218 6 Flip-Flop / Three-State Buffer
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1. SR Latch

a8 6-1914 St RS ZHZ} setd} reset2 2w, s=1, R=0¢] AE|Z 3}W Q=1, Q'=0
AJEl 2 Fa1, s=0, R=1%1 AElZ 3} Q=0, Q'=1%] AEHE yeldt}t A= s=1Y HfolE
Q 9% 12, R-1Y %ol Q 9% 002 whET

P

13 6-1 SR Latch

INPUTS OUTPUTS
S R Q Q'
(%] %] No change
0 1 0 1
1 0 1 0
1 1 Not allowed

¥ 6-1 SR Latchd X7
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D =9 E % (data flip-flop)< clock 21 & 2] active edge W] D 9=HS 7|3t &
Positive-edge triggered D flip-flopell st %Al 7|S& 1% 6-20] YEMNANTL AEjdolit
(state transition table)E 3 6-2°] YERHATE

&

K ©
fil

3 6-2 Positive-edge triggered D flip-flopell 3t %A 7]

INPUTS OUTPUTS
D CLK Q Q'
0 =3 No change
) ) 0 1
1 S7ecs No change
1 ) 1 0

¥ 6-2 Positive-edge triggered D flip-flop2] “JE] o] %



3. JK 2H=F

JK E9E59 542 SR ZH9ZFY FAksith 949 1, K& 27 SR S HEF
dE G e 9 i gk JK SHEFOIA J=K=19] well= E¥o] WA E
K ZHEFY] 7159 deidolzeltt
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2 6-3 Positive-edge triggered JK flip-flopell 3t %A 7] &

INPUTS OUTPUTS
J K CLK Q Q'
(4] 0 1 No change
0 1 ) ) 1
1 0 1 1 )
1 1 7 Toggle

¥ 6-3 Positive-edge triggered JK flip-flope] ‘e o] %
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1) Positive edge triggered: Clock signal®] Low®llA] High® W3ls u] Uy 529
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5. E}o] W E(timing diagram)
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713 6—4 Positive edge triggered D ZHZF

1) tom: Clock signal(CLK)©] Low—High®Z W3 & Q &Yo| Low—High® W3 w7}~

A8 = A3} Ao A 7H(propagation delay time).

2) tym: CLK signal®] Low—High® ®¥3 ¥ Q Zo| High—Low= WE wj7}#] ZAg+=
At A A7k,

3) tewp(setup time): CLK®] Low—High® W3}l¥ 7] o] He ¢J& Dol tdH 9jego] 7haf| =]
Aofol 3w, ojmje] HAghe] FH] A|ZkS detth. Wk CLKY D 2l&E7F Al

wasy LU D g gkol rlolEA 2a)

4) tya(hold time): CLK©] Low—High® W3}3F Foj= <1
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6. 29 R ¥} (switch bouncing)¥} SR Latch

7AH ARE M= 2931E Aol 74 "olAl= =x3bel whE4d (bouncing) T/l

vebdth o] A2 FAol Y "ojA = #e &bl FAe] afow Ak onfoff H =
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8. VHDL Process Statement

Process statement A} concurrent statement®] X|WF I W F-oll:= if-then-else =& case

R R

53 & sequential statementsS 3 §H3C},

1) Process statement®] =R & <Q1 F+x

[process_name]: process (sensitivity Llist)
begin
-- statements.

end process;

(1) process_name: (A1 BJALE) process statement®] ©] &

(2) sensitivity_Llist: (GAALE) 7)o YdE o' AEEA] 1 gho] WstA o] process
statement”} 2 3] &

(3) begin¥} end Alololl U+ statementsE < =xH O 7 =3 E L)

(4) Process statement SFoll = signalsE< 1 process statement QF2] E. = statements®]
Aol Eifopyt 1 ghEo] ¥t




2) Process statement2] o

(1) 4-to-1 MUX using if-elsif-else

10"""00
I,—01
F
I,—10
L —11
Si S
library ieee;
use ieee.std_logic_1164.all;
entity multiplexer_4tol is
port (I0,I1,I2,I3 : in std_logic; -- multiplexer inputs
S : in std_logic_vector(1 downto ©); -- select lines
F : out std_logic); -- multiplexer output

end multiplexer_4tol;

architecture prototype of multiplexer_4tol is

begin
process (I0,I1,I2,13,S)
begin
if (S = "@@") then
F <= 10;
elsif (S = "01") then -- notice the syntax “elsif” without spaces
F <= I1;
elsif (S = "10") then
F <= 12;
else
F <= I3;
end if;

end process;
end prototype;



(2) BCD-to-7 segment decoder using case

library ieee;
use ieee.std_logic_1164.all;

entity bcd_decoder is
port(code : in std_logic_vector(3 downto @); -- coded inputs
leds : out std_logic_vector(6 downto 0)); -- signal outputs
end bcd_decoder;

architecture prototype of bcd_decoder is

begin
process (code)
begin
case code is
--abcdefg, Common Cathode SSD

when "0000" => leds <= “1111110" ; -- ©
when "0001" => leds <= “@110000" ; -- 1
when "0010" => leds <= “1101101" ; -- 2
when "0011" => leds <= “1111001" ; -- 3
when "0100" => leds <= “@110011" ; -- 4
when "0101" => leds <= “1011011" ; -- 5
when "0110" => leds <= “1011111" ; -- 6
when "0111" => leds <= “1110000" ; -- 7
when "1000" => leds <= "1111111" ; -- 8
when "1001" => leds <= “1111011" ; -- 9
when others => leds <= null ; -- the default case.

end case;

end process;
end prototype;



(3) Positive edge-triggered D flip-flop

library ieee;
use ieee.std_logic_1164.all;

entity dff is
port (d, clk : in std_logic; -- data and clock inputs
g : out std_logic); -- dff output
end dff;

architecture prototype of dff is

begin
process (clk)
begin
if (clk’event and clk=¢1’) then
g <= d; -- d is assigned to q on rising edge of the clock
end if; -- otherwise, does not change.

end process;
end prototype;

_’IO_



(4) Positive edge-triggered D flip-flop with asynchronous set and reset signals

library ieee;
use ieee.std_logic_1164.all;

entity dffsr is

port ( d : in std_logic;
s, r, clk : in std_logic;
q : out std_logic);
end dffsr;

architecture prototype of dffsr is
begin
process (clk, s, r)
begin
if (s=1’) then
q <= 1%
elsif (r=°1’) then
q <= @’

-- data and clock inputs
-- clock and control
-- dff output

elsif (clk’event and clk=1’) then

q <= d; -- d becomes q on
end if; -- otherwise, doe
end process;
end prototype;

rising edge of clock
s not change.

_’I'I_



A «A

Ad A D EHEF (74L874)

Positive-edge triggered D flip-flop©] 7+ 7l WZd¥ IC AAFQ1 74LS8749] 7|2 &

o] IC &Aboll = Data®} Clock 92 ¢]oll %= active low2] preset(SD) 1= ¥} clear(RD)
ATk A HaA e i 6-59 wAol wet o] &b FAS

el WS 0 B 12 A L)

z} S
H&

g},

1=
4
2ol

A A QL (A AT

4 Lé? T P ]
SD SD
2D 2Q
L PN LS 12—=—b  Qf—9
1CP 2CP
3——CP 11— CP
FF _ 10 FF _ 2Q
o) RAl 5122
RD RD
1 1RD 13 2RD ? mna42(
18 6-8 74LS74
INPUTS OUTPUTS
RD (clear) | SD (set) D CP(clock) Q Q
1 0 X X
0 1 X X
1 1 ) 0, 1,
1 1 1 0, 1,
1 1 0 1
1 1 1 i
I 65
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Ad B JK ZHYEF (74LS76)

Negative-edge triggered J-K flip-flop®] + 7 W&E IC 4 7418769 7]E 2%
A3t} o] IC AAboll &= I, K, CP(clock pulse) 948 <o %= active lowe] SD(set) = 3}
CD(clear) ¥ &o] gt} Ad Buro T 669 Ao we} o] 2xto] E=S RAFIA]
(A Aol whek NS 0 B 12 QAL

©)
.

2 7
d d
SD

16—k SD ql—15 12—k

Qp— 11
1—Q CP 6— CP

o— 14 9— o— 10

JCDQ JCDQ
7 9
3 8

Veg=PINS
GND =PIN 13

213 6-9 Dual J-K Flip-Flops with Preset and Clear

INPUTS OUTPUTS
CD (clear) | SD (preset) J K CP (clock) Q Q
1 0 X X X
0 1 X X X
1 1 0 0 l
1 1 0 1 l
1 1 1 0 l
1 1 1 1 l
= 66
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A3d C Three-State Buffer

Three-state buffer’} 87 W% 74082449 52 #

FASE A% A9 A9 naAe ® 679 Aol wet o] 2xe] B4E BN
(el 0, 1, T HiZ Fedl st e 715549
~ 1
A C& 2G L fip
| b
1A124E 18 vy 54 1 lﬂ/[( 9 vt
» p
”'\?-;E 1 1v2 2A24|13 ;: 7 2v2
p 3
1a3 8 |14 1Y3 2A34|15 ;: 5 oys
1a4.82 I/IJI: 12 1va 2a¢ 7 3 2va
1% 6-10 74LS244 Octal Three-state Buffer IC Logic Diagram
~ ¥
—Q
. g
1% 6-11 Tri-state Buffer 23 3=
INPUTS OUTPUT
S2 (@) S1 (A1, A2) Y1 Y2
0
1
0
1

6-7

Hl
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A3 D FPGA/VHDLE ©]€3% D Flip-flop, JK Flip-flop & Three-State Buffer?] 73

1. D F/Fe] +d

1) FPGA/VHDL< ©]-83}o] 74LS74° W7d¥ 270¢] D F/F 7}H &+ D F/F
71%5S THIA L.

SLIDE 9 —
/0138 |SD
O |——LED9 (1/0 113)
SLIDE 8 _
1/0 137 |RD
EP4CE6
SLIDE 7
o136 1P
PUSHO_Q QO }———LEDS8 (I/0 112)
o028 P

19 6-12 1/2 74LS74E VHDL/FPGAE T3

2) Simulations &3] 1 A& FRI5HA

I—o
O
i)
?
%)
Y
@

(1) A3 AFAA RDe} SD 255 =23t ‘0o wEo] Q &9 o] WateA
e o JEF simulation ¥ F& AT

(2 A4-A3 A AlAM DS CP A= s WSAA AAZ D FFe] Az &2sh=A
glet 4 %E& simulation 33 -S A g}

- o x

Master Time Bar: [0 ps | "« "+ Pointer: [297.68 ns Interval: [297.68 ns Start: | End: [

Value at | |0 PS 40.0 ns 80.0 ns 120,0 ns 160,0 ns 200,0 ns 240.0 ns 280,0 ns 3200 ns 360,0 ns 400,0 ns 440,0 ns 480,0 ns

Name "o ps | 0ps

S RDBAR B1

L SDBAR B1 Lt

5 D (- | T T gy N M A O N e B (O T (N S SN SN O O (N i T T T T T N SN O O IO (O O o I O O O
5 B1 [ 1 ] 1 ] 1 f 1 [ 1 [ 1 [

% Q BX
4 QBAR BX

0%  00:00:00

19 6-13  1/2 74LS742] Simulation Waveform ¢

3) FPGA Aztel] Z2afiste] 1 548 SRlstA . (1] 6-12 B & 6-8 X))

_15_



2. JK F/Fe] +8
1) FPGA/VHDLS ©] &3 74LS76°] W7d¥ 2719 JK F/F 7} 3shvte] JK F/FE
7 TAAL

SLIDE 9 —
/01387 |SD
SLIDE 8 _
/0137 |¢P O |———LED9 (1/0 113)
SLIDE 7
o136 1K EP4CE6
SLIDE 6 5
1/0 135 O |——LED8 (1/0 112)
PUSHO_Q
1/0 28 —pCP

% 6-14 1/2 74LS76= VHDL/FPGAZ &

2) Simulations &3 L F&S FRISHAI L. (1H 6-15 )

(1) A3 ARl X CDst SD A5E =gk 0oz BEo] Q o] Wit
- - ° -
gelst 4+ JEF simulation ¥¥S 24 g
(2) AAg AlHolA Jok K 2 CP A155 WSAA AAG K FFo]l A=
= 2= 5
FAE =R g = AEE simulation WS ZHAl BT}
@3 Simulation Waveform Editor - D/quartus_workspace/jk_ff_74LS76/jk_ff_74LS76 - Jk_ff_74L576 - [Waveformvwi]
File Edit View Simulation Help %
R M- (TR S O G -
Master Time Bar: 10 ps | *  Pointer: |0 ps |Interva!: 0ps ‘ Start: ‘
Value at \D ps 80.0 ns 160.0 ns 240.0 ns 320.,0 ns 400.0 ns 480.0 ns 560.0 ns 640.0 ns 720.(
Name ; i K ' - 0 -
0ps 0ps
% CD_BAR B1
L SD_BAR B1 L
B 1 BO I
B & BO KRR EE AR EEEN ERREREGNE
5 CP BO | ] | \ | I [ I \ J L4 1
% Q BX (218
4 QBAR  BX 0
| £

2% 6-15 1/2 7418769 Simulation Waveform <]

3) FPGA 2xztel] T2 a=ste] 1 52& FRISHAIL. (19 6-14 2 3L 6-9)

_16_



3. Three-State Buffer®] T3

1) FPGA/VHDLS A}-&3}o] 74182440 W&¥ 8709 three-state buffer 7}-&-d di}e]
three-state buffer® 7] & 3sHA 2.

+3.3V
1k
EP4CE6 1o 44 % LED (Green)
SLIDE 9 |
o138 | Al Y1
SLIDE 8
I/0 137 | A2 Y2 1/0 46 "
SLIDE7__| =
1/0 136 « LED (Red)

19 6-16 1/8 74LS244Z VHDL/FPGAZE -3

o

2) Simulations &3 L &S FRIsHA L. (1H 6-17 Fx)

AT A Al A2 B G AEE AFAA Y1 L Y2 Eo] AU WX
golgt = AE = simulation FF S 2HA o}

€ simulaticn Waveform Editor - D:/quartus_workspace/three_state_buffer_74L5244/three state_buffer_74L5244 - three_state buffer_74L5244 - [Waveform.ywf]
File Edit View Simulation Help &

lE S N B EWEE TR AT e A a8y

Master Time Bar: |0 ps « | | * | Pointer: \693.03 ns |Interval: |693.03 ns
Value at a[} ps 80.0 ns 160.0 ns 240.0 ns 320.0 ns 400.0 ns 480.0 ns
MName 0 ps 0ps : : :
5 Al BO Lo T e T e T e
L A2 BO bl LT T e e T T ] e
% GBAR BO |
% Y1 BX : . :
Y2 BX
| £

9 6-17 1/8 74L.S2442] Simulation Waveform <

3) FPGA 2zbe] T2 aste] 1 528 AL, (T19 6-16 2 X 6-10)

R
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A4 43

A5 A D

(1) 74LS74 D ZHZF

gl
jich
il
of

M
X

Lo
N
rf
off

N

Ad B3

= 12 A9 L.

INPUTS OUTPUTS
RD (clear) | SD (set) D CcP(clock) Q Q
1 0 X X
) 1 X X
1 1 0 0
1 1 1 0
1 1 0 )
1 1 1 )
# 6-5
(2) 74LS742] clear} set Y HL F 714 Q17F v 5721712
A% B JK FHEF 24
(1) 7LS76A J-K ZHE79 712 &4 4 Aol ot 9zks 0 B 12 A¢A L
INPUTS OUTPUTS
CD (clear) | SD (preset) J K CP (clock) Q Q
1 0 X X X
0 1 X X X
1 1 0 0 !
1 1 ) 1 l
1 1 1 0 l
1 1 1 1 J
I 6-6
(2) 74LS76A2] clear®} preset 12> & 7|2 217} H]E 7] Q1 712
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214 C Three-state buffer 2

of whg} Wiztel 0, 1, £ Hi-Z 7Fd dte]

741.8244 Three-state buffer®] =2+ 41 243}

e 715 L

INPUTS OUTPUT
S2 (@) S1 (A1, A2) Y1 Y2
0 0
0 1
1 0
1 1
= 6-7

_19_



A< D FPGA/VHDLE o] &3}o] &3 1/2 74LS74 D F/Fe] 7% &4l

1. 1/2 74LS74 D F/FS VHDLE T33lA L.

Y 6-13S Fx3sle] A -3 Simulation 98 333 A3}, Functional SimulationS-

Y

3. 9] 29] Functional SimulationS Z 3ol thal] & A5 9] o] WMt e Al A9
ZH kol i3k zpxle] A S F715HA L.

FPGA®l L2133k 5, ol o] & 6-8°l wah 1 7]e& Al stk

INPUTS OUTPUTS
CP(clock) Q Q
X

RD (clear) | SD (set)
(7]

=

RPlRr[kPr|R|e
R R |[Rr |k |k

X
)
)
1
1

_20_



A< E FPGA/VHDLE ©] &3l &3 1/2 74LS76A JK FFY 75 &<l

1. 1/2 74LS76A J-K F/FS & VHDLZ J&3IA &

6-152 %3] A 43 Simulation Y= 93-S 24 6FaL, Functional Simulations

ERNER

o ol

4

3. #] 29] Functional SimulationS ZA ¥}l tial] 8 2l&o] HHllo] M= BE Al A<

gl i ALl Aie FhekA L.

4. QA AAZ JL&E FPGAY Z2a#s 3 ol wel wel 1 V)5S AFEY
ZF

HiZhol] 0 & 185 2AA] 9.

INPUTS OUTPUTS
CD (clear) | SD (preset) J K CP (clock) Q Q
1 0 X X X
) 1 X X X
1 1 0 ) l
1 1 0 1 l
1 1 1 0 l
1 1 1 1 l
E 69

_2‘|_




A< F FPGA/VHDLE ©] &3} F&¢ Three-State Bufferd] 715 &<l

1. 1/8 74LS244 three-state bufferS VHDLE -3 3}A] Q..

2. 19 6-17& F=x3leo] A A3 Simulation 948 333 ZFAI 3}, Functional SimulationS-
SaahAl o
3. $1 29 Functional Simulatione A3}l tfal] ¢= A& o] o] M= BE AA

gl i ALl Aie FhekA L.

4. Yol AAZ WE&S FPGAO| T2 3 oflgfe] & 6-100] wpet 1 7V)eS
Algste] Hlgkol] 0, 1 B+ Hi-ZE A-F-A Q.

INPUTS OUTPUT
G Al, A2 Y1 Y2
0 0
0 1
1 0
1 1
= 6-10
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