


Contador sincrono binario de 3 bits:
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Contador sincrono binario de 3 bits:
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Contador sincrono binario de 3 bits:
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Contador sincrono binario de 3 bits:

ALTO

CLK
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Contador sincrono binario de 3 bits:

ALTO
FFO FF1 | 0,0, _FF2
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Bin 000: 001:°010: 011 :100 :101 ::110 + 111 ::000: 001
Dec O 2 S 4 5B 45 D




Contador sincrono binario de 4 bits:
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Contador sincrono x assincrono - Detalhes:

Contador sincrono 3 bits (modulo 8):

ALTO
FFO | FF1 0,0, FF2
Jy J, T,
>c > c P> C
K, K, 1 K
CLK
FIGURA 8.14 Contador binario sincrono de 3 bits.
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Contador assincrono 3 bits (mddulo 8):

A B c
1 2 3 '
1—Jy 04 1y @ 1—Jy 03 ,
Juune | P c
1 (-7 I DR | Gl — 1..__ﬁK 6;__..
o4 t2 Lty ta 1 1s
- - - By pad
: 1 ! -
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A { !
T 1y I
L1 1y 1
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I 11 +
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I} Iyt I
1 BB 11y
] P 1
1) Pt 11
¢ ‘1 (N [N
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- Figura 4.18



Contador sincrono x assincrono - Detalhes:

Contador sincrono 3 bits (modulo 8): Contador assincrono 3 bits (mddulo 8):
A B c
. 1 2 3
CLK = 0, D&Q‘ - i o 1y o [ Og—l
’ 1, — O, e | c -
QO ----- e — \'\ > C 1 K .6‘,__ 1K 6-”__ 1K 6;-__
Q__ 1 ~N
@ hiat
CLK— e
tp mix W botp 1 vy te 1t
rio sincrono de 3 bits. | 1 o i -
| |
. : : !
¥ ' ¥
¥ ! M
¥ ¥ I
s b4 - [}
TN PR
T e
S H s
¢ 'l : Fry R
1 L RN
— — | jo— —f || b
f te 2te 1 310
= T Typ | Max | Min | Unit , =—
MAX
Ip ton | Clock, Clear, | 4= | o ns fMAX 2%t P
MAx to | Set to Output MAx
o 1 ts Setup Time 20 ns 1
MAX 20x10~2 th Hold Time 0 ns f MA’X=40><1 -9
fimax 45 | 30 | MHz

i =50 MHz £, =25MHz



Contador sincrono x assincrono - Detalhes:

e E sem problemas com glitches...

1 2 3
1—fu o }A 1Jo ox}-8 _1_Ju o3lE
LS PO 7 S Cm e
1k & X Q2| 1Kk Q3|
A A
* T
A A
B * B
B B
[ c
c ~—©C
& & & & & & & &
So S S2 S3 S4 S5 Se S7
entrada de comondo de transferéncie (CT)

Figura acima: circuito de contador assincrono con saidas decodificadas.



- Detalhes:

e E sem problemas com glitches...

V 4

INCrono X assincrono

V 4

Contador s

3

2

C
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Q3

—
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—— e e e e e e L
———— —
—— s e . o —— ] -
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.'...llATln et e B
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So

entroda de comondo d Sy

Figura acima: circuito de contador assincrono con saidas decodificadas.
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- Detalhes:

e E sem problemas com glitches...

V4

INCrono X assincrono

V4

Contador s

Glitches...

_CI

3 .
Q3

J

1

L]

LJ— Q2
c

1K

A

Q
G

entrada de comondo d

c---—-
h

 J—

S
+

a < o a w o

Figura acima: circuito de con
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Contador sincrono ascendente/descendente:

> C > C L_—:>C
— 1 K, —1 K K,
Comando
- . CLK
bidireccional
Up
Up
HIGH g FFI % FF2
| 0,
*—/, J, J, -
> (~)I| L) -
UPIDOWN
—e | > C :D—O —1= C :D—O —1= C
Q, Q, Q,
Kn OJL Kl O_L KZ o—
DOWN — 5
0, * DOWN
CLK ®

Contador sincrono crescente -2

ALTO

FF0

2

J,

0

FF2

Q0

5
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Contador sincrono ascendente/descendente (2):

A four-bit synchronous “up” counter

Qo o} Q2 Qs
ydd >:|
J Q J Q J Q J Q
C C C C
—> —> —> —>
K Q K Q K Q K Q
— — — — — o— — o—
This flip-flop This flip-flop This flip-flop This flip-flop
toggles on every toggles only if toggles only if toggles only if
clock pulse Qy is “high” Q, AND Q, Q, AND Q; AND Q
are “high” are “high”
A four-bit synchronous "down” counter
Qo QL Q2 Qs
vdd
J al ] al al Q
C C C C
—> >—> >—> —>
K Q K Q K Q K Q
— D ol )—l —— 7—l —— D—
This flip-flop This flip-flop This flip-flop This flip-flop
toggles on every toggles only if toggles only if toggles only if
clock pulse Qy is "high” Q, AND Q, Q, AND Q, AND Q.
are “high” are “high”
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Contador sincrono ascendente/descendente (2):

A four-bit synchronous "up” counter

Qo Qy Q2 Q3
Vdd >:|

J Q J Q J Q J Q

C C C C
—> —> —> —>

K Q K Q K Q K Q
L —

A four-bit synchronous "up/down" counter
vdd Qo Q Q: Qs

This flip-flop 1

toggles on every | Up‘Down / N\ N
clock pulse J J
) _i Q J Q J Q J Q
C G C C
> —> — —
é K @] K @] K (@] K (@]
Qo — > > y b—
: L L L
{>.,__/ 1 J° I

__J_ Q

C C C
, O L2 = [

K a ||k (@ F Q K g
— D D—[ p—l D—

This flip-flop This flip-flop This flip-flop This flip-flop
toggles on every toggles only if toggles only if toggles only if

clock pulse Qy is "high” Q, AND Q, Q, AND Q, AND Q>

are "high” are "high”
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Cls comercias 74190/74191

@ MOTOROLA

. 74190). PRESETTABLE BCD/DECADE

« 74197:

UP/DOWN COUNTERS

PRESETTABLE(4-BIT BINARY )
UP/DOWN COUNTER

The SN54/74L.S190 is a synchronous UP/DOWN BCD Decade (8421)
Counter and the SN54/74L.S191 is a synchronous UP/DOWN Modulo-16
Binary Counter. State changes of the counters are synchronous with the
LOW-to-HIGH transition of the Clock Pulse input.

An asynchronous Parallel Load (PL) input overrides counting and loads the
data present on the Pp, inputs into the flip-flops, which makes it possible to use
the circuits as programmable counters. A Count Enable (CE) input serves as
the carry/borrow input in multi-stage counters. An Up/Down Count Control
(U/D) input determines whether a circuit counts up or down. A Terminal Count
(TC) output and a Ripple Clock (RC) output provide overflow/underflow
indication and make possible a variety of methods for generating
carry/borrow signals in multistage counter applications.

* Low Power ... 90 mW Typical Dissipation

High Speed . . . 25 MHz Typical Count Frequency

¢ Synchronous Counting

* Asynchronous Parallel Load

¢ |ndividual Preset Inputs

¢ Count Enable and Up/Down Control Inputs

¢ Cascadable

¢ Input Clamp Diodes Limit High Speed Termination Effects

1 15 1 10 9
PL Py Py Pr P
5 UID et RC o— 13
4—C0|CE
14— CP 10 p— 12
Qg 01 G Q3
3 2 6 7
Ve =PIN16
GND=PINS
CE Count Enable (Active LOW) Input
CP Clock Pulse (Active HIGH going edge) Input
u/D Up/Down Count Control Input
PL Parallel Load Control (Active LOW) Input
Pn Parallel Data Inputs
Qp Flip-Flop Outputs (Note b)
RC Ripple Clock Output (Note b)
TC Terminal Count Output (Note b)
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CIs comercias 74190/74191

FUNCTIONAL DESCRIPTION

The LS190 is a synchronous Up/Down BCD Decade
Counter and the LS191 is a synchronous Up/Down 4-Bit
Binary Counter. The operating modes of the LS190 decade
counter and the LS191 binary counter are identical, with the
only difference being the count sequences as noted in the
state diagrams. Each circuit contains four master/slave
flip-flops, with internal gating and steering logic to provide
individual preset, count-up and count-down operations.

Each circuit has an asynchronous parallel load capability
permitting the counter to be preset to any desired number.
When the Parallel Load (PL) input is LOW, information present
on the Parallel Data inputs (Pg—P3) is loaded into the counter
and appears on the Q outputs. This operation overrides the
counting functions, as indicated in the Mode Select Table.

A HIGH signal on the CE inputinhibits counting. When CE is
LOW, internal state change are initiated synchronously by the
LOW-to-HIGH transition of the clock input. The direction of
counting is determined by the U/D input signal, as indicatedin
the Mode Select Table. When counting is to be enabled, the
CE signal can be made LOW when the clock is in either state.
However, when counting is to be inhibited, the LOW-to-HIGH
CE transition must occur only while the clock is HIGH.
Similarly, the U/D signal should only be changed when either
CE or the clock is HIGH.

Two types of outputs are provided as overflow/underflow
indicators. The Terminal Count (TC) output is normally LOW
and goes HIGH when a circuit reaches zero in the count-down
mode or reaches maximum (9 for the LS190, 15 forthe LS191)
in the count-up mode. The TC output will then remain HIGH
until a state change occurs, whether by counting or presetting
or until U/D is changed. The TC output should not be used as
a clock signal because it is subject to decoding spikes.

The TC signal is also used internally to enable the Ripple

Clock (RC) output. The RC output is normally HIGH. When CE

is LOW and TC is HIGH, the RC output will go LOW when the
clock next goes LOW and will stay LOW until the clock goes
HIGH again. This feature simplifies the design of multi-stage
counters, as indicated in Figures aandb. In Figure a, each RC
output is used as the clock input for the next higher stage. This
configuration is particularly advantageous when the clock
source has a limited drive capability, since it drives only the
firststage. To prevent counting in all stages itis only necessary
to inhibit the first stage, since a HIGH signal on CE inhibits the
RC output pulse, as indicated in the RC Truth Table. A
disadvantage of this configuration, in some applications, is the
timing skew between state changes in the first and last stages.
This represents the cumulative delay of the clock as it ripples
through the preceding stages.

A method of causing state changes to occur simultaneously
in all stages is shown in Figure b. All clock inputs are driven in
parallel and the RC outputs propagate the carry/borrow
signals in ripple fashion. In this configuration the LOW state
duration of the clock must be long enough to allow the
negative-going edge of the carry/borrow signal to ripple
through to the last stop before the clock goes HIGH. There is
no such restriction on the HIGH state duration of the clock,
since the RC output of any package goes HIGH shortly afterits
CP input goes HIGH.

The configuration shown in Figure ¢ avoids ripple delays
and their associated restrictions. The CE input signal for a
given stage is formed by combining the TC signals from all the
preceding stages. Note that in order to inhibit counting an
enable signal must be included in each carry gate. The simple
inhibit scheme of Figures a and b doesn't apply, because the
TC output of a given stage is not affected by its own CE.

1115

10 9

L[]

PL Py Py P2 P
5 o oryr2 F3 RC 13
4—CE
14— CP CpH—12
Qp 01 QG Q3
3 2 6 7
Vec=PIN16
GND=PIN8
MODE SELECT TABLE
INPUTS
— MODE
PL |CE|U/D|CP
H L L I | CountUp
H L H I | Count Down
L | x| x | X | Preset (Asyn.) ]
H [ H | X | X [ NoChange (Hold)
RC TRUTH TABLE
INPUTS RC
& TC* CcP OUTPUT
L Heo 1 iy
H X X H
X L X H
* TC is generated internally
L = LOW Voltage Level
H = HIGH Voltage Level
X = Don't Care
J = LOW-to-HIGH Clock Transition
| | = LOW Pulse

17



CIs comercias 74190/74191

Detalhe do “Parallel Load” (PL):

o

1

Jo
Y

s—{ o
4— CE

14 —of

115 1 10 9

L] ]

cP

Q

—

PL Py Py P2 P3

Q

w

RC p— 13

TCp—12

Q%
I
3

N

Q2
|
8

S —

Ve = PIN 16
GND =PIN8

MODE SELECT TABLE

INPUTS

CE [ U/D

MODE

L
H

Count Up
Count Down

X

Preset (Asyn.) ]

Irjxx

I X|jrr

X

No Change (Hold)

RC TRUTH TABLE

INPUTS

RC

CE

TC*

cp

OUTPUT

L
H
X

H
X
L

L
X

X

1
H

H

* TC is generated internally

L = LOW Voltage Level

H = HIGH Voltage Level

X = Don"t Care

J = LOW-to-HIGH Clock Transition
LI ~ LOW Puise
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CIs comercias 74190/74191

Tabelas funcionais...

MOTOROLA N
® RC Truth Table
° * PRESETTABLE BCD/DECADE
74 190 *  UP/DOWN COUNTERS — Output
PRESETTABLE 4-BIT BINARY n u
e /4191: — —
UP/DOWN COUNTERS CE TC* CP RC
The SN54/74L.5190 is a synchronous UP/DOWN BCD Decade (8421
ey Coumbm: Site changes of . yrirs e dcucus sty L H - e
1 15 1 10 9 :’:2’:&2; H X X H
l ‘ ‘ I l = X L X H
PL Pg PPy P Mode Select Table
Inputs
4 —Q CE — — — Mode
14 CP e 12 PL CE u/D CP
Qg Q1 Q2 Q3 _ H L i —~ |Count Up
l I l I ( b L -4 _~ | Count Down
L L X X X |Preset (Asyn.)
CE Count Enable (Active LOW) Input
CP  Clock Pulse (Active HIGH going edge) Input | | i X X [NoChange (Hoid)
u/D Up/Down Count Control Input *TC is generated internally
PL Parallel Load Control (Active LOW) Input Eft‘cl)svva?:;ageL"eVT'
Pn Parallel Data Inputs X< Im mateoﬁalge eve
Qn Flip-Flop Outputs (Note b) _~ = LOW-to-HIGH Clock Transition
RC Ripple Clock Output (Note b) ~r = LOW Pulse

TC Terminal Count Output (Note b)

FAST AND LS TTL DATA
5-205



CIs comercias 74190/74191

15 1 10 9

L]

PL P Pi Py P
oo - PP Pa el
4—| CE
14 —i CP TC P— 12
Qg 01 G2 Q3
3 2 6 7
Veg = PIN 16
GND=PIN8
CE Count Enable (Active LOW) Input

Clock Pulse (Active HIGH going edge) Input

Up/Down Count Control Input

Parallel Load Control (Active LOW) Input
Parallel Data Inputs

Flip-Flop Outputs (Note b)

Ripple Clock Output (Note b)

Terminal Count Output (Note b)

STATE DIAG

RAMS

LOGIC DIAGRAMS

CP UD

i

LS190
UP:  TC=Qq-Qg- (D)
DOWN: TC=0Qq-Qy-Qp- Qg - (UD)

LS191

UP:  TC=0Qp-Qj-Qp-Q3-(UD)
DOWN: TC=Qg-Qy-Q2- Q3 (UD)

COUNT UP —
COUNTDOWN - - - - -

Py Py P3 PL

1
Z’CJ =
-

Veg=PIN 16
GND=PIN8

O = PIN NUMBERS

) L. 1
L T T L T
ESET cuean 4 CLEAR CLEAR PRESET ¢\ AR
Q g g 9 [’} Q g
®l® ® ® ® ®
RC TC Qo 0 Q Q3
DECADE COUNTER
LS190

20



CIs comercias 74190/74191

STATE DIAGRAMS

15 1 10 9

L1|]]
UP:  TC=Qg-Qg- (D)
DOWN: TC=0Qq-Qy-Qz- Q3 - (UD)
. PL Py PyP2 P3 Ls191
5— U/D RCp—13 oo To-64- 01 &2 03 0B
4—qCE il A
14 — CP 1C P 12
00 01 02 03 : LS191
l 2| l ! LOGIC DIAGRAMS
vee| Diagrama de Estados
GND
=y Kl [ 3 4 0 Y iy 71 % T 4
CE Count Enable| " o lé?;: B
CP Clock Pulse (4 [1s |7 . DOWN: TC=Qg- Q1 - Gp - O3 - (UMD) 15 5
u/D Up/Down Coy § 7
PL Parallel Load | [ ' 6 LsS191 e v 8
Pn Parallel Data ' UP. ~ TC=Qg-Qq Q2 Q3-(UD)
RC Ripple Clock = n; ! o '3. .
Terminal Cout COUNT RN
TC 12 nE ™ol el ™s COUNTOOWN _ =:=-==- 2 ™ wf ™ol ™s
LS190 LS191
TC a DUCCADE COUNTER
GND=PIN8 LS190

(O =PIN NUMBERS



CIs comercias 74190/74191

15

10 9

L1

Diagrama logico

YT CP UD Po  CE P Py P3 PL
s oo P2 Pag '{A;) ® |O ® ® ®%7
4—|CE ﬁbﬁ
14— CP Cp—12 i
Qp 01 Gp Qg V_
3 2 6 7
Vec=PIN16
GND=PIN8 r
CE Count Enable (Active LOW) Input U LfJ
CP Clock Pulse (Active HIGH going edge) Input
u/D Up/Down Count Control Input
PL Parallel Load Control (Active LOW) Input
Pn Parallel Data Inputs
Qn Flip-Flop Outputs (Note b) * y I I I I
RC Ripple Clock Output (Note b) J CLOCK K )J J CLOCK K J J CLOCK K J J GLOCK K
TC Terminal Count Output (Note b) LQPRESET o £AR LQPRESET o AR LJPRESET o AR L—PRESET | £AR
Q Q Q Q Q Q Q Q
| — | I— | | I—
®| ® ® ® ® @
RC TC Qo Q4 Q2 Q3
Voo = PIN 16 DECADE COUNTER
GND=PIN8 LS190

(O =PIN NUMBERS




Exemplo de uso de 74190

111

10 9

1

15

PL Py Ps+ P P
5—— U/D Lt 3HCD—t3
4—CE
14 —{ CP TCp—12
Qg 0y Q2 Q3
A Crescente:
[0..9]
Vg = PIN 16
GND=PIN8

CE Count Enable (Active LOW) Input
CP Clock Pulse (Active HIGH going edge) Input

u/D Up/Down Count Control Input

PL Parallel Load Control (Active LOW) Input
Pn Parallel Data Inputs

Qp Flip-Flop Outputs (Note b)

RC Ripple Clock Output (Note b)

TC Terminal Count Output (Note b)

VCC
A
U1
1?— DO Q0
—JIp1  Qf
18 D2 Q2 g e RCO
D3 Q3 <7
ﬂ'ﬂﬂ » RCO b .
ST—pCLK
cock | IF—=9E-
—= b/l

e
g PL 5?
TC [—2

= 74LS190

o1 2 3 4 5 6 7 8 9 0 1 2
DIGITAL ANALYSIS

rdll

@ [ 1L 1L I 1 I 1 I 1 T 1.
et L [T Lt T [
o2 [ —
03 [ L
RCO LJ
TC [ 1

2.0 1.008 c .08 2.008 4.00 5.0 .00
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Exemplo de uso de 74190

Yele
A

Decrescente:
[9..0]
1 15 1 10 9
PL PgP{Pp P
5— UD At 3nco—13
4——0 CE
14 — CP TC p— 12
Qp Q1 Q2 Qg Q\l
3 2 6 7
CLOCK
Ve =PIN16
GND =PIN8
CE Count Enable (Active LOW) Input

CP Clock Pulse (Active HIGH going edge) Input
u/D Up/Down Count Control Input

PL Parallel Load Control (Active LOW) Input
Pn Parallel Data Inputs

Qp Flip-Flop Outputs (Note b)

RC Ripple Clock Output (Note b)

TC Terminal Count Output (Note b)

U1 Qo
DO Q0 b= 5 an
2 N, Q2
D1 Ql <53
D3 Q3 [ <7
RCO P *
>CLK
[E)lL_J
TC
PL
TC 2 /?
74LS190
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ClIs comercias 74190/74191

SETUP TIME (tg) is defined as the minimum time required for
the correctlogic level to be present at the logic input prior tothe
clock transition from LOW-to-HIGH in order to be recognized
and transferred to the outputs,

HOLD TIME () is defined as the minimum time following the
clock transition from LOW-to-HIGH that the logic level must be
maintained at the input in order to ensure continued recogni-

Caracteristicas AC:
AC CHARACTERISTICS (T = 25°C)
. Limits
Count Enab'e (A_the LOW) lnpu‘ Symbol Parameter Min Typ Max | Unit Test Conditions
Clock Pulse (AC"VB HlGH 90"‘9 Gdge) fMAX Maximum Clock Frequency 20 25 MHz
Up/Down Count Control Input toL ;_r_opaga;:ion Doy 2 @ |
Parallel Load Control (Active LOW) Inp t"”‘ LioOutedt : -
Parallel Data Inputs Sy Data to Output Q 27 | e | ™
Flip-Flop Outputs (Note b) vy Clock to AG 195200
Ripple Clock Output (Note b) = oa
Terminal Count Output (Note b) tPHL S e ot 24 | 3 [ ™ e
t ] 28 42 :
;Hl'. Clpck toTC 37 52 ns
:zh’: U/DtoRC 332 g ns
::::::: U/DtoTC ol | |
ik CEtoRC 0 (Rl 1
115 1 10 9
l | I | l AC SETUP REQUIREMENTS (T4 = 25°C)
Limits
; ﬁfDPL Py Py P PaHC 18 Symbol ‘.Parameler Min | Typ | Max | Unit Test Conditions
tw CP Pulse Width 25 ns
4—qCE w PL Pulse Width 35 ns
14— CP TCp—12 ts Data Setup Time 20 ns Voo =50V
Oo 9 G 03 th | Data Hold Time 5.0 ns
l I ' I trec Recovery Time 40 ns
3 2 6 7
Vg =PIN 16 _
GND=PIN8 DEFINITIONS OF TERMS

tion. A negative HOLD TIME indicates that the correct logic
level may be released prior to the clock transition from LOW-
to-HIGH and still be recognized.

RECOVERY TIME (trgc) is defined as the minimum time
required between the end of the reset pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer HIGH data to the Q outputs.

N
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CIs comercias 74190/74191

SN54/74LS190 » SN54/74LS191

CE Count Enable (Active LOW) Input
CP Clock Pulse (Active HIGH going edge) Input
u/D Up/Down Count Control Input
PL Parallel Load Control (Active LOW) Input
Pn Parallel Data Inputs
Qn Flip-Flop Outputs (Note b)
RC Ripple Clock Output (Note b)
TC Terminal Count Output (Note b)
LI
_— ﬁ/DPL Py P4 P2 PaﬂC _—
4—CE
14— CP Cf—12
Qp Oy Gp Qg
[T
3 2 6 7
Voc = PIN 16 Opcoes de
GND=PINg
cascateamento:
LS190
UP:  TC=Qp-Q3-(UD)  _
DOWN: TC=Qq-Qq-Q2-Q3-(U/D)

DIRECTION

CONTROL

o U
ENABLE ———q CE
CP

Figure a. n-Stage Counter Using

DIRECTION

RC

UD RC
CE
CP

CE
CP

CONTROL

L

ENABLE —q CE

CLOCK

CP

RC

—UD RC
IécCE

CP

L

Figure b.n—Stago Counter Using Ripple Carry/Borrow

DIRECTION

UD RCp—--

[
CE
cP

CONTROL
ENABLE

—

up
CE

cp TC

up

{ P—dce

CLOCK [_

I

— UD

E

{ »—qce

rCP TC

[—CP TC

Figure c. Synchronous n-Stage Counter with Parallel Gated Carry/Borrow



D, D, D, D,
11 15 1 10 9 T
74190: 111 ofofofe
| |
_ PL PgPyPy P3 CTEN —0(4) | (12) MAX/MIN
5—— UD RClo—13 pig —&
(11) CTR DIV 10
4—0|CE LOAD —==20 5
14— CP TCH—12 CLK = @ o keo
Qo Q1 Q2 Q3
I | | | B)[(2)|©) (7
Opcobes de cascateamento: 32 6 7
G ¢ 0 &
DIRECTION ) ’
CONTROL |_ |— |_ 7 LOAD l I
UD RC UD RC UD RCp—--~- - R = — ot - -
ENABLE CE CE CE D, ] -
CLOCK ; cP cP cP e
y o, [\
Data | I |
inputs D | 11 [T . a . a
Figure a. n-Stage Counter UslnglRlpple Clock : ¢ T e e S S
2, R S
DIRECTION ___ _ . o
CONTROL L [_ clk ™ | LW LML LML L L L
UDRC UbRC W Aob—-- _ Lo [ | [ I [ I ] I [
ENABLE ——| CE CE CE prg |kt & | T
CP cP P — | 11 | I | | | | | 1 |
I < CTEN | | 11 | | [ 1 | I I I |
I ol 1 |l 1 L 1 1 Ll T T |l
chK N | ! ! L ] 1] '
0, ___! i | | L |
I [ [ I |
Figure bn-Stago Counter Using Ripple Carry/Borrow - o, ___[ 11 : : ! Jil = : ! ! [
ata ? 1
I | | | | [ I I I
oulputs 19) 3 I I I | | : | I | I [ |
DIRECTION 2; FEEES | T T T T T T T T T
CONTROL - _U—a—i | I o I :
Qi wse] I I [ | | | I | S
ENABLE o | [ [ ) 1 I I
mMaxmiv ___| 4 [} ! R S
1l | | | L [ I I |
T | I I 1 I
UD D [ | L[Tp RCO | 1 Y TR L
CE CE CE bzt g 1g 1ol 1 21 2 211 1oltgoglglyg
—cp_TC —cpTC [-cp TC [~ BT I A e 55 Rl A
Lo | o I
CLOCK I : : : - :4— Count down ——!

Figure c. Synchronous n-Stage Counter with Parallel Gated Carry/Borrow

<—— Count up —|= Inhibit
I
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Usando entradas PL num 74190

VCC

o | I _V _! H
| | I 2
[ | | R N | P 1 - ] e IO )| | [ v
o , I
| | | | o -
[ | I I =
| I |- — == ----- £
| | | | . L=}
| | | | = ]
1| | | el A=regadl (gl @ — - - M.
R ﬁ B
| | | [ N B N S IS S A S
o , I
o , I =
[ | | k
[ I | - |t —— | —1——1 +—————==
|
REREREE =1 B I N I i . 0 e
[ | | A
| | | | —
|l , I z
| I I o o =
1t ﬁ g
D , , ool Dol boepe dedbemas oo il
[ | [ e Rt e T e —|-—c1-=
SERAE - %
| | |
| | | | [ | NN N |SS—— (N P —— Ll L
i , I 2
| | | = =
| I I <
| Rt T [l = i Sl =
S [d- ¢
B8 Bl dseadoaldeedocldoal oo o
REE -
VY T | P Sl (et e [ ) ) ] Rt (20
= m iR .
== =
B S
[ | e | [
R RRRE R
= o | |- B
S & A8 SIS = iw
o Q= S =
S 2 S S
85 82 s
(o]
Q
o
N &)
T
o
C
A
o N
32_6_/)1 —
(@)
o — M O
. 55003 =
(=) o b=
2 o
3 o S 24 |4
] | oo Qwoo o
) — o ]
o [# 3 )
%1 [Tp] Lol (ew] (o)} << Lo~
= i
oo ]}
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=
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=
=
:w@:ﬁw.ﬂﬂ.mm h
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m :wgzﬁw ...... .mm..m&
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(=]
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7
w0 .
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1
o0 O
T1
O M~
T
0 ©
. 1
oYL
E €19
= 2o 1
o [%2] H [ee]
®
7 oo 1
.. O (&) N~
o0 Ammﬁ
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o g1
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28



Ex.2: Contador decrescente de 5 = 1:

PL loads
VCC 0101 (2) =5 (10)

VR

QOO O
IYR= S

NN

b it £02) NS [#4)

B1po o
75— D1 Q1
o &
e
U i |, RO
CLK
CLOCK DJ 4 e
> 1pi
11
—— PL
. e
= __ 74LS190
PL
e 1
Repare:
PL=TC

P3P2P1P0 = 0101(2) = 5(10)
D/U=1

Sequéncia assumida:

554-53-52-51-05-54—-3—>52—>
—-1-505—-4-53-52->51—>...

)

\ o, _;_w

I I
| I |
gy -
| | | |
| ] |
| I |
| | I |
| | 0 | 9 | 8 | 7

I

<—— Count down —'1

(1

et Saida 741390

T2 [ O O Y Y Yy U O 0
o0 — 1L i
o | 1 i - L]
L= |
/RCO ‘ !
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Ex.3: Contador decrescente de 5 = 1:

MOD. DISPLAY

Simulado a frequencia de 5 MHz _“ ‘_ T = m
DIGITAL ANALYSIS L o
(oo i I I I W O B
Q2 T A T
e X I I N T e I T e S N e 2 Hz
oD -
TC ——E_1§ E E E_1§ WCC
/RCO [ 31§ i
/PL 0 I 1]
F_ouT 1 1 1 R1
v_C S ) i Ve
1.0000000 1.0000010 . 1.0000020 1.000003 —
s [T
RESET [I 10u
PL 17T
Repare:
PL < RCO
D/T =1 e
R1
Sequéncia assumida: 10k
5-+4-53-2-1-505-4—-3-2—>
—-1-505—-4->53-2—>1— ..
—
—

ULE
10

74L504

= 0,000.0002 seg.
WCC
»
Ul ,
L5860 qoled
om] Pl QLT
D2 82 = F_ouT
CLOCK 4 1. CLOCK D3 CS K =
/5 KHz V=ILO 11 CLK g‘:‘_:;‘
o HE T i
—_ W=SHI 11 =3
INIT s LN 57 o
= 7405190 M v=sHI

U2:A
741502

74L502

Desejado: PL = INIT + RCO
Deve-se gerar PL :

PL = INIT + RCO

Mas disponiveis: INIT, RCO :

> INIT

INIT
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Ex.4: Divisor de frequéncia, f + 8:

MOD. DISPLAY

VOoC

FREQUENCIA ENTRADA

CLK
RST YOG

PL com 8(10):
1000(2)

cLOCK 7 Lok
80 KHz —

s PL )
~ W=SHL |

—  7alsi%0 A v=sio

uz:a
74L502

74L502
10u 74L502

SV y=sH

Simulado & frequencia de 80 KHz

DIGITAL ANALYSIS

CLOCK LI LI L

03 1 !
ee 1.
21 1 | | ] I ] [
ce L LI LI LT LI LI LI LI
TC 1 1
/RCO | [
/PL T |
Foury I L[ Ll
v_C . ) )
1.00005 1.00018 1.00815 - 1.00020 1.00025
VO
Fii)
. rtur FREQUENCIA SAIDA
F_OUT [;__ V=SLO.

P CLK
CE
RST
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Pastilhas 74192/74193:

@MOTOROLA o T EY

§—— CPy Cyp— 12

PRESETTABLE BCD/DECADE
UP/DOWN COUNTER = %"“i’ T

PRESETTABLE 4-BIT BINARY : b " i
U PI DOWN co U NTE R Voo = PN 18 l\cﬂ';o z::;%omu?&cai::l;z;:’:%lear) Input

PL Asynchronous Parallel Load (Active LOW) Input
Pn Parallel Data Inputs
The SN54/74L.S192 is an UP/DOWN BCD Decade (8421) Counter and the Qq Flip-Flop Outputs (Note b)
SN54/74L.5193 is an UP/DOWN MODULO-16 Binary Counter. Separate TCp Terminal Count Down (Borrow) Output (Note b)
Count Up and Count Down Clocks are used and in either counting mode the 1Oy  Terminal Count Up (Carry) Output (Note b)
circuits operate synchronously. The outputs change state synchronous with ke RE Gy o
the LOW-to-HIGH transitions on the clock inputs. b. The Output LOW drive
Separate Terminal Count Up and Terminal Count Down outputs are
provided which are used as the clocks for a subsequent stages without extra MODE SELECT TABLE
logic, thus _simplifylng multistage counter designs. Individual preset inputs MR PL CPy CPp MODE
allow the circuits to be used as programmable counters. Both the Parallel
Load (PL) and the Master Reset (MR) inputs asynchronously override the H X X X Reset (Asyn.)
clocks L L X X Preset (Asyn.)
X L H H H No Change
Low Power .. .95 mW Typical Dissipation L H I H Count Up
High Speed . . . 40 MHz Typical Count Frequency L H H I Count Down
Synchronous Counting L = LOW Voltage Level
H = HIGH Voltage Level

Asynchronous Master Reset and Parallel Load

Individual Preset Inputs

Cascading Circuitry Internally Provided

Input Clamp Diodes Limit High Speed Termination Effects

X = Don't Care
-r = LOW-to-HIGH Clock Transition
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Pastilhas 74192/74193:

LOGIC DIAGRAMS
Po Py P2 P3
QN ® 1 ® ®
el ”
U
(UP COUNT) D@ (CARRY
OUTPUT) 15 1 10 9
ool ool U, L
PL Pg Py Pp P
sDQ = sOQ &..‘u sOu § PU 3Tcl.' o— 12
D T T T T
60 cp° cpd cp? 4—— cPp TCp p——13
( q Q_ 4 MR Qg Qs 0z Q3
4 3 2 6 7
t ng)nnmv Voe = PIN 16
CP| GND=PINB
(OOWN (D_[>c _ OUTPUT)
COou @
i @
A ® ® ® ©
Qo Q Q2 -
MODE SELECT TABLE
Voo = PIN 16 gzu goun: gp Clog:t P:l:ellnplul t MR PL CPy CPp MODE
GND = PIN8 D ount Down Clock Pulse Inpu H X X X Reset (Asyn)
O = PINNUMBERS MR Asynchronous Master Reset (Clear) Input L L X X Preset (Asyn.)
PL Asynchronous Parallel Load (Active LOW) Input s
L H H H No Change
Pn Parallel Data Inputs L H H GourtU
Qy Flip-Flop Outputs (Note b) i unt Up
TCp Terminal Count Down (Borrow) Output (Note b) L H H J Count Down
TCy Terminal Count Up (Carry) Output (Note b) L = LOW Voltage Level
NOTES: H = HIGH Voltage Level

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive

X = Don't Care

-r = LOW-to-HIGH Clock Transition
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Pastilhnas comerciais:
« Contador sincrono up/down: 74HC192/74HC193

11 15 1 10 9
. Y N R
PL. DBy, By Dy O
o sen Ty —12
74192 / 74193
L Ty 13
L MR Qu Ql Qz Q3
T 0 71 [ 1
14 3 2 6 7
STATE DIAGRAMS
0 1 2 sl
\ L
15 . 5
¥ o Ty
14 b 6
13 2 g 7
¥ b &
12 T et B 1 g B O it
LS192

CPy
CPp
MR
PL
Pn
Qp
TCp
TCy
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

Count Up Clock Pulse Input
Count Down Clock Pulse Input

Asynchronous Master Reset (Clear) Input

Asynchronous Parallel Load (Active LOW) Input

Parallel Data Inputs
Flip-Flop Outputs (Note b)

Terminal Count Down (Borrow) Output (Note b)

Terminal Count Up (Carry) Output (Note b)

b. The Output LOW drive

LS192 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCy=Qg-Q3:CPy__ ___
TCp=Qp-Q1:-Q2:-Q3:CPp

LS193 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCy=Qg Q1 Q2Q3:CPy_
TCp=Qp-Q1-Q2:Q3-CPp

COUNT UP
COUNT DOWN

" 15 1 10 9

L[]

PL Py Py P, P
cPy °'23ch

o

4—— CPp TCp p—— 13
MR Qo Qs Op Qg

4 3 2 6 7

Vee = PIN 16

GND=PINB
Y e U g B g R P i
8 B
15 5
14 '
14 6
13 '
13 7
i '
2™l ™[ ™ 9[™ s

e a— rt——



Usando o Cl 74193:

Complete as formas de onda nas saidas do 74193:

PL L

| —_——
Cpu T .. E 3

J
(pD 1‘ 4 5 6
0 2
le
Q-
Q3 7

[
e, * |
TCp '
13 im 15 | o I 2 1 0 15 14
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Usando o Cl 74192:

Que acontece quando ? 1) mR
PL
1) Resseto todas as suas saidas;
. Dy
2) Realizo carga paralela com
7(10)=0111(2); D,
) ' Dados -
3) Ajusto para contar crescente D,
+5 pulsos de Clock;
. D
4) Ajusto para contar .
decrescente + 5 pulsos de 3) cu
15 1 10 9
RIEE o
PL Py Py Pp P 0
s— | cpy o Py P2 3TCUD—-12 o
7 Q
s— cPp TCp p— 13 Saidas -
MR Qg Oy 02 Qg 0,
43 26 7 0,
* e
CPy  Count Up Clock Pulse Input 3) 7T,
CPp Count Down Clock Pulse Input
MR Asynchronous Master Reset (Clear) Input * 4) ol
PL Asynchronous Parallel Load (Active LOW) Input L
Pn Parallel Data Inputs
Qp Flip-Flop Outputs (Note b)

TCp Terminal Count Down (Borrow) Output (Note b)
TCy Terminal Count Up (Carry) Output (Note b)

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b. The Output LOW drive

-
——

.J:: :; Don't carc
Frr—]

I

NN .

T LPLLLP

[ ol
| | |
/’ | | | !
[ J L | | 1
ey . ] :
[ ol | | |
| | I I | | !
1] T v L) | | '
o [ | 1
o] 7 g o g L 1 lo o Ig |7
—— —— <«———— Count up «— Count down
Clear Preset Contagem crescente contagem descrescente
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Pastilhas comerciais:

e Contador sincrono decimal up/down

Dy Dy Dy D
(3) [(4) [(5) | (6)
—— ), ,
CLR 0 CTR DIV 10
LOAD ———Q -
o (D (15) |
[l."\'[ TC - 9 I‘)( ‘()
e (10)
ENT
e (2)
CLK > C
(3|11

Q, 0, 0, O,

: 74HC160
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Pastilhas comerciais:
« Contador sincrono decimal up/down: 74HC160

Dy Dy Dy Dj Data
inputs
(3) [(4) [(5) [(6)
— 1)
Ll CTR DIV 10
LOAD ——
o (D (15)
ENF 10) TC=9 RCO
ENT
qvw (2
CLK > C
(14H|(13)|(12))(1 1)
Q, 9 ©Q, O
Outputs

CLK
ENP

RCO

CLR i il
LOAD P
1 1
i | c® 02000
D” _l | Pt (e S at s l E e AR S S R S it e e e s e e
p, R e P s

l 1 T
i [
| | | | | | | 5
| | I | | | I [
t :I I | I | I I l—
_____ | 1
| |
] S I L “—
et | (TS T S R -
| | | | | | I I
""" S S (O
_____ Lo | L i |
| | | | | 12
————— T i | ] i :I
| I |
l—1 | | B
7 18 9 0 1 2 3
|
|
|

Clear

Preset

<+—— Count ———>|<+—— Inhibit ——
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Pastilhas comerciais:

e Contador sincrono binario up/down

Entradas de datos

A

& AN
DO Dl D2 D3

(3) [(4) |(5) |(6)
seoier (L) _
CLR W)-O CTR DIV 16
LOAD —1—6~o | .
ENT (7) TC =15
ENP (2)
CLK 2) > C
AH|A)HAD|1 D)
Q @ O, U5

Salidas de datos

15
o). RCO

: 74HC163
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Pastilhas comerciais:

« Contador sincrono binario up/down: 74HC163

Entradas de datos

‘D, D, D, D,
3)|@® | [(6)
N |
CLR —ET;O CTR DIV 16
LOAD —== (55
ENT (7) TC =15 RCO
ENP (2)
CLK &) >
asnlazmlanlan
Q @ @ O

Salidas de datos

cLR — |

LOAD Lo

|

( | |

D“ | I

| |

D | |

Data § : :

inputs D, | ! |
|
|

ENP | II

|
Ent | 1

Outputs

|
|
|
|
1
|
|

Clear Preset

13 14

|
I
|
|
|
1
|
|
|
L
: 5 0 1 2
|
|
|
|
|

[
|
|
|
|
I
]
I
|
|
L
|
|
I
|
|
|
I
I
I

<+«— (Count —’:4— Inhibit ——



Problema

O que faz o circuito abaixo?

J Q
9 > Cp
K 0
Rp

|

Entrada de
Clock

1 0 . 0
UID RC [D— NC
CE 74191
b2 e TC
G O U @3
Saidas

+5V

7414
1 kQ

Transigdao BAIXO para

# ALTO quando recém
alimentado
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Problema

INIT:
> N ®
0
\ ’ +5V

Sp PL Dy Dy Dy D

14 .7 Q RC [~ NG
7414
; 7419
ADO_'*D C, _[—O 8 Transicdo BAIXO para
- ALTO quando recém
= P Cp e # alimentado

14 K Q- G O O, O3

Rp

5 N 1

0.001 pF =<

Saidas

Entrada de
Clock

Breve descrigao de funcionamento:

1) 0 circvito formado pelo Resistor e Capacitor gera um pulso que inicia e
continua em nivel ldgico baixo na saida das portas Schwidt trigger enquanto o
capacitor carrega. Chamaremos a este pulso de INIT. Notar que capacitor
carrega rapido, entao o sinal INIT ¢ curto. Uma vez carregado, INIT permanece
em nivel logico alto.



Problema

Contage

1 0 1 0
-
Sp PL Dy By B B
1 Q U/D RC E=NC
1 kQ
; 7419
> C, _[—O 8 Transigdao BAIXO para
- ALTO quando recém
— P Cp Ic alimentado
K Q G O O, O3
s N
? 5 s 0.001 pF —~
1 A
Saidas
Entrada de
Clock Breve descrigao de funcionamento:

2) 0 sinal INIT se conecta a 2 pastilhas: a entrada PL do 74190 ¢ a entrada
S do FF-JK. Ambas sdo assincronas (nao dependewm do sinal do clock). Isto forga
respectivamente o “Parallel Load” do contador com o nimero
P,0,0,00=0101,=5,,( ¢ 0 “Set” do FF-JK. Pesta forma, isto garante que o
contador inicie a contagem no nimero 9. Note que saida do FF-JK controla o
sentido de contagem do contador. Como neste caso o FF é setado, Q=1, a entrada
. U/D=1, forgando o contado num contagem descrescente (Pown), tao logo o pulso

>

Tempo (Pulsos ~ INIT cesse.

de Clock)
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Problema

INIT:

Contage

L —

| \ ’ +5V

3)a
ol 3 Q -9 "RC [D— NC
7414

T7419( o
Transigdo BAIXO para

Entrada de
Clock

>

Tempo (Pulsos
de Clock)

ALTO quando recém
Ic # alimentado
Qo O U, 0O l{g)b)

L ., By

\ o "~ 543210

Saidas

Breve descrigdo de funcionamento: i
3) Depois que INIT=1, e como a entrada CE (Count Enable) esta permanente

ativada (=0), o contador comeca a contar, de maneira decrescente (a) ja que U/D
=1 (o FF-JK esta setado). Esta condigao de contagewm continva até o contador
atingir o final de contagew, indicado por um novo pulso na saida TC (b).
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Problema

TCJ_I_

Contage

‘ \ ’ +5V

120 PL Dy D, D, Dy

RC D= NC

Entrada de
Clock

7414 { kO
A T419(
_[—O 8 Transigdao BAIXO para

- # ALTO quando recém
"o o 0 0 ™I /a"’"e"ta“
| | .10 — 1

0.001 pF =<

Saidas

Breve descrigao de funcionamento:

4) Quando atinge o final da contagem (nimero 0), TC, que estava ewm nivel logico
BAIXO, comuta para nivel logico ALTO, esta transicao gera impactos no circvito.
Note que TC esta conectado a entrada de Clock (borda de subida) do FF-JK (que

mmm— esta na configuragao toggle). Quando o contador vai reciclar (baixa TC de nivel

logico ALTO para BAIX0), a porta NOT na entrada de Clock do JK, faz gerar uma
borda de subida no JK, o que por sua vez (dada a configuragao togale do JK), faz
alternar sva saida Q de 1 para 0, e assim a contagem passar agora a ser
crescente, ja que U/D passa para nivel logico BAIXO (Up).

Tempo (Pulsos

de Clock)
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Problema

Contage

PL Dy Dy D, D
RC [O— NC
7414

1 k€2

T7419( o
Transigdo BAIXO para

Entrada de
Clock
......................................... ——————
®
@ Tempo (Pulsos

de Clock)

TC # ALTO quando recém
P 0 0. 0, O alimentado
0 T 3 N

O T 1

———~ — T 5789 UM

Saidas

Breve descrigao de funcionamento:
) Anteriormente, o pulso gerado por TC, fez comutar o contador de contagem

decrescente para crescente enquanto U/D permanecer ewm nivel lagico BAIXO0 e
assim o contador passa a contar agora até 0 até o njmero 9 (crescente). Quando
atingir o nimero ( (final da contagem no modo crescente), note que um novo pulso

¢ gerada na saida TC.
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Problema

0
\ +5V

S 0-> PL D, D, D, D,
RCP—NC

7414
1 kQ

- ?
—If ) T419(
—Do—() C, _[—O 8 Transicdo BAIXO para
TC = = IC # ALTO quando recém
e | alimentado

J_L 1=K 2 0 ’ Qo O U, 0O TC”
2 ' \ .89 — 1
? & J O 001 HF T ™
1 o
Saidas L
Entrada de Breve descrigao de funcionamento: -
Clock 6) Novamente, a mudanga de nivel logico na saida TC do Contador (quando atinge o
nimero 9 e vai para o zero; 0 “recyele”), através da porta NOT na entrada do FF-

JK (que esta em configuragao toggle) faz alternar a saida do meswo de 0 para 1,
e assim, na proxima borda de subida do sinal de Clock, o Contador vai realizar

contagem decrescente (ja que agora U/D esta em 1),

Contage

Tempo (Pulsos
de Clock)

a7



Problema

Contage

Sp 1 PL Dy Dy Dy D
Q RC [O— NC

7414
1 kQ

_[—-O CE 7419( o
P C, Transicdo BAIXO para
- ALTO quando recém
G e # /alimentado

I & 2 0 ’ O O O 0 N
) NS P
? X . —n— 0.001 pF /<
1 - ...67890
Saidas L
Entrada de Breve descrigao de funcionamento: -

Clock 7) Agora, enquanto U/D permanecer ewm nivel logico ALTO, este contador vai

X realizar contagem decrescente de 9 até 0. E quando atingir o 0 (final da
contagem), 0 novo pulso gerado na saida TC vai fazer com que o Contador alterne

novamente a contagem de decrescente a crescente. E assim o ciclo de contagem

seque indefinidamente alternando contagens decrescentes com crescentes

enquanto o circvito permanecer alimentado.

Tempo (Pulsos
de Clock)



Problema

I\ ||

"RCD—NC

Entrada de
Clock

Sp o PL Dy Dy D, D
14 J o —
_I:—-O CE 74191
| G Ie
11K 01— G O O, O3
3 N
1 ’V'_ J
Saidas

7414
1 kQ

P i

0.001 pF =<

=

Transigdao BAIXO para
ALTO quando recém
alimentado

Ewm resumo este circuito realiza a sequinte sequéncia de contagew:

A

INIT - PL

Contagem

Tempo (Pulsos de Clock)
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contador sincrono decimal

FFO

HIGH
‘_

<5
RIS X[ X|H]| O
L | X
5 L
> (@] ~
o|lE|o|—H]|X]|X
: % -
A X Q |~
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s | O
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o | O
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il
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W
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. el s = w| @
o
A B et SRR
o - = =
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Projetos
e Exemplo




Projetos:

Exemplo: contador sincrono decimal.

2. Mapas de Karnaugh - Circuito final
g(!c\ —5 DtFty .

?h\j\/&n\&ﬂ- hors F\Flf
B &, @, R, || B k3 (T2 Kz |Ty K, L L

Rel [ 933299«
0 ’OO_O’O\_’D_OOL OXOXUX‘./m
42 ,,,,8%»4 g8 te 0 X DX[i-X-l!XI/
. ) 0 o011 | v x|lox|xo|[1x
i ’__(8(;})4 I_WO x| 4 x|x4]x1]
o © 1041 [0 &[x0 Jox]1y
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Projetos:

 Exemplo: contador sincrono decimal:

1. Tabela de transicido de contagem (circuito completo)
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Projetos:
« Exemplo: contador sincrono decimal:

1. Tabela de transicido de contagem (circuito completo)
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Outros projetos:

e Exemplo,:
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Outros projetos
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Outros projetos:

e Exemplo,:
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Outros projetos:

e Exemplo,:
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Outra solucao + simples p/circuito?
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Outros projetos
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Outros projetos:

Outra solucao + simples p/

® Exemp|02: circuito?
4 5 12 13
o o— 1 cp Do D4 Do D3
MR CP D3 Do D1 Do 74LS175
OI®O|® ® ® ® "1™ a0 01 01 0 5 05 0
?Y (!2(|i71|1101|415
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GND=PIN8
1D Q 1D Q D Q 1D Q
——qCPQ CPQ CP Q —dCPQ
Cp o—‘ Cp 3—‘ Cp O—‘ Cp
1 1 i if
o @O @ ollo ol
GND = PIN 8 Q3 Q3 Q2 Q2 Q101 Qo Qo

(O = PIN NUMBERS



Outros projetos:

Solucao + simples p/circuito: Uso de MUXes =~ Cl com 4
® ExemPIOZ: FF’s-D: 74LS175
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Detalhe ultima solucao ™ FPGAs

e Estrutura interna (genérica/simplificada) de um FPGA:

carry in

out

WV
carry out

Este tipo de pastilha perwmite programar o
acionamento de Flipf-Flop's através de
“lookup tables”. A logica combinacional
definida para acinar als) entradals) de
controle do FF fica programada dentro de
uma “lookup table” ou “LUT",

Note a presenga de um FF tipo ) um somador
completo (FA = Full Adder) e 2 conjuntos de
LUT para até 3 variaveis de entrada.

Note que é comum que o cireuito logico
correspondente a cada LUT seja formado
usando um Multiplexador, no caso da figura
wmostrada, seria um MUX para até 8 linhas
de entrada, os pontos a, b e ¢ correspondem
aos pinos de Select do MUX.
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Detalhe ultima solucao ™ FPGAs

e Estrutura interna (genérica/simplificada) de um FPGA:

carry in

WV
carry out

Alguns FPGA's nao incluem na sua célula basica um
soma- dor completo.

Neste caso, a saida do MUX ¢é normalmente
conectada a entrada de uma porta AND de 2
entradas, onde a sequnda enfrada da porta AND
ficaria conectada ao ponto d (da figura). Note que
este ponto d permite que 0 meswmo atue como um
sinal de Enable.

Uwma pastilha FPGA é formada por centenas ou
milhares destas células logicas basicas. Cada célula
logica pode ser conectada a outras células através
de recursos de interconexao (“fusiveis”)
programados por software. Cada célula
isoladamente pode fazer pouco, mas com wmuitas
delas conectados juntas, fungoes logicas complexas
podew ser criadas através de celulas de Entrada/
Saida (10-cells).
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Detalhe ultima solucao ™ FPGAs

Estrutura interna (genérica/simplificada) de um FPGA:

})ma pastilha FPGA ¢
: ormada por centenas ou

[ e wilhares destas células
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(“fusiveis”) programados
por software. Cada célula
isoladamente pode fazer
1 pouco, mas com wuitas
delas conectados juntas,
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Outros projetos:

e Exemplo,:
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Outros projetos:
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Outros projetos:

° Exemp|03: Outra solucao + simples: Uso de MUXes:
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Outros projetos:

e Exemplo,:

Outra solucao + simples: Uso de MUXes:
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