Lab 6
Verilog — Sequential Design(1)

Department of Electrical Engineering
National Cheng Kung University
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Outline

Combinational logic V.S. Sequential logic

Latch /i %

# 1¥4E(- ) D Latch

Level trigger V.S. Edge trigger

Flip-Flop 1 %

F 1742(= ) D Flip-Flop using Edge Detector

F i¥48(= ) D Flip-Flop using Master Slave D Latch
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Combinational circuit
V.S.
Sequential circuit
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Combinational Circuit

> 7 B¢ & memory element

[}

»E.g. Lab3:7MUX / DEMUX % Encoder / Decoder

n
. — e —
input Cum!:ma_tmn_al output
variables ¢ Logic Circuit *  variables
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SR Latch(NAND)

y z +. NAND Latch
> % A NAND f ki 4, i
& v S (Set)
# 5 NAND Latch ©
> RS 5 oactive low (FLEL & Active Low
low P Ex®), F]pb 713‘%]7‘ S _
» - e v ) A D e Q
J_;’E? R,l' = "}lj '[a; ”bar” mff* ‘%’ﬁ, R (Reset)
> % ‘/‘i ng r’:ﬁ ﬂ% ﬁ;i » % ? P":’ B‘i‘: ;%‘ _Illputj (())utpu; Remarks
S R ¢
O 0 0 | 1 Not allowed
0 1 1 0 Latch SET
| 0 0 | Latch RESET
l l NC NC | Nochange
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SR Latch(NOR)

> % 3 i NOR M ki3, -
% NOR Latch SRS

> ll—L C;i ﬁ)}‘; ;‘% aCthe hlgh ( %‘TL %’):tu Active High

% highpFfcds ) » F)p 3 B

ﬁ%] ~ SE R tm ;')'Z”ﬁ bhar’’ S (Set)

/ / /
% o Inputs

SRALA BRI TR L
1 ([) (1)

NOR Latch
Q
0
Outputs
: — Remarks
S R o 0
NC NC | Nochange
0 1 Latch RESET
1 0 Latch SET
I 1 0 0 Not allowed
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SR Latch — Not allowed input

12 NOR Latch 5 &) > BEK = B NOR Lateh

. v R (Res
input ¥ = 1 p= ey Q
»output Q 2 Q bar v 5 0> Q Active High
21 Q bar #-% 4 F Ap %t b )
FJ )5‘ E S (Set) ©
> AR R P g e [ ompe |
. . . S R 0 9
RaCIHg Condltlon 0 0 NC NC | Nochange
0 1 0 1 Latch RESET
1 0 | 0 Latch SET
1 1 0 0 Not allowed




SR Latch — Racing condition

B2k P o © i ~ Notallowed ;* it > NOR Latch

m * — i input » S=0~R=0"> e

output }ﬁ’:;z & Q =0 > Q_bar =0 Active High

e FETRY 0 F BRPET

NOR M output § £ %1 i&a @& ¥ s )
— i NOR R “Houtput % 50 > % puts | Outputs |

= output® ¥ Fgp| o Fl 5 A 0B s 615 3]

0 0 NC NC | Nochange
21 28 A 7}, q:‘] L 43 0 1 0 I Latch RESET
2 -_ » )
NOR ﬁ}"? TU ]z\ IR ?‘E =1 2L %3— L0 I 0 | Latch SET

| 1 0 0 Not allowed

% Racing condition

@!
=
o
o
ﬁ
a
-
>
—
<)
=.
(—F
Q)
Q
ﬁ
<
=
a
o
=
o
2
<
4
a
=
-
&
U
o
=
o3
ﬁ
S
<




@)
=
o
c
ﬁ
(@)
-
>
-
(@)
=3
(—F
(@)
(@)
ﬁ
c
—
(@)
o
=
(@
@)
<
o
(@)
3
—
&
U
o
=
o
ﬁ
2
<

Avoid Racing condition — Gated SR Latch

> P el 2R input By g T
53%]%1 ~ 3% Latch @ » @ 2t
"L ¥ ¥ T output

> 9?1 . & NAND Latch =~
1nput 4e » NAND R » H {7
& #-% 5 Active High

r“'."

s{ )375

Q

Q
R { )O R
Inputs Outputs
: — Remarks
S R o 0
0 0 NC NC No change
0 1 0 1 Latch RESET
| 0 | 0 Latch SET
| 1 0 0 Not allowed
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Avoid Racing condition — Gated SR Latch
(Cont’d)
>ﬂ4},5}?: . 4v » control 3 5.C >

S
Einput ¥ A C=1F ¥ it B Q
»~ Latch .
»C=1 - S=1 ~ R=11 % Not ]
allowed R :
. ’—| Inputs Outputs ° )
S C s R Q Q cmarks
. | | 0 X X | NC NC | Nochange
1 0 0 | NC NC | Nochange
‘ [ [ [ [l L0 0 Lz(l)lghl};nE;ET
| 1 0 | 0 Latch SET
0 | | | l I l 0 0 Not allowed
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Avoid Racing condition — Gated D Latch

> % DZ D barB~®% S Z R:
HiE~ % — & NAND ﬁ?mﬁ;f]

»D Latch ¥ jit & j% /& Racing
condition

o 1L 1L L1 L1 Lo
c L LI |
o [ || O L

D

:§ Q
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Do

Ql

Inputs

Outputs

— Remarks
cC D 0 0
0 X NC NC | Nochange
| 0 0 1 Latch RESET
1 1 1 0 Latch SET
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T4 (- ) Gated D Latch

LB ITRE(- )R PR R R

o Gated D Latch » £ & & * Gate Level &7 ;¥ 3 5

. probl 73 & ¢ ehprobl.viZ e - € * QGate
Levelsn= ;32 8 p & enD Latch ic% » T i %
tb _probl.v HHE o

ﬂ /}j; ﬂ/r‘]ﬁ\;\’sf’? ;‘ K?’J‘EH
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Level trigger
V.S.
Edge trigger
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Clock

» Clock period: — i# cycle 1 & (second/cycle)

» Clock frequency: clock period =75 #c. (cycle/second)

» Clock width: clockzt 5 5 1 e ¥ £ R .

» Duty cycle: clock width/clock period > ¥ — & clock period  clock 5L 5 11
At

> Rising edge : clockd 0% 1=pF %]

> Falling edge : clockd 1% 0enp %]

. clock period

r* g

MM

width rising  falling
edge edge
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Level trigger V.S. Edge trigger

» Level trigger : input ¥ iz clock & 0 £ 1 p¥:2% output
»Edge trigger © input ¥ ¥ 7 Rising Edge & *Jﬁ Falling Edge
= 2T % output

Level Driven (low) m e _Cl Clk
Edge Driven (rising) < I ) § | ) g | > g I > - —|>cu<

Edge Driven (falling) | < D m_@_@ —O|>cu<
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Level trigger V.S. Edge trigger
» Level trigger : 4v Latch » input ¥ 2 % output «fF FF fin £
Bt Hp R RS e € 825 output

»Edge trigger : 4 Flip-Flop > input ¥ ¥ . Rising / Falling
Edge :z % output > # #F ¢ f2 31 §2 55 output

Level Driven (high) | E | ’ E | IE = —I Clk

Level Driven (low) m e _Cl Clk
Edge Driven (rising) < I ) § | ) g | > g I > —|>cu<

Edge Driven (falling) | < D m_@_@ —O|>cu<
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Flip-Flop
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D F]

D Latch V.S. D Flip-Flop (Rising edge)

D Latch 1p-Flop

— D |
Inputs Outputs

— Remarks
c D Q 0
0 X NC NC | Nochange
l 0 0 1 Latch RESET
1 I l 0 Latch SET

D Q—
> CLK
) o
Inputs Outputs
— Remarks
CLK D g ¢
01v X NC NC | Nochange
4 0 0 I RESET
4 I I 0 SET
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D Flip-Flop implementation —
using Edge Detector

D Latch

o

D

Inputs

Outputs

— Remarks
cC D 0 0
0 X NC NC | Nochange
1 0 0 | Latch RESET
1 1 1 0 Latch SET

D Flip-Flop

CLK—

Edge detector

e C

So

_,big | 0
P

Ql

Inputs

Outputs

— Remarks
CLK D 0 0
01w X NC NC | Nochange
4 0 0 | RESET
TS 1 0 | SET
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Edge Detector

» 11 Rising Edge Detector % ] » § CLK d 0% 5 1 pF » CLK bar § & &ifF -
B NOT /i > m CLK | % 7 & » %] CLK bar giﬁafﬁ/m—\l e 00 BHK
delay epF [ 35 5 Tpy (Propagation High to Low) » & Ty i f< FF ¥ CLK bar
2 CLK % 5 1 F]¢* AND f soutput C ¢ = r'%‘r—,\ 1o f|* Cits D
Latch =7 control ¥ #_ Rising Edge FF #-input D i¥ » Latch » - i 3| Falling
Edge trigger et % o
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Rising edge detector Falling edge detector
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D Flip-Flop implementation —
using Edge Detector

» #- CLK 3t 5.5 38 Edge detector ¢ 4= D Latch 7 control i
%= 7 = D Flip-Flop

D )15
— Q

Edge detector

CLK—1 %}. .

Inputs Outputs
— Remarks
c _| [ [ | ” CLK D o 0
D | | | 0lv X NC NC | Nochange
4 0 0 I RESET
Q | | | | | 4 I I 0 SET ’3




Verilog #F ~u

> Rise delay - B4ER output & low/x/z #& high ezt & pF
&

> Fall delay : B 4ER output ¢ high/x/z & low szt & p
&

/| Two delays specified - used for Rise and Fall transitions

or #(<rise>, <fall>) o1 (out, a, b);

O,x,orzto1 /

—

t rise

1,x,orzto0
47:

t_fall . 24
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D Flip-Flop implementation —
using Master Slave D Latch

> f1* 3 B D Latch & %] &} BN ey SN
CLK 2 CLK bar * % -
Latch . CLK #5 » % 0 P& » #-
FAE Qo § CLK#j» #
% 1 pF (Rising Edge) » Q, ¢ i& -]
~ % = i§ Latch ¥ :Z % output G ! |

o

|

S

P TS SN

> % fléhD Latch f § % Rising

|
|
1 |
1
—
I
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| IL .
Edge #-F #L @ » L fp]¢h D N
< v - nputs Outputs
LatCh ’ '.—;:]11'[" %ﬂ— =) Master » m x Qu puas Remarks
A ) 5/
2 7 ’ 2 =2 1 2. = S|
v ]F”J evd D LatCh é F' ;}:‘E’:‘ P]{ ’F"\ 7}" Olvy X NC NC | Nochange
vOEA £ Y 0 I RESET
T ﬁg:‘] o %3‘ = Slave : i | ¥ o |s=m »
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2 {£4gZ(= ) D Flip-Flop —
using Edge Detector

c LTI )R GPEE R
« & * Edge Detector 7177 3\ 1% Rising Edge trigger 7D
Flip-Flop » % & i * Gate Level en= V3 #£98 o
* Notgate shH ¢ — @ delay K Tz 1 ¥ - BH L5 0 5
A+ E_rise [ F_fall ¥ & delay -
« fprob2 Tkl & ¢ ehprob2.vi e o @ * Gate Level e
;-2 B p e aDFlip-Flop ficke » 1 % * tb prob2.v fic#t -

-

* AFATRIAG 5 AT LA 0 LR A edge detector

————

e input 2 output ;& 37 & i

26



@)
=
o)
c
ﬁ
(@)
-
>
(@)
=,
H
(@)
(@)
ﬂ
c
=
(@)
o
o]
(@
@]
<
ﬂ
(@)
=
—
o
U
@)
—
o
ﬁ
3

Vivado Simulation4d -u

¢ Lab6 - [C/Users/Liao/VivadoProject/Labs/Lab6.xpr] - Vivado 2021.2 — X
Eile Edit Flow Tools Reports Window Layout View Run Help n Ready
= B [ R - T ¥ 1 » r 1. ns v = Default Layout v

Flow Navigator S8 8 SIMULATION - Behavioral Simulation - Functional - sim_1 - tb

A
~ PROJECT MANAGER . e
o jects Pro I
-] Settings o a 2
Add Sources
Name Desig . Block Type e Name Value Data T.
Language Templates = {8 tl tb Verilog Module Wd 1 Logic
T P Catalog 41 p problem2 Verilog Module W ck 1 Logic
= gibl glbl 3\Ier\\ng Module ¥q 1 Logic
¥ IPINTEGRATOR W q_bar 0 Logic
Create Block Design W dbar 2 Logic
18 s_bar 0 Logic
i 18 r_bar 1 Logic
c | 0 Logic
clk_bar 0 Logic
~ SIMULATION
Run Simulation 4
~ RTL ANALYSIS
> Open Elaborated Design
hd < > v
¥ SYNTHESIS
Tel Console
P Run Synthesis
. Q = s I B B @
INFO: [USF-XSim-96] ¥3im completed. Design snapshot 'tb_behav' loaded. i —
INFO: [USF-¥3im-97] XSim simulation ran for 1000ns
¥ IMPLEMENTATION launch_simulation: Time {=): cpu = 00:00:03 ; elapsed = 00:00:08 . Memory (MB): peak = 1419086 ; gain = 0.000
P Run Implementation w
< >
5

Sim Time: 36 ns
& 22°C BREE 5 01:06 27
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Vivado simulation4? -
% 5 module & T 3 T wire ik A BIPF > & £z simulation
VLR - ] rﬁﬂ‘bﬁ?
. B A R
. BL¥ scope
CB-th ER o BRE ﬁ*ﬁ =1 module
g R wire 5B L AR = B
. BL¥ 1 2 relaunch
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F 1T42(=) D Flip-Flop -
using Master Slave D Latch

c AW IFH(Z)E P DE
 {& * Master Slave D Latch ¢ ¥ Rising Edge trigger 77D
Flip-Flop » & & ¢ * Gate Level e ;83 8 o

* fxprob3 Tl & ¥ ciprob3.vAZm > i * Gate Level ¢

* Fri * F A - Al ke Latch 4255 8% 0 3 % module

1nstant1ate e SV F T

fr_ /B‘»j‘]/}%] E‘-px}f”ﬁ\{?’.ﬁr
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;2 B p ¢ D Flip-Flop % » I i * tb prob3.v %t o
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Verilog #& ~u

o tXLabPFF BIMASBRE Y LésE

1.

& always block P instantiate module : always {r
module instantiate 2 assign &_7# Fr £ By it > 3¢
AT b BRBRT YV - iy it 5

M PORT R T e
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2.

Verilog # ~v

Bl S BmodulefF > (13 7 £ wire » E 3 #¥-module Ah
output port 3% '] module B E'ﬁinput port : 1% H 45 TEciad A
;v > compiler ¥ % €3F4 0 B A B2 SN E g FE -

FES NI AR Y — 1E wire Av\ L) il £ T module A Foutput

port 4= module B =7 input port
r]ﬁ.t.}'\‘l%" %"'3 i ’_ H% ’ fifﬁ.é{? E’:g&gg/w\

module example(...)
wire X;
module A(...,.outputOfA(x));

ho a B(. 1nput0FB(x) el
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* %kt A (=t Testbench ¥ & p &Z%FE# it > P Fp TR R
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« FIT (- ) AV BERNE

« F1¥ (=) 438 (& %7 Edge Detector &1 input/output ) ¥ £% ;% 75
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