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             Latch and flip-flop


6.
LATCH AND FLIP-FLOP
Latch and flip-flop are memory devices and implemented using bistable circuit - its output will remain in either 0 or 1 state.  The output state of a latch is controlled by its excitation input signals.  A flip-flop (FF) is predominately controlled by a clock and its output state is determinted by its excitation input signals.  Note that if the clock is replaced by a gated control signal, the flip-flop becomes a gated latch.

6.1
RS (reset-set) latch circuit
When S (set) is set to 1, the output Q will be set to 1.  Likewise, when R (reset) is set to 1, the output Q will be set to 0.  It is invalid to set both S and R to 1.
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NOR gate implementation
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NAND gate implementation
Note that the input is active high for NOR gate implementation, whereas the input is active low for NAND gate implementation.

Application Example of RS latch - bounceless switch
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6.2
Clocked RS FF
The major problem of RS latch is its susceptibility to voltage noise which could change the output states of the FF.  With the clocked RS FF, the problem is remedied.  With the clock held low, [S] & [R] held low, the output remains unchanged.  With the clock held high, the output follows R & S.  Thus the output will be latched its states when the clock goes low.
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6.3
D-type FF
The D-type FF remedies the indeterminate state problem that exists when both inputs to a clocked RS FF are high.  The schematic is identical to a RS FF except that an inverter is used to produce a pair of complementary input. 
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6.4
JK FF
The JK FF is a refinement of the RS FF in that the undetermined state of the RS type is defined in the JK type.  Inputs J and K behave like inputs S and R to set and reset (clear) the FF, respectively.  The input marked J is for set and the input marked K is reset.
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6.5
T-type FF
The toggle (T) FF has a clock input which causes the output state changed for each clock pulse if T is in its active state.  It is useful in counter design.
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Logic smybols of various latch and level-triggered flip-flops
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6.6
Edge-triggered FF
Clocked FF is a level-triggered device, its output responses to the input during the clock active period and this is referred to as the "0" and "1" catching problem.  For sequential synchronous circuit, the data transfer is required to be synchronized with the clock signal.  Additional circuit is included in the FF to ensure that it will only response to the input at the transition edge of the clock pulse.  These type of devices are called edge-triggered FFs.


Logic smybols of various edge-triggered flip-flops
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Timing diagram for a gated D latch and a negative edge-triggered D FF

6.7
Master-slave FF
A master-slave type FF consists of two FFs, a master stage and a slave stage.  The output states responding to the inputs are transmitted to slave output through the master stage in different time slots of the clock pulse.  Hence the output will not be affected by the undesirable changes at the input after the output of the master FF has been latched to the slave FF.
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Master-slave D flip-flop
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Timing diagram

6.8
FF timing parameters
Propagation delay:  propagation delay for a FF is the amount of time it takes for the output of the FF to change its state from a clock trigger or asynchronous set or rest.  It is defined from the 50% point of the input pulse to the 50% point of the output pulse.  Propagation delay is specified as tPHL - the propagation time from a HIGH to a LOW, and as tPLH - the propagation time from a LOW to a HIGH.

Output transition time:  the output transition time is defined as the rise time or fall time of the output.  The tTLH  is the 10% to 90% time, or LOW to HIGH transition time.  The tTHL is the 90% to 10% time, or the HIGH to LOW transition time.

Setup time:  the setup time is defined as the interval immediately preceding the active transition of the clock pulse during which the control or data inputs must be stable (at a valid logic level).  Its parameter symbol is tsu.

Hold time:  the hold time is the amount of time that the control or data inputs must be stable after the clock trigger occurs.  The tH is the parameter symbol for hold time.

Minimum pulse width: the minimum pulse width is required to guarantee a correct state change for the flip-flop.  It is usually denoted by tw.
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6.9
Asynchronous inputs
A flip-flop may have two asynchronous inputs, PRE (preset) and CLR (clear).  The output of the flip-flop are controlled predominately by these inputs, i.e. the inputs of the flip-flop have no effects to the output.  When PRE is active, the output Q will be set to 1, whereas the output will be set to 0 if CLR is active.  Note that PRE and CLR cannot be active at the same time.
6.10
Example - JK edge-triggered FF (74LS76A)
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	* This configuration is nonstable, i.e., it will not persist when either preset or clear returns to its active (high) level.
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