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INTRODUCTION.

Every students undergoing Diploma in Biomedical
Engineering, semester 5 and 6, must take-up the subject
E419/519, project. Generally the purpose of this subject is to
expose the students the processes and skills to complete a
designated project.

The project that we have to complete is “Corpse Fridge
Temperature Detector” . This biomedical equipment is a technique
used to detect the temperature inside the corpse fridge.

Although the project seems simple, but the process of
completing the project is time-consuming, and needs special
attention and care in realizing each process.

Anyhow, by completing this project, we have gained many
experience along the way. Which we hope can help us in the real
working environment soon.




OBJECTIVES.

This project is are of the subjects that combines theory and

practical together. The reasons for making the “Corpse Fridge

Temperature Detector” is : -

. The students can know the electronic component and

understands the circuit operation.

To give general knowledge to the students on how and the
steps driving projects.

Student can learn the proper usage of the machine and hand
tools and using them to complete the projects.

4. Student show their hand work in completing their projects.

8.
9.

To reveal to the students about the responsibility and work
the student will face when going out to work soon.

. to train the students to be confident and has a self-confident

and contribute good ideas in delivering dedicated, dynamic,
creative, innovative and experience that can help them
during maintenance of electronics equipment. After
experiencing failure and problems in the process of
completing their projects.

The students receive the basic expertise like soldering,
etching, circuit drawing, circuit connecting, and soon.

To bring out the talents in the students in field of electronics.
To make the students interested in electronics.

10. To plant cooperation spirit and nature of helping each other

amongst students in getting a quality and perfect efficacious
work.




CONCLUSSION

With the grace of God Almighty, Alhamdulillah we have
completed our report for the Corpse Fridge Temperature Detector.
Throughout the process completing each procedures needed for
achieving success, we have gained many constructive and
meaningful experience. We do admit that we had doubts on
ourselves in completing this report in time.

As we have reached to the end of the process, we leave
come to a conclusion about the project. The project Corpse Fridge
Temperature Detector is a device used for detecting the
temperature level inside corpse fried and produce alarm if the
unacceptable temperature has been detected. The Corpse Fridge
Temperature Detector operates by generating LCD Thermometer
circuit, Fridge Alarm Circuit and Alarm Timer Circuit.

We can conclude that the subject of project really helped us

-~ out in bringing out our hidden talents in electronics. We managed

to understand and implement the circuit with the help of many
topped with the readily available knowledge in ourselves.

We also have learnt a lot an electronics principles and the
physiological of the corpse or dead body by completing this report.
The knowledge that we gained are hoped to be implement in the
working environment in the near future.




As a conclusion, we are determined that this subject, not
only broadened the aspect of electronics field alone but also made
H us expose ourselves in the field of pathology and physiology.




DEVICE PURPOSE.

The project, Corpse Fridge Temperature Detector is a device
used for detecting the temperature level inside corpse fried and
produce alarm if the unacceptable temperature has been detected.
The acceptable temperature for the corpse fridge is around -3°C to
-5°C. When the LCD Termometer detect the lower or higher
temperature, automatically the alarm circuit produce sound o
make an attention which fridge had a problem. The temperature
will be displayed on the LCD together.

So, it will help technician to confirm which fridge has a
problem, what is the exactly temperature inside the fridge and the

result after repairing or mdintenance has benn done.







SYNOPSIS

Mortuary Temperature Detector is a new project with a new
ideas and invention. As we know, the usual and the old stuff for the
detecting the temperature is not complete yet. We discover and we
find that the temperature detector must have their own alarm to make
sure it is still in a good condition. Therefore, we have built one project

that call mortuary temperature detector.

This project show a temperature and the alarm will function if

the system had failure. For example, the technicians have to set the
temperature first. The suitable temperature for the mortuary is about
2 Celsius. When the chiller and boiler that mortuary usually use for
the éooling system had failed and because of the temperature is not
suitable, the detector will detect the failure and alarm sound will come
out.

There are 4 circuits that we used for the combination of this
project. There is Thermometer with LCD display circuit. This circuit
are the main circuit because the diode which covered with copper

wire are working as the detector. We use box of ice to measure the
ice temperature for replace the mortuary freezer. ICL 7136 which
ordered from United Kingdom are the main component in this circuit.
The IC which is combining with the display is link together to perform
’ a temperature display. Actually there are two types of LCD display
| that can use for this purpose. There are Reflective and Transflective
which had different ways to show the display. The ICL 7136 work as
. @ ADC or analog digital converter. Usually the IC convert an analog
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signal to a digital output after the whole circuit work to measure the
inconsistence temperature.

Another circuit that we use are Alarm circuit. When the display
show the wrong value, that means the freezer was failure to do so.
The alarm will make a busy sound so that the technician will take any
responsible action to solve the problem. Actually when the
temperature is wrong it must be something with the cooling system.
The input of this project is 9 volt through the whole of this project. To
make sure this circuit is running , we use a variable resistor to control
the resistance and a piezoelectric buzzer for strength and powerful
sound.

We also use two more circuit to verify the true measurement of
the temperature. The backup temperature detector that use a relay
work also as temperature detector but there is still have to combine
with the another circuit. The circuit actually for the heat or in the other
word the circuit detects a hot temperature. We convert the circuit and
change the relay for measure a cold temperature.

Finally we cover all the circuit and put in the small boxes that
we built ourselves. We use Perspex to join the box and use a little bit
chloroform to make sure it adhesive. Then we put a small
Tupperware below this box and put ice in the box so that the copper

wire can measure the ice temperature.
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Theory Corpse or Dead Body

The beginning process.

As soon as the heart stops pumping, the blood sediments to
lower part of the body. This happens due to the gravitational pull of
the earth. The bottom of the dead body begins turn to purplish red
and upper part will turn to pale white. All of the body part stops
functioning. The lung can't change the Oxygen to Carbon Dioxide
process or vice — versa anymore. The colon will cease to function.
Skin and muscle begins to bend slack and the body temperature is
also decrease. All the physiological process.ceases to function.

After two to six hours, the muscle hardens beginning with the
eye-lid and followed by the rest of the muscie. After two to four hours,
the hgart returns to slack. The dead body begins to smell between
“wo tg three days after. The smell that comes out from the body are
éo strong, more offensive then that of the animal carcass.

At the same time, deeaying process starts from the lower part
of the bowel, colon and intestines. The green color begins to show.
This is because there are a lot of bacteria in the waste matter inside

the colon which also perform the decaying and decomposing on the
colon itself.
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These bacteria perform a function to help digesting process in a
normal living person. This green color will spread to coat throughout
the abdomen cavity, chest and thigh. Then it darkens until it is totally

black. Stomach swells and ruptures. The eyes will pop out. This is
caused by the gas produced by bacteria in the small intestines.

After seven days, the skin will be reddish as though it has
caught on fire and it peels easily. After three to four weeks, the nails,
hair and teeth will come off one by one. The decaying process
happens till the muscle is separated from the bones. Then the
decaying continues wrare the muscle and other organs decomposes

in a certain period of time.

This process is also helped by larvae and worms. The soil
chemistry factor also influences the decaying rate. The peat soil and
the deeper regions of the soil will keep the body conserved. 'Higher
temperature also influences the decaying rate. After two yaars, only
the bones remain but then time factor will eventually erode and

crushed the bones within decades.
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Fridge Alarm Circuit

An alarm to tell you that it isn't in a subject of this article. It is
based on a light dependent resistor (LDR). As soon as the door of the.
fridge being guarded is opened, lights fall into LDR, the circuit is then
actuated an awarning tone is sounded until the door is closed again.

A delay of about 10 second. Between the opening of the door
and the sounding of the alarm is provide by the time constant R3C4.
If faster reaction of the circuit is required, the value of R3 may
reduced to 220K.

At the moment the threshold of N1 is exceeded, the gate
commences to oscillate at a frequency of a few hertz. Each
consequent rectangular pulse at the output of a inverter N2 fires
oscillator N3 which generated pulse trains whose rates amounts to a
KHz. The pulse trains are fed to inverter N4 which causes the piezo
Buzzer to emit a tone.

4 Without N2, oscillator N3 would work continuously when N1 is

_not being triggered, the output of N1 would then be high and the logic

SN

oy at pin 8 of N3 would cause the oscillator to function.

Inverter N4 serves to amplify the output of the buzzer. If the
buzzer would simply be connected between the output of N3 and
earth, the membrane would merely move from its rest position to 1
side. By connecting the buzzer across an inverter, its polarity is
constantly reversed and this caused a QOubling of the alternating
voltage across it. Preset P2 provides further optimization of the

_ volume by tuning N3 to the resonant frequency of the buzzer.
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Preset P1 determines the sensitivity of the alarm, the smaller its

value, the less sensitive the circuit is.
The alarm is most conveniently construced on the printed
circuit. Current consumption in the quiescent condition is of the order

of 0.5mA and when the alarm operates about 4mA.

=




| Part List

L k' ‘ Resistor :

R1=1K

R2,R3 = 1M (value of R3 may be reduce : see text )
R4 = 10K

R5=LDR

P1 = preset 10K

P2 = preset 25K

Capasitors :
C1=470n
C2=10n

C3,C4 = 10u/16V

Semiconductors :
D1 =1N4148

Ic1 = 4093

Miscellaneous :

S1 = door (micro) switch piezo electric buzzer
PP3 (9V) battery with clips case 100 x 50 x 40 mm
Printed circuit 84437




Alarm Timer Circuit

The circuit begins to operate as soon as its input level become
‘0", After about 30 seconds the buzzer sounds four times at 1
seconds intervals. This happen every 30 seconds until the input goes
logic high again. '

The cicuit is based on 14 stage CMOSbinary counter and
oscillator type 4060. The oscillator frequency is determined by f= Y
R3C1, where fis in Hz, R3 in ohms and C1 in farad.

The oscillator is internally connected to the clock input of the
counter. As soon as the reset input is logic low, the counter begins to
operate. Becaused at the onset output Q4, Q7 and Q10 are logic ‘0.
After about 30 seconds, Q10 becomes ‘1’ Tha 1 hertz signal on Q4 is
then applied to the base of the transistor T1. this transistor therefore
conducts in rhythm with the 1 hertz signal and switchas the buzzer on
and off at the same frequency.

After four seconds output Q7 also becomes logic ‘1. As both
inbuts of NAND gate N3 are now logic high, its output becomes ‘0’
This level ensures that the reset input of IC2 briefly goes high, so that

the counter resets all outputs. If the input of the circuit is still ‘0, the

process stars a new, otherwise the alarm stays quiet.




Power Supply Circuit

The noveity of this design is that it has a variable output from
0V up without using a transformer with 2 secondary windings. The
circuit can either be constructed with the well known 723IC for higher
output voltages. The L1468 which although less popular is still easily
available. The choice is left to the constructor. The output current
limitation is also variable, but once set is continuously effective. Table
1 shows all the different components values neede to make three
different versions (30, 40 and 60V maximum output).

The circuit diagram illustrates the 40V / 0.8A type. The L146IC
was used because this can handle the higher output voltages far
better than the 723. Narmally speaking 2V is the minimum requlated
voltage which either IC can provide. Resistor networks R3 R4 and
R5,R6 get over this restriction so that the output can be adjusted right
down to practically OV ( with P2).

Another aspect of the design is the unusual way in which T3 is
driven. When the required output voltage is below the tolerated
minimum of the regulator, the potential at pin 4 is below that of pin 5.
This result in the IC trying to compensate for this by attempting to
increase the output voltage from pin 9. This however doesn't because
ping is earthed via R7 and D2 which limits the voltage increase.

When the voltage drop across R1 exceed 0.6V, is shorted by

R1 and T3 is cut off. During normal operation, the voltage drop
Across P1 is a constant 1.2V made up of the forward voltage of D1
amnd the UBE of T2.




different power supplies dependent on the voltage range required.
Bear in mind to limit the output current sufficiently to keep the power
dissipation of T3 under 40W. the maximum output current of 240V
version is 0.8A. It is possible to connect two 2N3055s in parallel (with
emitter resistor) to double the output current, but then a 2A

transformer is necessary.

Table 1:
Uout| lout | R1T | R4R| RS 1 c1/cs5 ! IC1 2

0-30V | 1.3A 10470 33K | 2K7 | 24V 2A | 40V | 723 | BD242

0-40V | 0.8A 10820 47K | 5K6 33V 63v | L14 | BD242A
1.5A
060V | 06A | 120 | 68K | 10K | 48V 1A | 80V | L146 | BD242B




LCD Thermometer

In this page, | introduced the LCD Thermometer which is sold
by Akizuki Denshi Tsusho. At this thermometer, the IC thermo sensor
(58100) or the diode (15S1588) is used as the thermo sensor. When
using the IC thermo sensor, the thermometry to +100°C from -40°C is
possible. Also, when using the diode, the measurement to + 150°C
from -20°C is possible. Both sensors are contained in the kit. By
using the diode as the thermo sensor, more than 100°C can be
measured. |

ICL7136 of Intersil ( Harris ) is used for the thermometer and is
measuring the change of the forward direction minute voltages of the
diode by the temperature. The 3-1/2 digits liquid crystal display
(SP521PR) is used for the display. The most significant digit can
display only “1”.

The consumption electric power of ICL 7136 is very small and it
is possible to operate about three months continuously with the 9-V
cell. The main part are contain in the kit. The plastic case and the cell

are contained. But, there is not a connection cable of the sensor.
The ICL7136 is the IC for the analog/ digital converter. This is
the IC to display the analog voltage in the digital. The IC can be using

this timq is the PIP ?f ?hg 49 pins. The voltage 10 +2Q0mV or +2V can

me..

be m?TWW in few




Liquid Crystal Display (SP521PR)

This is the TN ( Twisted Nematic) — type liquid crystal display. It
is possible to 4 digits display but the display of the maximum figure is
only “1”. It isn’t possible to work continuously in the direct current.
However, when applying the about 5-VDC voltage between the
backplane (common) and the terminal, the color of the segment
which correspondence of the terminal and the display segment can
be confirmed.

When using the 5-V power supply, the resistor as much as 10K
must be put in series to prevent from big electric current’s following in

case of the short circuit.

The specification of SP521PR to be using this as follows.
» The letter height : 12.7mm
» The maximum applied voltage 10V
» The operating temperature : -10 to 55°C

» The storage temperature : -20 to 60°




The stick form thermometer is attached on the left side of the
agitator tank. The temperature of liquid is monitored with this.
The cover of the agitator tank has small holes for vacating.
The printed board is suspended from the cover by using the titanium
wire.

After the temperature of liquid is adjusted, the printed board for
etching is suspended from the cover.
Sometimes, you need lift up the board from liquid to confirmed the

condition.
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The ICL7136 is the IC for the analog/digital converter. This is
the IC to display the analog voltage in the digital. The IC to be using
this time is the DIP of the 40 pins.The voltage to £200mV or +2V can
be measured in few errors.

IC socket

This socket is used to install ICL7136 and the liquid crystal
display. It is the socket for the DIP of the 40 pins. The socket to use
for the liquid crystal display cuts off either side to make the interval of
the pin line wide. In case of the socket for ICL7136, the parts are
installed inside the socket. So, when there are the supports in the
Socket, they must be removed.




Resistor |

As for the resistors which are contained in the kit, the resistors
of 1% of the tolerance are used. As the thermometer, the accuracy
with the resistance value isn't too necessary. However, because it
handles the minute voltage, there is possibility that the resistance
value change by the temperature has an influence on the
measurement error.

L3l

Potentiometer
These potentiometers are used for the zero adjustment and

the scale adjustment. Because it changes the resistance value by the

pitch of the screw, the resistance value can be changed in detail.




Diode for the temperature sensor (151588)

This is the diode to use as the temperature sensor. The original
use of this diode is the diode for the switching. The one of the other
name can use for the temperature sensor if being the silicon diode.
But, the mold type doesn't suit because it is difficult for the
temperature change to spread through the joint immediately.

The transistor can be used instead of the diode. It connects the
base with the collector and it uses the part of the connection between
the base and the emitter for the temperature sensor. The use
example is mentioned to the manual of ICL7136. When using the
transistor for the temperature sensor, the type which is stored in the
metallic case suits.

The lead wires of the diode are insulated with the tubes that the
heat can be endured(the glass fiber tube so on). And, the shielded
wire is used for the connection with the thermometer.




Multilayer ceramic capacitor

This capacitor is used for the high frequency bypass of the
power supply. Because it is for the high frequency bypass, the
multilayer ceramic capacitor with the good high frequency
characteristic is used.

Film capacitor

These capacitors are the capacitors which are used for the
input voltage measurement, the reference voltage setting and so on
of the ICL7136. The polyester film capacitors are used.

Because it influences the precision of the measurement, it is
better to use the capacitor which few changes of the capacity by the
ftemperature. Also, it is better to use the small size one because the
- Place to install is narrow.

19




Ceramic capacitor

This capacitor is used for the clock generator of ICL7136. To
make oscillate at the frequency of about 50 KHz, the ceramic
capacitor with the good high frequency characteristic is used.

Shielded wire

This wire is used to connect the diode temperature sensor and
L'the thermometer. The input impedance of ICL7136 is very high and is
easily influenced by the noise signal from outside. So, it makes the
influence little by the shielded wire
I used the shielded wire of the 2 wires which were at hand, but it is
OKiin the shielded wire of the single wire.
This part isn't contained in the kit







How to Etch a copper PC board

This is a simple protocol for etching a circuit design into a
copper coated circuit board. All the necessary chemicals and
equipment should be in the Chem room on 5th floor Chamberlin.

Step One: Prepare the desin'

The first step is to design your circuit and print it out onto
tfansparencies. You should make at least three copies and staple
them together so that the design lines up. This is to make sure that
during exposure under the UV lamp the light does not expose the

;[_ design itself and ruin your design. The overall size of the design

‘— - should be no more than 4"x6" in size, though that limit is
1-.;;::approximate. You should check to see that the design will fit in the

"-'-éxposure bracket with the entirety of the design under the glass. It is
pOSSIble to use larger designs, but one would need an analagous
bracket of a larger size. One important point is that it is best to use a
PC board that has about 1/4" margins around where your design will
» » but no larger. It is better to have a smaller board than a larger
ne as it reduces etching time. Another important point is that this is
i rotocol uses a positive photoresist, so the black parts of your design
s hou!d be where you want the copper to remain and the clear
grt_lons are where the copper will be etched away.




Step Two: Apply the Photoresist

Once down in the chem room, preheat the oven to 150 degrees
F and clean the board and the exposure bracket glass thoroughly. |
usually scrub off any corrosion and oxidation on the PCB with a brillo
pad and water, then wash the board with acetone or ethanol. Be sure
that any acetone or ethanol is completely evaporated off of the board
before spraying on the photoresist as either of those chemicals will
dissolve the photoresist. At this point, you should turn off the lights in
the chem room and close the door. Work by the light of incandescent
bulbs only, and do not shine theincandescent light directly on the
PCB. Leaving the flourescent lights on will expose the photoresist
and ruin your pattern. Holding the PCB vertically, spray the PCB with
a thin even coating of photoresist by moving across the PCB in
horizontal passes and working your way from the bottom of the board
to the top. Immediately place the PCB flat on a horizontal surface and
let it dry for 10 minutes, and then place it in the oven to force dry it for
another 20 minutes (the alternative to this is to leave it dry in a dark

place overnight, but you must be sure that it will not get accidently
exposed to UV light). It is helpful to place the PCB on some sort of
tray to put it in the oven.




Step Three: Expose Your Design

After the photoresist has been dried, take the PCB out of the
oven and set it in the exposure bracket. Set the transparencies with
the design on them in the center of the board and close the bracket
so that the glass holds the design flat to the board. Place the whole
thing under the UV lamp and turn on the lamp. Leave about 5
minutes for the lamp to warm up and then another 10-15 to fully
expose the design. If your design is fairly large, you should move the
bracket around periodically so that the light falls evenly on all portions
of the design. At this stage it is better to spend more time exposing so
as to be sure that your whole design will turn out. Both the lamp and
the bracket are usually stored on one of the top shelves in the chem

room.




The lamp(center) and the bracket(lower right)

Close up on the bracket




Step Four: Developing

As you reach the end of your exposure time, you should mix up
the developing solution. The bottle of developing chemical in the
chem room needs to be diluted approximately 10:1 in water. You will
need to make enough solution so as to cover your design. I've found
that if you use the smaller of the glass casserole trays in the chem
room, about 270mL of water and 27mL of developer is a good
volume. In any case, it is best make your solution slightly more dilute
than 10:1 rather than the other way and using lukewarm water helps
the development. Once your solution is made (be sure that it's well
mixed) pour the solution into the tray and place your exposed PCB
into the solution. DO NOT POUR THE SOLUTION OVER YOUR PC
BOARD!!! This will completely erase your design. Now you must
slowly swirl the developer over the board and watch for your design
to appear. There will not be a color change or anything, but you will
be able to see the design faintly on the board. Once you can see the
design, or at least its majority, remove the board and immediately
rir}se itin warm water. Important: Do not develop for more than 1.5-2
minutes. If you cannot see any of the design at this point, you've most
likely missed it and the developer erased it. If this is the case, wash

the board with acetone or ethanol and start over at step 2. Otherwise,
Proceed.




Step Five: Etching

At this point you can once again turn on the lights. Place the PC
board with a magnetic stirrer into a flask or a tray and put the
container on a hot plate. Fill the container with Ferric Chloride so that
the board is submerged by apbroximately 1/4" at least and set the hot
plate to 100 deg C. Etching time will vary, though 30-45 minutes is

about average.In any case, use latex or vinyl gloves to avoid skin
contact with the etchant. Leave the board in the etchant until the
clarity of the design is satisfactory, and then remove it from the FeCI3
and rinse it off with water. Both the used FeCI3 and the developer
can go down the sink so long as you use lots of water as well.




How to etch a printed circuit board
by Dominic-Luc Webb
Introduction

First, please do not sit around for hours wondering how etching
of copper circuit boards is done. It is very, very simple. The basic idea
with etching is that you want to 1) transfer your circuit layout to a
copper coated fiberglass board and 2) dissolve away all the copper
around the transfered layout. Electronics shops will usually have
everything you need in stock. | list it all in the materials section. There
are a couple ways to accomplish etching. With the diverse
background of amateur astronomers in mind, | offer the following
cheap and simple protocol that should work well regardless of your
technical skills.

Materials

> single or double sided copper circuit board, depending on your
circuit
» sodium or ammonium persulphate

» transfer plastic (laser printer overhead transparencies work
well)

> black permanent marker
> jar with lid just big enough for the board to lay in.




Printing and transfering the layout

First, you might want to cut a piece of the original PCB to the
size you need, since its kind of expensive. This is easily done with a
band or jig saw. The board is usually washed to remove fat, or dirt,
which can hinder the etching chemical from reaching the copper and
reacting with it, although | have never done this and never had a
problem. The layout, which was drawn with a graphics program (with
nice thick lines, | hope), is printed with a laser printer onto transfer
plastic, or alternatively with a copier. It is important to keep track of
which way the layout is facing or you could end up with a mirror
image of what you wanted. The image on the transfer plastic is then
placed onto the copper circuit board. A hot iron is then used to
transfer the image to the PCB board. This is possible because the ink
from laser printers and copiers comes off the plastic transfer 'paper’
and sticks to the copper. The trick here is to not use too high
temperature. The 'right' temperature is found by trial and error, but it
will always be at or near the 'cotton' setting. If you see melting plastic
and smoke, you should deduce that the temperature is too high. If
you are not sure the image transfered, try peeling off the the plastic a
little bit from a corner, etc. When most or all the image is sticking to

the copper, you are at the right temperature.




Once you have the image transfered, it is important to look over
the board and make sure you transfered the entire circuit well.
Otherwise, you'll end up etching more than you wanted. It is therefore
useful to use a permanent marker to go over any problem areas.
You're ready for etching once you have an image on the copper that
you're content with.

Chemicals

There are a lot of acids and other chemicals that can be used to
etch a copper board. Conversely, it may surprise you that some well-
known acids like hydrochloric acid, HCI, do not dissolve copper very

well, at least, not without addition of an oxidizer like hydrogen
peroxide, H,O,. | thought | would share some of my experiences
about the use of some different chemicals. HCI could be used, as |
mention, with presence of an oxidizer. This tends to be rather slow
Process, and unfortunately, many permanent markers chip off of the
board if aggitated in this case. So you will likely end up having to re-
draw the whole layout several times (at least) before your PCB will be
ready. HCI also produces a lot of toxic outgassing. Acetic acid,

CH,CO,H, also dissolves copper, but unfortunately is also a very
g0od organic solvent, dissolving ink from virtually any source. Hot
Sulphuric acid, H,S0O,, might seem like a good solution, and indeed, it
Will dissolve copper, but most inks are not resistent to this acid.
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H2.S0O, reacts with copper to give off some terribly toxic sulphur
and copper oxide (S0, and Cu,0,) gases that you really do not want
to inhale, and won't do much for your social life either. Nitric acid,
HNOs, could also be used, but | am told it produces some dangerous
outgassing, and it's a really nasty acid that you really would rather
avoid. Ferric (Felll) chloride, FeCls, is comonly employed in the USA,
but in much of Europe its use is illegal for environmental reasons.
Thus far, the safest, most effective way | have found to etch a board
is with one of the persulphate (S,05%) salts, like sodium or
ammonium persulphate. These do not generate outgassing, do not
smell bad, and are not so objectionable to environmentalists. Further,
persulphate solutions will not dissolve any permanent ink (that | know
of). Unlike most of the other chemicals | mentioned, the persulphates
are legal and readily available virtually everywhere in the world. |
therefore choose sodium persulphate, which is often more available
and about half the price of ammonium persulphate.




Etching

Make up the persulphate in water. About 1 teaspoon/25 ml of
water is usually adequate. Heat this solution to near boiling in a glass
container slightly larger than the board to be etched. Drop in the
board, close the lid and submerge the bottle slightly in hot water to

keep it warm. The reaction is faster at warmer temperatures.
Something like 50-80 degrees C will work. This normally takes me
around 30 minutes with occasional mild aggitation. Afterwards, the
board can be rinsed, dried and drilled. For drilling, | have had great
luck with 1 mm drill bits, which are pretty common. There are smaller,

more expensive ones actually made for electronics, but | have never
needed them for any of my projects.




MAKE YOUR OWN PRINTED CIRCUITS

To make smart looking PCB's, all you need is: A computer, a
laser printer, copper clad board, etchant, a clothes iron and some
Epson glossy photo paper. You can buy special film for making
PCB's, but | have found that the Epson paper gives better results. |
use Epson photo quality glossy paper for inkjet printers.

Draw the PCB track layout, using a CAD program or a standard
drawing program. Remember to reverse the image before printing.
Most drawing programs have a 'flip horizontal' function. Print the
image on normal A4 paper to make sure that it is the correct size.
Check the layout carefully.

+

EXAMPLE OF PCB LAYOUT




Use a laser printer to print the image on the glossy side of the
photo paper. Clean the copper clad board with steel wool or very fine
wet sandpaper. Dry the board thoroughly. Make sure that the board is
clean and free from fingerprints. Place the photo paper face down on
the copper clad board. Use masking tape to hold the paper in
position. Don't use vinyl tape. Place the board on a flat surface. You
will be using a very hot iron, so don't use the dining room table. | use
the back of an old telephone directory. Use a hot clothes iron to
transfer the track pattern from the paper to the copper board. Don't
be afraid to use lots of heat and pressure. Allow the board to cool.
Don't be tempted to lift the paper. Put the board in a container full of
warm soapy water. After about twenty minutes the paper will begin to
dissolve and disintegrate. Carefully remove the paper from the
copper board. Rinse under a cold tap to remove paper residue. You
may need to touch up any broken tracks with an etch resist pen. I use
a fine Staedtler laundry marker.

BEFORE ETCHING
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Etch the board in a Ferric Chloride etching solution. You can
buy the etchant in liquid form or as anhydrous Ferric Chloride
powder. Follow the instructions. NEVER add water to dry Ferric
Chloride. Don't get any on your clothes.

AFTER ETCHING

After etching, rinse the board under a cold tap. Remove the
'Fch résist with some steel wool. Dry the board. Use a 0.8 or 1.0 mm
"f‘:-i. 10 make the holes for component leads.
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CLOSE UP

The close up picture shows that the tracks are not as clear and
well defined as they would be if the board was produced by
photographic methods.

The procedure for making double sided boards is a bit tedious.
Coat one side of the board with aerosol paint or clear lacquer. Etch
the other side of the board as for a single sided board. Remove the
paint or lacquer. Drill the component lead holes. Paint the etched side
of the board. Then etch the unetched side of the board as for a single
sided board. It is difficult to line up the two sides correctly. Use the
| Component holes as a guide.
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b | I have used this method to make PCB's for both DIL and
| surface mount IC's with 0.05 Inch pin spacing.
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Making of a Printed Circuit Board (PCB)

Exposure (= Developing|-w| Etching |- Stripping |- Drilling |- Tin-Plating [-=| Soldering

PRINTED CIRCUIT BOARDS - Background

Printed circuit boards (PCB's) are laminates. This means that they are

made from two or more sheets of material stuck together; often copper and
fibreglass. Unwanted areas of the copper are etched away to form
conductive lands or tracks which replace the wires carrying the electric
currents in other forms of construction. Some parts of the side with copper
tracks is coated with solder resist (usually green in colour) to prevent solder
sticking to those areas where it is not required. This avoids unwanted ’
solder bridges between tracks. Sometimes the boards are double-sided
with copper tracks on both sides. Tracks on one side can be joined to
tracks on the other by means of wire links. Plated through holes are .
available which do the same thing but these make the PCB more 5j
expensive. Components are stuffed into the board by hand or by pick and |
Place machines. Soldering is done by hand or by flow wave soldering

". Where the PCB passes over a wave of molten solder. Most recent PCB's

- Use surface mount techniques where components are on the same side of
_ .:;the board as the tracks. Components are stuck to the board with adhesive

and the solder caused to flow by heating the board in a hot gas or by some
“ ther technique.




When fitting components ensure that they are orientated correctly and lay
flat on the board unless otherwise stated. When the board is assembled
avoid flexing it which may crack tracks. Avoid touching the board which
may cause contamination due to dirty fingers or damage due to static
electricity carried on your body. It is best to handle PCB's by holding them
by two edges only, between thumb and forefinger.




Making a PCB

The design layout of the PCB is done on the computer using CAD; the
Program is EasyPC or EPCPROX. I

- The layout is printed out on a transparent A4 size sheet called acetate,

ich is especially used for the purpose. This is done in the same way as
| ting out a word document. Care must be taken to ensure the circuit

out will be to scale and won't be too big to fit on the sheet. The layer to
Printed out must be defined and pad holes must be set to 'Avoid' so as
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The surface resistance is 100,000 Megohms

Photo-resist is positive working sensitive to ultra violet light with a
developed image of blue/green tint. i

Supplier : Farnell Electronic Components LTd , Cat Ref : 149-063 I

The copper-clad laminate board consists of a layer of copper, covered over
by a layer of green resin called photo-resist. The protective black plastic
tape, that protects the copper laminate from scratches, is removed to |

reveal green positive photo-resist covering the copper. !




The printout mask of the image (on acetate) is put over the

i photo-resist face down, so a mirror image of the circuit layout can be

' seen over the photo-resist side of the laminated board. On single
sided boards this is important because the PCB is designed from
looking down from the component side, but the tracks are on the
opposite side of the laminated board on the copper side, therefore a
mirror image of the PCB layout'must be seen. With double sided PCB
manufacture, the board is put between two sheets of acetate.

4 " One sheet having the design for the top layer and the other sheet
having the design for the bottom layer.

Both sheets are taped together or stapled at the edges ensuring
alignment of the printouts. Double-sided copper coated laminate is
put between the sheets of acetate so that the two images are lined up
on the laminate. With single a sided board, the acetate is placed over
the photo-resist side. In each case the laminate and acetate are

i _ enclosed under ultraviolet light and agitated for 2 to 8 minutes.
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Developing

; ’; A solution of Liquid photo-resist Developer concentrate is

3 5' ' mixed in a beaker with 1 part developer to 9 parts water, total 500mis
a8 and poured into a basin. A beeper will sound when the 2 minutes are
3 up, the board is taken out of the UV enclosure, and (the acetate is not
| required any more). The green photo-resist that was exposed will
appear a lighter colour and the darker imprint of the PCB can be seen
E - When examined closely. The board is put into the solution and the

i ~ liquid is flowed over and back on the board. The lighter photo-resist
| LWIII flow away showing copper and the PCB layout will be revealed. It
wﬂl be necessary to wash the board under tap water and clean with
ﬁSsue Paper to ensure no traces of photo-resist remain on the
pper otherwise etching would be difficult.

CB Marker pen can be used to correct any errors such as breaks
N track at this stage
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Stripping (optional)

After etching the positive resist 9 (photo-resist) maybe left on the
copper to act as protection. Solder is readily achieved through the
resist. This green photo-resist can be removed using a tube of photo
resist stripper, (like shoe polish) and the PCB washed clean under
tap water and dried using tissue paper.

L




Drilling

After cutting the PCB to size around the perimeter using the |

guillotine, drilling using a 0.9-mm drill can now be performed in the

b workshop.

, | . | Theboard is now ready to stuff with components







Following inspection to satisfaction the board is etched in
etchant as follows:

The etching tank is about half the size of the household water
tank in the attic. The tank consists of two compartments. One

compartment is 2/3 the size of the other compartment. The larger
compartment consisted of a thermostatically controlled heater
element. Covering the heater is a protective grill mesh. This grill
mesh filters the waste copper away from the heater element .The
tank would be filled to the level of the filter with Ferric Chloride
Hexahydrate solution, about 5 litres.

The solution is made up of etchent granules dissolved in water.
An electric motor spins a shaft enclosed in a tubular barrel 18 inches
long containing holes perforated on the circumference from top to
bottom. The motor and tube are vertical from the top of the tank so as
when switched on, the motor spins the tube and stirs the solution.

The effect is to suction of the solution into the barrel and to spray the
board being etched.

The solution is heated to 50 degree Celsius before use; a light on the
control panel will extinguish when the temperature is reached.




Underwriting Requirements -- Laboratory Tests

All of our paramedical examinations require the submission of a
blood sample and a urine specimen. This information, in addition to
all other underwriting requirements, is necessary for the

determination of your premium rate class. In addition to the laboratory

tests the examiner will also collect your physical measurements.

Specific instructions will be provided to you before the exam. In
general, these guidelines should be followed:

o For best results, fast at least eight hours before your scheduled
examination appointment. Consult with your physician if you
have a medical condition (diabetes, hypoglycemia, etc.) that
may be adversely affected by fasting. If medically necessary, a
non-fasting sample can be obtained. A fasting sample may be
easiest for you to provide if the fasting period coincides with
your regular sleep time. For your convenience, try to schedule
the examination soon after you normally awake. Be sure to take
all necessary prescriptions at your regularly scheduled time.
Please inform the examiner of all such medications, including
over the counter preparations, vitamins and herbs.

Drink only water prior to your appointment (if medically
E goeptable). Avoid coffee, tea and other caffeinated drinks because
ot caffeine’s effect on blood pressure and heart rate. Avoid fruit juices

Lcause they contain natural sugars that can raise your blood sugar
Bvel.
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Zurich Life Insurance Company will have your blood and urine
analyzed by an approved laboratory. The results will be provided to
us in a confidential manner for underwriting review. You will be given
a copy of our Privacy Promise, Notice of Information Practices,
Medical Information Bureau Notice, Federal Fair Credit Reporting Act
Notice and HIV Consent Form (where applicable) in addition to any
other required disclosure notification. These documents detail your
rights and our privacy policies and practices related to the handling of
your health and financial information.

When assembling an electronic circuit, a board is needed on
which the components can be mounted and wired together.

Mainly, | use the universal prined wiring board (PWB) for assembling
the circuit. But | will explain about instruments that makes the printed
board.

When you make the high frequency circuit, you need to consider the
wiring length and the route of wiring etc.

Therefore when you make the high frequency circuit ( radio, high
Speed CPU etfc. ), you need to make the printed wiring board.

In other countries, they are refered to as "Printed Circuit Boards," or
BRPCBs.
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The printed board is doing the structure which stuck copper leaf on
insulation board such as the epoxy material of glass or the epoxy
material of paper or the material of bakelite. The copper leaf becomes
a wiring part. There are 2 kinds of types in the printed board. They
are single-sided printed board and double sided printed board.

To make the printed wiring board, leaving the necessary(wiring part)
place of the copper leaf, the unnecessary(insulate part) place is lost.
This work is called Etching.

There are several method to make the printed board.
Fundamentally the copper leaf is melted with the solution of the Ferric
Chloride. The mask pattern is used to leave the wiring part.

You can write the mask pattern directly on negative printed board
with oily ink. Some ink is melted by solvent, then you had better to
| i check beforehand.

Even this method is good in the case that you make only 1 sheet.
This time, 1 will introduce the method using positive exposure printed
board as negative printed board. The sensitizer has been applied on
‘- negative printed board. The nature of the sensitizer when hit the light
"._ i Changes. Lighted part of sensitizer can melt to the developer and the
Part not lighted does not melt.

The mask is made with the black color ink where the part that you

ant to leave the copper leaf. ( positive mask )Dissolve the copper
af is called Etching.




Positive exposure printed board

The photograph left is the positive exposure printed board. The
board is put in the bag for the shading. When it hits to the sunshine,
the nature of sensitizer changes. It is different from the sensitive
paper of the photograph and in a little light, it doesn't change.

You do not need to handle to a nervous temperament.

There are several kinds of size of the board. Then you choose
board close to the device that you make.

It can even to cut and use that board and decide large. It needs to cut
itso as not to hit to light much. It is serious a little bit.

~ The size is about 150 mm x 100 mm to 300 mm x 200 mm.

'_i.' Even the kind of the insulation board there is the epoxy material of
9lass or the epoxy material of paper.
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The epoxy material of p