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1 Introduction 

1.1 Brief introduction of SIM and LOM 

In Lab 0, a circuit for input and output was wired and developed on general purpose 

printed circuit board (PCB). The circuit consists of two modules: switch input module 

(SIM), and LED output module (LOM).  

 

Fig 1.1 SIM and LOM 

SIM is the input for the digital circuit built by an eight-channel DIP switch. By 

switching on or off the SIM, the input signal can be changed. 

LOM is the output of the circuit built by eight LEDs connected to the SIM. When 
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changing the switch of the SIM, the output of the LOM will change by showing on or 

off. 

▲Notice that a wire connected to the ground is necessary, when build the circuit on a 

general purpose PCB, both SIM and LOM should have a wire connected to the ground. 

One of the channels of the circuit is shown as the figure below (Fig 1.2): 

 

Fig 1.2 One channel of SIM (on the left) and LOM (on the right) 

First build on the breadboard, connect the SIM and the LOM. If the LEDs are turned 

on one by one when the corresponding switch is turned on one by one, the circuit is 

correct (shown as Fig 1.2). Build the circuit on the general purpose PCB and check the 

switch one by one again. Solder the circuit and use the melt adhesive to protect the 

circuit (shown as Fig 1.3). 

 

Figure 1.3 Circuit built on the breadboard    Fig 1.4 Completed circuit of SIM and LOM 

 

1.2 Introduction of CMOS and TTL 

In digital logic, the binary system will used. To enable this, the signal ‘0’ and ‘1’ will 
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be represented by different voltage levels. CMOS (Complementary Metal Oxide 

Semiconductor) and TTL (Transistor-Transistor Logic) are two kinds of digital logic, 

and they are two classifications of integrated circuits (ICs). 

TTL is a class of ICs. The name is derived from the use of two Bipolar Junction 

Transistors (BJTs) in the design of each logic gate. 

CMOS is another classification of ICs that uses Field Effect Transistors in the design. 

Some comparison in their features are listed as below:  

1) The primary advantage of CMOS chips to TTL chips is in the greater density of logic 

gates within the same material. 

2) TTL chips tend to consume a lot more power compared to CMOS chips, especially 

at rest. 

3) CMOS chips are a bit more delicate compared to TTL chips when it comes to 

handling as it is quite susceptible to electrostatic discharge. 

4) The voltage levels of TTL and CMOS are different, as shown in the table below 

(Table 1.1): 

Technology Low voltage High voltage Notes 

CMOS 0 V to 1/3 VCC 2/3 VCC to VCC VCC = supply voltage 

TTL 0 V to 0.8 V 2 V to VCC VCC = 5 V ± 10% 

Table 1.1 Voltage levels of TTL and CMOS 

1.3 Datasheet of IC 

To understand how to use a digital logic IC, it is crucial to have the capability to read 

its datasheet, which provides enriched information of the chip. A datasheet always 

seems like the figure below (Fig 1.5):  
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Fig 1.5 An example datasheet of 74HC08 

In this Lab, three ICs will be used: 74LS08, 74HC08 and 74HC04. The following 

figures will show the pin arrangement (top view) of each IC. 

 

Fig 1.6 pin arrangement of 74HC08 (left), 74HC04 (middle) and 74LS08 (right) 

For the pins noted by ‘A’ or ‘B’, they indicate the input, and for the pins noted by ‘Y’, 

they indicate the output. VCC is the supply voltage pin and the GND indicates that the 

pin should connected to the ground. 

The main information needed in this Lab is the supply voltage VCC, input voltages VIH 

and VIL , output voltage VOH  and VOL . In the datasheet, the supply voltage can be 

found in the Table of Recommended Operating Conditions, and the input and output 

voltages can be found in the Table of Electrical Characteristics.  
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The cut of datasheet of 74HC08 is shown as Fig.1.7 and Fig.1.8: 

 

Fig.1.7 Recommended Operating Conditions of 74HC08 

 

Fig.1.8 Electrical Characteristics of 74HC08 

The cut of datasheet of 74HS08 is shown as Fig.1.9 and Fig.1.10: 

 

Fig.1.9 Recommended Operating Conditions of 74HS08 
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Fig.1.10 Electrical Characteristics of 74HS08 

To sum up, the specifications of the ICs are listed as follow: 

 

 74HC08 

VCC 

Unit: V 

2-6 

VIH&VIL 

Unit: V 

 VCC Ta = 25°C Ta = −40 to + 85°C 

Min Typ Max Min Max 

 

VIH 

2.0 1.5 - - 1.5 - 

4.5 3.15 - - 3.15 - 

6.0 4.2 - - 4.2 - 

 

VIL 

2.0 - - 0.5 - 0.5 

4.5 - - 1.35 - 1.35 

6.0 - - 1.8 - 1.8 

VOH&VOL 

Unit: V 

 

 

VOH 

2.0 1.9 2.0 - 1.9 - 

4.5 4.4 4.5 - 4.4 - 

6.0 5.9 6.0 - 5.9 - 

4.5 4.18 - - 4.18 - 

6.0 5.68 - - 5.68 - 

 

 

VOL 

2.0 - 0.0 0.1 - 0.1 

4.5 - 0.0 0.1 - 0.1 

6.0 - 0.0 0.1 - 0.1 

4.5 - - 0.26 - 0.26 

6.0 - - 0.26 - 0.26 

Table 1.2 Specifications of 74HC08 

 

 74HS08 

VCC 

Unit: V 

4.75-5.25 
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VIH&VIL 

Unit: V 

 Ta = −20 to + 75°C 

Min Typ Max 

VIH 2.0 - - 

VIL - - 0.8 

VOH&VOL 

Unit: V 

VOH 2.7 - - 

VOL - - 0.5 

- - 0.4 

Table 1.3 Specifications of 74HS08 

2 Experiment 1: Learn to use Logic analyzer 

In this experiment, the oscilloscope Tektronix MSO2022B will be used as a logic 

analyzer. 

2.1 Design 

1. Press the button D15-D0. There will be 8 lines of signals indicating 8 digital channels. 

2. To slow down the timeline which moves too fast to observe, use the ‘Horizontal-

scale’. Generate approximately 0V as “0” and 5V as “1”, to output the SIM.  

3. Connect SIM output pins with logic analyzer through the socket below. Before the 

connection, make sure that SIM is powered off. The ground signal of SIM should be 

connected to G of the logic probe.  

▲Never exceed the voltage range of ±40V! 

4. Manually turn on or turn off each switch and generate and save any of the images on 

the logic analyzer screen. 

2.2 Results 

As it has been introduced in 1.1, SIM built by 8 switches and 8 resistors with resistance 

equal to 1000Ω. The Circuit diagram of a SIM is shown below ( Fig 2.1): 
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Fig 2.1 Circuit diagram of SIM 

Connect the SIM to the logic analyzer. Turn any switch on or off of the 8-channel SIM 

and take a screen shot. The eight lines on the screen shows eight channels of the SIM. 

 

Fig 2.2 8 channel digital signal on the logic analyzer interface 

 

3 Experiment 2: Diode-based circuit on AND logic 

The AND Gate produces a HIGH output when all inputs are HIGH; otherwise, the 

output is LOW. The AND logic is shown in the table below, with input A and B, and 

output AB. 

Input Output 

A B AB 
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0 0 0 

0 1 0 

1 0 0 

1 1 1 

Table 3.1 Truth Table for AND Gate 

Diode is a kind of element that when there is a positive voltage above a certain threshold 

(approximated as 0.7V) applied to the diode, the current can pass through it, otherwise, 

the diode behaves like disconnected. The polarity is illustrated in the image below. The 

polarity of the diode is shown as the figure below (Fig 3.1): 

 

Figure 3.1 Diode component and symbol 

Based on the characteristic of diode, a simple AND logic circuit can be designed. 

3.1 Design 

The circuit is shown as the figure below (Fig 3.2): 

  

Fig 3.2 Designed Diode-based Circuit        Fig 3.3 Circuit on the breadboard 

Wire it up in the breadboard (Fig 3.3). Use 1kΩ for R1 and 2 channels of SIM as the 

inputs, i.e. A, B. In this experiment, LOM should not be used.  
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3.2 Results 

‘0’ represents the switch is off, and ‘1’ represents the switch is on. The four situation is 

recorded as the table below (Table 3.2): 

 

 A (V) B (V) VO (V) 

(0,0) 1.416 1.411 2.149 

(0,1) 2.116 5.00 2.862 

(1,0) 5.00 2.149 2.901 

(1,1) 5.00 5.00 4.995 

Table 3.2 Signal Measured for AND Based on Diodes 

According to the truth table of AND gate (Table 3.1), it can be verified that it is an AND 

gate. 

3.3 Questions 

3.3.1 How the circuit above realize AND logic? 

When connects to ‘0’ logic, the channel connected to 0V and the voltage over the diode 

will be larger than the threshold voltage, says, 0.7V. There will be currents in the circuits 

and the resistors of SIM will partial the whole voltage, and this cause the output voltage 

cannot be 5V accurately. 

Only when A and B channels all connect to ‘1’ logic, the voltage will be negative over 

the diode, and there will be no currents in the circuit. The output voltage will act as the 

input voltage, 5V. 

3.3.2 Explain the voltage observed. 

3.3.2.1 (0,0) 

When A and B connects to the ‘0’ logic, the switches will connect to VCC = 0V. R1 

connects to the power supply V=5V, thus there will be potential difference over the 

diode. 
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Fig 3.4 One channel of SIM connected to the diode 

The threshold of a diode is 0.7V, thus the two resistors will hold: 

5V − 0.7V = 4.3V 

The two resistors are 1kΩ, the voltages they hold will be the same. Thus at VO, the 

voltage is: 

VO = 0.5 × 4.3V = 2.15V 

According to KVL: 

VA = VB = 2.15V − 0.7V = 1.45V 

This satisfies the experiment results quite well. 

3.3.2.2 (0,1) and (1,0) 

When A or B connects to the ‘0’ logic while another channel connects to ‘1’ logic, the 

diode connected to ‘1’ logic will have a negative voltage. Based on the calculation of 

a), this time, the output voltage VO can be calculated by: 

VO = 2.15V + 0.7V = 2.85V 

3.3.2.3 (1,1) 

According to the explanation of b), there will be no current pass through all of the nodes. 

Therefore, the output voltage equals to VCC: 

VO = 5V 

4 Experiment 3: Transistor-based Circuit on AND logic 

Transistor is formed by packaging two PN joint back-to-back. There are two types NPN 

and PNP. The figure below shows one NPN transistor. 



14 
 

          

Fig 4.1 Pin arrangement and circuit symbol of NPN Transistor 

Based on the characteristic of transistor, a simple AND logic circuit can be designed. 

 

4.1 Design 

Wire the breadboard based on the circuit diagram below. You can build another simple 

AND circuit. R1=R2=33kΩ, R3=1kΩ. Use SIM as the input. LOM still shouldn’t be 

used in this experiment. 

 

Figure 4.2 Designed transistor-based circuit      Fig 4.3 Circuit built on the breadboard 

The transistor is formed by packaging two PN joint back-to-back, the transistor used in 

this experiment is an NPN type transistor. One of the characteristics for a transistor is 

that when VBase−Emitter is above a threshold, e.g. 0.7V in major cases, Collector and 

Emitter are connected; otherwise, they are disconnected. 
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4.2 Results 

Use the multimeter to measure the voltages in the input and output pins. The results of 

voltage are filled in the table below (Table 4.1) 

 A (V) B (V) VO (V) 

(0,0) 0.002 0.003 0.002 

(0,1) 0.008 5.00 0.133 

(1,0) 4.99 0.008 0.005 

(1,1) 4.99 5.00 3.712 

Table 4.1 Signal Measured for AND Based on Transistors 

According to the truth table of AND gate (Table 3.1), it can be verified that it is an AND 

gate. 

 

 

5 Experiment 4: Basic experiments in AND Gate 74HC08 

Scientists, engineers, and IC manufacturer have done a great effort in developing a large 

category of digital logic ICs with higher performance and improved durability. 

Hereafter, we will utilize them directly. 74HC08 and 74LS08 are two AND gates, in 

CMOS and TTL categories respectively. 

5.1 Input-output logic 

5.1.1 Design 

After reading the datasheet, the pin arrangement for a 74HC08 is shown as Fig 5.1: 
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Fig 5.1 Pin arrangement of 74HC08         Fig 5.2 Circuit built on the breadboard 

To check the input-output logic, select one of the gates, for example, AND gate #1. The 

pins to be wired include VCC, ground, 1A, 1B, and 1Y. Connect two channels of SIM, 

1 channel of LOM, with 74HC08 in the breadboard. In this experiment, select VCC=5.0 

V. 

Use multimeter to measure the voltage at A, B and Y, fill the data in the table below 

(Table 5.1): 

 

 1A (V) 1B (V) 1Y (V) 

(0,0) 0.005 0.005 0.002 

(0,1) 0.004 4.95 0.002 

(1,0) 4.97 0.004 0.003 

(1,1) 4.99 4.97 4.91 

Table 5.1 IO for CMOS AND Gate 

From the data, compare to the characteristic of AND Gate in Table.2.1, it can be verified 

that 74HC08 is an AND logic IC. 

The symbol of an AND gate is shown as Fig 5.3, and the gate level circuit diagram of 

74HC08 is shown as Fig 5.4. 

 

Fig 5.3 Gate level circuit diagram of single AND gate 
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Fig 5.4 Gate level circuit diagram of 74HC08 

5.2 Measure the voltage transfer characteristic (VTC) 

5.2.1Design 

1. Set VCC=6.0V based on channel 2 in the DC power supply. for this experiment. 

Connect it to both VCC pin and 1A pin of 74HC08.  

▲Do not output the voltage at this moment. 

𝑉𝐶𝐶 is generally 5.0V in digital circuit design. But here it is set to 6.0V (In the Electrical 

Characteristics table of 74HC08 datasheet, the tests are carried out when 𝑉𝐶𝐶= 2.0, 

4.5 and 6.0V, rather than 5.0V.) 

2. Use the adjustable channel 1 in power supply as input to 1B. Initialize it with 0.0V. 

3. Connect 1Y to CH1 with oscilloscope.  

4. Output channel 2 and 1 of DC power supply and use the multimeter to measure the 

voltage of 1B and 1Y. Collect the data and fill it in a form. 

5.2.2 Results 

Measure both 1B and 1Y by a multimeter, the data can be filled in the form below (Table 

5.2): 

From the table, when 1B varies from 2.3V to 4.0V, the output 1Y is unstable. This range 
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is marked with shadow in the form. This conclusion fixes well with the data in Table 

1.1. 

 

Rough 1B 0.0 1.0 1.9 2.1 2.3 2.5 2.7 2.8 2.9 

Measured 1B 0.000 0.999 1.899 2.099 2.299 2.500 2.699 2.799 2.898 

Measured 1Y 0.002 0.002 0.002 0.002 3.600 3.583 3.584 3.591 3.445 

Rough 1B 3.0 3.1 3.2 3.3 3.4 3.6 4.0 5.0 6.0 

Measured 1B 2.999 3.098 3.198 3.298 3.398 3.598 3.998 4.998 5.998 

Measured 1Y 3.581 3.612 3.679 3.713 3.776 3.964 4.220 6.00 6.01 

Table 5.2 Voltage transfer characteristic data 

 

Draw a 1B-1Y graph based on the data in Table 5.2 (Fig 5.4): 

 

Fig 5.5 VTC diagram 

The chip level circuit diagram of 74LS08 is shown as Fig 5.6: 
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Fig 5.6 chip level circuit diagram of 74HC08 

5.3 CMOS voltage levels 

To understand the difference between the CMOS and TTL, this experiment will check 

the CMOS voltage levels and verify the difference between the unstable voltages of 

CMOS and TTL. 

5.3.1 Design 

1. Wire the circuit based on the circuit diagram below (Fig 5.6). Connect VCC  and 

signal generator to the ground. 

 

Figure 5.7 Circuit diagram 

2. Connect DC power supply, signal generator, and oscilloscope (CH1 for 1B and CH2 

for 1Y) into the circuit. Set VCC = 6.0V in power supply.  

▲Do not output in this step. 

3. Use the signal generator to output a 10Hz square wave with 6.0V for ‘1’ logic, and 

0V for ‘0’ logic. Output power supply and the signal generator.  
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4. Measure the observed input and output in the oscilloscope. 

5. Gradually reduce the level of high voltage of the wave sequence at appropriate steps, 

for example, 0.1V, till reach a point that the unstable reading occurs. Record the 

unstable wave image and voltage of this high level. 

 

Fig 5.8 Unstable sample 

6. Reset high voltage to 6.0V. Gradually increase the level of low voltage at appropriate 

steps, and reach another unstable reading. Record the unstable wave image and voltage 

of this low level. 

5.3.2 Results 

The results can be summarized in the table below (Table 5.3): 

 

6V-3.9V 3.8V-2.1V 2.0V-0V 

Stable Unstable Stable 

Table 5.3 CMOS voltage levels 

Thus VIH should be approximately 3.9V and VIL should be approximately 2.0V. This 

fixes well with the datasheet. 

 

6 Experiment 5: Basic experiments in AND Gate 74LS08 
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6.1 Input-output logic 

1. Connect two channels of SIM and 1 channel of LOM with one gate of 74LS08 in the 

breadboard (Fig 6.1). Select VCC = 5.0V. 

 

Fig 6.1 Circuit built on the breadboard 

2. Turn on or off the switches of SIM and check if the light is on. Use a multimeter to 

measure the voltages of 1A, 1B and 1Y respectively and fill the data in the form below 

(Table 6.1): 

 

 1A (V) 1B (V) 1Y (V) 

(0,0) 0.102 0.104 0.151 

(0,1) 0.201 5.00 0.152 

(1,0) 5.00 0.201 0.149 

(1,1) 4.99 4.99 3.429 

Table 6.1 IO for TTL AND Gate 

According to the truth table of AND gate (Table 3.1), it can be verified that it is an AND 

gate. 

6.2 TTL voltage levels  

In 5.3, the voltage levels of 74HC08 has been checked. This experiment will check the 

TTL voltage levels to compare the difference between CMOS and TTL components. 
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6.2.1 Design 

1. Wire the circuit based on the circuit diagram below (Fig 6.2). Connect VCC  and 

signal generator to the ground. 

 

Figure 6.2 Circuit diagram 

2. Connect DC power supply, signal generator, and oscilloscope (CH1 for 1B and CH2 

for 1Y) into the circuit. Set VCC = 5.0V in power supply.  

▲Do not output in this step. 

3. Use the signal generator to output a 10Hz square wave with 5.0V for ‘1’ logic, and 

0V for ‘0’ logic. Output power supply and the signal generator. Observe input and 

output in the oscilloscope. 

5. Gradually reduce the level of high voltage of the wave sequence of 1B at appropriate 

steps, and reach a point that the unstable reading occurs. Record the unstable wave 

image and voltage of high level. 

 

Figure 6.3 Unstable sample 

6. Reset high voltage to 5.0V. Gradually increase the level of low voltage at appropriate 
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steps, and reach another unstable reading. Record the unstable wave image and voltage 

of low level. 

 

6.2.2 Results 

The results can be summarized in the table below (Table 6.2): 

 

5V-1.9V 1.8V-0.8V 0.7V-0V 

Stable Unstable Stable 

Table 6.2 TTL voltage levels 

Thus VIH should be approximately 1.8V and VIL should be approximately 0.7V. This 

fixes well with the datasheet. 

 

7 Experiment 6: Basic experiments of inverter 

The inverter has the logic table below. It simply inverts the input. Its logic symbol is 

shown below (Table 7.1). 

A A̅ 

0 1 

1 0 

Table 7.1 Truth Table for NOT Gate 
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Figure 7.1 Inverter Symbol Fig                        7.2 Pin arrangement of 74HC04 

74HC04 contains 6 inverter gates. The pin arrangement of it is shown as Fig 5.3 (cut 

from the datasheet). 

7.1 Input-output logic 

7.1.1 Design  

Pay attention to the VCC. 

Select the NOT gate #1. The pins to be wired include VCC, ground, 1A and 1Y. Connect 

one channel of SIM and LOM, with 74HC04 in the breadboard. 

In this experiment, select VCC = 5.0V. Use multimeter to measure the voltage at 1A 

and 1B then fill the data in the form below (Table 7.2). 

 

 1A (V) 1Y (V) 

0 0.003 4.995 

1 5.00 0.102 

Table 7.2 IO for TTL NOT Gate 

Comparing to the logic table of an inverter (Table 7.1), it’s obvious that the gate chosen 

to test is a NOT gate. 

7.2 Propagation delay time  

As it has stated in the comparison of TTL and CMOS (refer to 1.2), usually, a TTL has 

a faster speed and a shorter delay (5-10 ns), a CMOS has a slower speed and a higher 

delay (25-50 ns). However, this also leads to the difference of power dissipation: the 

power dissipation of a TTL is mostly larger than a CMOS. 

Logic gates usually have a propagation delay time, which is the result of the limitation 

on switching speed or frequency at which a logic circuit can operate. The shorter the 

propagation delay, the higher the switching speed of the circuit and thus the higher the 

frequency at which it can operate. There are two delay time, tPHL specifying the time 

delay of output from high to low, and, tPLH indicating the time delay of output from 
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low to high. Generally, 50% points are used in both input and output signals, as shown 

in the figure below. 

 

Fig 7.3 Inverter symbol and propagation delay 

In this part, two methods will be used to measure the propagation time. 

7.2.1 Ring Oscillator 

A ring oscillator is a circuit composed of an odd number of inverter gates connected in 

a ring, the output of the last inverter is fed into the first one. A finite amount of time 

after the first input is asserted, the final output occurs, which changes the state of the 

first input. 

The number of NOT gates used in the experiment should be odd to show the opposite 

result to the input. 

This method will provide the accumulation of delay time. In another word, by 

measuring the total delay time, the single delay time can be measured. In this 

experiment, 5 NOT gates will be used. 
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Figure 7.4 The circuit of a ring oscillator  

 

7.2.1.1 Design 

1. Wire 5 NOT gates into the circuit. Take VCC = 6V. Connect the CH1 or CH2 probe 

to any inverter output. Measure the oscillating signal period as T. 

The propagation delay tp =
T

2×5
, which can be regarded as the mean of tPHL and tPLH. 

2. Wire 3 NOT gates into the circuit. Take VCC = 6V. Connect the CH1 or CH2 probe 

to any inverter output. Measure the oscillating signal period as T. 

The propagation delay tp =
T

2×3
, which can be regarded as the mean of tPHL and tPLH. 

 

 

Fig 7.5 Circuit built on the breadboard with 5 inverters 

7.2.1.2 Results 

After generating a square wave, connect the CH1 or CH2 probe to any inverter output. 

The oscillation period will be the same. The initial signal is shown as Fig 7.6: 
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Fig 7.6 Input signal 

To simplify the explanation, take n=3 for example. Wiring three inverters in the circuit, 

and according to the calculation formula: 

tp =
24.8ns

2 × 3
≈ 4.13ns 

 

Fig 7.7 Ring oscillator 

7.2.1.3 Questions 

1. Why tp =
T

2×5
? What happens if we take one inverter out of the ring? 

 

In this experiment, 5 NOT gates are used, thus the period T is the sum of 5 delay. After 

two loops of oscillation, the voltage will be input again like the initial voltage, thus the 

period is formed by ten average delay. The propagation delay tp can be regarded as 

the mean of tPHL and tPLH, therefore, it can be calculated by the formula: tp =
T

2×5
, 
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which can be regarded as the mean of tPHL and tPLH. 

If take one inverter out of the ring, there will be 4 NOT gate in the circuit. 4 is an even 

number, therefore, there won’t be opposite output, the two signals are in the same 

directions. The high voltage will still be the high voltage after a loop. The system will 

not oscillate. 

Therefore, the ring oscillator must consist of odd number inverters. 

7.2.2 Measure propagation directly by an oscilloscope 

7.2.2.1 Design 

Generate a square wave at a certain frequency, and input it into a sequence of connected 

inverters. Measure the input and the final output by CH1 and CH2 of the oscilloscope. 

Try to read tPHL and tPLH. (Hint: to allow you to magnify the timeline, use some high 

frequency, e.g. 1MHz will help.)  

 

Fig 7.8 Circuit built on the breadboard 

7.2.2.2 Results 
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Fig 7.9 tPHL and tPLH 

 

Fig 7.10 propagation delay in the datasheet 

 

Take average of the measured propagation delay of tPHL and tPLH, compare to the 

datasheet, the data can be summarized in the form below (Table 7.3) 

 

Measured propagation delay 3.22 ns 

Theoretical propagation delay 9 ns 

Table 7.3 Measure by oscilloscope 

The error is large in this part. 

7.2.2.3 Questions 

Based on two 74HC04 chips, what are the highest and lowest frequencies of oscillating 

signals which you can form? 

Only odd number inverters can be used to form an oscillation. Based on two 74HC04 

chips, the inverters can be used in the ring oscillator is at most 11, and at least 1. 

According to 7.2.1, the frequency can be calculated by the formula: 
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f =
1

2 × tp × n
 

tp represents the delay time of each inverter, and n represent the number used in the 

ring oscillator. After checking the datasheet of 74HC04, the highest frequency is: 

fh =
1

2 × 7ns × 1
≈ 7.14 × 107 Hz 

The lowest frequency is: 

fl =
1

2 × 7ns × 11
≈ 6.49 × 106 Hz 

 

8 Conclusion 

In this experiment, basic experiments focusing on AND gates and NOT gates are 

completed. The characteristics of the CMOS and TTL have also been verified. 

Something needs to pay attention: 

1. when using 74HC08, 74LS08 and 74HC04, the GND pin must be connected to the 

ground. If fail to connect to the ground, when using multimeter to measure the voltages, 

the display number will keep changing. 

2. When using 74HC04 to simulate a ring oscillator, it’s not hard to discover that when 

adding 5 inverters to the circuits, the signals are quite unstable. To get clearer data, 

maybe try 3 inverters is a good idea. Note that the numbers of the inverters must be odd, 

or the system will not oscillate. 

9 Appendix 

Components needed for this lab: 

1. 20 Dupont cables (double male terminals)  

2. Diode x 2  

3. 1 kΩ resistor x 1  

4. 33 kΩ resistor x 2  

5. 2N2222 transistor x 2  
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6. 74HC08 x 1  

7. 74LS08 x 1  

8. 74HC04 x 1  

10 Reference 

EIE 2810 Lab 0 & Lab 1 handouts 


