
Laboratory 7

Flip-Flops

7.1 Objectives

The objectives of this lab class are the following:

• Strengthening your knowledge about sequential circuits: latches and flip-flops;

• Exercising the usage of the oscilloscope and the logic analyser to investigate sequential circuits,
as well as designing stimulus generators.

7.2 Latch - Flip-Flop comparison

The 7474 integrated circuit (IC) contains two D flip-flops. The 7475 contains two D latches. The
package outlines and significance of the pins are shown in figure 7.1.
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Figure 7.1 Package outlines of 7474 (2 D flip-flops) and 7475 (2 D latches).

In order to compare the behavior of a D flip-flop with the behavior of a D latch we need to trigger
both circuits with the same input signals (data and clock). The input signals used for demonstration
purposes for this lab are generated using a complex signal generator implemented on the FPGA
board. The circuit which need to be created by you is shown in figure 7.2.
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Figure 7.2 The schematic of the circuit used for behavioral comparison of the D latch and D flip-flop.

Implement the circuit by connecting the test pattern generatorş outputs (FPGA board) to the
proper inputs of the latch and flip-flop. The mapping of the input/outputs is shown in table 7.1.

Table 7.1
Mapping between the FPGA boardş connectors and ports of the latch and flip-flop.

Significance Board connector

CK J4-IO9
D J4-IO10

To configure the FPGA board use the configuration file available on the lab’s website (genSignal-
LatchFf.bit). Configured with this bitstream, the FPGA will generate the waveforms shown in
figure 7.3.
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Figure 7.3 The clock and data signals used for behavioral comparison of the D latch and D flip-flop

Connect the oscilloscope’s probes as shown in figure 7.2. View the waveforms and compare the
behavior of the D latch with the behavior of the D flip-flop. Draw the viewed waveforms, as shown
in figure 7.4, by taking into account timing correlation of the input and output signals.

As an alternative, visualize the same waveforms using teh logic analyser. The project file (gen-
LatchFf.LPF) for the analyser can be downloaded form the lab’s website.

Figure 7.5 shows waveforms of the clock, input data and output data of the 7474 D flip-flop and
the 7475 D latch, viewed on the oscilloscope and logic analyser.

Verify the correctness of the waveforms based on the following definitions:

• D Latch: bypasses the input signal to the output while the clock signal is active (high).
Maintains the last state while the clock is inactive (low).
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Figure 7.4 Waveforms of behavioral comparison of D flip-flop and D latch.

always @(CK or D)

if (CK) Qlatch <= D;

• D Flip-Flop: The D flip-flop is edge sensitive. At the moment when a rising edge on the clock
signal occurs, the value of the input signal is memorized and the output is maintained until
the next rising edge event.

always @(posedge CK)

Qff <= D;

Note that that CH1 and CH2 of the oscilloscope are analog, while CH3 and CH4 are digital (the
outputs of the latch and flip-flops are connected to the digital channels).

Observe the differences between the waveforms shown by the oscilloscope and the waveforms shown
by the logic analyser.

Observe the differences between the same waveforms shown on the analog channels (1 and 2) and
the digital channels (3 and 4). (View the same waveform in the same time on channel 1 and channel
3). What is causing the visible differences?

Figure 7.6 shows a part of figure 7.5, but in more detail. You can observe the propagation of the D
input pulses through the D latch in the time interval when the clock signal is high. This pulses are
ignored by the D flip-flop. The input pulses which occurs while the clock signal is low are ignored
by both the D latch and the D flip-flop.

7.3 Synchronous flip-flops connected in series

Study the behavior of two flip-flops connected in series, using the circuit shown in figure 7.7. Both
flip-flops works on the same clock signal. The input signal of the first flip-flop is connected to the
signal generator implemented on the FPGA board. The output of the first flip-flop is fed to the input
of the second one.

Draw, as shown in figure 7.8, the waveforms of the outputs of the two flip-flops, taking into account
the timing correlation between them and the input signals.

The waveforms shown in figure 7.9 points out the fact that the output signal of the second flip-flop
is the delayed version of the output signal of the first flip-flop. Note the sampled logic state at the
input of the second flip-flop. Although it seems that the D input is modified exactly at the moment
of rising edge of the clock, the D input is sampled to the previous value of input signal (the value
which was present on the input prior to the rising edge of the clock).
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Figure 7.5 Waveforms of the 7474 D flip-flop and the 7475 D latch, as shown on the oscilloscope and on
the logic analyser.
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Figure 7.6 Detail: Waveforms of the 7474 D flip-flop and 7475 D-latch (as shown on the oscilloscope and
on the logic analyser).

Figure 7.7 Circuit used to study the behavior of two flip-flops connected in series.
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Figure 7.8 Waveforms of the 2 flop-flops connected in series.
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Figure 7.9 Waveforms of the synchronous flop-flops connected in series.


