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* 0.55-um CMOS standard-cell technology

u| = X} M HALXL

37| nand | xor >, >4 = +1, +14 +a +4 MUX
8 8 22 25 68 26 27 33 51 118 21
16 16 44 52 102 51 55 73 101 265 42
32 32 85 105 211 102 113 153 203 437 85
64 64 171 212 398 204 227 313 405 755 171
8 0.1 0.4 4.0 1.9 1.0 2.4 1.5 4.2 3.2 0.3
16 0.1 0.4 8.6 3.7 1.7 5.5 3.3 8.2 5.5 0.3
32 0.1 0.4 17.6 6.7 1.8 11.6 7.5 16.2 111 0.3
64 0.1 0.4 35.7 | 143 2.2 240 | 157 | 32.2 | 229 0.3

J \\

Area

(gate count)

Delay
(ns)
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= 32 37| =
= Mt X|A A|ZH(propagation delay time) 2L = U S
S
if (s == 1)
E=a+b a M| srcO
else
f=c+ d % C X
if (s == 1) begin
srcO0 = ay; )
a S srcl = b; S (3- f
end
b M else begin b w
U f srcO0 = c;
C o crel = g, d x | srcl
end
d Area =123 . Area =93
assign f = srcO + srcl;

Delay = 4.5 ns Delay = 4.5 ns
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if (s == 1)

]
(-
=N

f =a + b; srcO = a; srcl = b; gr?a :_1jg
else if (s == end elay = 4.6 ns
f=a+ c; else if (s == ”) begin
else srcO = a; srcl = c; a
f=d4+ ¢e; end
else begin M
Area = 195 srcO = d; srcl = e; U
Delay = 4.8 ns end d X
a assign f = srcO + srcl;
+ b
b-—— S ==
S == C :;]
U
M
d U X
e S ==

2024. 03. 18.

if (s == 1) begin

&, .
TT (operator sharing)




case (s) case (s)
f=a+ b; : begin S
. £f=a + ¢c; E> srcO = a; srcl = b;
default: £f = d + e; end
endcase : begin a 00
srcO = a; srcl = c;
end 01
default: begin d 10
a S srcO = d; srcl = e; 11
end
b \I\ endcase /
] 00
01 assign f = srcO + srcl;
f b —
10 - 82
C 11
d / e 10
: Area =216 A 114 1L
= rea =
€ Delay = 4.8 ns Delay = 4.8 ns /

2l O
O A} "°_1T(operator sharing)

e L.
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g ﬂ- _IO_'IT(Operator sharing)

= 4-t0-1 MUX2| area ¥ delay Al 4?2

2-t0-1 MUX
s[1] s[O] f

S[0] s[1]
0 : 0 In1l
0 P in2: |- _
PP PEPES F— inl ——M
1 : 0 N3 : .~ o U
- > INZ =——i
M
U f
4 X
in3 M
s[1] f U
0 MUX19| =& n4 =X
Area = 3xarea
1 MUX29°| == Delay=2><dela';/|;hi,(ux
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(operator sharing)

ire
>
| Okl
40

if s begin if s begin S
x =a + b; src0 = a; I
y = 07 |:> srcl = b; a
end X = sum; M M
else begin y = 0; U 1 UrrT X
x = 1; end C X X
y =c + d; else begin
end s srcO0 = c; <+>
iril =& b —™m 0 M
1 M y = sum; v v y
d X X
a U b—~— X end
X
assign sum = src(O0 + srcl; Area = 135
b Delay = 4.8 ns
O M --------------------------------------------------------------------------------
U y * . *
C 4 O - 11 O ol il (0 =]
X O] A2 M S S ER Qs!
=T P
d Delay = 4.5 ns
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%l'—l— "o—-n-(function sharing)

» HSH7|Q] carry HIE & &

*©

ail a6 a5 a4 a3 a2 al a0l 1 {a, 1'b1}
+
b7 b6 b5 b4 b3 b2 bl bO|] O 8
O
24 0 1
A 0 Jo
a+b d

+

~b7 ~b6 ~b5 ~b4 ~b3 ~b2 ~bl ~bO] 1

g 1 0.
a+ (~b) +1 V Xl_E

-

S
M |
= U
= ﬂ
LSBE AtE
M |
U
J

0‘.‘
arf a6 ab a4 a3 a2 al a0| 1
0‘.‘
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Full comparator

» 28X QI full comparator

= 2 AARL

=L O I chaot A7)

8 25 68 26 ) aSSign gt = (a > b) ? : ’
assign 1t = (a < b) ? : ;

16 | 52 | 102 | 51 Area assign eq = (a ==b) ? 1 : 0;

32 105 211 102 (gate count)

64 212 398 204

< X0l A
8 4.0 1.9 1.0
assign gt = (a > Db) ? 1 : 0;
16 8.6 3.7 1.7 . Delay ass:?.gn eqg = (a == Db) ? . ;
32 17.6 6.7 1.8 (ns) assign 1t = ~(gt | eq);

64 35.7 14.3 2.2

2024. 03. 18. .



Barrel shifter

= 7|2 A|ZE AMX} (5, <<, >>>, <<<)
= Rotation 275

= Barrel A|ZE
= Rotation 7}
= UEH ZE
= 2= in 9 shamt(A|ZE 2
= =3 out
= & R
= shamtl| H|E A 7|0 I}2f A|ZE HHAHZ L=
= 0f|: 3-bit shamt = shamt[2]*22 + shamt[1]*2* + shamt[0]*2°
— A B A|ZE SFX| REALE 1H[E(20) A|ZE
CEA A|ZE SHX| AL 2H|E(2Y) A|ZE
CEA A|ZE SHX| REALE4H|E(22) A|ZE

2 N
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Barrel shifter

m 1 C i 8
= in ——
: . 8 M
{in[O], In[7:1]} —— U M] g
. X g |U out
mod?le barre%_sh}fter( . - X
input [7:0] in, {t0[1:0], tO[7:2]} 3
input [2:0] shamt, :
output [7:0] out §
)i shamt[0] shamt[1]: shamt[2]
wire [/:0] tO, tl; {t1[3:0], t1[7:4]}
assign t0 = shamt[0] ? {in[0], in[7:11} : in; // 1lst stage
assign tl = shamt[1] ? {tO0[1:0], tO[7:2]1} : t0; // 2nd stage
assign out = shamt[2] ? {t2[3:0], tl[7:4]1} : tl; // 3rd stage
endmodule
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/-segment LED decoder

module sseg decoder (

input [3:0] num,
input dp,
output reg [/:0] sseg

);

always @* begin
case (num)
4'd0: sseg[6:0] = 7'b111 1110;
4'dl: sseg[6:0] 7'011 0000;
4'd2: sseg[6:0] 7'110 1101;
4'd3: sseg[6:0] 7'111 1001;
4'd4: sseg[6:0] 7'011 0011;
4'd5: sseg[6:0] 7'101 1011;
4'd6: sseg[6:0] 7'p101 1111;
4'd7: sseg[6:0] = 7'b111 0000;
4'd8: sseg[6:0] = 7'b111 1111;
default: sseg[6:0] = 7'blll 1011; // 47d9
endcase
sseg[/] = dp;
end

endmodule
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assign f = a0 xor al xor aZ xor a3 xXor
a4 xor a5 xor a6t xor a’;

Delay = 0.7 ns
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= Of: xor 2|2

assign f = a0 xor al xor aZ xor a3 xor

a0 & a4 xor ab xor a6 xor a’/;
al assign f = ((a0 xor al) xor (a2 xor a3)) xor
((a4 xor ab) xor (a6 xor a’));

a2

a3

f
a4
ab
Delay = 0.3 ns
ab
ar
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of| O] O #let &

L

= Of: 4-to-2 priority encoder

in code
Ixxx 11
01xx 10 2’b00

001x 01 2’601
0001 00

»

~N

TN
A XC=Z
N

N

2’b10 —

A XCZ
N

module pri encoder (
input [3:0] in, 5
output [1:0] code 2’b11 Z

7/

code

xXCc<L

)

assign code = (in[3]) ?

(ol ) in[1] in[2] in[3]

endmodule
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21t

h
G| 8-to-3 priority encoder
module pri encoder83( , 3
input [7/:0] in, 3b000+|\£
output [ s ] code 3!b001 3‘ X
) M
S Ul Delay 7{&!!
assign code = (in[7]) ? 3’b010 o X
(in[6]) 2 A
(in[5]) 2
(in[4]) ? E
(in[31) ? M| 3
(in[2]) 2 3 U code
(in[11) 7 3’b111 —# X
endmodule in[1] in[2] in[7]
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of| 0] Ot et 24|

= 0f|: 4-to-2 priority encoderZ 8-to-3 priority encoder

n code n code 4-10-2 priority encoder
IXXX XXXX 111 IXXX XXXX 111 . 9O gl 1 in[7:4]
OLXX XXXX 110 O1XX XXXX 110 o %Eﬁ code[2] — |in[7:4]
001X XXXX 101 001X XXXX 101
0001 xxxx 100 I:> 0001 xxxx 100 4-t0-2 priority encoder
0000 1xxx 011 0000 1xxx 011 - 2= in[3:0]
0000 01xx | 010 0000 01xx | 010 - =8 code[2] = |in[3:0]
0000 001x 001 0000 001x 001
0000 0001 000 0000 0001 000 2-to-1 MUX
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= 0f|: 4-to-2 priority encoderZ 8-to-3 priority encoder

4-t0-2
priority encoder

lin[7:4]

~N

2

) 8 4
In /I . II
in[7:4]
4
in[3:0]
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4-t0-2
priority encoder

M
U
X

4

tmp

L
4

code = {|in[7:4], tmp}

21



O Olol Al I
o O] OrR Fiok =4
= 0f|: 4-to-2 priority encoderZ 8-to-3 priority encoder

module pri encoder83(
input [7/:0] in,
output [2:0] code
) ;

wire [1:0] codel, code2, tmp;

pri encoder4?2 ul(.in(in[7:4]), .code(codel))
pri encoder42 u2(.in(in[3:0]), .code(code2)) ;
assign tmp = (|in[7:4]) ? codel : codeZ;
assign code = {|in[7/:4], tmp};

endmodule
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