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In case that signals D and D are making transitions almost concurrently with
the clock signal CLK, then the following scenario is possible: the clock signal
enters the memory state while the voltage level of both internal nodes Q
and Q is close to the transition threshold of the two inverters. As a result
the latch will arrive to its final state after a quite long time interval, while
the logic level of this state depends on random factors, like the noise!



4

LatchesLatches

Memory Elements 7

Multiplexer Based LatchMultiplexer Based Latch

1
Q

0
Q

Negative
Latch

Positive
Latch

0

MUX

D

Q

CLK

1

MUX

D

Q

CLK

CLK

CLK

Latch: Level‐sensitive circuit

Memory Elements 8

D

CLK
Q

CLK

CLK

Complementary (non overlapping) clock

CMOS
design



5

1 0

Latch TimingLatch Timing

Negative
Latch

Positive
Latch

0

1

MUX

D

Q

CLK

0

1

MUX

D

Q

CLK

CLKkCLK

Latch memory state Latch transparent state Latch memory state

Memory Elements 9

D

Q

D

Q

Q stable Q StableQ follows D Q follows D

Controllable Feedback LatchControllable Feedback Latch

A D‐latch is sensitive to the level of the clock signal CLK. One level stands for
the transparent mode of operation where the input data pass to the circuit
output Q. The other level stands for the memory mode of operation where the
l t h t t Q h ld th l t l f th D i t b f th t iti f thlatch output Q holds the last value of the D input before the transition of the
clock from the transparency level to the memory level.

D Q Q
CLK

Memory Elements 10

The feedback inverter can be
designed with the kp,n factor of
the transistors to be small. In that
case the following pass‐gate can
be eliminated.

CLK

CLK
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D‐Latch A Flip‐Flop is an edge‐triggered memory
element. It is sensitive to a clock edge and
not to a clock level. Only at this specific
edge the input data pass to the output.
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Q tpcq

T ≥ tpcq + tplogic + tsetupMust stand that:

thold ≤ tcdflip‐flop + tcdlogicand

tplogic = logic propagation delay
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• High frequency clock CLK generation from a low frequency reference
clock CLKεξ
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