Konstruktion av kombinatorisk logik

¢ Innehall

» Fordrojningar i kombinatorisk logik
= Hasard
= Kombinatoriska byggblock

e Multiplexer / Demultiplexer

e Kodare / Avkodare

e Aritmetiska funktioner
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Grindfordrojning

¢ Grindfordrojning ar den tid det tar for en
forandring pa ingdngen ger en fordndring pa

utgangen.
1:pLH
Al z
B | &[— Propagation delay | | Low-to-High |
A /
B S~——
tin pHL
z 4—%
t

pHL

Mats fran punkterna da signalerna
natt 50% av sitt slutvarde
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Fordrojningar 1 kombinatorisk logik

* Bestdm fordrojningen i ett kombinatoriskt nét

Logisk funktion

PP P

|U

Fordréjningar for

Samtliga signalvagar:

orLar, toLH-af
ot t
pHL-bf , UpLH-bf
*tori-of, toLHeor
ot t
pHL-df , 'pLH-df

Ta fram den langsta fordrojningen i
grindnétet. (t,  eller t, ,):

T =0.21+0.35+ 047 ns
=1.03 ns
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Grindfordrojningar fran datablad
Grind Fordréjning
Inv tpLH = 0.21
tpHL = 0.19
and2 tpLH = 0.32
tpHL = 0.35
or3 tpLH = 0.47
tpHL = 0.43 7

Hasard 1 kombinatorisk logik

¢ Hasard (glitchar):

= Oonskade omslag pa utgangen av ett komb. nit
e Uppstar da olika signalvédgar har olika fordrojningar

e Kan vara "farligt” om de oonskade omslagen startar
andra héndelser
+ Man kanske maste garantera att de aldrig uppkommer

¢ Vanliga losningar
= Vinta tills signalerna ar stabila innan de anvénds

= Konstruera ”hasard-fria” kretsar
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Olika typer av hasard

+ Statisk-1 hasard

» En fordndring pé ingdngen gor att
utgangen gar fran 1 till 0 till 1. 0

+ Statisk-0 hasard

» En fordndring pé ingdngen gor att 1
utgingen gar fran 0 till 1 till 0.

¢ Dynamisk hasard
= En fordndring pa ingangen gor att . ! . ! .
utgangen gar fran O till 1 till 0 till 1
eller fran 1 till 0 till 1 till 0. NP
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Statisk hasard

¢ Beror pi att en variabel och dess
komplement tillfalligt har samma vérde

¢ Exempel:

Ty

statisk-0 hasard
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Eliminering av statisk hasard

*F=A+S)B+YS)
¢ Karnaugh-diagram

| 6vergangen mellan de tva
BS primimplikatorerna &ar S=S'.
A 00 1 11 10

7 & F Ta med en implikator
—
0 @ @ 1 3 @ som tacker dvergangen

11\(%11
A\ Ss| 1] 6

F(A,B,S) = (A + S)(B + S")(A + B)

DaS-0till1sa
elimineras hasarden
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Multiplexer/demultiplexer

Valjer varifran operanden A ska
tas ifran

A0 Al BO B1 Véljer varifran operanden B
l l ska tas ifran

! 4
sa— wmux | [ mux |— sb

A
SRAVEEL
Valjer vart resultatet S ska ga

Sum nagonstans

3

Ss DEMUX

SO S1
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4-t11l-1 multiplexer 1 VHDL

architecture rtl of nux4 1 is Alla ingangar i 4-1 Multiplexer

begin -- rtl /— sensitivitetslistan |, 0
process (10, 11, 12, 13, SO, S1)
variable sel: bit_vector(1 downto 0); " v
begin -- process conb 12
sel := S1 & SO;
case sel is
when "00" => Y <= 10; v 18
when "01" => Y <= |1; S0 S1
when "10" => Y <= | 2;
when others => Y <= 13;
end case;
end process;
end rtl; Sla ihop de enskilda bitarna till en bitvektor
sa att det blir enkelt att hantera i case-satsen
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Generell 2N-till-1 multiplexer

Medger parameteriserbara

library | EEE; komponenter 2n-1 Multiplexer
use | EEE. STD_LOGI C 1164. al | ; on
use | EEE. STD_LOGI C ARI TH. al | ;
use | EEE. STD_LOG C_UNSI GNED. ALL; — ! Y —
entity muxN_1 is s
generic (
N : integer := 3); -- log2(antal ingangar) ai'N
port (
I: in std_logic_vector((2**N - 1) downto 0);
S: in std_logic_vector(N-1 downto 0);
Y : out std_logic);
end nmuxN_1;
architecture rtl of muxN_1 is
begin -- rtl
process (I, S) Konverterar signalen S, som &r en bitvektor till integer (v_S)
variable v_S : integer;
begi n
v_S 1= conv_integer(S); Anvand v_S for att berékna vilken av

Y <= 1(2**V_S5——— | ingangarna som ska tilldelas utgangen Y
end process;
end rtl;
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Demultiplexer

1-4 Demultiplexer

YO ——
Y1 ——
) : 1A
architecture rtl of denuxl_4 is
begi n
process (A, SO0, S1) Y3 —
begi n _ S1 S0
case S1&S0 is
when "00" => Y0 <= A; YL <='0"; Y2<="0"; Y3 <="0"; | |
when "01" => Y0 <= '0"; Y1 <= A Y2 <='0"; Y3 <="0";
when "10" => Y0 <= '0"; Y1l <= '0"; Y2 <= A Y3 <='0";
when others =>
YO <='0"; YL <='0"; Y2<="0"; Y3 <= A
end process:
end rtl;
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Avkodare — generellt
¢ Avkodare (eng. decoder)
= Kombinatorisk krets med en eller
flera ingdngar samt flera utgangar Avkodare
= Antalen ingdngar &r férre A A
dn antalet utgdngar I
= Konverterar en ingdngskod H
till en utgédngskod Y
. . '
= En-till-en mappning
e For varje ingangskod finns
endast en utgdngskod Ingangskod | | Utgangskod

Copyright Bengt Oelmann 2002




Avkodare — generellt

Avkodare

| Binarkod |~
———
| Gray-kod |~

acoro0 |-
oot |-
egenton |
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2-4 binar avkodare 1 VHDL

architecture rtl of encoder_2_4 is 2-4 avkodare
begin -- rtl YO ——
process (10, 11) 10 Y1
variable 110 : bit_vector(1 downto 0); 1
begin -- process Y2 —
110 : =11 & 10;
case 110 is
when "00" => Y3 <= '0"; Y2 <='0"; Yl <='0"; YO <='1"; Y3
when "01" => Y3 <='0"; Y2 <='0"; Yl <='1; Y0 <="'0";
when "10" => Y3 <='0"; Y2 <="'1"; Y1 <='0"; Y0 <="'0";
when "11" => Y3 <='1"; Y2 <='0"; Y1 <='0"; Y0 <="'0";

when ot hers =>
Y3 <='1; Y2 <='0"; YL <='0"; YO <='0";
end case;
end process;
end rtl;
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N-till 2N bindr avkodare

entity encoder_n_mis n till 2» avkodare

generic ( on
n: integer :=3; -- antal ingangar ﬁn_ I Y b—_—
m: integer := 8); -- antal utgangar (=2**n)
port (

I: in std_logic_vector(n-1 downto 0);
Y: out std_logic_vector(m1l downto 0)

)i

end encoder _n_m

architecture rtl of encoder_n_mis

begi n
process(1)
variable v_l: integer; -- integer varden for ingéng
begi n
v_| := conv_integer(l); I Konverterar signalen / till en integer

Y <= conv_std_|l ogi c_vector ((2**v_l),m;
end pro.CESS; \ Konverterar det avkodade vérdet fran integer
end architecture;

Till bitvektor som &r m bitar
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Exempel pa anvandning av avkodare

¢ 7-segments display
= LED (Light Emitting Diod)

>
[ |".~._;ﬁ('l
L [

Binara tal i
= LCD (Liquid Crystal Display)
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7-segment display

Varje segment ar en lysdiod som
kan tdndas och slackas individuellt
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For att visa siffran "5” ska
segmenten a, f, g, c och d tdndas
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Avkodare for 7-segm. display

* Ingangskod: BCD (tal mellan 0 och 9)
* Utgédngskod: 7-segmentskod

Tal DCBA|abcdefg T-segment  __ — - — —
o [oooof]1111110 e S N /N I I Oy BN
f[ a ]b N I | VN I
1 [ooo0o1]|0110000
2 loo1o0]1101101 S
d° 0 O o o O
3 loo11]1111001 e B B
4 01000110011 d - = = = e
5 l[o101]1011011
6 |0110]0011111 al
7 lo111]1110000 A bl
8 1000 |1111111 B °r—
9 10011110011 —c d
P
o
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7-segment display

| Common anod | | Common cathode |

c segment indi node
kil b kit d e f g oo A B & B o
= /= 0o e =
| ] ] | |
o ! + 4 +
— - - -

— e ——
vee LSF A B C D MEE END Hhod
" PED bt
Fiagy ———= 0 1 10 0 Decinps rember.
Utgangarna aktivt laga | | Utgangarna aktivt hoga
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7-segment avkodare 1 VHDL

* Generell avkodare

= Klarar av badde ’Common cathode’ och
’Common anode’ displayer

entity ss_decoder is al—
b |

generic ( _|A
cc_ca.: bit :="1"); |8 I
port ( e d—
A, BB\NC, D: in bit; ] e —
a, b, c\d, e, f, g: out bit P §o—
o

DE 01— cc_ca
end ss_decoder;

~

Valjer om avkodaren ska anvands till ’'common
cathode’ eller ‘'common anode’ display
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Forts. 7-segment avkodare 1 VHDL

architecture rtl of ss_decoder is

begin -- rtl

process (A, Bi, G, D)
BCD string : bit_vector(3 downto 0);

vari abl e
variabl e

control _string : bit_vector(6 downto 0);

begin -- process

BCD string := D & C &Bi &A;

case BCD string is

when
when
when
when

when "
when "

when

when "

when
when
when

end case;

"0000" => control _stri
"0001" => control _stri
"0010" => control _stri
"0011" => control _stri
0100" => control _stri
0101" => control _stri
"0110" => control _stri
0111" => control _stri
"1000" => control _stri
"1001" => control _stri
others =>

control _stri

ng :
ng :
ng :
ng :
ng :
ng :
ng :
ng :
ng :
ng :

ng :
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"1111110";
"0110000";
"1101101";
"1111001";
"0110011";
"1011011";
"0011111";
"1110000";
"1111111";
"1110011";

"1110011";

——— | Skapa en bitstrang for

ingadngskoden

Forts. 7-segment avkodare 1 VHDL

-- Comon Cat hode

ifc

Q "0 Qo0 T

c_ca="1 then

<= control _string(6);
<= control _string(5);
<= control _string(4);
<= control _string(3);
<= control _string(2);
<= control _string(1);
<= control _string(0);

-- Common Anode

el se

D QOO oT®

¢}
end

end pr
end rtl;

<= not control _string(6);
<= not control _string(5);
<= not control _string(4);
<= not control _string(3);
<= not control _string(2);
<= not control _string(1l);
<= not control _string(0);

if;
ocess;

/

Signalerna ar aktivt hoga
Fér common cathode

_—
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Signalerna ar aktivt laga
Fér common anode och
maste inverteras

k)




Prioritetsavkodare

* Ingdngarna har inbordes prioritet

¢ Néar mer 4n en ingdng dr aktiv s genereras
en kod for den ingdng med hogst prioritet

prioencoder
library | EEE; prioritering .
use | EEE. STD LOG C 1164. al | ; 4-2 kodare
. . ) 0 c p. 0 u
entity prioencoder is 3 3 3
port ( 1 Cy P2 1 U a -
C3, C, Cl, Q: in std_logic; 1 0 )
Al, A0 : out std_logic); G P e i
end prioencoder; 0 Co Po 0 Uo
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Forts. prioritetsavkodare

architecture rtl of prioencoder is
begin -- rtl

process (C3, C2, Cl, Q0)
vari abl e out _vector : std_logic_vector(1l downto 0);

begi n
if C3='1 then
out _vector := "11";
elsif C ="'1 then
out _vector := "10";
elsif C1 ='1" then
out _vector := "01";
elsif CO="'1 then
out _vector := "01";
end if;

Al <= out_vector(1);
A0 <= out_vector(0);

end process;
end rtl;
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Adderare

¢ Carry-Ripple Adderare
= Enkel

o |2

NE
o |2
c'{—ot):'
o [
>c_‘_’\?_

o
>°'4__.°'
o |l
>c'1—oc'

V)

FA EA EA EA EA

Cout@ c g C le—----- Cout Ci Cout Ci Cout Ci Cout Cite=Si
(o) |r‘_ <+ out |r‘_ out |r‘_ out |r‘_ out |r4_‘"
SN-1 S3 S2 S4 So

Fordrdjningen i en n-bitars
adderare &r nxt_,
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Carry-Lookahead-adderare

¢ Snabbare adderare
= Snabbar upp berdkningen av carry-bitarna

= Ide: Att samtidigt titta pa flera positioner av det
tal ska ska adderas

= Exempel:

® 0l©)
0110 X 0110 X
+0011Y *+0011Y
010 S 0110 S
I en carry-ripple adderare s& ser man bara For att genomfora additionen i position ©

pa en bit at gangen och utnyttjar resultatet

fran additionen i foregaende position s& ser man pa bitarna i position ©

samtidigt for att bestdmma carry in.
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Carry-Lookahead logik

¢ Logik for att berdkna carry signaler

0110 X
t0011Y

ovaqQq s

X Yi X VYiq

Yi Carry-Lookahed
Logic

FA Ci
Ci J

Speciell logik for att berakna
carry signalerna
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Carry-Lookahead logic

¢ Carry-Lookahead logiken &r baserad pa tvéd funktioner
= Carry generate:

Addition i position i sdgs generera en carry om den producerar en carry=1
oberoende av X4, ¥,.q, --- Xg Yo» Co

g =x0
= Carry propagate:

Addition i position i sdgs propagera en carry om den producerar en ’

carry=1(c,1)da X, Y1, --- Xo» Yo» Co Orsakar en carry-in (C=1)

P =Xty

= Ett additionssteg genererar en carry (c;,,):

Om ingangarna (x; y;) antingen genererar en carry (g=1) eller att steget
propagerar carry-in (p=1)

Cn =& TP ¢,

1
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Exempel pa propagate och
generate funktionerna

010110 X
+ 001101 Y

. B

000100 & =x 1,
011111 pi:xi+yi

:

011100 ¢, =g, +p, e

L B

010110

/_| Addition utan carry-propagering

001101

X

Y

+011100 C
100011 S
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Utveckla uttryck for CLA-logik

* Utveckla uttrycken rekursivt
= Ta fram uttryck for ¢, ¢,, ¢c; och ¢,

¢ =gyt p, e,

C,, Gy, CzOCh C, &r
funktioner av g- och p

c,=g +plg
=g +p g, +p, )
=g tp L& +pp 4

=g tp e,
=g, *p,(g tp g+ p b L&)
=g, tp, L&+ p, b L&+ p, b, [, L,
¢, =gt p; Ly
=gt p(g +p, L&+ p, I [, + p, b, Lp, [4y)
=g, tp;, L&, +py b, [, + py D, b, [, + py [, b, Lp, L))
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12-bitars CLA Adderare [tengstatomoinatoriska

fordréjningen

XHﬂS] Y[11-8] X[7-4] Y[7-4] X[3-0] Y[:’:ﬂ]
PG PG PG
Pﬁs] G[‘fL—B] Pﬁ] G[7-4] Pﬁ] G[3-0]
C8 C4
CLA-L K CLA-L K M
X[11-8 Y[11-8] X[7-4 Y[7-4] X[3-0 Y[3-0]
H ﬂ C[11-9] H ﬂ C[7-5] ﬂ ﬂ C[3-1]
ADD ADD ADD
Sy I I
S[11-8] S[7-4] S[3-0]
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library I EEE; Ska vara med for att + ska
use | EEE. STD LOG C 1164. al | ; fungera for vektorer av std_logic

use | EEE. STD_LOG C_UNSI GNED. ALL;

entity add is
generic (
N : integer := 32);

port (
X, Y: in std_logic_vector(N1 downto 0);
S : out std_logic_vector(N1 downto 0);
Cout : out std_logic);
end add;

architecture rtl of add is
begin -- rtl
add_sub : process (X, V) . N N
variable sum: std_| ogic_vector(N downto 0); 0'&X &r medufor att + ska returnera
en summa pa N+1 bitar
begin -- process add_sub
sum:= ("0 & X) + ("0 &Y);
S <= sun(N-1 downto 0); Summan ut (S) &r de N minst

Cout <= sum(N); signifikanta bitarna
end process add; \
end rtl;

Carry-out ar den mest
signifikanta biten

(9%}
]
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Exempel pa syntes av adderare

CLA adderare
VHDL- Krav pa
beskrivning férdrojning
I/ Rippel adderare
Syntesverktyg

A Area CLA adderare

I

G_rind- Rapportfil 200 Rippel adderare
natlista ./

w
@
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Multiplikation 1 VHDL

library |EEE;

= *
use | EEE. STD LOG C 1164. al | ; / fSka Var?__mei for att S(';al ,
use | EEE. STD_LOG C_UNSI GNED. ALL; ungera for vektorer av std_logic

entity multiplikator is
generic (
N : integer := 32);

port (
X, Y: in std_logic_vector(N1 dowto 0);
P : out std_logic_vector(2*N-1 downto 0);

end mul tiplikator;

architecture rtl of nmultiplikator is

begin -- rtl
process (X v Antal bitar i produkten ar
begi n_ . process summan av antalet bitar i
P <= Xy multiplikator och multiplikand
end process;
end rtl;

Copyright Bengt Oelmann 2002 34




SLUT pa Forelasning 4

¢ Innehall
» Fordrojningar i kombinatorisk logik
= Hasard
= Kombinatoriska byggblock

e Multiplexer / Demultiplexer
e Kodare / Avkodare
e Aritmetiska funktioner
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