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Abstract 

This project is based on the design and construction of an audio instrument. It 

involves the switching and mixing of four (4) audio channels. Each channel 

can be linked to a common output through a digital technique. The intensity of 

any selected channel(s) can be manually adjusted using a variable resistor. 

Also, the design incorporates a low-power audio amplifier for boosting the 

mixed ch annels. The result is linked to an output socket for expansion 

whereby additional devices such as a powered amplifier is connected. The 

digital selections of involved channel(s) to a common output greatly minimize 

or eliminate serious distortion associated with manual option. The design 

merely provides a simple, effective, and cheap audio process. 

The basic concept of the design is the application of Complementary 

Metallic Oxide Semiconductor (CMOS) bilateral switches. Such switches are 

digitally controlled. Every channel is related to a two (2) button switch; one 

for switching ON and the other for switching OFF. Therefore, the overall 

design result is an economic electronic audio equipment. 
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Chapter 1 

1.0 Introduction 

1.1 Introduction 

Audio devices are based on signals with frequencies ranging from 2Hz to 

20000Hz. The signals within this frequency range can be heard with the human ear [12]. 

The frequency range is used for any form of sound production; speech and or music. It is 

quite evident that audio mixers are common electronic audio devices. They are designed 

for increasing the strength and improving the overall quality of audio signals. They have 

other numerous applications for audio processing. This project involves one of such in 

form of both selecting and mixing of four audio channels. The device involves digital 

switching to minimise noise or distortion in the involved sound production. Mixing is 

done through four simple and readily available variable resistor circuits, one for each 

channel. 

The project is based on Complementary Metallic Oxide Semi-conductor (CMOS) 

integrated circuits (ICs). Without doubts, the nice characteristics of the CMOS (zero 

quiescent current, raiI-to-raiI output swing and good noise immunity) make iHhe "logic 

choice [16J. The logic provides reasonable compatibility, low power consumption, high 

flexibility and simplicity. 

1.2 Aims and Objectives of the Project 

The project is aimed at the design and construction of a 4-channel audio 

selector/mixer; it is however broken down into the following: 
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• Ability to identify the various components necessary and their alternatives 

for the design. 

• Mix various (four) input signals while amplifying the output. 

• Taking low level input signals and boosting their levels sufficiently with 

minimum noise and distortion. 

• Relating various electronic components' functions. 

1.3 Methodology 

The project mainly involves the application of the 4066B and the 4013B 

integrated circuits. The first device (i.e. the 4066B Ie) is used for digitally controlled 

switching. This device allows the flow of analogue signal through it in both directions 

with insignificant resistance. Four of such devices are used one for each involved audio 

channel that is incorporated into the design. The switching is attributed to lOW noise and 

distortion. 

Moreover, the application of 4013B (a latching device) into the design is merely for 

controlling the involved digitally controlled analogue switches. Buttons are connected to 

the inputs of the device that allow the users to independently control or activate the 

latches. A latch is a device that serves as a temporary buffer memory, it is the most 

fundamental memory device used in digital electronics [17]. The outputs of the latches 

are connected to the analogue switch for control purpose. 

The mixing involves a variable resistor for each audio channel adjustment of a 

particular resistor allows the current flowing into corresponding audio channel to be 

2 
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altered [14]. This operation results into desired variation of the strength of the involved 

audio signals. 

In addition, the four audio channels are joined into a common terminal. The 

resulting signal is amplified by a low power amplifier. The amplifier allows the processed 

audio signal to be heard in a speaker. The parts are altogether carefully connected to yield 

an acceptable and desired result. 

1.4 Scope of the Project 

The project is limited to four audio channels. Each channel can be digitally 

selected. The mixing features of the project are quite manually achieved through the 

application of simple variable resistors. The incorporated audio amplifier is of low power. 

The involved integrated circuits (ICs) are the Complementary Metallic Ox:ide Semi-

conductors (CMOS) type for better circuit flexibility and performance. 

1.5 Limitation of the Project 

Modern audio production often requires a larger audio channel device; therefore, 

the project is quite limited in application. The absence of modern audio effects like 

additional treble, mid and bass in the design further increases its limitation. Although the 

design is relatively digital; its performance in that respect is small. The acquisition of the 

involved circuit diagram was quite a task. (nfact the cornerstone of this project is relevant 

information for the internet; especially those websites of integrated circuits 

manufacturers' manuals [see appendixes I and 2]. 

3 
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Chapter 2 

2.0 Literature Review/Theoretical Background 

2.t Literature Review 

Audio devices work with audio frequencies (generally 20 hertz to 20,000 hertz). 

Early audio devices were based on vacuum tubes also known as "valves" [18]. Most 

modern audio devices are based on solid state devices like transistors, FETs and 

MOSFETs, but there are still some designers who prefer tube based amplifiers, claiming 

they have a 'warmer' sound [9]. Key design parameters for audio electronic equipments 

are frequency response, gain, noise, and distortion. These are interdependent, increasing 

gain often leads to undesirable increases in noise and distortion. While negative feedback 

actually reduces the gain, it also reduces noise, oscillation and distortion [4). 

The age of audio signal processing started when John Ambrose Fleming, scientific 

adviser to the Marconi company invented the diode in 1904 based on an observation by 

Thomas Edison (Edison received U.S. Patent 307031 from this observation) [8]. The 

unidirectional current and construction of the original diode led to Lee DeForest placing 

another electrode, a bent wire or screen, between the filament and plate electrode in 1906. 

DeForest discovered that the current flow from filament to plate depended on the voltage 

applied to the grid, and that the current drawn by the grid was very low, being composed 

of the electrons which are intercepted by the grid. As the applied voltage of the grid 

varied from negative to positive, the current of electrons flowing from the filament to the 

plate would vary accordingly. Thus the grid was said to electrostatically "control" the 

plate current. The resulting three-electrode device was therefore an excellent and very 

sensitive amplifier of voltages. DeForest called his invention the audion, but it is better 
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known as a triode. The tube equivalents of a transistor, triodes were used in early tube 

audio amplifiers [7]. The non-linear operating characteristic of the triode gave early tube 

audio amplifiers a distortion at low volume. This is not to be confused with the distortion 

that tube amplifiers exhibit at high volume levels (known as the tube sound). To remedy 

the low volume distortion problem, engineers plotted curves of the applied grid voltage 

and resulting plate currents, and discovered that there was a range of relatively linear 

operation. In order to use this range, a negative voltage had to be applied to the grid to 

place the tube in the "middle" of the linear area with no signal applied. This was called 

the idle condition, and the plate current at this point the idle current [18]. 

Today this current would be called the quiescent or standing current. The 

controlling voltage was superimposed onto this fixed voltage, resulting in linear swings of . 

plate current for both positive and negative swings of the input voltage. This concept was 

called grid bias [2]. Tubes were ubiquitous in the early generations of electronic devices, 

such as radios, televisions, audio amplifiers, and early computers such as the Colossus 

which used 2000 tubes, the ENIAC which used nearly 18,000 tubes, and the IBM 700 

series [13]. Unlike transistors, vacuum tubes are inherently immune to the 

electromagnetic pulse effect of nuclear explosions. This property kept them in use for 

military applications long after transistors had replaced them elsewhere. Tubes were also 

considered by many people in the audiophile, professional audio, and musician 

communities to have superior audio characteristics over transistor electronics. There are 

many companies who still make specialized audio hardware utilizing tube technology. 

Tubes' characteristic sound when overloaded is widely used in electric guitar 

amplification, and has defined the sound of some genres of music, including classic rock 

and rhythm and blues. Since most guitar amplifiers mount the electronic chassis -

5 
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j including tubes _ inside the same cabinet as the speaker, microphonic effects occur as the 

tube's elements vibrate with the music and help to create the special vacuum tube guitar 

amplifier sound. (For high-fidelity use, the vacuum tubes should be isolated from the 

vibration of the speakers.) Vast array of devices were built during the \920-1960 period 

using vacuum-tube techniques. Most such tubes were rendered obsolete by 

semiconductors. Audio devices such as amplifiers, based on transistors, became practical 

with the appearance of cheap transistors in the late \960's [3]. The transistor was 

developed at Bell Laboratories in 1948. Large scale commercial use didn't come until 

much later owing to slow development. Transistors used in most early entertainment 

equipment were the germanium types. When the silicon transistor was developed it took 

off dramatically. The first advantages of the transistor were relatively low power 

consumption at low voltage levels which made large scale production of portable 

entertainment devices feasible. Interestingly the growth of the battery industry has 

paralleled the growth of the transistor industry. In this context I include integrated circuits 

which of course are simply a collection of transistors grown on the one silicon substrate. 

For compatibility, efficiency and economic audio related electronics require 

complex circuitry in a limited space. The only way through is the development of 

integrated circuits. The integrated circuit was first conceived by a radar scientist, 

Geoffrey W.A. Dummer (born (909), working for the Royal Radar Establishment of the 

British Ministry of Defence, and published in Washington, D.C. on May 7, 1952. 

Dummer unsuccessfully attempted to build such a circuit in 1956 [II]. The first 

integrated circuits were manufactured independently by two scientists: Jack Kilby of 

Texas Instruments filed a patent for a "Solid Circuit" made of germanium on February 6, 

1959. Kilby received patents US3138743, US3138747, US3261081, and US3434015. 
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Robert Noyce of Fairchild Semiconductor was awarded a patent for a more complex 

"unitary circuit" made of Silicon on April 25, 1961 [15]. The break through in integrated 

circuit technology allows numerous features and importance to audio electronics. Digital 

Signal Processing is encouraged through the leading technology. Moreover, it is quite 

obvious that modern electronics are all about integrated circuits. 

2.2 Theoretical Background 

2.2.1 The typical operation of audio selectors/mixers 

Modern audio equipments work with the application of solid state electronics. The 

ability or grading of such devices is focused on the number of input channels, 

incorporated digital functions, quality of sound production, compatibility with similar 

device e.t.c. the figure 2.1 below shows a simple layout of audio selectors/mixer. 

INPUT -r LEVEL AUDIO AUDIO 
CHANNEL ADJUSTM EFFECT AMPLIFIER 0 UTPUT 

S ENT UNIT 
UNIT 

Fig 2.1 A simple layout of audio selectors/mixers 

The number of input channels depends on the complexity and purpose of the 

involved device's design. The number is as low as two and as far in hundreds. The more 

the number of channels the better is the reacting audio production. This is because each 

component of the audio production is handled independently. Therefore, bad portion of an 

audio signal can be easily figured out and amended. Level adjustment unit is designed to 
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independently vary the amplitude of the involved audio channels. The handling of this 

particular section is determined by choice of the users. The main component of the 

volume control unit is usually the variable resistor. They are usually ganged together. 

Modern electronics allows digital alternatives to the early manual operation. This 

technique minimizes signal distortion. Special effects such as echo, bass, equalizer, pitch, 

channel selection e.t.c are usually required for good sound production. The project is 

limited to channel selection. Modern related devices possess numerous special audio 

effects. Credible sound productions are achievable through the application of computer 

interfacing and software utilizations, example of such software are SoundForge®, 

Audioblast, etc [10]. 

The early blocks usually reduce the strength of input audio signal or channel 

overall strength of the device. Therefore, an amplifier is usually incorporated to the 

output stage for significant boosting of the output audio signal. Auxiliary amplifiers are 

usually used for final power strengthening of the produced sound. 
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Chapter 3 

3.0 Design And Implementation 

3.1 Design Analysis 

The project includes the following sub circuits: 

1. Input terminals 

2. Control latches 

3. Bilateral switches 

4. Audio amplifier 

5. Power unit 

Input Bilateral Audio 
Terminals Switches Amplifier ( 

Control 
Latches 

Fig. 3.1 Block diagram of the whole circuit 
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The power unit is common to all the parts. Therefore it is not very required in the block 

diagram. 

3.1.1 Input Terminals 

The input terminals are four in number. They are terminals through which the four 

audio channels are inputted into the device. Each terminal is simply a two (2) point 

female socket or plug. One of the points is grounded and the other part is required for the 

audio signal input. 

Ground 

50KQ 
Variable 
Resistor 

To Bilateral Switch 
___ ~. Unit 

Fig.3.2 A single input terminal with a corresponding variable resistor. 

10 



AUDIO CHANNEL 1 

AUDIO CHANNEL 2 

AUDIO CHANNEL 3 

AUDIO CHANNEL 4 

INPUT COUPLING 
CAPACITORS 

AUDIO INPUTS 

Fig. 3.3 The signal input unit 

A 50Kn variable resistor is associated with each input terminal. The resistor is used for 

adjusting the audio signal level of a particular audio channel to which it is connected. 

I R T VR1 

Rr 
Vr 

L 
1 

R VR1 

-*-

Fig 3.4 The Variable resistor terminal 

Vr2 is required for input into the device: 

II 
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3.1.2 Control Latches 

The control latches are required for switching on and off or controlling the four 

input channels. In fact, the devices operate the bilateral switches for signal/channel 

selection. The latches are derived from the 4013B CMOS integrated circuit [5]. The 

1 device possesses two independent D-type latches as shown below. 

I 14 positive terminal 

Reset A 4 

I 
Clock A 3 1 QA 

n!lt!l A " A ., OA 

SetA 6 I 

Reset B 10 

I 
Clock B 1 13 OB 

B 
DataB 9 12 OB 

Set B 8 I 

17 ne!!ative terminal 

Fig 3.5 The pin configuratr.r of the 40138 Ie 



i! 
I 

Q 

Set 

Reset Q 
~ -'-

Rs Rr Data 
'-- '-;-

Clock 

--
-

Fig. 3.6 An SR latch.! 

Rs == Rr == R 

I MQ ?: R?: I KQ (It is a CMOS Specification) 

Resistances Rs and Rr are required to put the corresponding inputs to initial logical level 

of 0 (zero). This allows input stability. The related inputs are actively high. Below is a 

simple SR latch truth table: 

Table 3.1 A simple latch truth table 

Set Reset Q 

0 0 X 

I 0 I 

0 I 0 

) I I 

Q 

X 

0 

I 

I 

X and Xare 
Initial logical 
conditions 

Four latches are requIred for the Involved four audIo channels; one latch for each 

channel. Therefore two 40138 integrated circuits are needed for the circuit. The leading 

device is quite readily available and common for such purposes. The fact that it is a 

CMOS device allows very low power consumption and a high degree of flexibility which 

13 
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are very important factors in the design and construction of any electronic device or 

systems. 

WI s 
-L-

W2 s 
-L-

0 

W3 s 
-L-

W4 s 
-L-

0 

W5 S 
CONmROL -L-
SWITCHES 

C) 

W6 s 
-L-

0 

I/If7 s 
-L-

W8 S 
-L-

W9 I s 
-L-

""j ······0 

(J 5V+ 

~ 

f: 

;, 100kQ 

--r * CONTROL 
LATCHES 

100kQ 100kQ 100kQ 

1 " S01 0' 

I 
; p:.. ---:;- 0' -.01 

CON1ROL 

I .--t>cp, TERMINAL 
I 

" i--- co, 1 
4013BP_5V 

, 1 
so, 0' 

5 
~ i--,,- 0' -01 CON1ROl 

.- cp, TERMINAL 
co, 2 
4013BP_5V 

6 1 

1 
S01 0' . 

5 p:.. r- f-J 0' -0' CON1ROl 
f-- cp, TERMINAL 

4 
co, 3 
4013BP_5V 

, 1 

S01 01 
5 p::-01 -.0' CONmROl 

I 
3 ..- cP' TERMINAL 

co, 4 
I 4013BP_5V 

I 
I 
I 

I ~ 100kQ 100kQ ;, 100kQ 100kQ 

j 

Fig. 3.7 The control latches 

The latches are manually controlled through push buttons SWI to SW8. Two 

buttons are required for each latch; one for changing the Q output of a particular latch to 

logical I (one) and the other for logical 0 (zero). The Q outputs of the latches are control 

terminals for the bilateral switches. When pressed, the push buttons are used for sending 

high logical level signals to corresponding terminals at the latches. The grounded resistors 

are not indicated in this diagram. The Q outputs of the latches are used for light indication 

purpose. Each of such terminals is connected to a Light Emitting Diode (LED) with a 

series current limiting resistor. 

14 



r-2
.
7V -1 

R 

5V(+) 

Fig. 3.8 The light indicator circuit 

A particular light emitting diode (LED) is put into forward bias when corresponding Q 

terminal is logical 0 (zero) or low. 2.7V is required across each light emitting diode 

l 

f I 

(LED) and a current of about 10mA. 

I 

Therefore, 

R = Voltage across the resistor 

Electric current through the resistor 

R=5-2.7 

10 X to-3 

R = 2.3 

10 X to-3 

R = 230Q 
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220n resistors are used for this purpose here. It possesses similar result with the 

calculated value. The light indicators only show when a particular channel is on and that 

indicates that the channel is in use at that time. The table below shows the standard 

resistor colour codes indicating their corresponding resistance values. 

Table 3.2 Resistor colour code 

Colour Number Multiplier Tolerance 

Black 0 I 

Brown I 10 

Red 2 100 

Orange 3 1000 

Yellow 4 10000 

Green 5 100000 

Blue 6 1000000 

Violet 7 10000000 

Gray 8 100000000 

White 9 -

Gold 0.1 10% -

Silver 0.01 - -

Body - 20% -

3.1.3 Bilateral Switches 

The 4066B CMOS integrated circuit forms the bilateral switches. (t is a quad 

bilateral switch intended for the transmission or multiplexing of analogue and or digital 

signals. It is pin-for-pin compatible with the other common devices like the 4016B, but 

16 



exhibits a much lower on-state resistance (6J. In addition, the on-state resistance IS 

relatively constant over the full signal input range, regardless of the variations and 

differences. The 4066B consists of four bilateral switches, each with independent 

controls. Both the p and n devices in a given switch are based on or off simultaneously by 

the control signal. As shown in Figure 3.9, the well of the n-channel device on each 

switch is tied to either the input (when the switch is on), or to Vss (when the switch is 

off). This configuration eliminates the variation of the switch transistor threshold voltage 

with input signal and thus, and thus keeps the on-state resistance low over the full 

operating signal range. 

The advantage over single channel switches include peak input signal voltage 

swings equal to the full supply voltage and more constant on-state impedance over the 

input signal range. However, for sample and hold applications, the 40 16B is better used. 

',0 ...... "'_""{ 

SIG A IN/OUT 1 14 Voo 
SIG A OUT/IN 13 CONTROL A 
SIG B OUT liN;, 12 CONTROL 0 
SIG B INlOUT 11 SIG 0 IN"OUT 
CONTROL B 10 SIG DOUTIIN 
CONTROL C eo 9 SIG C OUTlIN 

a SIG C IN>'OUT 

Fig 3.9. Pin assignment of the 4066B 
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I 

I 

Control 
Vct 

Control 

----------~~~--------~, , 
Switch 

,,. __ A .... _--..\.. 

Fig. 3.10, Schematic diagram of one-of-four identical switches and associated control circuitry. 

CONlROl 
TERMINALS 

13 
114 

IN1 VOO 2 
1 01 I---

51 3 5 

IN2 02 t---
4 

52 9 
6 03 

IN3 10 8 

53 04 r--
12 

IN4 
11 

I 

54 V55 

..l4066BP _ 5V 

1 

\/ 
AUDIO INPUTS 

Fig 3.11, The CMOS quad bilateral switching unit 

COMMON 
OUTPUT 

The output of the unit is common and it goes to an audio amplifier (LM386). Any 

channel whose corresponding control terminal is logical 1 passes signal to the common 

output. Such action is disallowed when a control terminal is logical 000 
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3.1.4 The Audio Amplifier 

The audio amplifier is the LM386 integrated circuit. The device is designed for 

low voltage consumer applications. It is set at internal gain of 20 in order to greatly 

reduce external components. For additional gain of up to 200, an addition of an external 

capacitor and resistor between pins I and 8 is required. 

GAIN 

2 

-INPUT 

3 

+INPUT 

4 

GROUND 

Fig. 3.12. Pin Assignment of the LM386 

8 

7 

6 

5 

GAIN 

BYPASS 

Vcc 

VOLTAGE 
OUTPUT 

The audio amplifier is specified by the LM386 integrated circuit's manufacturers' data 

sheet. 

TO THE OUTPUT 
OF THE BILATERAL 
SWITCHING UNIT 

MAIN VOLUME 
CONTROL 

+ 3 

. 1 WATT AUDIO AMPLIFIER 
Fig. 3.13 The audio amplifier circuit 
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This circuit amplifies the result of audio signal from the bilateral switching unit. A 

50KQ variable resistor is used for adjusting the level of the input to the amplifier. The 

output speaker produces the amplified signal or sound. An auxiliary output terminal is 

incorporated to the circuit for external amplification or mixing. 

3.1.5 The power unit 

The power unit is quite the conventional one. (t involves a 12Volts (V) output 

step-down transformer, a bridge rectifier and a 5Volts (V) regulator circuits. The 12V 

output step-down transformer provides a lower, or rather a workable alternating current 

supply for the 240Volts A.C. mains. The leading voltage is required to be converted to 

direct current. That necessitated the incorporation of the bridge rectifier for the purpose of 

converting the ac supply into a dc supply. 

SV+ 5V 
12V+ 

T1 BRIDGE 
REGULATOR RECTIFIER 

Vout 
7805 

Vin 

+ J..+ 
GND lK T 

47UF-16V 

~ LED1 2200UF-16V 

POWER 
SWITCH / INDICA TOR 

Fig 3.14 Power supply unit 

20 

~ 
>- A.CMAINS 

12V OUTPUT- STEPOOWN 
lRANSFORMER 



An approximate 12V dc power supply is accomplished after the rectification. The 

voltage is filtered through a 2200/lF, 16V electrolytic capacitor. Such a large capacitive 

device is required to minimize an undesirable effect called the ripple effect on the 

expected dc lower terminals. A power switch is required to open and close the complete 

circuit to tum the system on or off. This action is clearly shown by a light indicator 

circuit. The circuit involves a serially connected resistor and light emitting diode (LED). 

The main work of the connected resistor is to safe guard the LED from being burnt by the 

"excessive" voltage. If the voltage required across the Light Emitting Diode (LED) is 

2.7V, then the serially connected resistor holds the remaining 9.3V. 12V power supply 

and 10mA are assumed for the circuit. 

Therefore, the resistance of the serially connected resistor is given below: 

R voltage across the resistor 

Current flowing through the resistor 

R 12 -2.7 

lOx 10-3 

R 930n 

1000n is a more practical resistor value for the specific purpose due to the availability of 

the resistor. 
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The rectified voltage is regulated through a 7805 voltage regulator to 5V. The 

7805 is a positive voltage regulator with maximum voltage and current ratings of 40V and 

1 Ampere (A). the device has three terminals as shown below: 

0 

7805 

'- '- L. 

2 3 

Positive voltage input 

2 Ground 

3 Positive voltage output 

Fig. 3.15 Pin assignment of the 7805 

The device supply most of the involved integrated circuits with the regulated 5V 

supply except the LM386 (audio amplifier) which requires a reasonably higher electric 

current for normal operation. 

Moreover, the involved transformer is rated 12V and 500mA. Therefore the 

circuit must operate under the available current rating. 
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3.1.6 Light Emitting Diodes (LED) 

As the name indicates it is a forward biased P-N junction which emits visible light 

when energized. Electrons are in the higher conduction band on the N side whereas holes 

are in the lower valence band on the P side. During recombination, some of this energy 

difference is given up in the form of heat and light (i.e. photons). (f the semi conductor 

material is translucent, light is emitted and the junction becomes a light source [I]. 

Fig. 3.16 Light Emitting Diode (LED) 
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Chapter 4 

4.0 Construction, Testing and Results 

4.1 Construction 

The early circuit design was the backbone of this construction. The circuit was 

first constructed on a bread board to ascertain its workability before subsequent transfer 

to a more permanent vero board. The already produced circuit diagram was a handy guide 

in the process of construction. The major operation during the construction was soldering. 

Most of the involved components were soldered except the integrated circuits which were 

fixed on their corresponding IC sockets. The IC sockets were of course first soldered to 

the board. The construction was done In bits, unit after unit to prevent confusing the parts 

and wrong connections. The soldering iron used for the soldering work here is the 

standard 40W type. This is because the heat is minimal and will not burn of these 

electronic components. 

4.1.1 The Casing 

The secondary part of the construction involved the casing or packaging of the 

complete circuit. The involved materials include a plain black plastic and a converted CD 

ROM metallic casing which serves as the base. It has dimensions as follows: height is 

40mm, width is 145mm and the length is 200mm. Several ducts were made on the casing 

for the involved attachments such as the variable resistors (for volume control), channel 

plug-in terminals, channel indicators and switches. 
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Fig 4.1 Showing the plastic top with switches, volume control, channel inputs, power switch and auxiliary 

output. 

Fig. 4.2 Showing some of the internal parts of the design. 
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4.2 Testing And Result 

The test mainly involves checking out the switching features of the device and 

getting an output from the incorporated speaker and or the auxiliary output terminal. Four 

different audio sources such as a tape player and an MP3 player were used during the test. 

The four audio signals were connected to the channel lines of the device and each line 

selected per time. Pairing of the channels was also done to achieve the mixing of at least 

two of the channels at the same time. The signal was heard from the incorporated speaker. 

When the auxiliary output was used (i.e. connected to an external amplifier and speaker), 

the signal was also heard. It is noteworthy to add that some degree of noise accompanies 

the signal output. This is due to inadequate earthen of the design. 
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Chapter 5 

5.0 Conclusion, Recommendations and References 

5.1 Conclusion 

The aim of this project is to achieve the mixing of two or more audio signals and 

the selection of channels to be mixed or heard using CMOS integrated circuits among 

various other electronic components and applications; obtaining a high quality audio 

signal as an output. By this project, this has been achieved. This device has provided a 

cost effective, simple and a less voluminous audio device, with an overall less power 

consumption and minimal noise and distortion. 

It finds its application in audio recording studios, churches, FMI AM radio stations, or any 

social gathering as an audio mixer and in international conferences as a selector. 

5.2 Problems Encountered 

Some problems were encountered in the course of carrying out the construction of 

this project; they include: 

t. There was a regular experience of power outage which in no small way 

delayed this work. 

2. Some of the components were not readily available and some were not in 

good conditions as at when they were bought, causing some challenges in 

the work. 

5.3 Recommendations 

For the onward improvement on this project, some attention should be on the 

following recommendations: 
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,as 

• The number of input channels could be expanded for better applications 

• More digital effects could be incorporated into the design. 

• Microprocessors or microcontroHers could be used for the switching and other 

features. 

• Information display panel could be incorporated into the design for better control. 
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Appendix 

CD40138 Types 

CMOS Dual 
'D'· Type Flip-Flop 

• C040138_lsu of (Wo ld"'tiC~. 
indopomtlent dit.Io_ hlp,~, E.m flip
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clock '"IMJ ..-.1 0 .".. Q ou\Wt$, r.,.", de, 
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1i0h1. and. by eonnectl", 0" DUlj)ut to 111. 
d ••• input, for OO<m.r lind lOP ",,,lie/>

ri.,.... Th. logic 10",,1 P .... ". at tho I> I"",u\ 
1\ ,r",."",oo to 111. 0 <)UUiul durill!j tho 

pOI'-pno " .. ".\;on 01 "'" dod< jl<Il ... 
Settino 0\' _ttillf i. indop"ntlent 01 tho 
c:IocI< lind is _am4,1I"*i by • "i'" 1na.1 (In 

w .. t Of' __ tlllf, .. lIIlOICti ... ly. 

The C!l4013B typ~. are .upp1i~d in lJ-load 
hermetic dual-in ·line ceramic pack.aQI?& 
(FlA suffiKj, lJ·I@ad dual~n·'iM pl35I;(. 
pacllag •• IE 6uffix). 14-t.,ad 5mali-o"tlino 
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• &-'11, lON • ..-.118'""" paI_toler.tiII .. 

• ...... a" .,.q ........... tt of JEOEC Ton,"" 
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CD40138 Types 
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1!i .. V Digital or ±7.5-V Peak-to-Peak 
Switching 

125·Q Typical On·State Resistance for 1S-V 
Operation 

Switch On-State Resistance Matched to 
Within 5 n OVer 1S·V Signal.lnput Range 

On·State Resls1ance Flat Over Full 
Peak·la-Peak Signal Range 

High OnlOff Output-Voltage Ratio: SO dB 
Typical at 11s = 10kHz, Rl = 1 kU 

High Degree of Linearity: <0.5% Distortion 
Typical at fis = 1 kHz, Vis:: 5 V pop, 
Voo- Vss 210V. Rl = 10 kn 
Extremely low Ott·State Switch Leakage, 
Resulting in Very Low Offset Current and 
High Effective Off· State Resistance: 10 pA 
Typical at Voo - Vss = 10 V. T A:: 25 C 

C040668 
CMOS QUAD BILATERAL SWITCH 

SGHSCllIO·· f'l0\1[ MBER toAA· RE1i1SED SEP1EMBER 2)03 

• Matched Control·lnput to Slgnal-Outl)ut 
Capacitance: Reduces Output Signal 
Transients 

• Frequency Response, Switch On = 40 MHz 
Typical 

• 100% Tested for Quiescent Current at 20 V 
• 5-v, i0-V, and 1 s..V Parametrtc Ratings 

• Meets All Re<lulrements of JEDEC Tentative 
Standard No. 13-8, Standard Specifications 
for Description of "8" Series CMOS 
Devices 

• Applications: 
- Analog Signal Switching/Multiplexing: 

Signal Gating, Modulator, Squelch 
Control, Demodulator, Chopper. 
Commutatlng Switch 

- Digital Signal Switching/Multiplexing 

• Extremely High Control Input Impedance 
(Control Circuit Isolated Fronl Signal 
Circuit): 1012 n Typical 

- Transmission-Gate Logic Implementation 
- Analog-to-Digital and Digital-ta-Analog 

Conversion 
- Digital Control of Frequency, Impedance, 

Phase. and Analog-Signal Gain • low Crosstalk Between Switches: -50 dB 
Typical at fis = 8 MHz, Rl :: 1 k~2 

E, F, M, NS, OR PW PACKAGE 
(TOP VIEW) 

SIG A IN/OUT 1 \tDD 
SIG AOUTilN 2 CONTROL A 
SIGBOUTiIN 3 CONTROL. D 
SIGB IN/OUT 4 SIGDINIOUT 
CONTROL B ]; 10 SIGDOUT!'IN 
CONTROle 6 9 SIG C OUT/IN 

8 SIG C INlOLJT 

descriptiOn/ordering information 

.. 

The (;040613B is ;0 qUJd bilntor:il switch inlon".,,:1 for the trnm,lllission or Illllitipl[,.~jng oj ,1 1101 ('oJ or i:liqit:1l signol:;.. 
It is pin-tor-pin cOlllpcllitAe 'NilYI th" C D401 Cf:~" t)ul (.,xhibits ;J much lowE,r un-statc' rE'sist"nc(,. In addition, th," 
on-state resistance is rel;ltil"el, r::onstant 01")[ ttle full Si'.1n;ll-input ranqi~ 

The CD4066B mnsists of four bil"ltm,ll switd1'l5, f,;)(~h 'I.1!tl in(J(!p,md8nt controls. Bot II ttw p and tIH"" n <levieds 
in a given switch art.! i)ia58(j on O[ off sirTlllllmlE?Ollsly by tilE' r::ontrol SiqllJI As sh,)wll in FiqurF, 1. the well of the 
n-channel cj('vice on each switch is ti'"ej to ('i till.! r thij input (wh,,-n th>-} switch is on) 01' to \Iss (wilen the swftch 
is Off). fhis cunfiquratioll dimimtesl.he variatioll (',lIlle s;witct-Hrcmsist,)f 11-1 resll 01<1 V()ItJ~J8 'II fi 11 input sign.) I and, 
thus. k(),epS tho on-slato rE;sk:;lnnc,,' low ()vm the, full ()p'H.Jlinl~-:;iql1nl DIi;;;j(:'. 

Th" ,ldvJntaq"5 (l',er sinqle-chnnmd switch;;"" ineil,l(lf) peak illr,luk,iqnal vl.)ltaq~, swings ."quallo Ihe full supply 
'Ioltage and more constnnl on-stat,,) imp'J(jclIV;(' UV,H 1I18 input-sitlf1nl r~lnqe, HO'W8VN, for samplp-and-tlolcl 
8pplications, thij CD40 168 is r'JcolTll11!:JI1'.k!d 
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C04066B 
CMOS QUAD BILATERAL SWITCH 

SCHl051D- NOVEMBER 1008 ". REVISEDSEPHMBER 2003 

description/ordering information (continued) 

ORDERING INFORMATION 

TA PACKAGEt 
ORDERABlE TOP-SIDE 

PART NUMBER MARKING 

CDIP-F Tube of 25 CD4006BF3A CD4006BF3A 

PDIP-E Tube of 25 CD4006BE CD4006BE 

Tube of 50 CD4006BM 

SOIC-M Reel of 2500 
-55"C to 125"C 

C04006BM96 C04006BM 

Reel of 250 CD4006BMT 

SOP- NS Reel of 2000 CD4C66BNSR CD40068 

Tube of 90 C04006BPW 
TSSOP-PW CMOOOB 

Raelof 2000 CD4006BP~ 

r F'ackagedra ... 1ngs, standard pat.:kll1>l'luantltl ••• thermal data, .. ymoohzstlon. and PCB deSign 
guidelilles ar. available at YfflW.li,coml><:lpackage. 

Cont,ol 

vet 

Contrl)\ 
,~ ________ --J~~ ________ ~ 

t All control inputs are protected by 1116 CMOS protection n.t .... ork. 
f'OTES: A, All P substrates are connected to 'JOO, 

Switch 

,----"---.... 
In 

Ollt 

V06 

B. Normal operation control-line biasirg: swftch on (logic 1), Vc = \IDD; ..... i1l:h off (logic 0), Vc "VSS 
C, Signal-level range: \ISS "Vis·S VDO 
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