[Lecture 9 ]

= Demultiplexers

= Programmable Logic Devices
o Programmable logic array (PLA)
o Programmable array logic (PAL)

[Switching networks logic bIocks]

= Multiplexer (MUX) ]
o Routes one of many inputs — —
to a single output |

o Also called a selector [ ]CO

ntrol

= Demultiplexer (DEMUX)

o Routes a single input to one
of many outputs

o Also called a decoder ]

[Logic sharing example ]
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Computes the output
value selected by the
control inputs

[Demultiplexers ]

= Basic concept

o Single data input; n control inputs
(“selects”); 2" outputs

o Single input connects to one of 2" outputs

o “Selects” decide which output is
connected to the input

[Demultiplexers ]

= The input is called an “enable” (G)

1:2 Decoder:

0l— outd =G+ S Outd = G+ S2'« S1'« SO’
%—» Outl =G+ S Outl =Ge S2'+S1'+ S0
28 3 Out2 =Ge S2'+S1 « SO'
G—-D- i .4 Decoder Out3=Ge S2'+S1 « S0
emux —2:4 Decoder: Out4 =G+ S2 +S1'-S0'
2 OutD =G+ S1's+ SO’ s =Gy o aopt
6 . Outs =G+ S2 +S1'+ S0
5 Outl =G+ S1'+ S0 —G+S2 +51 +S0"
[ Out6 =G+ S2 +S1 + S0
S|251S(|J Out2 =G+ S1 «S0' OUT = Ge S2 + 91 » 30
Out3=Ge S1 +S0
A B C

[Demultiplexers: Implemtation ]
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Demultiplexer as logic block

Demultiplexer as logic block

F1=ABCD + AB'CD + ABCD

= An:2"demux can ol amc
implement any function of 1 ABC F2=ABCD'+ ABC 0 faBCD
n variables 1—] 38 3—ABC F3 = (A'+B'+C'+D") 2 —'A'B'CD'_I_tD‘ F1
. Demux & — ABC 3 L ,ABCD
o Use variables as select % 4 [ABCD
inputs o o1 gh— PBC § [TABCD
7 A'BCD
. . . _ 4:16 —> ARtein
Tie enable input t.o logic 1 !5 (|: Enable = 1—1 A5, 8 [JABCD -:D_FZ
Sum the appropriate 10 [ AB'CD'
- ) 11 —AB'CD
minterms (extra OR gate) demultiplexer “decodes” 12 —ABCD'
appropriate minterms 13rAscd |
from the control signals 15 —ABCD ——!>o— F3
[TT1
7 ABCD 8
Cascading demultiplexers Programmable logic
O ABCDE' o
. 2t L A'BCDE' : i
= 5:32 demux . I | 18 2[—ABCDE = Concept: Large array of uncommitted AND/OR
Demux  [— Demux 34— gates (actually NAND/NOR gates)
e g You program the array by making or breaking connections
5 S1 S7 I s1s0[ = Programmable block for sum-of-products logic
2:4 1 o o o
F—| Demux 2
5150 3 inputs
] e o AB'CDE'
A B 2 — 22—
38 3[— L. 38 3— AND OR
Demux é — Demux é: array product array
6 — 6 terms
s251 b AEPE gy o of [ ABCRE
[ ] T outputs
C D E C D E 9 L 10
All two-level functions available Example
FO=A +B'C
= You "program" the wire connections A B C F1=AC' + AB
F2 = B'C' + AB
X‘?ﬁ;:‘; This is a 3-input, 5-term, ‘? XI;Y? F3=BC+A
| 4-function programmable \AB
= D; logic array (PLA). FJBIC
— Conmections (fuse -
=1 ) onnections ("fuse") are —AC
= designed to break down Y
~ ; _ BC
=1 ) under high current =)
]‘h\ After analyzing Boolean 1L/A
H:‘}—J equations, software Ll L
) determines which fuses
e WRTL *Kj‘ﬁ\\jLWj should be blown. SN ) G ) G
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Short-hand notation

PLA example

Think of as a memory-address decoder

. . . . F1=ABC 010 Me bits
Draw multiple wires as a single wire or bus ABC emory o
W muitip . 9 F2=A+B+C LY T
x signifies a connection F3= AR C D ABC
) .
Before Programming After Programming FA=A"+B' +C' - % o Lilo L b :25
T ARSR F5=Axor B xor C = ABC
™ D AB =
= = . ABClFIR2F3F4F5 L) ABC
L) L) AB 000[{00 110 D; ABC
o 001[01 01 1 — .
= = . 010{01011 L/ ABC
(I () ¢ 011/01 010 D ABC
10001011
VAVAVAY VAVAVAY IR VAVAVLY;
FO=AB +AB' 11001010
Fl:CD':C'D FO F1 13 111/1 100 1 F1 F2 F3 F4 F5 14
PLAs versus PALs Example: BCD to Gray code
1, - A B C DIW X Y 7 CDABOO 01 11A10 CDABOO 01 11A10
We've been looking at Avavavav: — 00 0 00 0 0 0 od_of of[XfT] oo o [0
PLAS L gy oy oot of_of [Ef[x] 1] 010|1__>do\D
o Fully programmable L A S S I T 11 ol [l X ufofo x]x|
19 o| Llld] x 10[ 00 [x]x
AND/OR arrays L/ FARE S S S S SO S — —
Programmable array — 0 1 1 1f1 0 11 Kemap forW femep forX
i L) 1 0 0 11 0 0 0 A
logic (PAL) B 1 0 1 00X X X X 300 0171 10 B0 o1 TIT
o Programmable AND array D) Lo 1o gx xo x X oo 0] 1X o ool 0o [ [u]
o OR array is prewired = 110 1gx o x X X oo X0 ‘ otflo[x]o §,
11 1 0|XxX X X X 1 {fr [{]x] 1o [x]x |l
Cheaper and faster than 11 1 1 ([X X X X C10 |1 X| q o K
PLAS L .
K-map for Y K-map for Z
15 16
.. .. ABCD
Wiring a PLA Wiring a PAL 5 —
L/
ABCD
Minimized functions: D Minimized functions: B
W=A+BC+BD D W =A+BC+ BD L
X =BC [ X =BC =
)
Y =B+C = Y =B+C
Z =AB'CD + BCD B Z = A'B'CD + BCD =
+ AD' + B'CD' ) + AD' + B'CD’
L >
B Fine example for the use of PAL
= (because no shared AND terms)
VIVIVIY
Many AND gates wasted, but —
still faster and cheaper than PLA vvwv
WX Y Z 17 WX Y Z




Implementation comparison

PLA:

= No shared logic terms
in this example

= 10 decoded functions
(10 AND gates)

= Example is a good
candidate for PALSs:
o 10 of 16 possible inputs
are decoded
o No sharing among AND
terms

PAL:

= Zrequires 4 product
terms

= Need a PAL that
handles 4 product
terms for each output

= 16 decoded functions
(16 AND gates)

= 6 unused AND gates
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