
LEARNING EAGLE CAD 

EAGLE (Easily Applicable Graphical Layout Editor) by Cadsoft is a flexible 

and expandable EDA schematic capture, PCB layout, autorouter and CAM 

program widely used since 1988. EAGLE is popular among hobbyists because 

of its freeware license and rich availability of component libraries on the web. 

Schematic Editor 
In this we can create circuit schematics in the symbolic form. The various 

commands used in this are: 

INFO   Shows information about an object (component, signal, 

trace, etc.) 

MOVE  Allows components to be moved (same as schematic.) 

GROUP Groups a collection of objects into a "group" that can be 

manipulated                                     simultaneously. 

DELETE Delete an object. Items created in schematics need to be deleted 

there. 

SMASH  Separate the text labels of a part from the part itself, so they can be 

moved                                                         independently. 

BREAK  Add a corner to a line (or trace.) 

ROUTE  Turn an air wire into a trace 

LINE   Draw lines (usually in non-copper layers. ROUTE is for drawing 

copper.) 

VIA   Create a hole and pad associated with some signal. 

HOLE   A hole that isn't associated with a signal, i.e. for mounting. 

RATSNEST Recomputes air wires and polygons, example after 

components have been                                                                                 

  moved.                                                                     

CHANGE  Changes an object's properties. 

RIPUP Changes a routed trace back to an air wire. Equivalent to "delete" 

for traces. 

TEXT   Add text 

POLYGON  Create a polygon (actually, we'll use a text command.) 

DRC   invoke the Design Rule Check and parameter setting. 
 

  



 Board Layout Editor 
Up in the file menu, there's a "Switch to board" selection. If we do that from 
a bare schematic, it will offer to create the board from the schematic for us 
(say "yes"), and then leave us sitting in the Board Editor. 

The various commands used in board layout editor are: 

AIR WIRES  All the signals you created in the schematic are currently 

airwires; thin yellow lines that are drawn in the shortest possible way, crossing 

each other as needed. They stay connected to component pins even when you 

move the component around. 

RATSNEST  Recomputes and redraws these after you move things 

around (and, say, make two connected pins closer together than they used to 

be.) 

ROUTING A signal consists of turning an airwire into an actual copper trace 

on some layer(s) of the board, and positioning that trace so that it doesn't short 

against other traces on the same layer of the board. 

AUTOROUTE Invokes the autorouter. 

POWER PLANES are large areas of copper that carry an actual signal, usually 

power and ground. On multi-layer boards, it's common to have entire layers 

mostly dedicated to such a power plane. Even on a single layer board there are 

some advantages to doing something similar: 

 

1) Use less etchant 

2) carries heavier current, just in case 

3) makes it easier to attach test leads 

4) acts as a sort of "static barrier" to fingers 

 

  



Power Supply 

 
Power supplies for electronic devices can be broadly divided into line-
frequency (or "conventional" or sometimes called “linear”) and switching 
power supplies. Linear voltage regulators produce regulated output voltage by 
means of an active voltage divider that consumes energy, thus making 
efficiency low. A switched-mode supply of the same rating as a line-frequency 
supply will be smaller, is usually more efficient, 
 
Parts Of power suuply 

 Source: Every power supply must obtain the energy it supplies to its 
load, as well as any energy it consumes while performing that task, from 
an energy source. It may be solar cell, battery, heat supply or wind etc. 

 Regulator: Regulating the voltage (ie. Minimizing the input variations ) to 
the desired amount 
 

  



Types Of Power Supply 
 
 

Linear regulated power supply 

 

 

A linear DC power supply. 

The voltage produced by an unregulated power supply will vary 
depending on the load and on variations in the AC supply voltage. For 
critical electronics applications a linear regulator may be used to set the 
voltage to a precise value, stabilized against fluctuations in input voltage 
and load. The regulator also greatly reduces the ripple and noise in the 
output direct current. Linear regulators often provide current limiting, 
protecting the power supply and attached circuit from overcurrent. 

Adjustable linear power supplies are common laboratory and service 
shop test equipment, allowing the output voltage to be adjusted over a 
range. For example, a bench power supply used by circuit designers 
may be adjustable up to 30 volts and up to 5 amperes output. Some can 
be driven by an external signal, for example, for applications requiring a 
pulsed output. 

 

Switched-mode power supply   
 

 

 

In a switched-mode power supply (SMPS), the AC mains input is directly 
rectified and then filtered to obtain a DC voltage. The resulting DC 
voltage is then switched on and off at a high frequency by electronic 
switching circuitry, thus producing an AC current that will pass through 
a high-frequency transformer or inductor. Switching occurs at a very high 
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frequency (typically 10 kHz — 1 MHz), thereby enabling the use 
of transformers and filter capacitors that are much smaller, lighter, and 
less expensive than those found in linear power supplies operating at 
mains frequency. After the inductor or transformer secondary, the high 
frequency AC is rectified and filtered to produce the DC output voltage. If 
the SMPS uses an adequately insulated high-frequency transformer, the 
output will be electrically isolated from the mains; this feature is often 
essential for safety. 

Switched-mode power supplies are usually regulated, and to keep the 
output voltage constant, the power supply employs a feedback controller 
that monitors current drawn by the load. The switching duty 
cycle increases as power output requirements increase. 

Types of Switching supply: 

 Buck: A buck converter is a step-down DC to DC converter. Its 
design is similar to the step-up boost converter, and like the boost 
converter it is a switched-mode power supply that uses two 
switches (a transistor and a diode), an inductor and a capacitor. 

 Boost: A boost converter (step-up converter) is a DC-to-DC power 
converter with an output voltage greater than its input voltage. It is 
a class of switched-mode power supply (SMPS) containing at least 
two semiconductor switches (a diode and a transistor) and at least 
one energy storage element, a capacitor, inductor, or the two in 
combination. 
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Regulation 

 

Each of the blocks is described in more detail below: 

 Transformer - steps down high voltage AC mains to low voltage 
AC. Here we used 13V transformer. 

 Rectifier - converts AC to DC, but the DC output is varying. We 
used full wave rectifier. 

 Smoothing - smooths the DC from varying greatly to a small ripple. 

 Regulator - eliminates ripple by setting DC output to a fixed 
voltage. 

     
     

Common collector amplifier for current gain and unity voltage gain 

 
 

Line Regulation: Line regulation is the capability to maintain a 

constant output voltage level on the output channel of a power supply 

despite changes to the input voltage level. Line regulation is expressed 

as percent of change in the output voltage relative to the change in the 

input line voltage. 

 



Load regulation: Load regulation is the capability to maintain a 

constant voltage (or current) level on the output channel of a power 

supply despite changes in the supply's load (such as a change in 

resistance value connected across the supply output). 

 

  is the voltage at maximum load. The maximum load is the 

one that draws the greatest current, i.e., the lowest specified load 
resistance (never short circuit); 

  is the voltage at minimum load. The minimum load is the 
one that draws the least current, i.e. the highest specified load 
resistance (possibly open circuit for some types of linear supplies, 
usually limited by pass transistor minimum bias levels); 

  is the voltage at the typical specified load. 
 

Circuit Diagram 
 

  



List of components 
 

•  Stepdown transformer 13V/ 1A 
 

•  Diode 1N5399     X4 
 
•  C1 4700uF (25v)    X2 
 
•  C2 0.1uF      X2 
 
•  C3 0.01nF      X1 
 
•  IC LM723CN Voltage regulater 
 
•  1.2 ohm 2W resistor    X1 
 
•  2.2 Kohm 1/4th W resistor.   X1  
 
•  2.6K ohm 1/4th W resistor.   X1 
   
•  500 ohm 1/4th W resistor   X1 
 
•  2K ohm POT     X1 
 
•  Led 5mm      X1 

 
•  Soldering iron and soldering wire 
 
•  PCB ( Printed Circuit Board) 
 
•  Heatsink 
 
•  MJE3055 Power transistor   X1 

  



Overload protection 
 

Power supplies often have protection from short circuit or overload that 
could damage the supply or cause a fire. Fuses and circuit breakers are 
two commonly used mechanisms for overload protection.[6] 

A fuse contains a short piece of wire which melts if too much current 
flows. This effectively disconnects the power supply from its load, and 
the equipment stops working until the problem that caused the overload 
is identified and the fuse is replaced. Some power supplies use a very 
thin wire link soldered in place as a fuse. Fuses in power supply units 
may be replaceable by the end user, but fuses in consumer equipment 
may require tools to access and change. 

A circuit breaker contains an element that heats, bends and triggers a 
spring which shuts the circuit down. Once the element cools, and the 
problem is identified the breaker can be reset and the power restored. 

           

Current limiting 

Current limiting is the practice in electronic circuits of imposing an upper 
limit on the current that may be delivered to a load with the purpose of 
protecting the circuit generating or transmitting the current from harmful 
effects due to a short-circuit or similar problem in the load. Some 
supplies use current limiting instead of cutting off power if overloaded. 
The two types of current limiting used are electronic limiting and 
impedance limiting. The former is common on lab bench PSUs, the latter 
is common on supplies of less than 3 watts output. 
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PCB making 

A printed circuit board, or PCB, is used to mechanically support and electrically 
connect electronic components using conductive pathways, tracks or signal 
traces etched from copper sheets laminated onto a non-conductive substrate. 
It’s made up of glass epoxy, hence making it much resistant to fire. 
 

 

 

  

Start with a single sided copper 

clad board of proper dimenion 

and rub it with fine grit sand 

paper. 

Carefully take the impression of 

printed circuit (photopaper) on 

the board by pressing it for 

about 10mins. 

Etch it using FeCl3 solution. 

Slightly heated to speed up the 

reaction. 

When no copper is left remove 

the paper using scotch brite and 

wash it. Spray a uniform layer 

of acrylic spray on it. 

Drill the holes when the spray 

get dried.  

Place the components and 

solder them carefully 



Board Layout 

 

 
   Board file made on Eagle 
 

Drill holes: 

 

IC holes & ceramic capacitors: 0.8mm 

1N5399 Diodes: 1mm 
Resistors & Electrolytic capacitors: 1mm 

M02 Connector: 1.2mm 

DC jack: 2.8mm 
Screws: 3.2mm 

 



The circuit design was intended to create a power supply of 12V and be able to 

provide protection for over-current by utilizing LM723 regulator. 

• LM723 – a positive NPN standard voltage regulator mainly designed for 

series regulator applications which can be utilized for both foldback and linear 

current limiting due to its very low standby current drain circuit 

The integrated voltage regulator LM723 will supply 150 mA of output currents 

but any desired load current can be provided by adding external transistors for 

output currents in excess of 10A. This can be used as a linear or switching 

regulator since its output voltage can be adjusted from 2 Volts to 37 Volts while 

the input voltage can be at 40 Volts maximum. The range of variations of input 

voltage and load current can be kept at constant using this voltage regulator. 

In this design, the DIL14 plastic packaged LM723 performs with 9.5V to 40V 

input DC voltage while having an output voltage that is not more then 6V to 7V 

below the input will lead to 150 mA current source from the IC. The difference 

between the input and the output DC voltage plus the current is proportional to 

the amount power being dissipated by the transistor T1 as it accepts all the 

current brought by the load, thus requiring a heatsink with a heat conductive 

value of 5K/W. T1 is made from 2N3055 which is intended for series and shunt 

regulators, for output stages and high fidelity amplifiers, and for power 

switching circuits. The output stage of the integrated circuit will be less loaded 

when an external pass transistor is used which will conduct at emitter-follower 

mode. This will in turn cause T1 to conduct at base-emitter mode thereby 

producing a major resistance in the IC. 

Both ceramic capacitors must be positioned closer to the integrated circuit to 

prevent undesired oscillations, which the LM723 is prone to, since ceramic 

capacitors have high frequency coefficient of dissipation. Having these 

capacitors directly soldered would be too much for the IC since the operating 

temperature of the IC is in the range of -55ᵒC to +125ᵒC. 

  



Electronics Load 
 

 
A dummy load is a device used to simulate an electrical load, usually for testing 
purposes. An electronic load (or e-load) is a device or assembly that simulates 
loading on an electronic circuit. It is used as substitute for a conventional 
ohmic load resistor. 
 
As counterpart to a current source, the electronic load is a current sink. When 
loading a current source with a fixed resistor one can set one determined load 
current by the connected load resistor. The characteristic of the electronic load 
is that the load current can be set and varied in a defined range. The load 
current is regulated electronically. 
 
The electronic load consumes electric energy and in most cases transforms it 
into heat. Fans or water-cooled elements are used as coolers. Under certain 
conditions, energy-recycling into the public power supply system is also 
possible. 
 

Application 
 

1. power supplies 
2. batteries 
3. solar and fuel cells 
4. generators 

 AC loads are used to test  
i. transformers, 
ii. uninterruptible power supplies (UPS) or onboard power supplies.  



Circuit Diagram  

 

 

 

Observation Table & Graph 

S No. Current (mA) Voltage (V) 

1 11.36 12.09 

2 46.81 12.08 

3 301.81 12.07 

4 303.18 12.06 

5 582.27 0.54 

6 600 0.31 

 



 

    Output characteristic of power supply 

 

Calculation 

Require voltage V=12V 

Vr = 7.15V 

Vr / Vout = (R4 + Rtrim)/(R2+ R4 + Rtrim) 

 (R4 + Rtrim)/(R2+ R4 + Rtrim) = 0.7944 

Now if we choose R2 = 1Kohm 

R4 + Rtrim= 3.86 

Giving space to variation of 500mV ie. It can vary from 11.5 

(whene Rtrim =0) to 12.5 (whene Rtrim = max.) 

7.5/11.5 = R4/(R2 + R4) 

Say R2 = 2.6 Kohm 

 R4 ≈ 2 Kohm 
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