOP1:instit123_TOPT:AQ:1 0:U_1MACHINE1_TOPT:I3IPAGEZ I4ICPU_AB_WHR_s |LCFF_x95_YEB_N1] |2 Global clock
BB UL Summary 11| TOPT:instiM123_TOPT: A0 10U_TMACHINE1_TOP1ISPAGE2IMWRITE 4B |LCFF_X57_Yv79_N2p |2 Glabal clack
S FUL Usage 12| TOPT:instiM123_TOP1:Ag0:11:U_IMACHINET_TOF1.I3PAGE 1.1 1IA4BB:I3WR_B |LCFF_6_v30_N25| |2 Glbal clock
gg g::E:::':”Ui’ir::t”i:nL;"dE::; Re 1 [13] TOPY:inst123_TOPY:\g011:U_TMACHINET_TOPT:A3PAGETIIWRITE_A4_BB |LCFF_X9Y53N21| [2 | |Global clock
=g VEMRY | T74] TOPTinetM123_TOPTAQD T:U_IMACHINET_TOPTI3PAGEZI4ICPU_AB_WR_s |LCFF_X7_Y61_NZ1 | |2 Global clock
EHEE Delay Chain Summary
ZHE8 padiq Core Delay Chain Fano | | 193] TOF st 123 TOPT:Ag0:11:U_IMACKINE1_TOPTISPAGEZIAWRITE 86 [LCFF 39 v33 N17\[2 | Global clock
B Contro\Signals 16| PLLO:inst23altpll altpl_component_clk1 PLL_12 \ / Global clock
B Global 8§ Other Fast Signals
EHEE Yo Gjbal High Fan-Out Signz i
SHEE R Eummary ® Quartus promotes low fan-out signals to global clock
[+ &1 Logic and Routing Section __| e No regional clock used
SR Device Options
& i) Messages
éy Suppressed Messages
[-&Eh] Assembler -l
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Figure 2 shows high fan-out signals not assigned to global resources. Assigning as

many of these signals as possible to global or regional clocks helps with routing

congestion.

Figure 2. High Fan-Out Signals Not Using Global/Regional Routing Resources

B E\__—l Analysis & Synthesis ;I 0 oba g an-0 g
=-&H 3 Fitter NEe R
S summary 1 | cPu_a0Dp9) fi63a8|
&HER Settings
&HER HardCopy II Device Resource Guid Gl CPU_ADDM1] 1 8385\
&9 Pin-Out File 3 | CPU_ADD(8] 3842 |
= &3 Resource Section 4 | CPU_ADD[10] I 3586 \
EDBER Resource Usage Summary 5 | CPU_ADD(D] ’ 1383 \
&SER Input Pins 6 | CPU_ADD[1] |l1282 |
&HER output Pins 7 | TOP1:instiM123_TOP1:\g0.5:.U_1M3_TOPT:I0LOAD_s []hzos |
&SR bidr Pins 8 | TOP1:instiM123_TOP1:\gD:19.U_1M3_TOP1:I0LOAD_s [T1205 |
gg IA':?PE:::g"::;i 3 | TOP1:instM123_TOP1:\g0:4:U_1M3_TOPTI0LOAD_s 1205
EHER Migration Devices 10| TOP1:instiM123_TOP1-4g0-1-U_1M3_TOPT-I0ILOAD_s 1205
ZHEE PLL Summary 11| TOP1:instiM123_TOP1:\g0:18:U_11M3_TOP1:I0ILOAD_s 1205
ZHEE PLL Usage 12| TOP1:instiM123_TOP1:\g0:23:U_11M3_TOP1:I0ILOAD_s 1205
&SEH output Pin Default Load For Re 13| TOP1:instM123_TOP1:Ag0:12:U_1[M3_TOP1:10|LOAD_s 1205
&SBEH Resource Utilization by Entity 14| TOP1:instM123_TOP1:\g0:29:U_1IM3_TOP1:10ILOAD_s 1205
&SEE Delay Chain Summary 15| TOP1:instiM123_TOP1:Ag0:8:U_1IM3_TOP1:10ILOAD_s 1205
ad Jo Core Delay Chain Fano 16| TOP1:instiM123_TOP1:\g0:S:U_1IM3_TOP1:I0ILOAD_s 1205
Contry{ Signals 17| TOP1:instM123_TOP1:\g0-11-U_1M3_TOPT-I0LOADs 1205 |
& Other Fast Signals -
High Fan-Out Signe | |[18] TOP1:instiM123_TOP1:\g0:3U_1M3_TOPT:I0LOAD_s E
RAM Sjmmary 19| TOPT:instiM123_TOP1:\0:27-U_1IM3_TOPT:I0ILOAD_s [1205 |
/ndRouting Section | | 20] TOPU:instiM123_TOP1:\g0:12.U_1M3_TOP1:10LOAD_s {1205 |
&HEE Device Options 21| TOPT:instiM123_TOP1:40:22:U_1M3_TOPT:I0ILDAD_s 1205 |
& i Messages 22| TOPT:instiM123_TOP1:\g0:16:U_1M3_TOPT:I0ILDAD_s 1205 |
&F &2 suppressed Messages 23| TOP1:instiM123_TOP1:\g0:21:U_1M3_TOPT:I0ILOAD_s 1205 |
- &S0 Assembler _'LI 24| TOP1:instiM123_TOP1:\g0:25:U_1IM3_TOP1-I0LOAD_s V205 |
al | E 251 TNP1-instiM123 TNP1-AAMANT1 1M3 TOPTINNNAD s \ons/

e \ery high fan-out signals can cause routing congestion in
Hard Copy Il devices

e Manually assign these signals to global or regional clock
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Figure 3 shows high fan-out signals with short routing distances. Reassign these
fan-outs to a regional clock resource.

Figure 3. High Fan-Out Signals with Short Routing Distances

Device: EPZ51B0F1020C4 - Migration Dievices [EP25150F1020C4, HC230F1020C)
O T OO o

} .

Fanin(¥/3)_¢GoTo | || Ecuations(i/i] GoTos |
| PLLOn23pt et | [RPVZBLOAD S =] | (@ J28L42 (TOPY instM1 23_TOP1:AG0S1U_TM3_TOPTIOFR| EZE
< Z8L454 [TOF Tt = DFFEAS] 28 LOAD_s_p [TOPYirstM1 23_TOPTAG-SL_1IM3_T) XX
@ iz chch] et J28L464. & MATILS (TDPYinst1 23_TOP1 AD 5U_TIM3_TOPY10M] GE TBITAg0 013 REG_QT[11-910) (DATAF)
i < MATLB TOP1 inathi123_TOPT:AD0 5U_IM3 TOP-10M{_GETBITAQ0 183 REG_Q1121312)(DATAA]
PLLO metZ3aky & MA3LT1 [TOPTirsth123_TOPTAGRSL_1M3_TOR1108 3_GETEIT o0 0)0843_REG_01[3]~314] [DATAD)

1 IGLOBAL| < MAZILTA [TOPT inatB123_TOPTAGR S L_TM3_TOPTA0 3_GE THIT g0 0|04 3_REG_Q1(4]516) [DATAC)
goe ‘*‘“"l' Ly | /€@ Mem07 (T0PTRat123_TOPTAG0 S U_TM3_TOPTIN 3 GE TEIT\g 0{0M3_REG_Q1[5913) DATAL)
e & MATIL20 [TOPYinstM123_TOP1Ag05U_TM3_TOP110M 3 GETEIT \gh0{I843_REG_O1(51320] (DATAD]
Ll BT 1 AT 3 8 i3 23 (YA a1 3% TADHAREL as TACYINM] ReTBITA AR WIS R ATeaTRATA

® \ery high fan-out signals with short routing distance ——
® Manually assign these types of signals to regional clock

Adjust Optimization Settings

Optimization settings control the priorities the Quartus II software uses when
compiling a design. You can control optimization at three different levels: the whole
design, an entity, or an instance. A design can be optimized for Area, for Speed, or it
can be Balanced.

To control optimization for the whole design, the syntax used in the Quartus II
settings file is:

set _gl obal _assi gnment —nanme STRATI XI | _CPTI M ZATI ON_TECHNI QUE <val ue>
where <value> is Area, Speed, or Balanced.
To control optimization for an entity, the syntax used in the Quartus Il settings file is:

set _gl obal _assi gnnent —name STRATI XI | _OPTI M ZATI ON_TECHNI QUE - entity
<entity_nane> <val ue>

To control optimization for an instance of a module or entity, the syntax is:

set _i nstance_assi gnment —name STRATI Xl | _OPTIM ZATI ON_TECHNI QUE -to
<i nstance_nanme> <val ue>
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With a design that is not speed critical, you can elect to optimize for Area. This logic
option also controls how adder logic is implemented. If you choose Balanced or
Speed, the Quartus Il software uses the faster version of the adder, which uses more
HCells, thus potentially impacting fitting. If you choose Area, the Quartus II software
uses the normal version. Use the logic option Use High Speed Adder to turn off the
use of faster adders. Do this if the adder logic is not on the critical path for
performance. For a design with moderate speed requirements, use Balanced. Portions
of a design that are not speed critical can be optimized for Area as well. For example,
you can use an assignment like:

set _i nstance_assi gnment -name STRATI Xl | _OPTI M ZATI ON_TECHNI QUE -to
"ny. sl ow adder: b2v_inst 5" AREA

These assignments, when used, have to be identically set in both the Stratix II FPGA
and HardCopy Il revisions. This can reduce HCell use and improve routability.
Optimizing for speed tends to make routing more difficult. Over-constraining clock
frequencies is not recommended because it uses more resources and increases routing
congestion.

Reduce Use of Hard DSP Blocks

It is best to use dedicated DSP blocks to implement DSP functionality. Using hard DSP
blocks gives better performance in the Stratix Il FPGA. In the HardCopy II ASIC, the
DSP HCell library equivalents give the best performance. If enough positive slack
exists in the timing, using Logic Elements (LEs) to implement DSP blocks can reduce
congestion and HCell use in the HardCopy Il revision. This can be done if the FPGA
implementation has enough free ALMs to implement the DSP blocks. DSP block
implementation using hard DSP blocks or LEs must be the same between the Stratix I
FPGA and the HardCopy II revisions.

You can control DSP block use at three levels: the whole design, an entity, or an
instance. You can use the following settings:

® Auto allows the Quartus II software to choose when to use DSP blocks.
m DSP Blocks forces the Quartus II software to use DSP blocks.
m Logic Elements forces the Quartus II software to use LEs instead of DSP blocks.

To set an entire design to use automatic selection of DSP block implementation, use
this assignment:

set _gl obal _assi gnnent -nanme DSP_BLOCK BALANC NG " Aut 0"
To set an entity to use Logic Elements, use this assignment:

set _gl obal _assi gnnent -nane DSP_BLOCK BALANC NG -entity <entity
nane> "Logic El enments"

To set an instance to use hard DSP blocks, use this assignment:

set _i nst ance_assi gnment -name DSP_BLOCK BALANCI NG DSP -to
"mul t _mux: ul| Mult 0"
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To control the global use of DSP blocks using the Quartus II software, perform the
following steps:

1.

2
3
4.
5

On the Assignments menu, click Settings.

In the Category list, select Analysis & Synthesis Settings.

Click the More Settings button.

Under Existing option settings, scroll down to DSP Block Balancing and click it.

In the Setting box, select how you want the DSP blocks implemented, as shown in
(Figure 4).

Figure 4. Implementing DSP Block Balancing in the More Analysis & Synthesis Settings Menu

More Analysis & Synthesis Settings ﬂ

Specify the zettings for the logic options in your project. Assignments made to an individual node or
entity in the Assighment Editor will override the option settings in thiz dialog box.

Option —
Mame: D5F Block Balancing —IESE
Setting: Auta j Reset Al |

Description:
Allows pou to control the conversion of certain DSP block slices during ;I
DSF block balancing.
Existing option settings:
| Setting: | :I
Clock MU Pratection On
D5SF Balancing
Eutract Verilog State Machines On
Extract WHDL State Machines On
Force Use of Synchronous Clear Sign...  Off
HOL meszage level Level2
lgnore CARRY Buffers Qff
lgnore CASCADE Buffers Qff
lgnore GLOBAL Buffers Qff
lgnore LEELL Buffers Qff
lgnore Maximum Fan-Out Assignments — OFf
lgnore ROW GLOBAL Buffers Qff
lammre SOFT Boffars Nr LI
()8 I Cancel I

Certain megafunctions that use DSP blocks also allow you to select Hard DSP block or
LE implementation. An example of this is the LPM_MULT megafunction, as
highlighted by the red arrow in Figure 5. In this instance, page 4 of the MegaWizard®
Plug-In Manager indicates that the Quartus Il software will use the default
implementation. In conjunction with the global settings described above, you can use
these options to tailor a specific entity.
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Figure 5. MegaWizard Plug-In Manager - LPM_MULT [page 4 of 7]

MegaWizard Plug-In Manager - LPM_MULT [page 4 of 7] - |EI|5|

:a LPM_MULT
Abouk Docurnentation

Farameter

—Does the 'datab’ input bus have a constant walue?
s Mo

. Yes, the value is
X result[15..0
datak[7..0 AUnsigned
’ mutiplization —Which type of multiplication do wou want?
*! nsigned
Signed

—Which rultipliet implementation should be usad?
*! |Jse the default implementation
Use dedicated mulkiplier circuitry (Mot available For all Families)

Use logic elements

Resource Usage
117 lut

| Cancel || % Back || Mext = ” Einish |

Turn Off Physical Synthesis

Physical synthesis causes duplication of signals and registers in an effort to meet
timing requirements. If your design can meet timing without using physical
synthesis, it will more easily fit in your HardCopy Il revision. Using physical
synthesis can increase congestion and HCell use in the HardCopy Il implementation.
Turning physical synthesis off can improve routability and reduce HCell use. You
must configure physical synthesis identically in both the Stratix II FPGA and
HardCopy II revisions.

Physical synthesis settings are located under the Fitter Settings in the Category list, as
shown in Figure 6. Leaving the selections blank turns off physical synthesis.
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Figure 6. Fitter Settings, Physical Synthesis Optimizations
=]

Categary:
-~ General Physical Synthesis Dptimizations
- Files
- Libraries Specify options for performing physical syrthesis optimizations during fiting.
- Device
£l Operating Setlings and Conditions — Physizal synthesis for performanc:
- Voltage

i Temperature [~ Perfarm physical spnthesis far combinational lagic
[#- Compilation Process Settings

[#- EDA Tool Settings

- Analysis & Synthesis Settings

= WHDL Input

- Werilog HOL Input

- Default Parameters

- Synthesiz Metlist Optimizations

[ Perform automatic asynchronous signal pipelining

Physical synthesiz for register
I Perfomn register duplication

™ Perform register retiming

i~ Physical synthesis for fitting
P [~ Peiform physical synthesis for combinational logic
- Timing Analysis Settings
- Assembler
- Design Assistant
- SignalT ap Il Logic Analyzer
+ Logic Analpzer Interface
[=)- Simulator Settings
Sirmulation Verification
- Simulation Dutput Files
- PowerPlay Power Analyzer Settings

[~ Peiform logic to memary mapping

 Physical synthesis effart

& Momal [default; increases compilation tme bw ba three times)

! Extra[should imprave design perfarmance; increases campilation me)
! Fast [may reduce perfarmance gains; decreases compilation Hme)

Drescription

=
]|
Cancel |

A

For more information about physical synthesis, refer to the Netlist Optimizations and
Physical Synthesis chapter in volume 2 of the Quartus II Handbook.

Adjust Fitter Hold Time Optimization Settings

AN 453: HardCopy Il ASIC Fitting Techniques

Migrating from a Stratix Il FPGA to a HardCopy II ASIC involves mapping ALM
logic blocks to HCell macros. In the FPGA, hold time requirements are guaranteed by
design. In the HardCopy Il revision, due to different clock structures and HCell
macros that are faster than the equivalent ALM logic blocks, the Quartus II software
or HardCopy II Design Center (HCDC) backend tools might have to insert buffers to
guarantee that hold time requirements are met for all operating conditions and
processing variations. In general, set the Quartus II software Fitter options to
Optimize fast-corner timing and Optimize hold timing for All paths. For some
hard-to-fit designs that are close to or just out of routing resources, you can de-select
Optimize fast-corner timing. These and other typical hold time requirement settings
for the Quartus II Fitter are shown in Figure 7. Additionally, you can try the Optimize
hold timing for the I/O paths and minimum TPD paths option, as shown in Figure 8.

Contact the HCDC before using these settings to ensure that the backend tools will
still be able to close hold time requirements.
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Figure 7 shows the Quartus II software Fitter Settings options as typically set to meet

hold time requirements.

Figure 7. Typical Hold Time Requirement Settings for the Quartus Il Fitter

Settings - test_top_hcii

Category:

- General
- Files
- Libraries
- Device
Operating Settings and Conditions
- Woltage
i Temperature
- Compilation Process Settings
-EDA Tool Settings
- Analyziz & Synthesis Settings
- WHDL |nput
- Werilog HOL Input
- Default Parameters
- Synthesiz Metlist Optimizations
Fitter Settings
: Physical Synthesiz Optimizations
=] Timing &nalysiz Settings
e TimeQuest Timing &nalyzer
- Clazsic Timing Analyzer Settings
- &gsembler
- Design Assistant
- SignalT ap Il Logic Analyzer
- Logic Analyzer Interface
imulator Settings
- Simulation Werification
- Simulation Output Files
- PowerPlay Power Analyzer Settings

T--F-F

x|

Specify optiong for fiting.

r— Timing-driven compilation

¥ Optimize hold timing: IAII paths

[v Optimize fast-cormer timing

PowerPlay power optimization: INDrmaI compilation

— Fitter effart
" Standard Fit [highest effort)
= Fast Fit [up to 507 faster compilation / may reduce frax)
* Auto Fit reduce Fitter effort after meeting timing requirements]

Desired worst caze slack [margin]: IU Ins 'l

[~ Limit to one fiting attermpt

Seed: |1
More Settings... |

Description:

-]

Cancel |
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Figure 8 shows the Quartus II Software Fitter options set to let the HCDC backend
tools do the optimizations necessary to meet the hold time requirements for
hard-to-fit designs.

Figure 8. Quartus Il Fitter HCDC Backend Tools Optimization Settings for Hard-to-Fit Designs

Settings - test_top_hcii =

Category:
- General Fitter Settings
- Files
- Libraries Specify options for fiting.
- Device

=- D:peratlng Settings and Conditions — Timing-driven compilation
Woltage

- Temperature [v Optimize hold timing: Il.-"D Paths and Minimur TPD Paths j
[#- Compilation Process Settings
[#- EDA Tool Settings

= Analysiz & Synthesiz Settings
e WHDL Input PowerPlay power optimization: INDrmaI compilation j
-Werilog HOL Input

- Default Parameters

i Synthesis Metlist Optimizations

— Fitter effart
" Standard Fit [highest effort)

|- Fitter Settings = Fast Fit [up ta 50% faster compilation # may reduce fmax)
- Physical Synthesis Optimizations * Auto Fit [reduce Fitter effart after meeting timing requirements)
-1 Timing Analysis Setings . )
Timeuest Timing Analyasr Desired worst case slack [margin]: nz -
[#- Clazsic Timing &nalyzer Settings
- Agzembler [~ Limit to one fitting attemnpt

- Design Assistant

- SignalT ap Il Logic Analyzer Seed: I‘I

- Logic Analyzer Interface -

- Simulator Settings tare Settings... |

- Simulation Verification

- Simulation Output Files
- PowerPlay Power Analyzer Settings Description:

M
[

Contrals whether the Fitter optimizes a design to meet timing requirements at the fast timing ﬂ
process comer and operating condition, as well as at the slow timing process corner and
operating condition. The Optimize Timing logic option must be enabled for this option to work.

‘when this getting is turned off, designs are optimized to meet timing only at the slow timing LI
()8 I Cancel |

4

Another setting that is sometimes useful in getting a hard-to-route design to fit is the
Placement Effort Multiplier setting in the More Fitter Settings dialog box, which you
can access by selecting the More Settings button on the Fitter Settings page. This
setting causes the Quartus II software to try multiple possibilities in its effort to
optimize your design, though the compile time will increase. Increasing the multiplier
to as much as 3 can produce a better starting placement and improve routing.

Figure 9 shows the More Fitter Settings dialog box and an example of the Placement
Effort Multiplier set to 3.

The More Fitter Settings dialog box also has the Router Effort Multiplier setting.
Increasing this has not been found to help routing for HardCopy II designs, though it
does make compile times much longer. Altera recommends you leave this set to 1.
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Figure 9.

Example of Placement Effort Multiplier Setting

More Fitter Settings

X

Specify the gettings for the logic optiohs in wour project. Assignments made to an individual node or
entity in the Aszignment Editor will override the option settings in this dialog box.

— Optian -
esE |

Mame: IF'Iacement Effart Multiplier j =

Setting: IHU Reset al |

Dezcription:

Cantrolzs how much time the fitter spends in placement. The default
value iz 1.0 and legal walues must be greater than . Specifying a
floating-point number allows vou to control the placement effort, A

e
-]

Eisting option zettings:

Marme: | Setting: | ;l
asimum number of clocks of any typ... -1
tasirmum number of global clocks all... -1

M axirmum number of regional clocks a.. -1

Optimize 10C Register Placement for ... On

Optimize Timing Marmal compilation
FCIIAO O

Flacement Effort kultiplier an

Fouter Effort Multiplier 1.0

Router Timing O phimization Level Momal

Save Intermediate Fitting Results 0f

Stop After Congestion Map Generation  Off

Weak PulHlp Besistar 0ft

o]

Cancel
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Use a HardCopy Il First Flow

Sometimes the optimizations made to create the Stratix II FPGA are not the best
design choices for the HardCopy II ASIC. Compiling the HardCopy 1I revision first,
then mapping it to the FPGA, can produce a better fit.

To employ a HardCopy II first flow, if you have already created an FPGA with a
HardCopy II companion revision, perform the following steps:

1. On the Project menu, click Revisions.

2. Delete the HardCopy II companion revision (test_top_hcii in this example), as
shown in Figure 10.

Figure 10. Example of Revisions Dialog Box Used to Delete a HardCopy |1 Companion Revision

Specify the current revision for the project, create a new revision, delete an existing
revigion, or edit the description of a revision.

x

Fevisions:

Revigion Name | Top-level ... | Farmily | Device | Set Current

test_top Stratix Il EF2530F4..
test_top HardCopy Il HC2 8.

Create...
Delete
Compare...

Customize. ..

14

Description for revizion ‘test_top_heii' :

QK I Cancel

3. Select the main revision (test_top in this example) and change to the HardCopy II
device that you wish to use. You will see the warning shown in Figure 11.

Figure 11. Warning

uartus I X

[} The current project has a companion revision. Changing the device Family will adversely effect the project. Altera does not recommend changing the
. current device Family when a companion revision exists, Do you want to change the current device Family anyway?

es Mo |
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4. Click Yes because you have already deleted the companion revision.

5. Compile the HardCopy Il revision and migrate it to a new FPGA companion
device, as shown in Figure 12.

Figure 12. Create New Companion Revision with Assignments from the Current Revision

Create/Overwrite HardCopy II Companion Revision 5[

Create a companion HardCopy || revizion ta an existing Stratiz || design. The companion
revision must have the same assignments and settings as the current revision. Submit bath
revigions to the HardCopy |l Design Center.

Current revigion: test_top

Current companion revision: < ho companion revision exists >

Create/ovenwrite companion revision
1 Oyenarite cument companion revision with assignmetts from the. curent revision

' Create new companion revision with assignments from the current revision

Mew revizion name:  |test_top_sii

oK I Cancel

6. Finally, change to the FPGA revision and compile it.
“*.e For more information about HardCopy II First Flow, refer to the Quartus II Support for
HardCopy 11 Devices chapter in volume 1 of the HardCopy 1I Device Handbook.

Optimize Floorplan

A good floorplan has blocks that need to communicate with each other in close
proximity, particularly blocks on critical timing paths. For example, a block that is
connected to I/O cells is best placed near those I/ O cells. You can determine the
quality of the floorplan by reading the congestion map. To view the congestion map,
open the Chip Planner and click Show Routing Congestion.

LogicLock™ regions do not automatically migrate from the Stratix II FPGA to the
HardCopy II ASIC. If they are needed, you must recreate them in the HardCopy II
revision. Altera suggests that you try to compile the design first, without recreating
the LogicLock regions in the HardCopy Il revision, to determine if you can obtain a
fit.

© November 2008 Altera Corporation AN 453: HardCopy Il ASIC Fitting Techniques


http://www.altera.com/literature/hb/hardcopy-ii/hc_h51022.pdf
http://www.altera.com/literature/hb/hardcopy-ii/hc_h51022.pdf

Page 16 Use a HardCopy Il First Flow

Use Fly Lines to Understand Connectivity

In Chip Planner, you can select a component that has connections that go through a
congested area. If you turn on Show Node Fan-In and Show Node Fan-Out, the fly
lines show where the component is connected. By moving the component, you can try
to get its connections to go through areas that are not highly congested. If most of the
fly lines go in one direction, move the component in that direction. An example of a
block that would benefit from being moved is shown in Figure 13.

Figure 13. Example of a Poorly Placed Block, as Indicated by the Show Node Fan-In and Show Node Fan-Out Fly Lines
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«® For more information about moving blocks of logic, refer to the Analyzing and
Optimizing the Design Floorplan chapter in volume 2 of the Quartus 1I Handbook.

Due to differences in the physical implementation between the Stratix II FPGA and
the HardCopy II ASIC, LogicLock regions are created separately for each. A design
that is helped by LogicLock regions in the FPGA might not need them in the
HardCopy II revision.

RTL Coding Style

Use an RTL coding style that avoids producing structures that are difficult to
implement in a HardCopy II ASIC. For example, coding extremely wide muxes and
crossbar switches tends to cause routing congestion.
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Inefficient use of DSP blocks can waste resources. Multipliers come in multiples of
9x9; therefore, a 12x12 multiplier uses the same resources as an 18x18 multiplier. It is
best to let the Quartus II software choose which kinds of memory to use to implement
your design. In particular, using M-RAMs tends to increase routing congestion.

For more information, refer to the Recommended HDL Coding Styles chapter in
volume 1 of the Quartus II Handbook.

Initially, Restrict the Fitter to One Attempt

© November 2008 Altera Corporation

In the early stages of trying to fit a design, restricting the fitter to one attempt can
reduce compile times and allow you to try more options. The assignment in the

Quartus II settings file is:
set _gl obal _assi gnnent -nane FIT_ONY_ONE_ATTEMPT ON

To limit the number of fitting attempts using the Quartus II software, turn on the
Limit to one fitting attempt check box on the Fitter Settings page, as shown in
Figure 14.

You can eliminate the fitting attempt restriction when the design appears to be close to
fitting.

Figure 14. Fitter Settings to Restrict Fitter to One Attempt
%]

Categary:
- General Fitter Settings
- Files
- Libraries Specify options for fitting
- Device
=8 D.pelating Settings and Caonditions  Tiring-driven compilation
- Woltage
.. Temperature [v Dptimize hald timing: |IJD Paths and Minimurn TPD Paths j
[#- Compilation Process Settings ¥ Optimize fast-comner timing
- EDA Tool Settings
- Analysis & Synthesis Settings -
L HDL Input FawerFlay power optimization: INnrmaI compilation j
- erilag HOL Input ~ Fittes aftort

i+ Diefault Parameters
- Gynthesis Metist Optimizations
Fitter Settings
Physizal Synthesis Optimizations
Timing Analysis Setiings
- Agsembler
- Design Assistant
- SignalT ap Il Logic Analyzer
- Logic Analyzer Interface
- Simulator Settings
o Simulation Yerification
L Simulation Output Files
- PowerPlay Power Analyzer S ettings

" Standard Fit [highest effart]

= Fast Fit (up to 505 faster compilation # may reduce fmax]

o
m

% Auto Fit [reduce Fitter effort after meeting timing requirements]

Desired worst cage slack [margin]: ID Ins =~

¥ Limit to one fitting attempt

Seed |1
ore Settings.. |

Drescription:
Cantrals haw many fitting attempts the fitter tries to get a fit. When this optian is off (default]. the ﬂ

fre)
(E2)

[
L

fitter bries a maximum of 3 placement and routing attempts, with each successive attempt
increasing the placement effort and hence increasing compilation times. Theze additional
attempts are uzed onlp if previous attempts failed to fit the design. Setting this option restricts lheﬂ

coce_|

v
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Use Fast Input and Fast Output Registers

Fast input and fast output registers are packed into I/O cells so they take fewer HCell
resources.

To control I/0O cell register use in the Quartus II software, perform the following
steps:

1. On the Assignments menu, click Settings.

2. In the Category list, select Fitter Settings.

3. On the Fitter Settings page, click More Settings.
4

Under Existing option settings, scroll down to Optimize IOC Register Placement
for Timing and select it.

5. In the Setting box, select On, as shown in Figure 15.

Figure 15. Optimize I0C Register Placement for Timing Turned On in More Fitter Settings Dialog Box
x|

Specify the settings for the logic options in your project. Assignments made to an individual node or
entity in the Azzignment Editor will owverride the option settings in this dialog box.

— Option
- ) .. Reset |
Mame: Optimize 10C Register Placement for Timing
Setting: On j Reset All |

Drescription:

Controls whether the: fitter optimizes [/0 pin timing by automatically -
packing registers into |/0s ta minimize 10 -> register and register -» /0
delapz. Thiz option requires the O ptimize Timing option to be enabled forLI

Existing option settings:

M ame: | Setting: | ;I
Fit Attempts to Skip 1]

Fitter Aggressive Routability Optimizat...  Automatically

1/0 Placement Optimizations On

Logic Cell Inzertion - Logic Duplication  Auto

Optimize 10C Register Placement for ...

Optimize Timing Mormal compilation

PCII/0 off

Placement Effort Multiplier 1.0

Fouter Effart Multiplier 1.0

Fouter Timing Optimization Level Mormal

Save Intermediate Fitting Fesults Qff

Stop After Congestion Map Generation  Off

Wieak Pulllln Besiztor (nl:3 LI

oK I Cancel |
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Use a Larger HardCopy 1l ASIC

If a successful fit cannot be achieved because of a shortage of HCells, routing
resources, memory, or DSP blocks, you might need to use a larger device. The
HC230F1020 device can be migrated to the HC240F1020 device and retain the same
package. Other upgrade paths require different packages.

For this reason, Altera recommends that you successfully compile both the Stratix II
FPGA and the HardCopy II ASIC before doing a PCB layout. Other options are to
optimize the RTL by removing redundant, optional, or unused features. Vertical
mapping to a larger device comes at a price in package pin count, additional board
real estate for the larger package body, additional power consumption, and additional
device cost.
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Conclusion

Taking a Stratix Il FPGA to a HardCopy II ASIC produces a dramatic die size
reduction, equal or better performance, equal or lower power consumption, and cost
savings. To achieve all of these benefits, some designs require additional effort to fit
into a HardCopy II ASIC.

The techniques outlined in this application note are a supplement to Section III. Area,
Timing, and Power Optimization in volume 2 of the Quartus II Handbook.

Document Revision History

Table 2 shows the revision history for this application note.

Table 2. Document Revision History
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