Sequential circuits

a - | [ L
b — | LQJ . If the same Input may produce
| different output signal, we
c b A . have a sequential logic circuit.
'~ ' "™ It must then have an internal
Same input a, b can produce memory that allows the
different output C. output to be affected by both
5| - the current and previous
b ::' Logic circuit [|—™ C inpUtS!

William Sandgvist william@kth.se



how can hardware remember?

e To remember something, then we
must somehow store the information.

e One way Is to store information
IS In the form of a charge on a
111” + +

Capacitance (DRAM).

O

There are other possibilities ...

William Sandgvist william@kth.se



"Latching"’

s| f, | f
f _
— f ], |
111 -1 f 7
If s =1 the output f follows the S

Input f,. When s becomes s = 0 the

f:ircuit ”latches” to the value f _hfad s = follow/latch
INn the moment before the transition

s =0.

William Sandgvist william@kth.se



(Motor Protection )

oS

., ‘; 0 A s A»—g,_

.2 WIS,

AT s ] | ©
— ~ _G

A Motor protection circuit braker is a relay with a
latching contact.

e One need only press once for the engine to start.

o Will there be a power failure, so do not the engine start
suddenly by itself when the power comes back - a good
safety feature.

e The lights light up immediately, however - it is also good.
William Sandgvist william@kth.se



(Motor Protection )
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A Motor protection circuit braker is a relay with a
latching contact.

e One need only press once for the engine to start.

o Will there be a power failure, so do not the engine start
suddenly by itself when the power comes back - a good
safety feature.

e The lights light up immediately, however - it is also good.
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(Motor Protection )

O
- O
— -
A Motor protection circuit braker is a relay with a
latching contact.
e One need only press once for the engine to start.
o Will there be a power failure, so do not the engine start
suddenly by itself when the power comes back - a good
safety feature.
e The lights light up immediately, however - it is also good.
William Sandgvist william@kth.se




A D-latch 1sa MUX with f
C = 0 the walue is latched.

eedback. When

D/ Q D-Latch
% D—1D QI—0Q
Cs c—cC1
—Q —
C follow/latch | D Q
[ - Q
0 — | M latch
1 D | D follow
C

William Sandgvist william@kth.se




NOR and NAND ”’locking input signal”

Name | Logic function - Gate RUIe
o ab|f NAND. If any input is "0", so
vap | | & [ b gl the output is "1" regardless of
— FN the value of the other input!
4 ~oabht NOR. If any input is "1", the
NoR || 2T fea 010 output "0" whatever the value
- 1110 of the other input!

William Sandgvist william@kth.se



SR-latch with NOR- gates

d

0

>10— f=a+b 0
1

1

b

For a NOR gate "1" is a "locking"
Input - iIf any Input is "1" it does
not matter what input value any Q=0

other input has - the output will s — g 8 [—

0= 1 R = 1
then always "0". %{
(bl mHerbl,

It is therefore enough with a short pulse "1" on S for the
circuit to keep Q = 1. A short pulse "1" on R then gives Q = 0.

]

William Sandgvist william@kth.se



SR-latch

—— Qa

Qa Qb
0/1 1/0 (no change)

0 1
C

1 0

—

) —

orbidden inpu?
-2 |S=R=1

o) Trutntable (- Q, #Q,

Rk O Ol W
R Jjlo O X0

(a) Circuit
As long as one avoids the input
signal S =R =1 (= forbidden

J

: . SR-Latch

Input combination), the outputs Q,

and Q, will be each other's S—S Q—Q
inverses. One can then use the R —1R [916 ]
symbol to the right.

If one takes signals from latches, thus inverses are always

I |
available! William Sandquist william@kth.se



SR-latch with NAND-gates

S R —latch

Q

R Q

For NAND gates "0" is a latching input
signal that forces the output to "1".

A Latch with NAND gates have active
low SET and RESET inputs. They may
not be "0" both at the same time.

William Sandgvist william@kth.se
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SR-Latch

=1 @\_ = SR-Latch
@ﬂ

| S—S Q—Q
R—R

RESET @

—
1 a

To the left we have an SR-latch with ropes - April 1-joke
from Scientific American! Again there can be seen that
you should not pull the SET and RESET ropes
simultaneously!

William Sandgvist william@kth.se



( Gated SR-Latch)

With two additional gates and a clock signal Clk you
can control when the latch will get affected by the
Inputs S and R. When Clk = 0 there is no influence,

then even [S =R= 1] could be tolerated.

> DO— Q Ck SR|QQ
1 00 [MM

C'k{ 1 01101
j P 1 10110

R ? 1 11111
O MM

Forbidden combination

William Sandgvist william@kth.se




D-latch

A still better solution to the problem of the "forbidden" state is the D-
latch. With an inverter one ensures that the S and R simply always has
different values!

The latch output follows the D input when Clk = 1 to lock the value when
Clk = 0. This latch circuit has the same function as the MUX circuit with
feedback. The difference is that this circuit has faster feedback.
Moreover, we also have access to an inverted output.

D — e D—1D Q—Q
{Z E ° ck—c1| p-
Clk % N
— Ck D|Q Q
_n o— Q 1 0/0 1
R=D
S 1 1|10
Clk = follow/ latch 0 - MM

William Sandgvist william@kth.se



D

Two different D-latches

D—1D Q
Clk —{C1

— Q

Long feedback (~4T)

@

._

E MUX
Q

Clk

?

Q

D

D—
Clk —

1D Q
C1

Q

0—Q

Short feedback (~1T)

B

William Sandgvist william@kth.se
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Setup- & Hold-time °—

Clk —

1D Q
C1

0—Q

D must be stable in this
interval in order to . |

guarante the function. P
D -

setup

1:hold

Q 7 follow

Clk

‘—=e—  latch

tclk-to-Q
William Sandgvist william@kth.se




Register — inverted signals

Do—1D Q— 0,
—C1 P—0,
D1—/1D Q— ¢,
C1 D_Q1
Dy—T11D Q On
C1 D_Qn

Clk

A common way to design digital
circuits is that the signal is taken via
registers (= a set of latches or flip-
flops) to the combinatorial network
Inputs. D-latches "automatically"
provides inverted signals at their
outputs.

That’s why we in the calculation
examples usually assumes that
Inverted signals are available.

William Sandgvist william@kth.se
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Every other time?

D—1D Q—Q
Clk—C1 p—

How do you construct a sequential circuit that will
toggle its output 1/0 at every clockpulse, Clk ?

e The circuit needs to remember it’s previous value Q
e And change thisto Q=D =Q.

The latch has both ""memory" and an inverted
output - could it be used?

William Sandgvist william@kth.se



Not possible with a simple latch...

Clk = follow/latch —

D=Q Q=D
Q
Clk DJ—lDQ
1 — Cl1 pe

e \When CIlk = 1 the output follows ;x .

the input — therefore the output

changes 1/0 as quickly as possible! Q .

The circuit becomes an oscillator! Clk — ]
e L ater when Clk = 0 the output retains its value 1/0
after what it happened to be. (= Random Number
Generator?) William Sandqvist william@kth.se




Voting Help In parliament?

1D Q
C1

William Sandgvist william@kth.se



Clocked flip-flops -} <}
Master-Slave flip-flop T

Slave

A2l
|

Master
D—1D Q
Clk-T C1 lb—
1 lo—

C1

1D Q0

The problem is that the simple latch is open to change right up
until it will unlock its value.

The solution is the clocked flip-flop consisting of several
latches. One latch receives new data (Master) while another

latch retaines the old data (Slave).

William Sandgvist william@kth.se



Timing diagram Master-Slave _

> o
When Master do "follow” the e o Slave o
Slave is ”latched”. b D QF— D Q— Q
Clock Ck Q Ck Q Q
When Slave do "follow” | The output is only changed
the Master is ’latched” - [>o at the negative :ﬁ
but then there is nothing to edge of the clock
follow. Edgetriggering
Clock symbol
D
Qm
Q= Qs

William Sandgvist william@kth.se



Edgetriggered D-flipflop - — |-

Another edge-triggered flip-flop consists of three latches. The data value is
"copied" to the output just when the clock signal goes from 0 — 1.

—> Positive edge 0 > 1

> Negativeedge 1 —> 0

&P &yt
‘ iﬂ &b = CP —=C1 N
— —

Qo
1

o4

William Sandgvist william@kth.se



Clock >

Clk

Latch or Flipflop?

—Qa

— Qa

— Qp

— Qb

— Q,

Clock

D

Qa

Qp

Qc

a) Latch - follow/latch
b) Positive edge triggered flipflop
c) Negative edge triggered flipflop

William Sandgvist william@kth.se



Every other time?

D=0 Clk FLiLFLiLiiL
D 0 Q Jr L Jf L i,
o Moo g4 e ia g
1 -~ >C1 e

Now the "'every other time* | .
circuit works just as planned! ‘

In general, for sequential circuits, edge-triggered flip-
flops are employed as the memory elements!

William Sandgvist william@kth.se




Every second time with Impulse
relay On-Off-On-Off ...

/

Impulse relay
Cost: 300:-

7474 (2st D-
flipflop)
Cost: 5:- each

William Sandgvist william@kth.se




( Contact Bounces )

There may be another threat to the "'every other time"
circuit, and it is that mechanical contacts bounces! You

can try at the lab ...

I 2 Lroa?

!
-3 f] 1 ~ >C1 e

William Sandgvist william@kth.se



Clear and Preset

D flip-flop contains three

Bs

_- —3-; > Jlatches. Preset and Clear
D,
)

T signals go directly to the

L a latches and can "lock™
these independent of the
clock pulse. Preset and
Clear are active low.

/]

Preset =0 forces Q = 1, while Clear = 0 forces Q = 0.
Preset = Clear = 1 allow the flipflop to perform as intended.

William Sandgvist william@kth.se



Reset-button

N

Most digital systems needs to be started in a known state.
This may mean that some flip-flops should be "1" while
others will be "0". A reset function may need to be
connected to either the Preset or Clear input on the flip-

flops. __
rnesc ﬁ]

—ID Q})—

Preset and Clear are asynchronous inputs - -
the flipflop changes state instantly regardless I
of the clock pulse. et ———

William Sandgvist william@kth.se



Synchronous Reset

If the flip-flop lacks the Preset and Clear

Inputs, the reset is implemented with
additional logic. Synchronous reset causes the

flip-flop to reset to O at the next clock edge.

Clear — D Q
D — L Q

Clock B N} 0Q

William Sandgvist william@kth.se



Asynchronous/Synchronous Reset

Asynchronous reset

Prese
1 1 Q—
—1D Q}— O
Clear
B Y @
: Clk

Synchronous reset

Clear \
—] )i S Clear L] C/

Clock B N Clk

William Sandgvist william@kth.se



Other common types of flip-flops

(JK flip-flop is an
SR flip-flop with
"toggle" instead of
the forbidden state)

T-flip-flop (T=Toggle)

(T-flip-flop Is
particularly suitab
for "counters”)

JK-flip-flop
-P _
—K O

T

le
_C

)

— Q

— Q

Ck J K| Q Q
Y00 M M
! 01| O 1
10 1 0
Y 1 1| Toggle Toggle

Ck T| Q Q
Y0 M M

Y 1| Toggle Toggle

William Sandgvist william@kth.se



Make a T-flip-flop out of a D-flip-flop

D=0 hold 1" °
:)_MUX
f‘é T‘\ D Q Q
T ) > b
D=Q toggle

William Sandgvist william@kth.se



Timing analysis

It Is possible to determine the maximum frequency
In a sequential circuit by having information about

o Gate delays t)o4c

e Setup-time t,, for the flip-flop
e Hold-time t, for the flip-flop
e Clock-to-output t, time

William Sandgvist william@kth.se



Setup- & Hold-time

D must be stable within

Clock

1:hold

this range to ensure —
function P |
1:setup i
Clk
. E ih
tclk-to-Q

William Sandgvist william@kth.se




What Is the maximum frequency?
e Gatedelays

tlogic = 1:NOT =1.1ns o]

e Setup-time J»
t,=0.6ns D Q Q

e Hold-time . -
t,=0.4ns

e Clock-to-output Clear I
to=10ns

0.6 04<10 1.1

T =1t , + max(t,, tCQ) +fogie = 2.7 NS
f=1/T =370 MHz

William Sandgvist william@kth.se



Shiftregister

Ql QE Qj [1:
In D Q D Q D Q D Q

[ [T
o A shiftregister contains several flip-flops
For each clock cycle a value will be shifted from
left to right

e Many designs use shift registers and the values
Qg ..., Qq as input values to other Components

Out

10
10

A"
A1

Clock ‘ >

William Sandgvist william@kth.se



Would not work with latches ...

You can not build a shift register with latches.

- Qp=0——»Q1=0——» Q5 =0—

lQo =1 JQ»] =0 Q2 =1

D=0 — 1D 1D 1D L
C1 C1 C1

C I L

When C =1 follow the data will “run" through all latches ...

William Sandgvist william@kth.se



Common types of shift registers

 Parallel-In/Parallel-Out (PIPO)
 Parallel-In/Serial-Out (P1SO)
 Serial-In/Parallel-Out (SIPO)
« Serial-In/Serial-Out (SISO)

e Uses
— Queues, eg. First-In/First-Out (FIFO)
— Pattern recognizers

William Sandgvist william@kth.se
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Counters

A counter is a special type of sequential circuit that records
the number of incoming clock pulses. Registration is usually
done in the binary code. After a certain number of pulses the
counter reaches its final state and then it starts from the
beginning again. The number of states Is the counter’s
module.

The counter does not need to have any inputs except the

clock pulses (which then can then be viewed as the input
signal). Such sequential circuits are called autonomous.

William Sandgvist william@kth.se



Binary Code counting properties

Beh Mg

| o

There are two different 0ol 0 1

"rules" for constructing the 3%@ 00

binary code from the less QI ANl

significant bits. 1000 room

Example with binary code ﬁé% 1 i’?&i

0..15. 1][] 1 1 1%*
ufulldlid

A

Toggle at CP when all previous (right) bits =1
I [ Toggle the bit at each CP
Toggle the bit at every other CP
Toggle the bit at every other every other CP

Toggle the bit at every other every other every other CP

William Sandgvist william@kth.se



Toggle ”every other” ...

MoDULC-8 Asynchronous counter

T=1
Ery T 1
I: ::I |_ 1T [ | |_ 1T | | |_ 1T
P {2 4 P = | L et ot
o e g._ e
Gy Gy Gy

every other, every other every other, every other every other every other

The counter is built of T-flip-flops, they all have T = 1 and "toggles" at
clock pulses. The first flip-flop Q, "toggles™ at each clockpulse. The next
flip-flop Q, is clocked by the first flip-flop. It will only toggle for each
other clockpulse. The third flip-flop Q, will toggle for each other each
other clockpulse.

According to the binary table, the counter will be counting in binary
code. (Q,Q,Q,:000001010011100101 110111000 ...).

William Sandgvist william@kth.se



How Is this counter counting?

IIT{:} T Q T Q

Clock > | o > [0 > 0

William Sandgvist william@kth.se



Asynchronous counter

Count 0 1 2 3 4 3 6 7

William Sandgvist william@kth.se



A counter circuit

32,768 kHz

CLR
o
32768kHz 1{>|> o= I% T
CLK =u =T }T)—l—
{TOP VIEW) O ¢
N e T 74HC404O \V4 Y Y
Qe [z 15]] Gy 9 7 6
Qe ]z 14]] @ : Qa Qg Qc
(;GE4 13%2H
o ll= iz]] g | .
£ Fra e e R R R
GND [ ofl Ga =i o =R =T b—e—1=T I)T::T J—r
e g, VY VYV

QF G GH (81} Qy

2+

How to get one second you have to figure

out yourself ...
William Sandgvist william@kth.se




Toggle if all previous are 1...

MODULO-8 Synkronrdknare
CARRY LOOK AHEAD

I | Carry chain | I

_ | & : ._&T &

l:E N:' i1 21 121 e 1=

-— C— C—

CP
I

g Gy eF

A faster counter can be
designed with parallel gates for
the carry — carry look ahead.

If you want to expand the
counter it is done with a flip-
flop and an AND gate per bit.

The clock pulses go directly to all the flip-flops and therefore they change
state at the same time. What flip-flop to turn on or not is controlled by the T-
iInputs. The first flip-flop has T = 1, and it toggles on every clock pulse. The
rule is that a flip-flop should toggle if all previous flip-flops stands at "1".
This condition is obtained from the AND gates in the so-called Carry chain

and it is these gates that control the T-inputs.
William Sandgvist william@kth.se



Synchronous counter

In a synchronous counter flip-flops clock inputs
are connected to the same clock signal

DA,

1 —

Clock T}

How does this counter count?

Das

-
=

o I I
A"

a1 0
el -
el -

William Sandgvist william@kth.se



Synchronous counter

DT,

1 —

Clock T

Clock

-
i

\%
Lol I >
v
Q1O
(ol B'e
(ol Be

Q,Q,QQ, =1010, =10,

Qo

Q)

0
1
0

1
0
! | |
0
1 -
Count 0 1 2 3 4 @ 8] T H Q 11 12 13 14 15 ] 1

William Sandgvist william@kth.se




Maximum counting frequency?

tlogic tlogic

DA,

max(ty, t.o)

1 —=IT {

=]

9':'-:]

Clock T} Q >

The critical path determines the maximum frequency!
This is the longest combinational path from Q, through the
two AND gates to the input of flip-flop that calculates Q,

Q, Q, t —

Su

a1 0
el -
"'.-"'\l,._]
el -

tiogic 1S thus equivalent to the delay of two AND gates.

William Sandgvist william@kth.se



Asynchronous or Synchronous counter

Asynchronous counter Synchronous counter
Clock Clock
Qo Qo
Q Q;
Q Q
Count O | 7 0 Qs

Count 0 1 15 |0 1
The output signals are delayed The output signals
more and more with every step have the same delay

William Sandgvist william@kth.se
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VHDL for flip-flop and latches

Programable logic has embedded flip-flops.
\

Figure 2. MAX 30004 Macrocell

Global  Global

LAB Local Array Clear Clocks
2
IT"'I Parallel Logic
M Expanders ; I
g (from ather E;a_r,:;}:enrrrrrdbfﬁ
D_ macrocells) g
Register
DD Bypass
D_ To /o
- Control
itk .
D_ M T, Higox
a
Product- | = @
j Term
Select
D— Matrix
Claar
Select
2|‘A ok Ef L|S i .ZE 1 Shared Logic @ To Pla <
Expanders
36 Signals 16 Expander
from FlA Product Terms
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VHDL for flip-flops and latches

Programmable logic has embedded flip-

flops.
How to write VHDL code that ""tells"" the

compiler that you want to use them?

William Sandgvist william@kth.se



A D-latch in VHDL

ENTITY D Latch 1S
PORT(en : IN std logic; Latch
d - IN std_logic; d D M9
q - OUT std logic);
END ENTITY D Latch;

ARCHITECTURE RTL OF D_Latch IS ‘

BEGIN en
PROCESS(en, d)
BEGIN
IF en = "1" THEN Enaoble D IC\?/I
No else? ———d <= d; )

END IF; 1 D
END PROCESS;
END ARCHITECTURE RTL;

William Sandgvist william@kth.se
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atch as a process

PROCESS(en, d) considered to be bad
BEGIN

IF en = "1" THEN
q <= d;

END IF: \not always testable.
END PROCESS;

/Latches are generally )

from the synthesis point
of view because they are

_/

" Therefore one avoids latches. (Programmable Logic has

embedded flipflops with asynchronous Preset and Clear
g that you can use).

~

J

William Sandgvist william@kth.se



. d—o o—Q
Flip-flop as a process |

PROCESS(clk)
BEGIN
IF rising _edge(clk) THEN
q <= d;
END IF; Only one edge is allowed per
END PROCESS; process

Instead of the function ”rising_edge(clk)” you can
write ” clk’event and clk=1"

The compiler will "'understand™ that this is a flip-flop and
using one of the built-in flip-flops to implement the process.

William Sandgvist william@kth.se



d
With asynchronous RESET ¢kt

clear n —

Clear independent of clk

PROCESS(clk, clear_n)

BEGIN
IF clear n = 0” THEN
q <_ ’O)-
ELSE IF rising edge(clk) THEN
q <= d;
END IF;

END PROCESS;

William Sandgvist william@kth.se



With synchronous RESET

clear n —

d_

PROCESS(clk)
BEGIN

>

clk

L8]

IF rising _edge(clk) THEN

IF clear n = *0” THEN

q <= 70’
ELSE

q <= d;
END IF;

END PROCESS;

William Sandgvist william@kth.se



Counters and other sequential
clrcults

What does this "‘counter"'?

bcd:
PROCESS(clk)
BEGIN
IF rising _edge(clk) THEN
IF (count = 9) THEN
count <= 0;
ELSE
count <= count+l;
END IF;
END IF;
END PROCESS;

William Sandgvist william@kth.se
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LAB Sequence circuits

Latches ...
. +Ev & &
: }R a 1 P
Q
i GND§ .2 —“’15 il

Gray code counter as stepper motor controller ...

20 /"‘Q'
LipiDown GRANCODE .
COUNTER |1 ;ﬁ’ A
ig ﬂ &
CFn S & ) )
‘ | Lots of preparation time

IS needed before Lab!

7402

(N
LRl l tall )

William Sandgvist william@kth.se



UFI.'ID ot GRAYCODE

LAB Sequence circuits =..

—

8]

Control signal || Counter mode | Q;Qf — f (X1 QZ ) Q]_)

=1 Up: Q,Q=00.01. 11, 10. 00, ...

x=0 Down: Q,Q;=00. 10 11, 01. 00, .. Next state Q;Qf IS a function of

present state Q,Q, and the input x
2 )

one) Present x=0 Next
state > state
Arrows between states show
conditions for transition
(1) N 7

¢ You should draw a state chart

William Sandgvist william@kth.se



GRAYCODE
COUMTER

LIpiDown

CP_nn

LAB Sequence circuits

)

Counter mode |
Up: Q,Q,=00, 01. 11, 10. 00, ...

Down: Q,Q4=00, 10, 11. 01, 00, __.

Control signal ||

a=1

QQ = T(xQ,,Q)

Left part of table

a=0

Right part of table

['j.;ﬂ: =1 (xQ,.Q,) ‘:'+2= f(xQ,Q,) ::1’1’ =1(x0,Q, )
0,0, Preﬁeri stat\e 0,0, 0,0,
<™\ 00 01 11 10 x> 00 01 11 10 x> 00 01 11 10
If X < 0 i dlat Lot fa¥a 0 0
CIOLAALL O
1 1 1
State table i =t
Karnaugh m e O % e T
g ap T g S R T
CLR CLR
o S

style

Gives us the logic functions for the flipflops!

William Sandgvist william@kth.se
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Simulate Gray counter

t: graycounter.raw o || B ER
¥Y(qlout]

‘l: graycounter.asc |i”£|@

tran08m 0 ib 74HCTlib.lib dview.lib
DIR T4AHCTS6 % T T4AHCTS6 D—& U2 Display_
QU  OHr PRE Qio—]| 2 | Qlout
D Q ] Q Q2o 3 | Q2out
secret! = CLK S - = CLK .
D o — | @b @ | a

V2 CLR CLR
c & [, 74HCTZ4 .7 74HCTI4

> PULSE{0 5 1m 1n 1n 0.5m 1m 18}
T
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LAB Sequence circuits

Shiftregister counter generates pseudo random numbers ...

= .-
TOP
SECREY ‘
e ]

B Oy 0, @y Dy O, O, - =] =M o, ""|"'.' qy
1-.|,: ! i) =] | |0} b ® :-l,: - a [ ' ]
am = C ey, b i:-._ b o I et _..l
2 A L L = 1] ~ A b | B o n ~3 A L= = - —\.'rl
- — | 1

- —

PRBS-sequencies (pseudo random numbers) are used to
encrypt the data transfer in GSM-phones and for Bluetooth.
Another use is to build "self-test-ability" in large digital chip.

William Sandgvist william@kth.se



/ N @
o *.

a
°
.'r
g

WIKIPEDIA

The Free Encyclopedia

(Pseudo random numbers)
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Example feedback shiftregister with 1

and 5 are fed to xor-gates.
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This combination will give a maximal long sequence that will
repete itself only after 65535 clock pulses.
If all flopflops are “0” the sequence will stop, this combination

must be avoided!
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Simulator flipflops are
Individually reset/presetable

Adran04m 0  .lib 74HCT.lib.lib dview.lib

INIT

vs
1 (T U1 [ L u2 K L u3 b 1 ua
PRE PRE PRE PRE
PULSE[0504m1 n 1n)Q3>=—D Q—; b Q—; I b Q—; L b Q—iQ3>
> CLK [ek>—>CLK [clo—=CLK [ck>—> CLK
v1 Q Q Q Q[>—{Q3n>
V2 CLR CLR CLR CLR
7 $74HCT74 0 (e 74HCT74 0 [ 78HCT74 0 (e 74HCT74
PULSE[D 5 0.5m 1n 1n 0.5m 1m 18)

Real world flipflops deeply embedded inside chips are
not (they need to be tested in another way)!

e This simulation will start with 1000.
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PRBS to test embedded circults

All flipflops inside 75175
chip could only be reset at the o,|— | o=
same time. But no individual .~ P

ClK —4

reset/preset is possible. s===

e Use PRBS to generate entry points for different ringcounter cycles!
Q,Q,QQ,

- Three hot -

o1

-

" T iTwo hot.
g One hot~' ;‘11_'
i‘“ _1_ - £ T
(A la ' 1A DlS. [ | =l ]
Locked Stucktol Ambulance
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