6.111 Lecture 7

Today:
Demol! (or die): An Electronic Lock

1.Design FSM

2.Implement in Verilog
3.Compile: Xilinx tool-chain
4 Program labkit
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Demo!

GOAL:

Build an electronic combination lock with a reset
button, two number buttons (O and 1), and an
unlock output. The combination should be 01011,

RESET—»
\\Ou

\\lll

B

— UNLOCK

STEPS:

1.Design lock FSM (block diagram, state transitions)
2.Write Verilog module(s) for FSM

3.Use Xilinx ISE7.1 (synthesis, simulation)

4 Program FGPA, give it a whirll
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Step 1A: Block Diagram

lock
Clock
generator > fsm_clock fsm
>
unlock Unlock
Button reset button reset LED
Enter
>
Button bo—in button bO LED
o >
DISPLAY
. state 2
Button bi_in button bi of , |
1 ~ ‘-‘E_l*
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Step 1B: State transition diagram

RESET

\\0110
Unlock = O Unlock = O Unlock = O

“"01011" “0101" “010"
Unlock = 1 Unlock = O Unlock = O

6 states — 3 bits
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Step 2: Write Verilog

module lock(clk,reset in,bO _in,bl in,out);

input clk,reset,b0 1n,bl in;
output out;

// synchronize push buttons, convert to pulses

// implement state transition diagram
reg [2:0] state;
always @ (posedge clk)
begin
state <= ?7?77?;
end

// generate output
assign out = ?7?7?;

// debugging?
endmodule
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Step 2A: Synchronize buttons

// button -- push button synchronizer and level-to-pulse converter
// OUT goes high for one cycle of CLK whenever IN makes a
// low-to-high transition.

modulle button(clk,in,out); out
input clk;
input iIn; in —D Q—r-l—D Q—r?—D Q £
output out; L S r_>
reg rl,r2,r3; clk N /o )
always @ (posedge clk) \ synch\rfonizer state /

begin
rl <= in; // Tirst reg in synchronizer
r2 <= ril; // second reg in synchronizer, output 1Is in sync!
r3 <= r2; // remembers previous state of button

end

// rising edge = old value 1s 0, new value i1s 1
assign out = ~r3 & r2;
endmodule
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Step 2B: state transition diagram

parameter S RESET = 0; // state assignments

parameter S_ 0 = 1; resar—

parameter S 01 = 2; « 2 t
parameter S 010 = 3; (:o
parameter S 0101 = 4;

parameter S 01011 = 5;

010"
Unlock = 0

reg [2:0] state;
always @ (posedge clk) °
begin // implement state transition diagram
IT (reset) state <= S RESET;
else case (state)

S RESET: state <= b0 ? S O - bl ? S RESET : state;
S O: state <= b0 ? S O - bl ? S 01 . state;
S 01: state <= b0 ? S 010 : bl ? S RESET : state;
S 010: state <= b0 ? S O - bl ? S 0101 : state;
S 0101: state <= b0 ? S 010 : bl ? S 01011 : state;
S 01011: state <= b0 ? S O - bl ? S RESET : state;
default: state <= S RESET; // handle unused states

endcase

end
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Step 2C: generate output

// 1t’s a Moore machine! Output only depends on current state

assign out = (state == S_01011);

Step 2D: debugging?

// hmmm. What would be useful to know? Current state?

assign hex display = {1"b0,state[2:0]};
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Step 2: final Verilog implementation

///7module lock(clk,reset _in,b0_in,bl in,out, hex display);

6.111 Fall 2006

input clk,reset,b0 _in,bl in;
output out; output[3:0] hex _display;

wire reset, bO, bl; // synchronize push buttons, convert to pulses
button b_reset(clk,reset_in,reset);

button b_0(clk,b0_in,b0);

button b_1(clk,bl in,bl);

parameter S _RESET = 0; parameter S_ 0 = 1; // state assignments
parameter S _ 01 = 2; parameter S_010 = 3;
parameter S _0101 = 4; parameter S 01011 = 5;

reg [2:0] state;

always @ (posedge clk)

begin // implement state transition diagram
iIT (reset) state <= S RESET;
else case (state)

S RESET: state <= b0 ? S O : bl ? S RESET : state;
S O: state <= b0 ? S O bl ? S 01 . State;
S 01: state <= b0 ? S 010 : bl ? S RESET : state;
S 010: state <= b0 ? S O : bl ? S 0101 : state;
S 0101: state <= b0 ? S 010 : bl ? S 01011 : state;
S 01011: state <= b0 ? S O : bl ? S RESET : state;
default: state <= S RESET; // handle unused states
endcase
assign out = (state == S _01011); // assign output: Moore machine
assign hex_display = {1"b0,state}; // debugging
endmodule

~
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Step 3: Synthesis & Simulation

We will be using the Xilinx toolchain
Software: ISE 7.1i (windows / linux)

)
Design Entry
(Verilog)
$ el
Synthesis §- 2_
)
(xst) fAp s,
25
l rl
[ Implementation P
(map, place, route)

l * bit
Programming
(parallel cable)
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Sterg

xilin:-: - Project Navigator - Cike' 6.1 11 LAB lecture i demol'demol.ise - [lock.¥]

3A: Load source file lock.v

File Edit ‘iew Project Source Process Simulakion  Window  Help

D|=|d (@ =] E2E| EBE] [m £

o B ] ]| #h|Es|switch

il

- 9|

2| x|

Sources in Project;

------ B demol.ise

£ we2vB000-45F957

N B Module .. I

Proceszzes far Source: “lack"

|

B Process Wiew

I 1
2
3
4
5
=]
Mew Saurce, .. 7
Add Source. ..
add Copy of Source... Shift+Insert
Remove Delete ;
Move to Library, ..
Cpen
Toggle Paths
Froperties...
i
18
I 19
Add Existing Source =0
Create Mew Source =9
Wiew Dezign Summany oo
Dreszign Utilities e
Ilzer Constraints 24
Synthesize - #5T 25
Implement Design o5
enerate Programming File o
Programming File Generation Fepaor oo
Generate PROM, ACE, or JTAG File 20
- Configure Dewvice [IMPACT] a0

[>m:|dule lock(elk, reset in, b0 in, bl in, out, hex display):

input clk, reset _in, b0 _in,bl in;

output out; output [3:0] hex display:

4 avynchronise push buttons, convert to pulses

wire reset, b0, bl:

button b _resetclk,reset in,reset]:

button b 0(clk, b0 in, b0}
button b _1{clk,bl in,bl):

4 implement state transition diagram

parameter 3 RESET = 0;
parameter 3 0 = 1:
parameter 3 01 = 2;
barameter 5 010 =3;
parameter 3 0101 = 4;
parameter 3 01011 = 5;

reg [2:0] state:

alwvays @
begin
if (reset] state <= 53 EE3IET:
else case [state)
= BRE3ET: state <= b0 ? 3 0
= 0: gtate <= kb0 ? 3 0
5 01: state <= k0O ? 3 010

[posedge olk)

i bl ? 5 _RE3IET state
[ bl 2 5 01 state )
[ b1 7 3 RE3ZET state

ok
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Steg

3B: Compile/Synthesize

Xilim-: - Project Mavigator - Chike'6.111%LAB lecture Thdemol ' demol.ise - [lock.x]
File Edit M“iew Project Source Process  Simulakion  Window  Help

-lox|
»| 18]

m= == E

e[ @] o] ga|@s[switeh

=2|E| 2R =E [E £

- 9

i

2=l
5 in Project | 1 -
ources in Project: | —
— d 'II' 2 Dm-:udule lock(clk, reset_in, kO _in, bl in, out, hex displ:
E E;DEIjEDE4beIE? i input clk, reset_in, b0_in bl in:
EEE AoV 4 output out} output [3:0] hex display:
=[] lock (lock.w) 5 -
w[] buttan flock.v] = /4 synehronize push buttons, convert to pulses
.
=2 wire reset, kO, kl: ||
a button b reset (clk,reset _in,reset):
10 button b 0(clk, b0 in,b0O):
— = - 11 butt b 1liclk,bl in,kbil):
.ﬁMDdule...lnSnapsth...I @lerar}l\-"lewl . utton b_1ielk,bl in,bil)
B 13 J4 implement state transition diagram
14
Frocesses for Sounce: lock" I;l 15 parsmeter $ RESET = 0;
e | Add Exizting Source 16 parameter 3 0 = 1;
o] Create New Saurce 17 parsmeter § 01 = 2;
& VYiew Design Summary 1g parameter % 010 =3;
&% Desian Utilities 10 parameter 3 0101 = 4;
W Ilzer Constraints z0 parameter § 01011 = 5;
Gf Syntheszize - 21
: o Implement Dezsign peel reg [2:0] state; _Ij
|:|!f-) Lenerate Pracararminn File - F] 2
{ ,H [« |
B Process Wiew lock. v
x| ]
- Minimum pericd: 3.479%n= (Mazimum Fregquency: 287 . 4394H=z)
Minimum input arrival time before clock: 1.712ns
Maximum output regquired time after clock: 6.987n=
Mamimum combinational path delay: Ho path found

-

N Cohzale l % Find in Filesl 3L Errn:nrsl E Warningsl
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Step 3B: Create testbench

:l:ilim-: - Project Mavigator - Chike'6.111%LAB" lecture ¥d - IEllil
Fil= Edit ‘iew Project Source  Process  Simulabion  Window  Help 2| |5 x|
D| =@ 2| ==E] BB E [Em L] 4(mE] o] #a@fswich = 9| k=
2 x|
. . 1 -
Sources in Project Dmndule lockiclk, reset_in, b0 _in, bl in, out, hex displ:
""" E dE;DE?DEDEg;bng? input clk, reset_in, b0 in,bl in;
SR} fock llock
------ . buttan [lock. ] Lo o) il
BMHM File
@ Implermentation Conztraintz File (.
I:]]' [F [CoreGen & Architecture YWWizard) . ; 1:
MEM Eils File Mame:
B Module ... | I8 Snapshot .. | [£) Schematic =
@ State Diagram
Test Bench 'wawveform Location: LTI T
Processes for Source; “lock” B USE.' Document C:hikenB. 1118LAB ecture Phder .
~[J  ‘dd Existing Source "»-"er?ll:ug Ml:n:luln_a
. (B I ac e Wernilog Test Fisture
....... T View Design Summany E YHOL Library
..... @ Design Utilties @ WHOL kodule
----- &% User Constraints [F] WHDL Package
----- T Synthesize - %ST 58] WHDL Test Bench
----- 3 Implement Design : -
: ||:|F'3 [Renerate Proaramminn IF Fddta project b
B Process Wiew
¢ Back M et > Cancel Help
= | Nl

6.111 Fall 2006 Lecture 7, Slide 13




EM xilinx - Project Navi
File Edit ‘iew Pro

0|3 &| =

Sources in Project;
------ B demol.ize

- £ #o2vB000-4bi95

SRS fock (lock. v
. buatton [I

N BE Module ...

[ BT

Proceszes for Source: "
e ] Add Ewistir
....... = Create Me
B View Desic
----- &%  Desion Ut
----- &%  User Congl
----- e Synthesize
----- 3 Implement§
(= Renerate B
4 I

N BE Process View r
|
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Step 3B: Create testbench

Initialize Timing

Maimum
outpLt delay

Clocls

high far

v WInimum

v input
i“setup

Clocls
lowy far

—Clock Timing Information

Inpuks are assigned at "Input Setup Time" and
oubputs are checked at "CQutput Yalid Delay",

{* Rising Edge

" Falling Edge

" Dual Edge (DDR or DET)

X

ol x|
»| _|#| x|

Bl

— Clock Information
¥ Single Clock I.;|k

& mMultiple Clocks

" Combinatorial (or internal clock)

Clack Time High 100 - —Combinatarial Timing Information
Inputs are assigned), outputs are decaded then
Clock: Time Low 100 ns checked, & delay between inputs and|/outputs avoids
assigmment/checking comflicks,
Inpuk Setup Time 13 ns
Check Gutputs, |20 ms Afber Inputs are Assigned
Output Yalid Delay |17 ns
Initial OFfsat 0 s Assign Inputs | =0 ms AFter Outputs are Checked
—Global Signals
I~ PRLD (CPLDY [~ GSR (FPGA] Initial Length of Test Bench: I 2000 ns
Time Scale: I I
High for Initial: I 100 ns ns d

[ Add Asynchronous Signal Support

F

hex_displz_

l=e=

.

Ik

Cancel | Mext = | Help

<
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Step 3B: Generate Simulation Results

xilim-: - Project Mavigator - Chike'6.11 14 LAB  lecture T\ demol' demol.ise - [lock_Eb.tbw] - |I:I|i|
%File Edit View Project Source  Process  Simulation  Teskt Bemch  ‘Window  Help 2| |8 x|
D[S(E|@| 2| ==E] BBEFHE| [E L] 552 o] @Efswich 2 e | Ll =
2=l
Sources in Project; *I' I'tl ih"' "'"i |&l El D:C
B demol.ise S
H- £ we2vE000-4bf957 End Time:
5[] lock [lack.v] 4000 ns 100 1500 ns 900 s 1300 nel 700 ne21 00 RE2500 ns2900 ne3300 ne3T00 ns
A lack_tb flock_tb.thw) Lo b b b berebrerbrorbror bl
- buttan [lack.v] allcik 0 L
L - A bo_in 0 [ ] | ]
B Modu.. | I8 Shap... @Librar... .
e o ] pEEN
=] x| Al reset_in 0 |
Proceszes for Source: “lock_th" ﬂ Mnut 1 m |
o] Add Test Bench Ta Projec hew displa p
5 ] 1] 1 2 3 4 ]
=@ il 1SE Simulator LIS A X A A
....... - B h Resultz
S | B
p | o S|mLiIate F"clst-F'IaEE"| . | ST LT I
0 B Process Yiew IEHierarchy-ln... lock. v ﬁ lock_th.thvs
x| Finished circuit initialization process. ﬂ
r- Succesz=! Annotation Simulation Complete.
Stopped at tine : 4.200 u=s : File "C:-1ikes6.111-LAB-lecture?-demol-loclk_tbh.ant" Line 74
=
Compiling verilog file "c:~ike~t . lll-lab~lecture?~demncl~locl . +" j
N Conzole %Find in Files | 3 Enors E Wwarmings
[ B
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Step 4: Implementation - Program FPGA

Pin assignments: User constraints file
fsm_demo.v (modified copy of labkit.v): peripherals definitions
Optimization: Placing and Routing

[ fsm_demo.v, lock.v, debounce.v, display_lhex.v}

. 2

[ Synthesis }

(xst)

l rtl
. Implementation
[ labkit.ucf H (map, place, route) }

l * bit
Programming
(parallel cable)
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Step 4: Implementation - Program FPGA

Pin assignments: User constraints file

& ®ilinx PACE - C\ike',6.111%LAB' lecture 7', demo1"abkit.ucf

Fil= Edit

labkit.ucf

=10 x|

6.111 Fa

Wiew IOBs Areas Tools wWindow Help . . _
IDFHE|& « A | LR[BS |24 EaPmEl | Xaasa@|c
o/ ol

£ 140 Ping
(3 Global Logic

k

Design Object List - I/0 -0 x|
1/0 Hame 1/0 Direction| Loc Bank |
ac37?_bit_clock Itput ah24 BAMES s
ac3y_zdata_in Input aj2d BAMES
ac3y_sdata_out Output acl3d BAMES| LW
acd?_zpnch Okt acly BAMESR LWD
analyzerl_clock Output G2 BAMEZ| LT
analyzerl_data<: Output Rz BAMEZ| LT
anal_l,lzer'l_daiaﬂ} Output A1 BamE2| LT
4 [
# Group Loc 1/0 Std. |
g [wga_out_red LwTTL
2 |wga_out_gresn LWTTL b
g |wga_out_blue LWTTL
10| tw_out_ycrch LvDCl_33
20| tv_in_yerch
36| ram0_data LWDCI_33
by B | Y o R P Ry [ e B e

4 |

234
& N B ] ] A
E MEE sesmssss &80 teeenene E
c MORCOEsE++++++ARR H+++5+4Els [N <
LEE N T Y P YT RSE e Y E TR Iml ) C
E s e NS S+ 2o PPE*+ 240000 HEe E
F (AR ER N ] EE SRR NRNNENENY X NN B W F
G (eeH*® Nee® St eslsedeen ool G
HieRess snesee +HN He ssnssesss i+
J (e eeeee®nl] LN N ] DR A R R N NN N J N
AR B E N N ' B F | L XXl EREN RING
LA EREEEEE LY | TR R R R A AR N EREENEE LN NN
Wb NEERNRERRENERN® &S5 200d& &
Hifdtdsssanss HENEEAEEENEN &= Dasss b
P e E+s+eSls HEEAAAEEEENE *H s+l  +|
Fless  sesseslEEERARRE N EEERsSesssss  #|
T (WEC A+ EEEEEREEEEEEN SN NN T
U (s s+sass EHEEEIARENEEENS 545+ %
T N AT NN | HAEEEEEENEEN sH+s>>NH *| .
Gl L LR AEEEEEEEEENE & 'Hesss s
¥ d4%+ 44934 EEEEEEEEEENE LT N
ks b s sesss EHEEEEEEEENENE ssees +e|a
he (@@ @B HAS & L I B} | Lo Y EEFWONE
b e e 0 ® USRS D L3 S
IEEH RN S E Y Ry NV RN EE SN LR
hE [ He s NSNS+ Fl i ee¥es N0 &+ -
I F L E R I B Rl EE AR REENERER] CERE RN KN E" FI
ECIENNINE E R R R PR RN RN RNRERE R INEE NN 2y
SECIEN B EE RN EE RS R RN ERE T INE KRR B
bl mE R Y EX TR TR FTEN EE T NS Exml fmf] e
THLRR oo-ooticconotccooo-.-ooo- A
L T} e A

123 45 § 7 443 1I]1112131415131?18193]2122232-1-25332]‘2‘3233]31

| [\, Package View £ drchitechure View § 4| |
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The 6.111 Labkit: Subsystems

Nathan Ickes

Clocks Memory
27 MHz Xilinx Virtex-II FPGA 4Mx36 ZBT SRAM
2 user inputs \ 128 mbit Flash ROM
XC2V6000-6BF957 L~
General I/0 i’x g?:;\s
9 bU'!"I'OﬂS 684 I/0O pads Audio
8 switches __— T~
8 LED's '
0.15um 8 layer CMOS LM4550 AC'97
ps/2 kbd & mouse g Y Stereo In/Out
RS-232 serial / / \ \ Headphone/mic
user, LA signals
VGA Video
Video Output Display Video Input
' AD7125
AD7194 Tripple-out DAC 16 char ADV7185
NTSC encoder 1024 x 768 RGB 5x7 dots NTSC decoder
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Step 4A: FPGA Device Assignment

:l:ilim-t - Project Mavigator - C:hikeh 6.1 114LAB lec

File Edit Wiew Project Source Process  Simulation  Sindow  Help

=10 x|

»| 18 x|

02| || = =75

L E| [m £

& |Ba| 2| o] !ﬁl%lswitch

[/

Sources in Project;

------ Bl demol.ize

| PR | PR PR |

X Snap...

Froject Properties |

~lxl
:| 225 as=ign userz = 3Z'hZ; ;I
=] s assign userd = 3Z'hI;
287 assign userd = 3Z'hI:

Property Hame

Yalue

Device Family

Device xc2wR000
Fackage bragy .
Speed Grade 4 e SPCCd

Froceszzes for Source: “labk

- Add Existing 51
------- ] Create Mew 5S¢
----- W User Constrain

Top-Level Module Type HOL a . -
Syrthesis Tool 5T [WHOL/ Ngilog] ¥OREE LHPHES
Sirnulator ISE Sirmulator
enerated Simulation Language Werilog

Cancel | Default | Hel

Virtex 2: xc2v6000

6.111 Fall 2006

Package: bf957

-4

|

.
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Step 4B: Add labkit files

:l:ilin:l-: - Project Mavigator - Chike"6.111%LAB" lecture 7 demol’demol.ise - [labkit.¥ *]
File Edit V“iew Project Source  Process  Simulakion  Window  Help

D |S|R(@ = =B BBEE [ L0 5E=E] o

2] =l
) ) 285 assign usersd =
Sources in F'ru:qect' _ &
Z26 assign userd =
287 assign userd =
Mew Source, .
add Source, . Inserk rd

Add Copy of Source... Shift+Insert

. n:IeI:uzuunn:e [debounce. v
Lelete

Renmoye

dizplay_Thex [dizplay_ Thex w2 v

EI--- lock [lock. v)
. lock_th [lock_tb. How)

[ button [lock. ) CpEn

Moe b Librars ..

Toggle Paths
Properties, ..

=294

BE Module View | I8 Shapshat .. IE]LiI:nrary“-.-’iew
200 A Logic Analvye
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xilin:H: - Project Mavigator - C\ike'\6.111%LAB" lecture
E File Edit Wiew Project Source Process  Simulation

Dw@@ = FF|E BE=E |

2l x|

Sources in Project: :l

e E=| dernaol ise J
£ #c2vE000-4bf357
=[] labkit labkit )
[0 labkituct

----- debaounce [debounce. v j

|E Librarg Wiew

]

. BE Module View | Il Snapshat ...

Processes for Source: labkit'!

e [ &dd Existing Source
-] Create Mew Source
B iew Design Summary
----- &F  Design Utiliies

----- &F  User Constraints

----- Gc;’ Synthesize - =571
----- 3 Implement Design
; Generate Programming File

B Process View | % Higrarchy - lock_th b

:Tll Started proces=s "Hap".
U=ing target part "Zv&000bf957-4".
HMapping design into LUTs. ..
Conzole |aFir'u:I ir Filez | & Erors | ¥ Wamings

6
. Mapping Module |abkit

4C: Implement

Process Properties i[

Post-tdap Static Timing Report Properties
Fost-Place & Route Static Timing Report Properties
Incremental Design Properties I Simulation kodel Properties

Translate Properties Place & Route Properties

tap Properties I

Yalue

| &l Urmatched LOC Constraints

Right-click implement, select properties,
Select "allow unmatched LOC constraints”

IStandard j

Crefailt | Help

Froperty dizplay level

Ok Cancel |

Double-click here
to implement design,
and create the

labkit.bit file
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Step 4C: Implement

 Useful reports: Resource Utilization, Timing, RTL diagram

:l:ilim-t - Project Mavigator - Chike'6.111%LAB lecture 7 demol i demol.ise - [Design - |I:I|E|
& File Edit View Projeck Source  Process  Simulation  Window  Help 3' _Iﬁllil
D[E(E|@| 2| === 2BEFE| [F LN 2lEB] ]| @|@fswich <]

21 =l
Sources in Project: =l Design Overview for labkit —
i EI demol iss Property Yalue
EE:E HDEvEDD_D'4hf95? Praject Mame: c:hiketsB 1174 abbecture A dema
E‘"' labkit [Ial_:'k't'v] Target Device: xc2vR000
""" @ I_‘?hf't'u':f L . Report Generated: Sunday 09/25/05 at 16:22
4] ' R T Printable Summary [Yiew as HTRL]| labkit surmary bl
B Module .. | I Shapshat... IE Library Device Utilization Summary

Froceszes for Source; “labkit"

Add Existing Source
Create Hew Source
Wiew Design Summan
Dresign Utilities

[lzer Conztraintz

----- G[‘_’f) Synthesize - 25T

EI ----- Y Implement Design
S - B 3 Translate

=
..... @
i

EI ----- 3V Place & Route -
4] | 3

BE Process View | % Hierarchy - lack_th thw

ﬂlic Utiization Uzed| Available| Utilization| Mote[ «

MHumber of Slice Flip Flops: 127 67584 1%

Mumber af 4 input LUT & 161 B7.0Ed 1%

L_m='|it: Diztribution: o

Mumber of occupied Slices: 142 33,792 1%

r;;:'g!:er af Slices containing anly related 142 142 100

Ir‘;;:'g!:ler af Slices containing unrelated 0 142 0z

Total Number 4 input LUT =: 138 67584 1% ||

Mumber uzed az logic: 161

Mumber uzed as a rouke-thu; ar

Murber nf honded MR = RYR RAd ot ll

Perfarmanre Summaru j
lock. v E lack. .. lablk... 3 Desig... lablki... lablki... lablki... lablki...
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Step 4C: Implement

 Useful reports: Resource Utilization, Timing, RTL diagram

=3 Zilink - Project Mavigator - C:\jke',6.111%LABE" lecture 7, demol’.demol.ise - [labk - =
B xil k | d d [lab O
Fil= Edit Wiew Project Source Process  Simulation  Window  Help 2 |7 x|
D[S 2| =325 B[EE] [E L8| @2 ]| #|Efswich [
5 | F
. . i elease 7.1.03i - reportgen H.41 tﬂ
SC'“TE&'”PM'?CL = 2 Copyright (c) 1995-2005 Xilinx, Inc. ALl righ
- B demal.ize J =
=€ ve2vED00-4bf357 4  Sun Sep 25 16:39:00 2005
El--- labkit [labkit. ] 5
----- @ |.?l::.k{tu.l::f- [ T r > File: labkit.dly
4| | I» =
= The Z0 worst nets by delay are:

B Module .. | I Snapshot... @ Library ...

g e ————— e S S e +
) 10
] | Max Delay | WNetname |
- 11 e Fomm +
FProceszes for Source: "labkit* ;l 17 5.9778 button enter IBUF
= G'g |ace&HDute 13 5.4857 dehnunEEDx“l:lEan
------- Qﬁ Place & Route Repor 14 5.184 buttonl IBUF
------- (‘;? Azynchronous Delay Report 15 4807 debouncel/clean
------- c? Fad Report 16 4. 462 hexdispl/olock
------- Guide Results Reparl 17 4,300 buttond IEUF
[ G(ﬁ Generate Post-Place 18 3.827 hexdisplidisp ce b
------- "-.:’?ew.-"Eu:I!t Placed De 10 3,760 hexdispl/state FFdS
------- Wiew/Edit Routed De Z0 3.583 hexdispl/dreset
3

------- Analyze Power [x<Pow Z1

L340 hexdispl/disp rs _ILI
[ Generate Power Dat: ™ -
‘| | ,.H | y
T B Process View | B Hicrarchy - lock,_tb.thw lock. | B lock... | [ labk...| 2 Desi.. | 3 labki..| [2] labki...| [] labki.. [2] labkit....

B
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Step 4C: Implement

Useful reports: Resource Utilization, Timing, RTL diagram
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Step 4C: Implement

Useful reports: Floorplan
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Step 4D: Program FPGA

- We'll use the parallel port IV cable
+ Transfer program: "IMPACT" - uses JTAG serial chain

T =] == J.IJ.I
.on i - 15 - _
P[EDEESSES fmﬁnu{;& . lahsklt —l 15 =] cikke'6.111% lab lecture 7 ise-tesk - |EI|E| .}E ||i
""" % DIEW T_Istlgll? Lmmmary 15] File Edit “iew Mode Operations ©Ootput Debug  Help
+]- ezign tilities
..... &F  User Constraints :EJDﬁE|Jﬁ Bz 2 Fﬁ“i|%%|:: EE|£I|HEDUL :
5 Yy . 4
- Surith -:5T .
ﬁ%ﬂ In!:nlen?:rTDesi i 15{ Boundary-5Scan |5|EIVE Sﬂrlall SEIEthPl Desktop Conjtput [
..... " 3 Generate Programming File - (= ue [
------- cﬁ;’ Frogramming File Generation R eparl F
- Gienerate PROM, ACE, or JTAG File - v o
-------- Canfigure Device (MPACT) —l | i bout o
( TDI
] Retun
. l.] . ) E
B Process Yiew I g Hierarchy - lock_th. thw Rerun Al ou [
Stap ST Program...

I WARNTHG : Phyw=DesignEules: 3t
The =i1gnal doss not dr:
I WARNTHG : Phv=DesignEules: 3t
=zignal does not drive :

Conzole |aFir'u:I in Filez | 3& Emors E W arnirigs

BvFASsS Weriby

ek Device ID
iaet Device SignaturefUsercode

3. Attach cable; IDCODE Laoping...

x|
= Open Withaut LI
TDO

Properties. ..

Pr'ogr'am Assign Mew Configuration File. ..,

1. Select "Configure Device”
I 2. Bypass first device

assign labkit.bit to second device
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Program FPGA

Step 4D:
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Summary

* Modern digital system design:
- Hardware description language =) FPGA / ASIC

e

- Design Entry =) Synthesis =) Implementation
* New Labkit:

Design Entry W
L (Verilog)
- Black-box peripherals 1 IEX s
e o 3
. . Synthesis QE
- Almost all functionality | "xst) bg%
is programmed in! g =2
. [ Implementation m/
- How to generate video? (map, place, route)
Synchronize systems? g o
Create/Digitize Audio? | frosranming |

Serial & communications?
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