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Unit 1 Introduction to the DE(Q, DE1., or DE2 Development & Education Board

Project: Intro2DEDO, Intro2DE1, or Intro2DE2

S50MHz
CLK_ON
SEL[1]
SEL[0]

CLOCK

1.3

Logic Switches

Board
# switches

DEO
10

DEI
10

DE2
18

Logic Switch
SW1

LEDG1
(on/off)

Logic level
(high/low)

Voltage at
connector pin

Down

Off

Low

~0V

Up

On

High

~3.3V




1.4

1.5

1.6

1.7

LEDs
LED label Color DEO DE1 DE2
LEDR Red 0 10 18
LEDG Green 10 8 9
Pushbuttons — Normally High
Board DEO DE1 DE2
Pushbutton 3 4 4
Pushbutton | LEDG2 | LEDG3
#1 (on/off) | (on/off)
Normal On Off
Pressed Off On
Clock
CLK_ON (SW9) 1 1 1 0
SEL[1..0] (SW8, SW7) 00 01 10 XX
freqeo 0.5Hz 5Hz 25 Hz 50 Hz 0 Hz
Simple logic circuits
A B w X Y Z
(SW3) | (SW2) (LEDG4) (LEDG5) (LEDG6) (LEDG7)
0 0 0 1 0 0
0 1 1 0 1 0
1 0 0 1 1 0
1 1 1 0 1 1
W =R X =B Y = A +B = A B




Unit 2 Testing Combinational Logic Circuits Using DE(O, DE1, or DE2 Boards
Project: Lab2DEOQO, Lab2DE1, or Lab2DE2

Lab2_1 Lab2select
e I — A X Xin Xout e — N
B_sWo ——— B Y Yin Yout —
z Zin Zout SANRUL [ £.G2
T Tin Tout e —
Jin Jout SR J_G7
inst3 Kin Kout ———— > K_GE
Vin Vout SR V 64
......................................... Wi W QUTEUT [ W G5
{apa™ nln. Wout
project_select
A J inst
B K
v
W
instt
SDTO,E\":(_EE'E-:I_S'\‘VS Co—ad—
A C—
— Gz
) ) o O
s C—o—t — NSt
NSt
P——
) e Y
nstd .
—
| — R 7
nstil
OR3
1 . QUTBUT
o m—
instf




BT
C——

OR2

:

OR2
_\-.\
)
inst1

ey HD Y

QT "W

- QUTRUT M Yout

 OUTPUT M Zout

 QUTRUT  — Tout

NEUT
[———
e
Bo)
Eé;
NANDZ
NoRz
|n5t12 .........
F—
= —— [
mnst
ANC2
=D
Yo —— :
inst11
AND2Z
=D
{2n C—o—t L
insti2 -
AND2Z
=D
T NEUT
{Tin C——
AND2Z
-—
o —— :
inst13 s
AND2Z
-—
{ Kin C——5L -
nst14
ANC2Z
-—
H NEUT
{ Vin C_——5
| Win ——
net18
moore
H X NEUT
Epro;e<:t_s‘ele<:t — -~

 OUTEUT M Jout

_Q-JB-J_D Kout

— QUTEUT s Vout

inetd 7
AND2
D_% Wout




2.1

2.2

Simple circuits

X =A+AB=A Y = A B = A +

7 =A (A + B) =AB T=AB+AB+“AB =
AlBlT [z [ Y [ x[ ol ][w]/V
0 0 0 0 0 0 0 1 1 1
0 1 1 0 1 0 1 0 0 1
1 0 1 0 1 1 1 0 0 1
1 1 1 1 1 1 0 1 0 0

More circuit functions

V = A B W =2 +

J=AB+AB=2A®B =AB+AB




Unit 3 Schematic Capture & Analysis of Combinational Logic Circuits

3.1  Example 3-1 (see Lab Manual Example 3-1 & Quartus Tutorial 1 — Schematic)

3.2 Equivalent circuits

(a) vV o= W? true

Vv =A (B + C)

=
Il

A C+ A B
(b) X = Y? true

X =AB+AB+AC

Y=AB+AB+BC
A B C v W X Y
0 0 0 0 0 1 1
0 0 1 0 0 1 1
0 1 0 0 0 0 0
0 1 1 0 0 0 0
1 0 0 0 0 0 0
1 0 1 1 1 1 1
1 1 0 1 1 1 1
1 1 1 1 1 1 1
3.3  DeMorgan’s theorem
(a) pl = p2 = p3? true
plzgg p2=55 p3 = a + b
(b) ql = g2 = g3? true
q1:g+5 q2:g+g g3 = ab

=l Il K=l Kl BV
R|lolr|olo

o|lolo|r|v
oflr| | +—]|a




34 2-bit adder

0ps 20us 40us 6.0us 8.0us 100us 120us 140us 16.0 u4
Name [gps
i
>0 | @A 00 b4 01 e 10 i i
1 tm J
2 AD | [ |
>3 | @8 T00 01 10 W1 W00 01 W 0 W 1 W 00 W 01 W 0 W i1} 00 01 ) 0 i1
>4 0o . - '}
w5 BO [ | J ] [ ] ] | J | J | J | |
o6 | B@s 7000 ¥ 001 % 010 ¥ 011 ¥ 001 ¥ 010 % 011 % 100 ¥ 010 ¥ 011 % 100 ¥ 101 ¥ 011 ¥ 100 ¥ 101 ¥ 110
7 s2 1 J
w8 st | | | I— | — |
o9 S0 [ | | | | _ I




Unit 4 Design and Simulation of Combinational Circuits

4.1  Majority vote (see Lab Manual Example 4-1 & Quartus Tutorial 2 — Simulation)
Value at ps 1.0us 20us 3.0us 40us 5.0us 6.0us 70us 8.0 u4
Name | 416ans |/11675ns
4

-0 a BO |

1 b BO J | |

2 c BO | |

o3 v BO L
4.2  Two-input multiplexer

Rl R|lololololn
Rl |lo|lolr|r|lolol
—lo|lr|o|lr|o|lr|olw
—lo|lr|o|lr|r|lo|lolx

SAB+SAB+SABGY+SARB

ps 1.0us 20us 30us 40us 50us 6.0us 7.0us 8.0 u4
N Value at 1 1 1 1 1 1 1
ame 1155 ns ]1.55 ns
0 s BO J
1 a BO J | |
2 b BO
o3 y BO J _I |—|




Non-BCD input

4.3

GT9

ABCD+ABCD+ABCD M+“ABCD

GT9

+ ABCD+ABCD

16.0ug

14.0us

ps
11.55ns

Value at
11.55ns

Name

BO
BO
BO
BO
BO

at9

-0

2

>3

fo 24




e :

Two-bit comparator

4.4

EQ

BO

Bl

A0

Al

A1 AQ0 Bl BO + A1l A0 B1 BO + A1 A0 Bl BO + Al A0 Bl BO

EQ

10



ps 20us 40us 6.0us 80us 100us 12.0us 140us 16.0 u4
Name Value at ! ! 1 ! !
11.55ns }155”5

0 Al BO J
1 AD BO | | |
2 B1 BO | |
3 B0 BO I [ [ | | [ [ |
P 22 EQ B1 [ |

11



4.5  Binary number detector
YO = G B A Yl = G B A
Value at ps 1 Q us Z.Q us 3.Q us 4.Q us 5.Q us G.Q us 7.Q us 8.0 u4
Name | 1155ns |[1155ns
f

0 G BO |
1 B BO | 1 |
2 A BO ] —— e
o3 Y0 BO |
o4 Y1 BO I
o5 Y2 BO e
6 Y3 BO —

12



4.6

Alarm circuit

aall

=l Bl el Bl el Rl Bl el K=l K@) H @) [ ol fol o) ol Fo) |
= Bl Hanll Hand K@) H @&l ol Re) N eul Bl Bl Bl fol ol Ho) Nl Rav)
=l Bl K=l Hel ol Bl Hol ol sl Bl ol ol Bl Bl Ho) Neol ey

=l K=l Ll Kol Nl Fol i ol Nol il Nel Bl Nl Bosl Neol Bl Nl Nl

Pl elolr|lolr|r|lolo|lo|lo|o|of &

=
|
o |

TPFL+TPFL

L+TPFL

Name

Value at
Ops

0ps 20us

80us

10.0us

120us

140us

16.0 u%

-0

1

2

>3

o»4

b SR e 1 B = B

BO
BO
BO
BO
BO

0ps
i

13




14



4.7

Elevator control

Pl e e o]lololo|o|lo|o|of &
Pl |lololololr| | r|lololo|lo|w
Rlelololr|r|lololr| ool |r|lolola
Rlo|lr|olr|o|r|olr|olr|o|r|olr|lolo
Plelrlolrlolololr|olololo|lo|o|lolH

= ABCD+ABCD+ABCD+ABCD M+“ABTCD

Name Dps
0 A BO
[ B BO
2 C BO
3 D BO
Lo 24 F BO

15



Unit 5 Creating Hierarchical Logic Circuits

5.1  1-out-of-4 data selector (see Lab Manual Example 5-1 & Quartus Tutorial 3 —
Hierarchical)
5.2 2-channel, 4-bit multiplexer
: | T
AR 3.3 H*ﬂ ~ea 1y e
oo ata—sel2
....................... sel v QUTEUT s y0
i | e PO I
£ : B 51 SRS S S S
S S S BSE SRS S S S
oo T e LI
oo gtasel2
....................... sel v SQUTELT syt
: C=os d0 i
: = a1 oo
Cooiiiiiiiiiiiiiiiiio| il eem SRS S S S
oo T e LI
oo ata—sel2
....................... sel v QUTEUT [ y2
53 e PO I
=== a HHHHHHHHH
S S S FRE - SRS S S S
oo ato oAl
i ata_gel2 .. %
......... sel v e
= C=os d0 i
o = a1 oo
DIIIIIIIIIIIII I e SRS S S S
LI 5 S S S S S
CEED , N }c .....................................
i Vi . . e T
....................... o l
{6 e il R ) Lo
T SES) EEERRREERRNS = e 0 i L
.............................................. D ——— I D S
.................................. s ) o
SRR S S S S S EEEESEEEEL = i CLLIiiiiiiiiiiiiiiiiioon
B gy S
B VMM cc?s 0 0t s e e e e e e e e e InStT -------------------------------------
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5.3  Multiplexer & decoder

detector_2bit
a y0 DT cnd
y1 DTEJT [ cnl
y2 —_—




5.4 3-bit decoder

detector_2bit
a y0

v
y2

18




5.5 4-bit decoder

3 NBUT -
C— :C ............................ . . i detector_2bit
: S Sl
..................... | QUTBGT y0
.................. ... .. PdetectoP20t 9 - - a y0 i —
...................... : - b ¥ — TR Dyl
: C=m e YO T e et =
d C_o——1b yiT————— ol ¥3 S o — D
= =P, 2 ——: Lo
instT S
Cdetedtor BRI LI II i
R I a 0 _ L OUTEUT L
YT V=0

g y2 B el e S

detector_2bit i ... ... ...

a oy SBT3 e
b oyl [R5 )
g ¥2 e — D L

ya e I A

19



5.6

Data transmission

. . Pdetector=2bit

a y0

1
IY

y2
y3




5.7  2-bit magnitude comparator

decoder_4bit

a y0
b yi
(3 y2
d y3
en yé
y5

y6

y7
y8

y9

y10

yi1

y12

y13

y14

y15

inst

21

detector_2bit
a y0
b y1
g y2
y3
nst1
T
a y0
b v
g y2
y3
nst2
‘detector 2bit
a y0
b yi
g y2
detector_2bit
a y0
b yi
g y2
y3
inst4




Unit 6A Combinational Circuit Design with AHDL

6A.1 2-bit comparator (see Lab Manual Example 6-1 & Quartus Tutorial 4 — HDL)
6A.2 Code converter (see Lab Manual Example 6-2 & Quartus Tutorial 4 — HDL)
6A.3 Modified data selector
SUBDESIGN multiplexer -- project 6A.3
(
en, d[(1..0], s :INPUT;
Yy :OUTPUT;
)
BEGIN
-— CASE nested inside IF statement
IF 'en THEN -—- evaluate CASE when en is low
CASE s IS
WHEN 0 => y = do;
WHEN 1 => y = di;
END CASE;
ELSE y = GND; -- disabled
END IF;
END;
ps 20us 40us 6.0us 80us 10.0us 12.0us 14.0us 16.0u
Name Va(l)ussat (}DS 1 4
0 en BO [
1 s BO | J
2| Ed B 0O 00 % 01 % 10 % 11 % 00 % 01 % 10 % 11 % 00 % 01 ¥ 10 % 11 % 00 ¥ 01 % 10 ¥ 11 °
3 l:dm BO L ]
4 dio] | BO J [ J J | J | | | | | |
o5 y BO

22



6A.4 Gray-code-to-binary conversion
SUBDESIGN gray
(
gray[5..0] :INPUT;
bin[5..0] :OUTPUT;
)
BEGIN
bin5 = grayb; -- MSBs are the same
bind = bin5 $ grav4; -- XOR prev out $ next in
bin3 = bin4 $ gray3;
bin2 = bin3 $ gray2;
binl = bin2 $ grayl;
bin0 = binl $ grayO0;
END;
ps 4.q us 8.q us 12.9 us 16.9 us 20.9 us 24.9 us 28.9 us 320 u4
Name 0ps
0 | B gey 00301X03X02X 060705 x04 XOC XOD XOF X0E XDA 0B 09X 08 X 18 X 19X 1B XTAXTEXTFXTDXIC 141517161213 XT1X10
»1 gray[5]
2 arayl4] |
3 gray[3] I [
>4 aray[2] I | J I S
5 omyiwn } . — . . - [ 1 | 1.
6 orey(0] || | | | | | | | | | | | | | J L
7 | @ bin 0030102030405 06 X07X08X09 x0AX0B X0C XOD XOE X OF y 10X TTX 12313314 X15 X 16 XT7X 1819 X TAXTBXTCKTDXTEXTF
2.0 us 36.9 us 40.9 us 44.9 us 48.9 us 52.9 us 56.9 us 60.9 us 64.0 u%
Name
>0 | B ooy Y CN N A Y ) € 3 €0 ) €19 € LY €L) €E) €1) 1) PL) A ALY A AIS AN P8 I3 I3 PID I3 $73 IS A 0
1 gray[5]
2 aray[4] |
3 aray(3] I |
4 gray(2] | |
5 Y1) N SN T I U s S U A T S s B B S
6 oreyl0] | | | | [ | | | [ | [ | [ | [ J |
7 | @ bin (20 %21 %2223 %24 %25 %26 27 X28 ¥29 ¥2AX2B ¥2C X2D X2E % 2F 30 X31X32¥33 ¥34 X35 X 36 X 37 %38 %39 3A 3B X3C X3D(3E 3F




6A.5 BCD-to-binary converter
SUBDESIGN BCD2bin
(
bcd[4..0] :INPUT;
bin[3..0], err :QUTPUT;
)
BEGIN
CASE bcd[] IS
WHEN H"OO" => bin[] = H"O"; err = GND;
WHEN H"O1" => bin[] = H"1"; err = GND;
WHEN H"O02" => bin[] = H"2"; err = GND;
WHEN H"O3" => bin[] = H"3"; err = GND;
WHEN H"04" => bin[] = H"4"; err = GND;
WHEN H"O5" => bin[] = H"5"; err = GND;
WHEN H"Oo6" => bin[] = H"6"; err = GND;
WHEN H"O7" => bin[] = H"7"; err = GND;
WHEN H"08" => bin[] = H"8"; err = GND;
WHEN H"O09" => bin[] = H"9"; err = GND;
WHEN H"10" => bin[] = H"A"; err = GND;
WHEN H"I11" => bin[] = H"B"; err = GND;
WHEN H"12" => bin[] = H"C"; err = GND;
WHEN H"13" => bin[] = H"D"; err = GND;
WHEN H"14" => bin[] = H"E"; err = GND;
WHEN H"15" => bin[] = H"F"; err = GND;
WHEN OTHERS > bin[] = H"O"; err = VCC;
END CASE;
END;
ps 4.q us 8.q us 12.9 us 16.9 us 20.9 us 244|0 us 284|0 us 320 us!
Name [gps
J
0 bed
6 bin 0 ﬂﬂﬂﬂﬂﬂﬂﬂﬂ-_ﬂﬂﬂﬁlﬂﬂ 0 ;
o 11 er | | |

24



6A.6

Binary-to-BCD converter

SUBDESIGN bin2BCD
(
bin[4..0]
bcd[5..0]
)
BEGIN
TABLE
bin[]
B"0000Q"
B"00001"
B"00010"
B"00011"
B"00100"
B"00101"
B"00110"
B"00111"
B"01000"
B"01001"
B"01010"
B"01011"
B"01100"
B"01101"
B"01110"
B"01111"
B"10000"
B"10001"
B"10010"
B"10011"
B"10100"
B"10101"
B"10110"
B"10111"
B"11000"
B"11001"
B"11010"
B"11011"
B"11100"
B"11101"
B"11110"
B"11111"
END TABLE;
END;

: INPUT;
:OUTPUT;

-— use hex to define each BCD digit
=> bedl[];
=> H"O0O"™;
=> H"O01l";
=> H"02";
=> H"O3";
=> H"04";
=> H"05";
=> H"06";
=> H"O0T7";
=> H"08";
=> H"O09";
=> H"10";
=> H"11";
=> H"12";
=> H"13";
=> H"14";
=> H"15";
=> H"16";
=> H"17";
=> H"18";
=> H"19";
=> H"20";
=> H"21";
=> H"22";
=> H"23";
=> H"24";
=> H"25";
=> H"26";
=> H"27";
=> H"28";
=> H"29";
=> H"30";
=> H"31";

25




6A.7 Tens digit detector

SUBDESIGN decade
(

num[5..0] :INPUT;

tens[6..0] :QUTPUT;
)
BEGIN

-- 1lst true condition determines output
IF num[] <= 9 THEN tens[] = B"0000001";

ELSIF num[] <= 19 THEN tens([] = B"0000010";
ELSIF num[] <= 29 THEN tens([] = B"0000100";
ELSIF num[] <= 39 THEN tens[] = B"0001000";
ELSIF num[] <= 49 THEN tens([] = B"0010000";
ELSIF num[] <= 59 THEN tens([] = B"0100000";
ELSE tens([] = B"1000000";
END IF;
END;
6A.8 Lamp display
SUBDESIGN lamps
(
in[2..0] :INPUT;
out[7..1] :OUTPUT;
)
BEGIN
-- test every in[] condition
CASE in/[] IS
WHEN O => out[] = B"0000000";
WHEN 1 => out[] = B"0000001";
WHEN 2 => out[] = B"0000011";
WHEN 3 > out[] = B"0000111";
WHEN 4 => out[] = B"0001111";
WHEN 5 => out[] = B"0011111";
WHEN 6 => out[] = B"0111111";
WHEN 7 => out[] = B"1111111";
END CASE;
END;

26



6A.9 Programmable logic unit
SUBDESIGN logic unit
( al3..01, b[3..0], s[1..0], en :INPUT;
£f[3..0] :OQUTPUT; )
BEGIN
-- control input selects function
IF s[] == 0 & en THEN f[]1 = al[]l # b[];
ELSIF s[] == 1 & en THEN f[] = al] & bl[];
ELSIF s[] == 2 & en THEN 1] all $ bll;
ELSIF s[] == 3 & en THEN f[]1 = lall;
ELSE f[] = B"0000"; -- output disabled
END IF;
END;
6A.10 Number range detector
SUBDESIGN range
( num[4..0], en :INPUT;
range([4..1] :OUTPUT; )
BEGIN
-- determine if num[] in ranges when enabled
-—- active-hi outs
rangel = num[] >= 4 & num[] <= 12 & en;
range2 = num[] >= 15 & num[] <= 20 & en;
range3 = num[] >= 18 & num[] <= 24 & en;
-- active-low out
range4 = ! (num[] >= 26 & num[] <= 30 & en);
END;
6A.11 Data switcher
SUBDESIGN switcher
( en, in[1..0], s[1..0] :INPUT;
out[1l..0] :QUTPUT; )
BEGIN
IF !en THEN —-— detect active-low enable
CASE s/[] IS -- determine control input
WHEN O => outl = inl; out0O = in0;
WHEN 1 => outl = in0O; out0 = in0;
WHEN 2 => outl = inl; out0 = inl;
WHEN 3 => outl = in0O; out0 = inl;
END CASE;
ELSE out[] = B"00"; -- disabled
END IF;

END;

27




Unit 6V Combinational Circuit Design with VHDL

6V.1 2-bit comparator (see Lab Manual Example 6-1 & Quartus Tutorial 4 — HDL)
6V.2 Code converter (see Lab Manual Example 6-2 & Quartus Tutorial 4 — HDL)

6V.3 Modified data selector

ENTITY multiplexer IS

PORT ( en :IN BIT;
d :IN BIT VECTOR (1 DOWNTO O0);
S :IN BIT;
y :0UT BIT );

END multiplexer;

ARCHITECTURE modify OF multiplexer IS

BEGIN
PROCESS (en, d, s) -- invoke on changes
BEGIN
IF (en = '0') THEN -— en low?
CASE s IS -—- nested CASE
WHEN '0' => y <= d(0);
WHEN '1°' => y <= d(1);
END CASE;
ELSE -- otherwise disabled output
y <= '0"';
END IF;

END PROCESS;
END modify;

ps 20us 40us 6.0us 80us 10.0us 120us 140us 16.0u

Name Va(!)ussat (j) ps I l I ' I I I Sl
0 en BO J
1 s BO J [ I
2| Ed B 00 00 3 01 X} 10 ¥ 11 ¥ 00 } 01 ¥ 10 ¥ 11 ¥ 00 ¥ 01 3} 10 ¥ 11 ¥ 00 ¥ 01 } 10 ¥ 11
D3 tdm go | -+
4 dio] | BO | [ | | | | J | J | J | J [ J
o5 y BO 1 1 1

28



6V.4

Gray-code-to-binary conversion

ENTITY gray IS
gray :IN BIT VECTOR (5 DOWNTO O0);
bin :0UT BIT VECTOR (5 DOWNTO 0)

PORT (

END gray;
ARCHITECTURE converter OF gray IS
SIGNAL temp :BIT VECTOR (5 DOWNTO 0) ;

BEGIN

-— MSBs are the same

bin <= temp;
END converter;

0ps 4.q us 8.q us 12.9 us 16.9 us 20.9 us 24.9 us 28.9 us 320 usl
Name 0 ps
i
0 | & gy 00,0103 %0206 0705 %04 X0C X0DOF X0E 0A X0B X09X08 ¥18 X 19 X 1B XTAXTE XTF XTDXICX 14 XT5%17 ¥16 X 12X 131110
1 gray[5]
2 gray(4] |
3 gray[3] J I
w4 gray(2] | J
5 omyin } _ r— . 1 1 . [ 1 __
6 oreyl0] | | | | [ | | | [ | [ J [ J [ | |
7 bin 00,01X02X03 X04 0506 X07X08 X09 X0AX0B 0C X0DXDE XOF X0 11 X12X13X14 X15 X716 X 17X 18 X TS XTAXTB XICXTDXTEXTF
2.0us 36.0us 400us 440us 48.0us 52.0us 56.0us 60.0us 64.0 usl
Name
0 | B gy (303143333236 (373534 3C ¥3DX3F X3EX3A X3B % 39X 38 X 28 ¥29 ¥ 2B XA X2E ¥IF ¥2D¥2C ¥24 X 25 X 2726 ¥22 % 23X 2120
1 gray(5]
2 aray[4] [
3 gray[3] [ L
w4 gray(2] | J
5 gray[1] I
6 oreyl0] | | | | [ | | | [ | [ J [ J [ | |
7 bin (20%21X22%23 %24 ¥25 Y26 ¥ 27 % 28 X 29 ¥2AX2B ¥2C ¥2D X 2E X2F X 303113233 X34 (35 ¥ 36 (37 X38 % 39 X3A X3B X3C 13D X3EX3F
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6V.5 BCD-to-binary converter
ENTITY bcd2bin IS
PORT ( bcd :IN BIT VECTOR (4 DOWNTO O0) ;
bin :0UT BIT VECTOR (3 DOWNTO O0) ;
err :OUT BIT )
END bcd2bin;
ARCHITECTURE a OF bcd2bin IS
BEGIN
PROCESS (bcd) -- bcd change invokes process
BEGIN
CASE bcd IS -— test all bcd conditions
WHEN "00000" bin <= "0000"; err
WHEN "00001" bin <= "0001"; err
WHEN "00010" bin <= "0010"; err
WHEN "00011" bin <= "0011"; err
WHEN "00100" bin <= "0100"; err
WHEN "00101" bin <= "0101"; err
WHEN "00110" bin <= "0110"; err
WHEN "00111" bin <= "0111"; err
WHEN "01000" bin <= "1000"; err
WHEN "01001" bin <= "1001"; err
WHEN "10000" bin <= "1010"; err
WHEN "10001" bin <= "1011"; err
WHEN "10010" bin <= "1100"; err
WHEN "10011" bin <= "1101"; err
WHEN "10100" bin <= "1110"; err
WHEN "10101" bin <= "1111"; err
WHEN OTHERS bin <= "0000"; err
END CASE;
END PROCESS;
END a;
ps 4.q us 80us 12.9 us 16.0us 20.9 us 240us 28.9 us 320 us!
Name |gps
J
>0 bed
D6 bin 0 ﬂﬂﬂﬂﬂﬂﬁﬂﬂ-_ﬂﬂﬂﬁlﬁﬁ 0 ;
w11 er J [ |
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6V.6 Binary-to-BCD converter

ENTITY bin2bcd IS
PORT ( bin :IN BIT VECTOR (4 DOWNTO O0);
bcd :0UT BIT VECTOR (5 DOWNTO 0)
END bin2bcd;
ARCHITECTURE a OF bin2bcd IS
BEGIN
PROCESS (bin) -- bin change invokes process
BEGIN
CASE bin IS -- check all input values
WHEN "00000™ bcd <= "000000";
WHEN "00001"™ bcd <= "000001";
WHEN "00010" => bcd <= "000010";
WHEN "00011" => bcd <= "000011";
WHEN "00100" bcd "000100";
WHEN "00101" bcd <= "000101";
WHEN "00110" => bcd <= "000110";
WHEN "00111" bcd "000111";
WHEN "01000" => bcd <= "001000";
WHEN "01001" => bcd <= "001001";
WHEN "01010" bcd "010000";
WHEN "01011" => bcd <= "010001";
WHEN "01100" => bcd <= "010010";
WHEN "01101" bcd "010011";
WHEN "01110" bcd "010100";
WHEN "01111" = "010101";
WHEN "10000" = "01l0110";
WHEN "10001" "010111";
WHEN "10010" = = "011000";
WHEN "10011" = = "011001";
WHEN "10100" "100000";
WHEN "10101" = = "100001";
WHEN "10110" = = "100010";
WHEN "10111" "100011";
WHEN "11000" = "100100";
WHEN "11001" = "100101";
WHEN "11010" "100110";
WHEN "11011" "100111";
WHEN "11100" = = "101000";
WHEN "11101" = = "101001";
WHEN "11110" "110000";
WHEN "11111" = = "110001";
END CASE;
END PROCESS;
END a;
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6V.7 Tens digit detector

ENTITY decade IS
PORT ( num :IN INTEGER RANGE 0 TO 63;
tens :OUT BIT_VECTOR (6 DOWNTO 0)

END decade;

ARCHITECTURE b OF decade IS
BEGIN
PROCESS (num) -- num invokes process
BEGIN -- 1st true condition determines output
IF num <= 9 THEN tens <= B"0000001";
ELSIF num 19 THEN tens B"0000010";
ELSIF num <= 29 THEN tens <= B"(0000100";
ELSIF num 39 THEN tens B"0001000";
ELSIF num <= 49 THEN tens <= B"(0010000";
ELSIF num <= 59 THEN tens <= B"0100000";
ELSE tens <= B"1000000";
END IF;
END PROCESS;
END b;

6V.8 Lamp display

ENTITY lamps IS

PORT ( num :IN INTEGER RANGE 0 TO 7;
lites :0UT BIT VECTOR (7 DOWNTO 1)

END lamps;

ARCHITECTURE cases OF lamps IS
BEGIN
PROCESS (num) -- num invokes process
BEGIN
CASE num IS -- test every num condition
WHEN lites <= "0000000";
WHEN lites <= "0000001"™;
WHEN lites <= "0000011";
WHEN lites <= "0000111";
WHEN lites <= "0001111";
WHEN lites <= "0011111";
WHEN lites <= "0111111";
WHEN lites <= "1111111";
END CASE;
END PROCESS;
END cases;

0
1
2
3
4
5
6
5
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6V.9 Programmable logic unit

ENTITY logic unit IS
PORT ( a, b

s

en

f
END logic_unit;

:IN BIT VECTOR (3 DOWNTO O0);
:IN BIT VECTOR (1 DOWNTO O0);
:IN BIT;

:0UT BIT VECTOR (3 DOWNTO 0)

ARCHITECTURE program OF logic unit IS

BEGIN
PROCESS (a, b,
BEGIN
IF

ELSIF
ELSIF
ELSIF
ELSE
END TIF;

END PROCESS;
END program;

S, en) -- any input change
-- control input selects function
s = "00" AND en 1

THEN <= a OR b;
"01l" AND en 'l
THEN <= a AND b;
"10" AND en 'l
THEN <= a XOR b;
"11l" AND en 1
THEN <= NOT a;
<= "Q00O0"; -—- disabled
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6V.10 Number range detector

ENTITY val range IS
PORT ( en :IN BIT;
:IN INTEGER RANGE 0 TO 31;
values :0UT BIT VECTOR (4 DOWNTO 1)
END val range;

ARCHITECTURE proj OF val range IS
BEGIN
PROCESS (en, num)
BEGIN
IF en = '1l' THEN -- enabled
IF (num >= 4 AND num <= 12)
THEN values <= "1001";
ELSIF (num >= 15 AND num <= 20)
THEN values <= "1010";
ELSIF (num >= 21 AND num <= 24)
THEN values <= "1100";
ELSIF (num >= 26 AND num <= 30)
THEN values <= "0000";
ELSE values <= "1000";
END IF; -—- determine num
ELSE values <= "1000"; -- disabled
END IF;
END PROCESS;
END proj;
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6V.11 Data switcher

ENTITY switcher IS
PORT ( en :IN BIT;
input, sel :IN BIT VECTOR (1 DOWNTO O0);
output :0UT BIT VECTOR (1 DOWNTO 0)
END switcher;

ARCHITECTURE switch OF switcher IS
BEGIN
PROCESS (en, input, sel) sensitivity list
BEGIN
IF en = '0' THEN active-low enable
CASE sel IS control input
WHEN "OO0O"
= input (1) ;
= input (0);

= input (0);
= input (0);

= input (1) ;
= input (1),

= input (0);
= input(1l);

END CASE;
ELSE output <= "00"; -- disabled
END TIF;
END PROCESS;
END switch;
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Unit 7 Testing Flip-Flops and Sequential Circuit Applications

7.1 NAND SR latch
Set Reset | Q Qbar
0 0 1 1 invalid
0 1 1 0 set
1 0 0 1 reset
1 1 Q Qbar hold
active-low control inputs
7.2 D latch
D latch is transparent when EN = 1, stores data when EN =0
7.3 JK flip-flop
J & K inputs are synchronous, active-low PRE & CLR are asynchronous, synchronous controls
require clock for triggering, asynchronous controls have priority, PGT clock is triggering control
J K | CLOCK | PRESET | CLEAR | Qn+l Function
0 0 i 1 1 Qn Hold
0 1 i 1 1 0 Reset
1 0 1 1 1 1 Set
1 1 i 1 1 'Qn Toggle
X X X 0 1 1 Asynch preset
X X X 1 0 0 Asynch clear
7.4 D latch vs. D flip-flop
ps 20ms 4.0ms 6.0ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms 220ms 240ms I
Name o ps
0 ck
1 D 1 [ m
@2 of | 1 I
03 Qlatch RRIZEEL | [ | I
D latch is level-enabled (active-high) & D flip-flop is edge-triggered (positive going).
7.5  Binary counters
ps Z.Q us 4.Q us S.Q us 8.Q us 10.9 us 12.9 us 14.P us 16.9 us 18.p us 200 u%
Name 0ps
I
0 clock I I I
1 enable
2 qa || [ J | J [ | [ | | | [ |
3 & [ 1= 1 = - 1
o4 qc | |

count sequence: 000 thru 111 & recycle — mod-8 up counter
synchronous counter — FFs are clocked simultaneously active-high enable
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7.6  Counter timing diagram

CLOCK L L
cap B -
QB
Qc |

7.7  Frequency division

(assuming 10 kHz clock input frequency)

Signal Frequency Frequency Relationship
Clock 10 kHz Input (assumed frequency)
QA 5 kHz Fredean = Fredecioex + 2
OB 2.5 kHz Fregqeps = Fredgcioex + 4
QcC 1.25 kHz Fredoee = Fredeioex + 8

7.8 4-bit binary counter

count sequence: 0000 thru 1111 & recycle — mod-16 up counter
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7.9  4-bit register
q0 is the LSB because the D input for that FF is connected to qa, which is the LSB for the
counter. q3 is the MSB because D input is connected to qd, the counter MSB.
Register is 1-edge triggered.
Register holds data between clocks.
If level-enabled, register would track the data input for the entire time that it is enabled.
ps 20s 40s 6.0s 80s 10,0s 120s 140s 16,0s 180s 200s 20s 240s I
Name 0ps
I
0 | clock_1Hz J | | | | | J | [
1 | manual_clock [ | 1 |
o2 |q0 | |
o3 |ql |
wi | g2 I .
25 |q3 J |
&6 | qa | | I Ll Ll Ll |_._| |—-—| I—-—I
27 |ab | | | | J | J | |
8 |qc L ] I
9 | ad J [ J
7.10  LPM_FF megafunction
Megaizard Plug n Manager - PV page 1ol [N (il
_,a LPM_FF
About
Parameter
Settings
Optional Inputs
regAbit Currently selected device family:
data[3.0] ™ Match project/default
clock q[3..0]
How many flipflops do you want? 0 &
~Which type of fiipflops do you want?
@ D fiipfiop
> T fiipflop
[ Use 'data’ a bitwise enable
if no load sig
["] Create a Clock Enable input
| Cancel | < Back I Next > " Einish |
0ps 2‘0. us 4‘0. us 6‘0. us 8‘0. us 10.9 us 12.9 us 14.9 us 16.9 us 18.0 u4
Name  |gps
I
D0 TRANSFER 1 1 1 1
1 | @D 0701 Y 7100 Y 0T v 7000 Y T v
2 D3] | |
3 —Di2]
4 D[] :
5 —D[0] | I S S
6
D7 | @a 0000 Y 0101 X 7100 Y 7000 )
o8 —Q[3] |
99 —Q[2) |
210 Q1]
o 11 q[) |
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7.11

Binary counter

SUBDESIGN look up table

( g[3..0] :INPUT;
d[3..0] :QUTPUT;)

BEGIN

CASE g[] IS
WHEN H"O" => d[] = H"1";
WHEN H"1" => d[] = H"2";
WHEN H"2" => d[] = H"3";
WHEN H"3" => d[] = H"4";
WHEN H"4" => d[] = H"5";
WHEN H"5" => d[] = H"6";
WHEN H"6" => d[] = H"7";
WHEN H"7" => d[] = H"8";
WHEN H"8" => d[] = H"9";
WHEN H"9" => d[] = H"A";
WHEN H"A" => d[] = H"B";
WHEN H"B" => d[] = H"C";
WHEN H"C" => d[] = H"D";
WHEN H"D" => d[] = H"E";
WHEN H"E" => d[] = H"F";
WHEN H"F" => d[] = H"O";

END CASE;

END;

ENTITY look up table IS
PORT ( g :IN BIT VECTOR
d :0UT BIT VECTOR

(3 DOWNTO O0) ;

(3 DOWNTO 0)) ;

END look up table;
ARCHITECTURE vhdl OF look up table IS

BEGIN

PROCESS (q)

BEGIN

CASE g IS
WHEN X"0" => d <= X"1";
WHEN X"1" => d <= X"2";
WHEN X"2" => d <= X"3";
WHEN X"3" => d <= X"4";
WHEN X"4" => d <= X"5";
WHEN X"5" => d <= X"6";
WHEN X"6" => d <= X"7";
WHEN X"7" => d <= X"8";
WHEN X"8" => d <= X"9";
WHEN X"9" => d <= X"A";
WHEN X"A" => d <= X"B";
WHEN X"B" => d <= X"C";
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WHEN X"C" => d <= X"D";
WHEN X"D" => d <= X"E";
WHEN X"E" => d <= X"F";
WHEN X"F" => d <= X"0";
END CASE;
END PROCESS;
END wvhdl;
7.12  Cascading counters
ps 8.q us 16.9 us 24.9 us 32.9 us 4D.p us 48.9 us 56.9 us 64.9 us 72.9 us SD.p us 889 us 96.9 us
Name 0ps
0 | clock ‘J
1| enable L | |
o2 A {1 1 O 0 g T O g g
28 TR I N g A A A A O 6 N 0 I
o [N S N O A O O O 0 O O NGO [y O [
5| 0 | 1 1 I | [EEEEInany BEEREIREE
@6 e | L |
D7 | o J [
MSB: QF
AND gate detects 111 (terminal counter state) for QC QB QA
Enable controls QF QE QD counter through AND gate
7.13  Debouncing a logic switch
(a) counter appears to count erratically due to receiving multiple pulses on clock input from
bouncing switch
(b) counter should count correctly (0000 through 1111) with latch

latch see a “hold” command when switch bounces open

pull-up resistors

ensure that open latch inputs are held high
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Unit 8 Timing and Waveshaping Circuits

8.1 Schmitt trigger waveshaper

Rounded output waveform for 7404
Square output waveform for 74LS14; triggers at approximately 1.6 V and 0.8 V on input
waveform.

8.2 Pulse stretcher
t, =0.693 RC example solution:
t, =0.47 s. using C = 10 pf & R = 68 kQ
8.3 Variable frequency clock

duty CYCIC = (RA + RB)/(RA + ZRB) =~ 50% if RA << RB with RA =1kQ
frequency = 1.44/(Ra + 2Rp)C

example solution:

duty cycle = 50.4% with Ry = 1 kQ & R = 68 kQ

capacitor | frequency
10 pf 1.05 Hz

0.01 pnf 1.05 kHz

0.001 pf 10.53 kHz

8.4  Waveform generator
SIGNALI1: T=1 ms. & duty cycle =80% — freq.=1kHz

on 555: tL =200 us =0.693 Rg C=0.693 Rg (0.01 uf) — Ry=28.8 kQ
tg = 800 us = 0.693 (Ra + Rp) (0.01 uf) — R, =86.6 kQ
using Rx =82 kQ, Rg =27 kQ, C=0.01 pf:
T =0.94 ms & duty cycle = 80.1%

on 74221: 1B =2A = SIGNALLI
1A=0 & 2B=1 & ICLR=2CLR =1
t,=0.693 RC
SIGNAL2: t, =300 us — use 1Q output
using C =0.01 pf — R =43.3 kQ — try 47 kQ
SIGNAL3:  t,=100 us — use 2Q output
using C = 0.0047 pf — R =30.7kQ — try 33 kQ
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8.5  Variable duty-cycle square wave generator

Assuming Vg = 0.7v:

T=t. +tg=1.00(RAtRp)C - f=1/[(RatRp)C]

for f=10 kHz, try 0.0047 uf — (RatRp) =21.3 kQ

for D.C. =15% = Ra/(Ra+Rp) =0.15 —= R, =0.15 (21.3 kQ)=3.2kQ
for D.C. =85% = Ra/(Ra*+Rp) =0.85 — R, =0.85(21.3 kQ)=18.1 kQ
~ouse 3.3 kQ + 10 kQ pot + 8.2 kQ resistors =21.5 kQ = Rx+Rp

8.6  Delayed pulse

use both one-shots in 74221: 1A = trigger, 2A =1Q
ty =0.22 ms = 0.693R,C, — if C; =0.0047 uf, R, = 68 kQ2
ts=0.33 ms = 0.693R,C, —if C, =0.01 uf, R; =47 kQ

8.7  Clock generator using one-shots

on 74221: 1A=2Q,2A=1Q

t; =0.693R;C = 0.693R(0.1 uf) — for 5 ms, R; =72 kQ
try Ry =72 kQ — 1, =5.68 ms

t; =0.693R,(0.1 uf) — for 10 ms-5.68 ms =4.32 ms
R, =62 kQ
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Unit 9 Arithmetic Circuit Applications

9.1 Four-bit adder

cout: * -

S lpm_add_sub0
‘CiN [ g - i cin

H Vv FE

;A[4..1] — ?,3-1 dataal3..0

;8.1:1--.11 ........ ﬁ;datab&.o |
A T

resulftf3..0]: - - - -

L lpm_add_sub0
{ function — \/ng © - - :add_sub

a[3..0] — \I%:T ; * - :dataal3..0] y

Eb[3..0] — .\Jg_éT - - - :datab[3..0 5

.......................... nst

overflow
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9.3

BCD adder (one digit)

st s s s s s s e Ipm_add_sub[) S

% result{3..0]

Ipm_add_sub1

dataa[3..0] [

5 | pEE T = S
g coutt -1 a R
SUBDESIGN gt9detect
(
cin, z[3..0] :INPUT;
cout, correct[3..0] :OUTPUT;
)
BEGIN
IF cin == VCC # z[] > 9 THEN
cout = VCC;
correct[] = 6;
ELSE cout = GND;
correct[] = 0;
END IF;
END;

ENTITY gt9detect IS
PORT (
cin :IN BIT;

b4 :IN INTEGER RANGE 0 TO 15;

cout :OUT BIT

’

correct :OUT INTEGER RANGE O TO 15

) ;
END gt9detect;

ARCHITECTURE wvhdl OF gt9detect IS

BEGIN
PROCESS (c4, 2z)
BEGIN -—
IF c4 = '1l'" OR z
cout <=
correct

cout <=
correct
END IF;
END PROCESS;
END wvhdl;

detect if binary sum >9
> 9 THEN
ll 1 ;
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9.4  BCD to binary converter

Ipm_add_sub0

cz:idataa[&ﬂ]h LI
i FESUHI’S..UI * BUTRUT binary{é..0]

sae o) | =
nsti Sl
SUBDESIGN tensdigit
( t[3..0] : INPUT;
y[6..0] :QUTPUT; )
BEGIN
CASE t[] IS
WHEN 0 => y[]l = 0;
WHEN 1 => y[]l = 10;
WHEN 2 => y[]l = 20;
WHEN 3 => y[]l = 30;
WHEN 4 => y[]l = 40;
WHEN 5 => y[]l = 50;
WHEN 6 => y[]l = 60;
WHEN 7 => y[]l = 70;
WHEN 8 => y[]l = 80;
WHEN 9 => y[l = 90;
WHEN OTHERS => y[] = B"1111111";
END CASE;
END;

ENTITY tensdigit IS
PORT ( t :IN INTEGER RANGE 0 TO 15;

N :0UT INTEGER RANGE O TO 90 );
END tensdigit;

ARCHITECTURE vhdl OF tensdigit IS
BEGIN
y <= t * 10;

END;

Vakie at 0ps 10.0us 20.0us 30.0us 40.0us 50.0us 60.0us 70.0us 80.0us 90.0us 100.0 u4

Name Ops (3,,5
>0 tens H2 b4 5 4 2 x 7 X 8 X 0 b4 1 X 4 X X E] ;
5 [# ones HO 0 b4 1 b4 2 W3 b 4 ¥ 5 W6 b4 7 ¥ 8 b4 ) K
10 | [H binary | H14 14 X33 K16 X 49 ) ¥ 05 K10 W 2F X 26 X 83 M
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Binary to BCD converter

— dataa[5.0] I+ -
 aduste i ﬁ resuftfS..0]: S%=-

H 1 e BOA[B..0] i
binf5.0]  3dd[5.0] et gateblz 0 Je e AT B 0]
cout; %%

nst2

SUBDESIGN adjuster

(
bin[5..0] :INPUT;
add[5..0] :OUTPUT;

)

BEGIN
IF bin[] < 10 THEN add[] = 0;
ELSIF bin[] < 20 THEN add[] = 6;
ELSIF bin[] < 30 THEN add[] = 12;
ELSIF bin[] < 40 THEN add[] = 18;
ELSIF bin[] < 50 THEN add[] = 24;
ELSIF bin[] < 60 THEN add[] = 30;
ELSE add[] = 36;
END TIF;

END;

ENTITY adjuster IS
PORT (
bin :IN INTEGER RANGE 0 TO 63;
add :OUT INTEGER RANGE 0O TO 63
)
END adjuster;

ARCHITECTURE vhdl OF adjuster IS
BEGIN
PROCESS (bin)
BEGIN
IF bin 10
ELSIF bin 20
ELSIF bin 30
ELSIF bin 40
ELSIF bin 50
ELSIF bin 60
ELSE
END IF;
END PROCESS;
END wvhdl;
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9.6  Up/down counter

Ipm_add_sub0
{'up_down g add_sub
A+B/AB register
dataal7..0 y LFDIA o g
1 esul7.0] d[7.0] q[7.0] q[7..0]
B enable
S clock
nst2
;enable — I\PT
gc‘vo-:k — AT
[7..
£ a7 ] : gyt d[7..0] 1
di7] a[7] d[3] ql3]
* 5 &
CLRN
nstZ N
o
dle] ql€] di2] ql2]
* » *
* *
* +
dig] ql5] d[1] al1]
* . I F §
* *
d4) al4] 4[0] al0]
.
i clock I Npt
{"enable =V q[7..0] BT 5563
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9.7  Binary multiplier

0
(=]

| lpm_add_sub0 ;
T [ dataa3.0] - :
: I 0]1..0]) t}3..0) : : —«\l - ‘ oi4. 11
| £[2.0] : ; A+B resutti3. 0: — &
1 ;datab[:’..m_% i
i mnst : - rE}

=)

SUBDESIGN partial prod
(
al3..0], b[1..0] : INPUT;
p0, t[3..0], s[3..0] :QUTPUT;
)
VARIABLE
r{(3..0] :NODE;
BEGIN
r{(3..0] = a[3..0] & b0;
s[3..0] = a[3..0] & bl;
t[3..0] = (GND, r[3..11);
p0 = r0;
END;

ENTITY partial prod IS
PORT (
a :IN BIT VECTOR (3 DOWNTO O0);
:IN BIT VECTOR (1 DOWNTO O0);
:OUT BIT;
s, t :0UT BIT VECTOR (3 DOWNTO 0)
)
END partial prod;

ARCHITECTURE vhdl OF partial prod IS
SIGNAL r :BIT VECTOR (3 DOWNTO 0) ;
BEGIN

r (3 DOWNTO 0) <= a (3 DOWNTO Q) AND
s (3 DOWNTO 0) <= a (3 DOWNTO 0) AND
£t (3 DOWNTO 0) <= '0' & r (3 DOWNTO 1);
p0 <= r(0);
END wvhdl;
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0Ous 340us 38.0us 420us 46 0us 50.0us 540us 58.0us 62.0 u4
Name Va:]u:sat T T [} [} [ [} [
>0 a HO KEXFXOXTX2 X334 X5 X6 X7 X8 XS XAXB XCHD XEXF XOXT X243 44 X5 36%7 X8 XS XAXB XCXD
D5 b HO 1% 2 b4 3
8 p H00  KDEXOF 0002304 306 %08 DA XOCXDEXT0 312 %14 X6 X8 ¥TA XICHTE 007303 %06 X0 X0CKOF X712 15 X T8 ¥ABRTEN2T 324 %27

9.8  Multiplier megafunction

Lo lpm_mult0 i

{3[3.0) I ‘\/%érf'"da'@aI&.Ol Ll

ST A T, s M e NI )

y Uwsgq-:-d )

£ bi3.0] 0 i datab(3..0] MOHDBCION | - - « o s o e e e eI

e e inst Ll
Vakse at 0ps 4.Qus 8.0|us 12.pus 16.pus 20.pus Zd.pus 28.pus 32.0u4

Name s [J) ps

0 a U0 RO X 2 33 X4 05 X6 X7 X8 XS I0XTTXT2 T3 XT4XT5 X 0 (T 32 X3 4 35 X6 37 % 8 {8 YI0XTTX12)13XT4315

5 @b uo 0 b 10 Y 7 Y 15 Y T R G

10 | @ prod| UO 0 (40150 B0 70 X80 X 36 340 X244 {4852 56 60X 0 XT57%30 X253803 5 {6 57 % 8 X9 X30X997108X26 (287430

L/




Unit 10 Analyzing and Testing Synchronous Counters

10.1 Counter 1 (a & b)
Recycling Mod-10 up counter (counts 0 to 9)
0ps 1.0us 20us 30us 40us 50us 6.0us 7.0us 80us 9.0us 10.0us I
Name Value at 5 i i i i i i i
Ops | ps
0 CLOCK | BO : B I
@1 QA BO I L
@2 QB BO 1
w3 el BO I [
@4 QD BO I
10.2  Counter 2 (a & b)
Recycling Mod-10 down counter (counts 9 down to 0)
Name Voot 0ps 20us 40us 6.0us 80us 100us 120us 140us |
Ops 895
0 CLOCK | BO I L 1 1 L 1 L 17T [ I I 1 1
D1 QA B0 | | | | [ | [ | [ | | | | | M
@2 QB BO |
3 Qac BO |
@4 e} BO .
10.3  Counter 3 (a & b)
Recycling Mod-13 up counter (counts 0 to 12)
Name Value at 0ps 20us 40us 6.0us 8.0us 10.0us 120us 140us I
Ops (jps
0 CLOCK | BO I I I 1
o1 QA Bo | ] | [ ] | | | | J | J |
P2 QB BO I I
o3 Qc BO J |
4 Qb BO I 0
10.4 Counter 4 (a & b)
Recycling Mod-9 down counter (counts 9 to 1 after start-up sequence)
Top simulation: JK counter Bottom simulation: D counter
Name Value at 0ps 20us 40us 6.0us 8.0us 10.0us 120us 140us I
Ops (jps
0 CLOCK | BO I I I 1
1 QA Bo | | J | I | | | J [ J | J [
@2 QB BO 1 i 1
o3 Qc Bo | | ] J _ |
>4 QD BO 1
Name Vakse at 0ps 20us 40us 6.0us 8.0us 10.0us 120us 140us I
Ops SDS
0 CLOCK | BO L L. e
w1 QA Bo | | | J | J | J [ J
@2 QB BO 1 1 — l_
23| o BO J | M
w4 QD BO —




11.1

Unit 11 Creating and Testing Counter Functions

Mod-16 binary counter
LOAD =0, CLR =0, EN =0 — counter stopped

0ps 40.0ns 80.0ns 120,0ns 160,0ns 2000ns 2400ns 2800ns 3200ns  360.0 n4

Name Value at
Ops
0 CLK B1
[l CLR BO
2 | @D B 0000
w7 EN BO
8 LOAD BO
3 Q B 0000
oy 14 clock_monitor B1

0ps

i

5 s e e Y Y e e e ) e ) O
0000
0000

{5 e e S e e s ) e e e S S e e s S s I

LOAD=0,CLR=0,EN=1
— counter counts up 0000 to 1111 & recycles, clocked on positive-edge
— EN is active-high count enable, Q3 = MSB, Q0 = LSB

v 0ps 40.9 ns 80.9 ns 120i0 ns 160i0 ns 200i0 ns 240i0 ns 280i0 ns 320i0 ns 360i0 ns I
Name 0ps
i

0 CLK {55 s e e o I N O
1 CLR
i>2 D I 0000
w7 EN
8 LOAD
D9 [ EHa
«» 10 Q3] |
o 11 Q2] | 1 |
o0 om |7 @ — 1 1 T
13 Q[o] [ J | | | J [ J | J | J [ J | J [ |_
D14 S N e e Y e Y Y e e Y Y Y o O

LOAD=0,CLR=1,EN=1
— counter clears immediately when CLR goes high, CLR is asynchronous & not dependent upon EN
— CLR is active-high, CLR has higher priority than EN (counting)

Name
0 CLK
1 CLR
D2 D
w7 EN
8 LOAD
9 Q
€op 14 clock_monitor

140,0ns 160,0ns 180,0ns 2000ns 2200ns I
J | J | J | J | J [ J | | | J | J [ [
]
0000
1101 X 1110 ¥ 1111 %} 0000 X 00001 ¥ 0010 ¥ 00m 0000
J | J | J | J | J [ J | | | J [ J [ r
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LOAD=1,CLR=0,EN=0
— counter loads D[3..0] when LOAD goes high, LOAD is synchronous & overrides counting
— highest to lowest priority: CLR, LOAD, EN (count)

0ps 40.9 ns BOAP ns 120i0 ns 160i0 ns ZOOiO ns l
Name 0ps

i
-0 CLK I I o Y Y e e e e e Y O O I
1 CLR 1
2 HED o0on X 1001 3
7 EN | J
>3 LOAD .
5 | o o0 X____oom 00T 00T 0000 Y000@
o 14 S, T e e e Y Y e Y e Y Y Y o O

11.2  Binary counter signal frequencies

signal

Clock Qo0 Q1 Q2 Q3

frequency

16kHz 8kHz 4kHz 2kHz 1kHz

freqqs = %2 freqqo = %2 freqqi = ¥ freqqo = ¥ freqciock-
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11.3

Functional vs. timing simulation

Simulation Waveforms

Simulation mode: Functional

m Master Time Bar: Ops ‘l 'I Painter: l 14.75ns Interval: 1475 ns Start: Ops End: Ops

A 0ps 40.9 ns 80.9 ns 120i0 ns ‘IBOiO ns 200i0 ns l
% Name 0 ps
i
A [0 CLK D rrrr
By |1 CLR
e P2 | @D 0000
Ll w7 EN
=, 8 LOAD
- |33 Ea i §0000% 0007 " 0010 0011 % 0100 ¥ 0101 % 0110 ¥ 0111 % 1000 ¥ 1001 % 1010 %1011
g 210 QB3] |
%l =11 Q2] J |
w12 Q] I s SO N S S F O SO R B
o 13 Qo] I 1 1 J I
14 dockmenter { [ | [ | LI I oI o ¢ L L1’
Simulation Waveforms

Simulation mode: Timing

m Master Time Bar: Ops ﬂ;’Poinler:[ 7.38ns Interval: 7.38ns Start: End:

A 0ps 40.0ns 80.0ns 1200ns 160.0ns 2000ns I

% Name 0ps

i

g 0 CLK

By |1 CLR

. |[F2 D 0000

? w7 EN

=+ |8 LOAD

- |3 Ea 0000 0001 ¥ 0010 0011 0100 3 0101 ¥ 0110 0111 ¥ 1000 1001 ¥ 1010 Ji

[ | =2 Q) |

A’" o 11 Q2] | |

2 o 12 Q] Tt ”,~—~—N—NT ... T
@13 Qo] A I IS L L 1 ~
014 dockmontor | [ [ LI L[ L[ L I L I L I L I 1L LT
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11.4 Mod-12 counters

example11~1counter

i clock

qaf3..0]

slead e
data[3..0]
q[3..0]
D clock
cnt_en =
inst9

example11~1counter

T —— up counter

- lpm_constant1: sload

: e data[3..0]

R e : qi3.0]

clock
cnt_en =
inst1
Ops Z.Qms 440|ms G.Qms 8.Qms 104(|)ms 12.9ms 14.9ms 16.9ms 184(I)ms 20.9ms 22.9ms 24.9ms I
Name 0ps
I

0 clock A Y s I B
o1 = ga
o2 —aal3] 1 L
o3 Foal2 (L 0 ] 1
@4 —qal1] | J | | | J | I
@5 el (L L L L L L LT L L L L
26 | B o
o7 —abl3] J J
w8 meblg | T ] 1 | RS S e
@9 —ab[1] | J | | | | | 1
@10 Sebld} (L L L L e e e r e r

Decode 1100 (12,9) on each counter. Data input for counter B is 0001.
Counter A counts sequence 0000 to 1011 due to asynchronous CLR.
Counter B counts sequence 0001 to 1100 due to synchronous LOAD.

To produce same count sequence for counter B, need to decode 1011 (11,¢9) & LOAD 0000.
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11.5 Self-stopping counter

QUTPUT [ clock_monitor

{ RESTART1 I NENT -
‘ o example11~1counter
e up counte
. lpm_constant0 sload
s data[3..0] Q12..0] )
i q(3..0] 0f3..9)
clock
fEiK -
: Vivhe E E — E
cnt_en L oo P |o
- Q
inst1 o Pt
E z
=

CRESTARTZ , 0 u

6.0us 18.9 us 20.9 us 229 us 24.9 us 26.9 us 28.9 us 309 us 329 us 34.9 us 36.9 us l

Name Va(l
0 CLK
o 1 clock_monitor

2 RESTART1 ]

3 RESTART2
4 Q I F Y0

Restart1 uses synchronous LOAD.

Ous 400us 420us 44.0us 46.0us 48.0us 50.0us 520us 54.0us 56.0us 58.0us I

Name Va(l
0 CLK | |
w1 clock_monitor [ |

2 RESTART1
33 RESTART2 |
o4 Q I F ¥ 0

Restart2 uses asynchronous CLR.

11.6  Mod-10 up/down counter

Ops 44q us 8.q us 1249 us 16.9 us 2049 us 24.9 us 28.9 us I
Name Value at 5
Ops JDS
0 ck B1 LML I [ I 6
w1 enable | B1

2 up_dn B1 |

o3 q HO OXTX2X3XAaX5Xe ) 7 XBYXSIXOXTXOXOX8XTX6X 55 ¥axy3x¥2xT1xX 0 ¥9X8
=Y TS BO 1 1 [

Active-high count enable. UP_DN = 0 counts down, UP_DN =1 counts up. TS =1 when
counter reaches terminal state (9 when counting up & 0 when counting down). ENABLE also
controls TS output.
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11.7 Mod-10 timing diagram
UP DN =1

CLK

11.8 Comparing counters

Valu ps 2.q us 4.q us 6,0I us 8,()I us 1OAp us 1249 us 14Ap us 16.9 us 18.9 us 20.9 us 22,9 us 24Ap us l
Name 115 [11.55ns
i
0 clock B
o1 cntr_a
6 | Eentrb H

Cntr_a: count sequence is 0001 to 1100 (mod-12), terminal state is 1100 (124¢)
Cntr_b: count sequence is 0000 to 1011 (mod-12), terminal state is 1011 (11)
Same modulus for each counter, no transient states present

Cout detects the terminal state for cntr_a

Sset is a synchronous set control that will load the specified value (1,9) when enabled
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11.9 Counter waveforms

Value at ps ZOOiO us 400i0 us GOOiO us BOOiO us H)l ms 1A2Ims 1.4I ms ‘HSl ms 1.8I ms Zq ms 22l ms 2.4I ms l
Name (2500 us 750.6-100.0 us 0ms
4 d J
-0 CLK| BT 1 L I 1J 1M1 Il 1J
w1 F1.| BO ] 1
@2 F2 | BO | ] I_
@3 F3 | BT | 1
@4 F4 | BT | L
5 F5 B1 | HE
Value &t ps ZOOiO us 400i0 us SOOiO us 800i0 us 1.Qms 1.2|ms ‘I.4Ims 1.6'ms 1.8|ms Z.Qms 242lms 2.4|ms l
Name | g50,0us 850.0us +1.0ms
A J
0 ClK| B1 pligligipgipgligigigigigigigigigigigipgigigigigigiginin
@1 Fl| B1 1 Bl
@2 F2 | BO 1 1 l_
@3 F3 | BT 1 1 1
w4 F& | BT | L
o5 F5 B1 I | J
Valeat LPS 2000us 4000us 6000us 8000us 10ms 12ms 14ms 16ms 18ms 20ms 22ms 24ms I
Name | 2500 0c 750.0us +1.0ms
A 4
0 CLK| B1 pigigigigigigigigigigigipgipgigigigigigigigigigipin
1 Fl | BO 1 1
@2 F2 | BO - | ] I_
3 F3 | BT 1 1
>4 F4 | BT 1
@5 F5 | BT | 1
Each output has the same frequency (1kHz).
Both counters are mod-10 counters.
Duty cycles for each output is different due to signal used.
Output signals also have different phases (i.e., pulse occurs at different times).
Signal F1 F2 F3 F4 F5
Duty Cycle 10% 40% 20% 90% 50%
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Unit 12 Applications Using Maxplus2 Counters

12.1  Mod-13 count sequence

nst

COUNTER

58

V. Ops 20us 40us 6.0us 80us 10.0us 120us 140us 16.0us 180us 20 0u4
Name alue at 5 d ! d U D D D

Ops I ps
0 clock BO
1 en BO 1 | | |
@2 %@ Bo | L L. L I 1 I [ I S
@3 ab B0 | 1 - 1 T 7 L
w4 ac o | 0 L 1 —
€“5 qd BO | |




12.2  Frequency divider circuit

ENT QD

ENP RCO |— - -

CLRN .

CLK .
COUNTER .

....................... ENT QD SUTPOT  —— out_10kHz
i ENP Reo b— |||
D I S Kol =1 Ll
L CLK L
£k i, T80kHz B COUNTER Ll
e Lo TTTTTTNARDE B
LT G Lo
46.6§7 us 7‘3.3;3 us 100i0 us 126.@67 us 153.1}33 us
Name 45.95¢+6.666666 us +39.999996 us +99.99999 us
-J .1
0 | ck_in_150kHz | | 1 | | J J LML
1 | out_10kHz |
P2 | out_25Hz ]
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12.3

Mod-200 binary counter

........................ i c QB qgi B QA . qig y
N N D Qc q[3]’. c QB q[6].
enable [ }gg » ENT QD |— k. > D QC [—— qm

....................... T ENP RCO ENT QD * a
........................ CLRN ENP RCOV— . il
L - ) CLRN L
........................ §Z:> CLK — 5
------------------------ 2 l COUNTER CLK M.
S . COUNTER i vevvnnn
| clock | R B
e 95.0us  1970us 19,0 us 2010us 2030us 205,0us 2070us 209,0us 2110us 2130us I

c QC ——mrX: - i ———18 Q8
D QD /7% - ¢ ac A
| GN MXMN f— <@ oo 00t D ap
DNUP RCON pp—— "~ o an MXMN |— o
CLK e — DNUP RCON f— - - - - - -
- imet  COUNTER .. —— - CLK S
o instt  COUNTER DI
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Vi 2.0us 460us 50.0us 540us 58.0us 62.0us 66.0us 70.0us 740us 78.0us I
Name alueat [ L !

Ops
-0 cock | BO [V U U U U UL
1 restart BO 1
2 a V0 BB EEIEERERMNTEDEEEDT 1T (5 eEaEsaand
o 11 stop BO

12.5 Waveform generator circuits

.............................. 3 Cutputt

.......................... QB

.......................... . D Qe bl— coti oo

DSBS Sl I ENT ap b~~~ BB S
DS Sl I ENP RCO L 1o r T R
DS Sl I o CLRN i
FBLK o0k ( s -l I I S 1T L
priiiriirsneeeeee e ngy  COUNTER R e
LR P E R EEEEEE LT K1 Bl EA 74163 3 e e
Corioir e QY LDN g S
:::::::::::::::::::::::::I.... A 2 Bl
........................ . B QAlL— . = .
::::::::::::::::::::::::::I"' c ap bl
A (S ISP NI N I acl il
AN [P il I N ap b~ GBI S
A ; — lenp RCO Lt 1o r T
N ol cLRN L
N I I CLK L
Illiiiiiiiiiiiiiiiiiiiig  iinst2, COUNTER i
I I~ = 1 S A

Qus 709 us 90.9 us 1 10i0 us 130i0 us 150i0 us 170i0 us 190i0 us I

Name 75.0us +20.0us +100.0us
A A 1

0 CLK_100kHz
o 1 Output1
o2 Output2
o3 Output3 1
w4 Outputd B I | I | J L
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12.6  Mod-100 BCD counter

............................................. SLTEUT [ ones[2.0]
i ":xﬂg.%tens[a..ol

SO SSSSSSSE BESSE I B,

SLoTinILIIIIin oo

74130 Y IR PES 74160 R

JJKDN on cae | Lo SR

/ o YY1 )

B OB EHE S e B QA - D TRAN

C Qc O S N c QB 7 PRAN

L QD f————%: . %1 |° QC ——mr %1

OGN MXMN f— | ENT QD ———%

DNUP RCONO—::::,L::: ..... ENP o RCO i

——|CLK CorT s R CLRN R

cinst BCDCOUNTER i:iiiiiiiiiii i lek IO

SE IR T IR EE TP e TP EEFEPHY = = EEP S

460us  1500us 154,0us 158,0us 162,0us 166,0us 170,0us 1740us 178,0us 182,0 usl

Name Va‘lJu:sat
0 clock BO | | | | | | J J J ]
1 reset B1
2 ones HO RO T X203 X4 X5 X6 XT X8 XS X0 X1 X2 X3 X4 X5 X6 XT 8 XS N0 XT X2 X3 XA N5 X6 AT N8 XS XO T X2 X3 X4 x5 X6 X7
7 tens HO 8 b4 ] by 0 Y i
QOus 400us 440us 480us 52 0us 56.0us 60.0us 64.0us 68.0us 720u4
Name Value at [ I U
Ops
0 clock BO 1 ] J [ | ] J J 1 ]
1 reset B1 L
2 ones HO  [EXT X8I X0 XTI X2 X3 XA NB B XT n8 X I X0 XTI X2 X3 X456 XT R8I N XTI N2 X3 0 XTI X234 X563
D7 tens HO 3 X 4 A 5 A 3 h{ 0

74162 has a synchronous clear, but design requires an asynchronous “reset”
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Unit 13 Applications using LPM Counter Megafunctions

13.1 Mod-256 binary down-counter
' s
j M I e — ><> lpm_counter(
n down counter]
slead
{ dataf7 0] [ —— data[7..0]
a[7..0] BT ol7.0]
. NBUT .
clock [ — > clock
nst
V. 15.0us 119.0us 123.0us 1270us 131.0us 135.0us 139.0us 143.0us 147.0us I
N alue at 1 i i i i i i i i
ame 0
ps
0 clock], HO
1 data | HOO 00 b4 5A
10 Idn H1 | I
D11 | EHa H00 [X8DXECH 8By EA X8I )88 BT \86 {85 {84 X 83 )82 )81 80N TR TEXTDNTHTB X _5A  ¥59)58 1571655 X54 X535 25T {50 {4Fy2E 2D
90,0us 194.0us 198.0us 202.0us 206.0us 2100us 2140us 218.0us 2220 u4
Name Value at i i i i i i i i
0
ps
0 clockl HO J ] ] J 1 f
1 | Edata | HOO 00
10 Idn H1
11 q H 00
13.2  Mod-200 binary counter
Ipm counter0
sload
data[7..0]
) . RATEUT q[7..0]
| Slock [ e — > clock a[7..0] : —
cout
o) clk_en
= L '\-'g:T ; nst
inz =
Value at Ous  280us 30.0us 320us 34.0us 36.0us 38.0us 40.0us 420us 440us 460us 480 Lﬁ
Name aoue
ps
0 clock| HO 1 J 1 J 1 J
1 en HO
D2 q H 00
92.0us 196.0us 200.0us 204 0us 208.0us 2120us I
Name Value at ! y
0
ps
0 clock HO | I | | I
1 en HO
2 q H00
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13.3  Self-stopping binary counter

Ll Ipm counter L
..... up counter
clock I ?g‘éT > clock e S
Lo ql6..0] LSUTBT = o 0]
....................... Cnt_&rl
cout i
L Ll
(3 -
5.0us 79.0us 83.0us 87.0us 91.0us 95.0us 99.0us 103.0us I
Name Value at 1 T [} T [} T [} i
Ops
0 clock HO
[ A go HO
2 q U0 [75XT6XT7 178 ¥ 7980 38182 (83 384 (85 (86 {87 88 (89 ¥ 90 9192 Y93 94 (95 ¥ 96 157 198 99} 100
03.0us 1130us 117.0us 121.0us 1250us 128.0us 1330us 137.0 usl
Name Value at i i i i i i i i
Ops
0 clock HO | | | | | | | | | | | | |
1 go HO [ 1
2 | Ha uo 100 0T 32 33 34 (5 ¥ 6 (T (8 )9 Y01 332 333374 37516 T7X18 X1 ¥ 20 4321 ¥22 ¥23 24 32526 327

13.4  Automatic up/down counter

O
Ll Ilpm_counter0
........................ up/down
........................ updown
4.0]
Soak Co— clock al
Ve p cout
Ll inst
N I fro—
40us 18.0us 220us 260us 30.0us 34 0us 38.0us 420us I
N Value at [} [} [} [} [} [} [} [}
ame 0
ps
0 clock HO | | | | | | | |
ol q HO0  KOEXOF Y01 332333334 35316 X7 XT8 %18 XA XTBYICHIDYIE Y TFXAEXTD YICHIB X TAXTS X8 3 A7T6 X514 313
o7 direction B1 |
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7.0us 51.0us 55.0us 59.0us 63.0us 67.0us 71.0us 75.0usl
Value at i [ T [ [} [ [} [
Name 0
ps
0 clock HO | | J | J | J
1| Eq H00  OFYDEXOD)(OC 08 YOAY 0908 07 06 Y05 )02 {02 {02 0T {00 X1 020 (04 (05 06 {07 08 (09 A Y 0B 0 0D )0E
w7 direction B1
13.5 Mod-100, up/down, BCD counter
D lpm_counter0 LIt
......... up/down
load [ -\,DZT » sload modubus 10{ - - - - - -
d[3..0] [ -\,::T data[3.0] | P
up_dn [ — S updown q[3..0] LTEUT—— q2.0]
. ! o * p clock cout LIl
NEUT .
T ' e cin Ll
S inst S
LIt lpm counter0 LIt
....................... up/down
J sload meduuE IO o
SR ——i data[3..0] il
SEEERE e I e =
N P clock ] I I
............................. cin . I_Q..IE.J_D cout_tens
NI ) Sl
Ous 100.0us 104 0us 108.0us 1120us 116.0us 1200us 124.Dus|
Name Value a | i i i i i i i
Ops
0 clk B1 | | | | | | | | |
1 enable B1
2 up_dn B1 |
3 load HO
>4 d H25 25
13| Baq HOO [(FEXO7YIBY39) 0 (0T (0203 {02 0T {00 (99 38 (37 36 % XN
oo 22 cout_tens| BO 1 1
330us 137.0us 1410us 1450us 1450us 153.0us 157.0us 1610 usl
Name Value at |i i i i i i i i
Ops
0 ck B1 | | | | | | |
1 enable B1
w2 up_dn B1
3 load HO
4 d H25 25
D13 | @a HOO PEEBZYETYEO TSN TE XTI Y 25 %2423 422 2T 2019 Y18 7 16 {1512 Y13 T2 1T {1009 08 Y07 Y06
o 22 cout_tens| BO
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13.6 Mod-50 BCD counter

Clear
enatle
Ipm counter0
up counted]

sclr medulus 10

> clock q[3..0] LB ones(3.0]

cin cout

nst
Ipm counterl
sclr ":-:-:: us §
| Shock l e ——e D> clock al2..0] AT tensi2 0]
cin cout o)
OUTPUT stateds
nstl s H >
V. ps 4.q us 8.q us 12.9 us 16.9 us 20.9 us 24.9 us 28.9 us 32.9 us
Name alue at
Ops 395
0 clock HO piginigininh;
1 clear H1
2 enable HO
3 ones HO 0T X203 A5 B XT8N KO T X203 XA 5 36 XT38 9 ¥ 0 X2 3 X4 5 X8 ¥ T X8 3 x0T X2 )3 x4
s tens HO 0 b4 1 by 2 y 3
o 12 state49 H1
7.0us 41.0us 450us 49.0us 53.0us 61.0us 65.0us 69.0us 730us I
Name

0 clock
1 clear L
w2 enable
3 | [ ones pX 7 X8 X9 X0 X1 X2 X3 XA X5 X6 XT X8 XS X0 I X2 X3 x4 x5 X6 X7 X8I X0 XTx2 )3 4 56 X0 1 X2 X3 X4%5
o8 tens 3 4 by 0 y 1 y 0
w12 state49 LJ




13.7 Mod-100, self-stopping, BCD down-counter

Ipm counter0

4
inst4 | down counter
........................................ data[3..0] medulus 10
| clock | i D clock q(3..0] om—
cout
cnt_en
- o
cin 3
©
nst
. - QIET s
nZts ’
Ipm counter0
down counter]
data[3..0] medulus 10
p clock q[3..0] BT tensE0)]
cout
cnt_en
. ®
cin o
{restart C———% ]
i Vi inst1
0ps 40us 80us 120us 16.0us 200us 24 0us 28.0us 320us I
N Value at o 1 i v v T T T v
Ops JPS
0 clock HO ] ] LML
1 restart HO
D2 | [ ones HU U FEEEEE G O3 (D D CY ED e SR (D ERED ER (DD CRED ERED (D EXED ER (D ER LR ED ¢
o7 [H tens HU u b 9 b [ b 7
o 12 stop BO
Ous 98.0us 102.0us 106.0us 1100us 114 0us 118.0us 1220us 126.0us I
N Value at [ i i i i i i i
ame 0
ps
0 clock HO | | | | | | | | |
w1 restart HO
D2 ones HU R0 08T B x5 A X3 X2 0 FEEEEIED €3 €3 (3 CCD €2 ¢2 6B (D €]
o7 A tens HU 1 Y 0 b E] W8
o 12 stop BO | [
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13.8

Clock frequency divider

ps 1042|4 us 2044;8 us 30‘7.2 us 40.5?6 us 51 l2 us 61 Adus 71 Gl8 us 81 .9|2 us 92.1|6 us I
Name 2047 us +40.0us
|
T
1 clkout25kHz | |
13.9  Frequency divider

Ipm counter2
p—

g[1..0]4

Ipm counter3

p counteq]

cloeck

q[2..0]1

7111 us 21.852us 26593 us
Name 19.99998 us +6.66666 us
-
0 ckin27MHz I—
o1 clkout 12ptSkHz
oy 2 clkout37ptSkHz |
o3 clkout 100kHz M
o4 ckout150kHz | [T | 1
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17.111us 21.852us 26.533 us 31333 us
Name 15.981462 us +9.99555 us
d
0 ckin27MHz m
oy 1 clkout 12pt5kHz
Ly 2 clkout37pt 5k Hz |
o3 clkout 100k Hz [
o4 ckout150kHz | [T | | -
0.741 us 30.222us 39.704 us 49.185 us
Name 24722198 us +26.66664 us
-
>0 ckin27MHz m
o 1 clkout12pt5kHz |
oy 2 clkout37pt5kHz |
€3 clkout 100k Hz M M M
o4 clkout 150k Hz Bl B 1 1 1
2037us  510us 69.963 us 88.926 us 107.889 us 126.852us
Name 39.462924 us +79.99992 us
|
0 ckin27MHz :
oy 1 clkout 12pt 5k Hz
22| odowmsiz|l T 1. 1 o1 /L
o3 clkout 100kHz | 1 1l I I N [ I N
o 4 ckout150kHz [ I L ] M | L[ M | L] | M
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13.10 One-shot counter

""""""""" s lpm counter0 L
Ao -3 gy B
T sload e
i time{3..0] — \JE--T datal3.01 @ | E---c e
S B el QRO
gk I —— 1 D> clock coix e
B 1
[ cnt_en G =
[ inst L
R S S o Y e TR
reset | N B
0 ps 8.Qms 16.9ms 24.9ms 32.9ms 40.9ms 48.9ms 56.9ms 64.9ms 7
Name 45ms +100ms
A 7
>0 cock  {MAMAMUTULLLARARARAAILUURAARAALLLUTUUAARA A TUUUUUUAR AT
1 tigger MM N Mn M
2 time 4 1010 D ¢ 1010 FH0101% 1101
7 reset N
o 8 pulse ‘ | | | I | |
ps 8.Qms 16.9ms 24.9ms 32.9ms 40.9ms 48.9ms 56.9ms 64.9ms
Name 185ms +15.0ms
A 1|
0 cock (MMM AU AR AU ARARLLN
[ tigger N M M N
2 time 4 1010 o1 oK 1010 Y0101y 1101
7 reset M.
op 8 pulse | | | | | |
ps 8.Qms 16.9ms 24.9ms 32.9ms 40.9ms 48.9ms 56.9ms 64.9ms 72.9ms
Name 48 5ms+5.0ms
.| |
>0 cock  {MAMLLMMLAAANALLUTUUARARAR AU AU AR AR
(1 N tigger N Nn M M
2 time 1010 I ¢ 1010 VOTOTY 1701
m7 reset N
oy 8 pulse | | | | 1

Using a 1-kHz clock, this circuit will produce output pulses from 1 ms to 15 ms wide.
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14A.1

Unit 14A Counter Designs using AHDL

Binary down counter

SUBDESIGN modlo6dwn

( clock, 1d, en, data[3..0] :INPUT;
gl3..0], last :OUTPUT; )
VARIABLE
gl3..0] :DFF;
BEGIN
gl]l.clk = clock; —-— connect clock
IF 1d == VCC THEN -- load is highest priority
qll.d = datall; -- synchronous load
ELSIF en == GND THEN -—- active-low count enable
qll.d = gll.g - 1; -— count down
ELSE
qll.d = gll.q; -- hold count
END IF;
IF gl]l.g == 0 THEN -- detect terminal state
last = VCC; -- active-high output
ELSE
last = GNDj; -- if not the last state

END TIF;
END;
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14A.2

Up/down BCD counter

SUBDESIGN updn modl0
(
clock, c[1l..0] :INPUT;
count[3..0], carryn :OUTPUT;
)
VARIABLE
count[3..0] :DFF; -—- counter FFs
BEGIN
DEFAULTS
carryn = VCC; -- inactive output
END DEFAULTS;
count[].clk = clock; --— clock connection
CASE c[] IS -—- determine control
WHEN H"O" => -- reset
count[].d = 0;
WHEN H"1" => -- count down
IF count[] == 0 THEN -— at terminal state?
count[].d = 9; carryn = GND;
ELSE count[].d = count[].qg - 1; -—- decr.
END IF;
WHEN H"2" => —-— count up
IF count[] == 9 THEN -— at terminal state?
count[].d = 0; carryn = GND;
ELSE count[].d = count[].g + 1; -—- incr.
END IF;
WHEN H"3" => -- hold count
count[].d = count[].qg;
END CASE;
END;
14A.3 Mod-60 BCD counter
modl10
clock [Co—me— lock al3..0] SUTEUT 5 ones[3..0]
nst1
modé
clock
resn [ o—mil— * zesn ql2..0] ST tens[2..0]
_ er
Value & 3.0us 370us  410us  450us  490us 530us 570us 610us 650us 690us 730us 770us 81.0|u4
Name Ops
-0 clock so  [UUUUUUTUU T U T UUTUUTUU U UUT U U U U U U U U
1 resn B1 L
D2 | [ ones uo
7 | @ tens uo 3 by Z by 5 VW 0 by 1 by 0
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SUBDESIGN modlO0
(
clock, resn : INPUT;
gl3..0], rco :QUTPUT;
)
VARIABLE
gl3..0] :DFF; -—- 4 FFs
BEGIN
DEFAULTS
rco = GND; -- inactive output
END DEFAULTS;
gll.clk = clock;
IF !resn THEN -- active-low reset
gqll.d = 0;
ELSIF qg[].g == 9 THEN -- at terminal state?
gl].d = B"0000"; -- recycle
rco = VCC; -— assert rco
ELSE
gll.d = g[l.q + 1; -- increment count
END IF;
END;
SUBDESIGN mod6
(
clock, resn, en :INPUT;
gl2..0] :QUTPUT;
)
VARIABLE
gl2..0] :DFF; -— 3 FFs
BEGIN
gll.clk = clock;
IF !resn THEN -—- active-low reset
gll.d = 0;
ELSIF en THEN -- increment tens digit
IF gl].g == 5 THEN -- at terminal state?
gl].d = B"000"; -- recycle
ELSE
qll.d = gll.g + 1; -— increment count
END IF;
ELSE
qll.d = gll.q; -- hold current state
END IF;
END;
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14A.4 Mod-100 binary counter

SUBDESIGN modl00
(
clock, enable, w :INPUT;
qgl7..0], pulse :QUTPUT;
)
VARIABLE
qgl7..0] :DFF; -—- 8 FFs
BEGIN
gl].clk = !clock; -- clock on NGT
IF enable THEN -— count enabled?
IF g[l.g == 99 THEN -- at terminal state?
qgl]l.d = 0; -- recycle
ELSE
qgll.d = gll.g + 1; -—- increment count
END IF;
ELSE
qll.d = gll.q; -—- hold count
END IF;
-- control pulse width of output
IF 'w & g[].qg > 95 THEN pulse = VCC;
ELSIF w & g[].g >= 90 THEN pulse = VCC;
ELSE pulse = GND;
END IF;
END;
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14A.5 Stepper motor sequence controller

SUBDESIGN 'half-step'
(

step, cw, go : INPUT;
gl3..0] :QUTPUT;
)
VARIABLE
stepper: MACHINE OF BITS (g[3..0]) -- state machine
WITH STATES ( -- define stepper states

initial = B"0000",
sl = B"0101",
s2 = B"0001",
s3 = B"1001",
s4 = B"1000",
s5 = B"1010",
s6 = B"0010",
s7 = B"0110",
s8 = B"0100");

BEGIN

stepper.clk = step; -—- clock port

stepper.ena = go; -- active-high enable port

TABLE -- present state/next state table
stepper, cw => stepper;
initial, X => sl;
sl, 1 => s2;
sl, 0 => s8;
s2, 1 => s3;
s2, 0 => sl;
s3, 1 => s4;
s3, 0 => s2;
s4, 1 => s5;
s4, 0 > s3;
s5, 1 => s6;
s5, 0 => s4;
s6, 1 => s7;
s6, 0 => s5;
s7, 1 => s8;
s7, 0 => s6;
s8, 1 => sl;
s8, 0 => s7;

END TABLE;
END;
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14A.6

Variable frequency divider

SUBDESIGN divider
(

freq in, m[1..0]
freq out
)
VARIABLE
count[4..0]
BEGIN
count[].clk = freqg in;
CASE m[] IS
WHEN 0 =>
freq out = count[2];
IF count[] == 4 THEN
count[].d = 0;
ELSE
count[].d = count]]
END IF;
WHEN 1 =>
freq out = count([3];
IF count[] == 9 THEN
count[].d = 0;
ELSE
count[].d = count]]
END IF;
WHEN 2 =>
freq out = count[4];
IF count[] == 19 THEN
count[].d = 0;
ELSE
count[].d = count]]
END IF;
WHEN 3 =>
freq out = count[4];
IF count[] == 24 THEN
count[].d = 0;
ELSE
count[].d = count]]
END IF;
END CASE;

END;

-d

-q

-d

-d

: INPUT;
:OUTPUT;

:DFF;

terminal state?
recycle

+ 1;

count up

terminal state?
-— recycle

+ 1; count up

terminal state?
-— recycle

+

1; —-- count up

terminal state?
-— recycle

+ 1;

count up
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14A.7

Digital lock

CONSTANT combl = H"7";
CONSTANT comb?2 H"EF";
CONSTANT comb3 = H"A";
CONSTANT comb4 = H"2";
-— define desired lock combination
SUBDESIGN lock

(enter :INPUT;
datal[3..0] :INPUT;
unlock, ready :OUTPUT;)
VARIABLE
sm :MACHINE
WITH STATES (start, statel, state2, state3, done);
BEGIN
DEFAULTS

unlock = GND;
ready = GND;
END DEFAULTS;

sm.clk = enter;
CASE sm IS
WHEN start => -- beginning state
ready = VCC; -- ready to enter code
IF data[] == combl THEN sm = statel;
ELSE sm = start;
END IF;
WHEN statel => -- 1st number ok
IF data[] == comb2 THEN sm = state2;
ELSE sm = start; —-— wrong number
END IF;
WHEN state2 => -—- 2nd number ok
IF data[] == comb3 THEN sm = state3;
ELSE sm = start;
END IF;
WHEN state3 => -- 3rd number ok
IF datal[] == comb4 THEN sm = done;
ELSE sm = start;
END IF;
WHEN done=> -— 4th number ok
sm = start; —-— relock when press enter
unlock = VCC; -- unlock
END CASE;
END;
ps 20us 40us 6.0us 80us 10Apus 120us 140us 16.0us 18,(IJus 20,0u4
Name 0ps
I
2#0 | @ data 0 b4 7 b4 F YA b 2 b 7 Y F Y B b4 2 Y
5 enter | | J | J | J | J | J | J | J | J |
Lo 43 ready | e —
o7 unlock 1
8 sm sm.start W smstatel ) smstate2 ¥ smstate3  smdone ¥ smstat ¥ smstatel ¥ smstate2 sm start Y
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14A.8 Programmable frequency divider

SUBDESIGN divide_by
(
freq in, b[7..0] :INPUT;
freq out :OUTPUT;
)
VARIABLE
divide by[7..0] :DFF; -—- 8 FFs
BEGIN

divide byl[]l.clk = freq in;

IF divide by[] <= 1 THEN -—- detect last state
divide by[].d = b[]; -- reload number
freq out = VCC; -- make pulse

ELSE divide by[].d = divide by[]l.q - 1; —-— decr.

END IF;

END;
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14A.9

State machine

:MACHINE OF BITS
WITH STATES

SUBDESIGN state
(
clock, r, s
gl2..0]
)
VARIABLE
sm
BEGIN
sm.clk =
TABLE
sm, r,
s0, X,
sl, X,
s2, X,
s3, 1,
s3, 0,
s3, 0,
s5, X,
s4, X,
s6, X,
s7, X,
s7, X,

END TABLE;

END;

, T

clock;

-- present state/next state table

N N N NN

~

N N N~

XXX X KO E X X X X0

~

t

O X XXX X X X XX

(gl2.

: INPUT;
:OUTPUT;

s0

sl
s2
s3
sd
sb
s6
s

0])
= B"000",

B"001",
B"010",
B"011",
B"100",
B"101",
B"110",
B"111");

sm;
sl;
s7;
sl;
s3;
s4;
s7;
sl;
s3;
s4;
sl;
s6;
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14A.10 Variable pulse delay

SUBDESIGN varypulsedelay
(

clock :INPUT;
start : INPUT;
delay :INPUT;
pulse :OUTPUT;
)
VARIABLE
mach :MACHINE -— "buried" machine

WITH STATES (
idle, one, two, three, four, five,
six, seven, eight, nine, ten);
BEGIN
DEFAULTS
pulse = GND;
END DEFAULTS;
mach.clk = clock;

CASE mach IS

WHEN idle => -— mach waits here
IF start THEN mach = one;
ELSE mach = idle;
END IF;
WHEN one => mach = two;
WHEN two => mach = three;
WHEN three => mach = four;
WHEN four => mach = five;
WHEN five =>
IF delay == GND THEN
mach = idle;
pulse = VCC;
ELSE mach = six;
END IF;
WHEN six => mach = seven;
WHEN seven => mach = eight;
WHEN eight => mach = nine;
WHEN nine => mach = ten;
WHEN ten => mach = idle;
IF delay == VCC THEN

pulse = VCC;
END TIF;
END CASE;
END;
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0

1

D2

o3

w4

clock
delay

start

pulse

mach

nst
nst

SUBDESIGN mod50
(

clock :INPUT;

gl5..0] :OUTPUT;
)
VARIABLE

gl5..0] :DFF;
BEGIN

gl]l.clk = clock;

IF q[] == 49 THEN

qll.d = 0;
ELSE
all.d = gll.qg + 1;

END IF;
END;
SUBDESIGN mod2
(

clock :INPUT;

ff :OUTPUT;
)
VARIABLE

ff :DFF;
BEGIN

ff.clk = clock;

ff.d = 1ff.qg;
END;
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14A.1

14A.1

2 Clock frequency divider

SUBDESIGN clock divider
(
clock 50MHz :INPUT;
out 25kHz, out 10kHz :QUTPUT;
)
VARIABLE
g_25kHz[10..0] g_10kHz[12..0] :DFF;
BEGIN
g_25kHz[].clk = clock 50MHz;
g_10kHz[].clk = clock 50MHz;
out 25kHz = g 25kHz[10].g; -- only need MSB
out 10kHz = g 10kHz[12].q; -- from 2 counters
IF g_25kHz[].qg == 1999 THEN -- mod 2000
g_25kHz[].d = 0;
ELSE
g_25kHz[].d = g 25kHz[].q + 1;
END IF;
IF g 10kHz[].g == 4999 THEN -- mod 5000
g_10kHz([].d = 0;
ELSE
g _10kHz[].d = g 10kHz[].g + 1;
END IF;
END;
3 Gray code counter

SUBDESIGN gray
(

state machine

( -- gray code bit patterns

clock, dir :INPUT;
gl3..0], index :OUTPUT;
)
VARIABLE
gray: MACHINE OF BITS (g[3..01])
WITH STATE
s0O = B"00O0O",
sl = B"0001",
s2 = B"0011",
s3 = B"0010",
s4 = B"0110",
s5 = B"0111",
s6 = B"0101",
s7 = B"0100",
s8 = B"1100",
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BEGIN

END;

gray.clk =

TABLE
gray,
s0,
s0,
sl,
sl,
s2,
s2,
s3,
s3,
s4,
s4,
sb,
sb,
s6,
s6,
s7,
s7,
s8,
s8,
s9,
s9,
slo0,
slo0,
sll,
sll,
sl2,
sl2,
sl3,
sl3,
sl4,
sl4,
sl5,
sl5,

END TABLE;

s9 = B"1101",

sl0 = B"1111",

sll = B"1110",

sl2 = B"1010",

sl3 = B"1011",

sl4 = B"1001",

sl5 = B"1000");

clock; -— state machine clock

-- present state/next state table

dir => gray, index;
0 => sl, 0;
1 => sl5, 0;
0 => s2, 1;
1 => s0, 1;
0 => s3, 1;
1 => sl, 1;
0 => s4, 1;
1 => s2, 1;
0 => sb, 1;
1 => s3, 1;
0 => s6, 1;
1 => s4, 1;
0 => s7, 1;
1 => sb, 1;
0 => s8, 1;
1 => s6, 1;
0 => s9, 1;
1 => s7, 1;
0 => slo0, 1;
1 => s8, 1;
0 => sll, 1;
1 => s9, 1;
0 => sl2, 1;
1 => slo0, 1;
0 => sl3, 1;
1 => sll, 1;
0 => sl4, 1;
1 => sl2, 1;
0 => sl5, 1;
1 => sl3, 1;
0 => s0, 1;
1 => sl4d, 1;
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Unit 14V Counter Designs using VHDL

14V.1 Binary down counter

ENTITY modlédwn IS

PORT ( clock, load, en :IN BIT;
data :IN INTEGER RANGE 0O TO 15;
q :OUT INTEGER RANGE 0 TO 15;
last :0UT BIT )

END modlodwn;

ARCHITECTURE down_count OF modlé6dwn IS
BEGIN
PROCESS (clock) -—- wait for clock
VARIABLE counter :INTEGER RANGE 0 TO 15;
BEGIN

IF (clock'EVENT AND clock = '1') THEN

IF load = '1' THEN -- load is highest priority
counter := data; -—- synchronous load
ELSIFen = '0' THEN -- active-low count enable
counter := counter - 1; —-— count down
END IF; hold is implied
END TIF;

g <= counter; connect to output port
IF counter = 0 THEN detect terminal state
last <= '1"'; active-high
ELSE
last <= '0"';
END TIF;
END PROCESS;
END;
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14V.2 Up/down BCD counter

ENTITY updn modlO IS

PORT (
clock :IN BIT;
C :IN BIT VECTOR (1 DOWNTO O0);
count :0OUT INTEGER RANGE 0 TO 15;

carryn :OUT BIT
)7
END updn _modlO0;

ARCHITECTURE vhdl OF updn modlQO IS

BEGIN
PROCESS (clock, c) -- clock or control invokes process

VARIABLE bcd :INTEGER RANGE 0 TO 9; -— counter variable
BEGIN
IF (clock'EVENT AND clock = '1l') THEN -- on PGT
CASE ¢ 1IS -- determine control input
WHEN "00" => -— reset
bcd := 0;
WHEN "O01" => -—- count down
IF (bcd = bcd := 9;
ELSE bcd := bcd - 1;
END IF;
"o  => —-— count up
IF (bcd = 9) THEN bcd := 0;
ELSE bcd := bcd + 1;
END IF;
WHEN "11" => -- hold count
bcd := bcd;
END CASE;

END TIF;
count <= bcd; —-—- output counter

-- assert active-low ripple carry output
IF (c = "01" AND bcd = 0) THEN carryn <= '0';
ELSIF (c = "10" AND bcd = 9) THEN carryn <= '0';
ELSE carryn <= '1"';
END IF;
END PROCESS;
END wvhdl;
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14V.3 Mod-60 BCD counter

30us 370us  410us  450us  490us 530us 570us 610us 650us 690us 730us 770us 810 u%

> 1

2

=Y

clock BO

resn B1

@ ones uo  EESEDEITDIIEDE DIV DOV EE TS TIIEEN 0 XNTE

tens uo 3 X 4 X 5 4 0 A 1 X

0

ENTITY modlO IS

PORT (
clock, resn :IN BIT;
q :OUT INTEGER RANGE 0 TO 9;
rco :OUT BIT )

END modl0;

ARCHITECTURE vhdl OF modl0O IS

BEGIN
PROCESS (clock)
VARIABLE count :INTEGER RANGE 0 TO 9;
BEGIN

IF (clock'EVENT AND clock = '1") THEN
IF (resn = '0' OR count = 9) THEN
count := 0; -- reset/recycle
ELSE count := count + 1; -— increment
END IF;
END IF;

IF (count = THEN rco <= '1"';
ELSE rco <= '0';
END IF;

g <= count; —-— output count

END PROCESS;
END wvhdl;
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ENTITY mod6 IS
PORT (

clock, resn, en :IN BIT;

q :OUT INTEGER RANGE 0 TO 5 )
END mod6;

ARCHITECTURE vhdl OF mod6 IS

BEGIN
PROCESS (clock)
VARIABLE count :INTEGER RANGE 0 TO 5;
BEGIN

IF (clock'EVENT AND clock = '1') THEN
IF (resn = '0') THEN count := 0; -— reset
ELSIF (en = '1l') THEN -—- enabled
IF (count = 5) THEN
count := 0; recyle
ELSE
count := count + 1; increment
END IF;
END IF;
END IF;

g <= count; —-— output count

END PROCESS;
END wvhdl;
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14V.4 Mod-100 binary counter

ENTITY modl00 IS

PORT (
clock,
q
pulse

END modl00;

enable, w

ARCHITECTURE vhdl OF modl00
BEGIN
PROCESS (clock)
VARIABLE count
BEGIN

IF
IF
IF

ELSE

(clock'"EVENT AND clock =
(enable =
(count =

count :=

count :=

:IN BIT;
:OUT INTEGER RANGE O TO 99;
:OUT BIT);

IS

:INTEGER RANGE 0 TO 99;

THEN --— on NGT
enabled?

IOI)
THEN -
THEN
0;

lll)
99)
-— recycle

count + 1; --— increment

END TIF;

END TIF;
END TIF;

g <= count;

output count

-- control pulse width of output

IF (w = '0'
ELSIF (w = '1"'
ELSE pulse <=
END IF;

lol;

END PROCESS;
END wvhdl;

AND count >=
AND count >=

1 T .
1%
1 T .
1%

95) THEN pulse <=

90) THEN pulse <=
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14V.5 Stepper motor sequence controller

ENTITY half step IS
PORT (

step, cw, go :IN BIT;

q :0UT BIT VECTOR (3 DOWNTO 0));
END half step;

ARCHITECTURE wvhdl OF half_step IS

BEGIN

PROCESS (step)

VARIABLE stepper :BIT VECTOR (3 DOWNTO O0) ;
BEGIN

IF (step'EVENT AND step = '1"'") THEN
IF (go = '"1l' AND cw = '0") THEN
-— enabled for CCW steps
CASE stepper IS -- define CCW sequence
WHEN "0101" stepper := "0100";
WHEN "0100" stepper := "0110";
WHEN "0110" stepper := "0010";
WHEN "0010" stepper := "1010";
WHEN "1010" = stepper := "1000";
WHEN "1000" stepper := "1001";
WHEN "1001" stepper := "0001";
WHEN "0001" stepper := "0101";
WHEN OTHERS = stepper := "0101";
END CASE;

ELSIF (go = '"1l'" AND cw = '1") THEN
—-— enabled for CW steps
CASE stepper IS -- define CW sequence
WHEN "0101" stepper := "0001";
WHEN "0001" stepper := "1001";
WHEN "1001" = stepper := "1000";
WHEN "1000" = stepper := "1010";
WHEN "1010" stepper := "0010";
WHEN "0010" stepper := "0110";
WHEN "0110" stepper := "0100";
WHEN "0100" = stepper := "0101";
WHEN OTHERS stepper := "0101";
END CASE;
END TIF;
END TIF;

q <= stepper; output count

END PROCESS;
END wvhdl;
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14V.6 Variable frequency divider

ENTITY divider IS

PORT (
freq in :IN BIT;
m :IN BIT VECTOR (1 DOWNTO O0) ;
freq out :OUT BIT);

END divider;

ARCHITECTURE vhdl OF divider IS
BEGIN
PROCESS (freq in)
VARIABLE count :INTEGER RANGE 0 TO 24;
-- buried counter
BEGIN

IF (freq in'EVENT AND freq in = '1"') THEN
-—- determine if at selected terminal state

IF (m = "00" AND count = 4) THEN

count := 0;

freq out <= '1";
ELSIF (m AND count = 9)

count := 0;

freq out <= '1";
ELSIF (m AND count = 19)

count := 0;

freq out <= '1";
ELSIF (m AND count = 24)

count := 0;

freq out <= '1";
ELSE count := count + 1;

freq out <= '0";
END IF;

END IF;

END PROCESS;
END wvhdl;
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14V.7 Digital lock

ENTITY 1lock IS

PORT (enter :IN BIT;
data :IN INTEGER RANGE 0
unlock :OUT BIT;
ready :0UT BIT);

END lock;

ARCHITECTURE wvhdl OF lock IS
CONSTANT combl :INTEGER RANGE TO
CONSTANT comb2 :INTEGER RANGE TO
CONSTANT comb3 :INTEGER RANGE TO
CONSTANT comb4 :INTEGER RANGE 0 TO
-— define desired lock combination
BEGIN
PROCESS (enter)
TYPE lock state IS (start, statel, state2, state3, done);
VARIABLE sm : lock state;
BEGIN
IF (sm done) THEN unlock <= '1"'; -—- unlocked
ELSE unlock <= '0"'; -- locked
END IF;
IF (sm start) THEN ready <= '1"'; -— ready
ELSE ready <= '0';
END IF;
IF (enter'EVENT AND enter = '1') THEN
CASE sm IS
WHEN start => -- beginning state
IF (data = combl) THEN sm := statel;
ELSE sm := start; —-— wrong number
END IF;
statel => -— 1lst number ok
IF (data comb?) THEN sm := state?2;
ELSE sm := start; —-— wrong number
END IF;
state2 => -—- 2nd number ok
IF (data = comb3) THEN sm := state3;
ELSE sm := start; —-— wrong number
END IF;
state3 => -- 3rd number ok
IF (data = combi) THEN sm := done;
ELSE sm := start; —-— wrong number
END IF;
WHEN done=> sm := start; -- 4th number ok
END CASE;
END IF;
END PROCESS;
END wvhdl;
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14V.8 Programmable frequency divider

ENTITY divide by IS

PORT (
freq in :IN BIT;
b :IN INTEGER RANGE 0 TO 255;
freq out :0UT BIT

)

END divide by;

ARCHITECTURE wvhdl OF divide_by IS
BEGIN
PROCESS (freq in)
VARIABLE divider :INTEGER RANGE 0 TO 255;
-— variable modulus counter

BEGIN

IF (freq in'EVENT AND freq in='l') THEN

IF divider <= 1 THEN -- reload
divider := b;
ELSE
divider := divider - 1;
END IF;
END IF;

IF divider <= 1 THEN -- detect state 1
freq out <= '1";

ELSE
freq out <= '0";

END TIF;

END PROCESS;
END wvhdl;
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14V.9 State machine

ENTITY state IS
PORT (
clock, r, s, t :IN BIT;
q :0UT BIT VECTOR (2 DOWNTO 0)

)7
END state;

ARCHITECTURE wvhdl OF state

BEGIN
PROCESS (clock)
VARIABLE sm :BIT VECTOR (2 DOWNTO O0) ;
BEGIN

IF (clock'EVENT AND clock = '1") THEN
CASE sm IS -- define sequence
WHEN "001" => sm := "111";
WHEN "111" => -- conditional
IF (t = ) THEN
sm := "110";
ELSE sm := "001";
END IF;
"110" => sm "100";
"100" => sm := "011";
"o11l" => -- conditional
IF (r AND s = '0") THEN
sm := "111";
ELSIF '0'" AND s = '1") THEN
sm : "100";
ELSE sm := "011";
END IF;
WHEN OTHERS => sm := "001";
-- self-correcting & starting
END CASE;
END IF;

q <= sm; -- output state machine

END PROCESS;
END wvhdl;
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14V.10 Variable pulse delay

ENTITY
PORT (

varypulsedelay IS
clock :IN BIT;
start :IN BIT;
delay :IN BIT;
pulse :0UT BIT
END varypulsedelay;

) ;

ARCHITECTURE projectl4 10 OF varypulsedelay IS

BEGIN
PROCESS
TYPE states IS

(clock, delay)
(idle, one, two,
six, seven,
VARIABLE mach states;

BEGIN
IF (clock'EVENT AND clock =

CASE mach IS

WHEN idle =>

IF (start =

ELSE

END IF;

one =>
two =>
three =>
four =>
five =>

IF (delay =

ELSE

END IF;
Six =>
seven =>
eight =>
nine >
ten

WHEN
WHEN
WHEN
WHEN
WHEN
END CASE;

END IF;
IF (delay = '0'
pulse <=
(delay = "1
pulse <=
pulse <=

AND mach =
lll’.
AND mach
lll’.
lOl’.

ELSIF

ELSE

END TIF;
END PROCESS;
END projectl4d 10;
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three,
eight,

lOl)

five)

five,
ten);

four,
nine,

! THEN

-- mach waits here
lll)

THEN
mach
mach

= one;
= idle;

mach
mach
mach
mach

= two;

= three;
four;
five;

THEN
mach :=
mach := six;

idle;

mach
mach
mach
mach
mach

seven;
eight;
nine;
ten;

= idle;

THEN

= ten) THEN




14V.11 Frequency divider

ENTITY mod50 IS
PORT (clock :IN BIT;
q :OUT INTEGER RANGE 0 TO 49);
END mod50;
ARCHITECTURE projectl4 11 OF mod50 IS
BEGIN
PROCESS (clock)
VARIABLE count :INTEGER RANGE O TO 49;
BEGIN
IF (clock'EVENT AND clock = '1") THEN
IF (count = 49) THEN count := 0;
ELSE count := count

END IF;

END IF;
g <= count;

END PROCESS;
END projectld 11;

ENTITY mod2 IS
PORT (clock :IN BIT;
ff :OUT BIT);
END mod2;
ARCHITECTURE block2 OF mod2 IS
BEGIN
PROCESS (clock)
VARIABLE flipflop : BIT;
BEGIN
IF (clock'EVENT AND clock = '1") THEN
flipflop := NOT flipflop;
END IF;
ff <= flipflop;
END PROCESS;
END block2;
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14V.12 Clock frequency divider

ENTITY clock divider IS
PORT (
clock 50MHz :IN BIT;
out_25kHz :OUT INTEGER RANGE 0 TO 2047;
out_lOkHz :OUT INTEGER RANGE 0 TO 8191
) ;
END clock divider;

ARCHITECTURE wvhdl OF clock_divider IS

BEGIN

PROCESS (clock 50MHz)

VARIABLE mod2000 :INTEGER RANGE O TO 2047;
VARIABLE mod5000 :INTEGER RANGE 0 TO 8191;
BEGIN

IF (Clock_SOMHZ'EVENT AND Clock_SOMHZ = '1'") THEN
IF mod2000 = 1999 THEN -- mod 2000
mod2000 := 0;
ELSE
mod2000 := mod2000 + 1;
END IF;

IF mod5000 = 4999 THEN -- mod 5000
mod5000 := 0;
ELSE
mod5000 := mod5000 + 1;
END IF;
END IF;

out 25kHz <= mod2000; -—- use MSB for 25 kHz
out 10kHz <= mod5000; -— use MSB for 10 kHz

END PROCESS;
END wvhdl;
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14V.13 Gray code counter

ENTITY gray IS

PORT (
clock, dir :IN BIT;
q :0UT BIT VECTOR (3 DOWNTO O0) ;
index :0UT BIT

)

END gray;

ARCHITECTURE vhdl OF gray IS
BEGIN
PROCESS (clock) -—- detect clock change
VARIABLE seq :BIT VECTOR (3 DOWNTO 0) ;
-- declare bit vector variable for state machine
BEGIN
IF (clock'EVENT AND clock = '1") THEN -- PGT
IF (dir = '0") THEN —-— count up
CASE seq IS -- determine next state
WHEN "0000" seq := "0001";
WHEN "0001" seq := "0011";
WHEN "0011" = seq := "0010";
WHEN "0010" = seq := "0110";
WHEN "0110" seq := "0111";
WHEN "0111" seq := "0101";
WHEN "0101" = seq := "0100";
WHEN "0100" seq := "1100";
WHEN "1100" seq := "1101";
WHEN "1101" seq := "1111";
WHEN "1111" seq := "1110";
WHEN "1110" seq := "1010";
WHEN "1010" = seq := "1011";
WHEN "1011" = seq := "1001";
WHEN "1001" seq := "1000";
WHEN "1000" = seq := "0000";
END CASE;
ELSE —-— count down
CASE seq IS - determine next state
WHEN "1000" seq := "1001";
WHEN "1001" seq := "1011";
WHEN "1011" = seq := "1010";
WHEN "1010" = seq := "1110";
WHEN "1110" seq := "1111";
WHEN "1111" seq := "1101";
WHEN "1101" seq := "1100";
WHEN "1100" seq := "0100";
WHEN "0100" seq := "0101";
WHEN "0101" seq := "0111";
WHEN "0111" = seq := "0110";
WHEN "0110" seq := "0010";




WHEN "0010"™ => seqg := "0011";

WHEN "0011"™ => seqg := "0001";
WHEN "0001"™ => seqg := "0000";
WHEN "0000"™ => seq := "1000";
END CASE;
END TIF;
END TIF;
g <= seqg; -—- output counter variable to port
-- produce index signal
IF (seqg = "0000") THEN index <= '1"';
ELSE index <= '0';
END TIF;
END PROCESS;

END wvhdl;
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Unit 15 Shift Register Applications

15.1 Waveform pattern generator
(a) HDL solutions

Q

% waveform pattern generator - AHDL solution %
SUBDESIGN pattern gen a
(

clk, datalO0..7] :INPUT;
serial out, shift/load :OUTPUT;
)
VARIABLE
gl0..7] :DFF; -- shift register
control :MACHINE WITH STATES

(sh/1d, sl1, s2, s3, s4, s5, s6, s7);
-— mod-8 control counter

BEGIN
gl]l.clk = clk;
control.clk = clk;

serial out = g7.q9;
TABLE -- present state/next state table
control => control;
sh/1d => sl;
sl => s2;
s2 => s3;
s3 => s4;
s4 => s5;
s5 => s6;
s6 => s7;
s7 => sh/1d;
END TABLE;
IF (control == sh/1d) THEN
qgl0..7].d = datal[0..7]; -- parallel load
shift/load = VCC; -- shift/load pulse
ELSE
gl0..7].d = (GND, qg[0..6]1.9); -- shift data
shift/load = GND;
END IF;

END;
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-- waveform pattern generator - VHDL solution

ENTITY pattern gen v IS

PORT (
clk :IN BIT;
data :IN BIT VECTOR (0 TO 7);
serial out, shift load :OUT BIT

)7

END pattern gen v;

ARCHITECTURE vhdl OF pattern gen v IS

BEGIN

PROCESS (clk)
TYPE count state IS

(sh 1d, sl1, s2, s3, s4, s5, s6, s7);
-— enumerated data type

VARIABLE control :count state;
VARIABLE g :BIT VECTOR (0 TO 7);
VARIABLE ser :BIT;
BEGIN
ser := '0"; -- serial input
serial out <= q(7); -- serial output

-- define shift/load control signal
IF (control = sh 1d) THEN shift load <= '1';

ELSE shift locad <= '0';
END IF;

IF (clk'EVENT AND clk = '1") THEN
IF (control = sh 1d) THEN
g := data; -- parallel load
ELSE g := (ser & g(0 TO 6)); —-— serial shift
END IF;
-- define control sequence
CASE control IS
WHEN sh 1d = control
WHEN s1 control
WHEN s2 control
WHEN s3 = control
WHEN s4 control
WHEN s5 = control
WHEN s6 = control
WHEN s7 control
END CASE;
END IF;

END PROCESS;
END wvhdl;
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15.1 Waveform pattern generator

(b) LPM schematic solution

j lpm mod8
ek o C—o——4— D clock [é c‘ L SUTEIT kit load
‘ ‘ CCU; )
et lpm_shiftreq PISO
load T
d[7..0] C—=— data[7..0]
shiftout S50 serial_out
clock
shiftin
<£;3 inst1
15.2  Serial data buffer
SUBDESIGN serial data a -— AHDL solution
(
clk, ser data :INPUT;
pipo[0..7], new data :QUTPUT;
)
VARIABLE
pipo[0..7] :DFFE; -—- D FFs with enable
sipo[0..7] :DFF;
control :MACHINE WITH STATES
(sO0, sl1, s2, s3, s4, s5, s6, s7);
BEGIN
pipol[].clk = clk;
pipo[] .ena = new data; -- enable pipo register
pipol].d = sipol].qg; -- parallel out to parallel in
sipol[].clk = clk;
sipo[0..7].d = (ser data, sipo[0..6].9); -—- ser shift
control.clk = clk;
new data = (control == s7); -- time to parallel load
TABLE -- present state/next state table
control => control;
s0 => sl;
sl > s2;
s2 => s3;
s3 => s4;
sd => s5;
s5 => sS6;
S6 => s7;
s7 => s0;
END TABLE;
END;
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ENTITY
PORT (
clk,
pipo
new data

ser data

)7

END serial data v;

serial data v IS

-— VHDL solution

:IN BIT;
:0UT BIT VECTOR
:OUT BIT

(0 TO 7);

ARCHITECTURE vhdl OF serial data v IS

BEGIN

PROCESS (clk)

TYPE count state IS

VARIABLE
VARIABLE
VARIABLE

reg

BEGIN

pipo <= reg;
detect data load
IF (control = s7)
new data <=

ELSE
END TIF;

IF (clk'"EVENT AND clk =
sipo
CASE

control

sipo

(sO, s1, s2, s3, s4, s5, s6, s7);
-— enumerated data type
:count state;
:BIT VECTOR (0 TO 7);
:BIT VECTOR (0 TO 7);

-—- connect buried register to port

THEN
lol;

new data <= '1';

'1") THEN

:= (ser _data & sipo(0 TO 6)); -- shift
control IS -- control sequence
WHEN sO control := sl;

WHEN sl control := s2;

WHEN s2 control := s3;

WHEN s3 control : s4;

WHEN s4 control : s5;

WHEN s5 control := s6;

WHEN s6 control : s7;

WHEN s7 control := s0;

END CASE;

IF

THEN
sipo;

(control = s7)

reg := -- parallel load

END TIF;

END TIF;

END PROCESS;
END;
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15.3 Barrel shifter

SUBDESIGN barrel shift

( clk, s[2..0], 1d, d[0..7] :INPUT;
ql0..7] :QUTPUT; )
VARIABLE
regl[0..7] :DFF; -- register
BEGIN
reg[].clk = clk;
IF 1d THEN reg[0..7].d = d[0..7]; -- parallel load
ELSE -- shift data
CASE s[] IS -- rotate s bits
WHEN O => reg[0..7].d = reg[0..7].9;
WHEN 1 => reg[0..7].d = (reg[l..7].q, reg[0].q);
WHEN 2 => reg[0..7].d = (regl[2..7].9, reg[0..1].9);
WHEN 3 => reg[0..7].d = (reg[3..7].9, reg[0..2].9);
WHEN 4 => reg[0..7].d = (regl[4..7].9, reg[0..3]1.9);
WHEN 5 => reg[0..7].d = (reg[5..7].9, reg[0..4]1.9);
WHEN 6 => reg[0..7].d = (regl[6..7].9, reg[0..5].9);
WHEN 7 => reg[0..7].d = (regl[7].9, reg[0..6].q9);
END CASE;
END TIF;
qll = regll.q; -- connect register to port

END;

ENTITY barrel shift
PORT (clk, 1d :IN BIT;
:IN BIT VECTOR (2 DOWNTO O0) ;
:IN BIT VECTOR (0 TO 7);
:OUT BIT VECTOR (0 TO 7)) ;
END barrel shift;
ARCHITECTURE wvhdl OF barrel_shift IS
BEGIN
PROCESS (clk)
VARIABLE reg:BIT VECTOR (0 TO 7); -- register
BEGIN
IF (clk"EVENT AND clk = '1") THEN
IF (1d = '1") THEN reg := d; -- parallel load
ELSE-- shift data
CASE s IS -- rotate
WHEN "000" = reg :
WHEN "0O01" reg
WHEN "010" reg
WHEN "O011" reg
WHEN "100" reg
WHEN "101" reg
WHEN "110" reg
WHEN "111" = reg
END CASE;
END IF;
END IF;
q <= reg; -- connect register to port
END PROCESS;
END vhdl;
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15.4 Mod-10 ring counter

SUBDESIGN ringlO -—- AHDL solution
(
clk, clrn : INPUT;
gl0..9] :QUTPUT;
)
VARIABLE
gl0..9] :DFF; -- 10 bit register
ser :NODE; -- serial input signal
BEGIN
gl].clk = clk;
gl[].clrn = clrn; —-—- asynchronous clear
IF g[0..8].g == B"111111111" THEN ser = GND;
ELSE ser = VCC;
END IF; -—- determine feedback
gl0..9].d = (ser, gl[0..8]1.9); -- shift
END;

ENTITY ringlO -—- VHDL solution
PORT (
Clk, clrn :IN BIT;
q :0OUT BIT VECTOR (0 TO 9)

)7
END ringlOQO;

ARCHITECTURE vhdl OF ringlO IS
SIGNAL ser :BIT; -- serial feedback signal
BEGIN
PROCESS (clk, clrn)
VARIABLE «r :BIT VECTOR (0O TO 9);
BEGIN
IF r(0O TO 8) = "111111111"™ THEN ser <= '0';
ELSE ser <= '1"';
END IF; -—- determine feedback

IF clrn = '0' THEN
r := "0000000000Q";
ELSIF (clk'EVENT AND clk = '1') THEN
r := (ser & r(0 TO 8)); —-— shift
END IF;
q <= r; —-— connect to output port
END PROCESS;
END wvhdl;
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15.5

Mod-10 Johnson counter

SUBDESIGN johnsonlOa -—- AHDL solution
(
clock, reset, hold :INPUT;
qgl0..4], =zero :QUTPUT;
)
VARIABLE
gl0..4] :DFF; -- 5-bit reg
ser :NODE; -—- feedback
BEGIN
gl]l.clk = clock;
ser = !g4; -- feedback function
zero = 190 & !qg4; -- decode 00000
IF reset THEN g[].d = B"00000"; -—- reset
ELSIF hold THEN gll.d = gl[l.qg; -- hold
ELSE qg[0..4].d = (ser, ql[0..31.9); -—- count
END IF;
END;

ENTITY JjohnsonlOv IS -—- VHDL solution
PORT (
clock, reset, hold :IN BIT;
q :0UT BIT VECTOR (0O TO 4);
Zero :OUT BIT
)
END johnsonlOv;

ARCHITECTURE wvhdl OF johnsonlOv IS
SIGNAL ser :BIT; -- feedback
BEGIN
PROCESS (clock)
VARIABLE «r :BIT VECTOR (0O TO 4);
BEGIN
ser <= NOT r(4); -—- feedback function

IF (clock'EVENT AND clock = '1l') THEN
IF (reset = '1l') THEN «r := "00000";
ELSIF (hold = '1') THEN r := r;
ELSE r := (ser & r(0 TO 3));

END IF;

END IF;

q <= r; -- output register
zero <= (NOT r(0)) AND (NOT r(4)):; -- decode
END PROCESS;
END wvhdl;
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15.6

Mod-31 LFSR counter

SUBDESIGN mod31llfsr -— AHDL solution

(
clock, resetn, enable :INPUT;
gl0..4] :QUTPUT;

)

VARIABLE
gl0..4] :DFF;
ser :NODE;

BEGIN
gl]l.clk = clock;
ser = ! (g4 $ g2); -— XNOR
IF !resetn THEN g[].d = B"00000"; -—- reset
ELSIF !enable THEN qg[]l.d = qgll]l.qg; -- disable
ELSE qg[0..4].d = (ser, ql[0..31.9); -—- count
END IF;

END;

ENTITY mod3llfsr v IS -— VHDL solution
PORT (
clock, resetn, enable :IN BIT;
q :0UT BIT VECTOR (0O TO 4)

)7
END mod31llfsr v;

ARCHITECTURE vhdl OF mod3llfsr v IS

SIGNAL ser :BIT;

BEGIN

PROCESS (clock)
VARIABLE reg :BIT VECTOR
BEGIN
ser <= NOT (reg(4) XOR reg(2));

IF (clock'EVENT AND clock = '1") THEN
IF (resetn = '0") THEN
reg := "00000"; -- reset
ELSIF (enable = '0") THEN
reg := reg; -- disable
ELSE reg : (ser & reg(0 TO 3)); -— count
END IF;
END IF;

g <= reg; —-— output count

END PROCESS;
END wvhdl;
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15.7 Parallel data pipeline

d3.0] | i
ck —
reg
Ho=
load [ — & load v[3..0]
i[3..0]
nst
reg
* clk
L load ¥[3..0]
i[3..0]
inst1
reg
* clk
* load ¥[3..0]
i[3..0]
nst2
reg
* el
* load ¥[3..0]
i[3..0]
inst3
reg
clk
load v[3..0]
i[3..0]
inst4
eSO TEUT 5 out]3..0]
Vale at 0ps 20us 4.0us 6.0us 8.0us 10.0us 120us 14.0us 16.0us 18.0us 20.0u4
Name Ops (}ps
-0 ck 3 J A o o )y e ) s I S 6
1 load BO | |
»2 | @d HO
7 | ot HO 0
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SUBDESIGN reg -- AHDL solution
(

clk, load, i[3..0] :INPUT;

yv[3..0] :OUTPUT;
)
VARIABLE

yv[3..0] :DFF; -- 4-bit reg.
BEGIN

y[].clk = clk;

IF load THEN y[]l.d = 1i[]; -- load
ELSE y[3..0].d = yI[3..0]1.9; -- hold
END IF;

END;

ENTITY reg IS

PORT (
clk, load :IN BIT;
i :IN BIT VECTOR (3 DOWNTO O0);
% :0UT BIT VECTOR (3 DOWNTO 0)

)7
END reg;

ARCHITECTURE vhdl OF reg IS
BEGIN
PROCESS (clk)
VARIABLE regl :BIT VECTOR (3 DOWNTO O0) ;
BEGIN
IF (clk"EVENT AND clk = '1") THEN
IF (load = '"1") THEN regl := 1i;
END IF;
END IF;
y <= regl;
END PROCESS;
END wvhdl;

15.8  Special-purpose data register

SUBDESIGN special data -- AHDL solution
(
clk, s[1..0], i[3..0] :INPUT;
qgl7..0] :OUTPUT;
)
VARIABLE
qgl7..0] :DFF; -- 8-bit register
BEGIN
qgl]l.clk = clk;
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CASE s|[] IS -- determine operation
WHEN 0 => -—- load low nibble
ql7..0].d = (gl[7..41.9, i[3..01);
WHEN 1 => -- load high nibble
qgl7..0].d = (1[3..0], gl3..0].q9);
WHEN 2 => -- swap nibbles
qgl7..0].d = (q[3..0]1.9, gl7..41.9);
WHEN 3 => -- rotate right
al7..0].d = (q90.q, gl7..1].9);
END CASE;
END;

ENTITY special data v IS

PORT (
:IN BIT;
:IN INTEGER RANGE 0 TO 3;
:IN BIT VECTOR (3 DOWNTO O0);
:0UT BIT VECTOR (7 DOWNTO 0)

END special data v;

ARCHITECTURE vhdl OF special data v IS

BEGIN

PROCESS (clk)

VARIABLE reg :BIT VECTOR (7 DOWNTO 0) ;
-- 8-bit register

BEGIN

IF (clk'EVENT AND clk = '1") THEN
CASE s IS -- determine operation
WHEN 0 => reg (7 DOWNTO Q) :=
(reg (7 DOWNTO 4) & i(3 DOWNTO 0));
-- load low nibble
=> reg (7 DOWNTO Q) :=
DOWNTO 0) & reg (3 DOWNTO 0));
-- load high nibble
WHEN 2 => reg (7 DOWNTO 0) :=
(reg (3 DOWNTO 0) & reg (7 DOWNTO 4));
-- swap nibbles
WHEN 3 => reg (7 DOWNTO Q) :=
(reg(0) & reg(7 DOWNTO 1));
-- rotate right
END CASE;
END TIF;

g <= reg; -- register to output port
END PROCESS;
END wvhdl;
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15.9

Shift/Rotate register

d

.d

d

.d

-— AHDL solution

-- 8-bit register

--— determine control function

da[(7..01;

a’l.q);

B"00000000";

SUBDESIGN shift rotate
(
clk, m[2..0] :INPUT;
ser, d[7..0] :INPUT;
qgl7..0] :OQUTPUT;
)
VARIABLE
qgl7..0] :DFF;
BEGIN
gl].clk = clk;
CASE m[] IS
WHEN 2 => q[7..0].
-- load data
WHEN 3 => q[7..0]
-- hold data
WHEN 4 => q[7..0].
-- shift right
WHEN 5 => q[7..0].
-- shift left
WHEN 6 => q[7..0].
-- rotate right
WHEN 7 => q[7..0].
-- rotate left
WHEN OTHERS => qg[7..0]
-- clear register with 0 or 1
END CASE;

END;
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ENTITY shift rotate v IS -— VHDL solution
PORT (
ser :IN BIT;
:IN INTEGER RANGE 0 TO 7;
:IN BIT VECTOR (7 DOWNTO O0) ;
:0UT BIT VECTOR (7 DOWNTO 0)

END shift rotate v;

ARCHITECTURE wvhdl OF shift_rotate_v IS
BEGIN
PROCESS (clk)
VARIABLE reg :BIT VECTOR (7 DOWNTO 0);
-- 8-bit register
BEGIN
IF (clk"EVENT AND clk = '1") THEN
CASE m IS -— determine function
WHEN 2 => reg (7 DOWNTO 0) := d(7 DOWNTO O0);
load data
WHEN => reg (7 DOWNTO : reg (7 DOWNTO O0) ;
hold data
WHEN => reg (7 DOWNTO : (ser & reg (7 DOWNTO 1));
shift right
WHEN => reg (7 DOWNTO : (reg (6 DOWNTO 0) & ser);
shift left
WHEN => reg (7 DOWNTO : (reg(0) & reg (7 DOWNTO 1));
rotate right
WHEN => reg (7 DOWNTO 0) : (reg (6 DOWNTO 0) & reg(7));
rotate left
WHEN OTHERS => reg (7 DOWNTO 0) := "00000000";
-- clear register with 0 or 1
END CASE;
END IF;
g <= reg; -—- connect register to port
END PROCESS;
END wvhdl;
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Unit 16 Synchronous Counter Design with Flip-Flops

16.1 Mod-6 synchronous counter design
Present States Next States Flip-flop Inputs
QC, 0B, QA, QCn+i1 OBnir OAn | JC KC JB KB JA KA
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1
0 1 0 0 1 1 0 X X 0 1 X
0 1 1 1 0 0 1 X X 1 X 1
1 0 0 1 0 1 X 0 0 X 1 X
1 0 1 0 0 0 X 1 0 X X 1
1 1 0 X X X X X X X X X
1 1 1 X X X X X X X X X
QB QA QB QA
QcC 00 01 11 10 QcC 00 01 11 10
0 (1\ JC 0 X K X KC
1] x | x hAxJ x 1
QB QA QB QA
QcC 00 01 11 10 QcC 00 01 11 10
/
ol o {1 | 0 JB 0 /x| 1 KB
1 0 0 X 1 X
QB QA QB QA
QcC 00 01 11 10 QcC 00 01 11 10
o7 Naa o x| 1|1 | X\ ka
1 1 1 X
JC = QB QA KC = OQA
JB = QC QA KB = OA
JA = KA = 1
QB QA QB QA QB QA
QC 00 01 11 10 QC 00 01 11 10 QC 00 01 11 10
0l O 0 1 0 0] O 1 0 1 o 1 0 0 1
1 1 0 X X 11 0 0 X X 1 1 0 X X

DQC=QCQ—A\+QBQA

Das = QB QA + QC QB QA
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16.2  Mod-5 synchronous, down counter design

Present States Next States Flip-flop Inputs
OXn QY  QZy | OXn1  QYnii  QZna | JX KX JY KY J% K%
0 0 0 1 0 0 T X 0 X 0 X
0 0 1 0 0 0 0 X 0 X x 1
0 1 0 0 0 1 0 X X 1 1 X
0 1 1 0 1 0 0 X X 0 x 1
1 0 0 0 1 1 X 1 1 X 1 X
1 0 1 X X X X X X X X X
1 1 0 X X X X X X X X X
1 1 1 X X X X X X X X X
Qy Qz Qy Qz
QX 00 01 11 10 QX 00 01 11 10
of/1) X 0 <( x| kx
o)l x | x| x 1 [l x | x | %7
Qy Qz Qy Qz
QX 00 01 11 10 QX 00 01 11 10
o] o x | x oy o [ x\ 1 | Ky
1 [ x| x [ O | x/ x |\x
Qy Qz Qy Qz
QX 00 01 11_10 QX 00 01 11 10
00 x| N\]|z o </x 1| 1 %>KZ
1 X | X 1 P x| x
JX = QY Q7 KX = 1
Jgy = 0oX KY = Q2
Jz = QY + 0OX Kz = 1
Qy Qz Qy Qz Qy Qz
QX 00 01 11 10 QX 00 01 11 10 QX 00 01 11 10
of1]o of o 1 of o 1
1o | x| x| x 11 ] x| x| x 11 ] x| x| x

Daox = QX QY QZ

Doy = QX+ QY QZ
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Synchronous 8421 BCD counter design

16.3

JA KA

JB KB

JC KC

JD KD

X
X
X
X
X
X

n+1
0D QC QB QA

X X X X
X X X X
X X X X
X X X X
X X X X
X X X X

oD QC OB QA

OB QA
QoD QC

OB QA
oD QC

0

0

0

0

0

KD

JD

QA

KD

QC OB QA

JD

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KC

Jc

OB OA

KC

OB QA

JC

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KB

JB

QA

KB

oD QA

JB

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KA

JA

KA

JA
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OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

OC OB + QC QA + QC QB QA

DQC

QD QA + QC QB QA

DOD

OB QA
oD QC

OB QA
QoD QC

0

0

0

0

QA

DOA

= OB QA + QD QB QA

DOB

16.4  Synchronous 8421 BCD down counter design

JA KA

JB KB

JC KC

JD KD

X
X
X
X
X
X

n+1
0D QC QB QA

X X X X
X X X X
X X X X
X X X X
X X X X
X X X X

oD QC OB QA

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KD

JD
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OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KC

Jc

oD QA

JC

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KB

JB

QC QA + QD QA

JB

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KA

JA

KA

JA

OB QA
oD QC

OB QA
QoD QC

0

0
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Synchronous mod-11 counter

16.5

JA KA

JB KB

JC KC

JD KD

X
X
X
X
X

n+1
0D QC QB QA

X X X X
X X X X
X X X X
X X X X
X X X X

oD QC OB QA

OB QA
QoD QC

OB QA
oD QC

0

0

0

0

0

KD

JD

OB

KD

QC OB QA

JD

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KC

Jc

OB OA

KC

OB QA

JC

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KB

JB

QA + QD

KB

QA

JB

OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

0

KA

JA

KA

117



OB QA
QoD QC

OB QA
QoD QC

0

0

0

0

OC OB + QC QA + QC QB QA

DQC

QD QB + QC QB QA

DOD

OB QA
oD QC

OB QA
QoD QC

0

0

0

0

OB QA + QD QA

DOA

OB OA + QD QB QA

DOB

118



Unit 17 Decoder and Display Applications

17.1  Modified 4-bit binary counter and display

74LS163A
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17.2  Mod-16 counter and decoder

updown
> clock
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SUBDESIGN octal decoder
(c, b, a, gl, g2a, g2b :INPUT;
y[0..7] :OUTPUT; )
VARIABLE
enable[1l..3] :NODE;
bin[2..0] :NODE;
BEGIN
bin[] = (¢, b, a);
enable[] = (gl, g2a, g2b);
IF enable[] == B"100" THEN
CASE bin[] IS
WHEN B"000" => y[] = B"01111111";
WHEN B"0O01" => y[] = B"10111111";
WHEN B"010" => y[] = B"11011111";
WHEN B"011" => y[] = B"11101111";
WHEN B"100" => y[] = B"11110111";
WHEN B"101" => y[] = B"11111011";
WHEN B"110" => y[] = B"11111101";
WHEN B"111" => y[] = B"11111110";
END CASE;
ELSE y[] = B"11111111";
END IF;
END;

ENTITY octal decoder IS
PORT (¢, b, a, gl, g2a, g2b :IN BIT;
y :0UT BIT VECTOR (0 TO 7)) ;
END octal decoder;
ARCHITECTURE vhdl OF octal decoder IS
BEGIN
PROCESS (c, b, a, gl, g2a, gz2b)
VARIABLE enable :BIT VECTOR (1 TO 3);
VARIABLE bin :BIT VECTOR (2 DOWNTO O0) ;
BEGIN
bin = (¢ & b & a);
enable := (gl & g2a & g2b);
IF (enable = "100") THEN
CASE bin IS
WHEN "000" =
WHEN "001"
WHEN "010"
WHEN "011"
WHEN "100"
WHEN "101"
WHEN "110"
WHEN "111"
END CASE;

= B"01111111";

B"10111111";
= B"11011111";
= B"11101111";

B"11110111";
= B"11111011";
= B"11111101";
= B"11111110";

KKK KKKKK

ELSE

END IF;
END PROCESS;
END wvhdl;

B"11111111";

=
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17.3

Mod-100 BCD counter and 7-segment display

SUBDESIGN modl0

(clock, enable :INPUT;

gl3..0], rco :OUTPUT;)
VARIABLE

counter[3..0] :DFF;
BEGIN

DEFAULTS

rco = GND;
END DEFAULTS;

counter[].clk = clock;
IF enable THEN
IF counter[].qg == 9 THEN
counter[].d = B"0000";
rco = VCC;
ELSE
counter[].d = counter[].g + 1;
END IF;
ELSE
counter[].d = counter[].qg;
END IF;
gl] = counter|].qg;

END;
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SUBDESIGN 7seg decoderdriver —— common anode

(di, ci, bi, ai, 1t, rbi, blank : INPUT;
a, b, ¢, d, e, £, g, rbo :OQUTPUT; )
VARIABLE
seg[0..6] :NODE;
bin[3..0] :NODE;
BEGIN
DEFAULTS
rbo = VCC;
END DEFAULTS;
bin[] = (di, ci, bi, ai);
a = seg0;
b = segl;
c = seg2;
d = seg3;
e = seg4;
f = segb;
g = segb6;
IF (1t == GND) THEN seg[] = B"0000000";
ELSIF (blank == GND) THEN seg[] = B"1111111";
ELSIF (rbi == GND & bin[] == 0) THEN rbo = GND;
seg[] = B"1111111";
ELSE
CASE bin[] IS -— segments abcdefg
WHEN 0O => seg[] = B"0000001";
WHEN 1 => seg[] = B"1001111";
WHEN 2 => seg[] = B"0010010";
WHEN 3 > seg[] = B"0000110";
WHEN 4 => seg[] = B"1001100";
WHEN 5 => seg[] = B"0100100";
WHEN 6 => seg[] = B"1100000";
WHEN 7 => seg[] = B"0001111";
WHEN 8 => seg[] = B"0000000";
WHEN 9 => seg[] = B"0001100";
WHEN OTHERS => seg[] = B"1111111";
END CASE;
END IF;
END;

ENTITY modlQO IS

PORT (clock :IN BIT;
enable :IN BIT;
q :OUT INTEGER RANGE 0 TO 15;
rco :OUT BIT);

END modl0;

ARCHITECTURE vhdl OF modlO IS

BEGIN
PROCESS (clock, enable)
VARIABLE counter :INTEGER RANGE 0 TO 15;
BEGIN
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IF ((counter = 9) AND (enable = '1l')) THEN

rco <= '1"';
ELSE rco <= '0';
END IF;
IF (clock'EVENT AND clock = '1l') THEN
IF (enable = '1") THEN
IF (counter = 9) THEN
counter := 0;
ELSE counter := counter + 1;
END IF;
END IF;
END IF;

g <= counter;
END PROCESS;
END wvhdl;

ENTITY seg decoderdriver IS —-— common anode

PORT (di, ci, bi, ai, 1lt, rbi, blank :IN BIT;
a, b, ¢, d, e, £, g, rbo :OUT BIT);

END seg decoderdriver;

ARCHITECTURE vhdl OF seg decoderdriver IS

BEGIN

PROCESS (di, ci, bi, ai, 1lt, rbi, blank)

VARIABLE seg :BIT VECTOR (0 TO 6);

VARIABLE bin :BIT VECTOR (3 DOWNTO O0) ;

BEGIN

= (di & ci & bi & ai);

o
-
o}

a
b
c
d
e
f
g
I

THEN
seg := "0000000"; rbo
ELSIF (blank THEN
seg := "1111111"; rbo
ELSIF (rbi = '0' AND bin = "0000") THEN
seg := "1111111"; rbo
ELSE
CASE bin IS —-— segments abcdefg
WHEN "0000" seg := "0000001";
WHEN "0001™"™ seg := "1001111";
WHEN "0010" = seg := "0010010";
WHEN "0011" = seg := "0000110";
WHEN "0100" seg := "1001100";
WHEN "0101" seg := "0100100";
WHEN "0110" seg := "1100000";
WHEN "0111" = seg := "0001111";
WHEN "1000" seg := "0000000";
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WHEN "1001"™ => seg "0001100"™; rbo <= '1"';

WHEN OTHERS => seg := "1111111"; rbo <= '1"';
END CASE;
END IF;
END PROCESS;
END wvhdl;

17.4  Mod-256 binary counter and hex decoder/driver

up counte

clock
nst
Ty [ e—————
q[7..4]
x bin[3 3
u] d
|
0 nst n
q[3..0]
T e L a
nst2
SUBDESIGN hex display -—- AHDL solution
(bin[3..0] :INPUT;
a,b,c,d,e, f,g :QUTPUT; )
BEGIN
TABLE -- common-anode truth table
bin[]=> a ,b, ¢, d, e, £, g;
H"O" => o, o, o0, 0, 0, 0, 1;
H"1l" => i, o0, o0, 1, 1, 1, 1;
H"2" => o, 0, 1, 0, 0, 1, 0;
H"3" => o, o, 0, 0, 1, 1, 0;
H"4" => i, 0, 0, 1, 1, 0, 0;
H"5" => o, 1, o0, 0, 1, 0, 0;
H"6" => o, 1, o0, 0, 0, 0, 0O;
H"7" => 6, o, o0, 1, 1, 1, 1;
H"8" => o, o, 0, 0, 0, 0, 0;
H"O" => o, o, 0, 0, 1, 0, 0;
H"A" => o, o, 0, 1, 0, 0, 0;
H"B" => i, 1, o0, 0, 0, 0, 0O;
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H"c" => o, 1, 1, o0, 0, O, 1;
H"D" => i, o0, 0, O, O, 1, O;
H"E" => o, 1, 1, o0, 0, O, O;
H"F" => o, 1, 1, 1, 0, 0O, O;

~
~
~
~
~
~

END TABLE;
END;

ENTITY hexdisplay IS
PORT ( bin :IN BIT VECTOR DOWNTO 0) ;
a,b,c,d,e,f,g :OUT BIT );
END hexdisplay;
ARCHITECTURE vhdl OF hexdisplay IS
SIGNAL segments :BIT VECTOR
BEGIN
PROCESS (bin)
BEGIN
CASE Dbin IS - abcdefg
WHEN X"QO" = segments "0000001"™;
WHEN X"1" = segments <= "1001111";
WHEN X"2" segments "0010010";
WHEN X"3" = segments <= "0000110";
WHEN X"4" = segments <= "1001100";
WHEN X"5" segments "0100100";
WHEN X"6" = segments <= "(0100000";
WHEN X"7" = segments <= "0001111";
WHEN X"8" segments "0000000";
WHEN X"9" segments "0000100";
WHEN X"A" = segments <= "0001000";
WHEN X"B" = segments <= "1100000";
WHEN X"C" segments "0110001";
WHEN X"D" = segments <= "1000010";
WHEN X"E" = segments <= "(0110000";
WHEN X"F" = segments <= "(0111000";
END CASE;
END PROCESS;
<= segments
= segments
segments
segments
segments
segments
segments
ND wvhdl;
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17.5 BCD decoder

SUBDESIGN BCD decoder
( bcd[3..0] :INPUT;
state[9..0], err :OUTPUT; )
BEGIN
DEFAULTS
state[] = B"0000000000";
err = VCC;
END DEFAULTS;
CASE bcd[] IS
WHEN O => state[0] = VCC; err = GND;
WHEN 1 > state[l] = VCC; err = GND;
WHEN 2 => state[2] = VCC; err = GND;
WHEN 3 => state[3] = VCC; err = GND;
WHEN 4 => state[4] = VCC; err = GND;
WHEN 5 => state[5] = VCC; err = GND;
WHEN 6 => state[6] = VCC; err = GND;
WHEN 7 => state[7] = VCC; err = GND;
WHEN 8 => state[8] = VCC; err = GND;
WHEN 9 => state[9] = VCC; err = GND;
END CASE;
END;

ENTITY BCD decoder IS
PORT (bcd B :IN INTEGER RANGE 0O TO 15;
state :0UT BIT VECTOR (9 DOWNTO O0) ;
err :OUT BIT);
END BCD decoder;
ARCHITECTURE vhdl OF BCD decoder IS
BEGIN
PROCESS (bcd)
BEGIN
CASE bcd IS
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

state <= "0000000001";
state "0000000010";
state "0000000100";
state <= "0000001000";
state <= "0000010000";
state "0000100000";
state <= "0001000000";
state <= "0010000000";
WHEN state "0100000000";
WHEN => state <= "1000000000";
WHEN OTHERS =>

state <= "0000000000";

0
1
2
3
4
5
6
5
8
9

END CASE;
END PROCESS;
END wvhdl;
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17.6  Mod-64 counter with binary-to-BCD converter and display
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SUBDESIGN bin6bit2bcd

(bin[5..0] :INPUT;
msd[3..0], 1sd[3..0] :OQUTPUT;)
VARIABLE
ones[5..0] :NODE; -— to capture the ones digit
BEGIN
1sd[3..0] = ones[3..01]; -—- output 1lsd BCD digit
IF bin[] >= 60 THEN
msd[] = 6; -— set MSD value
ones|[] = bin[] - 60; -— calculate LSD value
ELSIF bin[] >= 50 THEN
msd[] = 5; ones|[] = bin[] - 50;
ELSIF bin[] >= 40 THEN
msd[] = 4; ones|[] = bin[] - 40;
ELSIF bin[] >= 30 THEN
msd[] = 3; ones|[] = bin[] - 30;
ELSIF bin[] >= 20 THEN
msd[] = 2; ones|[] = bin[] - 20;
ELSIF bin[] >= 10 THEN
msd[] = 1; ones|[] = bin[] - 10;
ELSE
msd[] = O; ones|[] = binl[];
END IF;
END;
SUBDESIGN seg dec dr —-— common anode
( bin[3..0] :INPUT;
a, b, ¢, d, e, £, g :OUTPUT; )
VARIABLE
seg[7..1] :NODE;
BEGIN
(a, b, ¢, d, e, £, g) = seqgl[7..1];
CASE bin[] IS —-— segments abcdefg
WHEN H"QO" => seg[] = B"0000001";
WHEN H"1" > seg[] = B"1001111";
WHEN H"2" > seg[] = B"0010010";
WHEN H"3" => seg[] = B"0000110";
WHEN H"4" => seg[] = B"1001100";
WHEN H"5" => seg[] = B"0100100";
WHEN H"6" => seg[] = B"1100000";
WHEN H"7" => seg[] = B"0001111";
WHEN H"8" => seg[] = B"0000000";
WHEN H"9" => seg[] = B"0001100";
WHEN OTHERS => seg[] = B"1111111";
END CASE;
END;
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ENTITY bin6bit2bcd IS

PORT ( bin :IN INTEGER RANGE O TO ©63;
msd, 1lsd :OUT INTEGER RANGE 0 TO 9);

END bin6bit2bcd;

ARCHITECTURE vhdl OF bin6bit2bcd IS

BEGIN
PROCESS (bin) -- bin change invokes process
BEGIN
IF bin >= 60 THEN
msd <= 6; -- set MSD value
lsd <= bin - 60; —-— calculate LSD value
ELSIF bin >= 50 THEN
msd <= 5;
lsd <= bin - 50;
ELSIF bin >= 40 THEN
msd <= 4;
1lsd <= bin - 40;
ELSIF bin >= 30 THEN
msd <= 3;
1lsd <= bin - 30;
ELSIF bin >= 20 THEN
msd <= 2;
lsd <= bin - 20;
ELSIF bin >= 10 THEN
msd <= 1;
lsd <= bin - 10;
ELSE
msd <= 0;
lsd <= bin;
END IF;
END PROCESS;
END wvhdl;
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ENTITY seg dec dr IS —-— common anode

PORT (bin :IN BIT VECTOR (3 DOWNTO 0) ;
a, b, ¢, d, e, £, g :OUT BIT);

END seg dec dr;

ARCHITECTURE vhdl OF seg dec dr IS

BEGIN
PROCESS (bin)
VARIABLE seg :BIT VECTOR (0 TO 6);
BEGIN
a <= seg(0);
b <= seg(l);
c <= seg(2);
d <= seg(3);
e <= seg(4):;
f <= seg(5);
g <= seg(6);
CASE bin IS —-— segments abcdefg
WHEN "0000" => seg := "0000001";
WHEN "0001" => seg := "1001111";
WHEN "0010" => seg := "0010010";
WHEN "0011" => seg := "0000110";
WHEN "0100" => seg := "1001100";
WHEN "0101" => seg := "0100100";
WHEN "0110" => seg := "1100000";
WHEN "0111" => seg := "0001111";
WHEN "1000" => seg := "0000000";
WHEN "1001" => seg := "0001100";
WHEN OTHERS => seg := "1111111";
END CASE;
END PROCESS;
END wvhdl;
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17.7 Memory decoder

SUBDESIGN mem decode

(a[l1l5..0], memr, memw :INPUT;

cs[5..0] :QUTPUT;)

BEGIN

If (memr == GND & memw == VCC) # (memr == VCC & memw == GND) THEN
IF all] >= H"0000" & a[] <= H"O3FF" THEN c¢s[] = B"111110";
ELSIF a[] >= H"0400" & a[] <= H"O7FF" THEN c¢s[] = B"111101";
ELSIF a[] >= H"0800" & a[] <= H"OBFF" THEN c¢s[] = B"111011";
ELSIF a[] >= H"O0COO0" & a[] <= H"OFFF" THEN c¢s[] = B"110111";
ELSIF a[] >= H"E800" & a[] <= H"EBFF" THEN c¢s[] = B"101111";
ELSIF a[] >= H"ECO0" & a[] <= H"EFFF" THEN c¢s[] = B"011111";
ELSE cs[] = B"111111";
END IF;

ELSE cs[] = B"111111";

END IF;

END;

ENTITY mem decode IS

PORT (a :IN INTEGER RANGE 0 TO 65535;
memr, memw :IN BIT;
cs :0UT BIT VECTOR (5 DOWNTO Q) );

END mem decode;

ARCHITECTURE vhdl OF mem decode IS

SIGNAL mem en :BIT;

BEGIN

mem en <= memr XOR memw;

PROCESS (a, mem en)

BEGIN

IF mem en = 'l' THEN

IF a >= 16#0000# AND 16#03FF#

cs <= "111110";
ELSIF a >= 16#0400# AND 16#07FF#

cs <= "111101";
ELSIF a >= 16#0800# AND 16#0BFF#
cs <= "111011";
ELSIF a >= 16#0C00# AND 16#0FFF#
cs <= "l110111";
ELSIF a >= 1o6#E800# AND 16#EBFF#
cs <= "101111";
ELSIF a >= 1o6#ECO00# AND 1LO6#EFFF#
cs <= "(O11111";
ELSE cs <= "111111";
END IF;
ELSE cs <= "111111";
END IF;
END PROCESS;
END wvhdl;
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17.8  State decoder

SUBDESIGN state decoder -— AHDL solution
( in[6..0] :INPUT;
y[9..1] :QUTPUT; )
BEGIN
DEFAULTS
y[] = B"000000000"; -— default inactive
END DEFAULTS;
TABLE —-- selected states to decode
in[] =>  y[];
10 => B"0000000O01L";
20 => B"000000010";
30 => B"000000100";
40 => B"000001000";
50 => B"000010000";
60 => B"000100000";
70 => B"001000000";
80 => B"010000000";
90 => B"100000000";
END TABLE;
END;

ENTITY state decoder IS -— VHDL solution
PORT ( input :IN INTEGER RANGE 0 TO 99;

N :0UT BIT VECTOR (9 DOWNTO 1) )
END state decoder;

ARCHITECTURE vhdl OF state decoder IS
BEGIN
PROCESS (input) -- invoke on input change
BEGIN
CASE input IS -- decoded states
WHEN 10 <= "Q000O0OOO0O1";
WHEN 20 <= "000000010";
WHEN 30 = "000000100";
WHEN 40 = "000001000";
WHEN 50 = "000010000";
WHEN 60 "000100000";
WHEN 70 = "001000000";
WHEN 80 = "010000000";
WHEN 90 "100000000";
WHEN OTHERS = "000000000";
END CASE;
END PROCESS;
END wvhdl;

y
y
y
y
y
y
y
y
y
y
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Unit 18 Encoder Applications

18.1  Encoder and display
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18.2 HDL 74148 encoder

€0y,
VCC,
GND,
GND,
GND,
GND,
GND,
GND,
GND,
GND,

-— AHDL solution

active-low enable

GND;
VCC;
VCC;
VCC;
VCC;
VCC;
VCC;
VCC;
VCC;

disabled

SUBDESIGN encoder ahdl
(
in[7..0], ei :INPUT;
al2..0], gs, eo :OUTPUT;
)
BEGIN
IF !ei THEN -—
TABLE
-- priority encoder with inverted outputs
in[] => all, gs,
B"11111111" => B"111",
B"1l1111110" => B"111",
B"1111110X" > B"110",
B"111110XX" > B"101",
B"11110XXX" => B"100",
B"1110XXXX" => B"011",
B"110XXXXX" > B"010",
B"I10XXXXXX" > B"001",
B"OXXXXXXX" => B"00O0",
END TABLE;
ELSE a[] = B"111"; gs = VCC; eo = VCC;
END IF;
END;
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ENTITY encoder vhdl IS -— VHDL solution
PORT (
input :IN BIT VECTOR (7 DOWNTO O0) ;
ei :IN BIT;
a :0UT BIT VECTOR (2 DOWNTO O0) ;
gs, eo :OUT BIT

)7
END encoder vhdl;

ARCHITECTURE vhdl OF encoder vhdl IS
BEGIN

PROCESS (input, ei)

BEGIN

'0' THEN -— active-low enable
-—- check highest priority input first
input (7) = '0' THEN
a <= "000"; gs <= '0'; eo
input (6) = '0' THEN
a <= "001"; gs <= '0";
input (5) '0'" THEN
a <= "010"; gs <= '0"';
input (4) '0'" THEN
a <= "011"; gs <= '0";
input (3) '0'" THEN
a <= "100"; gs <= '0';
input (2) '0'" THEN
a <= "101"; gs <= '0';
input (1) '0'" THEN
a <= "110"; gs <= '0';
input (0) = '0' THEN
a <= "111"; gs <= '0';
-- no input
"111"; gs <= '1"';

ELSE -— disabled
"111"; gS <: '1';
END IF;

END PROCESS;
END wvhdl;
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18.3  Variable self-stopping counter
restart — NET -
" \— Ipm counter0
e sload R
sw{iz.. C—— 2 sta[3.. data[3..0]
clock w0 == =
cout
- cnt_en
ciocx : =')'T nst
o
SUBDESIGN encoderl?2
(
swl[l2..1] :INPUT;
data[3..0] :OUTPUT;
)
BEGIN
TABLE
swl] => datall]l;
-= CBA987654321
B"111111111111"™ => B"0000";
B"111111111110" => B"0001";
B"11111111110X" => B"0010";
B"1111111110XX" => B"0011";
B"111111110XXX" => B"0100";
B"11111110XXXX" => B"0101";
B"1111110XXXXX" => B"0110";
B"111110XXXXXX" => B"0111";
B"11110XXXXXXX" => B"1000";
B"1110XXXXXXXX" => B"1001";
B"110XXXXXXXXX" > B"1010";
B"IOXXXXXXXXXX" => B"1011";
BT OXXXXXXXXKXKXKX" => B"1100";

END TABLE;
END;
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ENTITY encoderl2 IS

PORT ( SwW :IN BIT_VECTOR (12 DOWNTO 1) ;
data :OUT INTEGER RANGE O TO 15 );
END encoderl?2;

ARCHITECTURE vhdl OF encoderl2 IS
BEGIN
data <= 12 WHEN '0' ELSE
11 WHEN '0' ELSE
10 WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE
WHEN = '0' ELSE

Ne

O DN WD oy J @

’

END wvhdl;

18.4 BCD encoder

data[3..0]
> clock
enable

data[3..0]
> clock
enable

136



SUBDESIGN encoderlO
(

sw[9..0], enable :INPUT;
bcdout [3..0], davn :QUTPUT;
)
BEGIN
TABLE
sw[], enable => bcdout[], davn;
B"XXXXXXKXXXX", O => B"0000O", 1;
B"11111i1111", 1 => B"0000", 1;
B"i1ii1i1i111io0", 1 => B"0000", O;
B"111111110X", 1 => B"0001", O;
B"11111110XX", 1 => B"0010", O;
B"1111110XXX", 1 => B"0011", O;
B"111110XXXX", 1 => B"0100", O;
B"11110XXXXX", 1 => B"0101", 0O;
B"I110XXXXXX", 1 => B"0110", O;
B"I10XXXXXXX", 1 => B"0111", O;
B"IOXXXXXXXX", 1 => B"1000", 0O;
B"OXXXXXXXXX", 1 => B"1001", O;

END TABLE;

END;

ENTITY encoderlO IS

PORT ( SwW :IN BIT VECTOR (9 DOWNTO O0) ;
enable :IN BIT;
bcdout :0UT BIT VECTOR (3 DOWNTO 0) ;
davn :0UT BIT );

END encoderl0;

ARCHITECTURE wvhdl OF encoderl0 IS

BEGIN

davn <= 'l' WHEN (enable = '0' OR sw = "1111111111")

ELSE '0';

bcdout <= "0000" WHEN = '0'" ELSE
"1001" WHEN = '0'" ELSE
"1000" WHEN '0' ELSE
"011l1l" WHEN '0' ELSE
"0110" WHEN '0' ELSE
"0101" WHEN '0' ELSE
"0100" WHEN '0' ELSE
"0011" WHEN '0' ELSE
"0010" WHEN '0' ELSE
"0001" WHEN = '0'" ELSE
"oo000";

END wvhdl;
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18.5  Scanning encoder

DUTPUT

i row(3..0] [ ‘\JP;T
{clock I Nt

—

S TEUT

> col3.0]

encoded
Z3..2]
row[3..0] Z[3..2)
dav
nst
scancount
Z{1..0]
clock Z1..0
dav —
o
inst1
scandecode
Z[1..0 col[2..0]
nst2
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SUBDESIGN encoded
(

row[3..0] :INPUT;
z[3..2] :QUTPUT;
dav :OUTPUT;
)
BEGIN
TABLE
row[] => z[]l, dav;
B"1111" => B"00", O;
B"1110" => B"0O"™, 1;
B"110X" => B"O1", 1;
B"10XX" => B"10", 1;
B"OXXX" => B"1i1", 1;
END TABLE;
END;
SUBDESIGN scancount
(
clock, dav :INPUT;
z[1..0] :QUTPUT;
)
VARIABLE
z[1..0] :DFF;
BEGIN
z[].clk = clock;
IF (dav == GND) THEN
z[].d=2z[]l.g + 1;
ELSE
z[l1.d = 2z[].9;
END IF;
END;
SUBDESIGN scandecode
(
z[1..0] :INPUT;
col[3..0] :QUTPUT;
)
BEGIN
CASE z[] IS
WHEN 0 => col[] = B"1110";
WHEN 1 > col[] = B"1101";
WHEN 2 > col[] = B"1011";
WHEN 3 => col[] = B"0111";
END CASE;

END;
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ENTITY encoded IS

PORT (row :IN BIT VECTOR (3 DOWNTO O0) ;
Z :0UT BIT VECTOR (3 DOWNTO 2);
dav :OUT BIT);

END encoded;

ARCHITECTURE wvhdl OF encoded4 IS

BEGIN

zZ <= "00" WHEN row(0) = '0' ELSE
"01l" WHEN row(l) = '0O' ELSE
"10" WHEN row (2) '0' ELSE
"11" WHEN row(3) = '0' ELSE
"oo";

dav <= '0' WHEN row = "1111" ELSE 'l';

END;

ENTITY scancount IS
PORT (clock, dav :IN BIT;
Z :OUT INTEGER RANGE 0 TO 3);
END scancount;
ARCHITECTURE wvhdl OF scancount IS
BEGIN
PROCESS (clock)
VARIABLE count :INTEGER RANGE 0 TO 3;
BEGIN
IF (clock'EVENT AND clock = '1l') THEN
IF (dav = '0") THEN
count := count + 1;
END IF;
END IF;
z <= count;
END PROCESS;
END;

ENTITY scandecode IS
PORT (z :IN INTEGER RANGE 0 TO 3;
col :0UT BIT VECTOR (3 DOWNTO
END scandecode;
ARCHITECTURE wvhdl OF scandecode IS
BEGIN
PROCESS (z)
BEGIN
CASE z IS
WHEN = "1110";
WHEN "1101";
WHEN = "1011";
WHEN = = "01l11";
END CASE;
END PROCESS;
END;
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Unit 19 Multiplexer Applications

19.1 Serial data word generator
—
=
74163
—f LDN
A
B QA
c QB
D Qc
ENT QD » SUTPUT  — trigger
ENP RCO |
.0 CLRN
74151
clock [ —_— CLK A
instt  COUNTER B
c
swi0
wiO] DO
sw1]
swi2] b
e D2 Y SUTPT > serial_out
D3 WN B
swl4]
D4
sw(5]
D5
sw(6]
D6
sw[7]
sw[7..0] il
swi7.0] | — = L) GN
vt MULTIPLEXER
19.2  Prime number detector
Coum[3.0] e
num{3..0] ; i lised
—— 74151
num{1] A
numiZ] B
o
DO
D1
D2 Y p-TPuT — FRIME
@ D3 WN o=
: D4
......... e
)
D7
#—-0 GN
ret MULTIPLEXER
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19.3  Variable frequency divider
. Ipm_muxO .........
3‘ data7]| ™
"~j““ datas
<l idataS
a3 :gataq
W gatag) |-SUESUBUT T S
'3:5_1 data2
A gatat
a7l gata0
Ilpm counter nst! lcern o)
. up counte
i clk_128kHz [ NEUT lock ql7..0
: clocl ol7..0]
nst
£36] 0 BT
19.4 Multiplexed BCD display
Ipm bcd counter
cka [ — clock madutis 10
q[3..0]
nst
quad mux?2
0 NEUT - =
L N = vI3..0] ST T y3.0]
a[3..0]
Ipm bcd counter aLiRLE
clkb [ ?f:'r : clock "::.‘:'.J_:s I'=3
q[3..0]
nst1
SUBDESIGN quad mux2
(g, s, al[3..0], b[3..0] :INPUT;
y[3..0] :OUTPUT;)
BEGIN
IF g THEN
CASE s IS
WHEN 0 => vyI[] = all;
WHEN 1 => vy[] = b[];
END CASE;
ELSE y[] = H"F";
END IF;
END;
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ENTITY quad mux2 IS
PORT ( g, s : IN BIT;

a, b : IN BIT VECTOR (3 DOWNTO O0) ;

vy : OUT BIT VECTOR (3 DOWNTO 0)
END quad mux2;

ARCHITECTURE vhdl OF quad mux2 IS
BEGIN
PROCESS (g, s, a, b)
BEGIN
IF g = '1l' THEN
CASE s IS
WHEN '0Q'
WHEN '1'
END CASE;
ELSE y <= "1111";
END IF;
END PROCESS;
END wvhdl;

19.5 Quad, 3-channel MUX

SUBDESIGN quad mux3 -- AHDL solution
(
s[1..0], a[3..0], b[3..0], c[3..0] : INPUT;
yv[3..0] :OUTPUT;
)
BEGIN
CASE s[] IS —-- input channel select
WHEN 0 => vyI[] = 0; -— disabled
WHEN 1 => yI[] = all; -- channel A
WHEN 2 => y[] = Dbl[]; -- channel B
WHEN 3 => y[] = c[]; -- channel C
END CASE;
END;
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ENTITY quad mux3 IS
( S

al

y

b, c

) ;
END quad mux3;

-— VHDL solution
:IN INTEGER RANGE 0 TO 3;
:IN BIT VECTOR (3 DOWNTO O0) ;
:0UT BIT VECTOR (3 DOWNTO 0)

ARCHITECTURE vhdl OF quad mux3 IS

BEGIN
PROCESS
BEGIN

(s, a, b, c)
CASE s IS
WHEN
WHEN
WHEN
WHEN
END CASE;
END PROCESS;

END wvhdl;

19.6  Alarm system

n
p

-- monitor all inputs

-- input channel select
<= "0000"; -—- disabled
<= a; channel A
<= b; channel B
<= c; channel C

result

§ OUTET e i
sell2..0]
' lpm counter0
p counter
clock > clock
al2..0] —— G
cnt_en
nst
......................................................... ot
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19.7

16-channel, 1-bit MUX

-— AHDL solution

: INPUT;
: INPUT;
:OUTPUT;

SUBDESIGN muxl6chan
(
d[15..0]
sel[3..0]
Yy
)
BEGIN
CASE sell] IS
WHEN O =>
WHEN 1 >
WHEN 2 >
WHEN 3 =>
WHEN 4 >
WHEN 5 >
WHEN 6 =>
WHEN 7 >
WHEN 8 =>
WHEN 9 =>
WHEN 10 >
WHEN 11 >
WHEN 12 >
WHEN 13 =>
WHEN 14 =>
WHEN 15 =>
END CASE;
END;

KKNKKHKKKKKKKKK KKK
0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 O

-- select input channel

[—
Ne Ne Ne Ne Ne Ne Ne N

~e

~e

o N

~e

~e

PFRPRPRPRPRPRPRPPROO0J0 0 D wNBE O
GO W N R O b b e e e
L N,

~

~e
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ENTITY muxléchan IS -— VHDL solution
PORT (
:IN BIT VECTOR (15 DOWNTO O0) ;
:IN INTEGER RANGE 0 TO 15;
:OUT BIT );

END muxloéchan;

ARCHITECTURE wvhdl OF muxl6chan IS
BEGIN

PROCESS (d, sel) -- monitor inputs
BEGIN

CASE sel -- select input channel
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
END CASE;

O J oy U W B O

= = N =)
IV S )

KKK KKKKKKKKKKKKKKKKK

Q0 0 0 0 0 00000000 0 Q

[
(€2}

END PROCESS;
END wvhdl;
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Unit 20 Demultiplexer Applications

20.1 Clock DMUX
mod16
up countes
p clock Q[3..0] BT
nst2
decode dmux
eql
s=[1..0] — J:-:T data[1..0] eq mod1i —
e ver. enable eq2 clock modulus 15
< q[3..0] LT 20
nst nst2
mod12
up counter]
> clock modulus 12
ql3..0] UTET [ s[3.0]
nst!
20.2  BCD counter demultiplexer
dmux4_2
Vor— 3 left[3..0] Z{-jg} SUTET_ — h{3..0]
i : right(3..0] : P W)
data[2..0
7447
28
2 :{?} ry oA e e P
o |8 0B =l brt
a0 c oc STl —— crt
D oD SUTRVT  —— d_rt
mod10 LTN OE BUTBUT T
clock I T clock RBIN OF SUTBUT
BIN 0G SUTEST _ —— g rt
al3..0] RBON f—
instt *
. BCDTO 7SEG
b{0] 7447
b[1] A OA Tl att
bE] B 0B =l bkt
) c ocC SUTEST  ——~ ¢ |t
D oD SUTRUT  —— d_It
t_o LTN OE e e N
—{ RBIN OF SUTEUT  —— f it
—f BIN 0G SUTEUT  —— g tt
RBON fo—
, BCDTO 7SEG
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SUBDESIGN dmux4 2
(

g, s, datal[3..0] :INPUT;
left[3..0], right[3..0] :OUTPUT;
)
BEGIN
DEFAULTS
left[] = H"F";
right[] = H"F";
END DEFAULTS;
IF !'g THEN
CASE s IS
WHEN O => 1left[] = datall:;
WHEN 1 => right[] = datall;
END CASE;
END IF;
END;

ENTITY dmux4 2 IS

PORT ( g, S
data
left, right

0) )

END dmux4 2;

ARCHITECTURE vhdl OF dmux4 2 IS

BEGIN
PROCESS
BEGIN

(g, s, data)

IF g = 'l'" THEN
left <= "1111";
s = '0'" THEN
left <= data;
ELSE
left <=
END IF;
END PROCESS;

END wvhdl;

ELSIF

"1111";
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:IN BIT;
:IN BIT VECTOR

(3 DOWNTO O0) ;

:0UT BIT VECTOR (3 DOWNTO

right <= "1111";
right <= "1111";

right <= data;




20.3  Alarm indicator
........... e
swl7] dataT\
swi6] data6
swig] dataS
swi4] data4
SWIB] gata3] Ut o CUTBUT "glarm
swi2] data2
sw(1] data1
swl0]  idata0
B gy SWIT. ) nst4 cel..0]
Ipm counter0
up counter
. NECT ) i
clock [ T oA > clock 2,01
nst :
L U Jp—
decoder DMUX === > lamp[7..0]
lamp[0]
qu lamp[1]
eq1 ampi2]
oq2 lamp[3]
data[2..0] eq? ampid]
enable eqd amplS]
eqs T
- amp[6]
oo lampl7]
eq’
nst2
20.4  8-channel, 1-bit DMUX
SUBDESIGN demux ahdl -— AHDL solution
(
sel[2..0] :INPUT;
data, en :INPUT;
y[7..0] :OUTPUT;
)
BEGIN
DEFAULTS
y[] = B"00000000";
-- inactive outputs are low
END DEFAULTS;
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IF en THEN -- active-high enable
CASE sel[] IS -— select output channel
WHEN O => y[0] = data;
WHEN 1 => y[1l] = data;
WHEN 2 => y[2] = data;
WHEN 3 > y[3] = data;
WHEN 4 => y[4] = data;
WHEN 5 => y[5] = data;
WHEN 6 => y[6] = data;
WHEN 7 => y[7] = data;
END CASE;
END IF;
END;

ENTITY demux vhdl IS -— VHDL solution

PORT (
sel :IN BIT VECTOR (2 DOWNTO O0) ;
data, en :IN BIT;
vy :0UT BIT VECTOR (7 DOWNTO O0)

)7
END demux vhdl;

ARCHITECTURE wvhdl OF demux_vhdl IS
BEGIN

PROCESS (data, sel, en)

BEGIN

'l' THEN -- active-high enable

CASE sel IS —-— select output channel

WHEN "000" => y <= "0000000™ & data;
-- concatenate output bit vector

WHEN "001" y <= "000000"™ & data & '0';
WHEN "010" = "00000" & data & "0O0";
WHEN "011" = = "0000™ & data & "000";
WHEN "100" = = "000™ & data & "0000";
WHEN "101" "00" & data & "00000";
WHEN "110" = = '0' & data & "000000"™;
WHEN "111" = = data & "0000000";

END CASE;

ELSE y <= "00000000"™; -- disabled output
END TIF;

END PROCESS;
END wvhdl;
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20.5

END;

151

2-channel data transmitter
d[7. 4] wegr— 7. 9] SmisdER 3
d3.0]  Co— = sel y(1.0] (BT "channel[2.
7.0 y data
nst
R
........ QUTPUT [ scope_trigge
Ipm counter0
e NRE———P cock
nst
SUBDESIGN mux8ch a
(d[7..0] :INPUT;
sel[2..0] :INPUT;
N :OUTPUT;)
BEGIN
CASE sel[] IS
WHEN 0 => vy = d[0];
WHEN 1 => vy = d[1l];
WHEN 2 => vy = d[2];
WHEN 3 => vy = d[3];
WHEN 4 => vy = d[4];
WHEN 5 => vy = d[5];
WHEN 6 => vy = d[6];
WHEN 7 => vy = d[7];
END CASE;
END;
SUBDESIGN demux2ch a
(sel, data :INPUT;
y[1..0] :OQUTPUT;)
BEGIN
DEFAULTS
y[] = B"00";
END DEFAULTS;
CASE sel IS
WHEN O => y[0] = data;
WHEN 1 => y[1l] = data;
END CASE;



d[3..0] [1.0] fr—T2T 5 channel2.

ar.0] - [ ? Rl

 instd

Py SUTBUT

{: scope_tngger

”..Tbhi.bddhtékou...“

clock

a[2..014

ENTITY

PORT (d :IN BIT VECTOR (7 DOWNTO 0);
sel :IN INTEGER RANGE 0 TO 7;
vy :OUT BIT);

END mux8ch v;

ARCHITECTURE vhdl OF mux8ch v IS

BEGIN
PROCESS
BEGIN
CASE

mux8ch v IS

(d, sel)

sel IS

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

oy O W DN B O

KKK KKKK

Ne  Ne

o e

Ne N

~.

Q.0 0 0 0 0 0 0
S o0 WN RO

~.

END CASE;
END PROCESS;
END wvhdl;

ENTITY demux2ch v

IS
(sel, data :IN BIT;
y :0UT BIT VECTOR
END demux2ch v;
ARCHITECTURE vhdl OF demux2ch v IS
BEGIN
PROCESS
BEGIN
CASE sel IS
WHEN '0Q'
WHEN '1'
END CASE;
END PROCESS;
END wvhdl;

PORT

(sel, data)
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21.1

h|_|1mrt[30] s .

..................................................................... (s

21.2

Io_hm[t[30] T | atab(z. 0]

........................................................... Noninnd

Unit 21 Magnitude Comparator Applications

Count detector

up countes

dataa[3..0]

Adjustable range detector

SUBDESIGN range detect -- AHDL solution
(value[4..0], r[1l..0] :INPUT;
ltr, gtr, rng :OUTPUT;)
VARIABLE
lo value[4..0] :node;
hi value[4..0] :node;
BEGIN
DEFAULTS
ltr = GND;
gtr = GND;
rng = GND;
END DEFAULTS;
CASE «r[] IS -- set range limits
WHEN 0 => 1lo value[] = 16; hi value
WHEN 1 => 1o value[] = 15; hi value
WHEN 2 => 1o value] 14; hi value
WHEN 3 => 1o value[] = 13; hi value
END CASE;

= 16;
17;
18;
=19;

]
]
]
]
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-- determine active output

IF value[] < lo value[] THEN 1ltr = VCC;
ELSIF wvalue[] > hi valuel] THEN gtr = VCC;
ELSE rng = VCC;
END IF;

END;

ENTITY range detect IS -—- VHDL solution

PORT ( value :IN INTEGER RANGE 0 TO 31;
r :IN BIT VECTOR (1 DOWNTO O0);
ltr, gtr, rng :0OUT BIT )

END range detect;

ARCHITECTURE vhdl OF range detect IS
SIGNAL lo value :INTEGER RANGE 0O TO 31;
SIGNAL hi value :INTEGER RANGE O TO 31;
BEGIN

PROCESS (value, r)

BEGIN

CASE r IS -- set range limits
WHEN "OO0O" = lo value <= 16; hi value <= 16;

WHEN "O01" = lo value <= 15; hi value <= 17;

WHEN "10" lo value <= 14; hi value 18;

WHEN "11" = lo value <= 13; hi value <= 19;
END CASE;

-- determine active output

IF value < lo value THEN

ltr <= '1"'"; gtr <= '0"'; rng <= '0"';
ELSIF value > hi value THEN

ltr <= '0'; gtr 1Y, rng <= '0"';
ELSE

ltr <= '0'; gtr ; rng <= '1"';
END IF;

END PROCESS;
END wvhdl;
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21.3  Variable modulus counter

% q[3..0]
Ipm compare0
compare]
£ n[3..0] C—— dataa[3..0] "
datab[3..0]
nstt
Ipm counter(
£ pEp— Ipm decode0
- clock Co—— lock i
' s P cloc ql3..0] data[2.0]  eqO
. inst2
Q :
) 0 - |
inst V
................... inst‘
f—\
LANDZ
21.4  Variable self-stopping counter
_Q.IB.LD q[3..0]
Ipm compare0
compare]
 nf3..0] C—— dataal3.0]
datab[3..0]
Ipm counter0 nsti
up counteq
: clock NEJT
: C—o—=— lock
| p coe al3..0} .
x =]
cnt_en = 2
, b 5; :
nst
—
;restartn [ I\E;T
ins
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21.5

Number selector

SUBDESIGN num select -— AHDL solution
(
f, al3..0], b[3..0] : INPUT;
yv[3..0] :QUTPUT;
)
VARIABLE
agtb :NODE; -- buried node
BEGIN
agtb = al[] > bl[]; -- hi if a>b
y[] = all & !(f $ agtb) # Db[] & (£ $ agtb);

-- MUX function to select a or b input
—-— XNOR selects a & XOR selects b

END;

ENTITY num select IS -— VHDL solution
PORT ( f :IN BIT;

a, b :IN INTEGER RANGE 0O TO 15;

y :OUT INTEGER RANGE 0 TO 15 )
END num select;

ARCHITECTURE vhdl OF num select IS
SIGNAL agtb :BIT;
SIGNAL sel a :BIT;

BEGIN
agtb <= '1" WHEN (a > b) ELSE '0';
-- hi if a>b

sel a <= 'l1l' WHEN ((f XOR agtb) = '0') ELSE 'Q0';
-- determine when to select input a

y <= a WHEN (sel a = '1'"') ELSE b;
-- MUX function selects a or b input

END wvhdl;
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Unit 22 Digital/Analog and Analog/Digital Conversion

22.1 Digital-to-analog converter (see Fig. 22-1)

Digital to Analog Conversion

Hex Decimal Analog
input in out
0 0 0.00
1 1 0.01
2 2 0.02
3 3 0.03
4 4 0.04
8 8 0.08
A 10 0.10
F 15 0.15
10 16 0.16
1C 28 0.28
20 32 0.32
33 51 0.51
40 64 0.64
64 100 1.00
80 128 1.28
99 153 1.53
A5 165 1.65
D2 210 210
E7 231 2.31
FF 255 2.55

Digital to Analog Conv

3.00 -

2.50 —

2.00 //
1.50

1.00

0.00 c"/“/v : : : : ‘

0 50 100 150 200 250 300

Analog output (volts)

Decimal input

157



222 Analog-to-digital converter (see Fig. 22-2)
WARNING: Do not exceed 5.0 V on analog input!

Analog to Digital Conversion

Analog Hex
in Decimal out out
0.000 0 0
0.100 5 5
0.400 20 14
0.500 26 19
0.515 26 1A
0.530 27 1B
0.750 38 26
0.950 49 30
1.000 51 33
1.500 77 4C
1.800 92 5C
2.000 102 66
2.500 128 80
3.000 154 99
3.500 179 B3
3.750 192 Co
4.000 205 CcC
4.320 221 DD
4.500 230 E6
5.000 255 FF

Analog to Digital Conv
300 -
250 _e
200 /
150 /
100 o
50 /
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000

Decimal output

Analog in (volts)
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223

Free-running ADC with span adjust (see Fig. 22-3)

resolution =15 mV

full-scale voltage = 15 mV x 255 =3.825 V
VREF =256x15mV=384V
adjust pOt to VREF/2 =384V+2=192V

[Ro/(R1+R)][S5 V] =0.5 V = use Ry=1.1 kQ & R, =10 kQ2

Analog to Digital Conversion

Analog
in
0.000
0.100
0.400
0.500
0.515
0.530
0.750
0.950
1.000
1.500
1.800
2.000
2.500
3.000
3.500
3.750
4.000
4.320
4.500
5.000

Decimal out

N- 0000

17
30
33
67
87
100
133
167
200
217
233
255
255
255

Hex
out

N
ON-~000O0

1D
21
42
56
64
85
A6
of:
D8
E9
FE
FF
FF

Decimal output

300 -

Analog to Digital Conv

250

200

150

—

100

50

1.000

2.000

3.000

4.000

Analog in (volts)

5.000

6.000
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22.4  Digital voltmeter

{ bnCoit2bed seg_dec_
..... INSt2
Linst1
SUBDESIGN bin6bit2bcd
(bin[5..0] :INPUT;
msd[3..0], 1sd[3..0] :OQUTPUT;)
VARIABLE
ones[5..0] :NODE; -— to capture the ones digit
BEGIN
1sd[3..0] = ones[3..01]; -—- output 1lsd BCD digit
IF bin[] >= 60 THEN
msd[] = 6; -- set MSD value
ones[] = bin[] - 60; -— calculate LSD value
ELSIF bin[] >= 50 THEN
msd[] = 5; ones|[] = bin[] - 50;
ELSIF bin[] >= 40 THEN
msd[] = 4; ones[] = bin[] - 40;
ELSIF bin[] >= 30 THEN
msd[] = 3; ones|[] = bin[] - 30;
ELSIF bin[] >= 20 THEN
msd[] = 2; ones|[] = bin[] - 20;
ELSIF bin[] >= 10 THEN
msd[] = 1; ones|[] = bin[] - 10;
ELSE
msd[] = O; ones|[] = binl[];
END IF;
END;
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ENTITY bin6bit2bcd IS

PORT ( bin :IN INTEGER RANGE O TO ©63;
msd, 1lsd :OUT INTEGER RANGE 0 TO 9);

END bin6bit2bcd;

ARCHITECTURE vhdl OF bin6bit2bcd IS

BEGIN
PROCESS (bin) -- bin change invokes process
BEGIN
IF bin >= 60 THEN
msd <= 6; -- set MSD value
lsd <= bin - 60; —-— calculate LSD value
ELSIF bin >= 50 THEN
msd <= 5;
lsd <= bin - 50;
ELSIF bin >= 40 THEN
msd <= 4;
1lsd <= bin - 40;
ELSIF bin >= 30 THEN
msd <= 3;
1lsd <= bin - 30;
ELSIF bin >= 20 THEN
msd <= 2;
lsd <= bin - 20;
ELSIF bin >= 10 THEN
msd <= 1;
lsd <= bin - 10;
ELSE
msd <= 0;
1lsd <= bin;
END IF;

END PROCESS;
END wvhdl;
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22.5

clock

Digitized sine-wave generator

mod36

. inst1

-— AHDL solution
SUBDESIGN data gen

: INPUT;
:OUTPUT;

BEGIN
-- D/A input values at
-- 10 degree increments

TABLE

all > dll:
0 => 150;
1 => 167;
2 => 184;
3 => 200;
4 => 214;
5 => 227;
6 => 237;
7 => 244;
8 => 248;
9 => 250;
10 => 248;
11 => 244;
12 => 237;
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END;

13 =>
14 =>
15 =>
16 =>
17 =>
18 =>
19 =>
20 =>
21 =>
22 =>
23 =>
24 =>
25 =>
26 =>
27 =>
28 =>
29 =>
30 =>
31 =>
32 =>
33 =>
34 =>
35 =>

END TABLE;

227;
214;
200;
184;
167;
150;
133;
116;
100;
86;
73;
63;
56;
52;
50;
52;
56;
63;
73;
86;
100;
116;
133;

i




ENTITY data gen IS -—- VHDL solution
PORT ( aq :IN INTEGER RANGE 0 TO 35;

d :OUT INTEGER RANGE 0 TO 255 ) s
END data gen;

ARCHITECTURE vhdl OF data gen IS
BEGIN
-- D/A input values at 10 degree increments

WITH g SELECT
d <= 150 WHEN
167 WHEN
184 WHEN
200 WHEN
214 WHEN
227 WHEN
237 WHEN
244 WHEN
248 WHEN
250 WHEN
248 WHEN
244 WHEN
237 WHEN
227 WHEN
214 WHEN
200 WHEN
184 WHEN
167 WHEN
150 WHEN
133 WHEN
116 WHEN
100 WHEN
86 WHEN
73 WHEN
63 WHEN
56 WHEN
52 WHEN
50 WHEN
52 WHEN
56 WHEN
63 WHEN
73  WHEN
86 WHEN
100 WHEN
116 WHEN
133 WHEN
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END wvhdl;




22.6  Reconstructing a digitized signal

o+5V
ADC0804
0—Q cs INTR O——
0— RD DB7
_ DB6
125V |0 D85
St Vo2 B
10-turn pot DB3
Analog in Vin(+) DB2
, DB1
Vin(-)
DBO
10 kQ CLK CLK
IN out
AGND D GND
150 pFT l

B1 B2 B3 B4 B5 B6 B7 B8
0 —QOcCE

AD557 Vo »—— Analog output
0 —Qcs Sense
V., GND GND A B

L L

+5V

VREF =25V — VREF/2 =125V

Analog-out should approximate the analog-in voltage

Analog-out will be ragged with stairstep output

At higher frequencies, analog in will overrun conversion time of A/D converter (aliasing)



Unit 23 Memory Systems

23.1 RAM memory chip

Address Bus

A9
A8

A7
A6
A5
A4

A3
A2
A1
A0

A9 A8 A7 A6 A5 A4 A3 A2 A1 AO

1A1

Y1

RIW RIW 2114 RAM cs
DQ3 DQ2 DQ1 DQO j7
7418244
L—Q 2G Data Bus

SW3 2A4 2Y4
SW2 2A3 2Y3
Swi1 2A2 2Y2
SWO0 2A1 2Y1

1G

1A4 14 ——

1A3 1¥3 —

1A2 w2 —

D3
D2
D1
DO



23.2  Memory word-size expansion

Address Bus
A9

]
A8
A7 €7
A6
A5
A4
A3
A2
A1
A0
A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
RIW RIW 2114 RAM cs RIW 2114 RAM cs
DQ3 DQ2 DQ1 DQO j7 DQ3 DQ2 DQ1 DQO j7
7415244
—( 2G Data Bus
Sw7 2A4 2Y4 D7
SW6 2A3 2Y3 D6
SW5 2A2 2Y2 D5
Sw4 2A1 2Y1 D4
—J 16
SW3 —— 1a4 1Y4 D3
SW2 — 1A3 1Y3 D2
SW1 — 1A2 1Y2 D1
SW0 — 1A1 1Y1 Do




23.3  Memory capacity expansion

Address Bus
A10 (switch)

A10
A9
A7
A6
A5
A4
A3
A2
A1
A0
A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
RIW — RIW 2114 RAM cs R/W 2114 RAM cs
DQ3 DQ2 DQ1 DQO DQ3 DQ2 DQ1 DQO
7415244
2G Data Bus
SW3 — 2A4 2Y4 D3
SW2 — 2A3 2Y3 D2
SW1 —1 2A2 2Y2 D1
SW0 — 2A1 2Y1 DO
—qJ 16
— 1A4 14 ——
— 1A3 13 ——
— 1A2 1v2 ——
— 1A1 11—




23.4 Memory address decoding

SUBDESIGN mem2k decode

( al[l5..0] :INPUT;
cs[l..0] :QUTPUT; )

BEGIN

IF al] >= H"1800"™ AND a[] <= H"1BFFE" THEN
cs([] = B"10";

ELSIF a[] >= H"6800"™ AND a[] <= H"6BFEF" THEN
cs[] = B"O1";

ELSE
cs[] = B"11";

END IF;

END;

ENTITY mem2k decode IS

PORT ( a :IN INTEGER RANGE 0 TO 65535;
cs :0UT BIT VECTOR (1 DOWNTO 0)

END mem2k decode;

ARCHITECTURE memory decoder OF mem2k decode IS
BEGIN
PROCESS (a)
BEGIN
IF a >= 16#1800# AND a <= 16#1BFF# THEN
cs <= "10";
ELSIF a >= 16#6800# AND a <= 16#6BFF# THEN
cs <= "01";
ELSE
cs <= "11";
END TIF;
END PROCESS;
END memory decoder;




Maxplus2 or MSI chip solution:

Address Bus 74LS138

A1
A10
A15

)
| G2
|1 G2B

A14
A13
A12

C
B
A

SENMAHNEER

A9
A8

A7
A6
A5
A4

A3

A1
A0

A9 A8 A7 A6 A5 A4 A3 A2 A1 AO A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

RW —1 RW 2114 RAM cs RIW 2114 RAM cs
DQ3 D@2 DQ1 DQO DQ3 DQ2 DQ1 DQO

7415244 Data
2G Bus

SW3 2A4 2Y4 D3
Sw2 2A3 2Y3 D2
SW1 —— 2A2 2Y2 D1
SWO0 —— 2A1 2Y1 DO

1 1A4 Y4 ——
— 1 1A3 13 ——
— 1 1A2 w2 ———
— 1 1A1 w1 —




23.5 Embedded SRAM memory (DE1 pin assignments shown)

PIN_L2
PIN_M1
PIN_M2
BN U SRAM32x4
B{2..0) .\p“T data[3..0] _a_ q[3..0] jt‘,_,'rp_,'r — Q[3.0j
[PN_U12 | WREN A wren TH . o PIN_Y13
Af40f NBt address[4..0] LH a‘-.-"><§ PIN_U19
PN_W12 - i PN_R19
PIN_V12 PIN_R20
PIN_M22 CLOCK ggpT :clock
PIN_L21 i Block type: AUTO
PN 22| oheR22 = -
23.6 DE1/DE2 SRAM memory chip (DE1 pin assignments shown)
PIN_U12 ‘lpm_constant_addr
PIN_W12 *@_Q..IEJ_D a[17..6] PIN_YS
PIN_V12 insti . PIN_Y6
PIN_N22 ' PIN_T7
PIN_AB10 _
PIN_L21 BN AAS PIN_R10
PIN_L22 [ 'addrz. 5] N ol A e B PIN_AB4 PIN_U10
PIN_AAZ PIN_Y10
R s BT
%o PN AA3 PIN_R11
notle....... = PIN_W11
— — T - —_— PIN_V11
PIN_L2 |} dataf3 0] BT - slm)——-—ﬁu—s—D 13..0] PIN_AB7 PIN_AB11
PIN_I1 metil...... PIN_AAT7 PIN_AAT1
PIN_M2 PIN_AB6
PIN_U11 R PIN_AAB
n
TR
[~ ol A e N M) PIN_Y19
e PIN_UT9
PIN_R19
| PIN_R21 | output_snatie NeuT QUTPUT  — oen [PN_T8 | PIN_R20
| PIN_R22 Eread.-wme :P.T I A :C)..TPuT > wm l PIN_AA10 |
| PIN_T22 | chip_enatie i QUTBUT [ "cen [ PIN_ABS |
PN W7 |

[PN_Y7 |




