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Executive summary  

A power regulator was designed to meet specifications provided by a customer. The design process 

followed a top-down approach about stage order, while each stage was designed using a bottom-up 

approach. This ensures the criteria for the finish product is met. The regulator and power delivery 

circuits were designed in turn and then fine-tuned to give the correct output. Once this was done 

parts were found which could be used to construct the design. However, some parts could not be 

found with specific, specified values wanted by the calculations. This meant the simulation had to be 

experimented with, adapted, and tested to ensure the use of these parts would not compromise 

circuit performance. Calculations were done with regards to thermal management of the transistor 

which will be used for boosting current since that will create the most heat, an appropriate heatsink 

was selected. For each of the chosen components their current, voltage, power and environmental 

specifications/ratings were considered. By plotting a graph of voltage against current the optimum 

load was found which allowed the voltage and current levels to stabilise at the values specified for 

by the consumer. Finally, conclusions were summarised about the design. 

Researching requirements and compilation of the specification 
The following design is for a customer which requires a trickle charger for equipment such as battery 

powered forklifts, battery-assisted pump trucks and other battery assisted specialised lifting 

equipment. The batteries need to be charged slowly, overnight which will maintain and extend 

battery life compared to faster charging solutions that shorten battery life and as a result, are less 

cost effective when fast charging is not necessary. 

The design specified output is 12Vdc at 2amps using a standard mains single phase input of 230V. 

The unit must be IP67 rated and able to survive colder conditions if needed. The chosen design for 

the regulated power supply will feature four main stages. A transformer, rectifier, smoother and 

regulator. The unit will be enclosed within a sealed, protective enclosure and use suitable cable 

glanding to ensure it is watertight. 

Design specification 
𝑉𝐴𝐶  Input 230V 

Input frequency 50Hz 

𝑉𝐷𝐶 Output 12V 

𝐼𝐷𝐶 Output 2A 

Temperature rating 7 − 10°𝐶  

Cost £183.479 

Environment Hazardous 
Table 1 - Design specification 

Ethics 
Ethically, the design should incorporate different environmental and ethical factors such as the use 

of recyclable/sustainable materials where possible while maintaining high efficiency levels. In this 

case, the biggest waste within the unit will likely be heat produced by the components while in use. 

To reach this goal, the product manufacturing process must have an optimised carbon footprint. 

Using rare materials from all corners of the globe is not as sustainable as if the product could be 

manufactured locally, within the user’s country using locally sourced/recycled materials and be able 

to be repaired easily, being relatively modular. Meaning the whole unit does not need to be 

scrapped if one of its parts fails. I.e., one of the four main stages of the design. The unit needs to be 

as reliable as possible in the environment it is used in and require little or no maintenance. The 
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4 

longer the lifecycle, the more sustainable the product. Things like build quality, component quality, 

ease to repair, modularity/upgradability and availability of replacement parts are all key factors in 

deciding a products life cycle. 

Health and safety 
In terms of health and safety, the two main risks will be electric shock and fire. The unit will need 

grounding at all necessary points, local fuses to prevent overload, MCBs to provide short-circuit 

protection and an isolation method which requires the power to be off before the unit can be 

powered on. Each board could also be individually fused to increase over current protection per 

stage. Other overcurrent protection could be added such as thermal/current overloads and local 

RCDs. For fire prevention, the enclosure cannot encapsulate the unit in such a way that there is no 

way for the heat to escape, overtime, increasing the risk of fire. For this reason, once the design has 

reached a certain stage, calculations will be done to determine whether a heatsink is required. If so, 

a heatsink case/enclosure will be used instead of a standard enclosure which will still need to be 

IP67 rated. Due to this the heatsink enclosure will need direct contact with the hotter components in 

the design like the rectifier, ideally with thermal paste applied to promote heat transfer. 
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Design method, choices, and calculations 
The regulated power supply design will be done from a top-down approach. Starting from the 

specified result and working back through the stages to the mains input source to ensure the output 

criteria is met. Whereas the individual stages will take on a bottom-up approach. Starting from the 

beginning of each sub-circuit and working through the design. 

Regulator design 

The regulator stage will use an MC1723C chip regulator circuit, simulated, and tested in multi-sim. 

Since that circuit is rated for a 12Vdc 2amp output (as shown in figure 1), which gives the standard 

circuit layout for the proposed regulator circuit. The circuit is arranged so the NPN transistor is used 

to boost the output current to 2amps since the IC chip cannot handle such high currents and can 

only take a maximum of 150mA. The positive VCC joins to the supply rail and the negative VCC is put 

to ground. Pin 11 supplies power to the output transistor within the chip itself and is common with 

pin 12 (grounded VCC negative) shown in figure 2. 

For the Multi-sim simulation and testing, the MC1723C chip is replaced with an LM723CN chip. The 

rest of the circuit is left the same until testing and analysis. The circuit shown in figure 1 above can 

limit or boost current by monitoring the voltage drop across the Rsc resistor. This is because it 

increases in proportion to the output current and if the voltage drop increases above 0.66V it will 

match the base-emitter, preventing it from conducting any further. This means the current will not 

exceed past that point which provides a form of overcurrent protection. The Rsc can be adjusted to 

increase or decrease the current limit to suit. 

Figure 1 - NPN current boost connection (Motorola, 2021) 

Figure 2 - LM723C chip layout 
(Motorola, 2021) 
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6 

Using the diagram from figure 1, a prototype circuit can be created within multi-Sim using the 

LM723CN chip. To give a little headroom above the base 16.2V from the calculation, the VCC will be 

set to 20V. The output of the circuit as it is, is shown in figure 3. 

Using Multi-sim, shown in figure 3, the circuit can now be adapted and tested to give the 12Vdc 

2Amp output that is specified. 

This circuit is now ready for testing and analysis. This is where the circuit can be fine-tuned, 

experimented with, and optimised to obtain the desired results. As shown in figure 3, R2 and R3 

must be correctly balanced because combined, they need to equal 22KΩ to achieve the specified 

output voltage and current levels. 

Using the LM723CN datasheet shown in figure 23 (see annex), the reference voltage is 7.15V 

𝑅2 =
𝑉𝑟𝑒𝑓

𝑉𝑜𝑢𝑡
(𝑅2 + 𝑅3) 

𝑅3 =
7.15

12
(22𝐾) = 13.1𝐾𝛺 

𝑅2 = 22𝐾 − 13.1𝐾 = 8.9𝐾𝛺 

Base-emitter junction voltage drop divided by sensing current: 

𝑅𝑆𝐶 =
0.6

1.8
= 0.33𝛺 

  

Figure 3 - Regulator circuit with calculated VCC and specified chip 
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Proposed transistor 
The proposed transistor is a 2 pin, 2N3055G Onsemi NPN transistor which has a package type of TO-

204AA. An image is shown in the annex (see figure 24)  

Figure 4 below shows the transistor specifications. 

  
Figure 4 - Transistor specifications (RS components, 2022) 
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Smoothing design 

Ripple factor 𝑅𝑓 =
3𝑉

2√2×20
× 100 = 5.3% 

Using the graph shown in figure 5 and applying the 5.3% ripple factor, for a full waveform the ωC𝑅𝐿 

range given is between 9 and 17ωC𝑅𝐿. Therefore, 13ωC𝑅𝐿 should be perfect since it is halfway 

within that range. 

The graph shown in figure 5 is also known as a ripple voltage graph, using 13ωC𝑅𝐿 it can be seen on 

the graph that Rf=5.3% 

  

Figure 5 - Root mean square ripple voltage graph (industries, 2005) 
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9 

Using the Schade curve graph, the alternating peak voltage to DC can be determined for the full 

wave capacitor circuit (Figure 6). 

𝑉𝑐

𝑉𝑚
=

20

30
= 66% 

Figure 6 below shows the relationship between applied DC and AC peak voltage for full wave 

rectifiers. 

Using figure 6 and cross referencing the 13ωC𝑅𝐿 and the 66% on the graph gives a 
𝑅𝑠

𝑅𝐿
 value of 0.2 

𝑅𝐿 =
𝑉𝑐

𝐼𝑜
= 20 ÷ 2 = 10𝛺 and 𝑅𝑠 = 0.2 × 10𝛺 = 2𝛺 

Therefore: 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 =
13

2𝜋 × 50 (
20
2 )

= 4.138𝑚𝐹 

Vmax = 30V which is doubled for the capacitor rating. Meaning 60V is sufficient. The closest actual 

rating is 63V so that or higher will be used when shopping for components.  

Figure 6 - Schade curve (industries, 2005) 
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Rectifier design 
𝐼𝑓(𝑎𝑣𝑒𝑟𝑎𝑔𝑒) = 𝐼𝑜 ÷ 2 = 2𝐴 ÷ 2 = 1𝐴 

Because the rectifier is full wave, 13ωC𝑅𝐿 is doubled to 26ωC𝑅𝐿 and  0.5 ×
𝑅𝑠

𝑅𝐿
= 0.1 Using these 

two values, the point of intersection on the RMS/Peak to average graph can be found, which is 5.2 

(shown in figure 7) 

Peak current 𝐼𝑝𝑒𝑎𝑘 = 5.2 × 1𝐴(𝑎𝑣𝑒𝑟𝑎𝑔𝑒) = 5.2𝐴 

𝐼𝑠𝑢𝑟𝑔𝑒 =
𝑉𝑚

𝑅𝑠
=

30

2
= 15𝐴 

For Peak inverse voltage: 

𝑃𝐼𝑉 = 𝑉𝑚 × 2 = 60 

The design requires a bridge rectifier which can withstand a peak inverse voltage of >60V and a 

surge current of >15A. See Figure 30 in the annex for proposed rectifier datasheet and image. 

Transformer design 

𝑉𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 =
𝑉𝑚 + 2

√2
=

30 + 2

√2
= 22.627 

𝐼𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 = 𝐼𝑜 × √2 = 2 × √2 = 2.828 

𝑉𝐴𝑟𝑎𝑡𝑖𝑛𝑔 = 𝑉𝑠 × 𝐼𝑠 = 22.627 × 2.828 = 64 

Minimum power rating should be doubled for safety reasons. Transformer minimum = 128VA. As 

shown in figure 8, the transformer power rating is 200VA 

𝑁𝑝

𝑁𝑠
=

𝑉𝑝

𝑉𝑠
 

Because of the 230V mains supply for the system: 

230 ÷ 22.627 = 10.165 

Which accounts to a 10:1 turns ratio for the transformer. 

 

Figure 7 - RMS and peak to average diode current relationship (industries, 2005) 
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Proposed transformer: 
A suitable transformer supplied by RS components has been selected based upon the requirements 

and the calculated input/output values required by the specification. Figure 8 shows the 

specifications for the transformer. As shown below, the transformer uses 230V ac input operating at 

50-60Hz, is a chassis mounted transformer which outputs 24Vac. The power rating is 200VA which is 

higher than the load requirement. Since the transformer is the single biggest component in this 

design, the dimensions will be noted and considered when looking for and considering different 

cases/enclosures. 

  

Figure 8 - Transformer specification (RS components, 2022) 
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Heatsink design 
Operational environment temperatures will range from 7-10 degrees Celsius. 

• Ta is ambient temperature 

• Ts is the max temperature you want the junction to run at 

• Pd is the power dissipated by the IC 

• 𝜑ja is the coefficient from the datasheet 

The chip used is a LM723CN chip, however the transistor used to boost the output current will 

generate the most heat. Figure 9 shows the relevant datasheet. The airflow in the environment will 

be very low. Therefore, the “still air” readings will be used. 

Using the transistor datasheet for the TO-204 package transistor:  

𝑇𝑎 = 10°𝐶, 𝑇𝑗 = 200°𝐶 and bearing in mind with heatsink compund on anodised aluminium 𝜑𝑐𝑠 =

0.36°𝐶/𝑊 

𝑃𝐷 = (12𝑉 × 2𝐴) = 24𝑊 

So, in order to work out 𝜑𝑗𝑎using  𝑃𝐷 = 24𝑊,  

𝜑𝑗𝑎 =
200°𝐶 − 10°𝐶

24𝑊
 

𝜑𝑗𝑎 = 7.917 

Therefore: 

𝜑𝑠𝑎 = 7.917 − (0.28 − 1.52) 

𝜑𝑠𝑎 = 6.117°𝐶/𝑊 

A heatsink with a thermal resistance below 6.117°𝐶/W will be required. 

  

Figure 9 - Transistor package thermal resistance (Camdenboss, 2021) 
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Proposed transistor heatsink 
An image of the proposed transistor heatsink can be seen in the annex (figure 27) 

Figure 10 below shows the specification sheet for the transistor heatsink. The TO-3 heatsink is 

compatible with the TO-204 package transistor because the TO-204 and TO-3 transistor packages are 

no different from each other physically, so a TO-3 heatsink can be fitted to the proposed transistor. 

The proposed transistor heatsink is priced at £1.252 per unit in a pack of 5. As shown in the 

specification, the natural thermal resistance is 2°𝐶/W with no airflow over the heatsink and as 

stated on page 13 above, the required thermal resistance must be below 6.117°𝐶/W. 

Therefore the junction temperature (above ambient) of the transistor with no airflow over the 

heatsink can be calculated as: 

24𝑊 × (2 + 0.28 + 1.52) = 91.2°𝐶/𝑊 

Combined with the maximum ambient temperature: 

91.2°𝐶 + 10°𝐶 = 101.2°𝐶 

With a maximum ambient temperature of 101.2°𝐶 the transistor will operate well within its safe 

operating parameters. Its maximum being 200°𝐶 

  

Figure 10 - Heatsink specifications (RS components, 2022) 
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Regarding the LM723CN chip shown in figure 3 page 7, Figure 11 shows the relevant datasheet: 

𝑇𝑎 = 25°𝐶, 𝑇𝑗 = 214°𝐶, 𝜑𝑐𝑠 = 0.36°𝐶/𝑊, 𝑃𝐷 = 1.8𝑊, 𝜑𝑠𝑎 = 6.117°𝐶/𝑊 and  𝜑𝑗𝑎 = 105°𝐶/𝑊 

Max current for the chip is 150mA 

𝑃𝐷 = (12𝑉 × 0.15𝐴) = 1.8𝑊 

𝑃𝐷 = 1.8𝑊 because the chip can only handle this much, the transistor is boosting the current and 

creating the heat. Not the chip. 

𝑇𝑎 = 𝑇𝑗 − 𝑃𝐷𝜑𝑗𝑎 

𝑇𝑗 = 𝑇𝑎 + 𝑃𝐷𝜑𝑗𝑎 

𝑇𝑗 = 25 + (1.8𝑊 × 105°𝐶/𝑊) 

𝑇𝑗 = 214°𝐶 

214°𝐶 > 75°𝐶 and therefore, a heatsink is required for the chip. 

𝜑𝑗𝑎 =
214°𝐶 − 25°𝐶

1.8𝑊
 

𝜑𝑗𝑎 = 105 

𝜑𝑗𝑎 = 22 Therefore: 

𝜑𝑠𝑎 = 105 − (22 − 1.52) 

𝜑𝑠𝑎 = 84.52°𝐶/𝑊 

See figures 38 and 39 (annex) for the chip heatsink and datasheet. 

  

Figure 11 - LM723C datasheet (Texas instruments, 2013) 
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Proposed enclosure 
Figure 29 in the annex shows the proposed enclosure. Figure 12 below shows the specification and 

dimensions of the case. 

To maintain the seal integrity, all aspects of the design will be housed within this enclosure. 

Transformer, regulator circuit etc. The casing will have two glands put in the side of one of the case 

ends, which will not compromise seal integrity. One for incoming power to the transformer and the 

other for output to the equipment being charged. The enclosure is also capable of being fitted with a 

screen in future if the upgrade is necessary. Meaning the unit could have charge timers set, and 

other functions added to it like the ability to adjust current output to different levels depending on 

the equipment being charged. The finned aluminium enclosure promotes heat dissipation through 

its outer fins and the material helps keep it relatively light. The IP67 rating means the unit will be 

completely dust-proof and be completely water-tight. Since the unit will not be used underwater 

and will receive only an occasional jet of water this is overkill. However, having more than enough 

water protection means less gradual water ingress over time and an extended product life. 

  

Figure 12 - Enclosure specifications 
(RS uk, 2022) (Camdenboss, 2021) 
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Full component list/breakdown 

Component Details Manufacturer Supplier Product code Cost Figure 

Enclosure 220x86.3x86.3 
IP67 rated 

Takachi electric 
industrial 

RS 906-0351 £115.50  Figure 12, 29 

Transformer Chassis mount 230-
24V 50/60Hz 

RS Pro RS 504-105 £42.46  Figure 8, 22 

Transistor NPN type Max 
temp: 200 degrees 
Celsius. Max power 
dissipation 115W 

Onsemi RS 103-2964 £4.84  Figure 4, 24 

Transistors heatsink TO-3 package 
aluminium 

RS Pro RS 176-4162 £1.502  Figure 10, 27, 28 

Bridge rectifier 15A, 100V GBPC Vishay RS 165-7019 £3.392  Figure 30 

Chip Adjustable output 
2-37Vdc 

Motorola 
Semiconductor 

Motorola MC1723C $1.50  Figure 31 

Rsc Resistor 0.3Ω, wire wound, 
Max rated power 
25W 

Ohmite RS 893-2845 £7.54  Figure 32, 33 

RL1 Resistor 8.2KΩ, wire wound Arcol RS 615-0448 £3.42  Figure 34 

R2 Resistor 10KΩ, Aluminium 
chassis mount 

RS Pro RS 175-4105 £3.655  Figure 35 

C1 Capacitor 1 micro-farad 
50Vdc, through-
hole 

RS Pro RS 170-1242 £0.05  Figure 36 

C2 Capacitor 100nano-farad, 
50Vdc, through-
hole 

RS Pro RS 711-1396 £0.02  Figure 37 

Chips heatsink 63K/W Fischer Elektronik Farnell 4302175 0.45 Figure 38, 39 
Table 2 - Component list
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Testing, results and analysis 
To calculate the circuit input voltage (shown as VCC in the datasheet screenshot below) 

𝑉𝑖𝑛 ≥ 𝑉𝑂 + 2𝜑 + 3 𝑡𝑜 38𝑉 = 12 + 1.2 + 3 𝑡𝑜 38𝑉 

3 to 38V is the input-output voltage differential for the chosen circuit according to the datasheet. 

See figure 13. 

2𝜑 is a rough set value which considers the internal voltage losses from the transistors within the 

circuit. For simplicity’s sake, 3V will be used. 

𝑉𝑖𝑛 ≥ 𝑉𝑂 + 2𝜑 + 3 𝑡𝑜 38𝑉 = 12𝑉 + 1.2𝑉 + 3𝑉 

𝑉𝑖𝑛 ≥ 16.2𝑉 

Experimenting with resistor RL1 and reducing it to 7.5KΩ is detailed below. Fine tuning the circuit to 

give the desired output voltage while reducing the value of the RL resistor to allow for a 2-amp 

output at 12Vdc. However, to achieve this, the Rsc resistor needs to be adjusted as well. 

Figure 13 - Input-output voltage differential (Motorola, 2021) 

Figure 14 - Regulator circuit with correct output values 
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Analysis of the performance of the regulator stage of the power supply allows for testing to ensure 

the required input can achieve the specified results. Meaning the next stage of the build, the 

smoothing capacitor design part. Shown in figure 14 as 20V VCC. The 20V VCC is only there for 

testing purposes. 

Regarding figure 14, originally, RL1 was 12KΩ which gave an output of 30mA at 15Vdc which does 

not meet the required specification. Adjusting resistor RL1 to a lower value will mitigate the voltage 

issue by regulating the circuit output closer to 12Vdc. However, at this point, the circuit is still not 

outputting the required amount of current. 

As the circuit is, the Rsc will break down because of its 0.25W 

rated power. This needs to be increased to prevent a fault in 

the circuit. Reducing RL increases the current output but not 

enough to reach 2amp output. Figure 15 shows the Rsc 

settings. Increasing its maximum rated power prevents break 

down since it has not currently got the required power 

rating. 

It needs to be 12𝑉 × 2𝐴 = 24𝑊𝑎𝑡𝑡𝑠. Ajusting the 0.25Watts 

to 24 (increasing the maximum rated power) means the 

resistor no longer breaks down. 

Next, the Rsc resistance needs to be lowered from 0.33Ω to 

0.3Ω. This raises the ceiling, allowing the current and voltage 

to reach higher combined levels and the desired output.  

 

When creating a shopping list of parts, resistor RL1 and capacitor C2 was not available in the 

required ratings. The closest available values were 8.2KΩ for RL1 and 100nF for C2. After testing on 

multi-sim with these values, the output voltage and current only changed very slightly to 12.269Vdc 

at 2.045A. This slight increase is negligible and will not result in any damage or significant changes to 

the circuit in total. See figure 16. 

   

Figure 15 - Rsc Rated power 

Figure 16 - Results using viable component values 
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Using a 7Ohm resistor for RL, and logging it at percentages of 5% from 0 to 100, a graph can be 

created showing what the best setting would be to achieve the desired output of 12V at 2 amps. In 

this case, it is around 85%. 90% is too high a voltage and too low a current, while 80% has too low a 

voltage. 85% is almost exactly what is needed and could be tuned further. 85% of 7Ohms is 5.95Ω. 

Therefore, 6Ohms is suitable. 

From the graph shown above, it can be seen tha the current is stable at approximately 2.05amps 

until the output voltage has climbed from zero to approximately 11.5Vdc. Once the voltage reaches 

this point Ohm’s law takes effect and the current starts to drop off while the voltage overtakes it, 

stabilizing at 12Vdc as the current continues to decline. The point where current and voltage cross 

on the graph is where the output needs to be. 12Vdc at 2amps needs to be maintained to meet the 

specification and charge the battery of the equipment.  

  

Table 3 - Load graph for current vs voltage 
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The load regulation can be worked out by testing the circuit under full and no-load conditions. 

Removing the 6Ω RL resistor gives no-load conditions. Resulting in a 12.122V output. Putting the 

resistor back again gives a full load condition of 12.033V. 

Calculation: % 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =
12.122−12.033

12.033
= 0.0073963266768% (see figure 17) 

From previous section:  

𝑉𝑐 = 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟 𝐶𝐶𝑇 𝑖𝑛𝑝𝑢𝑡 𝑉𝑐𝑐 = 20𝑉 

𝐼𝑚𝑎𝑥 = 2𝐴 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 230𝑉 𝑚𝑎𝑖𝑛𝑠 𝑠𝑢𝑝𝑝𝑙𝑦 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = 50ℎ𝑧 

𝑉𝑅 = 3𝑉 

𝑉𝑚𝑎𝑥 = 𝑉𝑐 + (0.5 × 𝑉𝑐) = 20𝑉 + (0.5 × 20𝑉) = 30𝑉 

  

Figure 17 - no-Load conditions 
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Figure 18 shows the simulated design for the power conversion and delivery stages of the design, 

which inputs from the rectifier to the regulator circuit. The resultant output from the regulator 

circuit is 12.286Vdc at 2.048A. The 230Vac 50Hz mains supply is stepped down and rectified to 

31.7Vdc as shown by the probes. The display from the oscilloscope above, shows the voltage 

climbing from zero to approximately 31.7Vdc once the circuit is complete. From here the voltage 

level stabilizes at 31Vdc because the capacitor is fully charged and cycling.  

The curve shown on the oscilloscope has slight ripples, which are the result of the bridge rectifier. 

However, to minimise the effect of these ripples, multiple smaller capacitors could be used instead 

of one bigger one, which would smoothen out the curve and further stabilise the supply of DC to the 

regulator. 

 

Figure 18 - Design of power supply to regulator circuit 
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During simulation and testing of the stages of the design, the regulator could not be connected to 

the supply without creating errors due to limitations within the multi-sim software. Because of this 

the two had to be tested individually. By testing the output of the rectifier and then using a standard 

VCC supply of the same voltage to feed the regulator. The regulator circuit was also tested using the 

resistor and capacitor values available on the components list. The results are shown in figure 19 

below. 

Figure 19 above shows the regulator circuit can meet the specification with the supply given by the 

transformer/rectifier circuit. Outputting 12.286Vdc at 2.048amps when the load on the regulator is 

kept at a constant 6Ohms to maintain peak performance. While lowering the load on the regulator 

lowers the output voltage in turn and lowering RL1 has the effect of lowering the current output. 

 

  

Figure 19 - Regulator testing using typical supply 
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Conclusions 
The regulator has been designed to meet the specification provided by the customer. The design 

process focusses off the output requirements of the specification, following a top-down approach 

about the order the stages were done. Starting with the final stage and working back to the start. 

However, each individual stage was still designed from the bottom-up. This meant the final output of 

the design could be determined first and working back through the stages, each stage had to output 

what the last stage specified for as an input for the design to work. This also meant the values for 

the supply circuit design could be changed if needed to give the correct output to the regulator 

design.  

The components listed in table 2-page 17 cost £183.529 in total. But that sum could be lessened by 

buying smaller components in bulk. That would mean the enclosure and transformer would be the 

bulk of the cost per unit. The AC supply into the unit is fused and the LM723C chip has current 

limiting built in. Since 150mA is the maximum current for the chip, the transistor bypasses the chip 

to produce the higher 2A output. To improve the function of the circuit the transistor could be split 

into two separate transistors to reduce heat output. The same could be done for the rectifier 

capacitor. Multiple smaller capacitors would improve and smoothen the DC output. These smaller 

capacitors and transistors would improve the circuit operation and lifetime. 

In summary, using a top-down approach gave specified results within a margin that could be fine-

tuned to better meet the customer’s needs.   
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Annexe for diagrams, data sheets, results tables etc 

 

 

  

Figure 20 - LM723C electrical characteristics and ratings (Texas instruments, 2013) 

Figure 21 - LM723C packaging information (Texas instruments, 2013) 
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Figure 23 - LM723C electrical characteristics (continued) (Texas instruments, 2013) 

Figure 22 - Proposed transformer (RS components, 2022) 
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Figure 24 - Proposed transistor (RS components, 2022) 
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Figure 25 - Transistor datasheet (industries, 2005) 
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Figure 26 - Transistor datasheet continued (industries, 2005) 
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Figure 27 - Transistor heatsink (RS components, 2022) 
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Figure 28 - Transistor heatsink datasheet (RS components, 2022) 
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Figure 29 - Proposed enclosure (RS uk, 2022) 
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Figure 30 - Rectifier specifications and image (RS UK, 2022) 
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Chip 

  

Figure 31 - MC1723C Voltage regulator (Futurlec, 2019) 
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Rsc 

 

 

 

 

  

Figure 32 - 300mOhm resistor (RS, 2022) 

Figure 33 - 300mOhm resistor specification (RS, 2022) 
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RL1 

 

  
Figure 34 - Arcol 8.2KOhm wire wound resistor (RS, 2022) 
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R2 

  
Figure 35 - RS Pro 10KOhm aluminium chassis mount resistor (RS, 2022) 
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C1 

Figure 36 - RS pro 1uF capacitor C1 (RS-online, 2022) 
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C2 

Figure 37 - 100nF electrolytic capacitor (RS-online, 2022) 
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Figure 38 - Lm723c heatsink (Farnell, 2022) 
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Figure 39 - Lm723c heatsink datasheet (Fischer Elektronik, 2022) 
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5

RESEARCH-INFORMED LITERATURE

18

KNOWLEDGE AND UNDERSTANDING

ANALYSIS

GRADING FORM: CSG-RUBIC

RICHARD HARRISON 60

There was evidence of further reading and
research and some in text referencing. Your
references were mainly appropriate to the task,
however the reference list was short and you
should increase the breadth of your research for
future assignments. There was a heavy reliance on
information gained from the course notes.

The knowledge and understanding of the subject
demonstrated by this assignment was reasonably
detailed and mainly accurate. There were very few
gaps in your knowledge of the basic concepts and
your understanding of the higher level concepts
was demonstrated to a limited degree - you could
have explained in more detail how the circuit
evolved. Further work – Your explanations need to
be more detailed and written with a greater
emphasis on critical evaluation rather than
description.



16

14

PRACTICAL APPLICATION AND DEP.

7

SKILLS FOR PROFESSIONAL PRAC.

Your analysis of the task was generally
satisfactory, both in class and as shown in this
assignment, however it did tend more towards
descriptive rather than analytical. You have
demonstrated some analytical skills and your
approach to the task was logical. You wrote a short
conclusion that demonstrated some skills in
analysing quantitative and qualitative data,
however this was generally basic in nature. Further
work – in your conclusion, you should relate the
results to the original specification and to accepted
theory and provide a detailed critical analysis of
this.

Your application of practical skills for this task was
generally good. You used the resources available
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 allowed for a good conclusion
to be attempted.

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was generally good and contained
most of the required detail, it was also written in a



coherent and logical way. The available word count
was in the main effectively used.


