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ABSTRACT 

This project is based on scrolling LED message display using the CMOS 

(Complementary Metal Oxide Semi-conductor) logic family IC's. It consists of six major 

sections which are: the 4060B oscillator which produces pulses used for clocking, the 

4017B decade counter which acts as a ROM and is used to generate 5 bit codes that 

represent the characters used, the 4015B shift register section which shifts the codes from 

stage to stage, the multiplexing logic unit which is a combination of a 4017B multiplexer 

and 4503B buffers that allocates the position the codes will assume on the display board 

and the 4515B alpha display decoder (with in-built latch) which selects the displayed 

character corresponding to a particular code and latches it for a very short time. Lastly, 

therein the LED display unit that displays the characters the codes represents. 
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ClIAprrEH. ONE 

l 
f 1.0 INTRODUCTION. 

t 
.~ Before the world went digital, individuals, large companies and Institutions that wanted 
~ 1 to pass vital information to its customers and the general public at large used signboards. 

I The signboard as dte name implies means a board (either metallic or wooden) widt signs 

l on it to relay information to the general populace. 
), 

It started with very brier signs like directions for road users and pedestrians, to commuter 

bus routes and their times of arrival and dcp;tl'ture at a station. For a sigt;board to be 

clearly visible and understood and hence effective, the board must be considembly large 

.~ 

• and the writings very bold. These issues led to the problem of the cost of production of a 
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signboard, which soon became only possible for wealthy individuals and companies 10 

afford. 

The issue of always changing the message on the signboards as new events occurred 

became quite a problem, as new one'; will always have 10 be constructed. All these 

problems led to the birth of the LED message display or the digital display board, as it is 

commonly known. 

1.1 THI~ L~:D l\1I~0SAGI~ DISPLAY. 

, The first popular public mess3gc board dates bael{ to the last ccntlllY's 20's when it was 

} installed at the has" of Ihe New York Times building now h,,"wn as One Times Square. 

. Its debut was announced by New York Times (an Amcrican NC'A-'Spapcr) in its Novembci 
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* I 1928b edition, which read "IHJGE TIMES SIGN \VILL FLASH NEWS". The world's , 
i first pl'blic text messaging system was loudly celebrated with a reader board that was Sit 

t 
~ high and 880n long, which completely surrounded the I>a::;, of the New York Times 

building. 

It was used to announce the Herbert Hoover and AI Smith presidential election of that 

year. The streaming news hendhne reader board eventually evolved into other contell1 

displays such as time and temperature signs, banks, gas slation and retail stores. I-Iavin~~ 

gained ground as a desirable sign format, the message reader board' offers many featn~es 

such as variable sizes, flexibility in design, ease of use and real time response in changing 

messages. 

The message di:,play board wa:, fondly called the "Town Cdc.'" orthe modem age. 

1.2 PRINCIPLE 0.' OPERATION O'F A LED MESSA(;E DIPLAY. 

A block diagram showing the units integrated to foml a LED message display is shown in 

figl. \, where a crystal powered oscillator (406OT3 

) is used to generate three pulses one after the other. The first pulse to clock the 

Diode/resistor logic ROM, another to clocK the shift Recister (40) 53) and the last pulse 

to latch the codes for the multiplexing logic unit. 

The Diode / Resistor Logic RO~y'1 is an Ie (integrated circlli1) with 10 outputs, but only 8 

)

: ()f them are in usc. This 1(' gellerates the ehamelers, which are 5 bits long The 

corresponding character code is shifted in to the shin register and latched. When the 
1 
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t'he multiplexing logic unil is desigm:d to ;dlocalc the po:;itioll the c(ldes \\ill t<lkc Oil till' "1 ~, (\ 

• p~() display bO<11"d and it lI1akes the Alpha, logic;ll di:;p\;l)' I k,;,)(kr II) he lillkl'd 10:1 pnrliclIhr 

~odC for a vcry shorl lime, (Lg 1/10()O c., I x Hrl sec;) (111...1 this l'fllnhillcd clIl'l'l 11I;lkc:; Ih,' I, lin 

tppcars on the display at the S;II11e ill:itallCl', \\'hich is nol really so, 

I 
tor each Idler appl~al'S nile "rlcr the othcr . hut th\.' speed make:; the ,:yes sec tlll'lll <II til,' :,;1111(' 

1 
,111(: il is Ihis process Ih<lt is I'cpc<ltcd I'llI' all IhL' charack'rs hCIIL'C their 1ll11\'l'\1ll'lIt ;IC!'O';S Ihl' 
'1 
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)isplay. 
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1.3 AIM AND OIJJ"-:CTIVE~ 

The aim of this project is to encourage all other schools or departments on campus to 

place displays or signposts thaI can be seen from afar on their workshops, labs and offices 

to ease the problem of having 10 go round the school premises looking for a department 

or office, by both students and outsiders alike. 

The ol~iective of the project therefore is to construct a LED display board (digital) that 

can be read from a long distance both during the day and at night by an observant person. 

The display lights will also be colorful. So as to attract people's attention to it, hence the 

LED's (light emitting diodes). 

1.4 PROJE('. OUTLINE. 

This project outline is a tecit'lical repoll which describes in detail the construction of a 

digital LED display board. Tlv~ report consists of five chapters as follows: 

Chapter one gives the geneml overview of the project, general introduction to the project, 

and improvements on the previous works. Aim and objet.tives of the project is also 

included. 

Chapter two contains the literature revIew and basic introduction on how each component 

works. The power supply unit is fully discussed in chapter tlu~e. 

Chapter four has to do with the construction and design with explicit detail on how the 

various componclll~; were connected to each other . 

Chapter five is the conclusion drawn from the rc')ults of testing and recommendations, 

with reference tn the objectives and goals ofthe project 

4 



CI-IAP1'EI{ 'fWO 

2.0 LITERATURE REVIEW 

According to the Longman's Dictionary of contemporary English, the word "display" 

means an attractive arrangement of objects for people to look at or buy, or a piece of 

equipment that can show changing information. In this context we are concerned with the 

equipment showing changing information. 

A LED message display board can then be said to be equipment that can be used to 

display information either changing or stationary as the case may be, or as intended by 

the user. The display board in this project work displays the statement "WELCOME. TO 

DI,;t'ARTMENT o I? II:LIi:CTRICALI COMPUTI£I{ ENGINEERING". LED 

message displays can be configured to be used in either an indoor application or an 

outdoor application, and can be used for both commercial and industrial purposes. 

LED message displays are segmented or dot-matrix displays that allow for numeric and 

alphanumeric character representation. 

In character representation, the display consist of an array of LED's that display only 

characters which are programmed wiUl binary codes into the PROM ( Programmable 

Read Only Memory). Some special features that make rhe LED message display unique 

and more widely llsed above the signboards arc: programmability (rewriting the program 

whenever the message displayed needs to be changed). Selectable fonts (selecting the 

size and the style of writing the message to be displayed), adjustable intensity (the degree 

of brightness or dimness of the LED's) and so on. It can therefore be secn that LED 
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message displays are preferable and more effective where inrormation dissemination is 

concemed. 

2.t ReVIEW OF COl\lPONENTS. 

(A) SIIlFf REGISTER 

A shi n: register is ba<;ically a collection of flip-flops connected in series of cascade. In 

shift registers, data is shifted through the register by the positive going edge of the clock 

pulse. Tbe flip-nops are clocked together (synchronous) and all the resets arc 

interconnected, making it possible to dear the memory of all the devices at the same time 

The number of bits that a shift register can store is equal to the number of flip-flops in 

the register. When data is needed it is shifted one bit at a time across the outputs of the 

registqr either to the left or right. A schematic shift register is shown in Fig.2.1a below 

while Ihe logic diagram is shown in Fig 2.1a. 

lip O/p 

--~.I~ ~I_· _o~~ __ ~o~ __ ~o~o .~ 

lip --...... fTT 1 n In I (;- ·11-- ... ~O/p 

FIG 2.IA A S(]11~~'ATIC SHIFT REGISTER 
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t t , 
c==:J 

---t· 

~~----~~~--------~~--------~~--------~-r------~ 

Q D Q D Q 

OR a.R 
--~ 

----1----

SERIa -N PARPALEL -OUT SHFr REGIS1m 

FIG 2.10 LOGIC CIRCUrt.' OF A TYPICAL SHIFT REGISTER. 

(U) OSCILLATORS. 

These are electronic circuit designed to produce an alternate e.m.f of known frequency 

and waveform. It is an amplifier that provides it'> input sigllal, which is derived from the 

output signal. !\ crystal oscillator is an osciilalor circllit in which the frequency 

determining network is providl'd by a piezo-electric crystal. 
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A piezo- electric cry5tal i5 a material such as quartz having the property that, if subjected 

to mechanical stress, a potential difference is developed across it, and if the stress is 

reversed a potential difference of opposite polarity is developed. The frequency of the 

crystal depends on physical properties such as size, pressure and temperature. With 

advances in technology, crystals that are insensitive to thermal and mechanical variation 

t are now available. The oscillator used in this project was based on the crystal technology. 

, A block diagram of how the oscillator works is shown in Fig.2.2B below. , 
i AMPLIFIER ] 

l<------+-
i: 
J~ 

i 

i 
i 
1 
~ 
~ 

FREQUENCY 
DETERMINING 
NETWORK 

Vin=> P.d out 

FIG 2.2B BLOCK l>IAGRAM OF AN OSCILLATOR 

I 
r 
t 
t 

8 

Vout 

FEEDBA K 
NETWORK 

.-



\© MULTIPLEXER UNIT:-

This is an electronic or scanning circuit that has a number of inputs and a single output. it 

is rep' csented as shown below. 

1 -- - -----_.--- _ .. ---

2 ---------

3 --. - ---.--------
) 
.1 4 
J 

·.t. > 

~!' 

I 

t 
t 

5 

6 
7 _ .. -.----. ---.. --

8 ----- --------- -- -

Scanning, witch 

SI :anning switch control 

FIG.:.IB A SIMPLE MULTIPLEXER 

Any (>f the eight inputs can be connected to the output simply by switching the scanning 

switcL to the appropriate position. It allows one of a numbcr of available inputs to be 

selectl'l by using a digital code word. For a 4 input multiplexer, a two-bit code is 

required, for an 8 input device, a three-bit code is required. Therefore the number of input 

lines that can be 11111!tiplexed is 2m
• Where m= no of control lines. 

(D) Tl iE l,En J)ISPLA Y 

These :IC solid state devices with pn junctions that emit light energy when stimulated by 

a low I)ltage direct current. They can be designed to emil light from ultraviolet, through 

the vis,\,le spectrum to infrared. The most efficient LED is in the visible spectrum and 

emiL') l·tllight. 
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When a semiconductor diode is forward biased, carriers are injected from the emitter 

regiotl into the base region. The injected electrons recombine with the holes of the p-

region which are the majority carriers in the circumstances. There are also LEDs capable 

of emitting anyone of two wlors. They are built with two light-emitting junctions one of 

which has the spectral response peak in one region(red) of the spectrum, and the other in 

another region (say green). The color emitted will depend on the relative magnitude of 

the currents flowing through the junctions. 

The key parameters of LEOs include luminous intensity which is measured in clH1dela, 

brightness (ratio between the luminous intensity and the area of the light-emitting 

surface), direct forward voltage, emission color and wavelength at the peak luminous 

flux. 

LED's are popular display <j,wices because they can be operated from low voltages; they 

are compatihle with system. that use integrated circuits. They are also small, light in 

weight and mechanically rugged. As solid-state devices, they are highly reliable and have 

an operating life of more than 100.000hrs. The circuit symbol of a LED is shown in the 

Fig 2.1 C below. 
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FIG.2.IC CI.RCUIT SYMI.IOL OF A TYPICAL LIi:O 

(E) THE BUlrFER 

This is an electric circuit or component that prevents undesirable electrical interaction 

between two circuits or complJnents. It could also be called an interface circuit because it 

allows signals to P<lSS from one circuit to another when these circuits are incompatible. 

, The term buffer may also be applied to any logic gate that provides relatively large output 

. currents. The TTL (Transistor-Transistor Logic) gates, particularly inverters, are often 

used as buffers in MOS (Metal-oxide Semiconductors) circuits. Unlike inverters, bufTers 

tJon-t alter the logic values being transmitted through it. It does however increase their 

ropagation delay lime. 
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CU:APTER THREE 

3.0 Tille POWER S(WI'LY UNIT 

3.1 INTRODlJCTION 

Like any other clcclronic circuit, a power supply unit was included in the design of the 

digital display board. This is perhaps the backbone of any electronic equipment, thus m~' 

decision to use a whole chapter to discuss it. The design specification of a power supply 

is detenllined by the requirements of the electronic equipment which it feeds. 

The important features to be considered in a power supply unit are maximum and 

mlntmllm voltage demand of the circuit, regulation, ripple factor, efficiency, noise 

rejection, and maximum and minimum current demand of the circuit. The major stages 

involved in the AC I DC power conversion is shown in the block diagram in fig 3.1. 

Dj'VJr~ /\ /\j\ 
........... ~ ...... ; .....•... ~ ... 

FIG 3,J TilE BLOCK I>IAGRAM OI? ~nlE .'OWKg SUP.'LV UNIT 
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3.2 TRANSFORMER 

They are basically made up of two coils, electrically insulated from one another, which 

are wound over a common core material formed into a closed magnetic circuit, so thallhe 

two coils are mutually coupled. There are different types of transformers, where thci( 

differences are determined by the variation in coil winding. The single phase transformer 

which has centre tapped winding and the multiple phase transformers which also has star 

or delta connected winding. A single phase transformer of 12 V rating is used in this 

design. 

The ml'lin use ofa transformer in any circuit either digital or analog is to either step-up or 
" 

step-down AC power supply to suit the needs of the circuit fed by the DC supply. 

Transformers are mainly specified by their power ralings in volt-ampere i.e. KVA, MVA 

for high powered transformers. Depending on their applicalions, transformers could be 

single phase or multiple phases, 

13 



3.3 RECTIFICATION. 

Rectification is the process of converting A.C voltage into a DC voltage. A device called 

a rectifier (semiconductor diode) is used for this purpose. It conducts current in one 

direction only. J\ rectifier designed for +ve currcnt will allow the +ve half of each AC 

waveform to pass and vice-versa for that designed for --ve current. 

A transformer was used to step down the main voltage to the required r. m. s value befof'" 

the rectification process .Fig 3.2a shows a 12V AC transformer connected to a full wav~~ 

bridge rectifier circuit. The two commonly used methods of rectification are the half 

wave and full wave bridge redificatioll. 

The full wave bridge rectifier is used preferably because it uses both the +ve and -ve 

parts of the AC waveform and there fore the frequcncy of the pulsat.ing DC output is 

high. The half wave bridge rectifier 011 the other hand uses only either the +ve or the _ve 

parts of the AC waveform. Hence it is of low frequency and requires more filtering. 

During the positive half circle, the terminal M of the secondary is positive and N is 

negative. Diodes Dl and 03 are forward biased (ON) whereas D2 and D4 are reverse 

biased (OFF), hence current flows to the positive tennina\. 

During the negative half cycle, secondary terminal N becomes negative and M becomes 

positive. This time D2 and 1)4 are forward biased, while 01 and D3 arc reverse biased, 

consequently current nows to the positive terminal as before. 

14 



The output of the filII wave bridge rectIfier is a DC current and always flows in the same 

direction. Fig 3.2b shows the output waveform. 

3.4 1i'ILTERING 

The D. C voltage produccd by the rectifier circuit has a pulsating waveform or ripples 

which is not desirable. To reduce or totally remove these ripples, a filter capacitor is 

connected across the output of the rectifier circuit. Since electrons are stored in the filter 

capacitor in pulses, the larger the capacitor, the more electrons it can store and the 

smoother the D. C supplied to the load. 

In this design a (1000 F, 25V) capacitor was used to provide acceptably low harmonics. 

3.5 CONSTnUCTION 

The transformer used for this construction was readily purchased and it was a 220/] 2V 

rated transformer which is to be powered from the AC mains. Due to the advancement in 

the manufacture of semiconductor devices, a single component that has the full wave 

bridge rectifier circuit (shown in Fig 3.2a), enclosed in it was used for the rectification 

unit. 

\ This component consists of four pins; one negative and positive terminal (for outputs), 

and two input terminals. The primary and secondary terminals of the transfonncr were 

conncdcd to both inppls of the rectifier. A filter capacitor of value (1000 F, 25V) was 

joined across 1he negative output of the rectifier and earth. While the positive Olltput 

\ 

carries the 12V output that is used to power the whole circuit. 
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FIG 3.2a A TRANSFORMER CONNECTED TO A FUll BRIDGE RECTIFIER 
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4.0 DESIGN mId CONSTRUCTION 

4.1 TilE DKSI~J~. 

In the design of this digital display board, the major component') used were as follows. 

4060B Oscillator/Controller 

4017B Diode-Rectifier Logic ROM 

4015B Shift Register 

4503B Buffer 

4515B Alpha-decoder 

Light Emitting Diodes (LED's) 

4.1.1 40608 OSC1LLATOH 

1 piece. 

7 pes. 

5 pes. 

7 pes. 

t piece. 

The 4060B oscillator/controller is a 14-stage binary ripple counter with an on-chip 

oscillator buffer. The oscillator configuration allows design of crystal oscillator circuits. 

Included on the chip, is a reset function which places all outputs to zero state and disables 

the oscillator. When the clock is set to a low, the counter advances to the next stage. 

The oscillator produces ten frequencies out of which only two are used, one from pin 3 

(that produces ahout 2.0 Hz) is used for the main control or addressing the diode resistor 

logic unit and the second frequency from pin 5 which is about I KHz is used for the 

multiplexing 1111 it. 

The f'rCl!Uenr.:y from pin 3 is used in two places as (q) and (k), where (q) is connected to 

(z) on the diode resistor logic ROM to give a common clock and (k) is connected to a 

17 



NOT gate and fed to the shift register also for clocking purpose. The NOT gate is 

essential because the 4060B oscillator operates at an active high state, so it makes the 

output a low. 

Q12L 16 -=] Vdd 

Q13 r 2 15 ~-=] Q10 

Q14[ I 3 14 ·---·l Q8 

Q6 [~.- 44060B 13 --'--l Q9 

Q5\ 1 5 12 --~~-] RESET 
-'---

Q7 [-. 6 11 .~] CLOCK 

Q4[=] 7 10 _.J 
oun 

VSS I 8 9 .. =-J OUT2 

FIG 4.1a: PIN ASSIGNMENT FOR 4060B OSCILLATOH. 

4.1.2 40178 DECADE COUNfER 

The 4017B diode-resistor logic is a 5-state counter having 10 decoded outputs. The inputs 

include the CLOCK,RESET and CLOCK INIlIIUT signals. When the CLOCK 

INIIJRIT sign(ll is low, the counters are increased by one count at the positive clock 

signal trall~;ilion, ami a hir,h RESET signal dears the counter it its zero count. 

The Diode LogIc IS designed to perform the operation of a ROM. The logic circuit 

produce; the statemenl TO f)EPARTMI~NT OF 

ELEC-"HICAL/COMlllJTER ENGINEERING" in coded format with each pin of 
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• the 40) 70 producing a 5 bit code representing every character to be displayed. The total 

\ number of characters involved in this display is 56 i.e. including spaces, therefore 56 pins 

I are required. Since the 40170 has 10 decoded outputs, one of which is used for clocking 

i 
) and another one for cascading, 8 pins are left, so a total number of seven 4017B's arc 

required in order to get the required number of address lines which is 8 * 7 = 56. Another 

4017H (auxiliary) w~ich has a NOT gate connected to its outputs is used to shift the 

401713 activatioll, so that one 40]78 is high at a particular time, and each of its pins 

connected to a Ilumber of diodes that correspond with 'he high bits of the cHI" ~h;lt 

pallicular pin represents. E.g. U= 10110 therefore three diodes will he connected In the 

pin that produces lhe code for the character "U". 

Five resistors are connected across all the diodes to serve as a grounder such that when 

the diodes connected to the enabled pin is at a high all the other diodes on that particular 

chip are at a low or disabled. The diodes allow the flow of signals in one direction only. It 

is from these resistors thalthe five signals arc fed into the shift register section. 

5 r 

1 too _ 

0 f __ . 
2 C···. 
6 r.. ___ • 

7 (-

:3 [-J 

Vss 1 .. _ 
II 

1 

2 

3 

4 

5 

6 

7 

8 
'. 

16 .J Vdd 

1 5\'--'\ r~E SET 

14 _._J CLOCK 

LlO 1 7 B 13 [._~"] CLOCK INHIBIT 

12 =~~OO] CARf<Y OUT 

11 r .•. ] 9 
10 1

---] 4 1,-,-,-
9 1[00-'-----] 8 

... \--- .. 

FIG 4 .• h rrN (j)l'INECTJON r~'olt 401711 IlECAIJE COUNTf1~R. 
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4.1.3 4015B SUUT REGISTER 

The 40158 shift register consists of two identical and independent 4 stage registers. 

Each of these registers has its own CLOCK and RESET inputs as well as a single 

serial DATA input. "Q" outputs are available from each of the four stages on both 

registers. The logic level present at the DATA input is transferred into the shift: regist.e .. 

stage and shifted over, one stage at each +ve going clock transition. All the stages can be 

RESET when the RESET line is high. All registers are D-type, MASTER-SLAVE and 

SJ.P.O (Single Input Parallel Output) registers. 

Since the output from each 4017B are 5 bits, five 40] 58 registers are required to shtfl the 

codes representing an alphahet for 7 stages because there are 7 different 4017B's. When 

the Sbit code arrives at the shiH: register, pulse (k) from the controller section shins the 

5bit code into the first stage, and at another pulse shifts the first code to the second stage 

while another code takes its place in the first stage and so on until all the seven stages in 

each shift register has been traversed. The circuit is designed to have a common CLOCK 

and RESET since the 10th and 13th pins were cascaded to make the shift register a 7 stage 

one instead of the normal eight. 
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7 DATA----- -- -

CLOCK-- 9 

RESET 
6 

15 
DATA--- ... .. ~-.- -----, . 

CLOCK ------ _.'-'--

RESET 14 

_49J_~lt 13 

10 
-------_. 

4 STAGE 10 

10 

I 
Vdd 

Q1 

Q2A 

Q3A 

Q4A 

Q1B 

Q2B 

Q3B 

Q4B 

Fig 4.1c IrUNCTIONAL DIAGRAM OF A 4015B SHIVI' REGISTER 

4.1.4 45038 BUIfI?ER 

The 4503B buffer uses its tri-state ability to direct a single S-bit data or code into a single 

alpha-decoder character display. A multiplexer unit is included in this buffering circuit so 

as to reduce the number of alpha-decoders uscO to one, instead of seven that would have 

been used normally since seven 5bit codes were fed from the shift register output into the 

buffers. This single 4017B acting as free-running stepper, operates at 1 KHz and selects 

one particular 45038 (buffer) while the rest are cut off or at a high since the 4503B is 

active in the low state. 

Only one 4503B buffer can flllldion at a particular time therctore only one alpha-decoder 

is shnrcd amon~~sl them. This also means that only one 5 bit code is connected to the 

decoder at a time then one ancr the other depending on the buffer enabled by the frcc;-
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running stepper. 1\ NOT gate is connected to the 4503 B '5 control input to activate it 

because it is active in the low state. 

DISABLE ----.. -

1 

6 ~--.-' -.--------

, 0 ----- .. ---- -- 4503B 
12 
14 ---------

15 

DIMBLE .-

3 

5 

7 

Ql 

Q2 

Q3 

______ 9 ___ . Q4 

11 Q5 

13 
Q6 

Fie 4.1d. PJN ASSIGNMENT FOR 4503B BUFFER. 

4.1.5 TilE Al,PHA- DECODF~R UNlT 

The 4515B consist of 4-bit strobes catch and a 4 to 16-lil1e decoder. The latch holds the 

last inputs data presented prior to the strobe transistor from 1 to O. inhibit control allows 

all outputs to be placed control allows all outputs to be placed at 1 regardless of the state 

of the data or strobe inputs fig 4.1 e shows the functional diagram of the 4515B. 
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INHIBit 

D 
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a: 
7 
t; 

------~.- --- ---

:. 
"-------------

Bl..l 

601 
~~~ 
Sl)<3 

4.1eTllKFUNCI'IONAL DIAGRAM OF TILE 45l5B A LPUA DECODER. 

4.1.6 THE LEn DISPLAY nOAIU) 

The LBDs used in thi,s design are the normal red Light Emitting Diodes, and are 294 

altogether, since there were seven groups of 42 LEDs (6 rows and 7 columns). The LEOs 

were connected in a common cathode fashion where all the cathodes (+ve terminals) of 

the LEDs were connected together. Each croup or 42 ',FDs representing a character ha~ 

atl NPN transistor ()51>400) COllllected to it. 

These transist<)1 S (lre {(xl frOIll the Olltput') of the 401713 (free running stepper) and it I:; 

used to switch the displ,;y to a different set ofLEDs any time the free running stepper 

selects ;l buffer that represents a character. This Implies that since only onc buffer can 



function at a time, the transistors make sure that only the groups of LEOs they are 

connected to are enabled to display a character. This means that if a particular group of 

LEOs are not selected, all the LEOs on the board are lighted up. 

4.2 CONSTltUCT10N 

In order to avoid mistakes and for safety reasons, all circuit connections were first done 

on a breadboard before being transferred onto the Vero-board. Ie sockets were firs I 

soldered on the Vero-board before all the individual Ie's were then plugged in, thi:, wa<; 

done to prevent damage of lC's by heat from the soldering iron, and from the Ie's beilW 

short circuited. Also IC sockets are used to avoid breaking of the pins of the Ie's. A. 

digital multi-meter was used to test for continuity between interconnected points. The 

constructed circuit" were enclosed in a wooden casing. 

4.2.1 4060B OSCILLATOR 

Since the 4060B oscillator has 8 pins (on both sides) as shown in Fig 4.1 a, it has a total of 

16 pins altogether with the configuration shown. A lOOk and 33k resistors were 

connected across pins 10 and 11 respectively while a 0.001 F capacitor was soldered 

across pin 9, all three of them being in parallel. Pins 8 and 12 were connected together 

and eClrthed while pin 16 being Vdd supplies the unit with D.C voltage from the power 

unit. From the pin diagram shown in Fig 4.1a, all the pins labeled "Q" are frequency 

output pins, but sinC(~ just two frequencies arc nceded in this design only pins 3 and:) ale 

lIsed while pins 1,2,4,6,7, 13 & 14 arc left idle. This connection is shown in Fig.'l.2.1 

below. 
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VDD 

3 ,- (2.0H7.) 16 4060B 
~---I • 

12 
5 ~ (IK 117.) 

--~0 II 

10 

8 

FIG 4.2.1 THE OSCiLLATOR CONTROLLER 

4.2.2 40178 D.ECADE COUNTER. 

In this unit, seven 4017B's were used with an extra one for cascading. From the pin 

connection shown in fig 4.tb, pins 3, 2,4,7,10,1,5,6,9,11 and 12 carry the decoded 

outputs. But since only eight outputs are needed for this design, all pin 11 's were 

soldered to an OR gate for cascading, and pins 3 and 12 are left idle. Pin 16 supplic~: 

power to the circuit, pin 14 is connected to pin 15 of the 4060U whose frequency is used 

for clocking the unit. 

The various outputs of the extra 4017B is connected to pin 15 of the remaining seven 

4017B's through a NOT gale for the purpose of resetting. I.e. retuming all the 4017B's to 

the inactive state. Each pin of the 4017B was then soldered to diodes that are equal to the 

numbel of high hil:; of that code. E.g. the 3rd pin ofthe 1 ,\ 401713 represents character "L" 
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whose code is 1 00 11 hence illst three diodes were soldered to it and so on for the other 

pins. All these diodes then share a nllmber of five resistol!, (because there are five codes). 

Each diode was soldered to its corresponding resistor, so that when one diode is at a high 

state, the rest arc at a tow. The above described connection was done for aU the individual 

4017B's. Fig. 4.2.2 below shows this connection. 

__ .. I-.. l:: -~~-0--17-~B--l-~~1 •• j -.. ------ \".--. - ----- .- ~.,::::) 

. - -- --.- ~-- . - ~ ._---_. 

,; ,.4:'7:1.1 

..j rd:'7BL1}--"---~ 
_[::~~l rt "~01~J~.:.:,~".,.~,~ ~ __ .. __ '0_ 

(z," 1:~J 
-.-.---.--.... ~--. -.--"{J.'1 

. I ". 401'78 

Z mnnEded to gh.e a 
cnnmm dock fa- terminal 
q m a::J:ltrdlcr 

, n -- , -

-- - .r') 

FIG.4.2.2 CONSTRUCTION OF THE DIODE RESISTOR LOGIC ROMIDRIVER 
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4.2.3 4015B SlUFf REGISTER 

The 4015B shift registers with pin connection as shown in fig 4.1 c are five in number. 

Each 401 5B's pin 7 is connected to the outputs 01 to 05 from the diodes connected to 

the 40\7B's outputs respectively. Pins 6 and 14 are connected together and are both used 

for RESET. Pins 1 and 9 are also connected together and are fed by the frequency from 

pin 15 of the 4060B oscillator through a NOT gate since the 401 SB is active in the low 

state. This frequency is used for clocking. Pin 5 is cascaded with pin 10 to reduce the 

number of 5 bit outputs to seven instead of eight. As usual, the pin16 was connected to 

the power supply unit. The construction is shown in Fig 4.2.3. 

0, 0,0,0,0.0,0. 
r SHIFT REGISTER SECTION . ,. 

t--------,---------r------...--------
f;-------------~~-----------~------------~+_-----------, 

. --.-----rl-l-------..... -I--I---------r+-I---------.\ 

.. r-'--rl-ffi----.H+l-------r-W--W-----. \ ' 

1111111 

DI 
DI 
DI 

411UB 

1 .. ' .. 1 .. ". 

4!l":lfl 

• 4 I. 12111 

®~_iU ·L~·_~~J'E'l]·--~.Fil~-= ·lFr~"_= __ OJ r:' I r-
lrlG 4.2.3 CON~TH\lCTJON OF THE SHIFT REGISTER SECTJON 
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4.2.4 45038 8UFFERl40178 FREE RUNNING STEPPER. 

Each output from the shift register section is connected to a 4503B tri-state buffer 

through the butTers' pins 2, 4, 6, 10 and 12 which are data pins and are connected 

together. Pins 1 and 15 are connected together and fed by the outputs of a 4017B (free 

running stepper) through a NOT gate. Since the 450313 bufTer is active in the low state, a 

NOT gate is used to change the output of the free running stepper from a high to a low so 

as to euable it. 

The 4017B is the same as that used initially, only that it selves a different purpose. The 

output frequency from pin 7 of the 4060B oscillator is connected to pin 14 of the free 

running stepper to clock it. Instead of eight outputs this time, only seven are needed so 

pin 6 and pin1) are cascaded while pins 3,2,4,7,10,1 and 5 are connected to each 4503B 

buffer respectively through NOT gates. Pin 16 is used to power the device. This 

connection is shown in Fig. 4.2.4 below. 
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J?lG 4.2.4 CONSTRUCTION OIl THE BllFFf.R/MULTl1l LEXER SECTION 

29 

, 
, 



4.2.5 4515B ALl'JlA DECODER 

This unit consist.;; of the 4515B 4 to 16 line decoder, OR gates, PNP transistors and 

diodes (LN4001 ). When the 5-bit codes arrive at the 451513, for characters that have their 

first four bits similar an OR gate is used to switch the (j fih hit to either a "0" or a "1" 

depending on the character to be displayed e.g. "R" and "P" have their first four bils as 

the same, but if the fifth bit is a "0" character "R" is displayed and if it is a "1" character 

I 
"P" is displayed. 

Only twelve of the sixteen output pins of the 4515B are used, the remaining four arc left 

idle. A PNP transistor is connected to each output. pin, and an extra five transistors are 

used for the characters that are the outputs or the OR gates, bringing the total number of 

transistors used to seventeen. Each transistor produces a particular character used for the 

display. 

In turn, each transistor is connected to a number of diodes that are equivalent to the 

number of LEDs lighted up to form a particular character. For instance, when charactcr 

"M" is displayed, a total of twenty-four LEDs are lightcd up which means that t.wenty-

four diodes are connected to the transistor that produces "1\1". 

, 
I The display hoard was made or chip board with dimellsj()n~;1 SOcm by 2Scm. A hand drill 

was lIsed to bore a number of two hundred and ninety-four holes into the chip board with 
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an inch space between each LED and two inches between each group (42 LEDs) of 

LEDs. All the LEOs cathodes (positive terminal) 'were soldered together while the anodes 

(negative terminal) were fed from the diodes in the display decoder section. All the 

cathodes soldered together fomled a single output to which the NPN transistor was 

soldered which aets as a driver. This was done for all the seven groups of forty LEOs. 

A limiting 1 K resistor was soldered between each transistor and the outputs from the 

4017B free funning stepper so as to ensure that the right level of voltage enters into the 

transistors. 

The casing of the display board was made of plywood with dimensions (151 * 26 *' 13) 

em while the front panel was made of tinted glass so as to enhance the display's output. 

The arrangement ol'the LEOs on the board is shown in fig 4.2d. 
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Fig 4.2d ARRANGEMENT OF LEDs ON THE DISPL~ Y BOARD 
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5.1 CONCLlJ~ION 

Having tested the finished construction, it can be concluded that the aim of the design 

was achieved. Although some bottlenecks were encountered along the line where the 

transistors in the display unit module were found to be incompatible with the logic Unnily 

of the Ie used. It took a lot of money and time to finally get the appropriate one as 

various ones were used to day with a lot of perseverance, a transistor that yielded 

satisfactory results was /()lmd. 

1t will be seen that the resulting instrument or appliance is bigger than that available for 

commercial purposes. This is because commercial manufacturers use LSI (Large Scale 

Integration) circuits and components which are not readily available in the market, and 

even when available arc too expensive for a project design such as this. 

5.2 RECOMMENIJATIONS 

After all that's sJ.id and done. it will be advised that in future projects of this nature, as 

much as possible CMOS (Complementary Metal-Oxide Semiconductor) logic t'\mily 

Ie's should be used, as they have several advantages over other logic family circuits 

which include: 

• Lovv power consumption (3-13) V 

• Belter Noise Immunity 

• f\:lax imum Fan Out 

• Low Nose Generation 
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• Simple lntemal Circuitry 

All the above listed features make the CMOS logic family ideal for project designs of any 

kind. Also {()r students or organizations that are buoyant t.hat intend to embark on this 

project or something similar, LSI Ie's should be used so as to reduce the physical size 

of both the circuitry and the board. Using LSI circuits will also enhance programmability 

and the display of texts that contain more characters, and probably images. 
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