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Basic FPGA Design Techniques

R (FPGA Tutorial Overview)

0l A= Foundation F1.5 FPGA &}o 555 2teo 3
AZOH Al Xilinx DeviceE Z=Z)&iol= 0OFXI2F SHAHIDX =)

AHE IIXD AlZol, AH XHalel AAHCSHHUA AISE o2 DX
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A & ZHBIALE (Design Preparation)

0l WMOAM=E Watchetll =c2l= Stopwatch ClIXICIS AIEStCE. 0| CIXHCI2  Foundation
SoftvareE AXg M S ZZMEHO=Z JI2HZ AHIXZHXCH 2tk 0 ZzHMED}
AXE0 UK LCHH, CODROMO U= Foundation X T2 OME =85t0 Sample project=S
& XI8tCt
Sample ZZHEJ} AXZU=KXE =0QI6ted™, FoundationOl &EXIE 2[XIJt C\FNDTNY [
C:\FNDTN\ACTIVE\PROJECTSWATCH, (WATCH_SC, WATCHVHD, WATCHVER)Zt= O0l&2
ClAEelE HOtEH &0 & 342 Watch Z2H EQ|C}.

WATCH_SC Schematic J|BtQ] T2 ME

WATCHVHD VHDL J|Ete T =XME

WATCHVER Verilog J|8tS| TN E

te =0 O Wi MHMOA CIAel=2

ol

= Wlld= 0l M JHel Z2HMES otLE AIS
LEUHOZ Watchcte ZZHEWA UE

Note: Watch C|IX212| VHDL / VerilogZ2 #=&3dlJ| M= =7&8t Synopsys &8 E Licenselt
Z &= Foundation Express@t Base Express IH2| X0t & 2 GtCY.

Watch CIXQI2 XC4003E CIHIOIAN XFUAM UCH Xchecker£= JTAG HOIEE2 AHEGHA
Xilinx Demonstration Board2 & H gt LHES U= S & = ULt (Foundation Series Quickstart
Guide 1L.5UH0IA &= =+ U= In-Depth TutorialE Hardware Verification® & 0l Al DownloadE ot=

gdEs 298 FE2S H0=A)

&£ 35t Foundation Series Quick Start Guide 1.5W01 U= In-Depth Tutoriall= Solution
LI2ZMEZN WATCH ZZ2HEESE AEEL Rele =2F AN A #1822 0| QIS
2a2olEs AS H0E0L

WATCH Clel&E2[Le MESS 2H6HH E&Eot)| <o, OHE ClA&EelE S5t WATCH
LIZMEES FAteLt. <&, WATCH ZZ2HEESE 21 MEZ2 01§ F=0HA COE CE20
SAE st=, &g UHAEZHUA 0152 B2 Z2HES SHELC
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L2 HME HI| (Opening a Project)

Foundationlti2l ZE Z=F=2 Xilinx FPGAZ CPLD2 AN =282 =&F =M UL
g = QUC}.

0l =7 =2 Project Managercty 2cl= HY ZTZSHMHAN 2F AMEE

Project ManagerE Al&oted ™, Windows OlA3 B0l A= Xilinx Foundation Project Manager
o028 =2 otHU T= AMEHSHNAN Z2]8(P) -> Xilinx Foundation Series ->

Xilinx Foundation Project ManagerE & &{StC}.

1.

...........................

...........................

1<

2R E

L]

Getting Started2h= CHBIAIKIDF ZelCh O CHSIAXINIA 2IIE sts
M EHBHCH,

2. More Projects HES Z&otd 312 WATCH ZZHEQI WATCH_SC, WATCHVHD,

WATCHVERS (C:\fndtn\active\projects CISE2|0l fIXIS) StLEE Open Project CH3HAMXL2)

AZHO 2= Z(MN MBI

3. WATCH Z=ZXMEE Zdd, ZZMEHZ HEZZ oGtHL &2 =552 &= = Open
HES 28l
TZRE SASHI
1. Project ManagerJt Z&l =, File -> Copy ProjectS « &{&tC}.
2 M 8H Aot fihNeE ZZ2HMEE =S ALGHOF SHCL)
= ez ogs

2. Copy Project CH3I&H X2l Destination Name Z S 0ICHJF watchE2 XHal0| &gt

ELw)

Copy Project

— Saurce

X
Project: I|:|:"ufndtn'\an:tive'\pmiectﬁ'\watch_sc.|:u:|f Ernwse...l
Ct

— Destination

M ame: IWEItCH

Drirechary: I|:|:andtn‘aactive'\pmiectsh Browse. ..

ak. Cancel Help

01 Project SSFE2S AJE0H Watch ZEHMEZS HEHSHTE

m

1. File -> Open ProjectE & &5
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2. Opens Z2&0tH Watch Z2HEE AL},

Watch Z2HEJ} Ze|HA Project Managertl Z2HEDJ 2 £1) Y

=
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Project Manager GUI

Project Manager= Al Il ddogz RZE L
The Hierarchy Browser (&%) SoHel & (File®t Versions#)22 FEL LN ZZAHE
oS 2tolEe2ielE 12l Implementation HEE0| HEFEZ EAIECH

The Project Flowchart (2% 0ied JHel & (Flow, Contents, Reports)22 F2&H
EIPXNEI EZEE FlowH2 &) dpts Sl &8 &Lt 8t Schematic Z2HES
gALH ZZNE ZEZLRXAENAN SYNTHESIS HES 2O0IXl &2 A0ICH

The Console area (OteilZ) 27, 21 & 2eE FESS HAISHCL

File Document Yiew Project 5ynthesiz Implementation Tools Help

5] 6] 0l o[>l Ela] Al B3]
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Design Entry

CIXtel dECl= e SOtX Z2MEDJL =M EHCE (Foundation Schematicdt HDL) & &<
StAHI2l CIXte! Source (SchematicE = HDL)= Xilinx Foundation Series &7 SoiA AHYES
Ol= ALEXDL AIEE Z2HMES Mg [ XNEY = JLH &t ZZHES
ddotH, TRHE SHLES HIL = GlCL

Hew Project

X]
M ame; I ] |
Cancel |
Directany: |E:"5FNDTN"-HILINK"-.-’-'-.ETIVEHF'FID
Browsze... |
Type: IFDundatiDn Sefies v1.5 j Help |
Floay; * 5chematic " HODL

|»<Ca000E ;M AD03EPCA4 7 N

O WIS AtES <o =t ZZXEQN et AlEXt= Schematic flow (WATCH_SC)UL+ HDL
flow (WATCHVHD, WATCHVER)E ME% = ULt 0l EAE 222 HAHEZ A2 YRt

SFZHA 2D ME0 2 S8E2 2cl=H0 A= 2H T2 2BUAM B2

ArE RO dEst CIRerol A
8 012+

il

gt FlowE AlZotcdE, Otdiel & &= & o™

o

esoz

Schematic-based flow (Watch_sc)

HDL-based flow (Watchvhd or Watchver)

Note: AIZXt= HDL J|Ete FlowE et o)l foiMeE BtEAl |&8t Synopsys
LicenseJt E& & Foundation Base ExpressLt Foundation Express THI|XIE JtXI12 U OF

Q ox
0t

o o
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Watch HDL Design

Watch HDL CIAtel2 HES+XZ = HDL JIgte| CIAQI0ILH Ol &9 mME0l ==
250/ Z&E HDLItZAZ 2 0IstCh.  Watch CIAQINAM M+=&E2 2E& HDL I
LogiBLOX 2&&0|Ch

#_;‘rwatc:hvhd - verZ [4003EPCE4-1] - Proj
File Document Yiew Project Synl

D= 6] & x| &l & 2]

Filez H Wersions “\.

B~ watchvhd
- watchvhd.uct

+f stopweatch.vhd
+f statmachxhd
+f cnthl vho
+f smallecntrvhd
+f hexZledvhd
-~ watchvhd [:3
Simprims
- x4000e

4

Project Manager2| Files 80lA AIEXt= Project?l 2222 TIHU= HDL WL ES =

1. HDL H&ED|z It2E2 24 =0/3{H Hex2led.vhd (VHDL)L} Hex2led.v (Verilog)E H=2

B
HDL BIZJl= HDL MYSS &4
MaS0l 2| ClEMoR

g He5t0]

Check Syntax

c
MEX=E L8 HDL BEJI0NM A& Synthesis ->

2. Tools -> Language Assistant &

&l
(==

2l
HoS

Language Assistant 22 ZH UUIHNOZ AZ& = HDLFAEEE <8 HDL
SQICt Language Assistant= S AIEXIF HEGIH AIEZSQ AN

ry e

o TEZE RIBEICL 0 BAIIE IS, F4,

—_—

VHDLOILt Verilog &1Zc2IEE ME8tCh. HEX2LEDZt= OIHDL FileOlAl M 4& = Code=

Synthesis E1E2|E0NAM Bt M3 Ch



Basic FPGA Design Techniques

hex2led.vhd - HDL Editor -0 x|
File Edit Search Yiew Synthesis Project Tools Help

DS | & & e8| <o ] -1 Ezlilnlal 2l

I - b

T library IEEE; ¢ Language Assistant - VHDL 2=
2 wuse IEEE.std_logic_116%4.all; - Synthesis templates ;I ~HEX40-seven-segment decaoder -
3 [+ Boundary Scan - HEX.: in STO_LOGI

4 entity HEX2LED is - DV F/F with Asprichronaus Res [|” LED:  out STD_LOGI

5 port { - OV FAF with Spnchronous Rese | t di

6 HEX: in STD_LOGIC_UECTOR ( D Flip-Flop . Sedment encading

ri LED: out STD_LUGI[:_UE[:TUH D FIip-FIopwithEIockEnable - e

8 b H [ Latch -5l N 6

9 end HEXZLED; . Coo A

1a - [ Latch with Reset 4] 2

11 architecture HEX2LED_arch of HEX2L - 3

12 begin

13 -- <<enter your statements here> B Muliplexers || with HEX select .
14 --HEX-to-seven-segnent decoder . - Pulldavin | _'I—I J | _'I—I
R —— HEX: in STD_LOGIC_

16 - LED: out STD_LOGIC_ Hide preview <<| Lse I Eidlit | Hlet | Deletel

17—

18 -- segment encoding

19 -

20 - -

21 - 5| | 1

22 - -— <6

23 - 4| | 2 -
RN _'l_I
0 error(s] 0 warning(s] found
KN i
For Help, prezz F1 Ln1, Coll WHOL MLk S

3. Language Assistant= 2% &t A& A= X HAIE 2o6tH 80

4. HDL ®EZIIE E=Ch
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LogiBLOX
LogiBLOXE AtEXIt Ux7& clolEeel dEZHUEE Bt=D| ol AtSot= defEst thetd
S F0IC}. LogiBLOX2 Fast Carry LogicOlLI CLB RAM, ROMZ & Xilinx Devicelll S3t& XA QI
oo HHE K= AUDevicePEN M3 © HEHUEES MABHCL
1. Project Manager0il Al stopwatch.vhdO|L} stopwatch.vE HE 226t HDL HEDIE AL
Ol Mgz 0 Z2HMEQ &P ==2| HDLOILCH
2. Tenthsct= ZEUE MHAHR0| 2 MiNHX HDL It E Otz A3IE SHCH
Tenths ZEZHE= LogiBLOX Z2=0ILCt
stopwatch.vhd - HDL Editor =] |
Eile Edit S5Search Yiew Synthesis Project Tools Help
D|=(E] 8| & [=l@] o] I e P R S A L
25 component statmach -]
26 port CLK : in STD_LOGIC;
27 RESET : in STD_LOGIC;
28 STRTSTOP : in STD_LOGIC;
29 BLHENI: out STD_LOGIC;
38 RST : out STD_LOGIC);
31 end component;
32
33 --Place the Logiblox Component Declaration for Tenths here
34 component Tenths
35 PORT(
36 CLE_EH: IH std_logic;
37 CLOCK: IH std logic;
as ASYNC_CTRL: IN std logic;
39 Q_0UT: OUT std_logic_vector(? DOWHTO B);
48 TERH_CHT: OUT std_logic);
41 end component;
42
43 component cntG@
44 port CE = in STD_LOGIC;
45 CLK = in STD_LODGIC;
46 CLR = in STD_LOGIC;
47 LSBSEC : out STD_LOGIC_VECTOR(Z downto @); o
o s g g S S _'I_I
0 error(s] 0 warning(s] found
KN 2
Ready Ln1,Call  [WHOL | | [NUM 5
3. Synthesis menu0il Al LogiBLOXS &4 &tCH
AEX} D3 LogiBLOX 2ES S [ AF25H= LogiBLOX 28 &&= GUIDF Z2ICk.
Ol GUILHOIA AtE2Xt= 22 ¥, EH, Jls SS dEsh
4. Tenths ZEZHEES MEGtI|] 2o Module Name ZE2| E-Ct2 HRE ASEECH
OlttH= MAZIHM U= Tenths ZEHEE MEot= HAES AL ASA= OlA
10HIE One-hot& 4! ] = o2,

(@)
LogiBLOX2 HDL 2
A A LY 0Ol HEZ2E

=2
2=E2 VHDLE2Z <module>.vhi, Verilog€2&

11
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Lot Lt =

g, M|

SEUhE Ealmt=

S [EEt =

LogiBLOX Module SelectorE &J| ®?IoHl Cancel2 Z& 8t

= WHE2Z LogiBLOX Z=0| 0101 4&8&0 QI 20 AHS Xt OKU &l Cancel=

ZoioF SHCt

I

HDL BEJIIE =0

12
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0l

Project Manager2| Synthesis 0% Otefl2l Menu & &4

Flow Diagram4} 2| Synthesis HE

WU A= Flow Diagram&f 2] Synthesis HHES AtE&tHLY.

SHHAHS =IIE otJI®IoH, Project Managerl Flow &0 U= Synthesis HES

MEXt=  Synthesis/Implementation HSH&XIE 2 = QUCH Za? HAHC Entity

YO Z M stopwatchzE Z A=K ZAISHLD Version Name Z =0 version name2 & & &Lt

Version Name& AtEXJt Jot= OtF 0IS0ILE & = 9;\ b
A

0] CHEIAIXIONA] S8 AFRXH= DeviceES AEH5D, Al
VO Padel MOIGISE Meist & UC)

5 CAD00E -
4003EPCE4 =

= hiraieal |l ermentation Settimgs

TR N STiE: | Ll [LTCar

13
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2. BteF ALEXJF Foundation Express ctO|®MIA S JHXILD QJUCHH, Edit Synthesis/Implementation
Constraints2t View Estimated Performance after Optimization &=2 &&g = QUC}.
0l 22 ALEALJt design constraintS 2| & &1t Express Constraints GUIOA &&= 21t
2J1E slEstih

Note: Foundation Base Express c2t0| &A= Express Constraints GUIE <& 512D

Base AlEXl= UCF T2 0ILE Xilinx Constraints EditorS Sol Al ConstraintsES 22 & 4 QUL

9toF Foundation Base ExpressE AFEZ8HCHH, implement your design2 222 0| SStC.
9toF Foundation ExpressE AFZ8HCHH, Express Constraints GUIR 222 0|SStC (B2 G 8)

14
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Express Constraints GUI

Note:  Express Constraints GUI = Foundation Express AIZXS0AH2 AgE=CH OA
Foundation Base Express AtEXS0H= HE0| & 2=C.

fo

CIXterol HLUGHAH s40l & =0il, Express Constraints GUI Jt €& 2d0|Ct. 0l GUI 2H0IA,
Met=2 CIAeIQl timing constraints & &8 == U220, global buffers 2+ I/O registers, 12|41
pin location constraintsE€ &&ol= efst, &0 SHs ZE8g = AL 0 GUId et &
O XtMIst ZE20l CHol A= online helpg &X5t2 H

_LU)
O

|  Hame | Clock |
=default= S0M0525

Iztopwatchioscout

3

A =20l 0l GUIN Oed= XV\IOI =206 A=0H/E M, LEE 2 MY A9 XE TtH
$E2ZM 0l GUIDt Z8ICH cl& & (Synthesis)2 ZIESHHE IJHXLD H= HNEZHE
oIt

ZHESIHHIL 2= 5D, Time Tracker's GUIDI Z2I0H, (HHE2 FEZAHEA CXoIC 8SsZUE

15
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=default= SRS

Matopweatch-Optimized"foscout

HE Mg Z=HIOF 1% 0l GUIE =0 =240l 2= &0

16
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HDL Design = & 6tJ|(Implementing the HDL Design)

Design implementation2 Oe{=2 CIAtRIE translating, mapping, placing, —12l1] routing ot=
HMel &EOICH  Xilink Implementation Tools 021 X2l W& A EHC.

1.

Implementation Options& & GtJ| <Ial, Project ManagerE & Implementation’s Options
I EHSHCE

Options dialog box
optionsS &Eg =+

0 19

2l 0 UetAX=RH HHE2S ChYst design implementation
Ch.

Optional Targets sectionOtell 0l *}_= FIH2l checkboxes It check = {Z& 240|Ch.

Produce Timing Simulation Data checkbox= toolO| timing simulation netlistE 2ts A=
22! =Ch.  Produce Configuration Data checkbox= tool0l =0 CIHOI A0 download
THE 2 U= GHLEY bit MY S RS 20 22 el FCL

Options dialog box €0l A= OK BHHES &8 +=ELh

=

=

ImplementationS Al &35tJ| I3, Project Manager 2| Flow tab%0ll U= Implementation

button2 &t =EL
gtot toolOl netlistdt up-to-datedt EIXl EUC= BLE HAZ0H S, netlistE
update GtJ| I Yes HES &t &L

0|4 & Flow Engine2 =c{ Al implementationS Al &

—/

re

Ch.

17
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Watch Schematic Design

Watch design2 HZS&Cl AJHE X2 CIXCI0ICH O0lX & top-level fileOl lower-level design
modules %0l JtXILD QU= schematic file L= Sl0IStCt.  Oledst 2= =5 242001 0l
tutorialfl M ES T HZE 240|CH.

Schematic Capture tool& £ 1) Watch schematicS 27| <l oli, Flow diagram&| Design Entry section
ot e Schematic Capture button & St S2C}.

watch (4003EFCE4-3)

&o - p =
DESIGM EMTRY I—-‘—f—'--] ULATION
" Schematic Capture

S »

IMPLEMENTATION ¥

p @

YERIFICATION

2 N

PROGRAMMING

Oled JHel CIAtel 2501 OteH schematicOl =0 RUCH  0ldst Z&E design entry2| CHekst
HHEZ =0 MOk 0l2d8t design entry 2EHE 202401 Ol tutoriall A 2HEESEAH A0S O &
210|CH

osca H1
Fau
| L
e :::‘if‘:i“ e e TEHEOUTO  __ QHESRITD TENTHSOUTS
G — - e L2 TEwsquTI TENTHECUT?
P — DEBUS CKT State Machine s i E:m%ﬂg
s — D e (1] CLkouT CRFEH_INT ZELRCUTE EsouTs TEHTHSOUTS
BUFG RESET BT BgT_NT TEWZOUTS onesoure | ouesourz TEnTHsouTs
OC=P738 sTaTsTOR i i O  Toimisoum
IFAD RESET | | TEW Ta TR T
L TBUF H2 STMACH_V
| IFAD s’rnrg@ e
— IBUF o cwemt]s,
LOC=P13 oW B —I%‘Er)—
DEBOUNCE
L1 OUTS3
TENTHSOUTS:0]
@ OUTR INPUTS4]
o BT T Lovne TRl
. CULKEN WT |y gy
o CLCWT e pey TERW_CHT 12 ouUTS
COUNTER o oo NEDOUTTOO) 1,
L |11 HEXZLED
:D OMNES[3.0)
CLEEHN INT E LSBSEC 10
ANDZ o CLEWT e WSEEEC (4] - 14 OUTS?
LT Jan = ] hdl cods TENSOUT[E:D]
HE<RA] LED INFUTSEA]
CNTEO HEXZLED

19
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See Also
CNT60 Schematic Module 27| (Viewing the CNT60 Schematic Module )

HDL Design Macro2J| (Viewing HDL Design Macros )
LogiBLOX Design Module 27| (Viewing LogiBLOX Design Modules )
State Machine Design Macro £ 7| (Viewing State Machine Design Macros)

Xilinx Unified Libraries Component0ll J|=E & ClAt2! 0132 £J| (Viewing Design Macros Based
on Xilinx Unified Libraries Components )

0ef22 CIXelES X2 implement GhHAL.

20



Basic FPGA Design Techniques

CNT60 Schematic Module £J| (Viewing the CNT60 Schematic
Module)

CNT60 module2 schematic-based moduleOICt. 01210] 2/0|ol= 212 moduledl & st= fileOl
schematic Ol2t= Zd0ICt. schematicPt2| Library component= Xilinx Unified Librariestil Al LI2=
AE0|CH

ro
e
4r
|
kJ

1. design module?t@Z =0 JtJ| <IoH, vertical tool barlil U= El icon2
design module2 & Y <&C.

4+ Sohematic Capbee - [Macrs - CHTED]
[ File Edit Hode (ptions Herschy  Wiew Displap  Windos  Haip

o= L e e Y o == -
b

o -
] FR T

m kAT =
d

co B
-is O

2. macro 22 U2J| A=, Hierarchy Push/Pop icon 2 CtAl 211, CNT60 schematic
sheet& Q] BIZ2t OFF R0ILE & & =ELCh

schematic-based macros 2|0l Ct& HEI2| design macroS0| QUL CIE FEHS design macroS
SI19I6H, Ote HHEZ0l Hei5t= MacroE & H <20,

HDL Macros
State Machine Macros
LogiBLOX Modules

Macros Based on Xilinx Unified Libraries Components

21
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HDL Design Modules 27| (Viewing HDL Design Modules )

O GIMINIA AI2E hex2led moduleOl HDLOI D=2 S UCH

Note: Foundation2 AMIJtXl CtE HDL A O{(VHDL, Verilog, ABEL)E XI&3
Verilog& Foundation Express 1t Foundation Base Express packagesOll A 2t A

1. Watch schematic2 & 11, vertical toolbarlt0il U= El icon2 8t H 21, design module=
& % 23 design moduletOfl S0 2 %= RUCH.

OfcHel O& 2 HDL Editor2t2| hex2led VHDL file & 20 =C}.

[ HEX2LED: vhe - WO E ditor =101 x|
Fim Edil Ssmch View Sepnthenz Progeclt Toole Help
D|=d] & |1 |® || Y e N L e d L
liheary TEEE;
use LEEE.std logic 116&.a11;

I

3
z

3

B enlity HEXKMLED is
g port |

[ WEX: Gn STD_LOGIC WECTOR I downbo B);
r LED: ouwk STD_LIGIC_WECTOR {6 downto O}
L]

b
® end HESZLED;

10
11 architecture HEXZLED arch of HEXZLED is
12  begin =
L] cfppler your stabemenls hereds
14 -—HE{-to-seven-seqrent decoder
15 WE ¥ & i ST LOGEIE WECTOR {3 downta @5 :
& - LED: out STO_LOGIC_WECTOR (& downto W);
ar
18 - seqrent encoding
L 1l
1]

- 5] | 1

L

| _.J:J

U erroafs] 0 waming[s] fownd

4] | M
Frauly el Cal  MHDL [ [ (HUM| &
HDL Editor= HDLZ <8 #/2 entry mechanism= X &¢&tCt. HDL Editor= keyword,
comment, values EE MZZ2 =0 S A StC

Ci=0l, {222 HDL Editor(Synthesis menu)2 £ H CIXAQS =288 & £+ US
=0k OtLI2t schematic&t 0l AFH2E =+ U&= macro symbolS 2HE == USLICL

2. ToolsHI=0lA Language AssistantES & &4 5tC}.
01242 constructs 2t componentsff =&2& At&&Z= HDL templateE 20 F&=

Language AssistantJt & &lC}t.

22
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f;:' Language Assistant - YHDL

el

- Synthesis termplates
[+~ Boundary Scan

- D Flip-Flop

- [ Lakzh

- [ Lakzh with Reset
- Global Clock Butfer
~iHE®ZLED Corvverter:
- Multiplexers
Fulldorrn

Hide prewview <«

:I..

- O FAF with Szynchronous B
- O FAF with Senchronouz Re

- O Flip-Flop with Clock, Enab

T i
1| | B

Edit

--HE®-to-zeven-zegment decoder =
HE:=: in STD_LO
LED: oLk STD_LO
-- gegment encoding
- 0
-5 11
- - <B
-4 12
3
with HE®= select -
1 | | 3
e [elete

Xilinx architecture-specific templatesJt S8t Synthesis Templates section0l & O &ICt.
Synthesis TemplateOll A4 & & L2 210IC}.

20 XI= HEX2LED HDL ffile2
3. o QEE {149 XE & #
CtE S EHS design macro=
Schematic-Based Macros
State Machine Macros

LogiBLOX Modules

2II<IoH, Otell i =201 &E6t= MacroS

=24 HDL EditorE HtAd Lt=Ch

ro
e
r
i
]

Macros Based on Xilinx Unified Libraries Components
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State Machine Design Modules £J| (Viewing State
Modules)

CtZ2 module2 state machine design0il J|=& S UL

= @ icon2

Machine Design

1. Watch schematic2 <11, vertical toolbar S0l U st B %271, design
module2 & ¥ 2™ design module?tOll E0 &2 = ULHL
Otehel &2 State Editor2t0ll = Stopwatch state machines 20 &Ct.
STMACH_
lirdiagram ACTIONS] ER-cLK
D—re5et —Dclkuut
[Cstristap A et
%npwtch
stdston = 0
clkout <="'0";
zer rst == 0"
151
LEA stitston =
e kot <= 1
= ' rat <= ||:||:
feset = ' start
Fell
strtston =1
gt = 1
clhout <="1";
auntin et == 0"
strtston £ 00 &MY
strtstan =1
strtstonls 41
stop
e
sttstop = 0 clkout 2= '00;
rst <=0
appe
iy
gtréstan = 4
strtston £ 0
clkout <='0";
st == '0";
HZ bubble diagram format2 AIS5t0H 24 Z2l state machine2 T HC=Z 12|)|
?ol = State Editore AIZ35tet. State Editor= ({4201 2 SEHQ ESHS F6H0,
VHDL, Verilog £ = ABEL fileE 2'ECh. 12{H HDL codedt 32 HEAHZECH

transition conditions 1t actions2 target languagel 282 M0 AL
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State EditorLH0IAl, 02122 schematicA 0l AIEE £ U= macro symbol

UL
3. ot QEE P49 XE & B =29 State EditorE Wt LI=LCt.
CtE SEHS design macro= 2J|9loll, Otel HH 20| &E4SH= Macro
Schematic-Based Macros
HDL Macros
LogiBLOX Modules

Macros Based on Xilinx Unified Libraries Components
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LogiBLOX Design Modules £ 7| (Viewing LogiBLOX Design Modules)

Ct2 module2 LogiBLOX moduleO|Ct. LogiBLOXE 0= A&l library componentE 2t
U= graphical interactive toolO|Ct. LogiBLOX& Fast Carry Logic, CLB RAM, ROM1t & 12 &l
Xilinx-specific architectural features?l Z&EE FE = U= architecture-optimized componentE

BIS 4 UCH

o 4

1. Watch schematic €0 =211, Tenthsct =cl= L1 LogiBLOX counterE | X|Al2!C}.

02122 schematicAt0l =0 & LogiBLOX module?tZ =0 &2 =#=JI eiCt. HLiotH
W &= netlistot binary netlistOlJ] M&E0ICH. Ol netlist= implementationAl &2 & O

AZE 0 &L

L1

@_OUT[E:0] L—

o ST INT ASYNC_CTRL
o CLKENINT |0 e
o CLHINT ELOCK TERM_CHT |

COUNTER

2. LogiBLOX Module Selector GUI (where you create the LogiBLOX module)E &J| ?I6t0,
Schematic Capture tool2 £ E Options - LogiBLOX £ & E45HCY,

0l GUI 2tiIA, I 22 module name, type, 12|12 functionS & & &tC}.
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t aximnum S peed

Lot Lt =

S, Al
SEUhE Ealmt=

S, (BETA=

ull-down menug AlZ3alet.
20 =0, 22 X3
_J'k_ o

3. Tenths componentE & Ei5lJ| 2o, Module Name field0il QL

rr
©

0l &JHl= Tenths componentE 2HED| ISt HE AISE2

Tenths moduleO| 10-bit one-hot encoded counterct= HE & US Z10IC  LogiBLOX
Module Selector GUINIA moduleOl 2t=0{ & @i, symbolO] A=sESZ =ML
elE2 S0 symbolE schematicAt 0l fIXIAIZ = QUCH

4. LogiBLOX Module SelectorE &J| ®Iolf, Cancel & 8 ¥ S=ELCt.

CtE W2l design macros ZJ|2loll, Otc 0 =0| HEGt= MacroE

o
£
I
n
[wl

Schematic-Based Macros
HDL Macros
State Machine Macros

Macros Based on Xilinx Unified Libraries Components
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Xilinx =& ctOlEd el Jletet EHZS= 2| (Viewing Design
Modules Based on Xilinx Unified Libraries Components)

St

2 = UCH
x

&I C

= tE
ZHHE SEHZ 2SO

adders, counters, multiplexers 3t 20| SH =&8 &2 HHHE.

ZHHE = RAM, WS oscillators, J121 12 global Set/Reset M & Xilinx2l REAXQI £4
o

nio

Watch 3|28 EH M2 U2 Z He 2PES =
IBUFs= XilinxOIld HIZ2&s 2= 2t0lE2i2l 9

Jb Otefiet 20| LtEtE Zd0ICk.  SC Symbols

1. :E} icon 2 Ei.ék SC Symbols £ &fA
N AIE Jisst 2 2tolEH2IoF B &ICH

HA0NH= 0f Z2HMEN

2. ADJEHE 086t 2= ZHMEEES 20t = = ULL

=| EC Symbals
2

C-| <™ L5 | ¢4

(-} WATCH
CRTED
DEBEUG_CKT
HEX2LED
CUT=
QuT=E2
QuUT=E3
STRACH W
TEMTHS

(-} XC4000E
ACC1E
AiCCd
ACCH
ADDIE
ADDd
ADDE
AD=IME
A0S
ADSLE

LI (8

PN |

l1-Bit Cazcadable
8 doer iSubtracter with
ICarey_In, Carry_Out,

&l

3. ZHHEE 0|8 & [les ZHHUEE H8d FH J2d9ez 0|sold 226tH =Tt
HAIHYEW et RHAIsH 82 Xilinx Libraries Guide0ll 2= 0 UL
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XSl E2 RO € e, sy 22 LA HHOZ 020
Schematic-Based Macros

HDL Macros

State Machine Macros

LogiBLOX Modules
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Implementing the Schematic Design

Design implementation2 translating, mapping, placingdt routing@ = OIS &ICt  Xilinx
Implementation Tools (or the Flow Engine) 2 0| W& & & stCh

1. Implementation2 A|&& Foundation Project Manageril At Implementation HES 2= o6t™
SICH oreF S0A Y 2IAEDL HOHO0IE YA $pCHE ZDIF LY, YesE 2& 0610 U

e|AEE YUI0IE ot &L

Implement Design0| Ct31t 201 LIEFHCH GII0A E4101 ot ClHOIALE ATIE,
HE, 2lHIdSS 8838 = 1D OptionsE 0|88 =% QUCH WHIIHAM= CIBHOIA Dt
XC4003EPC84-32 &AL UL

4003EPCE4

_| 7 enste cuent s e S

—
—

2. Options = 2=otH UsSW &2 =HAIF LIEHCH

0l BtAOIAM AFEXIDF &5hE implementation options2 X & & £ QUCH
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]

Defat =] |
Foundation EDIF i |

Defat 7]

Optional TargetsE 2H S ¢AJ BF 28 & UAS 240ICH  Produce Timing
Simulation Data= EF0IY AIZ2I0I&E A&t U c|AEE © |2 Produce
Configuration Data= Xt=0 ClEIOIAN CH22E & = U= bit TS 0t&= A0ICH &
CIE SEE2 AH2 options template2 0|&& = UCH.

In
rr
ja
(@)

Edit TemplateE 2ol HE EH2 SEE £ =& ULL
Options2| A UA OkS S &tCt.

=

Implement DesignOllA4 Run & Z&6t® ImplementationOl Al & &l L,
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4003EPCE4

I \WkEmmite cumentErsmmn
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Flow Engine

implementation0] AlZ %™ Flow Engine 20| LIEHHCE  Flow Engine2 CIACIZ
implementation StCt. CIXAtCIS] SEW AHeE DHFC=Z LIEHLIMH, MEl= AEH0 s
Jl=2 ot 25 YA ZEAIEC

7| =l Ble| ok

implementation0] ZLt3, Flow Engine2 As&2=% Z8ICH Implementation0] 83&2& S &=
Allg 2%0es stH0l LIEHY 20ICH FIIAE2=Z Implementation?] &EiJF T2 ME [
OHEHO A= 2EEAU LIEHACH
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Versions Tab

I200ld Z2RE HUM=E Z2MES HAED
cIAEN HaIl US M CHAl S O0AICH
ol

clHEoZ 2e|stlt, A2 gdE=
242 2ZA0] HolXIALE B XIALE = HDL
A2AIF SEEAHU ot S2 A4 CAel LME [ ME2 HESZ S0 AL
2IHEES F=0E HEUWAN M22 S&E0ILE M2&8 P&REIES 0/E5t0 implementationS
ASHBIF S 220 MZ22 CIHEO| 2HS0 FICH MIR2OI0I82 &M deisl T2REEo 2t
cIHAE S22 mMYoILE 2IZE S8 22|8tlh

-~

Note: CIAIQl AAJF 2F HEEZ MEEON JUAXes HCH =X 2 HES S 2|AES ZIE0|
= ZDHEH0I XPCE IC.

IZXHE HLMS HAE B2 28 2 HAED 2HE0| AHEE2Z UEHHCH JtE
clH&EO0l = EAI=C.

:O|
— =

m

*}watch - 4003EPCE4-3 - Project Manar

File Document Yiew Project [mpl

sl = e EE e
Files ' “Yersions ‘\ |
&l ) watch
o [Hver
...... B rev1 (Implemented, OK)
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Implementation = 1)

o 17

N AIHEJ| (Reviewing Implementation Reports)

CtE2d &0l =& eltH&0l st implementation 2IZEE = = ULCH

1. 2QF cIHEES d8otd ZZHEHLINS =0 A= Reports tabsS 2= &tLH.

2. Implementation Report FilesS & &iol) (HE 22/stCt. 0 WE S HXIH 2E
implementation report= 0| LtEHCE

3. 2R CIZESE Hd8ot0 2% =L
*}watch - 4003EPC84-3 - Project Manager = |EI|5|
File Document Yiew Project Implementation Tools Help
D] 8] 6] n] o] Bl B Ml
Files * “ersions \ Flonay \ Conterts Reports \ Synthesiz \
3 & watch

= [Fver

& &
______ [ rev1 (implemented, OK) — —

mplementatior mplementatior

Import EDIF - Export netlist
Report Files Log File netlist to EDIF 200
m Report Browser - rev1[verl->revl] 5[
Map Report Place & Route  Pad Report Asynchronouz  Post Lapout  Bitgen Report
Report Delay Report Timing Report
Pem : Flow Engine: verl-=rev] (Timed Ok [
Pocm o Flow Engine: verl-=rev? {Implemented Q) =
Conzole f-’ || 1 | | _’I
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Ol& =2 (Performing Timing Simulation)

otH

otod EtOIY AlZdl0lES 0l

10l EX &2 22 BHOlY F2E 01E

2USHA

EIIW'% =3g = UL
Verification section®| timing simulation= Z&/6tH Et0IY AIZHIOIHE =Seid = ULH 01H2
ctREE Y 2lAEE AWM II2O0IE 22 AIZHI0IEHE S AlZICH
AMEXH= implementationdt)| & 1h(Functional Simulation) ,implementationst OIiOiI(Timing
Simulation) AISdI0I&E2 AIZE £ UCH 0 & JIXle OS 222 MlotilsE 2%
A = UL
HHE ASH0IA2 P&RGII| 0|&Q Ul 2IAEE JIE222 B = E0lY HEE &5
Dotk &€, _4“-@ gtRol 2RO S4Rt2 AlSd0lE EHCt.

rlo
s
=
M
s
| O
Hu
o
m

EtOl2 AlZclold
S elAEE I AI%HI |82 é*l].
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Script 2= AtE8t AlZ2ll0]& (Script File Method of Simulation)

IH20I01E0= H CHEGHH AlZ2e0ld 2Es JO tei2 X8t 8hAIgH 0
=M= AIEHE 01800 AMSdI0l& ot= 28 0rg Jl= 8tCh Al2dlol&el 2
JIZ&Q g MEB8YE 2 “Foundation Series Quickstart Guide 1.5"E & A dt™H &I},

|I' o

1. AIZd0IE0M Tools Script EditorE & & 5tHCH.

2. ADEE Mo ZEIZEDI LHEHLY watchtim.cmdS & E{SHTE
3. OKE 2&.
[ ] smesteshytion CHIDY - Script E it =10 %]

Fd: Edi  Seaich Yew Jook Esecwte Hels

D|r-*-|n|_| || =] o - Y e e = Y el L)

| The File has Been aubomatically generabed by =
! | Ehe Script Editor File Wizard versiom Z.0.1.75
3 |
i | Copyright O 1998 Aldec, Inc.
5
& | Simulation Script Flle Fovr Watch Tuterial
¥
g | Inditial =settimgs
® crdelete signals =
i seb_mode timing
11 restart
1z stepsize 10 nx
13
LL] | Wector ODeFimitions
15
1& | Add gonsr vector deFimition commands Bere
nr ueclor TERS TEHEDUTS TERSOUTS TERSODUTS TEHSDUTD TEHSOUT? TEHSOUTY TEHSGUTE
il radixz Bimary TEMS
19 vgctar NHES OMESOWTS OMESOUTS OMESOUTS DMESOUTI OMESOUT? OMESOUTY ODHESDUT®
20 ralix Bbinary DHEE
t' nmrteor TEHTHES TEHTUSHANIN TENTEHUMITE TLRETEYMMITY TERHTUTINTA TEHTUTNNTL TEHTUTHONTR 1=-r1|J
3
Fiow Hisip, pemsx F1 [Tntldd [ [ MM i
ADEE IS AIZH0ld LEHOoIL S2ot0A ol WHEd M2EQ AIZFH0l&82
ZEs = QO AZJEE WCHE €9AE 2sS BHU =88 £ D osE
SHOO CHOI = w2ta 2I1)|=0 Uote sMes HSECh
4. ANEdiold2 o & = Execute-GoE &EisCH AJSE A0 AIE0I&E 2 T 2
Z= AIZA0IE12 Waveform Viewerdl LIEILI2Z &0l 6104 =L},
5. £g& 21 WEE It 228 ZAtot 2C
6. AMZdIOIEHE =0
7. A3EH OCOEHE =0
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Downloading the Design

ASAX CIARIZ2 StEANH CIHAHE O0lE3HH XOIEA HIEEE2] XC4003EH Ch22s & %+
p? FEAI CIHA M2 =00 f16t0d Programming HES 22 &tCh

g

FROGRAMMING

0
)
ol

26t A Tools->Device Programming->Hardware Debugger2 O|E0l0HAE S& A2 =+

O

$0
o

=

O XtAISHAH 22 S0 ot 20X+ otAlY Foundation Series Quickstart Guide 1.5
JISHAIH =L

0 0

o

IX2Z JI2Hel AEX J0lEE OH=Relot =T
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