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// SEMI-CUSTOM DESIGN FLOW O:\
DIGITAL FPGAS/ASICS

1—HDL 2--PRE-SYNTHESIS SIMULATION

> y <="0100" ;
WHEN "10" => y <= "0010"
WHEN OTHERS => y <= "0001";
END CASE ; 1

Y
3—SYNTHESIS/AUTO LAYOUT ==
FEr— - 4--POST-LAYOUT SIMULATION
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/I;’OST-LAYOUT SIMULATION INCLUDES\\
COMPONENT AND WIRING DELAYS

Note the “14ns" delay at 2464 ns:
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COURSE OUTLINE

- Overview of FPGAs and ASICs
- Using Synthesis

- HDL Examples

- Simulation and Testing

- Physical Place and Route

- Testing ASICs

- Component Reuse
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/ PRE-SYNTHESIS SIMULATION IS \
TECHNOLOGY-INDEPENDENT

Note the "zero" delay at 2450 ns:

[Plmemcermn - -
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/ Simulation of fulladd.vhd \\

* Pre-
synthesis:
outputs
change
instantly at
200 ns.

* Post-
layout:
outputs
change at

206-207 ns.




ff»RECOMMENDHDMETHODFORA\\
LEARNING VHDL

= Copy a known working file to use as a template with
reserved words and syntax. Simulate it.

= Modify the VHDL source code to perform your intended
operations and then simulate the revised code.

= Be wary of examples in textbooks and on the internet
since not all VHDL code is synthesizable with a
particular synthesis tool and software environment.

= Avoid use of the “FOR” statement which is confusing.

= Avoid using technology-dependent statements like

“WAIT until 14 ns”. Instead, use “WAIT_CLOCK(16)™.

//7 THE TESTBENCH CONTAINS THE \\
STIMULI, RESPONSES AND UUT

The testbench is written in VHDL but is
not synthesized into the FPGA/ASIC.

Synthesizable
Unit-Under-Test

TestBench—Simulation only

I
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/ ALL VHDL SOURCE LINES SHOULD \\
BE TESTED

The simulator can produce coverage reports.

Ellea Coverage Report
Lines [ Hits x Cavel "
k] [:] 0.0
: &
E
104
17o| s
a3
sa|
13 2
HRER
57| me| 'S2.8 L
= — ~lvzse 480 25.3
Lines with no coverage i |
Heleot n soures File to display Lines missing cowecsgs ]
*
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//y MULATION SHOWS THE RESPONSES\
OF THE VHDL TO STIMULI

STIMULI

« Functional
stimuli are
developed by
the designer
to mimic the VHDL

system SOURCE

environment.

WAVEFORM

/f EXPECTED RESPONSES ARE \
COMPARED TO ACTUAL ONES

“Failure” stops simulation while “warning” does not.

“Note” is used to document a correct response.

wait_clock(16);

IF (left_seg = X"6")

-- check second state of 7-segment display

THEN

ASSERT false

REPORT "Output signals set correctly (7-segment second state)"
SEVERITY note;

ELSE

ASSERT false

REPORT "Output not set correctly (7-segment second state)"
SEVERITY warning;

END IF;

© 2007 -- Don Bouldin f——ooo

/FINAL VERIFICATION IS PERFORMED\\
USING A PROTYPING BOARD

T

Ko Spanand ACIS200FT256 ‘

4 g

P
FPGA (/UK)
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// XILINX TOOLS ARE FREE BUT \\
TARGET ONLY XILINX PARTS

= Anyone can download Xilinx WebPACK tools for free
from www.xilinx.com

Fres ISE WebPACK 711

The fie 151 WabPACK™ 7,11 i The mosl complets, sy 1o mbe soflmare

ISE
WebPACK ]

ity - w
= WebPACK includes a free version ﬁ

of ModelSim that works only for

ModelSim™ Kiling Editen-ll

Xilinx parts but you must register

at www.mentor.com

/ DETERMINE SYSTEM 1/0 \\
REQUIREMENTS

n bits
(TR} A bits
gy £
_—
v .

FPGA Multipurnoss Indicator LEDs

wersmardScoeh | 4 vits

incremant Score B E
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//;IMULATE EACH SUBMODULE AND\\
THEN INTEGRATE THEM

Submodule#1

Submodule#2

s

Composite of #1 and #2
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IMPLEMENTING A PROJECT

- Determine 1/0 Requirements

- Partition into 5-9 submodules and test
individually before combining.

- Use/Enhance Built-1n Self-Test
- Debounce Pushbutton Switches
- Filter an Input to Produce a Single Pulse

- Use hierarchy with Submodule Components

- Synchronize Externally Clocked Inputs

// DECOMPOSE EACH LEVEL \\
INTO 7+/-2 SUBMODULES

Hhmippass LEDS

deplays
© 200 on Bouldin
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BUILT-IN SELF-TEST

= Downloading hw3a (BIST) ensures the integrity of
the connection between the CPU and the Spartan3
prototyping board AND then checks the input
switches and the 7-segment displays.

= More thorough checks could be added to ensure
the integrity of the board 170 for a specific
project.
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INTERNAL FREQUENCIES CAN BE
DERIVED FROM THE EXTERNAL CLOCK

= A crystal oscillator on the Spartan3 prototyping board
produces a 50 MHz clock.

= Counters can be used to divide down a frequency into a
slower synchronized one:

Frequency Duration
clock_50MHz 20 ns

clock_25 MHz 40 ns
clock_1MHz 1000 ns = 1lus
clock_100KHz 10 us
clock_10KHz 100 us
clock_1KHz 1000 us =1 ms
clock_100Hz 10 ms
clock_10Hz 100 ms
clock_1Hz 1000 ms =1s

clock_tenthHz 10s

Simulation of clk_div.vhd (part 2)

* 10 KHz divided by 10 = 1 KHz:

Ons to 2130876962 ns | Mow: 2,029 406 630 ns  Delta: 0
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clk_div.vhd (part 2)

|| simfelk_civ : clk_div vhd
33 BEGIN
34

FROCESS

35 BESTH

36 —- Divide bp 2

27 WATT UNTTL olock_50Mha EVENT and clock_S0Mhz = '1°;
HE!

38 TF count_25Mhz <
339 Count_2Sthz ¢= count_2GHhz + 1;

41 ELSE

41 count_25thz <= 007,

42 0 IF

43 IF comnt_25Mhz < I TIEN

44 Tlock_25thz_ink = ‘07,

45 ELSE

45 clock_25thz_ink <= ‘17,

47 = ¥

43

43 —— mipple clocks are used in thiz cods to save prescalar hardware
50 —— sync 31l clock prescalsr oukpubs back to master clock signal
51 clock_25thz <= clock_25tha_int

52 z_

53 clogk_100¥ha int;

54 Khz_int,

55 z_int;

56 2 ack_100Rz_int;

57 clock_10hz <= slock_I0ha_ink,

53 = - Tha_int;

53 clock_tenthha <= clock_benthha_int;

&0 EFD PROCESS;

Simulation of clk_div.vhd (part 1)

* 50 MHz divided by 2 = 25 MHz:

VM 1 e
A2 foree chock_SDevbr 1,018 -+ 30
nn

O Dz sl iy

S Mew oot Fgpead Jooh fedes
& |t mBa | AT | DGR R |

b _siiech Sl

clk_div.vhd (part 1)

TD_rasTe vEETOR{ "
FECTON] n
Whe, count TENE: STD_LAGTE VEETOR(
ntdad |

£
i

i unt_1ha. dsunt Ea FL
anh, cTock i@ iaF, tletk I0MRA: iat +lesR I0WRE ixh, leck IvAs
CieUhaZink, elesk_ilmalint, aletk Iz inf, olesk_teRABMI_EnG | STO_LGIE;
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clk_div.vhd (part 3)

s Ak e o _dvv vind

VAT WTIL slock S5Mhe_dslEVENT axd elock IPM_dnl s ‘1Y)
s twhe © o TaEn
Fouwnt_ T fs vount T e+ 3
Lz
PR T e O
B iy
IF eaunt_lHhs ¢ 30 THEH
Thock I int in

Lz

SLack_THs_tnt i 017,
)

T v
Suwnt_100khs <e cosml $00Kh:

cownt_180KL: < 0

B 1y
TP caunt 100ERE €5 I
elock_lodkha_ink <= ‘0°;

rroz

whouk_100hha_int <= ‘37
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clk_div.vhd (part 4) clk_div.vhd (part 5)
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e B mce /
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/ \ /f AN INPUT PUSHBUTTON SWITCH \

clk_div.vhd (part 6) MAY BOUNCE

vdd
-1y —#&‘ nj_’_m_mL To FPGA
R 4.7
aTee
o

==_ GND

Input With Bouncing

Desired Output

Fig. 6.1, Page 243
ASICS by M. Smith

©1997 AW-L, Inc.
Used by permission.
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debounce.vhd Simulation of debounce.vhd (part 1)

S : ¢ PB has been 0 (inactive), then is 1 (active) but
e only for 10 ms (too short to be valid) so

LeEICARITH. # 1L

sl . o Ve
. L ttees ot i seitn Do for veons 40 PB_debounced stays 1 (inactive):
.
WA " P e i«J Vama: ::::;" 100 § 0, 0 Sems -1 1008
= |[v 30 10,050
) i |[Vine. o i

1 ir dedvenee ir - v - i “
i D et o toaze_rmrven(4 momms 43, |
14 Now: 100 me Delta: 2 W AR e

oot B

D [dt Mew et Fgmal ool ndow

|cRa | sman|| bies [Ny Qaamke |y
Asebcurcert
Meboureekios_i00R:
lsebournett dteounced

B deboureahinift_pb
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Simulation of debounce.vhd (part 2)

e This time PB is 1 (active) for 60 ms (which is valid
since it is at least 40ms) so PB_debounced
becomes 0 (active):
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// Simulation of onepulse.vhd \\

« PB_debounced has been 0 (active) for 100 ms
but only a single 1 ms pulse is produced:

fonepulseipb_debounced

IR

130 ms to 265 ms [ Mow: 264 s Delta:2

fonepulsedph_sinale_pulse
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i

17 ARCHITECTUEE & OF onépulss Is

18 STGHAL PE_debonmoed_delay, Powsr_on i STH_LOGTC;

19

20 EECDN

21 RocESS

22 BRIV

23 FATT INTTL (GLOCK_1MMa’svent) M (CLOCK ldka='1');

24 pows_on will be DD Lt e 07 a pewer up
25 IF Power_on='0’ THEN

28 —- This cods resebs the eribical signals ones ab powsrt up
27 PE_single_pulse

28 PB_dehomnted_delay ;

29 Polrer_on = el

30

31 ELSE

E) —- A single olock epele pulse is produced when the switeh is hit
33 —- o mabber how Long the switch is held down

34 The switeh input most slsady De dsboum

35 T PB_dsbounosd = 017 A 75 debownced delay

g FE_single pulss <= 1';

27 ZLSE

38 PB_single_pulss <= ‘0';

39 ZHD IF;

40

41 ¥5_dsbomncsd_dslap <= FB_debowncsd

42

43 B IF;

44

45 END PROCESS;

47 END a;
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//fFILTER AN INPUT TO PRODUCE \\
A SINGLE PULSE

An External Pushbutton Switch
May Be Pressed For Multiple
Clock Ticks

A Circuit Can Be
Implemented to Produce
Only a Single Pulse

onepulse.vhd (part 1)
|In #l simzfonepulse © onepulse.vhd
1 LIERARY IEEE;
2 USE IEEE.STD_LOGIC_1164.a11;
3 USE IEEE.STD_LOGIC RRITH a.ll
4 WSE IEEE.STD_LOGIC_U'NSIGN'ED.all;
g
6 —-- Single Fulse circuit
? —-- the output will go high for only one clock cpcle
il
9 ENTITY onepulse IS
10
11 PORT {FE_debounced, clock_1mHz : IHN STD_LOGIC;
1z PE_single_pulse @ 0OUT STD_LOGIC);
12
14 END omepunlse;
15
1E
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/ onepulse.vhd (part 1) \\w
(modified)

s srepate * Oigulse v

Original

Modified:

T(3B_dsbounosd, reset pb mm olaok i 1_L0BLG;
m_es n

_ttngla_gmleas gh_

EHU omepuise;




// onepulse.vhd (part 2) \\\

(modified)

» anaguirs 13
B_dabrsnsed_lelay, Tewei_en | STD_LASTE;

i {ELOCT_Teba’

3 AT ELbER_SH,

3 e gb_thay 4+ 0%
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//HIERARCHY WITH SUBMODULE \\
COMPONENTS

deb: 1 i
ebounce single_pulse reset_pb_flag

| e———

btno btn0_debounced
| 2tnO_debounced, onepulse
— 4| debounce (modified) |[———

pb_flag

clock_50Mhz prescalar Iclock_lOOHz

—_—

clock_1MHz

clk_div

clock_10Hz
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hierarch.vhd (part 1)

Leexe,

ot gh_flug, clock lse O W
saagTs_Felee, pb iy vr  ere_zesdel,
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/f Simulation of onepulse.vhd
(modified)

~

¢ PB_debounced has been 0 (active) for 100 ms
but only a single 1 ms pulse is produced and

pb_flag is set. After being read, pb_flag is reset.

Ons to 210 ms ‘ Mow: 200 ms  Delta: 2

~—  ©2007 -- bon Bouldin

/ Simulation of hierarch.vhd

* A proper pressing of btn0 sets pb_flag to HIGH.
¢ Once pb_flag is read, it is reset to LOW.

| s to 283500021 ns

S~ ©?2007 - Don Bouldin

[ Menw: 270,000,020 s Detta: 2

hierarch.vhd (part 2)

~

3% EEGIN
7

38 -- Uze Port Map to comnect signals between compoments in the hiearchp
39 debooncel @ debounce PORT WAP  {pb => bn0, clock_100Hz =» clock_100Kz,
40 pb_debomnced =3 btnl_debownced);

olock_10ihz => clock_10lhz, “clock_10hz =7 eloek_1thz),

44
45 single_pulse ! onepulse FORT WAF (ph_debounced =» btn)_dehounced,
46 reset_pb_flag = reset_pb_flag,

41
42 presealar ¢ clk_div PORT tAP (clock_SOthz =» clock_SOthz, clock_lttz =» clock_iuha,
43
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47 ph_flig =5 ph_flag,
43 clock 1Mz =3 clock_1tz);
43
50 B &
&1
] herarch.hd | 9] T
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Simulation of hw3a.vhd hw3a.vhd (part 1)

s

« After btnO is pressed (properly), the pb_flag is set. b et
Then while dig “0111" is displayed , swt<7:0> are :
read and pb_flag is reset:

Fraakiock, Serhs | |

) e 1 1784 . Merwr 1680 . Dt 3
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hw3a.vhd (part 2) hw3a.vhd (part 3)

i e | e vl L L

abavisesl o1 bl

Tesatgb_tlag, pb_tlag, clock_lehsi std_logic,

v 1 ETO_LOBEE

inshialese on

+ hiarareh

g Leid 380 + 't

ook _S0n3, bad, Tesetgd_flag
gb_tiay, skeck 300 ¢ OUT $TD_Lo
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/ / FPGA Resources for hw3a \

hw3a.vhd (part 4)

1z3

124 -- repeat displap until USER sets sliding switches and then presses bind H H . .

g o ¢ ¢ ¢ Logic slices used: 58 out of 1920 = 3%

126 -- if btn0_pressed has WOT occurced then skip to reyeat thiz loop,

127 —- else copy the switch settings and uwpdate the disp : : : :
i * The constraint file, hw3a.ucf, assigned the pins.
129  IF pb_flag = ‘1° THEW P, A —
130 H

131 -- copy the sliding switch sebbings to the leds i MName Filter

25 Lad (" doumen 1) <o swh(? dommte 15 ; [ [

133

184 -- copp the sliding switch setbtings to the internal digit segments
185 seg_8(7 downto 03 <= not {swh{7 downto 03
126 seg_2{7 downto 03 <= not fswh(7 downto 0
137 2eg_1(7 downte 0} <= not (swk(? downto 03
136 26g_0(7 dewnte 0} <= not (swk{? downto 0%

]

140 reset_pb_flag ¢= ‘1’
Ga1 ZnowwaTt for 0.1 seoond

14z WATT UFTTL clock_10ha EWENT and olock_10ha = *1°;
143 reset_ph_flag ¢= ‘0

44 ELSE

145 mhn Iy
147 END TF;

—= repest leop
it e FROCESS;

152 BN Behavioral /
153
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METASTABILITY PROBLEMS

. . + Signals f
* Pin M13is connected to btn0: ol cireits by b e

Vo asynchionous

whose clock is
independent must
be synchronized

|I||| xl@l@l@l@ll@l&lkﬂl | - I— H'—é—lﬁ% @E[ with our internal

clock.

exit
— Arrayl r | = If not, the external
A1 add input may occur decison  sewp and hold window
attrib during the decision wind ow (limits of decision window)
autoroute window of our flip- .
T | flop and cause it to i
"btn0", site "h13", bonded type = 0B, pad name = PADEB, pin name = M13 go into a metastable ...
——roe— state. [0} metastable ouput
delete = To reduce the a
£ likelihood of this Hgotm o | o
occurring, the input ©1997 AW-L, Inc. | G2
/ can be double- Used by permission ;
buffered. ™
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