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Meplexopeva Epyaotnplakol Madnpatocg

*  Ewoaywyn

* Lab 1: Multisim Circuit Simulation and Basic Gates
e Lab 2: Truth Tables and Basic Logic Gates

 Lab 3: Logic Gates Explored and Boolean Algebra
* Lab 4: Karnaugh Maps

* Lab 5: Binary Conversion and Adders

* Lab 6: Encoders and Decoders

* Lab 7: Multiplexers and Demultiplexers

* Lab 8: Latches and Sequential Logic Circuits
 Lab 9: Flip-Flops

* Lab 10: Sequential Circuits - FSM
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Latches (MavdaAwtéc) and Sequential Logic Circuits

> In all previous labs, we were dealing with combinational logic circuits.

> A combinational logic circuit is one such that all outputs may be determined from the current
inputs.

> In this lab, we will introduce sequential logic circuits through the application of latches.

> A sequential logic circuit is one such that outputs depend on the previous inputs in addition to
the current inputs.

> We will also look at how clock signals can be implemented into a circuit.
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Learning Objectives

In this lab, students will:

> Understand the difference between synchronous and asynchronous sequential

circuits.

» Test and compare circuits for D latches using both logic gates and latches.
> Confirm the characteristic table of a gated SR latch.

> QObserve and articulate the difference between D latches and SR latches
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Expected Deliverables

In this lab, you will collect the following deliverables:
» Latch features table
» Latch comparisons
» Observations of probe behavior

» Conclusion questions
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2UvOUAOTIKO KUKAWHA
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AKOAOUOLOKO KUKAWMOL

Inputs —— o > Qutputs
Combinational
circuit
o »{ Memory
elements
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2UyXPovo AKOAOUOLAKO KUKAwMA HE POAOL

Inputs ——— » Outputs
Combinational
circuit
. =
Flip-flops
—
Clock pulses

(a) Block diagram

(b) Timing diagram of clock pulses
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2UyXPovo AKOAOUOLAKO KUKAwMA HE POAOL

E§wtepkég z_, EEWTEPIKEC
Eiocodol " : ‘E€ob0
ZUV‘SUQGFKH fodot E€lowoelg E€06wv
Aoylkn
, > > , z=f(x,vy)
MetaBAnteg y Y MetaBAnteg Y=g(xy)
TPEXOUGOLC EMOUEVNC AR
Kotaotaong KOLTAOTOLONG
Mviun <
Clock
YUuyxpovo AkoAouBLako
KOkAwpa

> 2to akoAouBlakd kKukAwpata n £€060¢ z Sev elval cuvaptnon HOVo TNG EL00dou X aAAA Kal TNG TapoUong KATAoTaoNG Y
TOU KUKAWMOTOG TtpLV TNV epappoyn tou clock. To idlo cupPaivel pLa pe T HETABANTEG EMOUEVNC KATAOTOAONG.

»  Ta akoAouBlakd KuKAwpata «Bupouvtol TPonyoUEVEG TILEG» HEOW TNG oUVOeoNC TNE avadpaonc.
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KUpLlec kKatnyopiec Twv aKoAoOUOLOKWY KUKAWHATWY

>

Acvyypova: ANaAlouv kataotaon cUpudpwva e TIC dAAAYEC TwV €l00dwv Touc. Amattouvrtol
£LOLKEC TEXVIKEC oXeOLOOLOU.

>

Zuyxpovo: Ta onuata avadpaonc SLoKOTITOVTAL Ao KATaxwpnTteS mou okavdaAilovtal amo
naApou¢ poAoyLou.

JUVETIWG N KATAOTAON TOU KUKAwMATOG aAAdlel oUWV E TOUG TTAAROUG TOU poAoyLoU.

H katdotoon Tou KUKAWHOTOC oplleTol Ao TO TIEPLEXOUEVO TWV CTOLXELWY TNG LVANG.

Eva.  ouyxpovo okoAouBlakOd KUKAWHO TIPEMEL €€ OpPLOMOU va  XPNOLUOTIOLEL oOnpata

OUYXPOVLIOUOU.

Ta onpato cuyxpoviopoUl emnpedlouv Ta OTOLXELO UVAMNG TOU KUKAWUOTOC, WOTE auTd va
oAAGIOoUV KOTAOTAON OE SLAKPLTEC XPOVIKEG OTIYUEC

O OUYXPOVLOMOG ETUTUYXAVETOL HECW HLOG KYEVVATPLAG KUPLOU-pOAOYLOU» n omoia tpododotei
TO CUOTNUA UE pia TtEPLOSLKA OELpa “TtaApwv poAoyLlou”

Ta oTOLXELQ LVANG UTTOPOUV VOl AAAEOUV KATAOTOON MOVO KATA TNV EAgUon TIAALLWY pOAoyLoU

Kapapumepomoulog AnUATeNng ECE119 - Epyaotnplakn AtaAeén 8n - Latches and Sequential Logic Circuits 10



= MANEMIZTHMIO
H OEZIZAAIAZ

To Latch (MavdéaAwtnic) ko to Flip-Flop w¢ otowyeia pvAng

> Baowad otoleia twv Pndlakwv KUKAWUATWY €lvol ot TIUAEC. To XAPOAKTINPLOTLKO TWV TUAWV
glval OTL N €€060C TOUC OE KATIOLA XPOVLKI OTLYHA EEQPTATOL ATTOKAELOTIKA arto TNV £(00d06 ToUuC
TNV OUYKEKPLUEVN XPOVLKN OTWYMN KoL OXL armd TPONYOUUEVEC KOATOOTAOELC TouC. AnAadn ot

TIUAEC Sev €xouv pvAUN.

> AvtiBeto, ta Latches kau ta flip-flops €ivol ta Boocikd otowyeia Pvipng Ta omola Hmopouv va
aroBbnkevoouv pta duadikn mAnpodopia. H mAnpodopia avti mou eivat to “1” n to “0”
napopeEVeL otaBepn pexptc otou to flip-flop va EovadieyepOed.

> Eva kUkKAwpa Latch n flip-flop pmopet va dtatnpnBet oe pia Suadikn kataotaon €’ a0PLOTOV,

£WC OTOU KATIOLO OrHa TIPOKAAECEL aAAAQy) KATAOTAONC.
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To Latch (MavdaAwtnic) ko to Flip-Flop w¢ otowyeia pvAung

> Ta oToEld MVAMNG TIOU EVEPYOTIOLOUVTAL OO TNV TAPOUCLO. OUYKEKPLUEVWY ETIMTES WV

(ouykekplpEVWY TLHwv 0 A 1) Tou onuatoc poAoylov ovopdlovtal pavdaAwteg (latches), evw
gKelval IOV gvepyoTolovvTal amod UETABACELC TILWV Tou onuatoc poloyou (clock transitions)

ovopualovtal flip-flop
> Ta latches eival dtataéelc evaiobntec oto eninedo onpatog poAoyov.

> Ta flip-flop giva dratd€elc evaioOnTeC OTIC AKUEC TOU OCRUATOC POAOYLOU 1] AKUOTIUPOSOTNTEC
dlataéeLc.

> To latch eival to Baoiko kKUKAwpa kataokeung evog flip-flop.
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SR Latch

i 4
- s
N

> XTolelo pvnung 1-bit

> Koatdotaon B€onc (set state): 0
> R=0
> S§=1 1
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SR Latch

> Kataotaon avapovng (uvAun):
> R=0
> S=0

KapapmepomouAog ANUATeng ECE119 - Epyaotnplakn AldAeén 8n - Latches and Sequential Logic Circuits 15



3 MANENIZTHMIO
éﬁeEZZA(\IAZ ‘

SR Latch

> Katdotaon emavadopac n undeviopou (reset state):
> R=1
> S=0
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SR Latch

> Kataotaon avapovng (uvAun):
> R=0
> S=0
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SR Latch

NOR A le o
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SR Latch

> Normal state
1 0
L L 0 1
0 1 0 1

=

1 0 1 o0 0
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SR Latch

> Reset state (1/3)
1 0
0 0 0 1
= 0 1 0 1

1 0 1 o0 0
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SR Latch

> Reset state (2/3)
1 0
0 0 0 1
= 0 1 0 1

1 0 1 o0 0
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SR Latch

> Reset state (3/3)
1 0
0 0 0 1
= 0 1 0 1

1 0 1 0 1
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SR Latch

> Normal state
1 0
L L 0 1 (=
0 1 0 1

=

1 0 1 0 1
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SR Latch

> Set state (1/3)
1 0
0 0 0 1
0 1 0 1

= 1 0 1 0 1
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SR Latch

> Set state (2/3)
1 0
0 0 0 1
0 1 0 1

= 1 0 1 0 0
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SR Latch

> Set state (3/3)
1 0
0 0 0 1
0 1 0 1

= 1 0 1 0 0
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SR Latch

> Normal state
1 0
L L 0 1
0 1 0 1

=

1 0 1 o0 0
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SR Latch

> Set state (no change)
1 0
0 0 0) 1
0 1 0 1

= 1 0 1 0 0
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SR Latch

> Normal state
1 0
L L 0 1
0 1 0 1

=

1 0 1 o0 0
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SR Latch

> Invalid state
1 0
0 0 0 1
0 1 0 1

0) —_
1 0 1 0 1 Q

— 1 1 0 0 Invalid
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SR Latch -

> Eadv petad R =S = 0 tautoxpova: Asv purmopoU e va E€poupe mola Ba siva n €€odoc! (Race)

s | rla @ :
0 0 1 0

R X
0 Q

=
?
= 0 1 &=
0 1 0 1
0
1 0 1 0 X

1 1 0 0O Invalid
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SR Latch

> Level Sensitive Active High SR latch
1 0
) 0 0 1
0 1 0 1

=

1 0 1 o0 0
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SR Latch

> Level Sensitive Active Low SR latch

0 0 1 1

Invalid

(WY
Ol
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SR Latch

> EkteAoUv tnv 16La Aettoupyla, aAAd eAcyyovtal e SLadpOPETLKO TPOTIO.

KapapumnepdmnouAog AnpAteng

o =B O O

s [ Rla Q]
0 0 1 0

O O = =

0 0 1 1 Invalid
0 1 1 0
1 0 0 1
1 1 0 1
Invalid 1 0
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Gated SR Latch

> Mrnopel va aAAd&eL katdotoon Hovo otav eival enable.

S i —
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Gated SR Latch

> Ungated Active High SR latch

R o 1 o0 1
Q
1 0 1 0
1 1 0 O
Q
S
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Gated SR Latch .

> Gated Active High SR latch. H eicodoc E evepyormolei n ot to latch ﬂ““-
Q(t+1)
““" '.,... O « « Q(t)
Q(t)

R

R = O
- O L O
=
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Gated SR Latch

> Ungated Active Low SR latch

S o 1 1 o
Q
1 o0 o0 1
0o 1
S
Q
R
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Gated SR Latch .

> Gated Active High SR latch. H eloobdog E EVEpVOT[(‘)“l:E:-L"_I‘_]"_(_).?_(.l_.:?.(.)...l.atch ﬂ““
0 X X

S Q(t)
Q(t)

o

T Y Y
[RES WY
- O L O
=
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Gated SR Latch o

i

> Napadewypa 1: To latch eival mavta enable.

0 1
— N
1
— E
0 —_ 0
R Q
3
>
R
>
E
>
Q
>
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Gated SR Latch

> Napadelypa 2: To onpa enable petafarAetol.

0 0
—s  afF—
0

—

0 —| 1
— R Ql—

S

>
R

|
E

>
Q

>
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Gated SR Latch _j

> EkteAouv tnv ibLa Aettoupyla.

R S
— Q e ) Q
E =— E o
- Q - Q
: | —
—iis Q —
—INE
— R o
¢ |07 [ :
R i 111 .
el | I | L
Q [ ] |

A\
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Gated D Latch

> 1-bit memory device.
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Gated D Latch i

> Gated SR latch with NAND is an Active high latch ﬂ““
0 X X

qQ(t)
So 1 0 Q)
1 1 0 1 0
Q
1 1 0 1
00 R T
E
O—
0 Q
R
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Gated D Latch

> OLeiloodol S kat R eival mavta avtiBetec petaéL touc.
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Gated D Latch

> AAM\Aloupe to Ovopa tng eloodou amo S o D. ﬂ“-
Q(t+1)
0 x Q(t)
1 0 0
D
11 1
Q
E
Q
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Gated D Latch

$
i
1 D Q 1
- E
a 0
E
KapapmepomouAog ANUATeng ECE119 - Epyaotnplakn AtaAeén 8n - Latches and Sequential Logic Circuits 47



2 MANEMIZTHMIO
; M OEZIZAAIAZ

Euxoplotw yia tTnv npocoxn oac!

10 Bz
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Ertikowvwvia: ece119.uth@gmail.com
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