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VHDL description

Designed circuit

= Entity > Design unit declaration
O generic
O port > Interface declaration

The core of architecture

\%

m Architecture

O components
O signals
O concurrent statemens

Functional or
structural definition
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VHDL descriptions of basic logic

A X

X=A

entity Inverter is
E port ( A: in bkit;
- X: ont kit )
—end entity Inverter;
architecture HOTfunction of Inverter is
Hhegin

X <= not 4;

—end architectnre HOTfunction;

port ( &, B: in bkit;
X: ont kit )
“end entity ANDgate;
architecture LNDfunction of ANDgate i=s

El&nti ty ANDgate is

Lend architecture ANDfunction:

A—
=
C—

X =ABC

X
B

X=AB +AB

ntity NANDgate is
port ( A, B, C: in kit;
X: ont kit )
end entity HANDgate:
architecture NANDfunction of NA4NDgate i=s
begin
¥ <= A mand B nand C;

end architecture HANDfunction:

entity XNORgate i=

port ( A, B: in bit;

X: ont kit )

end entity XNORgate:
architecture XNCEfunction of XNCOEgate is
begin

¥ <= A =znor B;
end architecture XWORfunction:




VHDL descriptions of basic logic

A —
X
B —

X=AB
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ntity ANDgate is
E port ( &, B: in kit;
- X: ot kit ) ;
Lend entity LNDgate;

architecture ANDfunction of ANDgate is
Fbegin

X <= & and B;

~end architecture ANDfunction;

entity ANDgateN i=

begin
X <= A and B

[¥ I - S B I ¥y BT Sy L ¥

[
[

port ( A, B: in bit wvector(7 downto O} ;
¥: oot bit vector(’ downte O) )
end entity ANDgatel:

architecture ANDfunction of AMNDgateN i=

end architecture ANDfunction;
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entity ANDgatelG is=
generic(N: natural := 3);
port ( &, B: in bit vector(N-1 downto CO):
¥: ont kit _wvector(N-1 downto CO) ):
end entity ANDgatel:

architectnre ANDfunction of ANDgatel i=s
begin

X <=4 and B;
end architecture ANDfunction;
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ﬂjr Basic parameters of digital logic

m Propagation delay time (t,)
the time interval between the transition of an input pulse and the occurrence of the resulting
transition of the output pulse

O tpy - the time between a specified reference point on the input pulse and
a corresponding reference point on the resulting output pulse, with the output changing
from the HIGH level to the LOW level (HL)

O tp 4 The time between a specified reference point on the input pulse and
a corresponding reference point on the resulting output pulse, with the output changing

from the LOW level to the HIGH level (LH)
H
input 50% \
I
L |

50%

output
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source: Thomas Floyd: Digital Fundamentals



f"ﬂff Basic parameters of digital logic

m DC supply voltage (V)
O the typical dc supply voltage for CMOS logic is either 5V, 3.3V, 2.5V, or 1.8V, depending on the category
O 5V CMOS fixed-logic can tolerate supply from 2V to 6V and still operate properly
O 3.3V CMOS can operate with supply voltages from 2V to 3.6V

m Power dissipation (Pp) - product of the dc supply voltage and the average supply current;
supply current when the gate output is LOW is greater than when the gate output is HIGH

Iccy + IccL
Py = VCC( > )

O power dissipation of CMOS is dependent on the frequency of operation

O at zero frequency the quiescent power is typically in the microwatt/gate range
(fixed-logic HC: 2.75 uW/gate at 0 Hz (quiescent) and 600 uW/gate at 1 MHz)

O power dissipation for bipolar gates is independent of frequency
(fixed-logic ALS: 1.4 mW/gate regardless of the frequency; F: 6 m\W/gate)

source: Thomas Floyd: Digital Fundamentals
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cﬂﬂ;" Basic parameters of digital logic

m Speed-Power Product (SPP)
can be used as a measure of the performance of a logic circuit
taking into account the propagation delay time and the power dissipation

SPP = t, P

m  Fan-Out
the maximum number of inputs of the next stage that can be connected to one output of a gate
made in the same technology (gate still maintain the output voltage levels within specified limits)
O Fan-out is specified in terms of unit loads

O Example:
fixed-logic 74LS00 NAND, —F >

current from a LOW input (l,) of a gate is 0,4mA o —
and the current that a LOW output (I5,)
can accept is 8,0mA !

Io, _ 80mA _

unit loads = = =
IIL 0,4 mA

TTY

20

source: Thomas Floyd: Digital Fundamentals
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Outline

Half and Full Adders
Comparators

Decoders

Encoders

Code Converters
Multiplexers (Data Selectors)
Demultiplexers

Parity Generators/Checkers



Half-Adder

m  The half-adder accepts two binary digits on its inputs and produces two binary digits
on its outputs - a sum bit and a carry bit.

Half-adder truth table.
halfA: A B Cout >
0 0 0 0
0 1 0 1
g 1 0 0 1
o 1 1 1 0
L
é 2 = sum
= C,y = output carry
5’ A and B = input variables (operands)
)
()]
.0
8
:' 10 entity halfl is port(
_‘.._E C 11 a,b: in std logics
g a D—_-—D c 12 5,01 out std logic):
13 end halfl:
b | > .
S 15 architecture d4df of halfi i=s
s 16 begin
17 8 <= a xor b after 2 n=:
18 c <= a and b after I ns;
18 end df;




Full-Adder

Full-adder truth table.
m The full-adder accepts two input bits and an input carry A B Cin Cot 2
and generates a sum output and an output carry. 0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
fullA: 0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
?D: Cin = input carry, sometimes designated as CI
& Cout = output carry, sometimes designated as CO
= 2 = sum
"§ A and B = input variables (operands)
5
7]
o)
|
3 co~0 5 tity fulll t(
(o)) . ~2 entity fu i=s por
3 a! D <o & al,bi,ci: in std logic;
E bi D co 7 so,co: out std logic);
_6_) so~0 a8 end fullxd;
D CO~1 9 ________________________________________________
I 10 %architecture gates of fulld is
I 1 ﬂw .
cl 12  [begin
,)_D S0 13 so €= (al xor bi) xor ci;

14 co €= {(al and bi) or ((al xor bi) and ci);

15 end gates;




Full-Adder

m  Arrangement of two half-adders to form a full-adder

SO

fullA:
= halfA:hat
= i
al 2 = C co
b_' b halfA:ha2
o) ]
s =
b
ci S — |
S
\ S

10 entity halfi is port(

11 a,b: in std logic;

12 =,C: out =td logic):

13 end halfh;

26 entity fullld i= port(

27 ai,bi,ci: in std logicy

8 20,C0! ont std logic):

29 end fullh;

3@ @ ———_—————— e
31 [Earchitecture mix of fulld is

32 signal hals,halc,haZc: std logic;
=) begin

34 hal: entity work.halfh(df)

2= port map (ai,bi,hals, halc);

36 ha2: entity work.halfh (df)

37 port map (hals,ci,so, haZc):

38 co <= halc or haZec after I ns;

S end mix;
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Parallel Binary Adder

45 entity adderN is

47 generic (N: integer:=2%);

48 port(

49 ai,bi: in std logic wector(N-1 downto O} :=(others=>'0'}:
=11 ci: in std logic;

51 so: out =td logic vector(N-1 downto O);

52 co: out std logic);

53 end adderM;

S [Earchitecture generacja of adderlN is

56 signal carry: std logic vector (N downto 0):=(others=>'0"});
57 Hbegin

58 carry(l) <= ci:

58 co <= carry (M)

&0 Eﬂs_gen: for i in (H-1) downto 0 generate

61 sumator:entity work.fullA (mix)

62 ! port map(ai(i) bi(i) ,carryvi(i),so(i),carry(i+l)):
63 Fend éenerate;

a4

65 Lend generacja:

fullA:\s_gen:0:sumator

ai[3.01[>
bi[3.0][>

26
27
28
29

entity fullh is port(

ai,bi,ci: in =td logicy
20,C0: ont std logic):
end fulln;

ci[ >

fullA:\s_gen:1:sumator

fullA:\s_gen:2:sumator

fullA:\s_gen:3:sumator

—{ > so[3..0]
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Parallel Binary Adder - FPGA implementation
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entity adderN is

generic (N: integer:=c4);
port (
ai,bi: in std logic wvector (N-1 downto [):=(others=>'0");

ci: in std logic;
so: out Szd_lagic_veczar(N— downto ) ;
co: out std logic);
end adderMN;
%Frchitecture structural of adderN is
signal carry: std _logic vector (N downto
begin
carry(l) <= ci;
co €<= carry(N);

) :=({others=>"0") ;

s gen: for i in (N-1) downto generate
sumator:entity work.full®(mix)

port map(ai(i) ,ki(i),carry(i),sc(i) , carry(i+l));
end generate;

end structural;
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Eentity addsred is

Port ( & : in STD LOGIC VECTOR ( downto
b : in STD_LOGIC_VECTOR { downto
s : out STD LOGIC VECTOR ( downto

ci: in std logic;
- co : out std logic);
Lend adderéd;

Ehrahitecture Behavioral of adderé4 is

signal s i std logic wvector ( downto ) ;
signal a_i, b i std logic_wvector ( downto
Hbegin

-— ins
ai<= (0
b i <= (0"
—-— func
s i<=ai+bi+eci;

-— outs

& a);
& b);

s <= s_1i{ downto ) ;
co <= s_1(64);

Lend Behavioral;

) ;
) ;
)i

)

FPGA Device Utilization:
®  4-input LUTs:
m  Maximum path delay:

320
160ns

64
11ns




iﬁ]‘fﬁ Comparator

m Basic function of a comparator is to compare the magnitudes of two binary quantities to determine the
relationship of those quantities

m In simplest form, a comparator circuit determines whether two numbers are equal

m  Equality AL1.0] o EQ~0 EQ2
B[1..0] 0 } > ZD—D EQ
,  EQ~ [

»—

m Inequality

To determine an inequality of binary numbers A and B:

* If A3 =1 and B3 =0, number A is greater than number B.

« If A3 =0and B3 =1, number A is less than number B.

» If A3 = B3, then you must examine the next lower bit position for an inequality.




19 entity xnorz2 is
Comparator - VHDL 20 port ( &, B: in std logic:
21 Y¥: ont std logic );
. 22 end entity =xnorz;
Xnorz2iiinst_x0 23
" .\ =
E 24 architecture behav of xnor2 is
0o A Y~not 55 .
AB.01 [ y E begin
B[3 O]D 0 B 2a Y <= not (A =xor B):
9 and4HnSLﬁO 27 end architecture behavwv;
L. ™
xnor2i:inst_x1 E
~
= oL _ _
1A Y~not c Y 3 entity and4 is=s
B Y Y & port ( &, B, C, D: in std logicy
1 A 7 ¥: out std logic )
. B | B8 end entity and4:
xnor2iiinst_x2 \ g
E N 10 architecture behav of and4 is
2 A Y~not 11 begin
N e ) » \ il Y <= A and B and C and D;
13 end architecture behavwv;
\
Xnor2iiinst_x3
~
E EE entity compdeq i=
3 A Y~not . i . N
¥ 34 port( &, B: in std logic wvector(: downto O);
3 B » 35 EQ: out std logic ):
36 end entity;
37
8 [Flarchitecture =struct of compdeqg is
38 gigmnal xout: std logic vector (A'range)
40 -
41  [TJbegin
42 inst_x0: entity work.xnord port map (A=>L(C), B=>B(C0), Y==xout(l} }:
43 inst x1: entity work.xnor? port map(A=>A (1), B=>B(l), Y=>xout(l) )}:
44 inst_x2: entity work.xnord port map (A=>L(2), B=>B(Z), Y==xout(Z} }:
45 inst_x3: entity work.xnord port map (A=>L(Z), B=>B(Z), Y==xout(z} }:
46 inst_al: entity work.and4
47 port map (A=>xout(C), B==xout(l), C==xout( ), D==xout(i), Y==EQ):

48 “end architecture:;




Comparator - VHDL

A[3__O]| >—>:0 xout[0] [ entity compdeq is
B[30]D 0 r 7 :port.{ A, B: in =td logic wvector(: downto 0);
8 EQ: ont =td logic };
, xout[Z] 9 end entity; -
2 10
P EQ 11 [?architecture behav of compdeq is
1 xout[1] 12 signal xout: std logic vector(A'range) :
t:::) 13 begin
Dl— 14 EQ <= xout(2) and mxout({l) and xout(Z) and zout{l):
3 XOUT[3] 15 Xout <= & xnor B
':>, 16 end architectnre:
3
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23 entity compMNeq i=s

24 generic(MN: positive = 32);

25 port( &, B: in =td logic wvector(N-1 downto O);
26  EQ: out std_logic );

27 end entity:

28

25 %architecture behav of compMNeqg is
20

21 begin

32 EQ <= "' when (&4=E) el=se 'CO';
i end architectuare;




7 Comparator - FPGA implementation

4-input LUTs
3L entity compl is=
40 generic(l: positive = 3Z);
41 port({ A, B: in =td logic_ vector(N-1 downto C): u 82
42  EQ, AthenB, Bthenk: out std logic );
GiE end entity;
T
45 %architecture behavl of compH i=
46 gfignal zout: =std logic wector(Z downto 0);
6 47  [begin
& 48 EQ«e=xout({Z); AthenB<=xout({l) ; Bthenf<=xout (J)
= = Xout <= "100" when (&=B) elze
’g 50 "010" when (L>E) else
= 51 "001" when (B<B) else
@) H H
D o2 Tooon;
8 2E] ~end architecture;
Q
@)
(@)
|
_‘_,_E 55 %architecture behav? of compH i=
Se gfignal egi: std logic:="0";
SR begin - 50
o8 egl <= '_'" when (&=B) else "0';
59 LthenB <= '1' when (4>B) el=se '0';
&0 Bthenli <= '0' when (&4>B) else (not egi) s
&8l EQ <= egi;
62 end architecture;




@IT r’ Decoder

m A decoder is a digital circuit that detects the presence of a specified combination of bits
(code) on its inputs

m In general form, a decoder has n input lines to handle n bits and from one to 2" output lines
to indicate the presence of one or more n-bit combinations

Y

» -

A[3..0]

w [N [= O

library iseses;
2 use ises.std logic 11¢€4.all;
use ises.std logic unsigned.all;

5 entity simple decoder is

: port ( Z: in E:d_lagic_vec:ar{ downto ) ;
¥: out std logic )

end entity simple decoder;

10 architecture nine of simple decoder is

11 begin
12 ¥ <= A(3) and (not A(2)) and (not 2(1l)) and 2
13 end architecture nine;




BCD-2-Decimal

m converts each BCD code (8421 code) into one of ten possible decimal digit indications
m frequently referred as a 4-/ine-fo-10-line decoderor a 7-of-10 decoder

Mux0
i . becd[3..0
- library IEEE; E l l I l I I I I I— B0 16'hfdff DATA[15.0] —{ " dec[9.0]
16 use IEEE.STD LOGIC 11&64.ALL; 4II_I_ | T |
- - | | | | |
17 bcd i i I | | | i i
18 entity bed2dec is . : ! : | | : ' '
19 [H Port ( bed : in std logic vector (2 downto () ; |npUtS : : : : : : : [ | | 16'nfeff DATANS 0]
20 - dec : out std_logic_vector(fﬂ downto 0)) ; 1 1 : 1 : 1 1 I 1 :
21 Lend entity bodZdec; : : | : | : : : : |
52 l I | I | I I I I |
l I I I I I l I I I
23 architecture Behavioral of bcd2dec is I : : : : : : : : : 16'hff7f DATA[15.0]
24 [Hbegin —l I | | | | | | | |
1 1 1 T 1 1
25 with bed select | Lo |
26 dec <= "1111111110" when "0000", -—0 l' | | | | | | |
27 "1111111101" when "0001", -1 ‘ N S IR SN S N TOnRT DATAL=.0)
28 "1111111011" when "0010™, -—2 I_I : : : : : :
259 "1111110111" when "0011"™, -—3 dec | : : : : :
30 "1111101111" when "0100", -—4 outputs A S N N R Ty
e . T T T T [e.0l
31 "1111011111" when "0101", --5 . | | | | |
3z "1110111111" when "0110", ] ' ' : : :
33 "1101111111" when "0111", -7 I—! ! ! !
34 "1011111111" when "1000", -—8 | ' 1 1 16'hiffef DATA[15.0]
33 "0111111111" when "1001™, -=5 " I I
36 "1111111111" when others; —-— I_l :
37 Lend architecture Behawvioral;
I—I_ 16'hfff7 DATA[15.0]
16'hfffb DATA[15.0]
16'hfffd DATA[15.0]

16'hfffe DATA[15.0]

: Thomas Floyd: Digital Fundamentals



BCD-2-7Segment

The BCD-to-7-segment decoder accepts the BCD code on its inputs and provides outputs to drive 7-segment display devices
to produce a decimal readout

seg_out(6:0)

g|fle|d]|c|[b]a
1 1111|1001
2|lofj1f(0]J0o]j1f[0f0O
3]J]of1f1]0]0]0fO
4 1]0(0]J1[1]0]0]1
5 ojoOf1]J]0f0O0|1]O0
6 JlojofOo|JOo]joOf1]0O
7 1)1]1j1(1]j]0f0f0O
8 ojofO0OjJOfO|0O]O
9 oOj|O0Of1]J]0[0]0O0]O
oj]i1]l]ojof0|JO]O]O

43
=54
45
46
)
48
G
a0
Sl
o2
13
a4
S5
26
o7
i
S
a6l
6l

F&ntity decT=seg 1is
FPort ( bcd :

in std logic wvector(i downto 0}

seg : out std logic vector (& downto O));

end entity decTseg:

architecture ttable of decTseg is=s

[Fbhegin
with bcd select
seg<= "1111001" when x"1",

"0100100" when x"2",
"0110000" when x"3",
"0011001" when x"4",
"0010010" when x"5",
"0000010" when x"&",
"11131000" when x"7",
"0000000" when x"S8",
"0010000" when x"3",
"1000000" when x"0O",
"01113111" when others;
~end architecture ttable;

0
21
| &
4]
|
3

—=low

Mux0

SEL[3.0]

bcd[3..0] D_.

ouT
16'h83 DATA[15.

SEL[3..0]

16'hfcBe DATA[15..

SEL[3..

16'hfeba DATA[15..

SEL[3..

16'hfc92 DATA[15..

SEL[3..0]

ouT
16'hfc04 pATA[15..

SEL[3.0]

16'hfc60 paTA[15..

SEL[3..

16'hfc12 paTa[15..

—D seg[6..0]




"’ir Encoders

m  An encoder is a combinational logic circuit that performs a “reverse” decoder function
m  Accepts an active level on one of its inputs representing a digit and converts it to a coded output, such as BCD or binary

BCD Code
Decimal Digit Aj A, Ay Ay
9
0 0 0 0 0
1 0 0 0 1 dec[9.0][_>—7
2 0 0 1 0 5
3 0 0 1 1 | ) bcd[3..0]
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
5 entity encoder is
B Port ( dec : in E:d_lagic_vec:ar{ downto ) ;
7 bed @ oout szd_lagic_vec:ar( downto 7)) ;
B end entity sncoder;
1C architecture squation of encoder is
11 begin
12 bed(0) <= dec(l) or dec(2) or dec(Z) or dec(7) or dec(%);

13 bed(l) <= dec(Z) or dec(2) or dec(:) or dec(7):
4 bed(Z) <= dec(4) or dec((S) or dec(t) or dec(7);
15 bed(Z) <= dec(Z) or dec();

16 end architecture;




Code Converters

5 gray~0 F&nti ty nkbZgray 1is

4
nkb[3__0] = Port ( mkb : in 5TD LOGIC VECICRE (2 downto 0); —- O-lsb
[ gray : out S5TD LOGIC VECTCR (3 downto O)
T ) :
gray~1 8 end nkbZgravy:
=
10 %architecture Behavioral of nkbZgray is
gray~2 11
1z Hekegin
13 grav(i) == nkb(2):
- % gray[3..0] 14 grav(?) <= nkb(2) xor nkb(3);:
-E- 1L gray(l}) <= nkb(l) =xor nkb({zZ};
E'- 16 grav({l) <= nkb({0} xor nkb({l}:
:t:'o 17
o 18 Lend Behavioral:
4 entity grayZnkb is
5 = Port ( gray : in STD LOGIC VECTIOR (3 downto 0): -- 0-1=b
gray[3..0] 6 nkb : out STD LOGIC VECTOR (2 downto 0)
7 P )
8 Lend grayvZnkb;
g
10 [Harchitecture Behavioral of gray2nkb is
11 gignal tmp: =std logic vector(Z downto O);
12 k
13 Fbkegin
14 nkb <= tmg;
15 tmp{(3) <= gray({3):
- ‘:D nkb[3..0] 16 tmp (2) <= tmp{2) =or grav(Z):
:—_; 17 tmp (1) <= tmp(2) xor grav(l):
§ 18 tmp (0) <= tmp(l) xor gray(l):
,IE 18
o

20 Lend Behawvioral:




Multiplexer

m A multiplexer (MUX) is a device that allows digital information from several sources to be routed onto a single line
m  Multiplexers are also known as data selectors

MUX
Data selection for a 1-of-4-multiplexer.
Do Data-Select Inputs
— Sy Sy Input Selected
(@) S
., 0 0 Dy
0 1 D,
__ b3 1 0 D;
1 1 D;
S1 SO
Y = DyS\Sy + D1S1Sg + D,S,5y + D3S,S
190 19120 29190 390120
. bl [T L L1
| | | 1 |
I I | 1 |
S1 data Pri— | | | |
. I | | | |
E inputs D! ! ! ! I |
| | | i | |
DO
= ) IS — | ;
D1 St o | 1o ] o]t |ol] 1!
™ selection | , . | | |
S0 10 11 01 0 | I
= sullinnil
I | I | I 1 |
D2
‘ AR
| | | |
D3 J | | | : | | : | |
I
\ output y 1 I l [ I | | I !

: Thomas Floyd: Digital Fundamentals



Multiplexer

5 entity mux4xl i=s

6 Port ( d0,dl,d2,d3 : in std logic;

T : : 20,21 : =td logicy

B8 : : ¥ : ont std logic):

£ end entity mux4d4xl;

11 architecture egquation of mux4xl is

. d2[ > y~2 -

1z begin 0 j y~4

13 vy <= {(d0 and (not =1 and not =s0) )} or | Y

14 {d1 and (not s1 and s0) ) or y~0

15 . (d2 and ( 81 and not s0) ) or o[> _:’

16 (d3 and ( =1 and =0} )

17 end architecture; -
o
51D—

<
O
o
L
5
=
=
2
n
)
)
Q
(@]
o
|
I
=
@)

EqualO
19 %architecture behav of mux4xl i= S1 A[1..0] ouT
20 signal sel: std logic vector(l downto O); 2'h2 B[1--0]. o
21  [begin PN ol
22 v <= df when (sel="00") else a2
23 dl when (sel="01") else O[> a0l Equal2
24 - d2 when (sel="10") else . ouT
: 40 2'h0 B[1..0]
25 d3 [ |
i ) Equall
26 zel <= =21 & =07 A[1..0] ouT
27 “end architecture; 2'n1 5[1..0].

d1[ >




Demultiplexer

m A demultiplexer (DEMUX) basically reverses the multiplexing function.
It takes digital information from one line and distributes it to a given number of output lines

m  The demultiplexer is also known as a data distributor
m  Decoders can also be used as demultiplexers

data ' | Lo
I | dataD— 3 Lantity demux is
SDI I I . | : 5[1..0]| pY —D d[3..0] 6 Port | data-: in std_Jl_cugJ_c; - ﬁ
selection ] | ! h 7 s : in std_logic_vector (1l downte 0);
S| : | i | 8 d : out std logic vector(? downte U));
1 |—|—- I 4 I I 9 end entity demux;
| I I I | I
I I I 10
: | : : : : : I ! 11 architecture squation of demux is
I | | | [ | I : 12 signal invs : std logic vector (1 downto 0);
I 1 | Lo 10 ! : | 12  [lbegin
X . ’ I ! 1 | 14 d(0) <= data and ( invs(0) and inwvs(l) );
: 1 : : : 0 : | | 15 d(l) <= data and ( =({2) and inwvs(l) );
data | I | | [ | t : 1le d(2) <= data and ( invs(l) and s(1)y );
| | I I I : 17 d(2) <= data and ( s(0) and s(1) )
outputs e | 1 I ,
1 18 invs <= not =;
1 1 r
: I : 1 : 19 end architecture;
| .
t T f T

=
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Demultiplexer

m  The demultiplexer is also known as a data distributor
m Decoders can also be used as demultiplexers
£ entity demux2 is
7 generic (delay: time := 2 ns);
= port (s: in std_logic_vector(l downto ) ;
g din: in std logic wvector (2 downte 0);
10 ¥ out std_logic_vectorflE downto C) )
11 end entity demux2;
12
13 architecture with delay of demux2 is
14 signal y tmp: std logic vector (y'range) ;
15 [Hbegin
16 ¥y <= y_tmp after delay;
17 y_tmp (5 downto ) <= din when (s=0) else x"0";
18 y_tmp (7 downto %) <= din when (=s=1) else ="0";
19 y_tmp(l]l downto °) <= din when (==2) else x"0";
20 y_tmp (15 downto 12) <= din when (s=3) else x"0";
21
22 “end architecture with delay;

Equal0o
Al2.0]

T:04

C

ouT

3'h0 B[2.

4'h0 o

din[3.01[>
s[1.01[D—

Equal2
Al2.0]

ouT

3'h2 B[2..

Equali
Al2.0]

ouT

4'h0 o

3'h1 B[2..

Equal3
A[2.0]

ouT

4'h0 0

3'h3 B[2.

4'h0 0

¥V

y_tmp~[3..0]
y_tmp~[11..8]
m
S
c kB
o < :
y_tmp~[7..4]
y_tmp~[15..12]
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%

ﬂfr’ Logic Function Generator

A useful application of the data selector/multiplexer is in the generation of combinational logic functions in sum-of-products form
m Casel1: F(AB,CD)=2x{0,1,3,4,5,7,9,10,13,14}

A BCD F
000 0 0O 1
100011 1 FO(AB=00) =/C or D
200 010
310 0 1 1 1
40 1 00 1
e tod1pd F1(AB=01) = /C or D
60 1 1 0
770 1 11 1
81000 C [>° :D—
991 0 0 1 1
w1010l 1 F2(AB=10) = /CD and C/D
1111 0 1 1 D
1211 1 0 O D
13)1 1 0 1 1
4111 0| 1 F3(AB=11) = /CD and C/D
151 1 1 1




Logic Function Generator

Case 2:

1.
2.
3.

F(A,B,C,D) = 3{0,1,3,4,5,7,9,10,13,14}

determining the form of the minimal function
selection of address variables
determining equations for data inputs

ABCD| F
( )
ooooof 1
11000 1| )
210 01 0f )
3001 1] )
4 N\
40100
50010 1] )
60110/ )
7011 1] 1 J
81000
9100101 )
1001 0 1 o] 1
1111 0 1 1| J
4 \
1211100
13(1 10 1| )
4 N\
141110
1511 11 1] )

3.

FO(AC=00) = 1 J

F1(AC=01) = D

~N

J

|

F2(AC=10) = D

~N

\

F3(AC=11)=/D

ABCD 00 01 11 10
00 (1 1 1 1 0
01 L1 1 1 J 0
1] 0 1 0 m
1] 0 ; 0 U

1. )
[AIC +
[AD +
/ +
AC/D
MUX
DO
D1
Y
D2
D3
S1 SO
A C

CbD
0 X
X1

10
11

Rl X O O|>»
& | X X X X |m

sel={A,C}
data={B,D}

2.



1 Basic Parity Logic

m A parity bit indicates if the number of 1s in a code is even or odd for the purpose of error detection.

m The sum (disregarding carries) of an even number of 1s is always 0, and the sum of an odd number of 1s is
always 1.

Summing of four bits

m  10-bits parity checker

4 bntity ParityCheck is

3 port{al, al, a2, a3, a4, a3, a6, a7, al, a%: in std_logic;
& ®x: out std logic);

7 end ParityCheck;

8

) architecture gates of ParityCheck is

10 begin

11 x <= ((al xor al) xor (a2 xor al)) xor

12 ((a4 xor al3) xor (at xor av)) xor

13 (a8 xor a%9);

14 end gates;




Basic Parity Logic

a(7:0

a(0)
tmp(1)
a(1)
X0R2
a2)

tmp(2)

XORZ tmp(3)
a(3)

4 |Entit]r reduced xor is
5 generic (WIDTH: natural:=2);
6 port{a: in 5t.d_lc|gic_vector (WIDTH-] downteo O} ;
7 y: out std logic);
8 end reduced xor;
9
10 architecture gen_if arch of reduced xor is
11 signal tmp: std logic vector (WIDTH-Z downto 1)
12 begin
13 xor_gen: for i in 1 to (WIDTH-1) generate
14 [ left_gen: if i=1 generate -— leftmost stage
15 tmp (1) <= a(i) xor a(l);
< le - end generate;
gz 17 [H middle _gen: if (I1<i) and (i < (WIDTH-1)) generate -- middle stages
L 18 tmp (1) <= a(i) xor tmp(i-1);
< 19 end generate;
§ 20 H right_gen: if 1=(WIDTH-1) generate —-- rightmost stage
(= 21 v <= a(i) xor tmp(i-1);
% 22 = end generate;
[ 23 - end generate;
% 24 ~end gen_if arch;
k)
o
|
I
=
|

a(s)

XORZ tmp(4)
a4)
quzD_Iﬁ tmp(5)
a(5)
x0RZ tmp(6)

a7y

XORZ

) o=

XORZ




