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Agenda

m Power Estimation in Altera PLD

m PowerGauge ™ Power Analysis in
Quartus® Il Software

m Quartus™ Il Software/ ModelSim Overview
m Simulating with ModelSim

— Timing Simulation
m Calculate Power in Quartus |l Software
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Web-Based Power Calculator

m Easy to Use with Click

m Need to Input Value from
Report After Compilation
In Quartus Il

m Support APEX 20KE/C &
APEX™ || & Mercury™
Devices (Supporting
Stratix™ Devices Soon)

SOPC

WORLD
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APEX 20KE & 20KC Power Calculator
Step 2: Enter Logic Array Information

<< Go back to Step 1 I Go forward to Step 3 ==

Enter information in the calculators below.

e Clock tree power consurmption

e Logic element (LE) power consum ption

e Embedded system block (ESH) power consurm ption

e General-purpose phase-locked loop (PLL) power consurmption

Clock Tree Power Consumption

Calculate |

Go to Top

Dedicated

Clocks

1

2 [0.00 |o.o0 jio.co llo.co

3 j0.00 |0.00 jio.co llo.co

4 [0.00 |o.oo Jo.oo Jo.oo

Subtotal: |[91.52 |185.45
|:,IMT
(mw)
’17"0.00 lo.oo0 lIo.0o lIo.0o

| 2 |o.oo Jo.00 llo.co llo-0o




Quartus Il Power Calculator

m 1. Must Make Vector T
Wave Form File (*.vwf) L R
for Using PowerGauge in |18 55w i st
Quartus Il Software II% s [ sbinCon D25

m 2. More Accurate than i3 i - T T
Web Based Power P fron I © St
Calculator

m 3. Support APEX Family
& Mercury Devices

(Supporting Stratix
Devices in Next Version)

2002
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PowerGauge in Quartus I
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PowerGauge Analysis Software

m Estimates Power Consumption Based on Toggle Rate
— Toggle Rate Derived from User Generated Simulation Vectors
— Use Quartus Il Simulator

m Provides Support For Multiple I/O Standards

m Supports APEX 20KE & Mercury Families

m Modelsim Can Output .Pwf File That Can Be Read by the Quartus Il
Simulator

=
[
]

i Yerilog HDL Output Settings

P rOject > E DA TOOI Setti n gs | Options for generating Yerilog HDL and SDF output files for uze with other EDA, tools.

> MOdeIS i m Setti ngs §Tmulati0n toak: IMndeISim DEM [Werilog HDL output from Gluartus 1) j
. ' Time scale: I'I pz 'I
Ge n e rate Power I n p Ut F I Ie [ Mapillzgal Verlog HOL characters

i ™ Twncate long hierarchy paths
| Elatten buses inta individual nodes
™ Dutput Excalibur stripe a3 a single module

| N 1 | N N |

¥ Generate Pawer Input File

Ok I Caticel Beset
L s s B S S N S | S R S S S o

WoRLS /ANO[S RYAN,
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Power Analysis in Quartus Il

Simulator Sethings Ed

General I Timeffectors I Mode Options I
2. Simulate & Select
Select ophong for zimulation. The setupdhold and glitch ophions are available anly f

a simulation that includes Compiler-generated timing information. Note: the availabili “S umma ry” in S im u Iato r Re port .

of gome optiohz depend: on the curent device family.

=HTTATGLLT Ty

Changes apply to Simulatar zettings 'filref* @ Leqgal Mati Setting Hame Setting Value
V¥ ESimulation coverage reporting él:l Preject S eftings
................................................................. . % HESLI“:S f 'filtrE.-f" Simulatl:lr SE-'HII Simulation Start Time 0 bs
[ Setup and hald time vialation detection %% e Simulation End Trme 1700 36 r
I Glich detection 5B Simulator Settings Simulstion Coversge 26 %
Glitch interval: |1 |ns j %1;'} Simulation W aveforms Mumber of transtions 1307
_ _ 2P A) Messages Irtermal Power 157 596 miv
' Estimate power consumption - HE Processing Time I Povver 7 A5265-003 ma
& Results for "filtre"' Compiler Settin | Total Power 137 603 mhay

wENre Transaction kadel File Hame: I | %% Compiler Settings

2P A} Messages
5B Device Options
- HE Processing Time

1. Select Power Analysis Option

3. View Results: Internal, 1/0,
Total Values
Which Are Based On
Stimulus Toggle Rate

ITI Cancel Ll
WORLS /AYOTS RYA,
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Quartus ll/ ModelSim
Overview
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Basic Simulation Steps

1 = Change Directory
2 = Create Library(s)
3 = Map Library to Physical Directory

4 = Compile Source Code

- All HDL Code Must Be Compiled
- Different for Verilog & VHDL

5 = Load Design

6 = Start Simulator

SOPC

WORLD
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1 = Change Directory

[z]ModelSim ALTERA 5.5e - Custom Altera Version

|Ei|e Edit Design Miew Project Bun Macro  Options Window  Help

I qu_ w_ _______________ y P B AR
Epen » zimdpref tol
Close R
Delets 5
Change Directory,.,, I

Save Transcript

Save Transcript As, .,

Clear Transcript

Cptiong J

Ul) From within Main Window:
File -> Change Directory

Cmd) From within Main, transcript window:
ModelSim> cd <drive>:/<directory hame>

SOPC
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2 = Creating ModelSim
Library(s)

7 ModelSim ALTERA 5.4e

L

ModelSim:  iew Librarp Contents...

LCompile...
Cormpile Project

Load Desigr..
_Er'u:l Sirulation. .

Ul) From within Main Window:
Design -> Create a New Library
Cmd) from within Main, transcript window:
ModelSim> viib <library name>

SOPC
yeor-p




3 = Map Logical Library Name(s)

m Syntax: vmap <logical name> <directory path>

Compile Project

Load Dezign...

End Simulatiar...

Ul) From within Main Window:
Design -> Browse Libraries
Design -> Create a New Library

Cmd) From within Main, Transcript Window:
ModelSim> vmap my work c:\my_design\my _Iib

WoRLS /NOTERYA,




Mapping Existing Libraries (Ul)

[7 ModelSim ALTERA 5.5a
File Edit ! Design View Project Run Macro Options Window  Help

@ | T
Browese Libraries, .

ModelSims Create a New Librarw
Import Library...
Compile... Create
Load Design. ..
End Simulation, ..

| Create a New L

e EREERe 0 SR

=10l |

% i3 pew library and a logical mapping to ik

r@tn a E:-:isting@

Library Mame

;I Browse. . |

ak. | Cancel

Select Map To An
Existing Library & Type
Library Name

Use This Command To
Map to Library Directory
of Pre-Compiled Design
Units

Browse to Library
Directory

-> vmap lpm_sim c:\Quartusl\library\lpm

SOPC

WORLD
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Mapping Existing Libraries (Ul)

7 ModelSim ALTERA 5.5a
File Edit ! Design View Project Run Macro Options Window  Help

BREEE IE . & BRI

Create a New Library,

ModelSim:

Import Library. .. EA 'Create a New

=101 x] Select A New Library &

Compile... A Logical Mapplng to It
Load Desigri. .. & Type lerary Name
Enct Simuiation. {~  amap to an existing librany

— Library Mame 4

| This Command Creates

Library Subdirectory in
[ Local Directory & Then
| 2| Browse.. | Sets Mapping for It
ak. | Cancel

-> vlib my_lib
-> vmap my_lib my lib

WORLS AITERAN

2002




Mapping Libraries (Ul)

T ModelSim ALTERA 5. 4e

File Edit giEERGN ieww Bun Macro Option:  wfindow Help

......

a2l SR
# Reading |
. |, 'Lihrar_v Browszer M= E
M odelSim: 1 I
Show: I.i'-.ll Vizsible Libraries ﬂ
Library [ Type =
lprr_zim maps to 0:/quartus200005 edazim_libAwork,
A0 |rl
| alt_wer maps to $MEIDEL TECH/.. falkeratverlogdalt_wer ’/
alt_tl maps to $MODEL_TECH/ .. /alteratvhdl/alt_vH o
apex0k maps to $MODEL_TECH/ .. falteratvhdl/apex20 =
apexk_wer maps to $MODEL_TECH/.. faltera el ek,
apexlke maps to $MODEL_TECH/.. /altey dlfapexke
apexlke_wer maps to $MODEL_TECH e Eltera venlond aperike
L, e mmm ke T RATITIC | [l ™ I R TI

Create a new library and/or add a map to theg

flect file.

Edit | Delete | Cloze |

SOPC
WORLD

2002

Use Add Button to
Create New
Library & Map




4 = Compile Source Code (VHDL)

m Ul) Design -> Compile

m Cmd) vcom -work <library_name> <file1>.vhd <file2>.vhd
— Files Are Compiled in Order They Appear
— Compilation Order/Dependencies (Next Slide)

m ‘87 VHDL is default
— Ul) Use Default Options button to set ‘93
— Cmd) Use -93 Option (Must Be First Argument)

m Default Compiles into Library Work
— Ex. Vcom -93 my_design.vhd

Note: Design Units Must Be Re-Analyzed When Design Units
They Reference Are Changed in Library.

o /NOTERYA

2002




4 = Compile Source Code
(Verilog)

m Ul) Design -> Compile

m Cmd) viog -work <library _name> <file1>.v <file2>.v
— Files Are Compiled In Order They Appear
— Order Of Files or Compilation Does Not Matter

m Supports Incremental Compilation
m Default Compiles Into Library Work

— EX. viog my_design.v

Note: Design Units Must Be Re-Analyzed When Design Units
They Reference Are Changed in Library.

SOPC

SOEC /NOTERA,




Compile (Ul)

7 ModelSim ALTERA 5.4e

File  Edit s YWiews Bun Macro Options  Window H
= ESH
$=. Browse Libraries. .. -
# Reading | Chmefie = e | =y iz vezim A pref. bl

ModelSim:  iew Librarp Contents...

LCompile...

Compile Project

Compile HDL Source Files

Load Desigr...

End Sirmulatior. .. Librany: Iwclrk j
Lookin: | ‘= intro_lab = & ci _| Highlight One Or
_1db taps.vhd MUItlpIe Files &
2] acc.vhd Click Compile
2 filter. vhd P
2] fir_fsm.vhd
. H
ol vhd
File name: Ihvalues.vhd Compile
Files of type:  [HDL Files [*.v:* v vhel . vho:* bl =l Done |

Default Options... | Edit Source |
SOPC

SOEC /NOTERA,



5 = Load Design

m Ul) Design -> Load New Design
m COM) vsim <top_level design unit>
= VHDL

— vsim top_entity top _architecture
e Simulates Entity/Architecture Pair
e Can Also Choose A Configuration

= Verilog

— vsim top_level1 top_level2
e Simulates Multiple Top Level Modules

SOPC

WORLD
2002




Load Design (Ul)

7i../ModelSim ALTERA 5. 4e

File  Edit

# Reading |

b odelSim:

[BGW iew Hun Macro Option:  Window  Help

Browsze Libraries. ..

Create 5 Mew Library fl s/ pret. el

i Load Design

=10 x| Select Library

Librany: | vk,

ﬂ acc

=6 [ <

Select Top-level

E-E] hvalues
E-E] rnlt
E state_m
E Laps

— Simulate

Module or
Entity/Architecture

Choose Simulator Resolution

—

Simulator HEW
| Add | |7 Nz

Load E wit |

Save. . |

Cancel

e

SOPC

WORLD
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6 =@ Start Simulator

m Ul) Run
B COM) run <time_step> <time_units>

m Advances Simulator Amount of Timesteps
Specified

SOPC

SOEC /NOTERA,




Start Simulator (Ul)

Choose Number of

Advance Simulator

7. /ModelSim ALTERA 5.4e
File Edit Dezsign “iew Macro  Option:  Window  Help

&z BB

Bun 100 nz

Timesteps to |

#// ModelSimALTERA A g gy

i/ .
# 4 Copgl Ehtor (3r conkinue
UMPUBLL Bun -Mext

#4 COMFIDEMTIAL Step

f/ FROPERTY OF b
A Step Owver

EES B

B2-2000, All Rights Reserved.
FTw/aRE.

INFORKMATIOM "WHICH IS THE
ORPORATION OR ITS LICEMS

# 4 Copyright () Model Tes

B
# Loading work. counte
WEIM 4 |

1990-2000, &l Rights Reserved.

Restart - Reloads Any
Design Elements that
Have Been Edited &

Zero
COM) restart

Resets Simulation Time to

/

SOPC
WORLD
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Simulating with
ModelSim
Timing Simulation

&

OQUARITUS




Typical PLD Flow

Design Specification
Design
Modification

Design Entry

4

RTL Simulation

\4

Design Synthesis

\4

Place & Route —
\_4

Gate Level
Simulation
Timing Analysis ~ T—————)

v

In-System —)
Verification

ModelSim NS
!!Sgg;-% @m Prod u@ [ANOTSRYA\




Timing Simulation Files

m Compile Design in Quartus Il to Produce Output Files

m Output Simulation Files from Quartus |l
— .VO - Verilog Output File (ATOM)
— .VHO - VHDL Output File (ATOM)
— .SDO - Standard Delay Format (SDF) Output File

e Annotates the delay for the elements in the output files

Design files

- EDF

- VQM e

-V
- VHD

SORC /NITERA.




Performing Timing Simulation

1) EDA Tool Settings to ModelSim Verilog or VHDL
2) Compile Design In Quartus Il to Produce Output Files
3) Create Testbench / Stimulus
- Can Use Stimulus from RTL Simulation
4) Perform Basic Simulation Steps
- Compile Quartus Il Output File
- Map To ATOM Libraries
- Include SDO (Output SDF File) When Loading Design

SOEC /NITERA.




Before Compilation

W UG - COARWAYUINIE Gl

File Edit View Incert el Erocecsina Toale uindou

Project Menu ->

__DE“EI|§|

Froject \Wizard. ..

EDA Tool Settings

ICnurier

=|[1d

Edld [Eurment File ta Brojest
Add Filez to Project...
Feload Project

=

EDA Tool Settings

uze on thiz project.

Specify the ather EDA toolz - in addition to the Guartuz |1 software - that you will

x Lrent Focus Entiky
—I Belected Ertit

aremt ity

Cti+E
Bl
[l

op-Level File in Hierarchy  Chil+T

ED, taals

T ool name

al Settings. .
Settings...

Weizard...

[Jezign entrydsynthesis {Monhe:

W <MOME>
Boa <MOME >

Simulation MODELSIM WVERILOG HOL DUTPUT F...

& Parameter Settings...

‘ool Settings. .

nn Contral Settings. ..

Farmal werfication il

Resynthesis <MNOME >
— Toal zettings

T ool tope: Simulatiarn

[ Run thiz tool automatically after compilation

T ool narme: IMndeISim [Verilog HOL output from Guartus 1]

[

Settings...

Advanced

SOPC

WORLD

OF.

Cancel

2002




NativeLink

WS WUdIUE - COAWRWAUNE CdiliesL

Automatlca”y Starts MOdGIS[m & File Edit ‘“iew Inszerm B Processing Tools  wWindow
Compiles the Quartus Il Output File DS W& | Proiectwiad.
after Compilation Is Finished [oouner [0 | oe L e

= dd Files to Project...

Reload Project

e —
Open Current Eocus Entity Ctil+E
[Npemn Selected Ertity [
[ mem Earent Bt iy e

Open Top-Level File in Higrarchy  Crel+T

EDA Tool Settings x| General Settings. ..

Timing Settings. ..

Specify the other EDA toaolz - in addition to the Quartus |1 saftware -- that you will

Lse on this project. Timing *izard. ..
Option & Parameter Settings...
S EDA Tool Settings. .
T':":fl ype - | Tool name | Bevizion Control Settings. ..
Design entry/synthesiz <Monex
Simulation MODELSIM WERILOG HOL OUTPUT F...
Timing analysiz <MOME >
Board-lewvel <MOME > g . .
Faormal verification <MOME > Add|t|0n8| SettlngS
Resynthesis <MOME > .
e PowerGauge Options
Tool type: Sirnulation
T ool name: b odelSimn [Werlog HOL output from Quartus 1) j
[« ¥ Fiun this tool autaratically after compilation m >
Advanced

JOTS ] o | /NTTERA.

2002




PowerGauge Options for ModelSim

WS WUdIWUGE - CoARYAUne! ye-dinest

Turn on Generate Power Input |Jcourer =it

File (*.pwr) option

| == T LL |

SOPC
WORLD

Sdd [Eumrert File te Brajest
Add Files to Project...
Feload Project

File Edit ‘iew 1nsertw
n Froject Wizard...
DS &

]

Cpen Current Eocus Entity
[men Selected Entity

Cil+E
B kRN

EL & Tool Settings

SpeNfy the other EDW, tools - in addg
uze othis project.

EDA tooA

¥erilog HDL Output Settings

Optiohz for generating Yerlog HOL and SOF output files for use with other ECW tools.

X

Simulation baaol:

Time zcale: I'I pz j
[~ Mapillegal Werilog HOL characters
[ Truncate long hierarchy paths

™ Flatten buges into individual nodes

[~ Output Excalibur stripe as a single module

|v' enerate Power Input File )

Tool tupe \ | T4
Dresign entry’ <M
Sirnulation tAIY
Timing analyziz <M
Board-level M
Formnal werification <M
Resynthesis M
— T ool zettings
Tool type: Sirnulation
T ool hame: IMndeISim [Werilg

¥ Bun this tool autarnatically aftg

OF.

Cancel |

Rezet

Advanced |

ak I Cancel |




Libraries for Timing Simulation

®m ModelSim Altera OEM

- Must use Pre-compiled libraries
Modeltech ae\altera\vhdl

®m ModelSim SE/PE

- ATOM libraries were located at
Quartus\eda\sim_lib

Ex) For APEX20KE
Verilog : apex20ke atoms.v
VHDL : apex20ke atoms.vhd &

SOPC apex20ke components.vhd

WORLD
2002




SDF Annotation

[7]ModelSim ALTERA 5.5a
Fil= Edit | Design Yiew Project Rum  Macro  Options  Window  Help

Click on SDF Tab to

e R ST ) L. .
[ Load Desian assign timing file
BL
Mog  Librane Iwcurk
|3 Load Design =10 x|
 Design | WHOL | Veriog | Librariss | SOF |
—SDF Files
Region/File | Drelay I
Click Add button
Il |
Multi-source Delay:
-~ add.. [) Delte|  Edi. | Controls How Multiple
— k
e — Port of Interconnect
[ ften - Musere=sel G g nstructs that Terminate
t"‘
[ Disable SDF warnings = Ia.test At The Same Port Al’e
[T Reduce SDF ermars bo warnings o Handled
F Mmax |
Load E st Save... | Cancel
SOPC

SOEC /NITERA.
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Calculate Power in
Quartus I
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Open Power Input File

4, Quartus II - D:'Soh’' WORK" temp'FIFO' LPM_FIFO+%DCFIFD" fifo
PrOjeCt Menu -> File Edit Miew Go Project | Processing Debug  Tools  Window  Help

Simulator Settings J [ @ W | & | % Bz & Comple vode
= @ Simulate Mode
| : ) =
| 3& ‘E} e m @ EE Eﬁ Saoftware Mode
simulator Setti ﬂ!
e | * Initialize Simulation Chrl+K
. - imulation Hierarchies i ;
General Time/Vectars | tode I I:Iptu:unsl fif _E_'L Fun Simulation Chrl+L
n :
Specify the time period pou want o zimulate, “'ou can optionally provide vectar stimuli 7 Jtep Procassing ek
for simulation in a Yector ‘W aveform File [.wwi], a text-based Vectar File [vec), - _—
or & Pawer Input File [ pwf]. [You can also enter wector stimuli from the Tel Cansole Simulator Settings...
Wwindow) Simulator Settings Wizard. .,

Mate: If you select a Power Input File for the zource of vectar stimuli, the options to

automatically add pinz to simulation output waveforms and check outputs are not m o
available. —IEI

Changes apply to Simulatar settings 'fifo' Look, in: |E modelzim j - £ '

— Simulation period D ke
ape

% Fun simulation until all vectar stimuli ane used < | Fifo

" End simulation at; IHS j

—Yectors b

Source of vectar stimuli;
Ififu.bwf

[T sutomatically add ping o simulation output wayvefoms

™| Check outputs [autormatizally displayia comparizor of expected vs. File name: fifa. pnf Open
aetua autputs in the simulation repart] :

Files of bype: | (Sl g e =0 i Cancel

(] I Cancel Apply 4

WoRLS /ANO[S RYAN,
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Running Simulation with PWF

m Select Run Simulation from Processing Menu

%, Quartus Il - C:-\gdesignsll\tutonalkfir_filter

L

File “iew Project QL ol Debug Tool: Window  Help
O = B | = & Compile Mods
— . @ Simulate Mode —— e —————————————————————— d
_Igcﬁﬁm‘@%ﬂwarewlnde |@@|E‘1 1.|.'L| ]v |ﬂ|tEI’ v”@ ﬁ E ‘ﬂﬁ
———— ™ Initisize Gimulation Cirbek
a Simulation Hieraré A=ee—
W et Lol Fun Simulation
B} Stop Brocessing [EtrirEreak
Simulater Settings.. tazter Time Bar; 12125 ns *l Pl Pairter: | 150 ps [nkeryal: | -11.98 hs Star
Simulatar Settings *Wizard... T 100 ns
: L . Walue at I
i St Simulation Easus bo Eument Entity [t MName 1212 nz 12128 ns
Sdd Eurrent Brtity st Tiop Level k Set Focws EtrleShitt] o
dfj,;g Open Simulation Repaort Ctil+R ot fikeslck B1
& - [filterlre... ]
Qpen Lazt Compilation Floarplan -
) = [filterlres ED
@ Open Cuent Aszignmentz Floorplan —
i‘i Back-Annotate Assignments... o [kt U186 16
ré [EmEtE SssErmeRts. . ﬁ [Filkery B 00000... 00000000
Open Lazt Simulation Yector Qutputs = fikerlst... B idle idle
Qpen Cuent Vectar Inputs L [wvealid BO
[y erwite secton [nputs with Simulatien Dutouts (0 Inest EQ

EingerSimlater Besulsiam Matathase

@ Qpen Prograrmmmes I

WoRLS /ANO[S RYAN,
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Power Report in Quartus li

;Izl = 0 akio R epo
a SII'I'II_'I:|-}E:I|:IDI‘I Hierarchies %E Simulator Report 5
- fifo BB Legal Motice Option Setting

&=5(_1] Project Settings

Simulation Start Time |0 pz

EI &H 23 Results For "fifa” Simulator Set Sirnulation End Time |95 34 ne

i ¢<=HBEE Surmmaty

Simulation Coverage 2723 %

=5 Simulator Settings

MNumber of tranzitions [ 273

%@- Simulation Waveforms
&1 Logical Memories

Internal Power 262.89 mhwS

I W || e | Lo | =

: %4} Messages
Poobe %g Processing Time
- %I:l Results For "fifo" Compiler Sett

T atal Power 328.86 mw

| = Hierarchiesl Filesl & Design Llnitsl

==l
Module F'n:ugress P | Time &5
Froceszsing T otal 100 = 00:00:48
i Initialization 00:00:00
El- Compiler Total 00:00: 41
- Databasze Builder 100 00:00:07
- Logic Synthesizer 00:00:02
- Fitter o0:00: 27
- Bggembler 00:00:02
- Delay Sinnotator oo 00:0m1
- Timing Analpzer 0. 0o0:a0
- M etlizt writer ao:00:01
=1 Sirlator Total a0:00:as
Metlist Builder 00:00:04
“ Simulator 00:00: 02
. Gompile b, Simulate / 1] | ©
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