PRACTICUM VHDL Weekopdrachten 3

Roderik Emmerink, Marinus van Heuvelen

Opdracht 1:

--Opdracht 1

library ieee;
use ieee.std logic 1164.all;
use work.std arith.all;

entity ab is port(
a,b : in std logic vector (3 downto 0);
c : out std logic);
end ab;
architecture main of ab is
begin
process (a,b)
begin
if a > b then
c <= "'1l";
else
c <= "'0";
end 1if;
end process;
end main;

4% a[0]
24 a[l)
66 a[2]
65 a[3]
62 b[0]
41 b[1]
23 b[2]
20 b[3)
Jc

Gezien de simulatieplot is std_logic standaard unsigned. Als het namelijk signed was geweest dan had de
klokpuls (sign bit a(3)) hem om en om negatief en dus kleiner dan signaal b gemaakt waardoor het resultaat
niet constant hoog zou zijn.

Opdracht 2

--Opdracht 2

--4 bits

library ieee;

use ieee.std logic_1l164.all;
use work.numeric_std.all;
use work.std arith.all;

-- use work.numeric bit.all;

entity add is port(

a,b : in std logic vector (3 downto 0);

c : out std logic vector (4 downto 0)); -- plus carry
end add;
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architecture main of add is
begin
process (a,b)
begin
c <= (("0" & a) + ("0" & b));
end process;
end main;

Aantal gebruikte macrocellen: 4
Aantal unieke producttermen: 0
Propagatietijd op 4x zoom: ca. 2cm

&
=N
=
»n

entity add is port(

a,b : in std logic vector (7 downto 0);

c : out std logic vector(8 downto 0)); -- plus carry
end add;

Aantal unieke macrocellen: 5
Aantal unieke producttermen: 0
propagatietijd bij 4x zoom: ongeveer gelijk (2 cm)

C
—

--16 bits

entity add is port(

a,b : in std logic vector (15 downto 0);

c : out std logic vector (16 downto 0)); -- plus carry
end add;
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Aantal macrocellen: 12
Aantal unieke producttermen: 41
Propagatietijd: ca 5,5 cm (ongeveer 3 keer zo lang).

Conclusie: De propagatietijd is in een grote mate afhankelijk van het aantal producttermen.

Opdracht 3

-- Opdracht 3 4-bits ALU

-- 21 oktober 05:34:32

-— Marinus van Heuvelen | Roderik Emmerink
-- ELVN4

-- coding specification:
--0001 -> and
--0010 -> or
--0011 -> xor
--0100 -> not

--0101 -> +
--0110 -> -
--0111 -> *
--1000 -> shl

--1001 -> shr

-- Begin of Listing

library ieee;

use ieee.std logic_1164.all;
use work.std arith.all;

use work.numeric_std.all;

-- 4 bits ALU

- \Va\N/b/
-- c-\ /
-—z=- \_c_/

entity alu is port(

a,b,op : in unsigned (3 downto 0); -- input signals
c : out unsigned(3 downto 0); -- alu output
zero, carry : out std logic); -- flags

end alu;

architecture Main of alu is
signal al, bl, cl: unsigned(4 downto 0

; -— 1 bitje meer

signal cl0 : unsigned(9 downto 0);
begin
process (a,b,op,al,bl,cl,cl0)
begin
al <= ('0', a(3), a(2), a(l), a(0)); -- bitje toevoegen.

bl <= ('0', b(3), b(2), b(l), b(0));
case op is

when "0001"™ => cl <= al AND Dbl; -- and
when "0010" => cl <= al OR bl; -- or

when "0011"™ => cl <= al XOR bl; -- XOor
when "0100"™ => cl <= NOT al; -- not
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when "0101" => cl <= al + bl; -— +
when "0110" => cl <= al - bl; -— -
when "0111"™ => cl0 <= al * bl; - %
when "1000"™ => cl <= al sll 1; -- shl
when "1001" => cl <= al srl 1; -- shr
when others => ¢ <= "0000";

end case;

zero <= '0';

case op 1is
when "0111" => c¢ <= cl10(3 downto 0);

when others => ¢ <= c1(3 downto 0); -- vlaggetje niet meenemen.
iz(jr;aii;cl(él); -- 4de bitje is het vlaggetje
end process;
end Main;
41 a[0] 41 a[0]
62 a[l] 62 a[l]
28 a[2] 26 a[2]
72 a[3) 72 a[3]
...... 23 b{0)
20 b[1] 20 b[1]
27 b[2] 27 b[2]
noE) I 1
55 c[0] b5 c[0]
51 c[1] 51 c[1]
56 c[2] b6 c[2]
12 c[3) 12 c[3]
3 carry 3 carry
26 op[0] 26 op[0]
70 op[1] 70 op[1]
25h op[2] 25 op[2]
65 op[3] 65 op[3]
15 zero 15 zero
0001 AND 0001 = 0001 0001 OR 0101 =0101
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41 a[0) 41 af0)
62 a[l] 62 a[l]
28 a[2] 28 a[2]
72 a[3] 72 a[3]
23 b[0] 23 b[O)
20 b[1] 20 b[1]
27 b[2] 27 b[2]

71 b(3)
55 c[0] 55 c[0]
51 c[1] 51 c[1]
56 c[2] 56 c[2]
12 c[3] 12 c[3)
3 carry 3 carry
26 op[0] 26 op[0]
70 op[1] 70 op[1]
25 op[2] 25 op[2]
65 op[3] 65 op[3]
15 zero 15 zero

0001 OR 0101 = 0101

NOT 0001 =1110
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41 a[0] 41 a[0]

62 a[l] 62 a[l]

28 a[2] 55 a[?]

72 a[3] 72 a[3]

23 b[O) 23 b[O)

20 b[1] 20 b[1]

27 b[2] 27 b[2]

71 b[3] 71 b[3]

55 c[0] 51 c[0]

51 ¢[1] L6 1]

56 2] 10 ¢[2]

12 c[3] 13 c[3)

3 carry 3 carry
260p0) [N | 26 op(0]_
70 op[1] 70 op[1]
25 op[2] 25 op[2]
65 op[3] 65 op[3]
15 zero 14 zero
0001 + 0101 =0110 0001 — 0101 = Carry hoog, zero hoog
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41 a[0) 41 a[0)
62 a[l] 62 a[1)
46 a[2) 46 a[2)
2 26 a[3)
23 b[0) 23 b[0]
20 b[1] 20 b[1)
81 b[2) 81 b[2)
45 h[3) 45 b(3)
10 c[0] 10 c[0)
12 (1) 12 c[1)
49 ¢[2) 49 c[2)
13 c(3) 13 c(3)
b carry b carry
25 op(0) 25 op(0)
67 op[1) 67 op(1)
24 op[2] 24 op[2]
65 op[3] 65 op[3]
76 zero 76 zero
0010 * 0101 = 1010 1010 * 0101 = Carry out!
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) 41 a[0)
62 a[l) 62 a[1)
46 a[2) 46 a[2)
26 a[3) 26 a[3)
23 b(0) 23 b[0)
20 b[1) 20 b[1)
81 b[2) 81 b[2)
45 h(3) 45 h(3)
10 c[0) 10 c[0)
12 c[1) 12 c[1)
49 c[2) 49 cf2)
13 c(3) 13 c(3)
b carry b carry
25 op(0) r
67 op[1] 67 op[1]
24 op(2) 24 op[2)
65 op[3] 65 op[3)
76 zero ¥b zero

SHL 0100 = 1000 (da’s logisch) SHR 0100 = 0010

Opdracht 4

D-latch met asynchrone overheersende reset:

-- Week4 Opdracht 4a

-- D-latch met een asynchrone, overheersende reset
-- Marinus van Heuvelen & Roderik Emmerink

-- 10 december 2003 20:03

-- ELVN4

library ieee;
use ieee.std logic 1164.all;

entity dlatch is port (
d, r, clk : in std_logic;
g : out std logic);

end dlatch;

architecture main of dlatch is
begin
process (clk,r,d) begin

if (r = '1l') then

q <= "'0";
end 1if;
if (clk = '1') then
q <= d;

8/15




Weekopdrachten 3
PRACTICUM VHDL Roderik Emmerink, Marinus van Heuvelen

end 1if;
end process;

end main;

11 clk
23d
ed_nodeb
EL|
20r

--D-flipflop met asyn preset en syn reset
library ieee;
use ieee.std logic 1164.all;

entity eDflip is port (asyn preset,reset,d,clk: in std logic; g:out std logic);

end eDflip;
architecture aDflip of eDflip is
begin
process (clk, asyn preset) begin
if asyn preset = 'l' then
qg<="'1";
elsif clk'event and clk = 'l' then
if reset = '1l' then
q <= "'0";
else
q <= d;
end 1if;
end if;
end process;
end aDflip;

33 asyn_prese
13 clk
32d

1117 jed_nodell
2q
10 reset

Figuur: functioneren van synchrone reset

33 asyn_prese
13 clk
32d
117 jed nodell
2q

10 reset

Figuur: Doorgifte van data (zonder reset, zonder preset)
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asyn_prese
13 clk
32d
"jed_nodell
2q
10 reset

Figuur: Functioneren van de asynchrone preset.

Opdracht 5

-- Week 3, opdracht 5 BCD teller

-- Roderik Emmerink, Marinus van Heuvelen
library ieee;

use ieee.std logic 1164.all;

use ieee.numeric_std.all;

entity bcd count e is

port (
clk : in  std_logic; -- kloksignaal
asyn_clear : in std logic; -- asynchrone clear
asyn _enable : in std logic; -- enable signaal voor load en count
updown : in std logic; -- 1 -> optellen, 0 -> aftellen
ldent : in  std logic; -- 1 -> tellen, 0 -> laden van d
d : in unsigned(3 downto 0); -- data-load ingangen
q : out unsigned(3 downto 0); -- telleruitgangen
co : out std logic -- carry out, 1 als:

-- teller 9 en
optellen of
-- teller 0 en
aftellen.
)
end bcd count e;

architecture gedrag of bcd count e is

begin
process (clk,asyn_clear, ldcnt,asyn_enable)
begin
if asyn clear = 'l' then -- clear, dan alle output 0
q <= (others =>'0");
elsif clk'event and clk='l' then -- clock flank
if asyn enable = '1' then -- outputs enabled
if ldent = '1l' then
if g = "1001" and updown = 'l1' then -- 9 naar 0
g <= (others =>'0");
elsif g = "0000" and updown = '0O' then -- 0 naar 9
g <= "1001";
else
if updown = '1' then
g <= g + 1; -- optellen
else
g <=qg - 1; -- aftellen
end 1if;
end 1if;
else
q <= d;
end if;
end if;
end if;

end process;
——- check carry out
co <= '1l' when g = "1001" and asyn enable='l' and updown = 'l' else
'l'" when g = "0000" and asyn_enable='l' and updown = '0' else
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0
end gedrag;
Figuur: code 4 bits bed counter.

67 asyn_clear
45 asyn_enablg
20 clk
13 co
24 d[0)
66 d[1)
11 d[2)
23 d(3)
65 Idcnt
10 g(0)
3 al1)
12 q(2)
19 q(3)
62 updown

Figuur: optellen

" asyn_clear

asyn_enablg
20 clk
13 co
24 d(0)
66 d(1)
41 d(2)
23 d(3)
65 Idcnt
10 q(0)
3a(l)

12 q(2)

19 q(3)
62 updown

Figuur: aftellen

asyn_clear
asyn_enable
20 clk
13 co
24 d[D)
66 d[1]
41 d[2)
23 d[3)
65 Idcnt
10 q(0)
3q)
12 q2)
19 q(3)

i2 updown

Figuur: aftellen en de teller laden met 3.
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asyn_clear

asyn_enablg
20 clk
13 co
24 d[0)
66 d[1)
41 d[2)
23 d[3)
65 Idcnt
10 q[0)
3q0)
12 q[2)
19 q[3)

12 updown

Figuur: demonstratie clear en enable bij wisselende omstandigheden van updown, Idcnt en data.

Package bestand:

-- Week 3, opdracht 5 2 BCD teller gecascadeerd
-- Roderik Emmerink, Marinus van Heuvelen
library ieee;

use ieee.std logic_1164.all;

use ieee.numeric std.all;

entity bcd count e is

port (
clk : in  std logic; -- kloksignaal
asyn _clear : in std logic; -- asynchrone clear
asyn_enable : in std logic; -- enable signaal voor load en count
updown : in std_logic; -- 1 -> optellen, 0 -> aftellen
ldent : in std logic; -- 1 -> tellen, 0 -> laden van d
d : in unsigned(3 downto 0); -- data-load ingangen
q : out unsigned(3 downto 0); -- telleruitgangen
co : out std logic -- carry out, 1 als:

-- teller 9 en
optellen of
-- teller 0 en
aftellen.
)i
end bcd_count_e;

architecture gedrag of bcd count e is

begin
process (clk,asyn_clear, ldcnt,asyn_enable)
begin
if asyn clear = 'l' then -- clear, dan alle output 0
g <= (others =>'0");
elsif clk'event and clk='l' then -- clock flank
if asyn_enable = '1' then -- outputs enabled
if ldecnt = '1' then
if g = "1001" and updown = 'l1' then -- 9 naar 0
q <= (others =>'0");
elsif g = "0000" and updown = '0O' then -- 0 naar 9
g <= "1001";
else
if updown = 'l1' then
g <= g + 1; -- optellen
else
g <=qg - 1; -- aftellen
end 1if;
end 1if;
else
q <= d;
end 1if;
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end if;
end if;
end process;
—- check carry out

co <= '1l' when g = "1001" and asyn_enable='l' and updown = 'l' else
'l' when g = "0000" and asyn enable='l' and updown = '0' else
IOI;
end gedrag;

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric_std.all;
package bcd count pkg is
component bcd count_e port(

clk : in  std logic; -- kloksignaal

asyn _clear : in std logic; -- asynchrone clear

asyn_enable : in std logic; -- enable signaal voor load en count
updown : in std logic; -- 1 -> optellen, 0 -> aftellen
ldent : in  std logic; -- 1 -> tellen, 0 -> laden van d

d : in unsigned(3 downto 0); -- data-load ingangen

q : out unsigned(3 downto 0); -- telleruitgangen

co : out std logic -- carry out

)
end component;
end bcd count pkg;

cascade bestand:

library ieee;

use work.std arith.all;

use work.numeric std.all;
use ieee.std logic_1164.all;
use work.bcd count_pkg.all;

entity e bcd 2seg is port(

asyn_clear, asyn_enable, updown, ldcnt, clk: in std logic;
g0, ql: out unsigned (3 downto 0);
do,dl: in unsigned (3 downto 0);

co: out std logic);

end e _bcd 2seg;

architecture a_bcd_2seg of e_bcd _2seg is
signal co0, asyn enable0: std_logic;
begin
ul0: bcd_count_e port map (clk,asyn clear,asyn_enable,updown, ldcnt,d0,q0,co0) ;
asyn _enable(O <= co0 or (not ldcnt);
ul: bcd _count_e port map (clk,asyn clear,asyn_enable0,updown,ldcnt,dl, gl,co);
end a_bcd 2seg;

Simulaties van de gecascadeerde BCD counter:
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asyn_clear
asyn_enable

20 clk

8 co

46 dO[O)
25 do[1]
24 dof2]
66 dO[3]
65 d1[O]
62 di[1]
41 d1[2]
23 d1[3]
67 Idcnt
14 qO[O]
19 qO[1]
18 q0[2]
10 qO[3]

9 q1[0)

3 ql[1]
12 q1[2]
13 q1[3]
15 updown

Figuur: kloksignaal aangeboden, alle input is laag. Carry out wordt hoog omdat de counter in aftelmode
staat, maar het telt niet omdat het niet enabled is en omdat het in laadmode staat.
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i asyn_clear
asyn_enable
20 clk

8co
46 d0(0)
25 do[1)
24 d02)
66 do(3]
65 d1(0]
62 di[1)
41 d1(2)
23 d1(3)
67 Idcnt
14 qo[0]
19 q0(1)
18 q0(2)
10 q0(3)
9q1(0)
3q1(1)
12 q1(2)
13 q1(3)
45 updown
Figuur: teller is enabled, staat in telmode en telt omhoog. Als het eerste segment van 0 tot 9 heeft geteld
hoogt het via haar enable het tweede segment één op.

asyn_clear
asyn_enable

20 clk

8co
46 d0[0]
25 do[1]
24 do2)
66 d0[3]

62 d1(1)
41 d1(2)
23 d1(3)
67 Idcnt
14 q0[0]
19 q0[1)
18 q0[2)
10 q0(3]
9 q1(0)
3q1(1)
12 q1(2)
13 q1(3]

15 updown

Figuur: Ook aftellen functioneert naar behoren. De teller laadt het getal 13. Van 10 gaat het over op 09,
zoals het hoort en bij 0 aangekomen continueert het naar 99. Bovendien wordt zoals verwacht de carry out
dan even hoog gemaakt.

15/15




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


