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ABSTRACT

The project work based on theoretical analysis exgkrimentation of the deoxyribonucleic
acid (DNA) separation process using the Gel Elgttooesis unit with temperature control in
order to reduce the cost and time. Gel Electroi®iis a technique use for the separation of
deoxyribonucleic acid (DNA), ribonucleic acid (RNA)r protein molecules using an electric
current applied to a gel matrix. The term gel iis hstance refer to the matrix used contain
and then separate the target molecules while ef@utresis is defined as a movement of
particle though solvent under external electrid¢dfimfluence. The project uses PIC 18F452
microcontroller as the main brain of the systemisTrhicrocontroller exchanges the analog
and digital data between master controller and &ratpre sensor so that the temperatures for
every two seconds are known. Besides that, thisomonitroller is also use to read the voltage
output from the power supply and measure the cuflen. A countdown timer is applied to
calculate time of Electrophoresis process. All gagameter is displayed on Liquid crystal
display (LCD). After computing the DNA separatioropess, a sound beep through buzzer is
produce. The significant of this project is to shthvat the newly designed electrophoresis
apparatus will sustain the temperature raise ann@ge the electrophoresis process. The
temperature controller circuit is expected to cointtne temperature and proportionally control

the fan speed to accommodate the thermal distdbwihin the DNA separation process.

1. INTRODUCTION

Nowadays, Switch Mode Power Supply (SMPS) is usielgly in electronics systems. Many
electrical appliances such as televisions and ctenjuse SMPS to provide constant internal
supply, SMPS also used to achieve higher voltaggplgucompared to powering battery
voltage such as tape recorders, compact disc glagetebooks, mobile phones and cameras.
Most critically, SMPS now is being used widely iroinedical research field since their
efficiency and reliability to provide stable anchstant configurable voltage range is required.
Theoretically, SMPS provides 100% efficiency orsless. However, in practical, SMPS has
efficiency of 70% to 95% and this result to opematin low temperature and high reliability.
Appreciating the contribution of SMPS in medicadascience research environment, this
thesis had focused on designing a new gel eleabregls unit which consists of Flyback
converter SMPS and gel container. In this casetradefield for separation DNA process of
gel electrophoresis was achieved by the SMPS witliracteristics such as wide range in
output voltage (70-130v), output current reachi@@r8A, and good voltage regulation. The
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significant of this project is to show that the mgwesigned of Gel Electrophoresis DNA
container will sustain the temperature raise arttope the electrophoresis process. The Gel
Electrophoresis is a technique used for the saparaif deoxyribonucleic acid (DNA),
ribonucleic acid (RNA) or protein molecules usinglalectric current applied to a gel matrix.
By placing the molecules in the gel and applyingekattric current, the molecules will move
through the matrix at different rates, determinadyeély by their mass when the charge to
mass ratio (Z) of all species in uniform, toward #node if negatively charged or toward the
cathode if positively charged. Furthermore, thigjgut is to convert of analog voltage display
to digital voltage display which affix countdownmigr to calculate the time of the
electrophoresis process and current measure usinteg circuit board (PCB). After the
process is completed, the buzzer produces thedmel.

2. RESEARCH METHODOLOGY

Research methodology of the project is conductddlisvs;
a) Design and develop SMPS
b) Design and develop new gel electrophoresis contiamé

c) Experimenting the new gel electrophoresis unit

Figure 1 shows a general concept of the new getrefghoresis unit. The first block refers to
the power pack or SMPS and the second block shoevsdntainer/tank.

-
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f i i —‘ Fan
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Figure 1. Bolck diagram of new gel electrophoresig

2.1 Design and develop SMPS



Part of the project focuses on designing and implegmg a high efficient and safe flyback
topology SMPS for electrophoresis process. TheddktSMPS will be built specially for AC
input voltage of 230V. This design will used PWMthage controller module with switching
range of 40KHz. Schematic of Flyback SMPS will lesigned, tested and fabricated into a
printed circuit board (PCB) with all the requirezbsting to be done to check the performance
of the SMPS prior to implementation in electroplstsegrrocess. The Flyback is configured
with a voltage range from as minimum as 70V up tmaximum of 130V. The maximum
current to be tested shall be 400mA. As a finatonne, the implementation is validated and

verified for functionality through electrophoregicess.

2.2 Design and develop new gel electrophoresis caimer/tank

The other part of the project is to design a nemtaioer Gel Electrophoresis DNA separation
with temperature control by using single chip mamotroller to control the temperature
during the DNA separation process. The new contameesigned by fixing the fans and
temperature sensor in order to maintain the Gattilphoresis DNA separation temperature.
Besides that, single chip microcontroller is useadnvert the analog voltage meter display
on existing power supply to digital display on liderystal display (LCD) screen with current
measure. Additionally, it is also fitted with codotvn timer to calculate the time of the
electrophoresis process. All parameters display W programmed onto single chip
microcontroller. Finally, DNA separation time wlitle reduced with the increase of voltage
power supply. An algorithm is formulated (pseudadedbase) to interact between the
temperature sensor and the SMPS so that the imecreagoltage will turn on the fan for

cooling purpose.

2.3 Experimenting the new gel electrophoresis unit
Experiment and data collection are performed atdsted procedure with several voltages

level to observe the capability of the system.

3. LITERATURE REVIEW

3.1Electrophoresis

The history of electrophoresis begins in earnest tie work of Arne Tiselius in the 1930s,
and new separation processes and chemical anagaisiques based on electrophoresis
continue to be developed into the 21st centuryelilis, with support from the Rockefeller
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Foundation, developed the "Tiselius apparatus'niorving boundary electrophoresis, which
was described in 1937 in the well-known paper "AwNApparatus for Electrophoretic
Analysis of Colloidal Mixtures"[1]. The method sprk slowly until the advent of effective
zone electrophoresis methods in the 1940s and 19#@ish used filter paper or gels as
supporting media. By the 1960s, increasingly sdmaited Gel Electrophoresis methods
made it possible to separate biological based arnutaiphysical and chemical differences,
helping to drive the rise of molecular biology. Aglectrophoresis and related techniques
became the basis for a wide range of biochemicahaals, such as protein fingerprinting,

Southern blot and similar blotting procedures, D8&juencing, and many more.

3.1.1 Electrophoresis Process

Gel electrophoresis is a technique used for tharatipn ofdeoxyribonucleic acidDNA),
ribonucleic acid(RNA), or protein molecules using an electric eatrapplied to a gel matrix.
DNA Gel electrophoresis is generally only usedrafteplification of DNA via Polymerase
Chain Reaction (PCR). It is usually performed foalgtical purposes, but may be used as a
preparative technique prior to use of other methsmash as mass spectrometry, Restriction
Fragment Length Polymorphism (RFLP), PCR, clonildNA sequencing, or Southern

blotting for further characterization [2].

The term gel in this instance refers to the matr®ed to contain, then separate the target
molecules. In most cases, the gel is a crosslipkdgmner whose composition and porosity is
chosen based on the specific weight and composdfothe target to be analyzed. When
separating proteins or small nucleic acids (DNA,ARNr oligonucleotides) the gel is usually
composed of different concentrations of acrylamaael a cross-linker, producing different
sized mesh networks of polyacrylamide. When sejpayddrger nucleic acids (greater than a
few hundred bases), the preferred matrix is putibgarose. In both cases, the gel forms a
solid, yet porous matrix. Acrylamide, in contrastpolyacrylamide, is a neurotoxin and must
be handled using appropriate safety precautiorméod poisoning. Agarose is composed of
long unbranched chains of uncharged carbohydrateouti cross links resulting in a gel with

large pores allowing for the separation of macrauooles and macromolecular complexes.

Electrophoresis refers to the electromotive foleMIF) that is used to move the molecules
through the gel matrix. By placing the moleculesviells in the gel and applying an electric
current, the molecules will move through the ma#ixdifferent rates, determined largely by
their mass when the charge to mass ratio (Z) o$gdicies is uniform, toward the anode if

negatively charged or toward the cathode if posiyiwhargedElectrophoresis process can be
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explained with Figure 3.1 where particles of sampilé move according its polarity and the

distance traveled will depend directly on the tiamel voltage

plﬂlé of glass

bufter

Figure 3.1 Electrophoresis process

Most kind of electrophoresis tests employ gel assthivent in which particles will move

when electric field is applied, some examples af Hre shown in Table 3.1 as below.

Table 3.1: Electrophoresis test data for variopesy

Electrophoresis tests Test Plan
Test voltage: 10 V/em gel length
Simple immunoelectrophoresis Test time: 60 to 180 minutes

‘Test voltage: 10 Viem gel length

Immunoelectrophoresis for rockets |Test time: 3 minutes
Test voltage: 10-15 Viem gel length

Crossed immunoelectrophoresis | Test time: 60 minutes
Test voltage: 5-10 Viem gel length

Inverse immunoelectrophoresis Test time: 60 to 300 minutes
Test voltage: 300 V
Bidimentional electrophoresis Test time: 960 minutes

3.1.2 Effects of Voltage and Temperature on Electrophoras Process
Electrophoresis velocities are directly proportiot@ the field strength, so the use of the
highest voltages possible will result in the shetrtémes for the separation. Theory predicts
that short separation times will give the higheSiciencies since diffusion is the most
important feature contributing to band broadenifge limiting factor here is Joule heating.
The electrophoresis mobility shown in equation &byl the electro osmotic flow shown in
equation (2) expressions both contain a viscostyntin the denominator. Viscosity is a
6



function of temperature; therefore, precise tentpeea control is important. As the
temperature increases, the viscosity decreasesttieiglectrophoresis mobility increases as
well. This will results in change of characteristicche separation process [3].

Uep= (
- 6mR
Equation (1)
whereq is the net charg& is the apparatus radius, and the viscosity
wo=¢l E
A
Equation (2)

whereg is the dielectric constani,is the viscosity of the buffer, artlis the zeta potential
measured at the plane of shear close to the lispiid- interface. Most separations are
performed at 2% (.e., near room temperature)[3]. For the process teeha table
temperature, new modification had been implementedchanging the off the shelf

electrophoresis apparatus to a temperature caatdtellniversal tank.

3.2 Microcontroller

A microcontroller is a microprocessor system whadntains data and program memory,
serial and parallel 1/0O, timers, and external ameérnal interrupts all integrated into a single
chip that can be purchased for as little as twtadnl About 40 per cent of all microcontroller

applications are found in office equipment, suchP&s, laser printers, fax machines, and
intelligent telephones. About one third of all noicontrollers are found in consumer

electronic goods. Products like CD players, higug@ment, video games, washing machines,
and cookers fall into this category. The commumicest market, the automotive market, and

the military share the rest of the applications [4]

It emphasizes high integration, in contrast to araprocessor which only contains a CPU
(the kind used in a PC). In addition to the usuahmetic and logic elements of a general
purpose microprocessor, the microcontroller integgradditional elements such as read-write
memory for data storage, read-only memory for pogrstorage, Flash memory for

permanent data storage, peripherals, and inputibutferfaces. At clock speeds of as little as
32 KHz, microcontrollers often operate at very Ispeed compared to microprocessors, but
this is adequate for typical applications. Theystone relatively little power (milliwatts or

even microwatts), and will generally have the &pilo retain functionality while waiting for
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an event such as a button press or interrupt. Poargsumption while sleeping (CPU clock
and peripherals disabled) may be just nanowattkjngahem ideal for low power and long
lasting battery applications.

Microcontrollers are used in automatically contdll products and devices, such as
automobile engine control systems, remote contadfise machines, appliances, power tools,
and toys. By reducing the size, cost, and poweswmption compared to a design using a
separate microprocessor, memory, and input/outpuicds, microcontrollers make it

economical to electronically control many more @sses.

3.3Temperature Sensor LM 35DZ

The LM35DZ series are precision integrated-circigimperature sensors, whose output
voltage is linearly proportional to the Celsius fGgrade) temperature. The LM35 does not
require any external calibration or trimming to yioe typical accuracies of (+£@ at room
temperature and +14over a full -55 to +15UC temperature range. Low cost is assured by
trimming and calibration at the wafer level. The 88/ low output impedance, linear output,
and precise inherent calibration make interfacingeadout or control circuitry especially
easy. It can be used with single power suppliesyithr plus and minus supplies. As it draws
only 60mA from its supply, it has very low self-tieg, less than 0°C in still air. The
LM35DZ is rated to operate over a -55 to aIB5@emperature range. The LM35 series is
available packaged in hermetic TO-46 transistokpges. Features of LM 35:

» Calibrated directly in degree Celsius (Centigrade)
« Linear a 10.0 m\C scale factor

« 0.5°C accuracy guarantee (at 225

« Rated for full -55 to a15C range

» Suitable for remote applications

* Low cost due to wafer-level trimming

e Operates from 4 to 30 volts

* Less than 60mA current drain

« Low self-heating, 0.0% in still air

 Nonlinearity only +1/4C typical

* Low impedance output, @ifor 1mA load



Figure 3.2 shows the physical dimension of LM35DZcan be glued or cemented to a
surface and its temperature will be within abo@1fC of the surface temperature. In this
project, the rainbow wire is used to connect timeperature sensor with PIC MCU on DB9 to
connect on the PCB circuit as shown in Figure 3Be pins of LM35DZ must not be

connected to each other by covering each of theiminsulated tape to avoid short-circuited.
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Figure 3.2 Physical dimension of LM35DZ
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Figure 3.3 Rainbow wire used to connect LM35DZ vatimnects DB9 to connect on the PCB

board.

To immerse this temperature sensor in a fluid, ustvbe wrapped with a silicon and rubber
tubes to avoid short on circuit. Alternatively, theare many ways to make LM35DZ water
proof and one of them is to use an empty modified fube. As with any IC, the LM35DZ



and accompanying wiring and circuits must be keptiliated and dry to avoid leakage and

corrosion.

3.4Introduction to SMPS

A switch mode power supply can be classified dseeiatn AC to DC or DC to DC converter
in which the AC to DC input voltage is convertedtie required DC output voltage. Both
converters operate in very similar ways except that AC input voltage of AC and DC
converter has to be rectified to a DC voltage fisster which, the two converters operate

very much the same way. Figure 3.4 below showspan case of SMPS unit.

Figure 3.4 SMPS unit

SMPS designs have several topologies but they@renon in the fact that a DC current is
turned on and off producing a pulse waveform throwag inductor or transformer. The
fundamental principle for the inductor topology tisat inductor current cannot change
instantaneously based on Lenz’s law. In most dedigm DC current passed through the
primary side of transformer when the switch is &trON and the current has no path to
continue when the switch is turned OFF. Howeveg tuits inductive property, the current
cannot instantaneously change so the energy th@aeisously built up in the transformer is
transferred to the secondary side of the transformg introducing necessary circuitries
(rectification, clamp, feedback ...etc) to the desitire converter is able to transform the
input voltage from the mains to the desired outpnitage on the secondary side of the
transformer [5].

3.5Principle of SMPS
Many appliances and circuits as well as the elpbieesis process will not be able to operate

properly if they do not receive a constant supmitage. Such devices need a reliable supply

10



that provides a highly stable DC voltage despigevériation from input voltage of the power
source. With the ever increasing demand for powgpkes, SMPS must be capable to
carrying out of following task [6,7]:

« Converting input voltage from the mains to a su@atoltage for the electrical devices

* Rectifying the AC input voltage to DC output voléag

* Filtering by smoothing the ripple of the rectifiedlitage

*The DC voltage must be stable and independentefdnd load variation

* Providing isolation between the main line and tbgoat of the power supply

* The power supply must be high efficiency.

*Small in size

*Low in cost

* Must be able to handle wide range of input voltage.

3.5.1 Drawback of SMPSs

There are several benefits when using SMPSs whatlenthem really attractive. However,
their greatest weakness is the generation of Bleggnetic Interference (EMI). Due to the
fact that SMPSs are switching its current consyanktiey produced a great amount of EMI
compared to linear power supplies [8]. Proper desigist be practiced to the circuit in order
eliminate or reduce noises so that it will not iféee with the performance of the power
supply. In additional SMPSs have more complicateéduitries to analyze and slower

transient reaction compared to LPSs [9].

3.5.2 SMPS Topologies

The word topology refers to the “science of place’. Two systems aomsidered as
topologically similar if they are different only ithe circuit elements that put together their
branches. An SMPS comprises of a humber of stotaggonents and switches which are
arranged in a topology such that the switches caityi controls the transfer of power from
the mains input to the generate required DC lewv&ieaoutput. In general, the storage element
arranged in such a way that they form a filter¢hiave a low output ripple voltage. The two
basic topologies of SMPS are the buck convertertaadoost converter. Many of the other
topologies are derived from these two convertertheg are considered topologically similar
to either of the two converters [10]. Additionalggnverters can be classified as non-isolated
or isolated, depending on whether a transformersed in the design [11]. In the following
section, the principle operations of a few poputologies are presented, including brief

introduction of rectifiers.
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3.5.3 Rectifiers

If the SMPS has an AC input, then the first stag iconvert the input to DC. This is called
rectification. The rectifier circuit can be configual as a voltage doublers by the addition of a
switch operated either manually or automaticallyisTis a feature of larger supplies to permit
operation from 120 volt or 240 volt supplies. Thetifier produces an unregulated DC
voltage which is then sent to a large filter cafmaciThe current drawn from the mains supply
by this rectifier circuit occurs in short pulseswand the AC voltage peaks. These pulses have

significant high frequency energy which reducespbeer factor. [12]

Special control techniques can be employed bydhewing SMPS to force the average input
current to follow the sinusoidal shape of the A@uhvoltage thus the designer should try
correcting the power factor. A SMPS with a DC ingdoes not require this stage. An SMPS
designed for AC input can often be run from a D@pdy (for 230V AC this would be 330V

DC), as the DC passes through the rectifier staghanged. However, this type of use may
be harmful to the rectifier stage as it will onliylime half of diodes in the rectifier for the full

load. This may result in overheating of these comemts, and make them fail as short
circuits. Choosing the best rectifiers for any shimhg power supply design is an important
process. The rectifiers are the largest sourceoss Wwithin switching power supplies. To

choose the best rectifier, one must understangdhemeters that affect their efficiency. The
most important rectifier parameters are the forwanithge drop (Vf) and the reverse recovery
time (trr). The forward voltage drop creates a ljps$s by having a voltage across the device

while high currents are flowing through it.

The reverse recovery loss is where the rectifienbees reverse biased, and current appears to
actually flow backwards through the rectifier. dtactually the minority carriers being swept
from the P-N junction. Nonetheless, it is a sigrafit loss. This loss is minimized by selecting
the rectifier with the shortest reverse recovemeti(trr). Table 3.2 shows a summary of the

various rectifier technologies that are appropriatewitching power supplies.

Table 3.2:Comparative information on rectifies [12].

Rectifier Forward Reverse Forward Relative

Technology Voltage Recovery Recovery Coslt
(Volts) Time (n%) Time (nS)

Fast Recovery 1.0 150 LO30 LO

UltraFast 0.9 75 50 L3

Recovery

Megahertz 1.6 28 - 2.0

Schotlky 0.5 =1.0 - L6
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For low voltage outputs, Schottky rectifiers areammended because of their low forward
voltage drop and their negligible reverse recovemye. For higher output voltages, the
ultrafast recovery rectifiers are recommended bsxanf their very fast reverse recovery
times.

3.5.4 The Buck Converter
The most elementary forward-mode converter is thekBr Step-down Convertarhich can
be seen in Figure 2.6. Its operation can be sebaasg two distinct time periods which

occur when the series power switch is on and off.
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Figure 3.5 Schematic and waveform of Buck convedpology

When the power switch is on, the input voltageasrected to the input of the inductor. The
output of the inductor is the output voltage, ahd tectifier is back-biased. During this

period, since there is a constant voltage sourcmexied across the inductor, the inductor
current begins to linearly ramp upward which isalé®d by:

L(ori) = (Vin — Vow) ton

L
Equation (3)
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During the “on” period, energy is being stored witthe core material of the inductor in the
form of flux. There is sufficient energy storeddarry the requirements of the load during the
next off period. The next period is the “off” pedi@f the power switch. When the power
switch turns off, the input voltage of the inductbes below ground and is clamped at one
diode drop below ground by tlwatch diode Current now begins to flow through the catch
diode thus maintaining the load current loop. Thesnoves the stored energy from the

inductor. The inductor current during this time is:

Loty = (Vin — Vb) torr
L
Equation (4)

This period ends when the power switch is onceragained on. Regulation is accomplished
by varying the on-to-off duty cycle of the power iwh. The relationship which

approximately describes its operation is:

Vout -D. Vin
Equation (5)

where d is the duty cycle (D gh(ton + torr)).

The buck converter is capable of kilowatts of otitpawer, but suffers from one serious
shortcoming which would occur if the power switclerey to fail short-circuited, the input
power source is connected directly to the loadudirg with usually produces catastrophic
results. To avoid this situation,ceowbaris placed across the output. A crowbar is a latghin
SCR which is fired when the output is sensed asrigngt an overvoltage condition. The buck

converter should only be used for board-level ragomn.

3.5.5 The Boost Converter
The most elementary flyback-mode converter is thesBor Step-up Converter. Its schematic
can be seen in Figure 3.6. Its operation can asorbken into two distinct periods where the
power switch is on and off. When the power switadms on, the input voltage source is
placed directly across the inductor. This causescthirent to begin linearly ramping upwards
from zero and is described by:

iLon) = (Vin) ton

L

Equation (6)
14



The amount of energy stored during each cycle tithesfrequency of operation must be

higher than the power demands of the load. The pew#ch then turns off and the inductor

voltage flyback above the input voltage and is @adhby the rectifier at the output voltage.

The current then begins to linearly ramp downwandil .the energy within the core is

completely depleted. Its waveform which is showifrigure 3.7 is determined by:

L(oii‘) = (Vout — Vin) toff
L

Equation (7)
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3.5.6 The Flyback Converter

Filter inductor, boost inductors and the Flybaclarigformer are all members of the “Power
Inductor” family [13]. They all function by takingnergy from the electrical circuit, storing it
in a magnetic field, and subsequently returning #mnergy (minus losses) to the circuit [13].
A Flyback Transformer is actually a multi windingupled inductors that have an air gap in
the core in order to stored energy. The basic tapobf the Flyback Converter is almost

similar to Buck Boost converter [14].
[ —
o K—
+ + J—tfc +
v aE v,

Lid i
e

[P N S ——

Figure 3.9 Topology circuit of The Flyback Conveifte4]

Figure 3.8 is the basic Buck converter with diodd anosfet act as switch. The inductor is
replaced by a set of coupled inductor without clvagpgperation. If the coupled inductors are
separated and rearranged, the Flyback Converteremted as shown in figure 3.9. The
operation of the Flyback Converter is similar t@ tBuck-Boost except for the differences
related to using a transformer instead of inductmshe intermediate energy storage stage.
For examples, the Flyback Converter is able tolegguthe output voltage at either negative
or positive polarity with respect to the input \agje depending on the phasing of the output
winding with respect to the primary [15]. In theyBack Converter, primary winding is
conducting while the mosfet ON and the secondamding is conducting when the diode

ON. Unlike the ideal transformer, current doesftaw simultaneously in both winding of the
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Flyback Transformers [16]. Figure 3.9 shows thag polarities of the transformer are

reversed, to obtain a positive output voltage [16].

In the Buck Boost topology the output voltage mheste a polarity opposite to the input
voltage to ensure volt-second balance across theiars. The input output voltages of the

two converters are shown below

For Buck Boost converter,
Vour=-D
nV 1-D
Equation (8)

For Flyback converter,

Vout = N.D
nV 1-D

Equation (9)

3.5.7 The Flyback Converter Implementation

From the circuit topology, flyback converter comsi®©f four main components diode,
MOSFET, capacitor and transformer. In this chagterction and effects of every component
will be discussed. From the principles operationliofie, we know that diode will be forward
biased and reverse biased depends on the voltagesat Due to forward biased and reverse
biased, diode will be in short circuit and opercuit respectively [14]. Since MOSFET can
operate in high frequency, this makes its suitalskd in flyback converter [14]. PWM (Pulse
Width Modulated) is used to turn ON and turn OF€ $lwitch by generating pulse signal to
the gate of transistor. At the output of circulte tcapacitor is used to regulate the output
voltage and reduce the voltage ripple [14]. Tramafr in the flyback converter is very
unique; the air gap of the transformer is useddceshe energy when switch ON and transfer

the energy to the load when switch is OFF.

Before we go through to the analysis of the Flyb@okverter when switch is ON and OFF,
additional assumptions for the analysis are added:

* The value of output capacitor is very large to obtanstant output voltage.
17



* The circuit must be operating in steady state olying all the currents and voltages
are periodic which is starting and ending at thees@oint over the switching period.
* The switch and diode are ideal in other word therao voltage drop across each

component.

When the switch (MOSFET) is operating (ON) only gemary path of the transformer
winding is working. This is because the secondath pf the transformer winding is open
circuit due to the reverse biased on the diodeurki@.10 illustrates the Flyback Converter

circuit when switch is ON.

o
L ]
+
g V= - . -
] ; —_— -
fan V. -3

A6 [-[.

Figure 3.10 Flyback Converter circuit when switsiON [14]

On the primary side of the transformer as showfigure 3.10,

Vi =Vs= Ly .dim
d
Equation (10)

dijm = Ay = Aljm = Vs

d At DT Ly
Equation (11)

Hence the change of current in the transformer mt@&gng inductance,

(Ai Im)closed: Vs DT
L
Equation (12)
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The secondary sides of the transformer become,

V2:V1N2:V5N2

N N
Equation (13)

Va=-Vo—-VsN2<0

N
Equation (14)

=0
Equation (15)

=0

Equation (16)

This means that, there are no currents flows invilmglings and current from source,id
charge linearly in the magnetizing inductance, In other words, current is increasing
linearly in the primary winding and no current @gisn the secondary winding. When the
switch (MOSFET) is OFF the current cannot changéimaneously in the inductance Lm, so
the conduction path must be through the primamsuwf the transformer. The currepf i
enters the undotted terminal of the primary and tnexst the undotted terminal of the
secondary since the diode current is positive. fei@i11 illustrated the Flyback Converter

circuit when switch is OFF.
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Figure 3.11: Flyback Converter circuit when switsloff [14]
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The secondary voltages of the transformgb& ome —¥since the current flow in opposite
direction,
M =-VoN;

N
Equation (17)
Voltages and current for a open switch ,
Vo =-Vo
Equation (18)
Vi=VoN; =-Vo N
N N
Equation (19)
Lrdiim = V1 =-Vo Ny
Cl N
Equation (20)
Hence the change of current in the transformer mt@&gng inductance,

Aifn)open=-Vo (1-D)T Ny
BN
Equation (21)

For steady state operation, the net change of todaarrent must be zero over one period,

Ailm(closed)"’ Ailm(open): 0
Equation (22)

ST —Vo(1-D)T N, =0
Lm L N,
Equation (23)
Hence the output voltage equation becomes:
Vo=VsD N =0

1-D M
Equation (24)
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From the formula above the others current and gekaan be obtained:

iq = |{ﬂl]: im(N1 ]
N N

Equation (25)

sW=Vs—V;=Vsg+ V({N.’L_J
N
Equation (26)

Equation (27)

¢ 3id — IR = jn[Ng| - Vo

Py

Equation (28)

For ideal case, the power absorbed by the loadtoesimust be the same as input power,

PS= Po

Equation (29)

V5| s = V02

Equation (30)

The average source current is related to the agaragnetizing current,

s 3 (im)DT (im) D
T

Equation (31)
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Hence the magnetizing current becomes,

VeimD = V¢
R

u'n(max): MDZ_
VsDR

Equation (32)

Equation (33)

The maximum and minimum magnetizing inductors quredso can be obtained,

im(max): Iim + Aljm

2

Imimax)= VD ___ ['_\LZJ + DT
(1-DYR N 2k

im(min)= im = Aljm

2

Equation (34)

Equation (35)

Equation (36)

Equation (37)
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For the continuous current mode operati@mih> 0,
Him(min)= 0
Equation (38)
Equation (39)

Hence the minimum value of Lm is,

L mmin = @B@Lz]

2N
Equation (40)
And the output ripple voltages become,
AVO=D
VO RC€E

Equation (41)

3.5.8 The Flyback Operation Mode

The Flyback Converter can operate in various ofmrat models which are Continuous
Conduction Mode (CCM), Boundary Conduction Mode KBC and Discontinuous
Conduction Mode (DCM).

3.5.9 Continuous Conduction Mode (CCM)

In the CCM mode the magnetizing inductance of thesformer starts from a nonzero current
condition when the switch turns ON. The CCM Flyb&xnverter is typically implemented
in fixed frequency application. The secondary aur@oes not return to zero. Also when the

load current is varied in a CCM Flyback, the DC rggestored in the transformer respond
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accordingly. For example, if a higher amount ofdaarrent is drawn from the output, the
controller will ensure that the transformer movethigher current level from which is starts
and ends during each cycle. The amount of eneegsfierred to the load increases since the

inductors stored energy according to 12Li

3.5.10 Boundary Conduction Mode (BCM)

In the BCM mode, the controller operates rightstlos boundary between CCM and DCM
[15]. The switch turns ON and stores just enouglr@ to replenish the load during the time
the switch opened [15]. Thus the switch turns OMNimagas soon as all the energy is
transferred to the output [15]. The controller emsuthat there is very little time when the

transformer has no energy stored as flux, knowateasl time.

3.5.11 Discontinuous Conduction Mode (DCM)

In the DCM mode, the stored energy and currentsstard return to zero in each cycle [15].
The energy stored in the primary when switch is ®Nompletely transferred to the output
through the secondary after the switch opens [IBg time when the switch is open and

energy is not transferred to the load is knownesgdime.

4. SMPS DESIGN AND IMPLEMENTATION

4.1 Selection of Magnetic Material

First of all we need to choose the magnetic caséwe use to build the Flyback Transformer.
The Flyback Transformer plays an important role tbe Switch Mode Power Supply
converter and will influence the design specifioatiln this project we used E core type of
magnetic core (ETD34) as illustrated in Figure 4ble 4.1 describes the parameter of the
ETD 34. From table 4.1, E or EC shapes of type 3{€@fte core are chosen for flyback
transformer designing because it has low core amstellent winding flexibility, simple
assembly, good mounting flexibility, and excelldmat dissipation if compared with other

shapes of ferrite cores.
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Figure 4.1: ETD34 core half [16]

Table 4.1 Effective core parameters

Symbal Parameter Walue Unit

A Core factor (C1) 0810 m

Vo | Elfective volume Tad i

I. Ellective lenoth 78.0 mim

A Effective area u7.1 mm-

A in Minimum arca O1.6 mnt
m | Mass of core half =20 o

Table 4.2Comparison of different type of core shapes

Consideration/shapes | Pot Core | ECore | ECETD PO EP Core | Taroid
Core Core
Core Cost ITigh Low Medivm | IHigh | Mediom | Very
I
Winding Cosl Low Lo Low Low Lo High
Winding Flexibilily Croad Excellent | Excellent | Good Crond Fair
Assembly Simple Simple Medium | Simple  Simple MNong
Mounting Flexibility Good Good | Fair Fair Good Poor
Heal Dissipation Poor Excellent Giood Giood Poor Gouwd
Shiclding Cxcellent Poar Poor Fair | Excellent | Good

There are many types of core that can be usedild &dlyback transformer because every

core materials has its own unique properties. Bdlgithere are two types of transformer core

which are ferromagnetic and ferrimagnetic. Ferroneig is the normal type of magnetic and

always exhibit as horseshoe magnet and refrigenaégnet. Ferromagnetism is defined as the
phenomenon by which materials such as iron, in atereal magnetic field become

magnetized and remain magnetized for a period #fermaterial is no longer in the field.
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Ferromagnetic metal alloy by very rapid cooling tias advantage that their properties are
nearly isotropic. The advantages are low hystettess high permeability and high electrical

resistivity.

A ferrimagnetic material is one in which the magnehoment of the atoms on different
sublattices (anti-ferromagnetism). Ferrimagnetic temals have high resistivity and
anisotropic property. The anisotropy is actuallguced by an external applied field.
Ferrimagnetism is exhibited by ferrites and magngtirnets. Some ferromagnetic materials
are YIG (Yttrium Iron Garnet) and ferrites compos#dron oxides and other elements such
as aluminum, cobalt, nickel, manganese and zinmuféetured of ferrite core is different
from the previous materials. The raw materials argdes of various metals such as
manganese, iron and zinc. The oxides normally si@nainsulators and therefore ferrite core
have higher resistivity than magnetic alloys andrpiting the ferrite core to operate in higher
frequency up to Mega Hertz. As a conclusion, fergore type 3C90 will be chosen as a
material to build the flyback transformer due te tbw core losses in high frequency (>20

kHz) and available in variety of shapes.

4.2 Rectifier Circuit

Figure 4.2 illustrates the rectifier circuit thatused to convert AC to DC. Main component
that need to be taken into consideration is thelibkCapacitor which is circled in Figure 4.2.
The key rule is to decide the value of DC link aafma which in this circuit will be 3 micro
farad per watt of input 230V. The voltage rating tbe capacitor is 400V due to rectifier
device multiplication with factor of 1.41.

i WDaD4 - EH
Awo? 7]‘ T

' Ks501
FIC2_2A Csbe
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RS ¥1"

¥ X RS

" . i MZTIA-T4RM
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; W,

obd . 1A L= ]cse [

Figure 4.2AC to DC Rectifier
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4.3 Flyback Converter

After the main voltage is rectified by a bridgetier, smoothen by a DC link capacitor and a
main DC bus voltage is obtained. The DC bus comzkrs switched across P1 winding of the
ferrite core Switch Mode Transformer (SMT) whichdissigned to operate at high switching
frequency with high efficiency. According to thesssm requirements, a number of winding
could be added to both sides of SMT to obtain mplgtoutput AC-DC isolated SMPS. When
the switching element is ON, the energy is store®1, called energy storage phase. When
the switching element is OFF, the stored energlinis transferred to the secondary side,
called energy transfer phase. The desired DC swatgges required are generated at the
secondary side of SMT with additional rectificagoi®ne of the rectified outputs which is the
most critical one for the system operation is ndiyneonsidered as the main output and by
means of a potential meter for adjustable mainwutpltage from 70V to 130V is generated.
The block at the control pin of the switching eletnm Fig. 4.3 (commonly a MOSFET or
BJT) contains a driver circuitry and accomplishes ¢urrent and/or voltage control. The duty
cycle (D) of the driving signal is adjusted basedtbe feedback signals coming from the

main output via an optocoupler.

The regulation on the main output determines therotoltage output levels of the system. In
practical applications, in order to transfer alle tlenergy stored under the worst-case
conditions, which is assumed as minimum mains gel@and maximum load, D is kept below
fifty percent (0.5). In some applications, thereaisnechanism to prevent starting a new
energy storage phase before transferring all teeggrstored in the previous cycle. When this
technique is not applied, primary winding currerdud have a DC level that leads to the

temperature increase of the SMT.
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Figure 4.3 Multiple Output Flyback SMPS Circuitry Using PothiMeter

4.4 Control Circuit — Pulse Width Modulation (PWM)
Pulse Width Modulation (PWM) control works by switcg the power supplied to the

flyback converter. In this project the AN 6753 wadmsen as a PWM integrated circuit. The
27



AN 6753 was designed to offer improved performasuoe lowered external part count when
used in designing all type of switching power sigglThe main function of the PWM circuit
is to provide pulse signal to the gate terminalhaf mosfet. This will lead the mosfet ON or
OFF depending on the duty cycle and the switchmeguency. Figure 4.4 illustrates PWM
circuitry in Flyback SMPS.
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Figure 4.4 PWM in Flyback SMPS

4.5 Hardware Implementation of Flyback SMPS
Figure 4.5 shows the realization of Flyback PCliitation.

Figure 4.5 Flyback SMPS PCB
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The following figure 4.6 shows the snap shot ofréred Fylback SMPS ready to be used for
electrophoresis process.

Figure 4.6 Flyback SMPS

4.6 SMPS Verification and Validation

Table 4.1 states the standard power supply datet glarameter which describes the Flyback
electrical characteristic
Table 4.1Flyback SMPS Electrical Characteristic

Rated Specifications Value Unit
Input Voltage 230 Vi
Input Current N/A Amps

Input Frequency 60 Hz

Rated Qutput Power 52 Watts

As a result of verification, the next figure shothie performance of the power supply. Figure
4.7 illustrates the percentage of errors calculdtezlto the variance between entered voltage

value against displayed value.
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% Error Vout
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Figure 4.7Relationship between Vout (%error) and Voltage @siizred

From the obtained result of Flyback performancedeadlon, the percentage of error is likely
to decrease with the increase of the Voltage editdfigiure 4.8 below illustrates the voltage

deviation during Electrophoresis process.

Voltage Entered =120V

o |
S a7

119.6 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45

Time (Minutes)

Figure 4.8: Voltage variation during Electrophosgsiocess

The voltage deviated with error of less than 0.2% provided stable voltage at 119.7V. To
validate further and the most important part oftthiesis is to get the Flyback to operate

efficiently for the electrophoresis process. Figdre gives a brief snap shot of the test setup
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that will be validated and figure 4.10 shows theal rélyback in active mode during
electrophoresis process.

Coolant
SEPPES'
=] o & 2]
GNA-200

FLYBACK SMPS
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Figure 4.9 Electrophoresis process setup

Figure 4.10 Electrophoresis process in lab envigmm

4.7 Design and Development of Gel Electrophoresiso@tainer

Figure 4.11 shows a sketch of the Gel Electropli®i@slA separation container, which it
can be seen from the four angles of containerafefront view, back view, top view and the
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3D view with the actual size. This sketch is impatt together actual view size before

drawing in AutoCAD software.

Back view

~
rd
Bam

W

'/

Sem

’I
/.

4
#

16em -

der e

Figure 4.11 Design sketch of a new Gel Electropsis®NA separation container

Figure 4.12 shows of the first sketches of newgte§®)NA Gel Electrophoresis separation
cover with temperature control, where the cooler daed to cool the temperature inside the

container exceeds the prescribed limit and thexdeanperature sensors to send signals to the

microcontroller.

Figure 4.12 sketch of cover Gel Electrophoresidaiaer
After sketching the electrophoresis container,dfanit to AutoCAD software and to be cut

using laser cutting machine. Figure 4.13 below shtie lines that were drawn by using

AutoCAD software.
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Figure 4.13 The view of drawing using AutoCAD scdre

Upon cutting process is completed, all part showirigure 4.14 are combined with liquid
clorofon to complete a new DNA Gel Electrophoresiparation container as in Figure 4.15.

Figure 4.15 The complete new Gel Electrophoresig\BBparation container
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4.7Pseudo Code and Program Algorithm

Microcontroller acts as a brain of the whole terap@e sensor, current and voltage
measurement and also for timer to control the edpbibresis process system. It will sense the
temperature from LM35DZ through RAO pin of PIC 1824 The temperature sensor will be
measure the temperature of TAE buffer which isétween 20to 25°C. If the temperature is
out of this range, the microcontroller will insttube cooler fan to switch on through RC1 pin
of PIC 18F452. An algorithm has to be developedntike the microcontroller to read the
input and respond accordingly. Therefore, the dtlgor is established and represented by the
flow chart and pseudo code in Figure 4.16 and eidut7 respectively. These flow charts are

then translated into C language and compiled usitkgoC for PIC, the PIC 18F452 software

Voltage set using
potentiometer

s

Current flow be
measure

v

Set timer of
operation

4

Start the
operation

—> Timer start

countdown

\%

ADC process to
get analog output
from LM35

v

Cooler
fanis ON

Buzzer ON

\/

Con >

Figure 4.16: The flowchart of the program

development tool.
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flprogram//

Stant

Mam ()

Display character at frstrow: Voltage:

Dhsplay character gt second row: Carrent: mA

Dhusplay character at theed row: Temperature: °C

Dizplay character at fourth row: Time: minutes
Do

rezd violtzge output;
display voltage measure;
read cument output;

display current measure;

read temperature valus:
convant m Celsms;

ifi temperature>25°C)

e DN
glze!

Fan= OFF;
Dizplay value of temperature;

[nput unit tme;
Duzplavvalue tme ot
Inputtent tme;

Display valus tme"tens";
Selact start button;

for (= = mm: =M

tgsl = | mam.-1)7 el |
temal = (tmm-11 19 ;

display tiune ledt,

do
read temperature, voltage, cwrent,
display curr=nt value all parameter;
i
§ while{((y==00) && (Clear ==(}));
if (Clear} {

buz=er on

]
Vihala{1}:

%

=8

Figure 4.16: Pseudo code algorithm

4.8 Result Analysis

Some experiment and data collection are performestaandard procedure and difference
voltage level in order to observe the cability bé tsystem. The figure below show that the
electrophoresis process setup had been defined tacgpss 120V with minimum current

through is 20mA within 40 minutes. The DNA movednr the negatively charged pole
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towards the positively charged pole. Below are figares illustrating the DNA separation
process taking place every 5 minutes.

< U TN
A
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Figure 4.21 DNA separation after 25 minutes guFé 4.22 DNA separation after 30 minutes
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Figure 4.23 DNA separation after 35 minutes uFegd.24 DNA separation after 40 minutes

After the DNA had been moved until the end of thelliwontainer, the samples were sent
into an UV machine to validate the electrophorgsiscess. Figure 4.25 reveals the DNA
under UV light.

Figure 4.25 DNA sample under UV machine

4.8 Experimental result analysis

4.8.1 Gel Electrophoresis experiment with 80VDC (ahdard procedure) using standard
container

Figure 4.26 shows the result of Gel Electrophor&d$A separation with 80VDC using
original container. This experiment was conductgdtandard procedure. The process of this
experiment takes 60 minute to complete the DNA is#jma. From the figure, a bigger and a
smaller molecule DNA move from negative to positicarrent. However, the DNA

movement is blur due to improper gel preparation.
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Figure 4.26 DNA result for standard procedure usitagidard container

4.8.2 Gel Electrophoresis experiment with 80VDC (ahdard procedure) using new

container

Figure 4.27 shows the result of Gel Electrophor&WA separation with 80VDC
using new container. This experiment was condubtedtandard procedure. The process of
this experiment takes 60 minute to complete the Dd¢paration. From the figure, a bigger
and a smaller molecule DNA move from negative tsifpee current similarly as stated in

theory.

Figure 4.27: DNA result for standard procedure ggiaw container

4.8.3 Gel Electrophoresis experiment with 100VDC using ng container

Figure 4.28 shows the result of Gel ElectrophorBdi#\ separation with 100VDC using new
container. The process of this experiment takesibites to complete the DNA separation.

Figure 4.28: DNA separation with 100VDC using newatainer
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4.8.4 Gel Electrophoresis experiment with 120VDC using ne container

Figure 4.29 and 4.30 shows the result of Gel Edgptioresis DNA separation with 100VDC
using new container. The process of this experineegs less than 50 minutes to complete
the DNA separation.

Figure 4.29 DNA separation with 120VDC using newatamer

Figure 4.30 DNA separation with 120VDC using newtemer

5. CONCLUSION

The results and validations on the new design défEBeetrophoresis DNA separation unit
in science laboratory under typical conditions dieahows that this research had fulfilled
the stated objective within the clarified scopeha study. The theoretical formulation for
reduce DNA separation time using high efficiencyitsiv mode power supply of a gel
electrophoresis unit has been demonstrated thrthmlalgorithm development (pseudo
code). This container had clearly served the pwpot DNA separation whereby
controlled the temperature is essential to geetbetrophoresis process working.

As a conclusion, the new design of Gel ElectropsisrBNA separation unit is capable to
reduce the time of the electrophoresis separationcess. Furthermore, this
implementation is more likely to be a cost savingjgct with optimized design rule

custom made for electrophoresis process.
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APPENDIX — Pseudo Code program

Software programming

// LCD module connections

shit LCD_RS at Rc2_bit;

shit LCD_EN at Rc3_bhit;

sbit LCD_D4 at RC4_bit;

sbit LCD_D5 at RC5_bit;

shit LCD_D6 at RC6_bit;

sbit LCD_D7 at RC7_bit;
shitLCD_RS_Direction at TRISc2_bit;
shitLCD_EN_Direction at TRISc3_bit;
shit LCD_D4_Direction at TRISC4_bit;
shit LCD_D5_Direction at TRISC5_bit;
shit LCD_D6_Direction at TRISC6_bit;
shit LCD_D7_Direction at TRISC7_bit;
/l End LCD module connections

/I Tact switches and Relay ports

shit buzzer at RcO_bit;

shitSS_Select at RB2_bit; // Start Stop Time Selec
shitUnit_Button at RBO_bit;

sbitTen_Button at RB1_bit;

char MessageO[] = "ELECTROPHORESIS";
char MessageO0[] = "SYSTEM";

char Messagel[] = "Voltage:";

char Message?2[] = "Current:";

char Message22[] = "mA";

char message3[] = "Temperature:";

char message4[] = "C";

char Message5[] = "Time:";

char Message6[] = "minute”;

unsigned short unit=0, ten=0, ON_OFF=0, index=0agltime;
unsignedintADC_Value, DisplayVolt,temp, Ammeter mshow;
unsigned char op[12], lcd[5];

unsigned short i, j,k,l
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char volt[] = "000.0";
char current[] = "00.00";
char digit[] = "00";

char dis[] = "00";

voidDisplay_Digits(){
digit[1]=unit+48; /Il tukarascii
digit[0]=ten+48;

Lcd_Out(4,6,digit);

}

voidstart_timer(unsigned short tmin){
unsigned short templ, temp2;
buzzer = 0;
ON_OFF =1;
Lcd_Out(4,1,Messageb);
INTCON = 0x90;
for (i=0; i<tmin; i++){
templ = (tmin-i)%210 ;
temp2 = (tmin-i)/10 ;
Lcd_Chr(4, 6, temp2+48);
Lcd_Chr(4, 7, templ+48);
=L
do{
Delay_ms(1000);
j+H+;

ADC Value = ADC_Read(1);
DisplayVolt = ADC_Value*25.01,
volt[0] = DisplayVolt/10000 + 48;
volt[1] = (DisplayVolt/1000)%10 + 48;
volt[3] = (DisplayVolt/100)%10 + 48;
volt[4] = (DisplayVolt/10)%10 + 48;
Lcd_Out(1,9,volt);

delay_ms(1000);

Ammeter = DisplayVolt/16.69;
current[0] =(Ammeter/100) + 48;
current[1] = (Ammeter/10)%10 + 48;
current[2] = Ammeter%10 + 48;
current[4] = Ammeter + 48;
Lcd_out(2,9,current);

/lread temperature
TEMP = ADC_Read(0);
if (TEMP >57)

/lread analog at AN1

{
PORTc.f1=1; // Turn QEDs on PORTD
}
else {
PORTc.f1=0; /I Turn QEDs on PORTD

}

show = TEMP*100; /I Convaatstring in "op"



show = show/225;

/I dis[3] =(show/1000) + 48;

/1 dis[4] = (show/100)%10 + 48;

dis[0] = (show/10)%10 + 48;
dis[1] = show%10 + 48;

Lcd_Out(3,13,dis);

// Outputlt6D

} while(((j<=59) && (Clear ==0)));

if (Clear) {

buzzer =1,

Delay _ms(1000);
INTCON = 0x00;

goto stop;

}
}
stop: buzzer = 1,
Delay _ms(1000);
buzzer =1,
ON_OFF = 1;
unit = 0;
ten = 0;
index = 0;
clear = 1;

}

void interrupt(void){

if INTCONL.INTF == 1)
{
Clear = 1;
INTCON.INTF = 0;
}
}

void main() {
TRISA = Oxff;
TRISB = Oxff;
TRISC = 0x00;

buzzer = 0;
ADCONO = 0xff;
ADCON1 = 0x80;

Led_Init():

/I Check if INTF figis set

/I Clear interruftag before exiting ISR

/I Analog chanrselect @ AN2
/[ Use Vref =5

/I Initialize LCD
Lcd_ Cmd(_LCD_CLEAR);

/I CLEAR display

Lcd Cmd(_LCD_CURSOR_OFF); /I Cursor off

Lcd_Out(2,3,Message0);
Lcd_Out(3,8,Message00);

delay_ms(2000);

Lcd_ Cmd(_LCD_CLEAR);

/| CLEAR display

Lcd_ Cmd(_LCD_CURSOR_OFF); /I Cursor off

Lcd_Out(1,1,Messagel);

Led_Chr(1,14,'V");

Lcd_Out(2,1,Message?);
Lcd_Out(2,14,Message22);
Lcd_Out(3,1,Message3);
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Lcd_Chr(3,16,223);
Lcd_out(3,17,messaged);
Lcd_out(4,1,messageb);
Lcd_out(4,9,messageb);

start:

clear = 0;

Display_Digits() ;

do{

ADC_Value = ADC_Read(0); /lread lagaat AN1
DisplayVolt = ADC_Value*26.01,
volt[0] = DisplayVolt/10000 + 48;
volt[1] = (DisplayVolt/1000)%10 + 48;
volt[2] = (DisplayVolt/100)%10 + 48;
volt[4] = (DisplayVolt/10)%10 + 48;
Lcd_Out(1,9,volt);

delay_ms(1000);

Ammeter = DispayVolt/16.69;
current[0] =(Ammeter/100) + 48;
current[1] = (Ammeter/10)%10 + 48;
current[3] = Ammeter%10 + 48;
current[4] = Ammeter%?5 + 48;
Lcd_out(2,9,current);
delay_ms(1000);

if('Unit_Button){
/[ Delay_300();
unit ++;
if(unit==10) unit=0;
Display_Digits();
} /1 1f 'Unit_Bton

if('Ten_Button){
I/l Delay_300();
ten ++;
if(ten==10) ten=0;
Display_Digits();
} /['1f ITen_Bon

if(!SS_Select){
/I Delay_300();
time = ten*10+unit ;
if(time > 0) start_timer();
} I'f1SS_%el
if(clear){

goto start;

}
} while(1)
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