| ECE 465 6.6 — Some additional examples

Lecture Goal

661 | Some additional

e This lecture presents some additional

examples examples of combinational synthesis,

exploiting the design  methodologies
presented in lectures 6.4-6.5
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Prerequisites Homework
e Lectures 6.4 and 6.5 ¢ Students are warmly encouraged to solve the

proposed exercises

Further readings Outline

¢ No particular suggestion ¢ Address decoder
¢ “l gieug d’ la mora” (the “morra” game)
¢ Keyboard encoder
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Address decoder

Design a device to be connected to a 12-bits
address bus A[11:0], whose output U is asserted

whenever:
03F < A[11:0] < 800
RT level solution
03F < A[11:0] < 800
A[11:0]
RT level solution
03F < A[11:0] < 800
A[11:0]
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RT level solution

03F < A[11:0] < 800

RT level solution

03F < A[11:0] < 800
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03F < A[11:0] < 800
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RT level solution
03F < A[11:0] < 800

A[11:0]

A 4

03F 12 bits 12 bits 800
‘ v v ‘

< <
03F < A[11:0] | | A[11:0] < 800

Logic level solution

03F < A[11:0] < 800 is equivalent to:
040 < A[11:0] < 7FF and thereof:
0000 0100 0000 < A[11:0] <0111 1111 1111

Outline

¢ Address decoder
¢ “| gieug d’ la mora” (The “morra” game)
o Keyboard encoder

Logic level solution

03F < A[11:0] < 800 is equivalent to:
040 < A[11:0] < 7FF and thereof:
0000 0100 0000 < A[11:0] <0111 1111 1111

Logic level solution (contaq)

.i 12

ol

0l-= —--= —--- 1
0-1- ==-= —=-- 1
0--1 —--m —--- 1
0--= 1-=-= —--- 1
0-=-= =1-= —=-- 1

The “morra” game g %

We have to design a circuit capable of detecting
the winners in the “morra” play.

Such a play involves 2 players. Each player
provides:

¢ A number in the range 0-5, called PLAY
¢ A number in the range 0-10, called TOT
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The “morra” game g %

The circuits has 2 outputs WIN1 and WIN2, which
are asserted when the player 1 or 2 is winning,
respectively:

PLAY1
TOT1 WIN1
PLAY2 WIN2
TOT2

@

Solution

e WIN1 =1 iff TOT1 = PLAY1 + PLAY2

o WIN2 =1 iff TOT2 = PLAY1 + PLAY2

Outline

¢ Address decoder
¢ “| gieug d’ la mora” (the “morra” game)
= Keyboard encoder

The “morra” game g %

Each player aims at guessing the value:
PLAY1+PLAY2.
Thus:
o if TOT1=PLAY1+PLAY2, player 1 wins
o if TOT2=PLAY1+PLAY2, player 2 wins

e WIN1 =1 iff TOT1 = PLAY1 + PLAY2
e WIN2 =1 iff TOT2 = PLAY1 + PLAY2

@

PLAY1 PLAY2

(o][x](2[[3]
[4][5](el[7]

[ Keyboard encoder } Bl

123
4156 7
9l | * | #
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[ol]z1E] [ol]z1E]
[4](5][el[7] [4](5][el[7]
Keyboard encoder N Keyboard encoder N
The decoder get in input: The decoder provides:
¢ 3 signals R;...R;, one for each key row e An output VALID, asserted whenever one
« 4 signals C,...C, one for each key column (and just one) key is pressed
Each signal is asserted whenever a key belonging * An encoding, on 4 bits, of the pressed key
to the corresponding row (or column) is pressed (* and # are coded as 10 and 11, respectively).

OIREE] . OIREE]
@ElElE Solution #1 — DRG]
Keyboard encoder el Implementation by a ROM ==IC4
R
lof[1][2][s] |
[4][s][e] c
[o][*1[*] R > VALID
v 7 o
5
c _ VALID 7 X cone
" Keyboard I
encoder CODE s >

, CIREE] GBI
Solution #1 - e Solution #2 - e
Implementation by a ROM Implementation by
Espresso
C
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17 .17

.05 .05
000 ---- 0 ----
--- 0000 0 ----

17 [of[x]2][3] 17 [o][x]2][3]
o5 alslelz) o5 alislelz)
(8][ol*1[#] (8][ol*1[#]
000 ---- 0 ---- 000 ---- 0 ----
--- 0000 0 ---- --- 0000 0 ----
11- ——== 0 ---- 11- ——== 0 ----
-11 ---- 0 ---- -11 ---- 0 ----
1-1 -—== 0 ---- 1-1 ——== 0 ----
——- 11-- 0 ----
——- 1-1- 0 ----
——-1--1 0 ----
——- -11- 0 ----
——- -1-1 0 ----
----- 11 0 ----

.17 [o][1][2][3] [o][x][2][3]
.05 001 0001 1 0000 |[lEl6l7] - [@ElEl]
001 0010 1 ooo1 [|[BIEICIE -1 : BlEIFIF
000 -=-= 0 ---- 001 0100 1 0010 ': 2
-—- 0000 0 ---- 001 1000 1 0011 P 1 10000
11 0 010 0001 1 0100 0010100 10010
10010 10001
-11 -=-= 0 ---- 010 0010 1 0101 ggoggog 12280
1-1 -=== 0 ---- 010 0100 1 0110 oo Tilen
o 010 1000 1 0111 Sooa0ns Toade
1-1- 0 100 0001 1 1000 1000100 11010
100100 1011
= 1--1 0 ---- 100 0010 1 1001 goggogg 12002
-—= -11- 0 ---- 100 0100 1 1010 ooeTe Toros
-— -1;1 g ———— 100 1000 1 1011 o000 13001
0101000 10111
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(o][x](2[[3]

Solution #3 -
RT level implementation

Let’s design the portion related to the generation
of the VALID output first.

)

[4][5](el[7]
(8][o0(*T[#]

.y
[o][x][2][3]
[a]l[5][e][7]
[8l[al[*1[#]
CIRIEIE]
[4][s][e][7]
BRI
4 3
C R
v A 4
Just a “1” Just a “1”
DVAUD
.y @
[o][xl[2][3]
[a]l[5][e][7]
[8l[al[*1[*]
3
R
Just a “1”
‘ R1 R2
R, 00 01 11 10
0| o 1 1
11| o 0
e )

(o][x](2[[3]
[2][5](el[7]

Solution #3 — BB

RT level implementation

Let’s design the portion related to the generation
of the VALID output first.

VALID=1 iff:
e justaionC,,C,C;C, &
e justalonR;, R, R,

m—

(8]
[o][x][2][3]
[a][5][e][7]
BIEIF]#]
4
(¢}
Just a*1” cc,
| CsC, \ 00 01 11 10
000 |1 01
01/1 0| 00
110 /0, 0|0
101 |0, 0|0
— o) w—

(o][x](2[[3]
[4][5](el[7]
(8][o0(*T[#]

Let’'s now target the generation of the

CODE output.
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Let’'s now target the generation of the
CODE output.

(o][x](2[[3]
[4][5](el[7]
(8][o0(*T[#]

0000 || | 0001 0010|| | 0011
0100 || |0101 0110 || | 0111
1000 1001 1010 || | 1011
—es] g
[ol[x][=1(3]
(4][s][e][7]
Let’'s now target the generation of the (STeN=]#]
CODE output.
0000 || | 0001 0010 || | 0011 || mpp g —
0100 || |0101 0110 || | 0111 || = 01— —
1000 1001 1010 || | 1011 || = 10- —
--00 --01 --10 --11
—es] w—
[ol[x](=1(8]
(4][s][e][7]
Optimization BIESE]

The row encoder behaves as follows:

R, R, R; | outputs
0 0 1 00
0 1 0 01
1 0 0 10

In can thus be avoided by resorting to the

following connection:

e8]

oV

(o][x](2[[3]
(4][s][e][7]
Let’'s now target the generation of the (STeN=]#]
CODE output.
0000 || | 0001 0010 || | 0011 || mpp g —
0100 || |0101 0110 || |0111 || = 01— —
1000 1001 1010 || | 1011 || = 10- —
(o][x](2[[3]
(4][s][e][7]
(8][o0(*T[#]
[e][2][2][=]]
[]e] o]z [l
[e][e][= ][+
4 3
c 0
v ‘ v
Encoder Encoder
4—2 4—-2
‘ \_7\—2#73;00["5
U
(o][x](2[[3]
(4][s][e][7]
(8][o0(*T[#]
[e][2][2][=]]
alfs]e]lz] i
CIRIEE o P
4
Cc
v
Encoder
4—2
% coe
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