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Simulation

= Synopsys VSS Simulator

VHDL
Source code
(#vi exam.vhd)

Built-in Library

(standard, IEEE, synopsys, ASIC vendor..)

Compile
(#vhdlan exam.vhd)

startup files
.Synopsys_vss.setup

ST

exam.sim .
Working
Library

Simulation
(#vhdidbx)

o

&5

VHDL compile : $ vhdlan {vhdl_source_file_name}
Built-in Library
= standard, IEEE, synopsys, ASIC vendor, your own...
Working Library
& VHDL code
Simulation : $ vhdldbx
setup file

compile (*sim, *.mra)

£ .Synopsys_Vss.setup

Univ. of Inchon System ASIC Design Lab.
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& .synopsys_vss.setup file

= Working_Library_Name
= Working_Library_Name
= Working_Library_Directory

TIMEBASE
WAVEFORM
WORK

Working_Library_Directory  User

: Compile

=NS
= waves

Working_Library_Name

> Working_Library_

Symbolic Name
: Working Library  Directory Path

Name

: Working_Library_Directory

EDITCMD = xterm -geom 92x60 -T Synopsys-Editor -e vi

& User
$mkdir ~im _work

& .synopsys _vss.setup file

TIMEBASE = NS
WAVEFORM = waves
WORK > sim_work
sim_work : ~/sim_work

Home Directory  sim_work directory  Unix

EDITCMD = xterm -geom 92x60 -T Synopsys-Editor -e vi

Univ. of Inchon System ASIC Design Lab.
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VSS Simulator

(2)

= UNIX vi editor ~/.synopsys_vss.setup file
o

= Simulation Default : TIMEBASE

& Simulation Default : WAVEFORM

= Compile : WORK
=

EM BZE Mg =

WeMEFTT R - R

i morl
1ompemad N e S D e e ROEE ‘/\_’//
BN tditar - vl
* e e nl aps B N e viE, satiEt 3 B T B
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&
& VHDL
# Simulation Stimulus File Test Bench
= VHDL Simulation
test bench for Full adder
(tb_fa.vhd)
A
» C_out
. >
S;f'erztuo';‘ss B full adder
(vec.vhd) (fa.vhd) sum
C_in |
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-1 : Full Adder Data flow VHDL

= Data Flow

library IEEE;

use |IEEE.Std_logic_1164.all;

entity fa is

port (

A :instd_logic; A —"—\-D_SO
B :in std_logic; B I
C_in :instd_logic;
C_out: out std_logic; ;D—
Sum : out std_logic);

end fa;

architecture rtl of fa s . '_‘D—— SUM
C_in 7

signal SO : std_logic;

begin o _out
S0 <= A xor B;

Sum <= S0 xor C_in;
C_out <= (A and B) or (SO and C_in);
end rtl;

=
Univ. of Inchon System ASIC Design Lab. ﬁ"_' Synopsys VHDL NO-7

& 1 process
begin

A J_J_J__ A<= ‘O’; B <= *0'; C_in <= ‘0,;

wait for 10 ns;
A<=13B<='0;C_in<=0}

B .
wait for 10 ns;
C_in A<='07B<=1;C_in<="0
- wait for 10 ns;
A<=1;B<="1;C_in <=0}
Ons 20ns 40ns 60ns 80 ns 100 ns .
wait for 10 ns;
# Stimulus Vector A<='05B<=0; C_in<="1}
library IEEE; wait for 10 ns;
use IEEE.Std_logic_1164.all; A<=1,B<='0; C_in<="1}
entity vec is wait for 10 ns;
port (A, B, C_in : out std_logic); A<='05B<="1;C_in<="1
end vec; wait for 10 ns;
-- A<=1;B<=1;C in<="1}
architecture rtl of vec is wait for 10 ns;
begin end process;

endrtl

i
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-1 : Full Adder Test Bench VHDL

= Test Bench VHDL for U1 : fa use entityworkfa(rtl);
library IEEE;use IEEE.std_logic_1164.all; for U2 : vec use entityworkvec (rtl);
entity tb_fa is begin

endth fa;

. --U1,U2 Component Label
architecture rtl of th fa is --

component fa --
port ( --
A,B,C_in :in std_logic;
C_out,Sum: out std_logic); Ul:fa
end component; port map (
component vec A=>AB=>B,C_in =>C_in,
port ( C_out=> C_out,Sum=> Sum);
A,B,C_in : out std_logic); U2 :vec
end component; port map (
A=>A,B=>B,C_in=> C_in);
-- Signal Assign end rtl;
signal A, B, C_in : std_logic;
signal C_out, Sum : std_logic;
Univ. of Inchon System ASIC Design Lab. ﬁ' Synopsys VHDL NO-9
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I B [T

$ vhdlan fa.vhd i Q
[(#aT o] i Faomd, T ey IDECAHOL Y R] WTlTel TH_TH-and
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= Compile
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-1 : Compile File

= Compile Error ~/sim _work Directory

n MEE HEARED TR
L Luh T opdu e s Aomed b oo AOECAUHDLAFA] 15 -asF
| &= 1 R 2 Eb_Ta.whd
I 2 fasvhid Z wec,uhd
[vh1eeBulking; fomedvhlee AOECAHDLFA] 15 -asF "fsin_sock
= 182 10 Fi2in 2 MEL.nrE
iy 14 FA__FTL_&in B MEC.51H
B 1 TH_Fh.Iia 18 YEC__ATL.=5in
g COMF.=in 4 TH_Fh.=in 2 =parchsn’
2 Fa.ara 20 TH_F#__RTL.zin

[h T oedu) e Aomod Ak oo/ 0ECAHDL AFA]
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# Simulation Engine Test Bench VHDL Loading
= $yvhdldbx & Window
# Loading Window
Working | hibray banazn
i ” ] FAPITE r FR_ETL
Library | EarT o NG
| pessiA it Simulation
Desian EF Configuration
9n = T} [EE e ] Entity_Architecture_n
= el ame
Simulation =% LI | ( configuration)
i W [
frpimants |
= Cercel
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-1 : Test Bench Compi

le Loading

= Loading Window
II'.A_Auh Fredpoinks Holtora Trooss Gy Stimalus Hise
o i 14 1EEs
VHDL Top Model [ : e B oot 1164,
Source code : ety w.fa s

& - &4 : Briftivsmaes ril of Thfe 14

= eignal A, E. C_in

T 'le Cotaks b L Lo

] For L F Fa e st = L

1 For U2 T v ke st I3 Codn ¢ ode abd_leghes

3 (P Ceak  ;ooat wtd Tegics

E+] boaln s = En o ot aed o

It i
o0& 3 JTHFA b
Tiem 3 075 R 2 TR File:  Ebfmhd
= LR 4 Lirar 1.
r—
|9m= At e Irrm |E!¢nl Bpi | r—“* l_‘l"-’ !'_Trx_n- r_ SE FI E [“': i__lnb'. E |;:
I [
typing
i ocdu -
I =~
Command line —/v< . \fI)
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Vs Command
= trace*
& source code

& cdlabel :cd Ul
sub-block
& trace signal_name : trace sQ

&5

Virw Glptiars Wmeoe Hep

@)

Ermins Sraspoiitt Malbos e bey Ghimla fiso

x

T Jarchitacturs md of kS Fa s
=
B et fa
bl [ A
i H i
1 3 § in wd_lnaiat
13 L i S | eakdl
i ik
" S ok e lopicis
’i; ol ekt
] copamil e
b ;] ot |
o H 1 s hogded
H ¥ ik atd Loglas
= Ein ok whe logacis
o & v ek
ki
OE i (TR Filet. thtuovd
Tiee 1 & A3 Limd T,

H on e
librory poth Becormans Tib-sparc
Itbrary cath becosar: ik E I
whedlaimdidi Tl trome meooiFiodt webic ta beoo B
whdluin ATR; Tad tracs wpacFisd; aale tobows B,
whllaln 195: Bad brace opmcifled: ewbile te trece M,
vhdlniw, 153 Bod broce meciFisd: meals te brace WD

iy

® trma ol
bed .
"

[ o o oo P e e B B

Univ. of Inchon System ASIC Design Lab.

Synopsys VHDL

NO-14




-1 : Simulation Engine

s Command
£ run 100
= Simulation

= waveformscale
& >tool-bar menu

(2
100 ns  Simulation

sub-menu

limss preamss Ssaien [revw fors Sl

_.TQ_F,-:ug o | LUHE ]
STE_FANE_IM 0 | e 0 .
TH_FANC_OLT o | |l T8 EETTR T = e
ATH_FASLM 1 | |
ui.
STE_FAALITED 1 | i
oI,
I o B | = I 3 1Y I T
Reshy I
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Univ. of Inchon System ASIC Design Lab.

Synopsys VHDL

NO-16




-2 : VHDL

g (Logic Synthesis) ?
& Synthesis = Translation + Optimization + Mapping

architecture rtl of fa is Translate into Boolean Representation \
signal SO : std_logic;

begin

SO <= A xor B;

Sum <= S0 xor C_in;

C_out <= (A and B) or (SO and C_in);

Optimize + Map

HDL Source code

Generic Boolean
(GTECH)

Synthesis

\ Target Technology /

Univ. of Inchon System ASIC Design Lab. @ Synopsys VHDL NO-17

%
g File
= Design Compiler  Setup File : .synopsys _dc.setup
= Setup File .
= Setup File : Synopsys Tool Default Setup File
e (account) :
= Directory : Directory Design Model

~user $SYNOPSYS/admin/setup

.synopsys_dc.setup .synopsys_dc.setup
| | User's General
specific design Setup Standard
setup

.synopsys_dc.setup User's Specific
Project (design) Setup

Univ. of Inchon System ASIC Design Lab. @' Synopsys VHDL NO-18




Synopsys Synthesis Tool

. S S Sm— . |
& .synopsys _dc.setup File
& : Target Library  ALTERA FLEX10K

o ML MRMS CEUH

I from tho Systoa varlabla Group %' |
skzaarch_path = {, MoseldaxpluszAsynopaye N brarwdal t_sen A lachbdd b MosazfsynoaysH brarlas ey
n - Jhomi/wapl sl smopsys S ibraryial c_ar fixd
searoh_pakh = [. /tools2fmaxk 3 fsyrapsys 1ibraryfalt_syn/flacidkdib W
SonlafemnpeysNiorar iegdem |
Sronlsaswe, 35 vnonsy e earyfalc_nr W
Ftools2ywm. ] ib/maga_ Tpe M
JronlsEmach. 351 el 1hy ncept, A0 Tpm )2

toget_library = {Flewi Bk, dof;
cymhal_110rary = {altara sio}s
Tirk_library = %' lagid. i}

define_dasign_lib altera -pabh #PLUE syropsys 1 brary sl b _nf /140
detine_design 11 IM_FLEXIRK -path @ PLUS 3ynomeys1 1 brary sl tosem 1o BT nfdn_r1 ek
define_design_1ik [M_FLENTAK_FRGA -pach sheXPLUS sunopaye 11 earydal t_snrlant i Nk de_t1eoak_frga

poitout_neCllaC_only = "trua®; |
pdifoul_power_and_ground_representation = "rat™; |
adifouk_no_array = "ralze”;

oditout_pomar _not_nam = "Y0OD*;

& | TEE

Univ. of Inchon System ASIC Design Lab. E’ Synopsys VHDL NO-19

= Design Analysis Tool Loading Unix Command
= $design_analyzer & Window

File Efit ‘Sea RrFeibores Fasliesrs Tood Hal
Command ~ y| S fils B o . =lp

p————— —
menus

View —_
Select

YEEEE

—_—

Up/Down v n
i
1
I

£

Hierarchy

Informational | v S
Message Appear HEre v, [re, ot Current View
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-2 : Check Design Compiler Setup

= Design Analysis Command Menu Setup Defaults..
= >Setup > Defaults Window  Call
& synopsys_dc.setup File Loading
Taraults

Beslgsr  Yourgha Lss |

Compaaregr - Unlyoof [rohon ASIT Lab. |

Gk Pathn 0 2 Aeeed B hemop s e e el b W Moo la2- e, Bhm e Z i bviegs, Tpe Ctoo a2 Amad S0 s 11 b concepsalt . 1ps |

Link Libearyl - ¢ Fladdko® |

Tt Libewyr Fladi.b

|
Gl Llbeaesir  alters.sd |
|

Echamatic Uptione; i nfinits

[® Carcal

& Link Library
= Target Library
= Symbol Library

Univ. of Inchon System ASIC Design Lab. @ Synopsys VHDL NO-21

& Link Library

= Optimization Design Compiler cells wireloads,
technology library.

HDL code_ input
adders, NORs, Design
assorted gates Compiler
Gate Level Netlisyf
= Target Library
& Synthesis design compiler  mapping technology library.
Optimized Netlist
output
Design
Compiler

Design mapped to gates from the Target Library

pet library technology library

Univ. of Inchon System ASIC Design Lab. @' Synopsys VHDL NO-22




-2 : Design Compiler File 1)

= Design Analysis Command Menu File Read.. .
= >File > Read . Window
# File Name  File Format , OK
Fils Masedasr. Fauidl I
Mireckoeyt TodsdAghl g 1DEC AHELFR
L] Lir ths o divsrtong |
. . o — LR}
Reading Design File th_Fa, i
wur, vhed
Supports many different formats
b e
. I
Format Description \ mo—ran =
File Format; i I
db Synopsys Internal Format
edif Electronics Design Interchange format -
equation Synopsys Equation Format L Cancel
Isi LSI Logic Corporation Format
mif Mentor Intermediate Format
pla Berkeley (Expresso) PLA Format
st Synopsys State Table Format
tdl Tegas Design Language Format
verilog Cadence Design Systems Inc. HDL
vhdl IEEE Standard VHDL
xnf Xilinx Netlist Format
Univ. of Inchon System ASIC Design Lab. ﬁ’ Synopsys VHDL NO-23

desipisaligs Losdieg vidl FlLLE “Mossd yklae TIELAHILF AT, vid”
Phomed gl e TEEL AHNL i Fn el

Dorvant dealge 18 o "Bkt i Leed CIELAHILFATa, o e

e

taripn_sralygery 1

] oo |

= Error
Window
= VHDL Code
Symbol
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-2 : HDL Files Translate

= File Read
= Analyze Elaborate
= Design Analysis Command Menu

= >File > Analyze
= >File > Elaborate

Filiieaiy Fousel
=L Librayt SHH_MPH
Eracid kb TR LT |
£ R e | MABOMFPR
[T
R g Biis
T |
L N maim; Falren |

[ ‘

FilaPorssr: [ —
Library BP0
Ll ETRLT
R - =
o
Porgmoiored
4 Ferfmalign kat-0F-late Librar i
T s B Librrs §F 4 Bomwe’h Beame

T e [ ==
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%

= Translate g Symbol
= Symbol Window & Symbol  Double Click
. = Target Library

Univ. of Inchon System ASIC Design Lab. & Synopsys VHDL NO-26
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-2 : Optimization Constraints

= Optimization Design Block

5

typing_ Ao Lok Pt

>Attributes > Optimization
Constraints > Design Constraints

Window
TR —

Bisiria it

Sromedd hon TR LAILT R Tachi: e |
Bptaazatim Do traincis
/:" -

Ttimic P ]

[

ke T 113083 |
sk Bisstraisi
P Pt Tomrwm: [ 52—
e Dol I i Crboal

= Optimization Constraints

= Max.Area
Area 0

= Vendor Target
Technology Library
= e.g. : 2input-NAND-gate, inverters,
transistors, or square mils, etc.
= Design Rule Constraints
= Max Fanout

= Optimization
Fanout

Univ. of Inchon System ASIC Design Lab.
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= Optimization Design Block

& >Tools > Design Optimization

= Design Optimization Window “OK”
& Optimization Window

2 Baig
LR e R

Forw P e

TR e
TR R Ly

F Elks Jowday Biisindim

Grmoute i wrForrmnd " ahorossd

= [Tt
| 4
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-2 : Optimization

Ve Symbol Target Library
.4 Symbol  Double Click
= VHDL Modeling
= Behavioral Modeling :
< Structural Modeling : Component Symbol

Univ. of Inchon System ASIC Design Lab. ﬁ' Synopsys VHDL NO-29

2

s Cell , Delay Critical Path
& Command Menu >Analysis>Report Window
Ateribuba Foports
I RLE Ftbribobar = iFER,
I Buiszing = het
™ Call = Path Brogs
T Clocks T Part
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" Damign

fnalpste RBaporte

" frea = Polrk Tining

T Clock Shs = Poassr

I Clock Tres = Faferece

I Loratrainta ~ Salacted

I Croas Raf, = Tinirg

™ FPGR Resouroes = TinLrg Fequi raemta

T Hlzrarcky

(l=er Choices

B atput Tad o HiFdod “> File

Filai rorort.out I

ARELl Cacel
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-2 : Optimization Report (2

s Area Report File = Delay Report File
& Window Area . & Window Timing .
L} e s Iewaakl i kg il TRy 1 | b mainma
Bapart, & Lwirg
waih Tall
Bt I e i o
Jatln £ I P L
Vernirs 15800 i
R P et ST LU LI m“?ramwzm
Lisrsryish Usl} Epesh iy Comlibjarmes [WER.  Liwrard Dol
FLackh Flas Sbon] Emand Sorgrepmp ] | a s ] ] Y Lar e, o Hirk Loscm Traal. Finci1 iop
o 2 [ BT Wire Lol iag Readsl Ly
P oF righect b 3 u Al [
M o ol 4
Mk o refararca ?
P cais b i etk
Drcpodnis ma imdid partl
Cmdrmiioal s B 000080 .
Porromtirak iora | rem: D m Tipm: llllu-°I
e, Jercirens e wrdedied dEe |oed fab s ARt el
Fedit, [ Fun
Teeal cmll areat T oo
Tatal waal e il i s ks
1 P T LR
dei .ok Y ST =ay By
LT TR o x X
o T Rm
| LU L N Rl s
=T = | b i o s
s weRal Bl 28
1 . [ -
s Ly — Furi] B T
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tical pat

s Path Timing Delay Path .
& Command Menu >Analysis>Highlight>Critical Path Window
& Path  Critical Path
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-2

= Synthesis
= ALTERA Library edif
Fils E Fa, o] E
file /ﬂ ot e IR

Mot 1 dirmrboel
Favhad

Eb_Fia v

e, vhel

file . 21

I i
Filw FarmabT

/ U5xet Al Deslgd Lin Higrarch)
v

[ Carcal

= Recommendation : Always use the save ALL Designs in Hierarchy option.

%
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e 1 Full Adder N-Bit
VHDL
&5
& carry 1-Bit  Flip-Flop
Bit Serial Adder
(bit_add.vhd)
a - a sum P sum
b o Full Adder
“ (fa.vhd)
c_in c_out
; D F/F
carry_in [ o1 vha carry_out
O
I
reset clock
o
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-3:

VHDL

= 1-Bit Flip-Flop VHDL
library IEEE;use IEEE.std_logic_1164.all;
entity regl is
port ( reset, clock: in std_logic;
d_in :in std_logic;
d_out : out std_logic);
end regl;
architecture rtl of regl is
begin
process ( reset, clock, d_in)
begin
if reset ='0' then
d_out<="'0}
elsif clock = '0" and clock'event then
d_out<=d_in;

& VHDL
library IEEE; use IEEE.std_logic_1164.all;
entity bit_add is

port ( a, b, reset, clock : in std_logic;
sum : out std_logic);
end bit_add;
architecture rtl of bit_add is
component fa
port (&, b, c_in : in std_logic;
sum, c_out : out std_logic);
end component;
component regl
port ( reset, clock, d_in : in std_logic;
d_out : out std_logic);
end component;
for u0 : fause entity workfa(rtla);
for ul : regl use entity work.reg1(rtl);
signal carry_in, carry_out : std_logic;

end if; _
end process; begin .
u0 :fa port map (a, b, carry_in, sum, carry_out);
end rtl; )
ul : regl port map (reset, clock, carry_out, carry_in);
end rtl;
Univ. of Inchon System ASIC Design Lab. ﬁ' Synopsys VHDL NO-35
= 1 3 VHDL Code File Read
& VHDL Code File Read

# >File>Read>fa.vhd
= >File>Read>regl.vhd
= >File>Read>bit_add.vhd

bit_add.vhd

B & kd

blt_add e ragl

Univ. of Inchon System ASIC Design Lab.
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-3 : Clock

. S S Sm— . |
= Clock attributes
= Design Analyzer clock
= Design Analysis Command Menu Attributes  Clock, Specify
= >Attributes > Clock > Specify

ETE
I Boal Twahy batacrk ™ Fis Hald
[ewis =
/ —— 7
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= Optimization Optimization Design Rule
= symbol .
& >Attributes > Optimization Constraints > Design Constraints

Razigr Haeas
s L o DL L ACE U b s b bl I

(ot indestion Corrtruinke:

/

typing
Fast Constraimtst
Hiri Fault Enuu-lp:i E N
F #Arma Critical T Timing [ritical
P
> Feply Cancal
Univ. of Inchon System ASIC Design Lab. ﬁ’ Synopsys VHDL NO-38
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-3 : Optimization

& Optimization Design Block ,
& >Tools > Design Optimization
A Hap Dumign
P EFfarts ™ Low o Herddism ™ High

[ o g Tptiera, .,

™ M 1Fy BT

Uar [P ERROFT e L Hadli S High

T ALl Borsiory (et imicbion

Ecwcikn ini - Foregroussd % Bechpround

e

= Design Optimization Window “OK”

= Optimization Window
= Cell Delay
= Report File
Univ. of Inchon System ASIC Design Lab. E’ Synopsys VHDL NO-39

= >Edit > Ungroup <

Hisrarchas
wr lngroop D Lesal ™ Urerop ALL Leveds

Cal| Mzse Prefix loptiomall;
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-4 : 3-Tap FIR Filter RTL

= 3-Tap FIR Filter

RTL

= VHDL , Simulation  Synthesis
o s e 7 2 sequential M\
fir_in | Reg. | Reg. Logic
8
o | [
clock -
reset J
( v Y Y A
5 5 5
“01000" *00100" "00010"
13 13 13
ADDER
T combinational
1\ Logic J
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library |IEEE; use IEEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;
entity fir is
port (fir_in : in std_logic_vector(7 downto 0);
clock : in std_logic;
reset : in std_logic;
fir_out: out std_logic_vector(9 downto 0));
end fir;
architecture rtl of fir is
signalt_1,t 2 :std_logic_vector(7 downto 0);
--filter
constant al : std_logic_vector(4 downto 0) :=

-filter register
process(clock,reset) begin
if reset = '0' then
t_1 <= (others =>"'0");
t_2 <= (others =>"'0");
elsif clock'event and clock = '0' then
t 1 <=fir_in;
t2<=t1;
end if;
end process;
-filter
process(fir_in, t_1,t 2)
variableb_0,b_1,b_2,tmp:

"01000"; std_logic_vector(12 downto 0);
constant a2 : std_logic_vector(4 downto 0) := begin
"00100"% b 0:=al*fir_in; b_1:=a2*t 1;
constant a3 : std_logic_vector(4 downto 0) := b 2:=a3*t 2; tmp:=b 0+b_1+b 2;
"00010% fir_out <= tmp(12 downto 3);
begin end process;
endrtl
5 ;
Univ. of Inchon System ASIC Design Lab. E{' Synopsys VHDL NO-42
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-4 : FIR Filter

Test Bench VHDL

library |IEEE; use IEEE.std_logic_1164.all;
entity tb_fir is end tb_fir;

architecture rtl of th_fir is
component fir
port (fir_in :in std_logic_vector(7 downto 0);
clock :instd_logic;
reset :in std_logic;
fir_out : out std_logic_vector(9 downto 0));
end component;

for u0: fir use entity work.fir(rtl);

signal fir_in : std_logic_vector(7 downto 0);
signal clock, reset : std_logic :='0";
signal fir_out : std_logic_vector(9 downto 0);

clock <= not clock after 20 ns;

reset <="1" after 10 ns;

process

begin

fir_in <="00010000", "00101110" after 100 ns,
"00110001" after 200 ns,
"01000111" after 300 ns,
"00001010" after 400 ns,
"00011100" after 500 ns,
"00100001" after 600 ns,
"00000111" after 700 ns;

wait for 800 ns;
end process;
end rtl;

configuration conf of th_fir is

begin forrtl end for;
uO: fir port map ( fir_in, clock, reset, fir_out); end conf;
Univ. of Inchon System ASIC Design Lab. iy Synopsys VHDL NO-43
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= Waveform
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-4 : Synopsys Synthesis Tool

& , Report File

Univ. of Inchon System ASIC Design Lab. ﬁ) Synopsys VHDL NO-45
& # 10 Counter
5 Simulation Tool RESE |CLK [cNT oU  |cNT ouT(n+1)
T T(n)
£ 1 X X “0000"
# 10  Counter 0 > | 1001 “0000”
=10 Counter 0 ? | “1001” CNT_OUT(n) +
Seven-Segment 0
= Segment
CNT OUT | SEG_OUT
CLK “0000” "1111110"
COUNTER “0001” "1100000"
RESET “0010” "1011011"
l “0011” "1110011"
“0100” *1100101"
7.SEG SEG OU e “0101” "0110111"
Driver - ‘e “0110” 0111111
“0111” "1100110"
“1000” "1111111"
“1001” "1110111”
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5: Behavioral Level VHDL

& Counter VHDL
library IEEE; use IEEE.Std_logic_1164.all;

use |IEEE.Std_logic_unsigned."+";
entity Counter is
port ( RESET : in std_logic;
Clk :in std_logic;
CNT_out : out std_logic_vector(3 downto 0));
end Counter;
architecture Counter_Arch of Counter is
signal CNT : std_logic_vector(3 downto 0);
begin
process(RESET, CLK)
begin
if RESET ="1" then
-- same expression of CNT <= "0000";
CNT <= (others =>"'0");
elsif Clk'event and Clk = '1' then
if CNT = "1001" then
CNT <= (others =>'0’);
else
CNT <= CNT + '1%
end if;
end if;
end process;
CNT_out <= CNT;
end Counter_Arch;

= Segment VHDL
library IEEE; use IEEE.Std_logic_1164.all;
entity Segment is
port ( Seg_IN : in std_logic_vector(3downto 0);
Seg_OUT : out std_logic_vector(6 downto 0));
end Segment;
architecture Segment_Arch of Segment is
begin
process(Seg_IN)
begin
case Seg_INis
when "0000" =>Seg_OUT <="1111110";
when "0001" => Seg_OUT <= "1100000";
when "0010" => Seg_OUT <="1011011";
when "0011" => Seg_OUT <="1110011";
when "0100" => Seg_OUT <="1100101";
when "0101" => Seg_OUT <="0110111";
when "0110" => Seg_OUT <="0111111";
when "0111" => Seg_OUT <="1100110";
when "1000" => Seg_OUT <="1111111";
when "1001" => Seg_OUT <="1110111";
when others => Seg_OUT <= "0000000";
end case;
end process;
end Segment_Arch;
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=z CNT_SEG VHDL
library ieee; use ieee.std_logic_1164.all;
entity CNT_SEG is
port (RESET : in std_logic;
CIk : in std_logic;
Seg_out : out std_logic_vector(6 downto0));
end CNT_SEG;
architecture CNT_SEG_Arch of CNT_SEG is
component Counter
port (RESET : in std_logic;
CIk : in std_logic;
CNT_out : out std_logic_vector(3 downto0));
end component;
component Segment
port (Seg_IN : in std_logic_vector(3 downto0);
Seg_OUT : out std_logic_vector(6 downto 0));
end component;
signal CNT_out : std_logic_vector(3 downto0);
for CNT : Counter
use entity work.Counter(Counter_Arch);
for Seg : Segment
use entity work.Segment(Segment_Arch);
begin
CNT : Counter port map
(RESET=> RESET,Clk=> Clk,CNT_out=> CNT_out);
Seg : Segment port map
(Seg_IN=>CNT_out,Seg_OUT=> Seg_OUT);
end CNT_SEG_Arch;
configuration CNT_SEG_C of CNT_SEG is
for CNT_SEG_Arch

end for;
end CNT_SEG.C:

= Test-Bench VHDL
library IEEE; use |IEEE.Std_logic_1164.all;
entity TB_CNT_SEG is
end TB_CNT_SEG;
architecture TB_CNT_SEG_Arch of TB_CNT_SEG is
component CNT_SEG
port ( RESET : in std_logic;
Clk : in std_logic;
Seg_out : out std_logic_vector(6 downto 0));
end component;
signal RESET : std_logic :='1";
signal Clk: std_logic :='1";
signal Seg_out : std_logic_vector(6 downto 0);
begin
RESET <="0' after 5 ns;
Clk <= not Clk after 10 ns;
Counter : CNT_SEG port map (
RESET => RESET,
Clk => Clk,
Seg_out  => Seg_out);
end TB_CNT_SEG_Arch;
configuration TB_CNT_SEG_C of TB_CNT_SEG is
for TB_CNT_SEG_Arch
end for;
end TB_CNT _SFG _C-
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-5 : VSS Simulator

= VHDL Source Code Analysis
$ vhdlan Counter.vhd
$ vhdlan Segment.vhd
$ vhdlan CNT_SEG.vhd
$ vhdlan TB_CNT_SEG.vhd

= File_Namescr , Script File ( :Comp.scr)
= Debugging Tool Loading Simulation Library  Design Model
$ vhdldbx &
& Design Model SIM_WORK.TB_CNT_SEG_C
= Waveform
& Waveform
trace *
trace /TB_CNT_SEG/Counter/CNT_out
run 300
& Script File
= File_Namescr .
= Command include Comp.scr
= Waveform
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= Design Analysis Tool Loading
$ design_analyzer &
s Window Call
;| ATOoAeS Desian Amloar
Sp Eile B ARRbes Rl : telp
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{ ;|
T
g
¥
= 1=
Gyopnue. Ines tol
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=z VHDL Source File Read

= Window Bottom -Up
= Counter.vhd
=z Segment.vhd
= CNT_SEG.vhd

CNT_SEG

Conter

Segment

= Window File -> Read

1

s

-5:VHDL File Read

Window Call
VHDL Code Read

Ahomeds=1leeSeminar Samzung/Counter

works

¥
[}

+od tHove up one directoryl

CNT_SEG, vhd

Segment , vhd
TE_CNT_SEG.whd

File Formaty
——

Ok | Cancel |

File Name(s(‘ I Counter, vhd >

Directory:
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& Clock

1. CNT_SEG —— T T —

Double . e T

L e
3. Attribute -> clock ->
2. Clk Il Specify
——— Apply
ey =i " C:;;;;:> =]
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-5 : Design Constraint

= Optimization Design Rule
= symbol .
= Attributes -> Optimization Constraints ->Design Constraints

Design Rame;
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-5 : Physical Design EDIF File

= EDIF File
& File -> Save as File Format EDIF
z File Name CNT_SEG.edf

= e File

Fila Mawp\| CHT_SEG, ac,

Directory:  (hoesd)'slesa®Se nine S avuna! lounter

B L o up o dlrectons
ok

CHT_SEC, uhd

Courtes, uhd

Segrmert b
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. =

FJ l' Fum I
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® | Carcal |
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MAX+PLUSII

&

= $ maxplus2&

# File -> Project -> Name __

CNT_SEG.edf . Ul [ Trrmeing s e e i
= MAX+PLUSII -> Compile L R e

& Interface -> Edif Netlist Reader
Settings Synopsys .
# Interface -> VHDL Netlist Write

. . e =i ]
VHDL File  Project : R T
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= Assign -> Device
= Family FLEX8000

= Devices
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= Compiler Window Start
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-5 Timing Simulation

=z VHDL Source Code Function Simulation Waveform

i op Wavnlors Viewer - TH_(NT_SD6 . B el - [inkifled]
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= Word Description
= Highway Farm road

= Farm Road Car
.1 Highway Green TL Car
Highway Yellow Mode s
= Highway Yellow Mode TS , Highway Red Mode
= Farm Road Green Mode TL Car Farm Road Yellow
Mode , Car TL Farm Road Yellow Mode
= Farm Road Yellow Mode TS Highway Green Mode
= TL (16 CLK)*(CLK 30 ) , TS @ CLK)*(CLK 30 )
Farmroad
< |
FL X gk
- Highway
_________________________ e e
e
T Higrwey —

I 1
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Block

-6 : Traffic Light Controller

Block Diagram

: Modular Design

= Module
& 1/0 Pin
Reset
—
Ll short time/
long time
counter
S TL ST
E :
controller fsm
Reset
Next State 2 Encoded Light ®
?gtﬁzt 5 Light Decoders
C(async) Car C(sync) 9 Signals
Sensor 3
2 H
Clk
2
State
Register
T
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= Car Sensor = Short Time Long Time
r Car-Async 4- Counter
CLK
Reset ST count | count
/Reset  Car_Async CLK | Car_Sync 0 x X x 0000
0 0 Pl e X oo
X X Hi
1 0 g y 111" "1111"
reen
1 0 A4 0 count  +1
1 1 fi 1
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-6 : Traffic Light Controller

= Light Decoders # Traffic Light State Controller
= 4 = 4
= High-Way FarmRoad State Table State Diagram
4 Current | Next ST
Decoder Reset TS TL C State State | (Next state)
0 X X X SO0 SO0 0
: 1 x 0 x S0 S0 0
HO(FO) H1(F1) | HG(FG) HY(FY) HR(FR) | Light 1 « x 0 S0 S0 o
1 x 1 1 S0 s1 1
0 0 1 0 0 Green 1 0 x X S1 S1 0
0 1 0 1 0 Yellow 1 1 x x S1 S2 1
1 0 0 0 1 Red 1 x 0 1 s2 s2 0
1 1 Not Allowed 1o x 1 x s2 S3 1
1 x x 0 s2 s3 1
10 x x s3 s3 0
11 x x s3 S0 1
HG
2 Light HR
Decoder 3 FG
—/—E FY
FR
%,
Univ. of Inchon System ASIC Design Lab. ﬁ"_' Synopsys VHDL NO-61
= VHDL --Timer counter
library IEEE; use IEEE.std_logic_1164.ALL; --HG count
use IEEE.std_logic_unsigned."+"; process (RESET, CLK) begin
entity TRAFFIC is if RESET='0’" then
port (RESET, CLK, C_ASYNC : in std_logic; COUNT <= “0000";
HG, HY, HR, FG, FY, FR : out std_logic); elsif CLK = '1' and CLK'event then
end TRAFFIC; if ST = '1' then

architecture RTL of TRAFFIC is
type STATE is (SO, S1, S2, S3);
type LIGHT is (GREEN, YELLOW, RED);
signal C_STATE, N_STATE : STATE;

COUNT <= "0000";
elsif C_STATE=S0 and COUNT="1111" then
COUNT <= COUNT,; --NULL

else
signal H, F : LIGHT: _ COUNT <= COUNT +'1;
signal C_SYNC, ST, TS, TL : std_logic; end if:
signal COUNT:std_logic_vector(3 downto 0); 7
begin end if;
A: block begin end prlocess; .
process (RESET, CLK) begin --Long time, short time
if RESET = '0' then TS<="1" when COUNT="0000" else '0";
C <='0" TL<='1" when COUNT="1111" else '0";
elsif CLK ='1' and CLK'event then -~-High-way ON/OFF
C <= C_ASYNC; HG<='1' when H=GREEN else '0’;
end if; HY<='1' when H=YELLOW else '0";
end process; HR<='1' when H=RED else '0';
Univ. of Inchon System ASIC Design Lab. Synopsys VHDL NO-62
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-6 : Traffic Light Controller VHDL

--Farm road ON/OFF
FG<='1' when F=GREEN else '0’;
FY<='1' when F=YELLOW else '0';
FR<="1' when F=RED else '0';

end block;

B: block begin

process (RESET, CLK) begin
if RESET ='0' then

C_STATE <= S0;

when S1 => H <= YELLOW, F <= RED;
if TS ='1' then
N_STATE <= S2; ST <="1";
else
N_STATE <= S1; ST <="'0";
end if;
when S2 => H <= RED; F <= GREEN;
if (TL ='1") or (C_SYNC ='0") then
N_STATE <= S3; ST <="1";

elsif CLK ='1" and CLK'event then else e, .
C_STATE <= N_STATE: N_ASTATE <= 82; ST <="'0%
end i end if;
end process; when S3 => H <= RED; F <= YELLOW,;
- timer if TS ='1' then
process (C_STATE, TS, TL, C_SYNC) begin N_STATE <= S0; ST <='1";
case C_STATE is else
when SO => H <= GREEN; F <= RED; N_STATE <= S3; ST <=0}
if (TL = '1") and (C_SYNC ='1') then end if;
N_STATE <= S1; ST <="1"; end case;
else end process;
N_STATE <= S0; ST <=0 end block;
end if; end RTL;
]
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& Simulation Test Bench
& Stimulus Vector
# Traffic Light Controller
library IEEE; use |IEEE.std_logic_1164.ALL;
--Empty entity
entity TB_TRAFFIC is end TB_TRAFFIC;
architecture RTL of TB_TRAFFIC is
-Test component
component TRAFFIC
port (RESET,CLK,C_AYNC : in std_logic;
HG,HY,HR,FG,FY,FR : out std_logic);
end component;
signal RESET : std_logic;
signal CLK : std_logic :='0";
signal C_ASYNC : std_logic;
signal HG,HY,HR,FG,FY,FR : std_logic;
--component configuration
for UO : TRAFFIC use entity work. TRAFFIC(RTL);
begin

- vector
CLK <= not CLK after 15 sec;
- vector
RESET <="0", '1' after 1 sec;
--Random vector
process begin
C_ASYNC <=0
wait for 10 min;
C_ASYNC <="1";
wait for 5 min;
C_ASYNC <="04
wait for 5 min;
C_ASYNC <="1"
wait for 5 min;
end process;
- Pin Wire

U0 : TRAFFIC
port map (RESET, CLK, C_ASYNC, HG, HY,
HR, FG, FY, FR);
end RTL;
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-6 : Traffic Light Controller VHDL

= Test Bench Synopsys Simulation
A R 3 e =

=T TF= Y

Univ. of Inchon System ASIC Design Lab. ﬁ’ Synopsys VHDL NO-65
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= Script File

read -f vhdl trafficvhd
group -hdl_block A
group -hdl_block B

create_clockclk C—37 Npmm

max_delay 0 -to all_outputs() S - L, 2

compile -map_effort high rezet[ Crecet = g

create_schematic 4 —I_ '

write f db e ; 1';{; h

write -f edif -hierarchy -o traffic.edf

= 2 Sub-Block
& Block Label
& VHDL Block Label
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-6 : Traffic Light Controller 1-Level

. S S Sm— . |
= 1-Level Script File
read -f vhdl trafficvhd

create_clockclk

max_delay 0 -to all_outputs()

compile -map_effort high

create_schematic

write -f db

write £ edif -hierarchy -o traffic.edf ] A

I '!._ 1 3
L = ey B PV | " ! 2 |
- o
[l
T T i
= 7 Flip-Flop Random Logic
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= Synthesis ( NO-33 )
= ALTERA Library FPGA edif
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-6 : Traffic Light Controller VHDL FPGA

directory MAX Sub-directory
= traffic.edf MAX directory
= MAX directory Max+plus
& : max2win&
= Project

&

= File -> Project -> Name traffic.edf
= Device
= Device

& FLEX 8000
EPF8282L.C84 -3

& Assign -> Device EPF8282LC84-3

directory

Univ. of Inchon System ASIC Design Lab. B’ Synopsys VHDL NO-69

Traftic o) !

& Device Options

L

= Configuration Active Parallel Up = Add15,16,17
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-6 : Traffic Light Controller VHDL FPGA

= Compiler

= Max+plus Il -> Compiler
= Processing -> Preserve All Node Name Synonyms
(1 bit Node Name )
= Interfaces -> Edif Netlist Reader Settings

Mindicip [ Vendor  Synopsys

VHIL Version

= WIL 18T ~ ymmL 1983
Eroats To
. . Fils [ 4t
# Interfaces ->VHDL Netlist Writer Fils [aplae
( Gate Delay » F Dotpot File | sde] Wes
Simulation vho P Deespts CoaPlgurstiog Dealsr

T Trmcats Long wrchy Faths
FFLathe
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& error
& error
& rpt compile
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-6 : Traffic Light Controller VHDL FPGA

= Pin Re-Fitting

& rpt , compile
& FPGA ,
= Max+plus Il -> Compiler , Assign -> Back-Annotate Project

check 0K NO ( )
= Hierarchy Display -> acf
= FPGA Chip
= , acf In, Out port
Univ. of Inchon System ASIC Design Lab. @ Synopsys VHDL NO-73
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= , & compiler ,
Max+plus Il
[C_ASYNC: INPUT_PIN =73
:SIEEET INF:E;DF.:_INPINli’gl; = MAX directory traffic.hex
|FG: OUTPUT PIN = 30; 27C256 ROM Download
|FR: OUTPUT_PIN = 56; FPGA
| FY: OUTPUT_PIN = 25;
| HG : OUTPUT_PIN = 24;
| HR: OUTPUT_PIN = 28;
| HY : OUTPUT_PIN = 16;

C_ASYC

256ROM  FPGA ‘

High Way

Farm Road
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-6 : FPGA

Prototyping

= Traffic Light Controller FPGA
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