2. Basic Building Blocks: SR Latch

State: (Q,y)

Inputs: S, R
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“State Table” of SR latch
1 1o]oloft1do]1 o |1 |o |1 —%
210 {0 [1 [o]1]o [1 [0 |1 |0 ,/‘W\w
310 o |1 [1]ofo |1 |1 o]0 \SR {00 |01 |10 |11
410 [1]olofol1 o1 o |1 Qy
51o (1 1o |1do|1 |01 ]o0o |1 00 {11 |01 (10 1|00
6 10 |t |1 fofo]o o |1 [0 |1
7 10 (1 [1 |{1]o o [o |1 [0 |1 @ 01 110 100
8 |1 (o fofo]1]o 1 o1 |0 -

10 {01 |10 |00

9 |1 ]ofo[1fo{o |1 [o |1 [0 9
10/1 (o (1 [of1 o [1 o |1 |0 11 |00 |01 {10 |00
1mf{1 o |1 {t]ofo |1 o |1 |o -~ ¢
2[1 [1 [0 Jofo [0 Jo Jo [0 Jo| frased >Nw‘f
13|11 [1 |o {1]o|o oo |o |o g‘f’a‘to_, S’fat@a
14|11 |1 |1 [oJo o o o {0 |o
15(1 (1 {1 [1lolo oo o o 19
CASES:

SR=01: (Q,y)=(0,1)
SR=10: (Qy) = (1,0)
SR=11: (Q,y) = (0,0)

SR=00: (Q,y) does not change if (Q,y)=(1,0) or (0,1)

However, when (Q,y) = (0,0) or (1,1), the output keeps changing

Remark: To verify the design, we need to

enumerate all combinations.
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State Table and

State Diagram SR
Present Transition Next .
State State  State diagram
State Table
\SR |00 01 10 11
Qy

(oo {11 Jo1 [10 |00
01 |01 |o1 |10 [00

10 |10 |01 10 |00

11 00 |01 10 {00

CASES:
SR=01: (Q,y) =(0,1)
SR=10: (Q,y) =(1,0)
SR=11: (Q,y) = (0,0)
SR=00: (Q,y) does not change if (Q,y)=(1,0) or (0,1)
However, when (Q,y) = (0,0) or (1,1), the output keeps changing

Q. Suppose that we can set the initial state (Q,y)=(0,1). To
avoid the SR latch output from toggling or behaving in an
undefined way which input combinations should be avoided:
A. (S,R)=(0,0)

B. S,R)=(,1)

C. None of the above
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CASES:
SR=01: (Q,y) =(0,1)
SR=10: (Q,y) = (1,0)
SR=11: (Q,y) = (0,0)
SR= 00: (Q,y) does not change if (Q,y)=(1,0) or (0,1)
However, when (Q,y) = (0,0) or (1,1), the output keeps changing

We set the initial state (Q,y)=(0,1) or (1,0). To avoid the state
(Q,y)=(0,0) or (1,1), we block the input SR=11.

Thus, without input SR=11, the state can only be (Q,y)=(0,1)
or (1,0).
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The only way to reach

state (Q,y)=(0,0) or (1,1)
is via edge labeled

SR=11.
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SR Latch

The only way to reach

state (Q,y)=(0,0) or (1,1)
is via edge labeled
SR=11.
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2. Basic Buildit@locﬁks : SR Latch Analysis
- 8§=0,R=0:then 0=0Q,,, and Q= Q_p,ev (memory!)

Qprev =0 Q =1

prev

0 0
T SRR [T
1 0
0 o 1 L
5.0 N2t 50 N0

— §=1,R=1:then 0 =0and 0 = 0 (invalid state: O # NOT Q)
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2. Basic Building Blocks: SR Latch

CASES

SR=01: (Q,y) =(0,1)

SR=10: (Q,y) =(1,0)

SR=11: (Q,y) =(0,0)

SR = 00: if (Q,y) = (0,0) or (1,1), the output keeps changing
Solutions: Avoid the case that SR = (1,1).

State table o .
Ut S Characteristic Expression
pS . 10001 10 11 Q1) ZSOR(OQ()
00 01 - Olo =11 _ !
QY [y o1 . 7 o \Flo=T Qftel) = Ste) TR C(t)
/ -

Q(t+1) NS (next state) S
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2. Basic Building Blocks: SR Latch Symbol 7

* SR stands for Set/Reset Latch
— Stores one bit of state (Q)

* Control what value is being stored with S, R inputs
— Set: Make the output 1 (S=1,R=0,0=1)
— Reset: Make the output 0 (S=0,R=1, O = 0)

SR Latch
* Must do something to avoid Symbol
invalid state (when S=R =1
i (whe ) Ir aL

4SS Q-
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2. Basic Building Blocks: SR Latch Symbol

SR Latch
Symbol
1R Ql
4SS Q-
C { i E‘ﬂ &(fﬂ)
" R 0 - — | eren-are)
Q(t)
| ] O | Q=) =0(t"
ck— ] O] O
l S w | 0l |
5 ded&;‘égbm)
C"K p ‘L/ 1—‘\ ﬂ 29
L Ll s+t
~
Ok bk bk
2. Basic Building Blocks: D Latch
* Two mputs: CLK, D DQTm/ D e[w}
— CLK: controls when the output changes
— D (the data input): controls what the D Latch
output changes to Symbol
o 1 |
Function CLK
— When CLK = 1, D passes through to O
(the latch is transparent) =D Qr
— When CLK = 0, Q holds its previous Q-

value (the latch is opaque)
* Avoids invalid case when Q # NOT O
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2. Basic Building Blocks: D Latch Internal Circuit

Jr ol CLK
B 4D Qb
{s Qr aL
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2. Basic Building Blocks: D Latch Internal Circuit

| =
LEZK lucik\j lock,
CLK — RIR aqla CLK
>OD
N —D QR
o s QFa _
Q_
CLK D | D S R|Q@ qQ
0 X 0 O |Qlta)»=0F)
1 0 o | O
11 | o ||
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2. Basic Building Blocks: D Latch Internal Circuit

CLK
U R ale
—D Q
S o~ ____ —
o | s ara a
CLK D | D S R | Q _Q
0 X T 0 0 Qprev@rev
1 0 1 0 1 0 1
1 1 0 1 0 1 0
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2. Basic Building Blocks: D Flip-Flop
Two inputs: CLK, D
Function
— The flip-flop “samples” D on the rising
edge of CLK D Flip-Flop
» When CLK rises from 0 to 1, D Symbols
passes through to Q \I/
* Otherwise, O holds its previous value |
— @ changes only on the rising edge of —D QF -
CL —
A flip-flop is called an edge-triggered device Qf-

because it is activated on the clock edge
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Two back-to-back latches (L1 and L.2) controlled by
complementary clocks

When CLK =0
— L1 is transparent, L2 is opaque

— D passes through to N1 < o
When CLK =1 CLK CLK

— L2 is transparent, L1 isopaque p-p alN'ip alq

— N1 passes through to O L1 Q- |L2 Q}Q

Thus, on the edge of the clock (when CLK rises from 0 1)
— D passes through to O

=
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D Flip-Flop vs. D Latch

|
CLK

4D Q 1D Q
Q Q
CLK ; U
D VA W
Q (|atch)§ l( /‘ R \& T
Q (ﬂoi) ] ! y“ 7 [t
T f( D
- D Flip-Flop vs. D Latch
CLK ~
1D QF 4D Qf
a- a-

Q (flop) ;\

!
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2. Basic Building Blocks: Latch and FF (two latches)

A latch can be considered as a door

X %T

CLK =0, door is shut CLK =1, door is unlocked

A flip-flop is a two-door entrance

S I 2

CLK=1 CLK=0 CLK =1

el
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2. Basic Building Blocks: D Flip-Flop (Delay)

CLK
CLK CLK
CLK—> p4p aNIp alaq
I Q’ L1 Q- L2 Q-Q
Id | D Q) | Q(t+1)
0o lo o 0 State table
ey ol
3 1 1 1 010 1
110

1
S NS=Q(t+1)
Characteristic Expression: Q(t+1) = D(t)

40



