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Combinational Logic Implemented by Xilinx
XC4000 CLB
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O Any function of up to four variables, plus any second function of up to four
unrelated variables, plus any third function of up to three unrelated variables
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O Any single function of five variables

O Any function of four variables together with some functions of six variables

O Some functions of up to nine variables. Ty



Combinational Logic Implemented by Xilinx
XC4000 CLB

[ Why can any five-input function be implemented by a XC4000 CLB?

F(a, b, c, d, e) =asF(a=1) + a’sF(a=0)
— Both F(a=1) and F(a=0) are four-input functions

DO OOT o

heoleley

LUT 1
F(a=1)

LUT 2
F(a=0)

LUT 3

— F(a,b,c,d,e)
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Combinational Logic Implemented by Xilinx
XC4000 CLB

 Any function of four variables together with some functions of
six variables can be implemented by a single CLB

— What kind of six variable functions can be implemented with another
four variable function within a single CLB?

F(a,b,c,d,e,f) = acbeF1l + asb’sF2 + a’sbeF3 + a’<b’*F4

F1 = F(a=1, b=1): F2 = F(a=1, b=0);
F3 = F(a=0, b=1); F4 = F(a=0, b=0)

Condition: Among F1-F4, three of them are constant (e.g. F1=1, F2=F3=0)

LUT 1 |\

LUT 2

Six-variable function

LUT 3

Four-variable function
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Example: A Six-Input Majority Function

 Six-input majority function: the function output is 1 if three or more than
three inputs are 1.

F(a,b,c,d,e, )= Z M. (m, Minterm of function F)

Number of inputs Minterms
with logic 1
6 aoboCodoeof

asbecedeeef’ ashecedee’sf asheced’seef aebec’edeeef
asb’ecedecef a’ehecedecef

4 asbecedee’sf’ asheced’sgef’ ashec’edeeef’ asbh’ecedeeef’
a’ebecedecef’ asheced’se’ef ashec’edee’sf aeh’ecedee’of
a’ebecedee’sf’ ashec’ed’eeef aebh’eced’seef a’ebeced’eeef
asb’eC’edeeef’ a’ebec’edecef a’eh’ecedepef

3 asbeced’ee’sf’ ashec’edee’sf’ acb’ecedee’sf’ a’epecedee’ef’
asbec’ed’eeef’ aeh’eced’seef’ a’eheced’seef’ aeh’eC’edeeef’
a’ebeC’edecef’ a’eb’ecedeeef’ achec’ed’ee’sf aeh’eced’eg’of
a’ebeced’ee’sf aeh’eC’edee’sf’ a’eheC’edee’sf a’eh’ecedee’f
asb’eC’ed’eeef a’eheC’ed’egef aeh’eced’egef a’eb’eC’edeeef

5
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Example: A Six-Input Majority Function

F(a=1,b=1) =e+c+fec’+e’d (F1)
F(a=1,b=0) =F(a=0,b=1) = ced+eef+def+eed+fectesc (F2, F3)
F(a=0,b=0) =cedef + cedee + eefec + eefed (F4)

F = asbeF(a=1,b=1) + asb’<F(a=1,b=0) + a’<beF(a=0,b=1) + a’<b’<F(a=0,b=0)
= a*{beF(a=1,b=1) + b’eF(a=1,b=0)} + a’+{beF(a=0,b=1) + b’<F(a=0,b=0)}
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Decoding Circuits

1 2-to-4 Decoding circuit

X1°X,
Xy ¢ X1y’
X o
CLB
@ X, *X
' 1 2
X1, .X2,
CLB
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02

03

04
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1 10-to-1024 Decoding circuit

X9

Decoding Circuits

F1

F2

F3

CLB

Disadvantages

1

L F4

1 F5

1 CLB

F1= X4ex5ex6eX 7
F2= X0eX1ex2ex3
F3= X8eF1eF2
FA= X9F3
F5=x9’«F3

— It needs 1024 CLBs; expensive to implement.
— It is a two level implementation, resulting large delay.

CD1023

O1022

7-8



Dedicated Decoding Circuits in Xilinx FPGAs

O Four dedicated programmable decoding circuits are included in

Xilinx FPAGS.

 The number of decoder inputs ranges from 42 to 132 for

different devices.

1 The decoding circuits use wired-AND gate structures (like the

AND plane in PAL).

111y sz‘%
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Combinational Logic implemented by Actel ACT1

 Example
—o i 0 .Y, i
— | A |
i 0 AR Y i 07 Y
i 1. B~ ! 1
ﬁ—OJ 1 C— 50] 1
—1 ' A—1 |
B

s Y=AsB+C = C+(AB) + C’+0 i
*E ) | = Ce(B *A+B’+0) + C’+0 C —~§ )

________________________________________

Actel ACT1 Cell 3-input AND gate implementation
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Combinational Logic implemented by Actel ACT1

1 For a general three-input function

F(a, b, c) = a*F(a=1) + a’*F(a=0)
= as(beF(a=1,b=1) + b’eF(a=1,b=0)) + a’+(beF(a=0 b=1) + b’<F(a=0,b=0))

F(a=0,b=0) ——0 |

F(a=0,b=1) —-—1} | Note: F(a=1,b=1), F(a=1,b=0),
b— [ B F(a=0,b=1) and F(a=0,b=0)

F(a=1,b=0) —_ﬁ? 1 § must be one of the the

F(a=1b=1) —L § following values: ¢, ¢c’, 0, 1
b— ’

____________________

L If for every variable its complement is also available, any three-input combinational

function can be implemented by a single ACT cell.
O Some functions with inputs up to eight can be implemented by a single ACT1 cell.
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Example: A Six-Input Majority Function

 Six-input majority function: the function output is 1 if three or more than
three inputs are 1.

F(a=1,b=1,c=1)=1 (F1)
F(a=1,b=1,c=0) = F(a=1,b=0,c=1) =F(a=0,b=1,c=1) = e+f+d (F2,F3,F4)
F(a=1,b=0,c=0) =F(a=0,b=1,c=0) = F(a=0,b=0,c=1) = eef+def+ed (F5,F6,F7)
F(a=0,b=0,c=0) = eefed (F8)

F = abcF1 + abc’F2 + ab’cF3 + a’bcF4 + ab’c’F5 + a’bc’F6 + a’b’cF7 + a’b’c’F8

= ab(cF1+c’F2) + ab’(cF3+c’F5) + a’b(cF4+c’F6) + a’b’(cF7+c’F8)

Fl F2 FS F4
= a(bFL + b’F2) + &’ (bF3 + b’F4)
%{_J \ﬂ_j
H1 H2
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Example: A Six-Input Majority Function
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Decoding Circuits

O 4-to-16 Decoding circuit

____________________

$ AR
0—1 i

. ’ 07 |
1

____________________

°®
°®

: It needs 16 ACT1 cells
aa’ bb’ccdd’ ¢

1 Decoder circuits with more than four inputs need multi-level

Implementation.
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J A 10-t0-1024 decoder needs

Decoding Circuits

It needs 1070 ACT1 cells

cell

X0

x0’

N,
-

" 4-t016 .

XO~X3 :: °

° .

. [ )

0 4 .

x4~x7 —| 4-t016 - .
X9" x8~X9_| 2.t0-4

cell ) >
levell level2

X9 level3

Q Actel FPGAs also use dedicated decoding circuits.
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Speed Considerations

O For a combinational circuit implemented by a single memory block, its delay
depends on neither the function type nor the input transition patterns.

Memory[—*

U For a combinational circuit implemented by mux-based FPGAs, its delay
normally depends on the function type and the input transition patterns.

________________________________________

T3 15 — The delay of F, is smaller
1 i 11 5 than that of F,
1 h 0 h — For F,, d1 isthe output delay
i 10 = 1)
—0 -1 =
TF
L]

i when inputs switch from
. F,=ab a=1 and b=1 to a=0 and b=1;

d2 is the delay when inputs

0 b switch from a=1 and b=1to
a—|i:) | a—|_i—_> ; a=1 and b=0.
d2>d1

Assume the delay of OR gate is smaller than that of MUX 7-16



Speed Considerations

1 To reduce propagation delay, always place signals which arrive late
close to the output.

Bad
Good
a___
c — 1 »|LUT1 1 c —1»|LUT1 ‘L
g —r LuT2 3 1 LuT2 >

________________________________________

________________________________________

Signal a always arrives late 7-17



Other Considerations

O Always try to balance signal paths to avoid glitches

a— CLB " CLB | cLB Y
b : .
If possible, change circuit
implementation into the
following style
N g3y
q —{ CLB
' CLB >y
b » CLB
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