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* Combinational logic

Circuit Logics

o Always inputs produce the output

o Combinational logics are memory less
o Memory-less circuits do not contain any feedback lines

 Sequential logic

o Always inputs and current state produce the output
° They have memory

o They contain feedback lines
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Memory Unit

* An element which stores one bit data

* S-R latch —R N Q
S-R
*S-RFF CLK —
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* Memory devices
> Flip Flops (FF)




Flip Flops
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Delay Flip Flop (D-FF)
* Input

° D
° CLK
* Qutput
> Send D to the output
—{D o 0
cucl b | o [ g ok — |
0 X Q Q Hold the value Q
1 0 0 1 Send D to Q
1 1 1 0 Send Dto Q



D-FF: Characteristics

cltk —| ] °
FF _

Enable | Excitation | Present | Next
input mput state state
C D 0 o*
0 X 0 0 Hold
0 ' 1 1 0d, 10 CD 0d, 11
1 0 0 0 Store 0
I 0 I 0 O 11 O
1 1 0 | Store 1 0~ ~
~—
1 1 1 1 10
(a) (b)

Q*=DC+CQ
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D-FF: Implementation
* Using S-R FF
R R Q
LD
—{D — 0 82
LK —| ] °
FF|__ 7
L b@
S _J _
81 Q
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D-FF: Implementation (cont’df
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0
SR latch
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D-FF: Timing Diagram
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D FF: Hazard-free
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Level-Triggered D-FF

* CLK signal aim to manage changes in latches

* Inputs changes at different times

D, D
out——Q,
CLK —qeik |
Dz D
ouTt Q-
A L




i%}
u‘/ui.:y'fu/%‘/b

Edge-Triggered D-FF

* Output changes only at the positive or negative edge of CLK signal

POS & NEG Edge Triggered D

Positive Edge Trigger
D | ak | Q Q
] | B o | * | o 1
1 1 1 0

ﬂ_ o—>c|_|( 6 =

7T : Rising Edge of Clock

Negative Edge Trigger
D | ak | Q Q
: - Q - 0 ! 0 1
1 ! 4 0
ﬂ o—C>c|_|( 6 —
d : Falling Edge of Clock 6
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Edge-Triggered D-FF: Timing %
Analysis “

ran ,lof
* Determine Q
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Edge-Triggered D-FF: Timing %
Analysis (cont’d) “
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Edge-Triggered D-FF: Tlmlng ﬁ}
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Analysis (cont’d)

* What happens at t;?
o There is a race between D and CLK

* D wins
> FF becomes 1 (dashed lines)

* CIK wins
o FF becomes 0

ouTp——
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Critical Race

* Overcome the critical race between CLK and input
o Setup time (t,)
° Hold time (t})

tst, tsty
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Hold Time and Setup Time

* Setup time (t)
o Minimum time interval

o Before the sampling event of the clock D
o Input signal must be stable (unchanging) ouT!
o To be recognized correctly
—0opCLK
* Hold time (t;)
° Minimum time interval
o After the sampling event of the clock
o Input signal must be stable (unchanging) tiff tf;ff

o To be recognized correctly

CLK ~




D-FF: Timing Constraints

D may not
change

f—%

| |

D | |

I : 4 h :

l ' (hold)!

C i i <1
| : U |
o (setup),
0 __ :
— |
-
| t |

w

Minimum enable
pulse width

Setup time Hold time
violation violation
| |
| It
1 1 | h |
‘t > < |
su |

Unknown state
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Reset G

* Reset input
o Reset the FF value

c Q=0
> A.k.a., clear (CLR) D QfF—
> Ql—
* Types
> Synchronous CIear—T
o Dependent to CLK signal
> Reset the value only when the CLK signal is active
o Next clock edge arrives RCD QO
o Asynchronous '
. 0XX 01
° Independent to CLK signal 11001
> Reset the value only without considering the CLK signal state L1110

° Quick but dangerous




Reset (cont’d)

| \, D Q Q

> d Clock >

o]
Ol

/ Asynchronous reset

; 7/ Synchronous reset
\_J -




Preset

* Preset input )
o Reset the FF value PRE
Q=1 0 0
° A.k.a., PRE
>0 00—
CLR
*Types ﬁ)
o Synchronous
> Dependent to CLK signal Inputs Outputs
> Asynchronous PRE CLR D CLK| QO 9 Mode
> Independent to CLK signal L H X X H L Set
H L X X L H Clear
L L X X H H Not allowed
H H H ) H L Clocked operation
H H L ) L H Clocked operation
H H x L | o 0 Hold
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JK Flip Flop (JK-FF)
* Input

o)
o K J K Q C |0
o CLK 0O 0 0 J1| 0 Hold
* Output 0 0 1 J_L|1
° 4 states O 1 0 JLI| O Reset
O 1 1 J_L|O
1 0 O JL| 1 Set

—J ol 1 0 1 JL|1

e N I 1 0 JL| ! Toggle

] 0 1 1 1 JT1L|O
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JK-FF: Characteristics i

0d JR do
o' Ny
0 1
dl

J K Q0 C |o*

0 0 0 JL|O0 Hold

0O 0 1 JL|1 (b)

0 1 1 JL1O Q 00 01 11 10

1 0 0 JL|1 Set

1 0 t Ji|1 ol o | o

1 1 0 JL|[1 Toggle

1 1 1 I]o oee! ) Q*=K'Q+JQ’
Q<1 D | 0 [ o | @

(a) |
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JK-FF: Implementation

* Using D-FF

J e

IQ
C _lQ Q—K—IQQ
—= T

(b)
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T Flip Flop (T-FF)

* Input
o T
o CLK

* Qutput
° Toggling
o 2 states

)

PRE

Hold

Toggle

O — »—uo(Q

< << O

'—‘H‘OO ™~
—2] — 2O

* — T/ /
CLR Q*=TQ+1Q
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T-FF: Characteristics
r o c|o* o T
|} 0
i il B e Wiy
@ I%l 1 Toggle kl/
1 1 0

Q*=TQ+T1Q’
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T FF: Implementation T
* Using JK FF
5 5
— 17 ob— r——a—m/J ob—
—1—pC
—Cp C 00— © o] o
CLR CLR




Master Slave
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Edge-Triggered FF e
* How to implement an edge triggered flip flop?
— — Q — — Q
CLk —p X cLk —| 1 SR
—_— FF 0 —_— Latch |, 0




Master-Slave SR FF
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* One solution is using two level triggered flipflop

Slave

Master

(clock)




hold
gated

gated
hold

hold
gated

gated
hold

hold
gated

gated
hold

hold
gated

gated
hold

Master
Slave

0p—20

Slave

O

Master

Master-Slave SR FF (cont’d)

(clock)

Flip-flop output can change



Master-Slave SR FF

cont’d

Master Slave
0
S s 0 - — 0
C C
R op Oo— 0
C
c—>0 J>
(clock) Master
S and R may
not change
. g . Slave
| |
R | l : |_ S
| |
[} [}
S | Lot l L R
—_— \(setup) !
C I | ]
=D — Oy
: : (hold) :
| | |
I - > 0

[ I [
| Clow pulse width | C high pu“fse width,
! (master enabled) | (slave enabled) |

| | | | | | |
| | | | | | |
gated | hold | gated | hold | gated ;| hold | gated ; hold
| | | | | | |
| | | | | | |
hold | gated | hold | gated | hold | gated ;| hold | gated
| | | | | | |
| y y | | | |
| | | | | | |
—— I I I I I I
| | | | | | |
—— I I I I " "
| | | | | | |
| | | | | | |
| | | | | | |
I 1 1 1 I
| | | | |
| | | | |
1 | | | 1
— | | | |
| | | |
| | | |
1 | | |
| | | |

Flip-flop output can change
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Master-Slave D Flip-flop

* One solution is using two level triggered flipflop

Master Slave
Y
P b0 D 00
b _JQ
¢ @ c op-0
— ¢ 0P
c—>0 >

(clock) (a) )
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Positive Edge Triggered D FF

* Another solution is using three SR latches
o Two latches respond to inputs
o Data and CLK
° One latch provides the output




Positive Edge Triggered D FF ﬂ}

Reset
* Asynchronous reset
>
T o
g S R
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Standard MSI D Latch

* 74LS75 quad D latch

16| 10

1D 15| 20
2D |3 14| zq
Enable 3-4 13| Enable 1-2
vee |5 12| Ground
3D LT
4D 10| 30

9 a0
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Standard MSI D FF

* 74LS175 quad D FF

MasterReset vCC

0l
Ql
Dl

04
Q4
D4
D3
Q3
Q3
Clock

Q2
Gnd
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Standard MSI D FF (cont’'d)

* SN7474 dual positive-edge-triggered D Flip-Flop

'"74

IPRE ﬁm S .
ok O L L
J) 1D @ 1p
— (1) ©
PRE icir —Lelr L 15
—1° °r 2PRE (10) ) 20
¢ °ep o) G
CLR p (2) ®
(R >cLr_U3)
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Standard MSI JK FF

» 74LS73A Dual Negative-edge-triggered JK FF

Clock 1
Clear 1
Kl

vCC
Clock 2
Clear 2

J2
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Standard MSI JK FF (cont’d) =

* SN7476 Dual Pulse-Triggered JK Flip-Flop

e Qg
1J @ 1, — (15) 0
icLk _() -
& w09 LM
3
-’ PRE|Q—Q Gk =R
— C B
| T0p-¢ org D "
9
CIqDR 2J O ] 20
(6)
2CLK 0
x U2 1 —— 10
. ®
2CLR —=
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