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1 Introduction
The following report will demonstrate and analyse advanced design methodologies and
associated issues with contemporary implementation technologies.

1.1 Aims and Objectives:

The aims and objectives of this assignment are to accommodate a client’s design
specification for a new power supply.

The aims of this assignment are to:
» lllustrate a good knowledge of advanced design practices.
» Annalise advanced electronic systems that are able to achieve complex analogue
functions.
» Design advanced electronic systems to a client’s specifications.

The objectives are to:
» Design a new power supply to a customer’s specification.
# Simulate and evaluate the power supply to enable a full analysis of the
characteristics of the power supply.

The design of the power supply will allow for the electrical, thermal and physical

requirements. Data sheets and literature will be scrutinized for relevant information for the

design.




2 Background Research

Extensive research has been carried out on power supply design and it can be seen that there are
fundamental components required. The power supply can be better understood by separating the
parts into a block diagram, an example of this can be seen in figure 1 below.

VOLTAGE

IV‘\\/ TRANSFORMER RECTIFIER [—=  FILTER == oEcULATOR :

REGULATED DC
OUTPUT VOLTAGE

AC INPUT SIGNAL
Figure 1 - Block diagram of DC power supply - (jojo, 2015)

2.1 Transformers

When observing figure 1 the first stage of the power supply is the Laminated Core
transformer. The transformer will enable the power supply to alter
the input AC voltage to a smaller and more appropriate voltage. It
will not provide the final voltage as this will be further reduced
and modified by the next three stages. For an example we will
use 12V. A typical step down transformer contains a primary g
ferromagnetic core and 2 windings, as can be seen in the
simplistic illustration in figure 2. There is an incoming supply of
240V on the primary winding which is wound around the core 200
times. The secondary winding is then wound around the core 20
times. This will then provide the next part of the power supply  Figure 2 - Transformer - (electronics-tutorials, 2017)
a 12V due to the windings being on a 20:1 ratio.

2.2 Rectifiers

o1 When referring to figure 1 it can be seen that the next
n >t 1 CYCLE step to consider is the rectifier. This part of the circuit
‘ % ?{L Eag IS responsible for modifying the AC to DC. There are

I

%

--F-41«—/ two types of considerations for rectifiers depending on

. the specification. These are half wave rectification and

-l— full wave rectification.

EL It can be seen that in figure 3 below a half wave

Figure 3 (electronics-tutorials, 2017) rectifier circuit. The half wave rectifier works by
allowing voltage through the diode in the positive

range of the incoming supply and blocking it when the sine wave goes in to the negative range. This

produces the non-continuous or pulsating signal as shown in figure 3.

The second method “full wave rectification” can use 2 diodes on a
centre tapped transformer on 4 diodes as shown in figure 4. This
method has the ability to providing a continuous signal as shown in
ﬂgure 5. Load

The reason for this full wave signal is due to the diodes allowing the v T

signal to pass on positive sine wave and flipping the negative sign -

wave and passing it to the same output as the positive plain but Figure 4 - Full wave circuit (electronics-tutorials, 2017)
blocking it from passing to the negative region of the circuit as

shown in figure 4. +me7-\i 7[\7 7/_\7 7/_
WARVERVERYIZ

Figure 5 - full wave signal - {electronics-tutorials, 2017)




2.3 Filters

The third stage of the power supply is the filter block. As can be seen in figure 5 the output of the
power supply at this stage is very lumpy and can give a varying DC supply, for some applications this
may be fine but for more sensitive electronics a more refined signal is required. A method of
smoothing this variable DC signal is to use a capacitor. The capacitor is connected to the output of
the rectifier and earth; this enables the capacitor to charge up when the rectified signal is rising and
discharge when the signal is reducing.
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Figure 6 - Smoothing signal
It can be seen in figure 6 that the capacitor has the ability to fill in the troughs as it discharges giving
a far superior DC signal.

2.3 Voltage regulators

It can be understood that there are many variations of voltage regulations, however the three main
types used in industry are Zener Diode as a shunt regulator, a Series control Regulator and an
integrated circuit Regulator.

2.3.1 Zener Diode

+V

D.C. input voltage
from rectifier or
smoothing circuit

Vin (Vs) $——O-—g--—-

oo O--¥X ——-

Figure 2 - Zener diode - (electronics-tutorials, 2017)

It can be seen above that the Zener diode is regulating the voltage by allowing a precise volt drop,
and the rest of the voltage is then lost on Rs or series resistor. Rs is used to limit the current flow
through the diode and Vout which is now relatively stable can be taken across the diode as shown in
figure 2.




2.3.2 Series controlled regulator
SERIES VOLTAGE REGULATOR - BLOCK DIAGRAM

UNREGULATED
INPUT,

REGULATED

Vin CONTROL OUTPUT You
L ELEMENT l ©
CONTROL
SIGNAL SAMPLING
CIRCUIT

REFERENCE COMPARATOR| FEEoBACK
VOLTAGE [—=| CIRCUIT

www.CircuitsToday.com

Figure 3 - Series controlled regulator - (John, 2015)

This method relies upon a series of components such as resistors, a Zener diode, transistors and a
capacitor. When observing the block diagram in figure 3 the methodology used is that when the
Voltage at Vout is sampled and then compared to the reference voltage adjustments are carried out
by the “control element” that would encompass a series variable resistor and a Zener diode. This
would allow the regulator the ability to adjust Vout depending on the demand.

2.3.2 Integrated circuit regulator

This method utilises pre-built microchips that offer differing regulation characteristics for different
applications.

2.3.2.11L7805

‘/

Figure 4 - L7805 - (ST Microelectronics, 2014)

The L78's are a 3 pin positive regulator, that can offer numerous fixed voltage outputs (ST
Microelectronics, 2014). There is the ability to embed internal current limiting, thermal protection and
safe area protection. With the correctly selected heatsink applied the component can provide 1.5A.
Maximum Ratings, this can be seen by the characteristic of the dropout voltage vs junction
temperature in the annexe as annexe 1.

Tabis 3: Eloctrical charactoristics of LT0SA

Symbol Parsmater Tost conditons Min. | Typ. | Max. | Unit

Features Vo | Ouput wtage T-mee a8 [ 5 (81| v
Vo Output voltage lo=SmAR 1A Vi=FSl 18V 48 5 8.2 v

Yo | Cunputvomsge o= 1A Vi= BW2V,T,=25C 48 | 5 [ 52 v

. V=TS BV, o= S00mA T,=26°C T 0 my
» Output current up to 1.5A oy P e T
2 H _ V=810 12V, T, =250 D i
» Variety of output voltages from 5 — 24V el T

» Thermal overload protection a2 SEAk 1A =10
. . . AVa™ | Load reguiation lo=SmA 185A T,=28°C 30 100 my
» Short circuit protection 1022 6 70 mA s | w

Ti=25%C 43 8 Ly

» 2% output voltage tolerance. § [Sducmani o [
Wi= 81023 V. lo = 500 mA 048 A

Aly Crilsecont curmsrt changs | Vi=T 5w 0V T,= 25°C 0A ik

loeSmA 1A 0.5 mA

SVR Supphy veitnge remction Vi=8ie 1BV. 1= 120 Hz, Io = 500 mA 8 8

Va Dropout volage lom 1A T,=25°C 2 v
oN Ot o woltoge Ta = 25°C, B =10 Hr ko 100 kHr 10 WV

Rz Ouiput res stance 1= 1hHz 17 m

e Shor circui curment Vis35V. Tan 25°C 0z A

by Shan sireuit peak eurent T,=2"C 22 A
AVAT | Output voltage dift 4 Ve

Figure 5 - Max current - (ST Microelectronics, 2014)




2.3.2.2IM317

This regulator is a three terminal positive voltage adjustable regulator, and has the ability of
delivering in excess of 1.5A over a variety of voltages from 1.25V to 37V. This device can be found in
many applications such as desktop PC's, energy harvesting, power bank solutions and many more

(Texas Instruments, 2013)

Features

YV VY Y

The specifications for this chip can be found as a data sheet in the annexe as annexe 2. In a typical
application an example circuit is proved in the data sheet, this can be seen in figure 7 below.

It can be seen that R1 and R2 are used as a voltage reference by using the voltage divider rule, and

Figure 6 - LM317 (Texas instruments, 2016)

» Voltage range between 1.25 and 37V,

Can deliver >1.5A

Short circuit limiting

Thermal protection

Output safe area compensation (Texas instruments, 2016)

8.2 Typical Application
o1

1NsD02
-
]
R L TN S s +—0 Yo
Adjust = Ry
2400 1{ .
» Vet ® 125V 1N4D02
=& = %
01 4F T 104F
2
Rz == Cany

l Copyight © 201¢, Tasas Instumants incorporatod

Figure 9. Adjustable Yoltage Regulator

821 Design Requirements

* R1and R2 are required fo set the output voliage.

+  Cagy is recommended to improve ripple rejection. It prevents amplification of the ripple as the output voltage
is adjusted higher.

= Ciis recommended, particularly if the regulator is not in close proximity to the power-supply filter capacitors. A
0.1-pF or 1-pF ceramic or tantalum capacitor provides for most
when adjustment and outpul capacilors are used.

« Cgimproves transient response, but is not neaded for stability

« Protection diode D2 is recommended if Cap, is used. The diode provides a low-impedance discharge path o
prevent the capacitor from discharging into the output of the reguiator

+ Protection diode D1 is recommended if Cg is used. The dicde provides a low-impedance discharge path to
prevent the capacitor from discharging Into the output of the regulator.

Figure 7 - Typical circuit - (Texas instruments, 2016)

as stated the capacitor is used to improve ripple rejection.




2.3.23tm723

This regulator is mostly utilised for series regulator applications (Texas Instruments, 2013). This chip
has the ability to deliver up to 150mA but can also with the aid of bypass transistors control larger
loads. This type of regulator can be found in temperature controllers, shunt regulators and current
regulators,

Figure 8 - LM723 - (Texas Instruments, 2013)

Features as can be seen in figure 9.

Can deliver up to 150mA without any external pass transistor

With external transistors it can control up to 10A

Max input voltage at 40V.

Output voltage adjustable from 2V — 37V (Texas Instruments, 2013)

YV ¥V V¥

b InsTRUMENTS LM723, LM723C

worm ti.eom SNVSTEEC = JUNE 19¥S=REVISED AFFIL 1013

b Thass cevces nave bt bukin €50 protecson. The eads shouss be shorsd Segether o e devios plsced I condectie toam
LA chuing stoenge or hanchng o prevent siectrostatic damage 13 fia MOS gates.

ABSOLUTE MAXIMUM RATINGS™®

Pl Vollage from V- 12 v~ (80 ) oV
Contnious Yotags fem W i V™ o
Ingrut-Luutput Vikags Diffesential L
Naimum Amgkfar Input Voltige

(Sithen ingut) asv
Msximuam Amgbfier lnpl Uniiags

[Dierentisl) [
Curmt Ihom ¥y 25 mA
Cumiat fom Vags 15 mA
Intesenal Poww: Disspaticn

Matsl Can &4 800 il

COF & 900 M

PO O 650 N
MTM“I"M

Lh723 55 10 +150°C

[IET 0*Clo +70°C
Songe Tempernue Range

Matil Can ~85'C 10 +150°C

PO =85 1o +150°C
[ (Scldering. 4 sec ma )

Heamuonc Package | 00

Plast Packogo | 260°C
ESU Tolotwncs | 1 200V

(Human body model 1.5 kG in serios wh 100 BF)
(1) *Abmoiste Mazimmm Fiatings® indicaie b beyord which damage o e ¥ occar. Opemting Rnings for

s funcional, s,

(2) A miimary RETS spaciication is avaltats on fequest. Al 09 e of priing, e LMTZ3 RETS speciication compled with 1he Min and
e s i i Uk, Thes LMT23E, M, aned J mury aiso bes procured s Standar My Drawing
(3) Soe dersting Gunves Bf MAKETUT POWSS fAling dbdve 25°C.

Figure 9 - Maximum ratings - (Texas Instruments, 2013)




2.3.24IM1723
This type of chip can offer a positive or negative regulation and can deliver up to 150mA or larger
controlled current output by utilising external bypass transistors.

Figure 10 - LM1723 - {Motorola, 2016)

Features

Voltage is adjustable from 2VDC to 37Vdc

Can deliver up to 150mA without bypass

0.03% load regulation

0.01% line regulation

Variable short circuit protection. (Motorola, 2016)

YV VYV

It can be seen in figure 11 the maximum ratings available for the chip.

MC1723C
MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted )
Rating Symbol Value Unit
Pulse Voltage from Voo to VEE (50 ms) V|(p] 50 Vi
Continuous Voltage from Vo to VEE Vi 40 Vde
Input=Output Voitage Differential Vi-Vo 40 Vde
Maximum Output Current I 150 mAde
Current from Vief Iref 15 mAdec
Current from Vz Iz 25 mA
Voltage Between Noninverting Input and VEE Vie 80 Vde
Differential Input Violtage Vid +5.0 Vde
Power Dissipation and Thermal Characteristics
TA =425°C Pp 125 w
Derate above Tp = +25°C 1788 10 mWrEC
Thermal Resistance, Junction—to-Air CATN 100 “CIW
Operating and Storage Junction Temperature Range| T, Tstg =651t0+175 °C
Operating Ambient Temperature Range Ta 0to +70 °c

Figure 11 (Motorola, 2016)




3. Design Method, choices and calculation

To enable a productive and cost efficient approach for this design a bottom up method will be
employed. This is due to the cost of the end product being required to be inexpensive so of
the shelf parts will be used, this will also allow the design and production timescale being
sped up.

3.1 Specification

The customer has requested that the following specification be followed. The application of
the power supply is for an instrument controller that has an LED display, 5 output relays and
analogue output.

e Supply Voltage is 230V AC

+ Output voltage is 12V DC #5%

e Qutput max current is 1.2A 2%

e Temperature range from -10°C to 40°C

e Maximum dimensions are 119.4mm x 119.4mm x 80mm (to fit enclosure refer to annexe 6)

3.2 Design method

To enable the design to meet the specification the process will be worked from output to
input. A block diagram of this is illustrated below.

1 2 3 4

Mains | - - Transformer o Rectifier - Smoothing I - l Regul I | uitput
supgly Cappacitor | | o | | supply

Figure 12 - Design block diagram

It can be seen that the first element to design is the Regulator and a suitable Heat sink.

3.2.1 Regulator

As per the research it can be seen that there are a variety of regulators depending on the
application. To satisfy the specification the regulator of choice is the LM723 this is due to the
LM?723 having a better line and load regulation when compared to the Im317 and the Im1723,
this can be observed in the pictures below from the data sheets.

PARAMETER TEST CONDITIONS " MIN vP  mMax| unIr
T4=25°C 0.01 0.04
Line requlation(® V) =Vg=3Vio 40V ] |
T;=0°C 10 125°C 0.02 0.07 ‘
Cans™= 104F, |VosS5V 25| mv
T,=25°C Vpz5V 0.1 05| %Vo
Load regulation lo = 10 mA to 1500 mA
T, =0 10 128°¢ LR35V 20 70( mv
e Vaz5V 0.3 15| %vo

Figure 13- LM317 (Texas instruments, 2016)




C LM723 LM723C Units
M TTyB | oo [ Min [ Typ | Max
Line Regulation Ving = 12V 10 Vigg = 15V 0.01 0.1 0.01 01 | % Vour
=55°C 5 Ty < +125°C 03 % Vour
0°C s Ta 5 +70°C 03 | % Vour
Vieg = 12V 10 Vi, = 40V 002 | 02 0.1 05 | % Vour
Load Regulation I.=1mAtol, =50 mA 0.03 | 0.15 003 [ 02 [%Vour
-55'C s Ty < +125°C 06 % Vour
0°C s Ta 5 +70°C 06 | % Vour
Figure 14 - LM723 - (Texas Instruments, 2013)
Line Regulation Regiing % Vig
= 12V <Vin<15V - 0.01 0.1
(Ta= 25":]{ 12V < Vi <40V = 01 05
(Tiow < TA < Thigh)
12V<Vjp <15V = = 0.3
Load Regulation (1.0 mA < I|_ < 50 mA) Regload % Vo
Ta=25C - 0.08 02
Tiow < TA < Thigh . = oe Figure 15 -

LM1723 - (Motorolla, 2017).

This can also be compared to the L7805 and the data sheet snippet in figure 5. It is also clear
that the Im723 is far superior than utilising a Zener diode as this application requires short
circuit protection and it is known that the regulator has very good regulation when compared
to a diode.

To design the circuit that encompasses the LM 732 the data sheet has a variety of circuit
configurations. The configuration that will be utilised is shown in figure 19 in the Annexe
labelled “* Annexe 37. This was derived by observing the specification requirements to table 1
of the data sheet thus giving 10V.

/ :
™
B “*-—-.h._,___. Sa, 4— c
oo
:l‘
.II
L
Typical Performance
Regulated Output Voltage +15v
Line Regulation (AVyy = 3V) 1.5mv
Load Regulation (Al = 1A) 15 mV

Figure 19. Positive Voltage Regulator (External NPN Pass Transistor)
Figure 16 - LM723 circuit - {Texas Instruments, 2013)

There are certain values that have to be adhered (o enable the regulator to operale as
designed. These are
e Cref =0.1pf (this is found on pg. 4 of the datasheet, this enables a low harmonic noise
operation).
e Vref =7.15V (again this is given on the data sheet.
e R1=4.87KQ and 7.15kQ this is given on pg 8 of the data sheet.

These values can also be derived by transposing the given expression.

Vout = (Vref (%))




LM723 Figure 20 (ST products,
A. It can be seen that the external pass transistor is utilised to allow more current to
pass this is due to the internal limitations of the LM723 being able to offer 150maA.

B. Arrow B shows that this section of the circuit is the reference voltage for the output.
To enable fine tuning of the output voltage it is possible to alter the values of R1 and
R2 as mentioned previously.
So

C. Figure 16 arrow C indicates the circuit that is responsible for the current limiting of
the load. It can be seen that the RSC resistor is calculated utilising the data sheet,

Vsense

therefore the formula for this is ILIMIT = =i therefore as 0.6 is given in the data

sheet and the specification requires a maximum isc of 1.2A then then RSC can be

found by transposing the formula to give 2 = 0.50

Therefore RSC = 0.5Q.

Figure 17 — Chart- (Texas Instruments, 2013)

The last value to be found is the required Vin which when referring to the block diagram in
figure 12 is provided after the smoothing capacitor.
When referencing the data sheet Vin is give as
Vin= 12V <Vin <40V and (Vin — Vout) = 3.0V
The 3V is found in the data sheet as shown below.

| Input-Output Voltage Differential | I 3.0 | I 38
Figure 18 — differential - (Texas Instruments, 2013)

Therefore
Vin — Vout = [Vin— Vout + 20] = 3V
Thercfore
Vin =2 Vout+20+3V=10+12+3
So the following is calculated.
Vin = 14.2V
It can be seen that the minimum input voltage to the rectifier is 14.2V

3.2.2 Capacitor

The next step of the power supply design is the smoothing capacitor selection: by following
the “Linear & Switching Voltage regulator handbook™ a step by step guide will be followed.
1. The first step is to determine VC; this is the average full load DC output voltage of the
capacitor input filter (Semiconductor, 2002).

Therefore
1
1L.VC=Vin+ Err’.pp:‘.e + 10%

Vin was calculated previously as 14.2V.
The ripple is calculated as follows




) ) Ripple out
2.Ripple in = Gain
As the ripple rejection of 74db is shown on page 3 of the data sheet in the annexe for the
regulator input specification, this value will have to be converted to gain using the following
equation.

Vout

Av = 20log Vin

This gives the value of
Antilog —
ntilog =5

2. By referring back to equation the following is true

600mv (data sheet)
10 —}704
With these values we can input them in to equation 1 to find VC
VC =142+ 1.5+ 10% = 16V

Ripple in = =3Vp—p

Therefore VC = 16V

3. The next parameter to be found is VM, this is the Maximum no load output voltage
(Semiconductor, 2002).

VM =VC + 50%
Therefore VM = 25V

4, 10is also a requirement and is the full load output current; this can be found in the design
specification as 1.2A.
5. Fis the input line frequency, as this is the UK this is set as 50hz.

In summary the parameters found are:
VC =16V
Vripple = 3Vp-p
VM =25V
I0=12A
F = 50hz

6. Utilising the ripple attenuation expression

o v ripple w100
2v2 X VC

The following answer is found rf = 6.6%




7. Next parameter to be found is werl; this can be found in the handbook and is shown below.

Figure 19 - RMS voltage (Semiconductor, 2002)

It can be seen from the graph that werl = 7 to 15 as signified by the yellow circle at 6.6%
ripple attenuation. Due to this attenuation the nearest parameter to follow is 10 which gives
10% as the ripple factor.

Figure 8-5. Root-Mean-Square Ripple Voltage for Capacitor-Input Circuits
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Figure 20 - graph (Semiconductor, 2002)

8. Itcan be seen that Rs is the sensing resistor and RL is the load resistance. Therefore

Ve
RL=—=16Q2
lo _
. i o
0
g [
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Figure 21 - Rs/RI (Semiconductor, 2002)

From this graph it can be deduced that Rs/2R1 = 10% as it is half the value the bottom value
is doubled due to 2 x werl therefore 20% so it can be deduced that IF. peak x LF. avg was
5.2

Rs =0.2x16 =3.2Q




With all the parameters found a final calculation of the ideal capacitor can be made using the
following equation.

C werl 1989uf
_ | T 2mxs0x16  H
By using RS the following capacitor was selected.

Panasonic Aluminium Electrolytic Capacitor 2000uF v g :‘l:mmmﬂmnm-'su-r

25V dc 16mm Through Hole TP RADIAL Series +135°C -
£2.31

Tiz322% i
rand Panasonkc Panasonic FPrice Each (In & Pack of 2)
Ho. EEUTP1E202S
Unals Paruml Par Pack®
2-48 £2u Ed52
— =8 . 50+ £208 £4.18

Quantity 2 - Units Add to basket
Check stock levels Add 1o & parns list
*prica indicatve

Figure 22- RS capacitor (RS, 2017)

The reason this capacitor was selected is due to its size, life expectancy, ripple current, price
and capacitance value.

When referring to the capacitor specification which can be found in the annexe as
annexe 3. it can be seen that the expected life expectancy as 2000 — 5000 hrs which is
adequate for the application. The size is minimal at 16mm diameter by 20mm for the
enclosure and offers a lower than required ripple current at 2.3 A peak to peak. It can be seen
that the price is low at £2.31 and it has a suitable capacitance for the specification of 2000pf.

3.2.3 Rectifier

To determine the rectifier the following parameters need to found according to the handbook.
1. LF =10/2 (due to it being full wave rectification). I.F is the average current per diode

(Semiconductor, 2002).

Therefore

1.2
ILLF. = > = 0.64
2. When considering the graph on figure 21 it was realised that I.F peak = 5.2 x 0.6 = 3.12A.
3. Peakinverse voltage = 2Vm +20% - 50% for safety margin (Semiconductor, 2002). Therefore
as VM = 25V then for s safe margin 50V will be used.
4. The final parameter to be found is the maximum surge current (Isurge).

Therefore
| _ Vm
SUT9€ = Rs + ESR)
ESR is the minimum series resistor or filter capacitor (Semiconductor, 2002). This has been
neglected ##

So the following is calculated.

I -2 84
SWrge = 3370 "




The following is an appropriate rectifier for the circuit.

Diodes Inc SBRO5MG0BLP-7, Bridge Rectifier, 60V, 4-
Pin DFN4 e

£0.236

Prios Each (e 2 Fies! of 3000

s DIDES
seRTAIELPT
mn Fain PaFne
w000 peam T

000+ e onn

T -

“prca e

Technical Reference

# o

Figure 23- Rectifier - (RS, 2017)

It can be seen that the rectifier is relatively cheap at 0.236p compared to a similar alternative
of 0.335p.

When referring to the specification in the annexe as annexe 7 it can be seen that this rectifier
has the acceptable specification of enabling 60V peak inverse voltage. It can also maintain
the required 7.8A surge current due to its max at 8A. The size is appropriate for the enclosure
being only 3.1 x 3.1 x 0.58mm.

3.2.4 Transformer

To choose the appropriate transformer the following is carried out to deduce the RMS voltage
of the secondary leg. Therefore the following equation is carried out.
{Vm + (n)1.0}

Vs =
V2

n=2 for full wave and 1 for half wave
So,

Vs —{25 il 19V
= — rms
V2

20V ac 2 Output Through Hole PCB Transformer, 3VA

e

RS £5.16

Figure 24 - Transformer - (RS, 2017)

When referring to the transformers specification which can be found in the annexe as annexe
8 it can be seen that the second leg can deliver up to a maximum of 20Vrms from 230V on
the primary. The dimensions are also suitable for the enclosure at 25x42x35.




3.2.5 Heatsink

The last component to select for the regulator is the heat sink, as before the manual will be
followed.

The first calculation to be carried out is whether a heatsink is required. The maximum desired
temperature is 75°C, so TJ max = 75°C.

PD is the average output voltage x output current = 20 x 0.6 = 12W.

TA is ambient temperature of 18°C

Using the equation
S S g o
eSA = ) e of

— 16— 15= 1.65°C/W

75-18
12

eSA =

It can be seen that the following heatsink from RS can be used.

Heatsink, Luxeon LED 6 Ring, 1.79°C/W, 101.6 x 101.6
x 31.75mm Y

£13.24
s B e
T
[res Pt
14 g2
' 0.0 £1257
%0249 1
290-408 L]
e as P
.
Gaaeany 1 -

Technical Reterence

Product Details P N
o Pord Covioan of Complance.

A Heacsin, Lusese g LED

e s s % e Ring Lot Souras

BRI Hearsimis

Figure 25 - Heatsink - (RS, 2017)

This heat sink has the ability to dissipate 1.79°C per Watt and can fit into the enclosure
required.




4. Testing the Design

4.1 layout

To test the power supply adequately the power supply should meet the required
specification. To enable an in depth testing process the rectifier will be initially tested to
ensure compliance.

4.2 Variable load test.

HMM1
-
=
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Vide): 1.24 sV Ijde) 122 A
o wn Vifreq): — Ifreq):
= a0v o
T i
2 e
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Wifrag) — 2 R2 Key=A
| owF §9200
& -
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Figure 26 - Test 1

It can be seen that the rectifier has an open circuit as a load or 0Q2, a maximum value of
current being passed is at 1.22A, this could have been higher without the current limiting
resister. Also as the current drawn is very high there all the voltage is dropped to earth.
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Figure 27 - Test 2

As the resistance is increased the load is reduced and it can be seen that the current demand

has reduced to 1A and the voltage has recovered to 12Vdc.
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Figure 28 - Test 3

On the final test utilising a variable load the load has been increased to 100% or 100Q. To be
expected as a smaller load is required the current draw is less at 122mA and the voltage is

steady at 12Vdc.
Below is a log of the full test.

Variable load

Load | Vin Vout Current out
0 20 0.00124 1.22
2 20 2.44 1.22
4 20 4.88 1.22
6 20 7.31 1.22
8 20 9.73 1.22

10 20 11.9 1.19
12 20 12 1
14 20 12 0.858
16 20 12 0.751
18 20 12 0.667
20 20 12 0.601
30 20 12 0.401
40 20 12 0.301
50 20 12 0.24
60 20 12 0.2
70 20 12 0.172
80 20 12 0.15
90 20 12 0.134
100 20 12 0.12




4.3 Variable supply

Xl
(o] =
— 2N3055A i
Vi1TIY I -43.2 mA
Vip-pk 0V 1(pp): DA
V{ms]: 0V Ifrmsk 0 A
U1 rsci Videk 1.73V I(de): -43.2 mA
vi : ) 0.50 Vifrea): — I(freq) —
—2v —] —
T ] -
] PR2 PR3
LM723H —
- | R
51000
v 985 mv W R3
Vip-pk OV PR1
Wirmsk 0V
b 1000 40 %
e
= c2 R2 Key=A
L 0.1pF 69200
=+ +

Figure 29 - Test 4

+

In this test the load is fixed at 40Q) and the supply to the rectifier is varied. On this instance
the supply is set at 2V. It can be seen that as the input supply is so low the rectifier is not able
to supply an adequate supply. This is to be expected.
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Figure 30 - Test 5

The input supply has been raised to 16V on this occasion and it can be seen that the output

supply is stable at 12V and 200mA.,
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Figure 31 - Test 6

In this test the input supply has been increased to 100V and the regulator is holding the
output voltage healthy at 12V.
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Figure 32 - Test 7

In this test the input voltage has been increased to a large value of SKV. It can be seen that
the regulator has been overcome and is allowing 30V to pass.




Below is the log of the full test

40

5000 30

Variable supply
Load Vin Vout Current out
40 2 85.6 0.002
40 4 1.73 0.043
40 6 3.54 0.0885
40 8 5.39 0.135
40 10 7.26 0.181
40 12 9.14 0.228
40 14 11 0.276

0.749

Figure 33 - Table 1 - Variable load

It can be seen from the table that the optimal voltage using the simulator is signified by the
green boxes. In reality it would not be safe to operate the regulator at more than the data sheet
rated maximum value of 40V. However this table does signify how good the regulator is at
keeping at steady output voltage from 16V to 40V input voltage and is able to deal in large

spikes of voltage if needed.




Variable load

Load Q | Vin Vout Current out
0 20 0.00124 1.22
2 20 2.44 1.22
4 20 4.88 1.22
6 20 7.31 1.22
8 20 9.73 1.22
10 20 11.9 1.19

Figure 34 - Table 2 - Variable load

It can be seen that when there is a varied load required from the regulator its optimal load is
between 10 (specification is 5%z for the Voltage) and 1002 or higher. It is also important
to notice that the current limiting emploved by the regulator does operate even when there is
a short circuit on the load thereby only allowing 1.22A which is as per specification of 1.2A
with 5% +.




4.3 Complete circuit

From the above testing it can be seen that the rectifier design was a success, the next step is to
build the complete circuit and employ all the components selected during the design.
Below is the complete power supply.
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Figure 35- Complete power supply circuit

As 1t is not possible to select the exact component from RS, very similar components are
selected to keep any real life discrepancies to a minimum.

It can be seen that the transformer has a 12:1 turn ration to deliver the required 19V AC as
per the design.

The bridge rectifier is a full wave s per design and the capacitor was selected to be 2000pf.
It can be seen that the by utilising the bridge rectifier and capacitor the voltage into the
regulator has increased from 19.16VDC to 24.2V DC. This is due to the full wave regulator
utilising the full wave in to the supply leg.
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Figure 36 - Oscilloscope

Figure 36 is a picture of the oscilloscope that has been connected to show how the 230VAC
supply has been stepped down, rectified and smoothed to produce the 24.7VDC blue line in
figure 36.




VALV -V TN T I A N\ W A AT

v s et . ‘

FAVAA W AN S SV AV IS W I SV A R Y I S A |
g 7

Trme Charmrel_A Charwed 8
BE ] mamss  ssezar L34y R
HF| meaus  snoger  mamEv =

T2TL TS ma L108V 3042530 e Bt B
Timebae. Chanel & Crannel 8 Trigger
Scale: [ 10 walDiv Scae: [ 2 WD Saale: [ 200 VW edow:  [E)E [][n et
Xpos. v [0 ¥ oo | ¥ .o |0 wak g [¥ ]
[¥T] A [ein AR | ][0 | [DC »€) 0 |[BE]= [Sngie ] Hormal Ao Hone.

Figure 37 - Oscilloscope 2

From this oscilloscope a measurement of the ripple has been taken. It can be seen that it has a
maximum ripple of 1.1V p-p. When comparing to the design requirements to the simulation it
can be seen that the capacitor is able to smooth the DC to within the 3V p-p required.

In summary when referring to figure 35 the input supply and output supply met the
specification. When applying the complete circuit to the regulator there were no
discrepancies as the output voltage and current 12VDC and 300.6mA are exactly the same
when examining the regulator alone.




5. Conclusion

In conclusion it can be seen that aims and objectives of this assignment to accommodate a
client’s design specification for a new power supply were achieved

This was due to the aims of this assignment being achieved by:
» Illustrating a good knowledge of advanced design practices.
» Analysis of advanced clectronic systems that achieve complex analogue functions.
» A design of advanced electronic system for client’s specifications was met.

The objectives achieved were to:
» Design a new power supply to a customer’s specification. It can be seen that this was
achieved through the design and testing of the power supply.
> Simulate and evaluate the power supply to enable a full analysis of the characteristics
of the power supply. It can be seen that this was achieved on many occasions during
the testing and evaluation of the power supply within this assignment.

The design of the power supply allowed the electrical, thermal and physical requirements of
the specification to be met. And data sheets and literature were thoroughly scrutinized for
relevant information for the design as well as testing

In summary it is clear that the assignment has achieved a completed design and test of a
power supply that has met the design specification laid out at the start.
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7. Annexe for diagrams, data sheets, results tables ETC.
7.1 Annexe 1 — Data sheet for LM7805

Positive voltage regulator ICs Maximum ratings
3 Maximum ratings
Tablo 1. Abselute maximum ratings
Symbsl Parameter Valus Unit
™ e [for Vo= S 10 18V 35 3
. ks [toe vig= 20, 24 v a
1"y Output current Intemally limited
Po Power dissipation Inlematy limited
Tyt | Sorage wmpersiure range 6510 150 c
for L7 8axC. LT8xxAC 0lp 125
' e | o
oe: | Comming il |for L7toxas 4010125
Note: Absolute maimu ralings are hose vaives beyond which damage to the device may octur.
Functional aparaticn under thase condihon is nof implied
Table 2. Thermal data
Symibsol Paramuter D'PAK | DPAK | TO220 | TO-ZNFP | Unit
Reuc | Thermal resistance junchioncase 1 & 5 5 =g
Reut | Thermal resistance juncsion-ambieant 625 100 5 & T

Figure 4. Application circuits

% T L78 T Yo

€, =0.33pF =0.1pF
. cuame
Positive voltage regulator ICs Electrical characteristics
5 Electrical characteristics

Vi=10V, Ig=1A.T, =010 125 °C (LTB0SAC). T, = 40 10 125 *C (L7B05AB), uniess
otherwise specified’™

Table 3. Electrical characteristics of LTBOSA

Symbol Paramatar Test conditions Min. | Typ. | Max. | Unit
Vy  |Cutput vohage T,=25°C a9 | 5 |81 | v
Vg |Output volage lg=5mAle 1A V=751 18Y 48 | 5 | s2 | v
Vo  |Outputvoage o= 1AV = 181020V, T;=25C 48 | 5 | 52| v

Vi=T51025 V. Ip= 500 mA. T, = 25°C 7 0 | mv
V=812V 10 | 80 | mv
avg ™ |Line regu
Vi=B1012V, T =25°C 2 R
Vi=731020V,T = 25'C 7 50 | mv
lg=5mAto 1A 25 | 100
g | Load regulation lg=5mAlo 1.5A, T,=25"C 30 | 100 | mV
Ig = 260 to 750 mA 8 50
Ty=25°C 4.3 ] mA
Ig Quissoant curment
L] mA
Vi=B1023 V.1 = 500 mA 08 | ma
Aly Quicseent curent change |V =75 020 V. T, = 25°C 08 mA
lg=5mAtn 1A 05 | ma

SVR  |Supply vollage mjection |V, =810 18 V.1= 120 Hz. |y = 500 mA 68 9B
Vg |Dropoutvoltage ln=1A, T, =25°C 2 v
eM  |Output noise voitage Ta=26°C, B =10 Hz to 100 kHz 10 Vg
Ry |Output resistance = 1kHz 17 ma
e |Short ciroit current V=35V, Ty = 25'C 0z A
lyp, | Shont circuit peak current [T, = 25°C 22 A

AV/AT | Output voltage drift 1.1 mvrC

1. Lowd and line regulsticn arg specifed ut conatant junction Changes in Vg due o hewing sff be

taken inlo acoount separstely. Pulse 1asing with low duly Gycle & wed,




Paositive voltage regulator ICs

Application information

Figure 11. Adjustable output regulator (7 to 30 V)
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Figure 28. Dropout voltage vs. junction

Figure 29. Peak output current vs. inputioutput
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Figure 31. Output voltage vs. junction
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Typles! performance Positive voltage segulator ICs

Figure 32. Output impedance vs. frequency _ Figure 33. Quiescent curment va. junction lemp.
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Figure 34, Load transient response Figure 35. Line transient response
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Figuro 36. Quiescent cumment vs. input voltage
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7.2 Annexe 2 — LM317

LM31T
SLVEOLX —SEPTEMEER 1967 REVISED SEPTEMBER 2018

[T T

wrwntcom

& Specifications

6.1 Absolute Maximum Ratings
over virtual junclion temperature range (unless othenwise noted)!™

Vi =Va Ingri-o-outpur drfferantial voRage

T Cporating virual junction temperature

MAX
40
150

Load tompsraturs 1,5 mm (1116 in) from case for 108

260

T m tomporatLre.

-65

664-!-:;

150

(1) Stesses beyond those Ested under Absolute Maximum Ratings iy Cass permarent damoge lo the device. Thess urw siress ratings
only, and fanctional of he device & Mese or any olher condiions beyond those Irdicated under Recommended
AraEnum-rated condinons tor dxtendid ponods may aflect divica relability.

Condinons ks not . Exposars 1 abschito-
6.2 ESD Ratings
MAX UNIT
| Humman Body model (HBM) per ANSIESDAJEDEC J5-001 ' 2500
Viewoy echmme | Chargea device model (COM), per JEDEC JESDZ2C1017 1000 e
(1) JEDEC document JEP155 staes hat S00-V HOM allows safe maniacuring with & siandard E5D control procsss.
(2) JEDEC document JEP1ST stutes that 250-v COM allows safi ranulacturing with o standard ESD control process.
6.3 Recommended Operating Conditions
MIN A UNIT
Ve Output voltage 125 w| v
-Va Ingando-outpur differantinl votage 3 40 v
1 Output cument om 15 A
T Operating vinual jUnclion 1emaerature ] 125 ¢
6.4 Thermal
LM317
o ooy KGCS. KET KTT
bt | tsorzzy) | ooz | goasy | M7
4 PINS APINS 3IPING 3 PINS
Ry Juncson-io-amblant themmal reskitance X 215 378 38.0 eI
Racanss Juncion-io-case (1op) thamal resistance 432 159 511 365 Cw
Fyg  JUNchon-io-Doar Mammal resistance 1.9 79 232 189 o
v Juncsoneio-iop characerzston parsmeter 26 a0 120 08 e
wa  Junchonoboad charsctinzason paramstis 18.4 78 228 17.0 W
Raxpan _JUnchon-o-cast (oottom) hermal rsistance NA [1] 42 1.1 cW

{1) For mons information about tractional and riw thimal ratics, 56a the Samiconductor and IC Packsge Thamal Matrcs application
report,




€5 Electrical Charactenstics

over recommanded ranges of apenating vinual juncton temperabare (uniess olherstse noled]
PARAMETER TEST coNnmons ™
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w i g | - Yo 40 a8 nf
[, =va 315V, o = Paac [ 21 %
v, g 580V, Pp % P, T,e 250 515 [
RIS cupeat noine volsge | =1
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7.3 Annexe 3-1m723

Texas
# INSTRUMENTS LM723, LNTZ3C
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Figure 38 (Texas Instruments, 2013)
Characteristics
ELECTRICAL CHARACTERISTICS @<
Paramater Congiong LMTZY LMTZ3C Units.
Min | Typ Max | Min | Typ Max
Line Reguiation Vi ® 12V 10 Vigy = 15V oo | o1 001 | 0 | %Veur
~S5C £ Ty 5 S 1HC a3 N Vogr
0°C £ T £ +70°C 03 | % Vour
Vi = 12V 10 Vigy = 40V ox Q.2 o1 05 % Vioun
Lowd Regulation w1 mA ol =50 mA o | 015 003 | 02 |%Vour
=S5°C & TAS #125°C s % Viour
PC 3 Tas 70 05 | % Vour
Ripple Repection 1@ 50 Hrto 10 kHe, Copr e 0 M T4 L]
1= 50 Hr o 10 kHr, Cogy = S pF - L] ]

(1) Ut Oret Spacified, Ty ® 25°C, Vg, @ V" 8 Vg 8 12V, V™ -nm-sv;nmm-oc,- 0 [F, Cpgy ™ 0 i el

anmmmslnmmmu‘mnrua Ling and ioad rogulation speclications are given fof the
chip tomparature. Tempersture drfls must be taken inio account ssparsaly for high
(2) A mitary RETS spacication is svallsble on request Al the tine of printing, the LAT2) RETS specifieaion complied with the Min and
R evits i Sk toble. The LMT23E, H_ and J mary abso be procured a8 8 Standand Mitary Dramwing
(3] Spesiion by comalation 10 ORer boits.
4] Ly s 40 tums of No. 20 aramolad coppar wiro wound on Fomoscube PRGR2-38T pot care or equivalont with 0.000 in. sir pag.
Copyright @ 10062013, Taxas busirumerts Incorporated Subma Cocumentaton Feecbeck 3

Frocuct Feider Links: LTS LMTI3C

Figure 39 (Texas Instruments, 2013)

ELECTRICAL CHARACTERISTICS®) (continued)

Parameter Conditions Lm723 LM723C Units
Min | Typ | Max | Min | Typ | Max

Average Tempersture C of |=55%C £ T, £ +125°C 0.002 | 0.015 %C
Output Volage (=)

0°C £ Ta 5 +70°C 0.003 | 0.015 | %"C
Short Circuit Current Limit Rge ® 100, Vayur =0 65 65 mA
Reference Voltage 685| 715 | 735 |68D | 745 | 750 v
Output Nolse Voltage BW = 100 Hz 0 10 kHz, Cres = 0 a6 a6 uVims

BW = 100 Hz to 10 kHz, Cges = 5§ uF 25 25 pVims
Long Term Stability 0.05 0.05 w:‘r:m
Standby Current Drain k=0, Vpy & 30V 1.7 is 1.7 40 mA
Input Vaoltage Range a5 40 a5 40 v
Output Voltage Range 2.0 37 2.0 37 v
Input-Output Vollage Differential 3.0 38 3.0 38 v
LI PDIP 105 “Cw
M cowp 150 “Cw
LT H10C Board Mount in Sull Alr 165 165 “Chw
B H10C Board Mount in 400 LF/MMIn Alr Flow 66 66 “chw
B0 22 22 “Cw

(5) For metal can spplications where V; is required, an external 6.2V zener diode should be connected in series with Vit

Figure 40 (Texas Instruments, 2013)
Performance characteristics




TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 41 (Texas Instruments, 2013)

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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Line Transbsnt : Load Transient Response
$ . OTCATC N ™ 5 ! [ Tews camren | |
2 1 2 = 1 |
T ARSI . P ...f | T R
; fi ™ EUL T 8
PR iRERRCEi N SEEu
= ] = H
g a8 g g H
g H : £
E - 4 2 H -
H - H

QUTRIT MPLEANCE 31

FREQUENCY {15!

Figure 13,

Figure 42 (Texas Instruments, 2013)
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www._tloom SNVETESC = JUNE 1988=REVISED APRIL 2013
TYPICAL APPLICATIONS
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Tor minimum temperature drift.
R3 may be eliminated for minimum component count.

Ll

Typical Performance
Regulated Output Voltage 15V
Line Regulation (AV, = 3V) 1.5 mv
Load Regulation (Al = 50 mA) 4.5mv

Figure 17. Basic High Voltage Regulator (Vour = 7 to 37 Volts)
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Typical Performance
Regulated Output Voltage -15V
Line Regulation (AV,, = 3V) 1mV
Load Regulation (Al = 100 mA) 2mv

Figure 18. Negative Voltage Regulator
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Typical Performance

Regulated Output Veltage +15V
Line Requlation &V = 3V) 1.5mv
Load Regulation (Al = 1A) 15 mv
Figure 19. Pesitive Voltage Regulator (External NPN Pass Transistor)
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Typical Parformance
Regulated Output Voltage +5V
Line Requlation (AVy, = 3V) 05 mv
5mv

Load Regulation (Al = 1A)
Figure 20. Positive Voltage Regulator (External PNP Pass Transistor)
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Typical Performance

Regulated Output Voltage +5V
Line Regulation (AW, = 3V) 0.5 mv
Load Regulation (Al_ = 10 mA) 1mvV
Short Circuit Current 20 mA

Figure 21. Foldback Current Limiting
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Typical Performance
Regulated Output Veoltage +50V
Line Regulation (AV) = 20V) 15 mV
Load Regulation (Al_ = 50 mA) 20 mV
Figure 22. Positive Floating Regulator
Copynight € 12952013, Texas Istruments Incorporated Submit Documentation Fesdback 11
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Typical Performance
Regulated Output Voltage =100V
Line Regulation (AVy, = 20V) 0 mv
Load Regulation (Al = 100 mA) 20mv

Figure 23. Negative Floating Regulator
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Typical Performance
Regulated Output Voltage +5V
Line Regulation (AV)y = 30V) 10 mV
Load Regulation (Al_= 2A) 80 mv

Figure 24. Positive Switching Regulator
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Typical Performance

Regulated Qutput Voltage =15V
Line Regulation (AVy = 20V) 8 mv
Load Regulation (Al = 2A) 6 mv

Figure 25. Negative Switching Regulator

Y
v ,U:.
L
Vi Vour . ey
:;“ [T ) &L J
(U
) i [
L
<
L LOGIC mrUT
=

Note: Current imil transislor may be used for shutdown I current limiing ks not required.

Typical Performance

Regulated Output Voltage +5V
Line Regulation (AVy = 3V) 0.5mV
Load Regulation (Al, = 50 mA) 1.5mV

Figure 26. Remote Shutdown Regulator with Current Limiting
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Regulated Output Voltage +5V
Line Regulation (AV)y = 10V) 0.5mV
Load Regulation (Al_ = 100 mA) 1.5mVv

Figure 27. Shunt Regulator
Veer

R1

HONINVERTING
P1 INPUT

V=
Figure 28. Output Voltage Adjust "

(1) Replace R1/R2 in figures with divider shown in Figure 28
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7.4 Annexe 4

MC1723C
MAXIMUM RATINGS (Tp = +25°C. unless otherwise noted.)
Rating Symbol Value Unit
Pulse Voltage from Vi o VEE (S0 ms) Vi) 50 Vok
Continuous Voltage from Vo to VEg Vi 40 Vde
Input—Output Veltage Differential Vi-Vo 40 Vde
Maximum Output Current IL 150 mAdc
Current from Vief Iref 15 mAdec
Current from V; Iz 25 mA
Voltage Between Noninverting Input and VEE Vie 8.0 Vde
Differential Input Veltage Vid 5.0 Vde
Power Digsipation and Thermal Characteristics
Tp =425°C Pp 1.25 w
Derate above Ty = +25°C 1168 10 mW/eC
Thermal Resistance, Junction=to-Air LATY 100 “CWw
Operating and Storage Junction Temperature Range| T, Tstg -65t0 +175 °c
Operating Ambient Temperature Range Ta 0to +70 °c

Figure 43 (Motorola, 2016)

Electrical Characteristics




ELECTRICAL CHARACTERISTICS (TA = +25°C, Vi 12 Vde, Vo = 5.0 Vde, I|_ = 1.0 mAde, Rg¢ =0, C1 = 100 pF, Cref = 0 and divider
impedance as seen by the error amplifier < 10 ki connected as shown in Figure 2, unless otherwise noted_)

Characteristics Symbol Min Typ Max Unit
Input Voltage Range Vi 8.5 - 40 Vde
Output Voltage Range Vo 2.0 - 37 Vde
Input=Output Voitage Differential Vi-Vo 3.0 - 38 Vde
Reference Voltage Viref 6.80 7.15 7.50 Vde
Standby Current Drain ( I =0, Vi, =30 V) i - 23 40 mAde
Output Nokse Voltage (f = 100 Hz to 10 kHz) Vi RV(RMS)
Cref=0 - 20 -
Cref=5.0 uF - 25 -
Average Temperature Coefficient of Output TCVo - 0.003 0.015 %C
Voltage (Tiow < TA < Thigh)
Line Regulation Regjine %Vo
3 12V <Vjp=15V - 0.01 0.1
(Ta= 25‘C){ 12V <Vjp <40V = 01 0s
(Tiow < T < Thigh)
12V <Vjp< 15V - - 03
Load Regulation (1.0 mA < I < 50 mA) Regioad % Vo
Ta=25°C - 0.03 02
Tiow < Ta < Thigh - - 0.6
Ripple Rejection (f= 50 Hz to 10 kHz) RR dB
Cref=0 - 4 -
Cief =5.0 uF - BG -
Shert Circuit Current Limit (Rgg = 1022, Vg =0) Isc - 85 - mAde
Long Term Stability Vot - 0.1 - %1000 Hr.

NOTE: Ty 10 Trjgn = 0°t0 +70°C
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Figure 4. Maximum Load Current as a Function

Figura 5. Load Regulation Charactaristics
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Figure 8. Cusrent Limiting Characteristics
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Figure 44 (Motorola, 2016)




Figure 10. Line Regulation as a Function
of Input-Output Voltage Differential

Figure 11, Load Regulation as a Function
of Input-Output Voltage Differential
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7.5 Annexe 5

Panasonic Aluminium Electrolytic Capacitor 2000uF
25V dc 16mm Through Hole TP RADIAL Series +135°
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7.6 Annexe 6 - enclosure

1554 Polycarbonate Enclosure, 119.4 x 119.4 x 80mm

Product Details

Specifications

Not what you're kooking for? Select the attributes you require. then click the button below

Body Material
Extemnal Dimensions
External Length
External Width
External Height
Series

Select all

Polycartonate
110.4x 110.4 x 80mm
19.4mm

10.4 mm

80 mm

1554

M nanacne

[T R




7.8 Annexe 7 — Bridge rectifier

Diodes Inc SBRO5SM60BLP-7, Bridge Rectifier, 60V, 4-
Pin DFN4
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7.9 Annexe 8 — Transformer

20V ac 2 Output Through Hole PCB Transformer, 3VA
Oalvery
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GRADING FORM: CSG-RUBIC

RUSSELL MAGUIRE

82

RESEARCH-INFORMED LITERATURE

(

y‘ There was evidence of further reading and research
with the inclusion of a reference list and appropriate
in text referencing. Your interpretation and
understanding of the additional research was good.
Your references were appropriate to the task and
your reference list was of an appropriate length for
this assignment.

KNOWLEDGE AND UNDERSTANDING

8

(

y“ The knowledge and understanding of the subject
demonstrated by this assignment was generally
excellent. There were very few gaps in your
knowledge of the basic principles and the higher
level concepts were very well explained. Your
explanation of the design process and calculations
was also excellent and extended your knowledge
well beyond that contained in the course notes.

ANALYSIS

26

(




Your analysis of the task was generally satisfactory,
both in class and as shown in this assignment. You
have demonstrated good analytical skills and your
approach to the task was logical. You carried out a
short analysis and a short conclusion. Further work
— in your conclusion, you should relate the results
to the original specification and to accepted theory.

PRACTICAL APPLICATION AND DEP.

16

(

yﬁr

Your application of practical skills for this task was
generally very good. You used the resources
available in MultiSim appropriately when designing
the circuit and you used appropriate options for
testing and evaluating the circuit performance. You
managed to design an efficient circuit that
functioned within the specification and achieved this
by only asking for assistance when appropriate.
Your results were comprehensive and should have
allowed for a good conclusion to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

26

(

yﬁ

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was very well structured and written in
a coherent and logical way. The report was
presented in a professional manner using
appropriate language and formatting, good
diagrams in appropriate places, good
sentence/paragraph structure and clear calculations.
One observation is to be careful with inconsistent
fonts.
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