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Introduction

The purpose of this lab is to provide hand-on experience with CMOS inverters and logic gates. To compli-
ment previous PSpice and Microwind simulations, these inverters and gates are now implemented using a
CD4700 gate array. The VTC, power dissipation, and propagation delay of the CMOS inverter are examined.
Additionally, NAND and NOR gates are constructed to verify their outputs match their respective truth
tables.

Procedure and Results

Part 1—CMOS Inverter

Transfer Function
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Figure 1: Gate array CD4007 (a) and the internal schematic (b).

The gate array in Figure 1a is used to assemble a CMOS inverter on the breadboard. The gate input is
connected to a function generator with a 1kHz ramp wave with a low level of 0Vand a high level of 5V. The
input and output are connected to an oscilloscope to generate the waveforms of Vin and Vout below in Figure
2.

Figure 2: Oscilloscope readings of Vin (yellow )and Vout (green).
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The plot above clearly indicates that the circuit behaves as an inverter: low input produces high input.
The oscilloscope is set to XY mode; the VTC of Vin and Vout is plotted below.

Figure 3: Transfer characteristics of the inverter.

Using cursors function, the following parameters are computed:

VOH = 4.99V VOL = 25mV VIL = 1.8V VIH = 2.31V

The parameters above are used to calculate the noise margins:

NML = VIL � VOL NMH = VOH � VIH

NML = 1.8� .025 NMH = 4.99� 2.31

NML = 1.78V NMH = 2.68V

The input signal is changed to a sine and square wave; the results are plotted below.

(a) (b)

Figure 4: Oscilloscope readings of Vin (yellow) and Vout (green) for sine wave input (a) and square wave
input (b).

Power Dissipation

An ammeter is connected to Vdd in order to measure current. Vin is varied to determine where both
transistors are in saturation (where the most current is being drawn).
Note. The circuit did not produce current variations with this procedure. We conferred with the TA, and he
stated that this may be a deficiency in the experiment and to disregard this portion of the report—hence,
no power calculations are available.
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Propagation Delay

Figure 5: Ring oscillator configuration used to find propagation delay.

The three inverters are connected according to Figure 5 to create a ring oscillator. Node 6, node 3, and node
10 are scoped independently. It is observed that all three plots are identical. The plot for node 6 is shown
below.

Figure 6: Oscilloscope readings at node 6 of the ring oscillator.

Note. In the ideal case, the waveform in Figure 6 should be a square wave.

The period and frequency are found by using the cursors function:

T = 188ns frequency = 5.32MHz

Using the period, we find the average propagation delay of the three inverters:

T = 2ntd �! td = T/2n

td =
188⇥ 10�9

6

td = 31.3ns
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Part 2—NAND and NOR Gate

A B Output
0 0 1
0 1 1
1 0 1
1 1 0
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Figure 7: NAND gate configuration (a) and a truth table for the NAND gate (b).

The chip is wired to construct a NAND gate according to Figure 7a; a truth table for the NAND gate is
created in Figure 7b.
The NAND gate is tested by attaching a 1kHz square wave (0V low, 5V high) to pin 3 as Vin1, and a DC
voltage (0V) to pin 6 as Vin2. The results are plotted below.

Figure 8: Plot of the NAND gate: Vin1 is green, Vin2 = 0V, and Vout is yellow.

The NAND gate result in Figure 8 is consistent with the truth table in Figure 7b.
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A B Output
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Figure 9: NOR gate configuration (a) and a truth table for the NOR gate (b).

The chip is wired to construct a NOR gate according to Figure 9a; a truth table for the NOR gate is created
in Figure 9b.
The NOR gate is tested by attaching a 1kHz square wave (0V low, 5V high) to pin 6 as Vin1, and a DC
voltage (0V) to pin 3 as Vin2. The results are plotted below.

Figure 10: Plot of the NOR gate: Vin1 is green, Vin2 = 0V, and Vout is yellow.

The NOR gate result in Figure 10 is consistent with the truth table in Figure 9b.

Conclusion

The CD4700 gate array used in this experiment is a versatile and relatively compact device used to construct
many different MOS configurations. Using ramp, sine, and square wave inputs, the general characteristic of
an inverter (low input = high output and high input = low output) is confirmed in this experiment. The
VTC of the CMOS inverter is also readily generated, yet the VTC parameters are more difficult to calculate
than they are with various computer simulation tools. When using the CD4700 as a NAND or NOR gate,
outputs are in agreement with the logic gates respective truth tables.
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